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INTRODUCTION 

FEATURES OF UNIVAC FILE-COMPUI'ER, 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, P&per Tape Input/Output, Magnetic Tape Input/Output, 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
capaci ty magnetic drums in a system, allowing for random access to stored data. 
~his 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/O device. General storage operatiomr:, involving the large­
capacity, general storage drums, ma7 be carried on simu1taneously 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-1 operates as an internally programmed computer through a 
aeries of sequentially stored instruction words. I~ 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 ~ch 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 pl ugboard 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 UNIV AC code characters with 
equal facility, regardless of whether the character is a number, letter, or 
special symbol. No special programming procedure is required to handle alpha­
betic information or special symbols. 

Three-address logic is the three-part principle of computer instructicm 
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-1 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 ope~ation. Up to 850 of these 
powerful instruction words may be stored in the high speed drum. The 48-step 
program control plugboard also operates basically in three-address logic. 

FEATURES OF UNIVAC FILE-COMPUI'ER, 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, 1"UFC Model 1 System Resume, 11 describes briefly the vers~tile 
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 
contalned 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-sharlng 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-1, 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 l," contains definitions and explanations of UFC-1 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 C, 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-1474 and manuals for the Input/Output Equipment. 
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Figure I-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 is an electronic data­
processing system which features the simultaneous operation of: 

a UFC Model 1 Central Computer; 

a 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 {sim.ul.taneous) operation is possible because the Cen­
tral Computer, the General Storage System., and each of' the UFC Input/output 
Units operate independently under control of' a computer program. That is, 
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 :f'or 

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

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

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

A medium-sized Model l Univac File Computer System is shown in 
Figure I-1. For convenience in identifying the Central Computer, General 
Storage, and the UFC Input/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/O Unit Cabinets have been shaded. 

The purpose of this section, Section I , is to summarize the princi­
pal facts relative to each portion of the UFC Model 1 System. The information 
given in this section is therefore repeated and expanded, as appropriate, in 
succeeding sections. 
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A· MODEL 1 CENTRAL COMPUTER 

The Model l Central Computer is an alphanumeric, decimal, serial, 
tl:J.ree-address, general-purpose, digital machine 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 arithmetic operations 
required in the solution of a problem., the Central Computer monitors the o:per­
ation of' the entire system .• 

1. Units of Data. 

a. Basic Unit 

The basic unit of data is an alphanumeric character 
expressed in Univac Code. F.ach character is 7 bits (binary digits) in length: 

High 

~-

0 
'--v--' J Parity 

The highest-order 
bit is a parity 
bit which is used 
principally for 
checking the accuracy 
of data-transmissions 
in the system 

Low 
Computer Character "4" _J 

in Univac Code ---=i 

00 0 I 
Zone bits Excess-three bits 

The lower-order 6 bits represent an 
actual alpha or numeric quantity in 
excess-three, binary-coded decimal 
notation (Univac code). 

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 
symbols. 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 BrI'S 
BITS 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 

00 i ~ 0 1 2 3 4 5 6 7 8 9 ' a ( -
01 r 

' 
. ; A B c D E F G H I ff ¢ @ 

10 t II I ) J K L M N 0 p Q R $ * ? 

11 2: /3 : + I s T u v -W x y z % Jnot = used* 

*111111 is a delete code for some UFC I/O Units; it is not used in the 
UFC Hi.gh Speed Printer System .• 
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UFC High Speed Printer Special Symbol Assignments: 

i = Ignore code 
6. = Space eode, Class Suppress 1 
r = Carriage return - muJ.ti-line symbol 
@ = Form Compensation I 

" = CJ.ass Suppress 4 
? = Form Compensation III 
¢ = Class Suppress 2 
l: = Printer Stop 

t = Tabulator, Class Suppress 3 
/ = Form Compensation II 

f3 = Printer Breakpoint stop 
= = Form Compensation IV 

b. Arithmetic Unit of' Data 

The arithmetic unit of data, or operand length, is 12 
characters: 11 characters plus a Sign character: 

High 
Order 

Low 
11 10 9 8 7 6 5 4 3 2 1 S Order 

1~1~11l2l3J3l1lol4J9J6J .. 1 

k Arithmetic Register ~ 

Except. in the multiply instructions, 12-character results are produced in all 
logical and arithmetic operations. (In the multiply instructions up to a 
22-cha.racter 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 i.s 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 Input/Output, Factor Storage, and 
Intermediate Storage Tracks; 

Block Transfer Buffer; and 

General Storage Buffer. 

In each of these locations, 120 7-bit Univac coded characters can be stored 
and obtained on a Word, Field, or Bloc~ette 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 a.tore 12 7-bit characters. One 
memory location, the Code Distributor Register, stores but one 7-bit 
charaoter. 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 
are, therefore, a variety of units of storage employed in the computer 

If a stored number to be used as an operand contains less than 12 
chara~ters, as the Field 896+, Space codes are inserted as higher-order char­
acters. \·!hep the Field is shifted into an ari tbmetic register as an opcrrJnd: 

High Low 

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

~I 6 l6 l6 l6 !6 I6 l6 l 8 I 9 I 6 l~I 
~ Arithmetic Register ~ 

If R stored number to be used as an operand contains r.:ore than 12 characters, 
as the Field 123456789876543+, only the lower-order twelve characters arA 
shifted into the Arithmetic Section: 

High Low 

11 10 9 8 7 h 5 4 3 2 1 s 

tE--- Arithmetic Register ----'>1'!11 

Similarly, when results Rre stored, the particular Arithmetic Register in 
which the result to be stored was formed, wilJ make a. 12-chn.racter qunntity 
availa.bl.e for storage. However, whRt actually gets stored depends on the 
cHpacity of the location that is to receive the result: 
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Assume this result is formed in 
an Arithmetic Register 

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

Q I 6 
I 7 I 8 I 9I817 16

1 5 1 4 13 161 



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 

~ 5 I 4 
I-=-- Less than 

12-character 
Field _I 
Location --=i 

High Low 

1@ 5 16 I 1 I a f 9 I a I 1 I 6 15 f 4 f 3 1~ r:1 
IE 12 character location >I 

High Low 

"@ ~ I ~ 1 ~~ETC . .__A I ~ I ~ I 5 I 6 I 7 I 8 f 9 I 8 I 7 I 6 I 5 I 4 I 3 I ~ w IA 
~ Greater than 12 character· 1 

Field Location 

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

2. Three-address Instructions 

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 ca.n 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/O 
Unit or receive control information from any I/O 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 only, (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 

a. Instruction Words: :i.nterna.lly-stored instructions defined by a 12-character 
word as follows: 

u 
xxx 

usually a 
3-character 
address 
which 
speci:fies 
the 
locat:ton 
of the first 
value,, vl, 
used 
in the 
instruction 
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v 
xx:x 

usually a 
3-character 
address 
which 
specifies 
the 
location 
of the second 
Value, v

2
, 

used in 
the 
instruction 

w OP 
xxx xxx 

usually a a 3-character 
3-cha.racter operation 
address code which 
which specifies 
specifies what the 
the computer is 
location to do in 
where th~ executing 
result, R, this 
of the instruction 
instruction (basic operation 
is to be or process, and 
stored SUb-Instru.ctionE~) 



Program steps: plugboard-detined instructions, manually patched at a speoif'ic 
location ( aalled a Plugboard step 51-98) on the Program Control Plugboard. The 
following nine basic hubs are, in general., patched to other hubs to de:f"ine a 
Program step. (See Figure B-l, Appendix B). These hubs can be directly patched 
to their destination 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 

V 2 ADDRESS hub 

R ADDRESS hub 

R SHIFT hub 

STEP OUT hub 

- patched from a pulse-source hub to initiate the 
Program Step 

- patched to +c, f.SR NC, etc. hubs to define the 
basic operation to be performed in executing the 
Program step 

- patched to a hub which specifies the location of 
the first value, v1, used in the Program step 

- patched to a hub which defines a shift operation for 
Vv i:f' v1 must be shifted prior to its use in the 
Program. step 

- patched to a hub which specifies the loc.ation of 
the second value, v2, used in the Program step 

- patched to a hub which defines a shift operation 
for v2, if' V2 must be shifted prior to its 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 ahi~ operation 
for R, if 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/O Control), transfer 
control to internally-stored program, stop, etc. 
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Table I-2. List of UFC Model 1 Processes 

Program Step 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 
Buff'er ~~ransfer 
Mask Transfer 
Suppress Left Zero 
Normalize 
Channel Clear 

Instruction Word Processes 
Add (w and w/o check) 
Subtract (w and w/o check) 
Multiply, store Lower Cw and w/,o check) 
Multiply, Store Upper (W and w/o check) 
Divide, Store Quotient (W and W/,O check) 
Divide, Store Rema.inder(W and w/o check) 
Arithmetic Transfer 
Buf'f'er Transfer 
Mask Transfer 
Suppress Left Zero 
Left Normalize 
Load Shift 
Compare 
Jump on Zero 
Jump on Plus 
Jump on Negative 
Unconditional Jump 
Channel Clear 
Load GSAR 
Test Demand In 
!P...Jna.nd In 
Test Incoming Control 
Channel Search Probe 
Substitute U 
Substitute V 
Substitute W 

Transfer Control to Plugboard (51-98) 

Table I-3· List of UFC Model 1 Sub-Instructions a.nd Sub-Steps 

Sub-Steps Sub-Instructions 

Clear General Storage Buff er to Ignores Clear General Storage Bu:ff er to Ignores 
Read trm.t Record Read Unit Record 
Write Unit Record Write Unit Record 
Write Unit Record and Check Write Unit Record and Check 
Channel Search Equal Channel Search Equal 
Channel Search Unequal Channel Search Unequal 
Channel Search Probe Special Character Out 
Condition Compare Breakpoint 
Clear Block Transfer Buff er to Ignores Stop 
Branching Suppress Check 

· Function Delay Set Conditional Storage 
Function Sequence 
Selector (Probe) 
Alternate switch (Probe) 
Code Distributor Register Pulse (Probe) 
Test Demand In 
Demand In 

J 
Track Switching 
Stop 
Next Instruction (Transfer Control to 
Internal Program) 
Test Incoming Control 
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4. 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. Control circuits involved in the 
interpretation and execution of Computer Instructions are the 

Operation Pulse/Enable Distributor, OED, which time­
sequences the interpretation, execution, and sequencing of all Computer 
instructions; 

Process Register, PR, whose contents in the case of 
Instruction Words, specifies the basic operation (or pr0cess) 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; 

S;pecial Character Register, 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, 
~ight end-around) and the nwnber 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, SK, 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. 

Each tim.e a quantity is shifted one place, one is subtracted from SK. When 
SK:= 0 the shift operation terminates. 

The principal Program Control circuits 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 

Instruction Revolver, IRV, a pair of revolvers on the 
High b"'peed Drum, one of which (I'.RVc.) 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 is obtained 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 is 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 whic·h Program Step 
is executed next. The computer "remembers" what Program Step it is executing 
by retaining the Plugboard Step Number of the Program Step in the Process 
Register. When a new Program Step is initiated, the Plugboard Step Number 
(51-98) for that Program Step is inserted in the Process Register, etc. 

b. Program Control Storage (See also Section III} 

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

(l) 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 plugboa.rd-defined). 

(2) The acquisition of Instruction Words (this function 
per:formed only if stored-program.a or combination stored-program.s/plugboard­
defined programs are being executed). 

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

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

2 Factor Storage (FS) Tracks } 

8'' Intermediate Storage Tracks 

each track 
can store 120 
7-bit characters 

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

Input/Output {I/O) Tracks: 

I-10 

Central Computer buffers for data trans­
missions to a.n.d from the UFC I/O 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/O Unit and vice-versa by 
track switching operation. Capacity of each 
track is 120 7-bit characters. 



Block Transfer Buffer, BT.B: A 120-character magnetic core register used 
primarily a.s a buff er in Field and Blockette 
data. transfers. 

General storage Buffer, GSB: A 120-che.racter magnetic core register whose 
principal :function is that of a but":f'er in data 
transmissions to~a.nd from the General Storage 
System. GSB not available to Program. Control 
storage when engaged in General Storage opera­
tions. 

General Storage Address Register, GSAR: A 7-digit register used principally 
to hold General storage Addresses during 
General Storage operations. Not available to 
Program Control Storage when engaged in General 
Storage operations. 

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

Code Distributor Register, CDR: A 1-character register used almost exclusively 
:for program; variance on the Program. Control 
Plugboard. 

Instruction Revolver(IRV): 

Shift Revolver(SRV): 

Register A, RA: 

Register B, BB: 

Register C, RC: 

Register D, RD: 

Actually 2 12-cha.racter revolvers on the High 
Speed Drum. used principally to store the 
current and the next Instruction Word as des­
cribed above. 

A 12-cha.raoter revolver used, as described above, 
to hold Shift words. 

12-cbaracter registers whose prime functions 
are performed during the execution of arith­
metic and logical operations. 

High Speed Drum. Pattern: } 

Block Transfer Buffer Pattern: 

General storage Buffer Pattern: 

Special-purpose memory locations used to 
store a Field Selection Pattern which defines 
the fields that can be referred to in 120-
cha.racter memory locations. 

c. Arithmetic (See also Sections II a.nd IV) 

The Arithmetic section performs all of the arith­
metic and most of the logical operations carried out in the system. Specific­
ally it executes the process of the following instructions: 
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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 
Compare 
Mask Transfer 
Suppress Left Zeros 
(Left) Normalize 

Ari thme·tic Transfer 

Substitute U, V, and W 

It also functions as an intermediate storage in the Jump Instruction Words. 

a.re: 
The principal circuits in the Arithmetic section 

The four 12-character registers 

Register A 
Register B 
Register C 
Register D 

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

a comparator, and 

the control circuitry and counters necessary 
to execute each of the above mentioned 
processes. 

The Arithmetic operations are algebraic operations. Provision is made for 
psuedo-a.lpha and alphanumeric additions and subtractions. 

d. I/O Control (See also Sections II and V) 

The Input-Output Control circuitry 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 information is exchanged between the Central 

I-12 



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/O Unit. This circuitry is called a Demand Station. When the 
I/O Control Instruction Words (internally-stored program.) or the I/O Control 
Sub-Steps (plugboard program) are executed, the computer connnunicates with an 
I/O Unit's Demand Station. The computer can then test the status of an I/O 
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 out in General Storage completely 
independent of the Central Computer. The latter is therefore free for 
internal computing. Onl.y one General Storage operation can be initiated and 
carried out at a time, but any General Storage Location, (or in the case of 
cha.nrJ.el 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 circuitry in 
both the Central Computer and each UFC I/O Unit. The computer circuits are 
those 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/O Unit is called a Demand Station. By means 
of an I/O Untt's Demand station, control information can be exchanged by the 
computer and a particular I/O Unit. The Demand Stations of all I/O Units are 
logically identical. Each I/O Unit also contains (a) the required control 
circuitry for interpreting the I/O Instructions from. the computer that define 
what the I/O Unit is to do; (b) the necessary buffer memory and control cir­
clrl.try for communicating with the I/O Unit's associated I/O 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 built ;for use in UFC Model 1 Systems. A variety of other devices are 
under developm.ent. 

UFC Model 1 Console System. 

UFC Inquiry Type~riter 

UFC 90-Column Card System 

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

UFC 80-Column C.ard 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 available as an auxiliary device for use in UFC Model 1 Systems. This 
device permits off-line sorting and collating operations to be perf"ormed,, 
and also allows-com;;ination collating and up-dating operations to be carried 
out in a psuedo on-line mode of operation. 

2. .!]!C 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 Sta.ti.on Position. Once plugged, however, it 
is designated as I/O Unit "b" (where b =0-9), and it conmmnicates only with 
a correspondingly number€d I/O Track (00-09) on the High Speed Drum in data 
transmissions .. 

Each 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 HEADY for subsequent use.. A UFC Input/Output Unit is READY if" it is 
capable of receiving an I/O Instruction* from. the computer. It is NOT READY 
in all other cases. By executing the appropriate Demand Test In (0-9) opera­
tion, the computer can :Unmediately determine the status of a particular lJFC 
Input/Output Unit. If the unit tested is NOT REA.DY, the computer can resume 
it~ :tnternal computation without delay. If the Unit tested is REA.DY, the 
computer can then execute a.n appropriate Demand In (0-9) operation. This 
operation can (a) give the UFC Input/Output Unit a function to perform., or 
{b) receive (program variance) control infornation 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 given a function to perform, it places itself in a NOT READY 
status, and begins the defined operation. If the operation specifi~d by the 
computer program. calls for input or output, the UFC Input/Output Unit then 
carr:i.es out the required data transmissions. In the case of input operations, 
data on a.n input medium is sent to the I/O Unit's buf"fer 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 :Suffer Memory--;. Output Medium. When 
a UFC Input/Output Unit is capable of receiving another I/O Instruction, it 
places itself in a READY condition. It can then, when again "demanded", 
receive another instruction from the computer, give control information to 
the computer, or both. 

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

~I/O 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/O Unit. 
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to one traclc o:f 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 sam.e I/O 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 Input/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 utb Input/Output Unit; and, what was the UFC Input/Output Unit's 
track, can be 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 connected at that time. All data 
transmissions to and from. each UFC Input/Output Unit take place independently 
o:f the Central Computer.' 

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

a. Simultaneous, i.e., time-shared 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 associated with that track. 

b. Common Language versatility: each I/O Unit contains 
the necessary translators tle.t enable it to transcribe or record one {or more} 
code(s) on the media it manipulates, and yet commllllicate with the cc;mputer 
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/O Units 
to be included in the System.. !:&._ combination o.f from. 1 up to 10 I/O Units 
can 11e employed; and the combination ''on line" can be varied as required. 

d. Facility for causing variance in the computer pro­
gram. either by interpreting special control data used in input media, or by 
inte~preting special control information sent to the computer, apart from the 
actual data transmission operations. 

e. Facility for assigning priority to Control informa­
tion received from I/O units. 

f. Facility for scanning a.11 I/O Units in a random or 
sequential fashion 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 is the la.rge-capa.ci ty, random.­
access, permanent memory of the UFC Model 1 System .• 

1. Uni ts of Data 

General Storage in:formation 1s for.mated.by two units 
of data: the Unit Record and the File. A Unit Record is 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 '8.tl 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 ( ----'O), which are stored on the 
General Storage Drum. in special Search Control Locations. 

The Unit Record Length for each operation is programmed. Files are also 
established by progranmrl.ng. 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 Location that appears a.fter the 
last Unit Record of the File has been recorded. 

2. General Stor~ Operations 

Clear General Storage Buffer to Ignores 
Write Unit Record 
Write Unit Record and Check 
Read Unit Record 
Channel Search = 
Channel Search ¢ 

3. Prin,cipal Features of UFC Model l General Storage System. 

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

b. A capacity for storing internally thousands o:r 
Unit Records; the ntu:nber 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. 

c.. A random.-access storage feature which permits 
the Model 1 Uni va.c :F'ile Computer System to keep a current balance for a large 
numbcer o:f records w:i.th high volume activity. Specifically, it allows 

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

random,-access to any Unit Record Area in General 
storage, either to selectively obtain data from. 
that Unit Record Area or to selectively 8.lter 
data in that Unit Record Area on a Unit Record 
basis. 

d. Two Search features which enable General 
storage to look for a certain Unit Record in accord.a.nee with a key, or Unit 
Record Identifier, even though that Unit Record's address is not known. In 
Channel Search= an exact match between a Unit Record and a Un.it Record 
Ident;ifier is sought. In Channel Search:;:. a 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 
operation out independently of the Central Computer. 
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II PROGRAM CONTROL 

Program Control is that section ot the Central Computer which interprets, 
executes and sequences Computer Instructions. It is therefore, the main 
control tor the entire UFC Model !_System. 

The principal. Program Control circuits 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 ot Computer Instructions are interpreted, executed and sequenced 
by these circuits: Instruction Words (12-character coded quantities which are 
stored internally in the Computer), and Program Steps (plugboard-detined 
instructions which are manually patched on the Program Control Plugboard) • 

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

The basic operation specified by a Computer Instruction is called a Process. 
The auxilia17 operations are called Sub-Instructions or Sub-Steps, depending on 
whether they are specified by Instruction Words or Program Steps, respectively. 

Ia the UFC Mod.el l, a computer program (or collect"ion of Computer Instruc­
tions designed to achieve some computational result) can consist ot: 

Instruction Words onl.J' (internally-stored program) 

Program Steps only- {plugboard-detined program), or 

a canbination ot Instru.etion Words and Program. Steps 
(combination internall.7-stored/plugboard-defined program) 

Normally, the canbination-tJPe program is most efficient, because it en­
ables the programmer to e:x:ploit the advantages ot both types ot program., and 
yet does not involve unusual or cQD.tplicated prograrrtmine; 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 IIA below discusses internally-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 plugboard-defined programs: the Program 
Control Plugboa.rd, the definition of a Program Step, the interpretation, 
execution and sequencing of Program Steps,. and the function of certain hubs 
which are used (o~ 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. 

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

A. INrERNALLY-STORED PROGRAMS 

An internally-stored program is 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 
functions, internally-stored programs can completely define all the necessary 
system operations for the solution of any computable problem. 

The pr~ncipal 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
moditication); 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 
format (x represents one character): 

u v W OP 

:xxx xxx 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 carrying 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 ~o 99. When these two characters specify one of the 26 numbers ( < 50) 
that are listed in Table II-l, Page II-4, they are called a PROCESS code, PR. 
These numbers each define a basic arithmetic or logical operation for the com­
puter. Each PR is listed in Table "II-1 with both a 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 is 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~ Instruction~ 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. Ea.ch Special Character employed ( see 1I1able 
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 manner than Transcop Instruction Words), 
or 

extend the activity of the system in execu~l~~ an 
Instruction Word beyond the basic operation SJ;ec:if'.ie: 
by PR or TC, and allow other operations to be 
initiated "between" Instruction Words. 
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Table II-I. PROCESS Codes 

PR 
Numeric Code Mnemonic Code 

Name of Process 
Instructioa Word 

l--~----------------4---------·~--~----t-..;_------------------------------·--,---·-

*13 
*14 
15 
17 
19 

*22 
*23 

24 
25 
26 
Z7 

*29 
31 
32 

*33 
34 

*35 
*37 

39 
41 

*42 
*43 
*44 

45 
*48 
*49 

AT 
AD 
JN 
JP 
JZ 
SB 
BT 
SU 
sv 
SW 
SP 
sz 
LA 
LS 
cc 
TD 
Llf 
CP 
TI 
UJ 
MK 
ML 
MU 
DE 
DQ 
DR 

Arithmetic Transfer 
Add 
Ju.mp on Negative 
Jump on Plus 
Jump on Zero 
Subtract 
Bu.t":f'er Trans:f' er 
Substitute U 
Substitute V 
Substitute W 
Channel Search Probe 
Suppress Left Zeros 
Load GSAR 
Load Shitt 
Channel Clear 
Test Demand In 
Left Normalize 
Compare 
Test Incoming Control 
Unconditional Jump 
Mask Traasf er 
Multiply, Store Lower 
Multiply, Store Upper 
Demand In 
Divide, Store Quotient 
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 IIB. 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 GS.AR and Load 
Shift which can be duplicated .!!_uri~ 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 

• A o 5 Note that 5,. o, ~, or i can be used to ignore S in an IW 1,u, 

1 

II 
¢ 

r 
SC ONLY , 

• 
SC ONLY . , 

A 

* 
? 

t 

.. 

t 

I 
Note: 

6 

7 

8 

9 

B 

c 
D 

E 

F 

G 

H 

I 

K 

L 

M 

N 

0 

p 

Q-Y 

z 
Certain values of S specify bu.t one· Sub-Instruction; others specj_fy two 
or three Sub-Instructions. for ready reference, each Sub-Instructions 
unique value of S is indicated by & shaded area, and cross-hatching is 
employed when two or three Sub-Instructions are specified by a value of s. 

t The alternates for Q-Y are, respectively: ),J,%,=> delete , E ,f3,:, and +. 
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In summary, tvo basically different types of Instruction Words 
are specified by OP: 

OP 

Process Instruction Words: u v w PRS 

xxx xxx 

~f.'ranscop Instruction Words: u v w TCS 

xxx xxx xxx xxx 

Complete details on each Computer Instruction 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 operation specified by the instruction. The reader should 
examine these first pages at this point, and acquaint him.self with the funda­
mental repertory of 1.nstructions available in the UFC Model l. The following 
paragraph, particularly 'fables II-3 and II-4, will also prove useful in under­
standing the purpose of each instruction. Paragraph IIAlc, 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 for.mat of Univac File Computer Model l con·· 
tains three address*-sections, the computer is said to employ three-address 
logic:.. In Instruction Words, the three address-sections are designated u, V, 
and W;; in Program Steps, they are designated v1 ADDRESS, V ADDRESS, and R 
ADDRESS. The address-sections of an instruction are used ~n several ways. 

In most instructions, the address-sections actually contain 
addresses, and these addre~ses are used to obtain the data to be used in ·the 
instruction and to store the data generated by the instruction. In other 
instructions, the instruction itself, or a portion thereof, is used as an 
operand. When the address-sections are used as operands, the section itselt 
(rather than the data in the storage location the section might specify) is 
manipulated 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 ma.de below. 

In most Process Instruction Words, the U-section is a 
3-cha.racter 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, V2, is to be obtained; and the 
W-seetion is a 3-character address that specifies the location at which the 
result, R, is to be stored. As shown in Table II-4, Page II-11, v1 is usually 
placed in RA; v2 is placed in RB; and R is obtained from either RD or RC 

* An address, 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 associated 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 (V1 ADDRESS, v2 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 
iViilable to any Program Step in Transcop plugboard sequences. When so used, 
U, V and W do not necessarily signify the locations from which V1 and V2 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. In 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 associated with V1, V2, 
-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 bang 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 location~ that can be 
specified by W) for each Computer Instruction are lfsted under the rules for 
each Computer Instruction that are given in Paragraph IID. 
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Table II-3 Uses of U, V, and W 

The folloving comments concerning the use of Ui V. and W also apply to the addresses defined 
by ~tchcord wiring f:rom the v 1 ADDRESS, V2 ADuRESS, and R ADDP.ESS hubs, respectively, in 
all Program Steps which have the same process as the Instruction Words marked with an 
asterisk below. 

u v w 
(AT) .Arithmetic Transfer specifies the The V-section of specifies the 

Source of the data this Instruction Destination for the 
(BT) Buffer Transfer to be transferred 'Word is ignored data transferred. 

U specifies the V specifies the W specifies the 
Source from which the Source from which Destination at 
following V 1 operands the follo~ing v2 which the following 
are obtained: operands are o~ results, R, are 

ts.ined: stored: 

*(AD) Add , Add & Cbeck e.ugend addend sum --
•(SB) Subtract, Subtract& Check minuend subtrahend difference 
*{ML) Multiply, Store :Lower multiplicand multiplier 11 lO"Wer- -order 

Multiply, Store Lower dig1ts, and sign of 
& Check product 

*(MU) Multiply, Store Upper mu1 tiplica.nd mul tip:.' .. er ,, upper-order 
Multiply, Store Upper cii g1 ts and sign 

& Check of product 
~-

• (DQ) Divicie, Store Quotient dividend divisor quotient 
Divide, Store quotient & Check 

*(DR) Divide, Store Re:maind.er dividend divisor remainder 
Divide, Store Rerrainder & Check 

u v w 
(SU) Substitute U specifies the Source specif'ies the specifies the (SV) Substitute V 
(SW) Substitute W of V 1 , the operand Source of V 2, the Destination at 

*{MK) Mask Transfer to be modified operand used in which the modified 
modifying V 1 Vt operand is 

s ored 

*(CP) Compare: U and V specify the $ources for the two operands that are to 
be compe.red; the W-section is ignored. 

•(sz) Suppress Left Ze~ 
*(LN) Left Normalize _J 

•• (CC) Channel Cl ear: 
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specifies tb~ Source the V-!;ection of specifies the 
of it, the opt= rand these Instruction Destination at 
mo~ ied by these \.Jords is ignored which the modif'ied 
Instruction Words. V ~ operand is 

s .ored 

the U and V-sections of this Instruction Word are ignored; 
the W-section is always a Blockette Aodress that specifies 
the particular buffer or track to be £illed with Space codes. 



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

(.m) Jwr:p on Negative 

(JP) Jump on nus 

( JZ) Jump on Zero 

((JJ) Unconditional Jump: 

(SP) Channel Search Probe: 

Channel Search not completed 

Channel Sea~ch core~leted, and: 

Channel Search Store.re = t~:r ..... .;s 

Channel Search Storage = ZERO 

Channel Search Storage = PLUS 

(LS) Load Shift: 

(Li\) Load GSAll: 

(:i.I-90) Transcop: 

U and V w 
I.f a Jump occurs: u is used Ui e. .3- is used aa the 

character operand, addreaa tor the 
and is usually* next In8truction 
placed in the W- Word 
section of the 
Word location 
specified by V 

Ii' no Jump occurs: The U, V, and W-sections are ignored. 

U is used as a 3-character operand. and is usually* placed in 
the \~-section of the Word Location specified by V; W is used 
as the address for the next Instruction Word. 

u v w 

U is used as th(; 
address fer the the V and W-sections are ignored 
next I:istruction 
Word 

the U-sectior; is is used as 1;he the W-section 
ignored address tor the 1a ignored 

next Instruction 
Word 

the U an1 V~!'ections are ignored is used as the 
addreH tor the 
next Instruction 
Word 

the U, V, and W- sections are all ignored 

The U, V. and W-sections of this Instruction Word are called 
a Shift Word. They define the progranned shifts for V1, V2, 
and R. respectively, and are placed in the Shift Revolver 
when this Instruction Word is executed. 

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 t-o GSAH when thf's Instruction Word is executed. 

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 V1, V2. or R addresses to 
Program Steps in Transcor sequences. 

* Usually V refers to a Word Location in BTD, or GSB. or on the l/O. FS. IS Tracks. Conditional 
Jumps are frequently employetl t.o enter a sub-routine via W and automatically return to the main 
program when the Instruction ltord at V is executed. The fol lowing 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, a.nd W (continued) 

u v w 
(TD) Test Demand In U=(-b-) and lf I/O Unit "b" is READY, V is used as the 

specifies 'Which address for the next Instruction Word and 
I/O Unit's Demand W is ignored. 
Station ("b") is 
tested If I/O Unit "b" is NOT READY, W is used 

as 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 

"a" is the condi- specifies an I/O for the next Instruc-
tional track- Instruction. V tion Word if a SPECIAL 
switch digit. is ignored if a OUT is produced. w 

SPECIAL OUT is is ignored if a DEMAND 
"b" specifies the produced and OUT is produced. 
I/O Unit that is 11tc";i I. 
:placed "on demand", 

"c" is the SPECIAL 
OUT control digit. 

-1. '----• 

u v w 
(TI) Test Incoming iji;; (abc) the V-aection of is used as the address 

Control 11a" is the condi- this Instruction for the next Instruc-
tional track switch Word is ignored. tion Word if the (HS) 
digit I/0-to-Computer 

nb" is the I/O Unit 
Control Line Storage 
condition (W,X,Y. or 

whose associated Z) tested is found. 
I/O Tracks are condi·- This section is 
tionally switched ignor~d if the condi-

tion tested is not 
11c"== W, X, Y, or Z found. 
(the condition to 
be tested.) ,____ __ 
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Table II-4. Intermediate Storages Associated with U, V, and w. 

RA = Register A 
RB = Register B 
RC = Register C 
RD = Register D 
BTB ; Block Transfer Buffer 

Intermediate 

Instruction Words in w~ich U and for V1 for V2 
V specify the location of operands 

Add RA RB 
Add & Check RA RB 
Subtract RA RB 
Subtract & Check RA RB 
Multiply, Store Lower RA RB 
Multiply, Store Lower & Check RA RB 
Multip~ Store U_E_per RA RB 
Multiply, Store Upper & Check RA RB 
Divide, Store Quotient RA & RC RB 
Divide, Store Quotient & Check RA & RC RB 
Divide, Store Remainder RA & RC RB 
Divide, Store Remainder & Check RA & RC RB 
Arithmetic Transfer RD --
Buffer Transfer BTB --
Mask Transfer RA RB 
Compare RA RB 

Suppress Left Zeros RA --
Left Normalize RA --
*Substitute U, V, &W RA RB 

Channel Clear Space Code Padder ~w 

Table II 4 is continued on the next page. -

Storages 

from which 
R is obtained 

RD 
RD 
RD 

RD 
RD 
RD 

RC 
RC 
RD 

RD 
RC 
RC 
RD 

BTB 
RD 

--
RD 

RD 
RD 

* Except for the Substitute U, V, and W Instruction Words, the process 
specified by each Instruction \lord on this page can be directly duplicated on 
the plugboard in a Program Step. The same intermediate §106ages are used 
for V1 and V2 in Pro~ra,m Step processes as in the correspondingly-nained 
Inst;ruction Worci processes. Similarly. R is obtained fro~ the same intermediate 
storages. 
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.--Table II-4. Intermediate Storages Associated with U, V, and W (Continued)--·~ 

~---~------------------------------------~-~ IRVc = IRV track containing the current IW 
SRV = Shift Revolver 

GSAR = General Storage Address Register 
PAK = Program Address Counter 
SAR = Storage Address Register 

C-I/O (A-J) = Computer-to-I/a ·:ontrol Lines (A-J) 

Computer Instructions in which 
U, V, and W are operands or 
portions of an operand 

Intermediate Storages associated with 
U, V, and W. 

Load Shift IRVc~SRV 

Load GSAR IRVc (7 chaFacters)~GSAR 
1------------~------1---------~------------~------. 
Jump on Plus ~ NO JUMP 

._J_um___.1p._o_n_--=N_e_..g_a_ti_v_e ___ . ___ ~U of IRVc ~RC~W-section of V 
Jump on Zero W of IRVc ~PAK Ignore U, V and W 
Uncond:l tional Jump U of IRVc----31-RC~ W-sect ion of V 

W of IRVc~PAK 
---------------~------t 

Channel Search Probe ~ NO JUMP 
U, V, or W of IBVc...;..PAK lgnoreu-;-v-.5l.lli! W 

1------------------t----~ 

Demand Test In 

Demand In 

U of IRVc~SAR 
I/O Unit •1b tt READY: 

V of IRVc~PAK 

I/O Unit "b" Nar READY: 
W of IRVc -+PAK 

U of IRV c --+SAR 
DEMAND OUT: 

V of IRVc ~SAR~ C-I/O (A-J) 
SPECIAL OUT: 

(c ::: 1): V of IRVc -?-SAR-+G-I/O (A-~tT) 
W of IRVc -?-PAK 

(c ~ 1): W of IRVc -?-PAK .._-----------------r--------u of IRVc~SAR 
Test Incoming Control Condition tested found:. 

W of IRVc ~PAK 
1----~-----~--~----~-------t--~----

Transcop 
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N one as part of this IW. However, if the U, V, 
or W sect.ion 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 ia 
to be stored. The particular intermediate storage 
associated with U, V, or W can be found on 
itge II-11 by determining 

(a) which ADDRESS hub (V1, V2, or R) is 
patched to the U, V, or W ADDRESS hub; and 

{b) what process is defined in the Program 
Step. 



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 to 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: 

Breakpo1nt 1 
Breakpoint 2 
Breakpoint 3 
Special Character Out (Q-Y) 

The particular val·ues or codes given S to initiate each Sub..:.Instruction are 
listed in Table II~2, Page II-5, and each Sub-Instruction is discussed ln 
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 regardless of the type of Instruction Word (PRS or TCS) by 
which it is initiated. However, Suppress Check is meaningful only in aritlune­
tic Proqess 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 foilowing Process Instruction Words: Add, 
Subtract, Multiply Store Lower, Multiply Store Upper., 
Divide Store '~uotient, and Divide Store Remainder. All 
other .Sub-Instructions are initiated at the end of the 
execution of Process Inst~uction Words; i.e., just 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 
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completed, and Program CoLtrol 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) spe~ified by S in the Transcop Instruction 
Word is (are) initiated. If' a Transcop sequence 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. 

Ea.ch time an arithmetic operation or comparison 
(of ·v1 and V2) operation* is executed, a special memory in the computer, called 
Branch Storage, is f;et · to +, or O, or - , depending on whether: 

in arithmetic operations, the result of the 
operation is> o, = O, or <O, respectively; or 

in comparison operations, v1 > V2, v1 = V2, 
or V1 < V2, respectively. 

Branch Storage can only be examined directly by 
plugboard-defined programs. Furthermore it 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 ~rocess 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 Instruction Word, another 
memory in the computer, Conditional Storage, is set to +, o, or -, depending 
on whether Branch Storage is +, O, or - , respectively, at the time the Special 
Character of the Instruction Word is examined. (Note that S = 9 is the value 
used. i:f only the Set Conditional Storage Sub-Instruction is desired.) Each 
setting of Conditio~al Storage lasts until another Set Conditional Stor~ 
Sub-Instruction is executed. It is thus a more perm.anent 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) 

* Specifically, Instruction Words ·with the following processes: AD, SB, :Mr., 
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 > O, = O, or < O, respectively; 

if PR = CP, Set Conditional Storage will be 
set to +, o, or -, depending on whether 
V1 > V2, Vi : V2, or Vi < V2, 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, 0 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 Conditional 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 Wlless S = 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 S = 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 
plugboard emits a pulse. ARITHMETIC ERROR CHECK hub patching is discussed in 
Paragraph IIBln. 

** Each 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 General Storage Buffer to Ignores. 
(b) Ifs = L: 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 S = 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 Breakpoint 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. Breakpoints 1, 2, and 3 on the other hand, even 
though coded, are conditionally initiated. That is, the following must be 
done, prior to a program run to initiate a Breakpoint Sub-Instruction: 

II-16 

:r. Set the BRE:.AIG'OINT 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 l; 
Press the BREAKPOINT 2 button to allow Breakpoint 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 OP 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 l is to be specified by s) 

3, 7, C, G for Breakpoint 2 (where 7 is employed if only Break­
point 2 is 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, .2!. 3) can be initiated per In­
struction Word. 



When Process Instruction Words which contain one of the Break­
point Special Characters are executed and the BREAKPOINT SELECTOR 
is 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 Special Characters are executed 
and the BREAKPOINT SELECTOR is appropriately set, the entire 
sequence of plugboard 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. 

III. 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 2!! the BREAKPOINT SELECTOR is pressed, all Breakpoints ~ 
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 SPECIAL CHARACTER our 
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 IIBlj). 

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 being pulsed. 
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2. Interpre~tation, Execution and Sequencing of Instruction Words. 

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

Operation Pulse/Enable Distributor (OED) 
Program Address Counter (PAK) 
Instruction Revolver (IRVc and IRVn) 
Process Register (PR) 
Program Control Translator (PCT) 
Special Character Register (SR) 
Storage Address Register (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 Instruction, and supplies the principal control 
pulses and/or enables required to carry out each part of an instruction. 

OE:D operates in steps, and during the execution of most 
Instruct:ion 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 ru)..e 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 
specific 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 
eacb OED step in the e~ecution of each Computer Instruction is also listed. 
These tables illustrate that not only do the process times (OED 8) :f'or 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 ~ifferent times to carry out. 

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

* T~ese times have not all been machine checked. However, care has been taken 
in determining each time (or range of times) and it is not expected that the 
predicted and actual times will vary significantly. 
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OED PRINCIPAL EVENTS EXPLANATION 

*O PAK~SAR Place this !W's address in SAR 

*1 Load IRVn Obtain this IW 

Switch IRV 1 s Cause IRVn to become IRVc, and vice versa 

2 From OP of IRVc: 
Load PR Set up OP of this IW in Program Control 
Load SR 

U of IRVc~ SAR Place address for v1 in SAR 
3 

U of SRV~SK Place shift for V1 in SK 

4 Load V1 Obtain v1 and place it in RA 

V of IRVc~SAR Place address for v2 in SAR 
5 

Shift v1 Shift V1 in RA 

Load v2 Obtain 12 and place it in RB 
6 

V of SRV~SK Place shift for v2 in SK 

Advance PAK, PAK~SAR Advance the count in PAK by one; then 
7 place next IW'~ address in SAR 

Shift V2 Shift V2 in RB 

Load IRVn Obtain the next IW 

8 W of SRV~ SK Place shift for R in SK 

Initiate Process Carry out process (& check 
and Subtraction) 

in Addition 

W of IRVc-+SAR Place address for R in SAR 
9 

Shift R 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 0-13 (i.e., OED causes Program Control to first 
acquire this Instruction WorQ.: OED 0-1; and then begin execution of this 
Instruction Word: OED 2-13.J 

Table II-5. A Typical OED Cycle for an Inatruction Word. 
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b. * Program Address Counter, PAK • 

The Program Address Counter, PAK, is a thre,e-digi t, 
addressable (997) register that is used to obtain the address of' each Instruc­
tion Word, and to sequence internally-stored programs. In short, PAK 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 receives each address it holds in one of the following 
ways: 

(1) PAK ca;.,be manually set, prior to a program run, to 
any address in the range 000-999 • A MASTER CLEAR automatically sets PAK 
to 000. If' the f'irst Instruction Word in the program. is to be obtained from 
any other location than 000, the correct address of the first Instruction Word 
must ~~ set ~ in PAK after the MASTER CLEAR button!!. 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 next 
Instru.ction Word will be acquired (on OED 8) during the execution of the 
current Instruction Word. In 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. ~I'he 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, it 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.) 

i Reference is made in the following discussion to various addresses, such as 
000, 130, 997, etc. See Table III-1, Page III-3 to identify the memory 
locati.ons to which thc~se 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 j_n PAK; hence Field Locations, as such 
cannot be used as the Source of an Instruction Word. 
***This is 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 t~ 
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 7; 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 followi.ng caution must be observed in coding the address placed in PAK by 
these instructions: (i) Suppose PAK is loaded with 013, the next lW will be 
obtained from the Word 3 location of the I/O Track address corresponding to the 
unit currently "'On demand." (ii) As that l'W is executed, PAK is advanced to 
014 and the next lW is obtained from the word 4 location of the I/O track cor­
responding to the I/O Unit currently "on demand," etc. (iii) If PAK continues 
to be advanced in this manner, the lW at 018 must be a jump or it must address 
PAK as a Destination, or the lW at 019 must be a jump. In short, PAK must not 
be advanced when it contains 019, 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 SAR; 

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 theae Instruction Words, the counting of PAK (and 
normally s.equencing of the program) is uninterrupted. 

** OED is als.o set to 0 when the internally-stored program starts (so that the 
'first Instruction Word can be acquired.) In all other cases OED is set to 2. 
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PAK thus has a normal c~ounting procedure for sequencing internally-stored pro­
grams and there are a irariety 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 lJO. 

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 
994 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 Storag~ Address Register), or 997 (address of 
PAK itself) is set up or sent to PAK. Note that 995-999 
cannot be generated in PAK by counting. 

If 996 is set up or sent to PAK, mvc is speci:fied 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 (a~dress 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 references that refer to a Source. 
When IRV is addressed as a Squrce, IRVc (the Instruction Revolver containing 
the current Instruction Word) supplies the data. 
** If 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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c. Instruction Revolver, IBV. 

The Instruction Revolver, IRV, is a special-purpose 
device which makes use of a pair of tracks on the High Speed Drum to store 
and re-circulate the Instruction Word now being 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 (IRVc) 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 addre·ss ( 996 )*. 

Program Control uses IRVc to obtain ·the U, V, W, and 
OP-sections of the current Instruction Word as it executes that Instruction 
Word. (See Table II-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 l of the next Instruction Word's cycle.) 

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

If the Process Register contains a valid PR :Or TC code 
(See Table II-7, Page II-25), it determines the OED cycle 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 V1 ADDRESS or v2 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 ~urrent Instruction Word, without interrupting 
the count in PAK.) 

II-23 



the basic operation or process to be carried out j.n 
executing the Instruction Word 

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

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

If the Process Register contains a TC code (51-98) at 
O.ED 3 "ti.me, the internally-stored program. is interrupted ( e.fter the completion 
of OED 3) and the execution of the Program Step at the Plugboard Step numeri­
cally equal to TC is initiated with OED set at 4. As explained in Paragraph 
IIn, the effect of a TC code in the Process Register at OED 3 time is the same 
ns 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-7, Page 
II-25. 

e. Program Control Translator, PC'T. 

The Program Control 'l.Tanslator, PCT, is the integrating 
control circuitry in Program Control. PCT has the following principal functionu: 

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

PCT combines enables indicating what basic opera­
tion is to be performed with outputs from OE:O 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 be 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 
progrw:ns PCT is notified of the basic operation to be performed by the particu­
lar process hub (MK, +G, +NC, etc. ) that is enabled when a Program Step' s STEP 
IN hub is pulsed. 

II-24 



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 PR) 
interpreted digit 

O* '--0011' 0__1_ L l._ or + 
1 --0100 1_,_ A__1_ J_,_ or Z 
2 --0101) 2__,_ B__,_ K__,_ or S 
3 --0110 3_,_ C__,_ L_,_ or T 
4 I --0111) 4. D__,_ M__,_ or U 
5 --1000 5, E.J.. NJ or V 
6 --1001 _Q, F_,_ o__,_ or w 
7 1--1010 7__,_ G__,_ Pi or X 
8 --1011 8__,_ Hi Q__,_ or Y 
9 --1100-1 9_!_ I_!_ 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 
ident-ifiable 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 D GT IN PR 
0 1 2 3 5 6 8 

A B c E F H 
J K L N 0 

T v w 
H 0 ; ) + I 
G 1 AJ I H 

0 2 B K s BT SU sv SZ 
R 
D 3 c L T LS cc TD LN TI 
E 
R 4 D M u UJ MK ML MU DE DR 
D 
I 5 E N v TC TC TC TC TC TC TC 
G 
I 6 F 0 w TC TC TC TC TC TC TC TC TC TC 
T 
-f 7 G p x TC TC TC TC TC TC TC TC TC TC 
N 

8 HQ y TC TC TC TC TC TC TC TC TC TC 
p 
R 9 IR z TC TC TC TC TC TC TC TC TC 
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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 a:bove, SR recejyes the Special Character from the OP-sec'... 
tion of IRVc at OED 2 time. SR is usually examined at OED 13 time. However, 
d~ring arithmetic Instruction Words, it is examined as follows: 

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

The Sub··Instruction~ 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,~, or 0 must be employed if no Sub-Instruction 
is to be initiated by an Instruction Word. 

g. Storage 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 V2 are obtalned (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/O Control 
Instruction Words: 

Test Demand In (TD) 
Demand In (DE) 
'rest Incoming Control (TI) 

during OED .4 of the execution of these Instruction 
Words when a, b, and c are examined; and 

SAR holds the V-section (xxx) of the Demand In 
Instruction Word (during OED 9 and 10) when an I/O 
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. 
rrrie use of the SAR during the execution of the I/O 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 4, (, 8, D, @, or H 

( 0--111) 

Set Conditional (0--1--) 2, ' 3, &, 4, (, 9, 1 , B, #, C, ¢, D, @, A, or I , 
Storage 

Suppress Check (01 ----) B, #, c, ¢, D, @, E, r, F, comma, G, ., H, ;, A or 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) o, or ft 

Write UR & Check (10-010) P, or I 

Special Character 
Out Q (10-011) Q, or ) 

tt R (10-100) R, or J 

" s ( 11-101) s, or % 
ft T (11-110) T, or= 

ft u (11-111) U or delete 

" v (11-000) v, or L 
tt w (11-001) w, or Ji 
ti x (11-010) x, or : 

ff y (11-011) Y, or+ 

Stop (11-100) z, or/ 

* In Table II-2, Page II-5, the coding for S in OP is presented in a more useable 
form. This table is included 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 J:/O 
Control Instruction Words). 

h. Transfer Address Control, TAC. 

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

When TAC functions in programmed storage references 
(procurement of operands, acquisition of next Instruction Word, or storage oj~ 
res·uJ.ts), SAR holds the progranuned address, and the address of the intermediate 
sto:rage involved is automatically determined by PCT. In other storage refer·· 
ences (as PAK--.. SAR, 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 exeeu­
tio:o. or the instruction. 

i. Programmable Shi.fta 

Some shift operations in the computer occur auto­
matically as part c>f the execution of an instruction; others must be pro­
grammed to occur. 

An example of an automatic shifting operation is the 
manner in which moat data transmissions take place to and from the various 
registers of the machine. When most registers in the computer receive (or 
supply) data, tha.t data is shifted in (or shifted out), a.n<i. the shifting 
operation is part e>f' the mechanics of the data transfer. In these shifting 
operations, :no ( ul ti.mate) re-arrangement of characters in the data. transmi tt1~d 
takes place. 

Certain shift operations, however, are not automatic; 
i.e., they occur only if pro~rwmo.ed. Such shift operations always take plac·~ 
in the arithmetic registers (Registers A, B, C qr D), and they have two 
principal functions, both of which involve re-arrangement of the data. shif'te1i: 

to align one operand's decimal point with that of 
another operand's so as to successfully perform. an 
arithmetic operation (this is necessary because the 
ma.chine treats all numbers as if' they were integers, 
and would, for example, add "tenths" to nhundreds" 
if appropriate shifting of' one or both opera:n.ds is 
not programmed for these quantities prior to their 
use in an add operation.); or 

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

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

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 IIA2j 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. Note in Table II-9 that: 

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

V1 (after it has been placed in RA, or in RA 
and RC, or in RD); 

V2 {after it has been placed in RB); and 
R (before it is stored from RC or RD); and that 

in certain instructions only two quantities (v1 and 
V2, or v1 and R) can be shifted. 

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

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

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

If shifts are programmed for a.ny of the quantities 
in instructions not listed in Table II-9, the programmed shifts are simply 
ignored. Similarly if a shift is progra:rmned for a quantity in one of the 
instructions listed in Table II-9, but a shift for that quantity is not listed 
as permissible in 'i'a.ble II-9, the programmed shift is ignored. (Table II-9, 
footnote** explains the only exceptions to this rule.) 

In ,:q.ch type of shift, the maximum number of places 
the contents o:f the register(s) involved should be shifted is 11. 

The time required :for a shift operation, any type, 
is o.o42 (n+ l) milliseconds, where n is the number of places shifted. 
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Table II-9. !.nstruetions in which Shifts can be Programmed to Occur. 

Computer Instructions Quantities for which Arithmetic 
in which the following Shifts can be Registers 
Processes are executed: Programmed Involved: 

Add 
Add & Check 
Subtract V1 in RA 
Subtract & Check 
Mask Transfer Vv V2, and R V2 in RB 
Substitute U 
Substitute V 
Substitute W R in RD 
Multiply Store Upper V_i in RA 

Vv v2 , and R* V2 in RB 
Multiply Store I.ow er h' fn ootn RC & RD 

or in RC or RD* 
Multip11U__Store Upper & Check Vi and V2** V1 and RA 
Multiply, store Lower & Check V2 in RB 

V1 in RC*** 
Divide, Store Quotient V1, V2, and R V2 in RB 

R in RD 
Divide, Store Quotient & Check Vi, V2,** V1.in RC*** 

V2 in RB 
V1 in RC°*** 

Divide, Store Remainder Vv V2, and R V2 in RB 
R in RC 

Divide, Store Remainder & Check Vi, V2** V1 in RC*** 
h2 in RB 

-0-ompa.:te. v1 and v2 ~l in RA 
V2 in RB 

Suppress Left Zeros VJ.. in RA 
Left Normalize V1 and R R in RD 

Three sepa.re.~e slU:rts can 
All ~l Shi:f't be programmed. The Source 

Arithmetic Transfer Data {or the Source Data shitting time 
plus Space codes} a.re done in v2 Shift 
manipu.1ated. RD time 

R Shift 
time 

* Ill left and right shifts for R in Multiply processes, Registers C and D are 
shifted as a single (22-cba.racter) register. In right end around shifts for R 
in Multiply processes, however, only the register from which the result is 
stored is shifted. 

** If a shift f'or R is programmed, the shift will be performed but will cause 
an ARITHMETIC CHECK ERROR. 

*** V1 ls not actually shifted in RA, although the effect in the Divide algor-
ithm is the same as if Vi were also shifted in RA. The shift for v1 is performed 
in RC to provide a correct remainder should the {u-v+ n + 1) < 1 condition be de­
tected at process time. (See DIVISION RULES, Paragraph IID) 
Note: No shift can be programmed either by u, v, or w : o, or by :xx,yy, or zz = 00· 
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(a) All Shifts other than Right and Left Shifts for R in Mu1tiply Processes, 

RIGHT (END-OFF) SHIFT 
(6 CHARACTERS) 

HIGH LOW 

11 10 9 8 7 6 5 4 3 2 I S 

I 1 l2'314'51olololol2!o[+I 

I INITIAL CONTENTS OF . I r ARITHMETIC REGISTER--, 

HIGH LOW 

II 10 9 8 7 6 5 4 3 2 I S 

IAIAIAIAIAIAI 11213 14 15 1+1 

I FINAL CONTENTS OF I ~ ARITHMETIC REGISrul 

LEFT (END-OFF) SHIFT 
(6 CHARACTERS) 

HIGH LOW 

11 10 9 8 7 6 5 4 3 2 I S 

lxjRjTj 4 joj 3 l2 18 19 18 17 1+1 

I INITIAL CONTENTS OF I r ARITHMETIC REGISTE~ 

HIGH LOW 

II 10 9 8 7 6 5 4 3 2 I S 

l 2 lsl 9 lsl 7 lojojojoj~jol+I 

I FINAL CONTENTS OF I r- ARITHMETIC REGIST~ 

RIGHT END-AROUND SHIFT 
(6 CHARACTERS) 

HIGH LOW 

II 10 9 8 7 6 5 4 3 2 I S 

I 1 l 2 13 14 15 16 11lslgrTE 

I . INITIAL CONTENTS OF _I r- ARITHMETIC REGISTE-;;-i 

HIGH LOW 

11 10 9 8 7 6 5 4 3 2 I S 

l1lsl9lsl1H I H314FEJ 
I . FINAL CONTENTS OF I r- ARITHMETIC REGIST~ 

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

HIGH - ORDER 

CHARACTERS IN RC 

ARE SHIFTED OUT 

AND LOST 

SPACE CODES ARE 
SHIFTED INTO RC 

HIGH LOW 

REGISTER C s 

HIGH LOW 

LEFT SHIFT 
REGISTER D S 

HIGH LOW 

REGISTER C s 

HIGH LOW 

RIGHT SHIFT 
REGISTER D S 

Figure II-·1, Effects of Programmed Shifts 

ZEROS ARE PADDED ~ R~ 

LOW-ORDER 

CHARACTERS OF RD 

ARE SHIFTED OUT 

O.t.10 LOST 
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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 
register's Sign position, whereas the right end-around shift 
does; 

Du.ring right {end-off) shifts, if "n" is the number of places a 
register is shifted, the lower-order 0 nn characters originally 
held in the register {Sign excluded} are lost, and 11n" Space 
codes are shifted into the nnn higher-order character positions 
of the register; 

During le:ft (end-off') shifts, if "n" is the number of places a 
register is shifted, the higher-order "n" characters originally 
held in the register a.re lost, a.nd "nn Zeros are shifted into 
the lower-order character positions of the register, beginning 
with the :register's Character l position. 

In Add and Subtract Instruction Words, care must be taken that Vi 
a.nd V2 shifts 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 tban 11 digits and s.ign is gen­
erated, a + / - OVERFLOW error* will occur. 

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

V1 and v2 can be shifted as in any other im truction; however, 
if Multiply (Store Upper or Store Lower) and Check is programmed, 
a shift for R must not be progrannned. 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 a.s part of the instruction, R can 
be shi:fted 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 operat~~ as one register (See Figure II-lb): 

A left {end-off) shift will shift the eleven non-Sign 
posi·tions of both RC and RD to the left. The output 
from the left--sI'de 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 b<§t shifted off its left end. 

* Errors are discussed :ln 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 v1 , V2, and R in Divide instructions. Specifically, 

Vi and V2 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 quotient > 11 characters and sign would be generated 
if a divide process were to be performed with the specified 
V1 and V2.) The equations which can be employed to properly 
program. shifts for v1 and v2 in Divide instructions are given 
under DIVISION RULES in Paragraph IID. 

In the Divide store Quotient (or store Remainder) and 
Check Instructions, 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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j. 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 .ReV"olver 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 quantity 
in the Instruction Word is to be shifted. The fol­
lowing format is employed for Shift Words: 

u v w 

uxx vyy wzz 
the tJ-section {uxx) defines the shift for V1: 

• 0 no shift xx: is the u -
u = l right end-around number of 
u = 2 left (end-off) places v1 is 
u = 3 right (end-off) to be shifted 

the V-section (vyy) defines the shift for v2: 

v = 0 no shift 
v = 1 right end-around 
v = 2 left (end-off) 
v = 3 right {end-off) 

the W-section {wzz) defines the 

w = 0 no shift 
w - l right end-around -
w = 2 left (end-off) 
w = 3 right (end-off') 

yy is the 
number of 
places v2 is 
to be shifted 

shift for R: 

zz is the 
number 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 Prqgra.m. Steps'. Th.is subject is developed in 
Paragraph IIB. 

(2) Shift Revolver, SRV 

The Shift Revolver SRV, is a special-purpose 
12-cha.racter :memory location on the High Speed Drum. SRV 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-sectfons of the Shift Word} are ever used. 

SRV can be loaded with a Shift Word by the 
execution of an appropriateLy coded Load Shift Instruction Word {LS). 

SRV can also be addressed as a Destination 
a.nd 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 ·sa.v can.function .as 
a memory location 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_,..SK transmissions that occur during the execution of Computer Instructions. 

NOTE: Ca.re must be taken that SRV is loaded at the proper times in each 
p:i;ogram. 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
a.ddressable) register 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 a.re obtained, and placed in SK. 

Note that to save time, the loading of SK, 
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 v1 Shift time (OED 5), SK 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 v1 • If no shift bas been 
specified, V1 remains unaltered in RA (or HC or RD). If a shift is to occur, 
the particular type specified is initiated. Each time RA (or RC or RD) is 
shifted one plAce, the count (xx) in the lower-order-two digit positions of 
SK is decreased by one. When the count in SK • O, the required shift is com­
pleted. At the same time that V2 is being placed in RB (OED 6), t:.1.e 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 V2 as for V1, 
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 is shifted on OED 9, i.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 deternd.ne type of shift 
(This stage stores only the two lower-order bits of characters) 

These bits 
are Type of Per.missible values for u, v, and w 
translated shift 

<----11' no shift 0 ;, ), +, 4, D~ M~ Ui Bi Hi Qi Yi (_.1_ ®i ?i or delete 
1---00 rt.end around 1 A~ J, 7, i, r, t, E i 5 _i_ E _,__ N _1_ V _1_ 9, I, R, or Z 
----01 left 2 B_,_ K, S, o, F, o, W_i_ '~ lf_,__ L ~ ~, connna, n, or7)3 
----10, right 3 c, L, T, 7, G, P, X, &, ¢, *, =, -, ., I, or : 

Middle Order Stage of SK receives the tens digit of the shift amount 
(This stage stores 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 0 ;, ), +, 4, D, M, U_t_ 8_1_ H_t_ Q_,_ Yi (, ®i ?Lor delete 
----00) 1* 1 A~_ J,_ 7, i, r, t, E_t_ 5_.1_ Ei N_1_ V_1_ 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) 

O~y the excess-three bits of -x, -y, or -z can be any* of 
the digits 0-9 should be used the following characters 

'--0011' O* h h or+ 
1--0100 1* A_,_ Ji orZ 
--0101 2* Bi Ki or S 
-0110 J* Ci L~ or T 
-0111' 4* D_1_ M_,__ or U 
-1000 5* E_,__ N_,_ or V 
-1001 6* Fi Di or W 

c --1010 7* G_1_ P_1_ or X 
~-1011 8* H_1_~ or Y 
,-1100, 9* I, R, or Z 

* If a shift amount (xx:, yy, or zz) > 11 is programmed it will be performed and 
the following must be noted: 

Contents of re ster involved 
Characters 1-11 Si 

Ri ht Shift all S ce codes undisturbed 
Left Shif't all Zeros undisturbed 

The effect of all shift amounts > 11 can be produced with smaller· values of 
xx, yy, or zz. 
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B • PLUGBO.ARD DEEi1 INED 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 program primarily in that the instructions, 
called. Program Steps, which make it up a.re manually patched instructions (not 
stored, coded quantities.) 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 
when the Program. Step was defined, certain 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. 

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

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 IRVc -;.PR and SR is not needed to 
set up the process and Sub-Steps to be performed. Similarly 
the U, V, and W of IRV c .-;.. SAR and the U, V, and W of SRV ~ SK 
traasmissions are not required to set up addresses in SAR 
and shifts in SK unless the ADDRESS or SHIFI' hubs are patched 
to U, V, and W AD.DRESS 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 
mEi.tter; the time required is merely that necessary to remov1e 
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 conditional 
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. 

l. Program Control Plugboard: 

The Program Control Plugboard (Figure B~l, Appendix B) is a re­
movabl1e connection panel which is mounted on Program Control Cabinet #1 (Figure 
I-1, Pa.ge 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 
I/O Control Sub-Step Patching 
Error hub Patching 
Hubs which em.it 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 
II-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, PR<?CESS, v1 ADDRESS, V1 SHIFT, V2 ADDRESS, V2 SHIFT, R ADDRESS, 
R smFT, and STEP OUT. 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 internally-stored program. Direct patching can be 
employed from these hubs, or each plugboard function can be conditionally 
defined by patching via other hubs. 

b. Basic 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 

S1l'EP OUT hub of 
a Program etep 

BUEAKPOINT 1, 2, 
or 3 hubs 

s~rEP CLEAR OUT 

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.) 

Direct STEP OUT-STEP IN patching unconditionally 
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. 

BREAKPOINT 1, 2, or 3 - STEP IN patching initiates 
a 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 IN patching is usually employed 
to initiate an error-analysis plugboard sequence. 

The above do not represent the only ways in which the STEP Hf hub can be 
patcheed. 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 (enable 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 a.s the correspondingly-named processes for Instruction Words. 
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Add ( + , NC hub) 
Add and Check ( +, 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 ( + SQ, NC hub) 
Divide Store Quotient and Check (7 SQ, C hub) 
Divide Store Remainder (+SR, NC hub) 
Divide Store R~mainder and Check (7SR, Chub) 
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 PROC 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
ma.ki-ng 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 ~everal instructions at different points in the 
program. The decision-ma.king devices for enables which perm.it this are 
discussed in Paragraph II-Blg below. 

V1 ADDRESS, V2 ADDRESS, R ADDRESS (enable outs): 

These hubs are used to define the addresses required 
in a Program Step. They are patched (directly or via decision-ma.king devices 
for enables) 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 internally-stored programs. 

The v1 .ADR hub is patched to define the address of 
the storage location of the first value, v1 , which the process is to mani­
pulate. As shown in Table II-3, Page II-8, every Program Step's v1 .ADDRESS 
hub, except those in which the Channel Clear Process is specified, must be 
patched. (If the v1 ADR hub is patched for the Channel Clear Process, the 
patching is ignored.) 

II-41 



The v2 ADR hub is patche~ to define the address of 
the storag~ location of the second value, v2, which most processes require. 
As noted in Table II ·-3, Page II -8, no V 2 is involved in Program Steps in 
which the following processes are specified: Arithmetic Transfer, Buffer 
Transfer, Suppress Left Zeros, Left Normalize, or Channel Clear. (If V 
patching is employed in these Program Steps, the v2 patching is ignored2by 
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 locatio~. 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 en.ables (Paragraph II-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 Pa1·agraph II-Blc. The intermediate storages associated 
with the ADDRESS hub used in each process are listed in Table II-4, 
Page II-11. 

V l SlITFT, V 2 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 plugboat"d-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 v1 is 
obtained and placed in Register A (See .Notes 1, 2, 3, below) a shi~ opera­
tion can be programmed for v1 ; i.e., the v1 SH hub can be patched to a 
shift-defining hub to specify the type of shift and number of places v1 
is to be shifted in Register A prior to the use of v1 in the process. 

Notes {See Table II-9, Page II-30): 
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L v1 is placed in both Registers A and C in all Program 
Steps involving division. The programmed shift for v1 in 
such processes is carried out only in RC. 

2. v1 is sent directly to BTB in Buffer Transfer processes, 
and cannot be shifted. 



3. v1 is sent directly to RD in Arithmetic Transfer 
processes,, but a programmed shift at v1 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 v2 ; and the v2 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 
shift is simply ignored, except in ~he Arithmetic Tranifer 
process. A v2 shift is 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 n-:.9, -Page II-30) , the R SH hub can be patched to a 
:Shift-defining hub to define the type of shift and number of places R is 
shifted prior to its storage. 

Direct patching of these SlllFT 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 in the program exist. 

STEP our (pulse out) : 

A pulse from the STEP OUT hub of a Program Step 
signifies the completion of the basic 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 is 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 OUT 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 enable condition) necessary to continue operations is 
lost. 
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Non-Decision Sub-Step~: 

Decision-Making 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 certain {subsequent) oper­
ations; 

Sub-Steps which initiate 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 
management or are needed to subsequently refer to 
the I/O Track associated with a particular I/O 
Unit. 

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 program can be resumed merely by pressing the 
$TART 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 program. in plugboard operations by patching the STEP OUT hub to 
a NEXT INSTRUCTION {NI) hub. When an NI hub is pulsed, Program. Control auto­
matically transfers to the internally-stored program and begins execution of 
Instruction Words. As in the ease 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 o:f' a bus. Two other BUS hubs of the bus are then patched to the two ins 
that are to be signalled. 
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The time at which the STEP IN hub receives 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, etc. In any event, when the STEP IN hub of a Program Step 
is pulsed, OED is set to 3 and the execution 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. 

CHAIN WIRING: 

V1 ADDRESS 
V1 SHIFT 
V2 ADDRESS 
V2 SHIFT 
R SHIFT 
PROCESS (initiate) 
R ADDRESS 
STEP OUT 

OED 3 
OED 3 
OED 5 
OED 6 
OED 8 
OED 8 
OED 9 
OED 12 

The PROCESS, V1 ADDRESS, V2 ADDRESS, R ADDRESS, V1 
SHIFT, V2 SHIFT, and R SHIFT hubs of a 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 patGhcord wiring required is greatly 
reduced. 

The PROCESS, ADDRESS and SHIFT hubs are bussed pairs 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 V2 ADDRESSES (SHIFTS}, and the connnon R ADDRESSES (SHIFTS} to be 
formed and be readily identifiable, if' this is desirable. (A 0 chain" to these 
destination hubs need not involve the same address hub {or shift hub) in each 
Program Step, however.) There are two sets of 2-hub groups for the process­
destination and the u, V, and W shift-destination hubs. The CDR GROUP IN and 
CDR ALPHAMUM&RIC IN hubs are bussed in 4-hub groups. Four separate "chains" 
can therefore be formed to each of these hubs without employing regular buses. 

If the regular buses are employed, of course, more than 
3 or 4 "chains 0 can be formed to each destination hub. 
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c. Plugboard Addreseing System 

·The Plugboard Addressing System is the collection of all 
those hubs to which the V1 ADDRESS, V2 ADDRESS, and R ADDRESS hubs of a 
Program Step can be patched to define a progrannned storage reference from the 
plugboard. The names or 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 
addreEss these hubs set up in SAR when enabled. 

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

1. The address set up in SAR by patching the V1, V2, or R ADDRESS hubs to a 
hub in the Plugboard Addressing System must be interpretable. 

When the v1, V? or R ADDRESS hubs are patched to any of the hubs in the Plug­
board Addressing System, except the u, V, W ADDRESS and I/0 WORD (0-9),I/O 
FIEUJ lA-V) and 1/0-Z hubs, no problem exists. When such hubs in the Plugboard 
Addressing $ystem are enabled, they automatically set SAR to an interpretable 
address. 

If the v1 , V2, and R ADDRESS hubs a.re to be p·atched to I/O WORD (0-9), I/O 
FIELD (A-V) oi I/0-Z hubs, the I/O Unit associated with the I/O Trnck to be 
referred to must reviousl have een · laced "o demand". (If this is not 
done, and no I 0 Unit is "on demand", the computer will hang up when it 
attempt.s the storage reference initiated by en11bling an I/O WffiD (0/9), I/O 
FIELD (A-V) or I/0-Z hub. If the wrong I/O Unit is previously placed "on 
demand", a.n address will exist in SAR, and th.9t address will be interpret­
able, but will .not be correct becPuse its associated I/O Track, not the one 
required~ will be specified.) 

If the V1, V2, or R ADDRESS hubs are patched to a U, V, or W ADDRESS hub, 
the corresponding U, V, or W-section of IRVc is shifted into SAR. These 
sections, therefore, must be coded so that an interpretable address (See 
Table III-1, Page III-3) ends up in SAR. If an uninterpretable address is 
coded for these sect:i.ons, the computer will hang up when it attempts to use 
the uninterpretable address. 

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 ei.ther 
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 V1 ADDRESS, V2 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 speclfied 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 
:~\ (Register B) 991 
RC (Register C) 992 
RD (Register D) 99.3 
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 Buff er 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 demandtt Word 0-9 Ob0-0b9* 
BTP (Block Transfer Buffer Pattern) 99X 
GSP (General Storage Buffer Pattern) 99Y 
ISP (High Speed Drum Pattern) 99W 
IRV {Instruction Revolver) 996 
SRV (Shift Revolver) 998 
BTB-Z (Block Transfer Buffer - entire contents) 10Z 
GSB-Z (General Storage Buffer - entire contents) 98Z 
FS #1-Z (Factor Storage Track #1 - entire contents) 11Z 
FS #2-Z (Factor Storage Track #2 - entire contents) 12Z 
I/0-Z (Input/Output Track "on demand"-entire contents) ObZ* 
Block Transfer Buffer Field A-V 10A-10V {not I and 0) 
General Storage Buff er Field A-V 98A-98V (not I and 0) 
Factor Storage Track #1 Eleld A-V 11A-11V. ~not I and 0) 
Factor Storage Track #2 Field A-V 12A-12V not I and O)' 
Input/Output Track tton 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 or IRVc ~SAR 

V Address V or IRVc ~SAR 

W Address W or IRVc ~SAR 

*No particular I/O Track is specified by the I/O WORD or FIEW hubs. To re-
fer to an I/O Track (Ob-to Ob-) via the Plugboard Addressing System, the I/O Unit 
(0-9) associated with the particular I/O Track desired must be placed "on demand~ 
When the appropriate I/O WORD or FIELD hub is enabled, the highest-order stage 
of SAR is set to o, 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/O Unit is 
made. The particular I/O Unit "on demand" then sets the middle stage· or SAR to 
"b". 

II-47 



d. Plugboard Shift Patching 

The shifts that can be programmed to occur in 
Program Steps are listed (on the be.sis of the process defined by the Prograin 
Step) in Table II-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, V 2 SHIFT 
and R SHIFT hubs are patched to the appropriate LEFT srlF!' (0-ll), RIGHT 
SHIFT (0-1!1.) or RIGHT END AROUND SHIFr (0-11) hubs to define the programmed 
shifts for V1' v2 , 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 Instruction 
Words. The basic difference is that when the above hubs are employed, the 
Shift Word in S.RV is not used to define the shift operation. That is, the 
particular LEFT SIITFT (0-11), RIGHT SHIFT (0-11) or RIGHT END AROUND SHIFT 
(0-11) hub that is enabled sets SK when that hub is ena.bl.ed. 

If it is desirable to use the Shift Word in SRV 
to define a shift in a Program Step, the Y.i SIDFT, v2 SIITFT or R SHIFT hubs 
of' the Program Step must be patched to a U-SlllFT, V SHIFT, or W SlllFT hub. 
The following will then occur, depending on the availability of' the Shift 
Wo:rd 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 SIITFT, V SHIFT., or 
W SHIFT hub is enabled) will be referred to, 
and w:i.11 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 SlllFT 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 y l SHIFT, V SIIlFT, and R SHIFT hubs can be 
patched directly to the above mentioned2shift-de:fining hubs, or they can be 
patched to those hubs as described~in Paragraph II-Blg below. Employ 
chain-wiring wherever possible. 

* Bee SHI.FT REVOLVER RULES , Paragraph II-D, for the times when SRV does 
and does not contain an available 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) switch. 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 
patchcord Wiring to a Selector's COMMON hub, the SELECT or NON-SELECT hub 
will emi·t depending on how the Selector is set. Usually""'"'B:' Selector is set 
to Non-Select. The plugboard program must set it to Select and make provi­
sion 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 particuJ.a.r 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 II~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), (c), (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 II-3, Page II-51. When the PICKUP of a multi-pole ~elector 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 
24 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{l)(b), 
IIBle(.l)(c) and IIBlp. 
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VOLTAGE SOURCE ( B +) 

SELECTOR 
NO.I 

PICKUP 

COMPUTER 
GROUND 

CD CD G) 
COMMON NON-SELECT SELECT 

® 

DEMAND 
GROUND 

11
b

11
(0-9) 

I
'- GROUND SUPPLY COMPLETE 

ONLY WHEN I/0 UNIT 
11

b
11
(0-9) IS "ON DEMAND" 

SELECTOR NO. I 

The iron core (a) around which the wire is coiled can become magnetized when 

voltage is applied to Selector #1 1s PICKUP hub (b); .ml9, 

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

Thus w.hen current enters Selector #1 1s PICKUP hubl the metal bar (d) is draun to 
the 1.eft and makes contact with the SELECT bar (e J. Tbe metal bar (d) will 
remain in this position as long as current flows through the coil, and any pulse 
or enable entering Selector #1 's COMMON hub (f) will emit from Selector #1 1s 
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-SELECT hub, ( j) with the metal bar in this position. 

Figure II-2. Operation of' a Single Pole Selector. 
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Brief SW$11ary of Point.s to Remember About Selector "Routing" Circuits. 

1. A Selector is merely a switch. It does not produce a pulse, an enable, B+, 
or ground of 1-tself. 

2. 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. 

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

4. 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. 

5. 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. 

6. In simple application of Selectors; the normal use of a factor is patched 
from a Selector's NON-SELECT hub, and the special use of the fact.or 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 appll~d. 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 necessary. 

CD CONDITION A IS USED TO 
PICK UP SELECTOR NO. 6 

@ UP TO FOUR FACTORS CAN BE DIRECTLY 
VARIED BY CONDITION A 

VOLTAGE SOURCE 
(CONDITION A) 

C NS S C NS S 

SELECTOR 
N0.6 

PICKUP SELECTOR 
NO. 6 GROUND 

COMPUTER 
GROUND 

DEMAND 
GROUND "b" (0-9) 

I "- GROUND SUPPLY COMPLETE 
ONLY WHEN I/O UNIT 

_ 
11 b11 (0-9) IS 11 0N DEMAND" 

C NS S 

Figure II-3. An example of a Four-pole Selector. 

C NS S 
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(1) SELECTOR PICKUP (1-48) Patching 

Each Selector has an associated SELECTOR PICKUP 
hub. As noted previously, B + must be constantly 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 PICKUP hu'bs: 

Program Select { B + ) 
Selector Hold (B +) 
(LS) I/O·COMPUTER CO:NT.ROL LINE hubs (a-1) 
CONSOLE (B + ) 

(a.) From Program Select { B + ) 

Program Selects are used to pick up Selectors at 
a spec.ific 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. Seleots can also be used to 
delay a STEP OUT or other pulse; or they can be used to operate a Selector 
and de.lay a pulse. 

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

IN: When a pulse is received at the IB hub, the OUT 
hub becomes a source e>f B + . The IN hub is usually wired from a STEP OUT hub, 
the + , - , or 0 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 cttrrent to hold one or more (all 48, if necessary) 
Selectors on the Select side. As soon as a pulse enters the Im 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 Sele~t state. (Once picked 
up in this manner, a Selector will then remain Select until a pul.se 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: ~e case ot 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 ti.me 
interval is 10-15 milliseconds. ·This will allow any Selectors picked up by 
out pa·tching to changet 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: 
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if the Selectors piaked up by the Program Select 
are to be used next in the program. ( i . e. , would 
be used sooner than 10 milliseconds it the program 
were patched to continue) • In this case the 
source of current must be patched to IN, and the 
DELAYED Ol.1.r patched to continue the program; and 



~f 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) PICIOJ.P 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 ease.of cha.llging 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. 'fhe source of the drop-out pulse must therefore be appro­
priately patched to continue the program. This is usuaJ,.ly done by bussing 
the drop-out pulse through an OU1'-EXP.ANDER or the normal BUS hubs described 
later in this section. 

It is possibie 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 associated 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
quently 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 one 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 remain on the Sel.ect side until the ma.chine is turned off. This is 
usually not as efficient as other uses of Selector Hold B+, and hence direct 
SEL HOW (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 
II-54 
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FROM OUT OF 
PS NO. 6 
(PICKUP SEL-
ECTOR #30) 

SELECTOR 
PICKUP NO. 30 

SELECTOR 
GROUND NO. 30 

FROM OUT OF 
PS NO. 7 

SELECTOR 
PICKUP 
N0.25 

SELECTOR 
GROUND NO. 25 

! 

(HOLD SELECTOR # 30 IN 
SELECT STATE) 

SELECTOR 
HOLD B+ 

s 

COMPUTER 
GROUND 

THESE HUBS CAN BE USED 
FOR PROGRAM VARIANCE 

NS s c NS s 

a b c 

,t, 
! 
I 
I 
I 
I 

c NS 

d 

--~--------------------------------------__J 
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COMPUTER 
GROUND 

SELECTOR 
N0.30 

:Figure II-4. Controlled Use of Selector Hold (B+). 
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Assume that Selector.#30, a' 4-pole Selector, is to have 
Selector Hold (B+) power applied to its PICKUP bub only for a portion of a pro­
gram, but is to have that power even. though the Program 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 d of Selector #30 are used for their 
normal purpose or 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 tram 
the NON -SELECT hub of Selector #25 through the COMMON of Selector #25 to the 
CCMMON 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 em.it from the SELECT hub of 
Selec:tor #30, Pole a (see dashed arrows in Figure II-4) and be applied to the 
PICIOJP hub of Selector #30 via the BUS hubs. Now, even though PS #6 i~ 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, cannot 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 again be applied 
to its PICKUP hub until Selector #25 is dropped out. 

(c) From. the (LS) I/0-COMPUTER CONrROL LINE hubs (a-1) 

As explained in Section v, each I/O Unit has a set of 
12* (LS) I/0-Computer control lines. These lines, when epergized, 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/O Units, that a control position 
on the input medium (as a punched card) was sensed. 

Each I/O Unit's (LS) I/0-Com.puter control lines are B+ lines, when energized, 
and can thus be used to pickup Selectors. 

follows: 
The (LS) I/0-Com.puter control lines are energized as 

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/O Units), are assigned to 
specific (LS) I/0-Com:puter control lines. 

*Although each I/O Unit's Demand Station contains 12 (LS) I/0-Computer control 
lines (a-1), not all of these control lines are used by each I/O Unit. However, 
each I/O Unit has a definite set and the set is lettered to correspond with the 
(LS) I/0-COMPurER CON'l1ROL LINE hubs (a-1) that will emit B+ when each control 
line is energlzed in the I/O 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/O Unit and can apply B+ to the 
correct (LS) I/O-Computer control line {a-1) when the 
I/O Unit is placed "on demand". This is programmed for 
in various ways in the different I/O Units. In general, 
a switch setting or patchcord wiring involving Selector,s 
in the I/O Unit are employed. If a switch setting is 
used, this generally will permit B+ to be directly 
applied to a (LS) I/0-Computer control line ·when the 
I/O Unit is placed "on demand". If patchcord wiring 
is employed, de enables associated with a particular 
condition {or the detection of control data) in the I/O 
Unit are patched to operate Selectors in the I/O Unit, 
so that B+ (available on the I/O Unit's plugboard) can 
be applied via one or more Selector's routing circuit 
to the required (LS) I/0-Qomputer control lines when 
the I/O Unit is placed "on demand11

• 

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/a-Computer control line must be programmed in the 
I/O Unit (i.e., must be specified by a switch setting on the I/O Unit's Control 
panel, or specified by patchcord wiring on the I/O Unit's Plugboard, as part 
of the design of the system program), and the use to be made of each "{I:sJI7o­
Computer control line must be programmed, both in the I/O Unit (as not~d above} 
and on the Program Control Plugboard (as described below). 

When a particular I/O Unit is placed "on demand" (See 
Section V) that I/O U1rlt's, and only that I/O Unit's, (LS) I/0-Computer control 
lines are connected to the (LSJ I/0-COMPUI'E.R CONTROL LINE hubs (a-1) on the 
Program Control Plugboard. .A:Ay of the (LS) I/0-Computer control lines that are 
energized at this time will cause the correspondingly-lettered (LS) I/0-COMPUTEH 
CONTROL LINE hubs to emit B + , and these hubs will continue to emit as long as 
(but only as long as) the I/O Unit "on demand" remains non demand". 

The (LS) I/0-COMPt1I'ER CONTROL LINE hubs (a-1) 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/o Unit remains "on demand". 

Since the (LS) I/0-COMPUTE.R CONTROL LINE hubs (a-1) are 
commonly shared by all I/O Units (but by each onJ.y 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/O Unit. 

The :particular (LS) I/0-COMPUTER CONTROL 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 "on 
demand", and the :partlcul.ar (LS) I/0-Com:puter control line is energized. 
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If several Selectors are to be picked up when a 
particular (LS) I/0-COMPUTER CONI'ROL LINE hub (a-1) emits, that hub is connected 
to the desired Selectors' PICKUP hubs via BUS hubs. 

If the same (LS) I/0-COMPUTER CONrROL LINE hub (a-1) is 
to be identically used for picking up Selector(s) if it emits while any one of 
several I/O Units are "on demand", the GROUND hub(s) of the Selector(s) involved 
is (or are) patched to each I/O 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 (LS) I/0-Computer 
control line is to be "remembered" in the program after the I/O Unit producing 
it is ta.ken ''off demand", the patching iilustrated in Figure II-5, Page II-58 
and described on Page II-59, can be employed. 

( d) Console B+ ( CNSL B+ ) 

When the CONSOLE-NOHMAL switch on the UFC lnf(uiry 
Typewriter Control Panel is set to CONSOLE, the CNSL n+ 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 (1-48) PATCHING 

(a) To Computer Ground: 

When the GROUND hub of a Selector is patched to a 
COMPurER GROUND· hub, the Selector's coil circuit is unconditionally grounded. 
The Selector will change to its 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 coil 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 is so patched will not set the Selector to its Select 
state unless (or until) the appropriate I/O Unit is "on demaQ.d". 

t. 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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(LS) I/0 COMPUTER 

CONTROL LINE HUBS (a- I ) 
a b c I .. ---· > 

FROM OUT HUB SELECTOR NO. I 
OF PS #6 PICKUP HUB NS 

xxxxxxxxxxxx~ 

--. ~ 

Sl~LECTOR N". I GROUND HUB 

I ~ 
WHEN "c" IS TO BE IF "c:" IS TO BE 
INTERPRETED THE UNIQUELY INTERPRETED 
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Figure :rr-5. An Example of how a (LS) I/0-Computer Control Line can be 
"remembered11 in a Program. 
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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/O Unit is placed "on demand". 

When the appropriate I/O Unit is placed "on demand" Selector #1 picks up. 
It the I/O Unit has energized (LS) I/0-Computer.Control line "c", the 
(LS} I/0-COMPUTER CONTROL LINE hub nc" will emit B+ and will, (among 
other things) pick-up Selector 1J30.· 

When Selector #30 is picked up, Selector Ho14· (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/O 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 a.gain be picked up until the 
following sequence takes place: PS #6's IN hub is pulsed, the 
appropriate I/O Unit is placed ''on demand" and the (LS) I/0-CCMPUTER 
CONI'ROL LINE hub "c" emits B+. 
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There are 6 Alternate 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 ~he 
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 ie 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 tbese 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 Para.graph IIBlb, the enable out hubs of a 
Program Step (PROCESS, v1 ADDRESS, V SHIFT, V .ADDRESS, V SlfiFT, R SHIFT, 
and R ADDRESS)can be directly or indtrectly patched to their destination. 
When J;>atched 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 AJMterna.te Switches can also be used, as noted previously, to route B t; 
however, the CDR EH.ABLE 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 en.able is patched to a SELECT or NON-SELECT hub, only 
the COMMON will emit, and it will emit only when 1he Selector is appropriately 
set. 

(2) CDR E'iNABLE 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 function 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 vali.d control character in CDR and then probing a 
particular group of' circuits in the Translator to receive a "route" or path 
for the probing signal {pulse or d-c enable). 

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/O 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-TI:ffi.EE BITS 
BITS 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 

--
00 0 1 2 3 4 5 6 7 8 9 

01 ; A B c D E F G H I 

10 ) J K L M N 0 p Q R 
----1 

ll + I s T u v w x y z 

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.fa having the same excess-three bits. For ex.ample 
2, B, K, and S are such a group, since they each have 0101 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 same excess-three bits will be transiate(f"i'n~he-S"a.iiieliianner (hence 
if any one of the four is placedi'ilCDR, the same resuitis 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 CDR will produce a different result. 
(The results referred to in this paragraph are the "routing" or "switching" for 
which CD is employed). If a valid cnaraci:er is not in CDH 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 CDH, the sixth interprets all six bits in Clla. 

Translator Circuit Associated hubs Bits in CDR that 
are Interpreted 

CDR PULSE IN One set of four (identical) IN hubs, only excess-
and ten discrete OUT 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 II (ENABLE) one set of four (identical) IN hubs, only excess-
l and ten discrete OUT hubs: II;" -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 

CDR GROUP IV (ENABLE) 

Associated hubs Bits in CD.R that 
are Interpreted 

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

CDR ALPHANUMERIC (ENABLE) one set of four (identical) IN hubs, all six bits 
and 40 discrete OUT hubs: 0-Z 

The operation of each of these Translator 
circuits is basically the same: when the IN hub is appropriately signalled 
(i.e. , pulsed or enabled as required by the particular circuit involved), one 
of the OUT hubs wlll 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 ALPHANUME.HIC 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 pa.tchcord wiringfrom an 
enable source (as a V1ADDRESS hub) and one of· the usable 40 characters is in 
CDR, a single d-c enaole is obtained :from the associated CDR GROUP circuit in 
the Translator. That j_s, a d-c enable is made available from ore and onl;y one 
of the ten CDR OUT hubs associated with the CDR GROUP IN hub eiiablea.-:--ThuS,-­
given a usable character in CDR (See Figure II-6): 

If a CDR GROUP 1 IN hub i.s enabled, one of the CDR OUT hubs labeled 0-9 will 
emit d-c; 

If a. CDR GROUP 2 IN hub is enabled, one of the CDR OUT hubs labeled ";" or A-I 
w:lll emit d-c; 

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

If a CDR GROUP 4 IN hub is enabled: one of the CDR OUT hubs labeled " + 11
, or 

11 
/ '~ or s-z wi 11 e:mi t d-c; 

depend.ing ~ which ~1ble character is ~n CDR at the time. 

To understand the operation t:Jf' .CD upon 
receipt of this type of probe, assume that the CDR GROUP 2 IN hub is enabled 
and that the OUT hub 11 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 only at the excess three bits of the chara~ter in CDR. 
Thus when the J hub emits it means (a) that a usable character was stored in 
CDR, and (b) that specifically either l;• 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 l~O control characters that can be 
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Figure II-6. CD Translator's CDR GROUP IN Circuits 
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sent ·to CDR are regarded as 10 sets. of 4 characters each. E:::.ch 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 sh:ift involved. 

Bince there are fom 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 
c ircu:i t used: 

one from the CDR ~OUP OUT hub 
one from the CDR GROUP OUT hub 
one from the CDR GROUP OUT hub 
one from the CDR GROUP OUT hub 

11111 

:rA'' 

II J" J 

"/" 
and. 

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 l>y patchcord wiring (from hU:b "l") 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, .. T, 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-65 ), CDR OUT hub "A" ~nd only that hul?_ emits. 

From one up to 40 11 routes 11 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 passes from a Program 
Step to the next instruction (Program Step or Instruction Word). These aux­
iliary plugboa.rd-defined operations are called Sub-Steps, and each has an 
associated group of hubs on the Program Control Plugboard which must be ap­
propriately sigm\l.lled to initiate that Sub-Step. Some Sub-Steps, as those which 
initiate General storage Operations, are identical to the correspondingly-named 
Sub-Instructions initiated in internally-stored programs; other Sub-Steps, as 
Branching, are used onl.y in plugboard operation of the computer. Some Sub­
Steps initiate time-sharing operations in the system, others a.re used for 
making decisions in the system. program, or for specially-conditioning the 
Central Computer. 

Usually Sub-Steps are initiated via patchcord 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 
Breakpoint 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 internal program. 

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

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

i. Decision Elements f'or 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 sequencec by STEP OU'T-STEP IN patchcord wiring: a STEP OUI' can be 
wired to any STEP IN, directly or indirectly. When direct patch:i.ng 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 vari.ed. This variation 
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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 "Probesrr 
Function Sequence 
CDR (PULSE) IN; or it 



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-Steps, 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 11 devices for pulses on the J:lug­
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 rna~e 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 a+, O, or - (minus) 
quantity. 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 > V2:1 
v1 = v2 , or v1 < v2 , respectively. (See Page II-14). 

'rhere 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 i)a tched from a pulse source (as STEP OUT), and three out hubs ( + , 0. and - ) 
that are patched to other pulse-in hubs (as STEP IN, a Selector COMMON, etc.) tc 
continue the program. 

When the IN hub is pulsed, the setting of Branch f torage 
is examined. If Branch Storage is set to+, the + hub emits; if set to 0, the o 
hub emits; and if set to -, the - hub emits. Note: Branch sturnge will be 
found set to 0 unless the r~ogram Step whose STEP OUT probes Branch Storage set 
Br~nch 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 if 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. Each set has five hubs: a CS PROBE hub that is patched 
from a pulse source, and four out hubs (ACTIVE, + , - , and 0) 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·-ini tiated 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 n.ot 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 0, the 0 
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 charmel 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 
"clearecifl (left with no setting) b.Y a MASTER CLEAR and each time a Channel 
Search operation is initiated. 

(3) Channel Search Probe & Wait Sub-Step 

The Channel Search Probe & Wait Sub-Step can also be used, 
subsequent to the initiation of a C~nnel Search Equal or Unequal operation, to 
test for the result of the channel search. When this Sub-Step 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 hul>s: a CS PROBE & WAIT hub that is patched trom a puise source, and 
three out hubs (+, -, 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, tl:te status of the 
previously initiated channel search operation is tested: it the General 
Storage System is ACTIVE, the computer waits until General Storage becomes II­
ACTIVE (indicating completion of the channel search); Channel Search Storage i.a 
then examined; if Channel Search Storage is set to+, the+ hub emits; if set 
to -, the - hub emits; if set to O, the 0 hub emits. (See note above under 
Channel Search Probe) 

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

I:f a pulse source is patched to the COMMOI' 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 Switch's SELECT and BO•­
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, 4) of 
FUNCTION SEQUENCE hubs on the Program Control Plugboard. Each set contains the 
following hubs: 

SET 

PROBE 

OUT 

.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. 

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 a pulse was previously received 
by the SET hub • A pulse sent to the PROBE hub is 
not "remembered" by the Function Sequence cir­
cuitry. 

This hub will emit a 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: If the OUT 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, a pulse is emitted from one of the CDR PULSE OUT (0-9) hubs. The 
hub which emits depends on the character held in CDR at the time of the pro'be. 
As in the case of the CD Translator's CDR GROUP circuits, the Translator's CDR 
PULSE m circuit interprets only the excess-three bits of the character held in 
CDR. 

To cause a particular CDR PULSE our 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 out t~ delay the 
start o:r one operation until two other operations have been completed. 

~:where 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 OU'I.1 • 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 ha.s 
been pulled in, ·the following patching procedure can be followed: 

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

the STEP OTJI' 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 em1t 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 plugboard 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 pair and the other hub of the pair is patched to continue the 
program, if this is required. 

(1) Condition Compare 

When the Condition Compare Sub-Step is initiated the next 
Compare: process is modified as follows: Space codes and Zeros are allowed their 
actual weight~d values in Univac code and are compared on that basis. (Normally,. 
the following sets of characters from corresponding positions in v1 and v2 are 
simply ignored. 

a b c d 

When a Condition Compare Sub-Step is carried out, each of these sets will be 
compared. Only Sets "c" and "d" will give an equal comparison for the character 
position. Set "a" will detect Vi> v2 for the character :position; and Set "b"wil.l 
detect V 1 < V 2 for the character position. 

(2) Clear BTB To Ignores 

When the CLEAR BTB rro 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-Instructions, 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 
pairs (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 UN.EQUAL 

Each General Storage Sub-Step is identical to the 
correspondingly-named Sub-Instruction described in Paragraph IIAlc (2) above. 

1. I/0 Control Sub-Step Patching 

The following hubs are involved when r/o Control Sub-Steps 
are carried out: 

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

DEMAND TEST IN ( 0-9) 
READY (0-9) 
Nor 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/O CONTROL LINES (A-J) 
TRACK SWITCH (0-9) 

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

The Dem.and 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-Step 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 Nor 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/O Unit is ready, its associated READY (0-9) hub emits. If the I/O Unit is not 
ready, its associated NOT RF.ADY (0-9) hub emits. Both replies are instantane­
ous, and the next operation is thus determined immediately on the basis of 
which one of the

4
se two hubs emits. 

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

ls not engaged in a previously initiated operation, or 

has no abnormal or error condition {as broken tape, card jam, 
•etc ) which would prevent it .from functioning properly. 

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

The Demand Test In Sub-Step should always be programmed 
prior to a 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 In Sub-Step as a 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 
s'ffitch the I/O tracks associated with the I/O Unit tested, and to continue the 
program. The Demand Test In cannot be used as the only means of determining 
whether an I/O Unit can receive an I/O 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 rece:tve an I/O 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/O Un~t "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/O 
Track associated 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/O 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-!70 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/O Unit is taken "off' demand", and the I/O 
Unit (0-9) whose associated DE.MAND IN (0-9) hub is 
pulsed is then placed "on demand''; 

3. a test is made to see if any error condition exists 
in the I/O Unit placed "on demand". (If an error 
has occurred, an error signal i~stead of' a DEMAND 
OUT or SPECIAL OUT discussed below is produced; the 
Demand In Sub-Step is not completed; and the computer 
hangs up.) 

4. 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 (LS) I/0-computer control lines in the I/O 
Unit that have been programmed on the I/O Unit 
to energize when the I/O Unit is placed "on 
demand". The (LS) I/0-Computer control lines 
so energized then supply Bt to their correspond­
ingly-named (LS) I/0-COMPUTER CONTROL LINE hubs 
(a-1) on the Program Control Plugboard. 

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

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

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

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

Note: I/O Instructions are generally sent to an 
I/O Unit via plugboard-defined programs by pulsing 
the COMPUTER-I/O CONTROL LINE hubs (A-J) after the 
I/O Unit has been placed "on demand" and has 
signified it is ready. When these hubs are pulsed, 
the Computer-I/O control lines (A-J) signals are 
applied to every I/O Unit in the system. However, 
only the I/0 Unit non demand" can receive or accept 
these signals. 

II-75 



6. The I/ O :Unit 11 on demand., is al so conditioned so 
that its (HS) I/0-Computer control lines (W, X, 
Y, and Z) if energized in the I/O Unit at the 
time the ![6 Unit goes ready will set High Speed 
I/0-Computer Control Line Storage at that time. 
Only the I/0 Unit "on demand" can cause High Speed 
I/0-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-initiated operation, no further action occurs until the I/O 
Unit is ready. (If Demand In is programmed after a ready condition is 
detected by Demand Test In, there is no wait at this point.) 

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

The READY relay energizes and lights the READY 
0-9 light associated with this I/O Unit on the 
Console. 

Any (HS) I/0-Computer control lines (W.1 X, Y, 
and/or Z) that may be energized*in the I/O Unit 
at the time the I/O Unit non demand" goes ready, 
produce an input to (i.e., set) High Speed I/0-
Co~puter 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). 

If any one, or any combination, of the {HS) I/0-Computer control lines is 
energized when the I/0-Unit "on demandn goes ready, a SPECIAL OUT signal is 
produced by the I/O Unit. This signal is sent to the SPECIAL 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/0-Computer 
Control Line Storage can be tested is illustrated and explained in Figure 
II-9, Page II-77· 

If no (HS) I/0-Computer control lines are energized 
when the I/O Unit "on demand" goes ready, a DEMAND OUT signal is produced 
by the I/O 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 o:r send an I/O Instruction to an I/O Unit. Only SPECIAL OUT 
is used, however, to test High Speed I/0-Computer Control Line Storage.) 
* These lines are "1)rogrammed 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 
2 3 4 5 6 7 8 9 ···-···· DEMAND OUT ••••••••• o 2 3 4 5 s 1 e 9 

SPECIAL OUT ••••••••• 
w 

x 

y 

IN 

z • IN 

• • e 
STOP 

PROO RAM 
STEP STEP IN 

62 when W (End of Data) 
is round 

63 when X (End of File) 
is found 

TRACK SWITCH 
#-I HUB C - I/0 CONTROL LI NE 

SIGNALS TO l/O UNIT I 

END OF DATA 
9><x xx xxxxxXxx x Xx. 
YES 

END OF FILE 
ex xxxxxxxxx x xxxxe 
YES 

TAPE SEARCH FIND.:> 
exxXxx xx x xXxxXxx ~ 
YES BUS HUBS 

• • • 
•• NEXT -· INSTRUCTION •• 

PATCHING 

STEP 
OUT 

55 • 
62 

63 

64 

65 

PROC V1 ADR V1 SH R ADR 

AT 129 0 PAK 

AT 129 3R PAK 

STEP OUT 

NI (Start at 
1431 
NI (Start at 
1671 

64 when Y 1Channel Search AT 129 6R PAK NI (Start at 
Find ) is found 150) 

The I/O Unit operation assumed in the above patching is Tape Search~ • The 
program treats Tape Search Find = as the expected result (Dill.lAND 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 
IIS I/0-C CLS) of End of Data by W, End of File by X, Tape Search Find> by Y. 
(For simplicity ~ is not used in this example, nor are the ot!1er uses of \~, 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 <A6150H)7143+) 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/O Unit #l) 
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(3) Plugboard References to I/O Tracks via I/O WORD and 
FIELD hubs 

While an I/O Unit is "qn demand" the following occur 
if an I/O Track Address is specified by V1 ADDRESS, v2 ADDRESS or R ADDRESS 
patching: 

when the I/O WORD (0-9) or FIEID (A-V) hub is 
enabled, the highest-order stage of SAR is set to 
0 and the lowest-order stage of SAR is set to the 
number or letter corresponding to the hub enabled; 

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

the I/O Unit non 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/O Unit. 

If a Storage reference to an I/O Track is to be defined via the Plugboard 
Addressj.ng System, therefore, the I/O Uni·t associated with the I/O Track Address 
desired must first be placed "on demand" (and be "on demand" when ·the I/O WORD 
0-9 or PIEID A-V hub is enabled). -

(4) COMPUTER-I/a CONTROL LINE hubs (A-J) 

The Computer-I/O control lines (A-J) of each I/O Unit 
are al1 connected to the COMPUTER-I/O CONTROL LINE hubs (A-J). When an I/O 
Unit is placed "on dem.andu that and only th.at I/O Unit's Computer-I/O control 
lines will accept and receive signals from those hubs. The combination of 
signals received defines an I/O Instruction for the I/O Unit non demand". 

The COMPUTER-I/O CONTROL LINE hubs (A-J) should never 
be pulsed unless the particular I/O Unit that is to receive the I/O Instruction 
is "on demand" and ready. If they are pulsed when the desired I/O Unit is not 
"on demand" that I/O Unit cannot receive the I/O Instruction. If they are 
pulsed when a I/O 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/O Unit an !/O Instruction via the COMPUTER-I/OCON­
TROL LINE hubs (A-J). When DEMAND OUT or SPECIAL OUT are produced by an I/O 
Unit that I/O Unit must be "on.demand" and ready. 

(5) TRACK SWITCH hubs (0-9) 

Each I/O Track is 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/O Track Address. When the TRACK SWITCH hub (0-9) associated with 
an r/o Unit is pulsed, the Track Switching circuitry in that I/O Unit Is Demand 
Station is operated: the track connected to the computer is made available 
to the I/O Unit and what was formerly the I/O's Unit's track becomes the compu­
ter's track. 
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An I/O 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/O Unit is not ready, the I/O Track may 
(depending on why the I/O Unit is not ready) be switched while the I/O Unit is 
engaged in ~ta transmission to and from its I/O track. The data on both I/O 
Tracks will then be garbled. 

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

BREAKPOINT l hub 
BREAKPOINT 2 hub 
BREAKPOINT 3 hub 
SPECIAL CHARACTER Our (Q-Y) hubs 

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

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

Parity ~: 

Arithmetic Errors: 

Divide Overflow 

Add/Subtract 
Overflow 

Normalize Over­
flow 

Arithmetic Check 
Error 

Parity Error (Central Computer) 
Divide Overflow 
Adq-Subtract Overflow 
Normalize Overflow 
Arithmetic Check Error 
General Storage Program. Error 

} 

Arithmetic 
Errors 

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 au instruction, is cheeked.by various 
parity-checking circuits. If any check detects an even 
number of (binary) "l's" in any character transmitted: 
computer operation stops, the PARITY ERROR hubs on the 
Program Control Plugboard em.it, and the specific parity­
checking circuit which detected the error is indicated. 

If improper v1 and/or v2 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 quotient 
greater than 11 digits and sign would exceed (or 0 overflow" ), 
the capacity of Register o. Hence, when improper v

1 and/or v2 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. 

If the number of digits in the result of' an Add or Sub­
tra.ct exceeds 11 (i.e., a "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. 

If' ~ing a Left Normalize Process a V operand equal to 
zero*is detected, computer operation s!ops, the NORMALIZE 
OVE:RFLOW hub emits, and the "overflow" error is indicated. 

Checks can be programmed for the following arithmetic 
operations: 

* See RULES FORI:'EFT NORMALIZE INSTRUCTIONS, Paragraph !ID 
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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 indicated. 

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 tban 
00 is sent to any stage of Gs.AR 

Inactive Drum Section: when a drum section is referred 
to by a General Storage Address a.nd no such 
section exists in the system. 

Odd 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 ca.use 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 unpa.tched, the computer hangs up. In the 
case of all errors associated with the PARITY, OVERFLOW, and CHECK hubs, 
computer operation stops immediately. 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 REPKA.T 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 a.re provided. When a. 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 sto~ing R, the programmer must not use the same location as the source 
of ed ther or both o:pera.nds and as the Destination for the result. 

(3) STEP CLEAR 

Step Clear is a group of circuits 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 thi::>, 
in general, is not practical if an error has been detected; however, it does 
permit an auxiliary 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 hubn 
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-ana.lysis.plugboard 
sequence. When the ERROR hubs emit, the error-analysis s·equence is automati·· 
cally begun. Since programming err9rs require correction procedures involviug 
the operation of manual controls, the error-ana.lysis 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 detecte~d, 
emit a puJ.se on the Program Control 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 puJ.ses from High Speed Drum is faulty) 

Parity Errors in General Storage OperationsN{if all characters 
transmitted during data transmissions in General 
Storage operations are not parity correct)* 

Write Unit Record a.nd 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)* 

~en an error occurs in General Storage operations, the particular error is 
indicated on the Ge:neral Storage Control Cabinet, 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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Demand Station (0-9) Errors: (if an error condition, 
already set up in an I/O Unit, is detected when 
the I/O Unit is placed "o~ demand".)* 

o. 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 ·or 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, PHOGfMM INDICA­
TOR Light patching can be used as a visual indication of which one of a number 
of pJugboard-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 #1 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 PLUG BOARD) 

CLEAR BUTTON CLEAR BUTTON 
(PROGRAM CONTROL (CONSOLE) 

CA91NET# I) 

Figure II- 10 Indicator Switch 

The Indicator SWitch is nor.m.ally 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 function to temporarily 
open the Indicator SWitcih. 

* When an error occurs in an I/O Unit, the particular error is indicated on 
the I/O Unit, the I/O Unit operation stops, the I/O Unit's associated Demand 
Station (0-9) ERROR light on the Console is lit, and the error condition is 
remembered in the I/O Unit. Wb:en the I/O Unit is demanded, computer operation 
stops inunediately. 

II-83 



CLEAR 
(PROGRAM CONTROL 

CABINET #1) 

CLEAR 
(CONSOLE) 

PICKUP SELECTOR 
#12 

TO CONTINUE 
PROGRAM 

SELECTOR HOLD 
( B+) HUB . 

e 
NS S 

e e e 
SELECTOR #12 --· BUS HUBS --· 

l 
B+ 

SELECTOR #12 
PICKUP HUB 

SELECTOR #12 
DROP-OUT COIL 

PROGRAM SELECT 
#2 

SELECTOR # 12 
GROUND HUB 

\ 
COMPUTER GROUND 

HUB 

I 

LS ~11 I 
I 
I 
I I i I 

I 
I 

~11 l@ 
I 

l@ @ij11 
I 

~11 l@ 
I 

~11 l@ 
I 

PROGRAM I I 
CONTROL! CONSOLE! 
CABINET 

#1 I I 

PROGRAM INDICATOR 
LIGHTS 

Figure II-1'1. Use of Indicator Svitch in conjunction with PROGRAM INDICATOR 
Lights. 
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A typical application of the use of an Indicator 
Switch 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 II- 11 is: 

1. The IN hub o:f Program Select #2 is pulsed and 
the OUT hub (B + ) emits current. Th.is 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 illuminated 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 is dropped out) and to the INDICATOR 
#2 hub (keeping PROGRAM INDICATOR #2 lit.) 

3. Selector #12 will then remain Select until one 
of the CLEAR buttons associated with the Indica­
tor Switch is pressed or ma.chine 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 Ligtlt #2 
is extinguished. To again illuminate PROGRAM 
INDICATOR light #2, the IN hub of Program Select 
#2 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 4 hubs; others are groups of' 5 and 6 hubs • 
. These groups can be patched together to f'orm larger groups. 

T T T l T T T 

T I I I T T T I I I 1 
Figure II- 12 BUS hubs and buses 
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(4) UNI-BUS hubs. 

The UNI-BUS hubs a.re a set of :five hubs tied to a 
bus: four IN hubs and an OUT hub. 

BUS 

OUT HUB 

Figure II-13 .. UNI-BUS hubs 

1'he IN hubs are diode-protected to prevent back 
cireuits. These hU:bs are used where 2, 3, or 4 pulse sources are to be 
patched to a comm.on destination and each source also is to produce results 
peculiar to its own occurrence. Each pulse source is patched to a separate 
bus.. One BUS hub from each bus is patched to a UNI-BUS IN hub. (The other 
BUS hubs of each bus are patched to achieve the results peculiar to each 
pulse source.) The tJNI ... BUS OUT hub is patched to the common destination. 
Eig~1t sets of UNI-BUS hubs are provided. 

(5) OUT Expanders 

The OUT EXPANDER hubs (one IN and two OUT hubs 
connected interll8.lly as shown below) a.re used where a single pulse source 
is to be patched to several destinations and the pulse source must be~ 
amplified (and mul t:iplied) to sa:fely pulse all destinations. 

IN HUB 

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 
ST.ART 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 programs. If left 
unpatched, no program is inj.tiated when the MASTER CLEAR and START buttons a.re 
pressed. 

( 7) STOP hubs 

The STOP hub is a 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-lo4. 

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.) 

{a) Pulse In {green): These hubs receive a pulse 

(b) Pulse Out {red~: These hubs emit a pulse 

{c) Enable In {~ellow): These hubs receive an enable 

(d) Enable Out (blue)*: These hubs emit an enable 

(e) B+ In {brown~: These hubs receive B+ 

(:f') B+ Out {black}: These hubs are B+ sources 

(g) Ground Potentiel {oran~e~: These hubs are only 
used to gr0tmd 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, there:f'ore, 

* The enable outs of a Program Step are shown in a combination blue-yellow 
code to emphasize the :f'acility of "chain wiring" available :f'or use in con­
junction with those hubs. 
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color-coded in Figures II-15 through II- lS ) 

(1) BUS hubs 

Plugboard buses have two general functtons: 

(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 BUS 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 destinations, it is said to be "Y-wired" to those destinations). 
Enable 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 em.its, depending on how the Selector is set. For 
"on-offu control, the SELECT and NON-SELECT hubs can be used as in hubs. In 
this use only the COMMON is an out. An tn at the SELECT hub will cause the 
COMlviON hub to emit only if the SELECTOR :ls in its Select state. Similarly an 
in at the NON-SELECT hub will cause the COMMON to emit only if the Selector is 
in its Non-Select state. Another "on-off" use of Selectors is to use the 
COMMON as an in and only the SELECT £!: NON-SELECT as an out. 

(green). 
Switches. 

(yellow). 
Switches. 

(brown). 
Switches. 
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(2) Fundamental Plugboard Progra.nnning Rules 

1. Pulse outs {red) are patched only to pulse ins 
This can be done directly, or via buses, Selectors or Alternate 

2. Enable outs (°blue) are patched only to enable ins 
Th.is can be done directly, or via buses, Selectors or Alternate 

3. B+ outs (black) are patched only to B+ ins 
This can be done directly, or via buses, Selectors or Alternate 



Note: If a B+ out hub or an enable out hub is patched to 
a pulse in or a ground potential hub, or i:f a B+ out hub is 'pat~~ec(_:~£~~~ 
enable in hub, serious harm is done to the computer ,.c :iE5::~!~El.. 

4. A bus can tie together separately either pulse outs, 
or enable outs, or B+ outs, or ground supplies. Do not use the same bus for 
(identical) outs unless ea.ch out is to produce the same errect. Keep in mind 
that, if a bus is used to expand a.n 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. 
Enable 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 a program., the corresponding SELECTOR GROUND (1-48) hub must be 
patched to either a. COMPUI'ER GROUND hub (this unconditionally grounds the 
corresponding Selector's coil circuit), or to a DEMAND GROUND (0-9) hub (this 
grounds the Selector's coil circuit onl.y when the associated I/O Unit 0-9 is 
"on demand"); and the corresponding SELECTOR PICKUP (1-48) hub must be patched 
(directly or via buses, Selectors, or Alternate switches) from a B+ out. 

6. Alternate Switches are not operated by the program. 
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. 

7. Use of Uni-Buses 

When two, three, or four pulse outs are to produce 
a common result, but each must also produce one or fnOre 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 
nin" hubs) are not authorized. No guarantee can be 
given that programs using buses in this way will 
run; and if incorrect diodes are used, serious harm 
can be done to the computer circuitry. 
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H code because these hubs can be "chain wired". H 
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(3) Predicted Relationships for Pulse Out-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 alphabet:Lcally on the left with the number of "drive units" its 
associated pulse source produces. F.ach type of pulse in hub is listed on the 
right with the number of "drive units" its associated circuitry requires to 
produce the effect speeif'ied by pulsing that pulse in hub. The pulse in hubs 
are also arranged alphabetically. Note that several pulse in hubs require 2 
or 3 "drive units". ,!he basic rule for pulse out-pulse in patching is that 
the number of "drive units" used by the P.ulse in hubs to which a pulse out is 
patched must be less tha.n, 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 uni·t" production of the pulse out's source. Note that each 
Out Expander requires ·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-Ma.king 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 observed. 

the same pulse in. 
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No more than 10 pulse outs should be patched to 

(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 limit 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. 



Table II-13. "Pulse Drives" 

PULSE OUT mms "DRIVE UNITS" PULSE IN mms "DRIVE UNITS" 
EACH, PRODUCES EACH RmWIRES 

+ I - OVERJ.i'LOW 10 Branch IN 3 

Branch OUTS (+,~,o) 5 (each) 
cs = l 

cs ':/: l 

BREAKPOINT (l, 2, 3) 10 (each) CS Probe IN 2 

CS Probe & Wait IN l 
CS Probe OUTS (ACTIVE, +, -,O) 5 (each} 

CLEAR BTB 'It>. IGNORES l 

CS Probe & Wait OUTS (+,-,0) 5 (each) CLEAR GSB 'It> IGNORES l 

CDR PULSE IN 1 
CHECK ERROR 10 

COMPUl'ER - I/0 CONTHOL LilfES l (each) 

CDR PULSE ours (0-9) 5 (each} 
(A-J) 

CONDITION COMPARE 1 

DEMAND OUT 5 
DEW.ND IN 1 

OVERFLOW 10 
Dl!W\ND TEST IN 1 

Function Delay OUT 10 Function Delay INS (1, 2) 1. (each) 

Function Sequence OUT 10 Functi,on Sequence INS 1 {ea.ch) 
( fIB!r, PROBE) 

GS PROGRAM ERROR 10 NI 1 

N OVERFI.DW 10 out Expander IN 2 

NOT READY 5 
Progra.m Select IN 3 

Out Expander OUTS 10 (eaoh) 
Program Select DROP OUT 1 

(Program Selects' ) CLEAR 2 
PARITY ERROH 10 

READ UR l 

Program Select DELAYED OUT 10 
Step Clear IN l 

READY 5 STEP IN 2 

SPECIAL CHARACTER OUTS (Q·Y) 5 (each} STEP REPEAT 1 

SPECIAL OUT 5 STOP 3 

START 10 TRACK SWITCH 1 

Step Clear OUT 10 
WRITE UR l 

WRITE UR & CHECK 1 
B'!'EP OUT 5 

W, X, Y, Z OUTS (YES, NO) 5 (each) W, X, Y, Z INS 2 (each) 
·--' 
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2. Interpreta·tion, Execution, and Sequencing of Program Steps. 

Table II.;i4 Page II-98 outlines the manner in which Program 
Steps are interpreted, executed, and sequenced. liote the following principal 
differences between the interpretation, execution, and sequencing of Program 
Steps and that of Instruction Words: 

When a Program Step's STEP IB hub is pulsed, that Program Step 
.is "acquired"; an enable i'dentitying 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 OUT signal for that particular Program Step. PAK 
and IRVn are, therefore, not used to acquire the next Program 
Step as the current Progre.m Step is executed; and PAK does not 
sequence plugboard-defined programs. Plugboard-defined programs 
are seque:nced by S'.rEP Otl'.r-STEP IB patching. 

Ad.dresses 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,,iAJ)DllESS and SHIFT hubs can be involved, in which case IRV'c 
an4 SBV send SAR and SK, respectively, the required address and 
shift. IRVc 8Dd SJ.W can therefore be used, as required, in Pro­
gram Steps. When -used their operation is the same as when used 
during tlle execution of Instruction 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. 

nc and SK perform the same function during ·the execution of' a. 
Program step as during the execution of an Instruction Word; and t:b.e functions 
of' SAR are also the same with the tolloving. exceptions: 

SAR, is not used for storing "abc" or "xxx.9' in I/O Control operations 
as in the execution of Instruction Words; and 

the middle digit tor an I/O Track Address must be formed in 
SAR by placing the I/O Unit associated with the I/O Track to 
be referred to "on demand", prior to enabling an I/O WORD 
(0-9) or FIELD (A-V) hub in a Program Step. 

PCT operates in much the se.me fashion also, and controls the 
times a·t which the basic hubs of' the Program Step em.it. 
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C. COMBIJIAT!Olf IliTERNALLY-STORED/PLUGBOARD DEFIIIED 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 hov the START hub is patched: 

START-NJ: patching: 

START-STEP IN 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 P.AK. } 
OED then cycles 0-13 as the first Instruc­
tion Word is executed; 

program begins on the plugboard; when the 
STEP IN hub is pulsed, the wait 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 ST.ART hub is not patched, the program does not begin. 

2. start af'ter 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 
where the computel;" left off. (It the MASTER CLEAR button is pressed and then 
the START button is pressed, the START hub emits and operation is resmned in 
the same manner as described above tor an Initial Start.) 

3. Transfer from Internally-Stored Program to Plugboard-Def'ined 
Program (See Figure II-1.9, Page II-100) 

Tb.ere are three vays in which an internally-stored program is auto 
matically interrupted and a plugboa.rd-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 BREAKPOIIT 1, 2, or 3 to STEP I!I patching; and 

A combination of the detection or an error condition and the 
following patching: ERROR hub to STEP CLEAR IN, and STEP CLEAR 
OUT to STEP II'. 

Transcop and Breakpoint 1are usu.a.11.y 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. 
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-..ir-e-. STEF IN WhEm 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 OED is set to 3. 

OED PRINCIPAL 1WENTS EXPLANATION 

V l ADDRESS ·~ SAR 
Place address of V1 in SAR or 

U, V, or W of IRVc ~SAR 
3* 

v1 SHIFT~SK 
Place shift for v1 in SK or 

U, V, or W of SRV-+SK 

4 Load V1 Obtain Vi and place it in RA 

V 
2 
ADDRESS~ SAR 

Place address of v2 in SAR or 
5* U, V, or W of IRVc ~SAR 

Shift V1 Shift v1 in RA 

Load v2 Obtain v2 and place it in RB 

6* 
V 

2 
SHIFT -+SK 

Place shift for V
2 

in SK or 
u, v, or W of SRV~SK 

(Advance PAK, PAK~SAR) Set up address for next IW in SAR 
1** I-·- - - - - - - ·- - - - - - - -- - -- - - - - - - - - - - - - - - - -

Shift V
2 

Shift v
2 

in RB 

(Load IRVn) Acquire next IW 
r- - - - - - - - - - - - - -- ---------------------

* R SHIFT~SK 
B** or Place shift for R in SK 

U, V, or W of S:RV~ SK 

Initiate Process Carry out process (and check in Addition 
and Subtraction_}_ 1

1 

R ADDRESS~ SAR 
or Place address for R in SAR 

9* U, V, or W of IHVc~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 OUT STEP OUT hub emits 

Table II-14. Typical OED Cycle for a Program Step 
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* If the .ADDRESS and SHIFT hubs are patched to U, V, W ADDRESS and U, V, W 
SHIFT hubs respectively, the section· of IIWc/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 o~her hubs in the Plugboard Addressing 
System or to any other.shift-defining hubs, those hubs will set SAR/SK 
when enabled. -

** The qperations in parenthesis in these OED 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 wait 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. OED signal 
will set OED to 0 or 2, and initiate 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 Il-19. Manner in Which Instruction Words Terminate and 
OED is set for Next Instruction 

13 

S I BREAKPOINT I, 2, or 3, 
or STOP 

Initiate Sub-Instruction{s) 
epeoified by the Instruction 
Word 
Continue internally­
atored programs 

Was l'AK addreaaed 88 a 
Destination by this IW? 

yea no 

SET l TO 0 SET+OED TO 2 

.
- ·_-_ O PAK-+SAR 

L-~---

1 Load IRVn 

2 Switch 1RV 11, Load l'R & SR 

J Execute next IW 

- - --
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1 
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tively. 
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·up) 

Was PAK addressed aa a 
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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 OED 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 Sequencez.PAIC 
is advanced and the next Instruction Word is 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 
af"ber the Tra.nscop 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 genet"ated. It is not then 
reset to 3 since no STEP IN is pulsed. When the NI hub is pulsed, the wait is 
removed, and the Transcop Instruction Word's Sub-Instruction(s) is (or are) 
initiated. The setting given OED (0 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 II-104) 

(1) If PAK was not addressed a.s 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 f'irst 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 deteot 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 0 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 or PAK at the 
conclusion of the Transcop sequence) and then ESCecute 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)· 

(l) BREAKPOINT hub that emits is patched to a STEP· IN htib: 

The execution of the internally-stored program. is inter­
rupted c1n 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 
obtains the ne.xt Instruction Word, as in the case o~ 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 internally-stored program is to be subsequently 
resumed after a Breakpoint plugboard sequence, the STEP OUT hub o:f the last 
Program Step is wired to an NI hub. 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 
hub is pul.sed. When the NI hub is pulsed, the wait is removed. If the correct 
next II1struction Word ·was loaded into mvn during the execution o:f 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 Instruction Word as 
the next instruction, .unless any Program Step in the Breakpoint pl~gboard 
sequence addressed PAK as a Destination. 

If PAK was sent de.ta either by the Instruction word in­
itiating Breakpoint or by any Program. Step in the Breakpoint sequence, OED will 
be advanced from 13 to 0 by the first Advance OED signal to occur after the NI 
hub is pulsed. Program Control will thus first obtain the correc·t .next In­
struction Word from the address specified by the contents ot 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 0 or to 2 depending on whether the Instruction Word initiating the 
Breakpoint addressed PAK as a Destination or not, respectively. In any event, 
the next Instruction Word is set up in Program Control and Central Computer 
operations stop with OED set to 3. Operation can be reswaed from that point in 
the internally-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 signal sets OED to 
either 0 or 2 depending on whether PAK was addressed as a Destination or not, 
respectively, by the Instruction Word initiating Breakpoint. The execution ot 
the next Instruction Word then proceeds as if no Breakpoint were initiated~ 

c. Via ERROR-STEP CLEAR Patching 

As :noted in Paragraph IIBln above, a sequence ot instruction~ 
designed to analyze the cause of an error can be initiated when certain errors 
occur, provided appropriate ERROR-STEP CLEAR patching is em.ployed. When error 
analysj.s ·sequences are initiated, Program Control always starts these sequences 
from the plugboard as :follows: 

Whe:n an error condition is detected, the corresponding ERROR 
hub em.1.ts and the STEP CLEAR IN hub is pulsed. This elears Program Control ot 
the current instruction. If the STEP CLEAR OUT is patched to a STEP IN, the 
Progrant Step whose STEP IN hub is pulsed, is initiated. The subsequent error­
analys1.s sub-routine can involve merely a sequence of Program Steps or it ean 
employ sub-routines in the internally-stored program. In the latter case, of 
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cours~, an NI hub must be pulsed to begin the internally-stored portion of the 
error~analysis routine. 

4. 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 0 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 II-104: 

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 begin when the program. starts on the plugboard is discussed in 
the next paragraph. 

When a program begins on the Program 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, a switch to the internally-stored portion of the 
program. is accomplished in the usua.1 way; i.e., by appropriately pulsing an NI 
hub. If PAK was not referred to as a Destination in any Program. Step, the 
initial setting of PAK is used as the address of the first instruction Word; if 
PAK was addres$ed as a Destination by any Program Step, the new setting, rather 
than the original setting of PAK is 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 illustrated 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 l 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 explanation of the instruction, a listing of the basic 
rules that must be observed in using the instruction in a program, and an OED 
cycle that outlines the principal events tha.t are carried out in executing the 
instruction. The time required for the execution of each instruction is listed 
in the O:ED cycle for that instruction. 
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~igure II-20. Manner in Which Program Steps Terminate and 
OED is set for Next Instruction 

OED 
12 

NEXT ~ ,._ 
INSTRUCTION••~----::=-~ . 

Ir this was the last 
Program Step in a 
Transcop sequence 

If this was the last 
Program Step in a 
Breakpoint sequence 

Ir this was the last 
Program Step in a 
sequence which started 

Note& It the STEP OUT hub 
ill not patched, OED 
io set to 13, and 
the computer hangs 
up. 

3 
the program 

I ~=================::t=================::±:==::=::============:::I 
SEE TABLE II It 

PAGE II lOO 
Determine setting or 
OED on the basis of 
whether or not PAK 
was addressed as a 
Destination by the In­
struction Word 
initiating the Break­
point sequence, or 
by any Program Step 
in that sequence 

OED is always set to 0 
so that the first DI 
can be obtained. The 
first IW is taken from 
the location specified 
by the address in PAK 
at the time the NI hub 
is pulsed. 

Was PAK addressed as a Destination? 

ye:,~o 
SET OED TO 0 SET OED TO 2 

~o+-_P_AK_-__ .....,.._s_AR__ ! 
Load IRVn 

2 Switch IRV 1s, Load PR & SR 

Execute next IW 

To continue operation with internally­
atored program atter the START button ________. 
1a prHIHld. 

STOP CONLY) 

COED a~v-noe1 13-0-1-2-3 or 13-2-3 as 
deaor1bed above tor direot STEP OUT-
NI patohf.ns. TM.I Htl up in Program 
Control the Inatnot!on Word to be 
exeauted when the START button i• 
preHede) 
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3 Begin execution of the 
Program Step whose STEP IN 
hub 1s pulsed 

Stops 
Co111pUter 
operation, but 
seta up next 
instruction in 
Program Control 

To resume Plugboard-defined program 
.,___after the START button is pressed. 

STEP IN 
SET OED TO 3 

/ 
The Program Step whose STEP IN hub b 
pulsed will be executed when the 
START button h pressed. 



SEQUENCE ·oF EVENTS 

Examine Conditional Storage for MINUS: 

If' Conditional Storage is MINUS: 
transfer the 

Lto the W-section of the 
Word Location* specified 

JUMP ON NEGATIVE 
JN 

(15) 

DEFINING PROGRAMMED 
Q,UANTrrIES IN THE 
INSTRUCTION WORD 

PR : 15 

three characters that 
fonn the u-section of 
this Instruction Word =:J 

by the~---------------1---~v-section of this 
Instruction Word; 

then, transfer the-----'------+--W-section of this 
Instruction Word ------. 

.....--------------------t------------~J 
c=to PAK, and use the 

(modified) contents of 
PAK as the address of the 
next instruction. 

r:r Conditio~l Storage is not MINUS: 
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. 

s 
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JUMP ON PLUS 
JP 
(17) 

SEQUENCE OF EVENTS 

Examine Conditional Storage for PLUS: 

If Conditional Storage is PLUS: 

DEFINING PROGRAMMED 
QTJANTITIES IN THE 
INSTRUC'I1ION WORD 

PR= 17 

transfer the---------·----1----three cbaracters that 
form the U-section of 

i==to the W-section of the 
Word Locatio~* specified 
by the 

this Instruction Word=1 

V-section of this 
Instruction Word; 

then, transfer the--------------W-section of this 

Lto 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 
se~tions of this Instruction 
Word and take the next 
Instruction Word from the 
locatio:i. specified by the 
(unaltered) contents of PAK. 

Initiate Sub-Instruction(s) in accordance 
with 

*See .rump Instruction Rules. 

Instruction Word~~~~-

s 



SEQUENCE OF EVENTS 

Examine Conditional Storage for ZERO: 
I:f' Conditional Storage is ZERO: 

transfer the 

L___to the W-section of the Word 

JUMP ON ZERO 
JZ 

(19) 

DEFINING PROGRAMMED 
QUANTITIES IN THE 
INSTRUCTION WORD 

PR : 19 

three characters that 
form the U-section of 
this Instruction Word=:J 

Location* specified by the-------t---V-section of this 
Instruction Word; 

then transfer the----------1--·--W-section of this 
Instruction Word~---~ 

.--------~-----------t---------;-~---~---] 
c.=.==to PAK, and use the (modified) 

contents of PAK as the 
address of the next Instruc­
tion. Word. 

If Conditional Storage is 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 accord.a.nee 
lwith 

* See Jump Instruction Rules. 

s 
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UNCONDITIONAL JUMP 
UJ 
(41) 

SE(:itJENCE OF EVENTS 

Modify the contents of PAK and cause 
a jump to occur as follows: 

DEFINING PROGRAMMED 
QUANTITIES IN THE 
INSTRUCTION WORD 

PR = 41 

Transfer the ------------·--+-----three characters 
that form the 
U-section of this 
Instruction Word----i 

L to the W-section of the 
Word Location* specified 
bythe -----------------+----V-section of this 

Instruction Word; 

then, transfer the-------~-~-------three characters 
that form the 
W-section of this 
Instruction Word ==i 

~ PAK, and take the next 
Instruction Word :rrom the 
location specified by the 
modified contents of PAK. 

Initiate Sub-Instruction(s) in 
accordance with-----------~--~-r-----s 

*See Jump Instruction Rules. 
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RULES FOR JUMP INSTRUCTION WORDS 

L Permissible Destinations for U: 

a). V = any Word Location in GSB or BT.B 

TIMING for u-v 
(milliseconds) 

Minim.um Average MaximUDl 

.252 .483 .714 

b). V =any Word Location on I/O, FS, or IS Tracks 

TIMING tor U-V 
(milliseconds) 

Minimum. Average Maximum 

.252 2.751 5.250 

c). V =Register C : u-v = .o42 milliseconds 

Notes: It 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 is aot 
aeoessary to condition the program. to return to any particular 
point. 

2. The Conditional Jump Instruction Words {JN, JP, JZ) merely test the status 
of Condi~ional. Storage at the ti.me the IW is executed; i.e., their normal 
use requires that Conditional Storage be previously set by a Set Con­
ditional Storage Sub-Instruction. 

A MA.STER CLEAR sets Condition.al Storage to ZERO. Each Set Conditional 
Storage Sub-Instruction will set Conditional Storage to the current 
setting of Branch Storage. It 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. 

3. 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 
IRVc as it is being executed. 
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OED 

--0 

*l 

2 

3 

4 

5 

t---

6 

7 

8 

9 

10 

I-· 

11 

J.2 
t-· 

13 

OED CYCLE FOR CONDITIONAL ~S 
(Instruction Words) 

TIMING 
PRINCIPAL EVENrS _{_milliseconds} 

MinimtUn Average Maximum 

PAK~SAH .210 .441 .67:2 

Load IRVn See Page II-229 

Switch IRV's 

From OP of IRVc: .210 .441 .67~~ 
15, 17, or 19~PR 
value of s~sR 

EX.AMINE CONDITIONAL STORAGE: if PR = 15, test for Negative 
if PR = 17, test for Plus 
if PR = 19, test for Zero 

Condition T~sted is Found: truMP 

U of IRVc-;oi.RC .588 I .819 I l.050 

.042 

Inhibit PAK Advance 
on OED 7 

.210 .441 .67~~ 
W of IRVc -?-PAK 

.042 

PAK~SAR .210 .441 .67~~ 

Load IRVn See Page II-229 

V of IRV'c~SAR .210 .441 .67f:'. 

Store (U) the See "Permissible Destina.-
lower-order three tions", under Rules for 
characters in RC at the Jump Instruction Words. 
location s:pecified by V 

.042 

.o42 

Initiate Sub-
Instructio:a(s) 

Clear SRV .042 

Set OED (See Page II -100) 

*Omitted if this IW is already in IRVn. 
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Condition Tested is not found: NO JC.Ml? 

3 Set OED to 7 .042 

7 Advance Pak .210 .441 .672 
PAK~SAR 

8 Load IRVn See Page II-229 

·9 .042 

10 .o42 

11 .042 

12 .042 

Initiate Sub-
Instruc:tion(s} 

13 Clear SRV .042 

Set O:ED (See Page II-100) 
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OED CYCLE FOR UNCCllDITIONAL JUMP 
(Instruction Word) 

TIMING 
OED PRINCIPAL EVENTS (milliseconds) 

Minimum Average Maximum 

*O PAK~SAR .210 .441 .672 

*1 Load IRVn See Page II-229 

Switch IRV's 

2 From OP of IRVc: .210 .441 .672 
41-?l-PR 

value or S --::>SR 

3 U of IRVc--3t-RC .588 .819 1.050 

4 .042 
I---· -

Inhibit PAK Advance on OED 7 
5 .210 .441 .672 

W or IRVc ~PAK 
I--

6 .042 
1----

7 PAK-;::.oSAR .210 .441 .672 
f---.----1 ~-

8 Load IRVn See 1Page II-229 
I----· 

9 V of IRVc~SAR .210 .441 .672 
I----- -

Store (U) the lower-order See •Permissible Destinationsn. 
10 three characters in RC under Rules for Jum~ Instruction 

at location specified by V Words. 

11 .042 
-

12 .042 
f---.· 

Initiate Sub-Instruction(s) 

13 Clear SRV .042 

Set OED (See Page II-100) 
"""--'·· 

* Omitted if this I'W is already in IRVn 
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SEQUENCE OF EVENTS 

Test to see if a previously initiated 
Channel Search operation is completed 
or not: 

If the previously initiated search 
i~ not completed, take the next 
Instruction Word from the location 
specified by the 

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 

CHANNEL SEARCH PROBE 
SP 

(27) 

DEFINING PROGRAMMED 
QUANTITIES IN THE 
INSTRUCTION WORD 

PR: Z7 

U-section of this 
Instruction Word 

location.specified by the-----__...---V-section of this 
Instruction Word. 

if Channel Search storage 
is set to ZERO, take the 
next instruction from the 
looation specified by the------+---W'!"section of this 

Instruction Word 

if Channel Search Storage 
is set to PLUS, take the 
next instruction from the 
location specified by the 
contents of PAK, and ignore 
the u, v, w-sections.of 
this Instruction Word. 

Initiate Sub-Instruction{s) iu 
accordance 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 initiated since the last Channel Search 
Probe, the setting of Channel Search Storage at the time of the last probe 
will be found again. Each time a Channel Search operation is initiated 
C:Qa.nnel .Search Storage is "cleared" (i.e., its setting is removed).. a MASTER 
CLEAR also 0 clea.rs" Channel Search Storage. 
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OED 

*O 

*l 
1---

2 

3 

4 

5 

6 
t-· 

7 

8 

9 

12 

13 

OED CYCLE FOR CHANNEL SEARCH PROBE 
(Instruction Word) 

PRINCIPAL EVENTS 
TIMING 

(milliseconds} 
Minimum Average Maximum 

PAK-+ SAR .210 .441 .672 

Load IRV'n See. Page II-229 

Switch IRV's 

From OP of IRVc: .210 .441 .672 
27--;;..PR 

value of' S --..;... SR 

PROBE CHANNEL SEARCH STORAGE: 

Channel Search Stora~e is not + : JUMP 

If ACTIVE, send U to PAK on OED 5 
If - , send V to PAK on OED 5 ~o42 
If 0 , send W to PAK on OED 5 

.. 042 

Inhibit PAK Advance on OED 7 
.210 0441 .672 

u, v, or W of IRVc~PAK 

0042 

PAK~SAR .210 .441 I .672 

Load IRVn See Page II-229 

Set OE.ID to 12 .042 
.__ 

.o42 

Initiate Sub-Instruction(s) 

Clear SRV .o42 ·-Set OED (See Page II-100) 

*Om:itted if this IW is already i.n IRVn. 
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Channel Search Storage is + : NO JUMP 

3 Set OED to 7 .042 

Advance PAK 
7 .210 .441 .672 

PAK-?-SAR 

8 Load IRVn See Page II-229 

9 Set OED to 12 .042 

12 .o42 

Initiate Sub-Instruction(s) 

13 Clear SRV .042 

Set OED (See Page II·-100) 
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LOAD SHIFT 
LS 
(32) 

SEQUENCES OF EVENTS 

Transfer this .Instruction Word to 
Shift Revolver, as follows: 

place the 

[-in the U-section of SRV; 

pl.ace the 

[-in the V-section of SRV; 

place the 

t=in the W-section of SRV; 
and 

place the 

~in the lower - order 

the 

character positions of SRV. 

Initiate Sub-Instruction( s ) in 
accord.a.nee.with· 

II-116 

DEFIIUNG PROGRAMMED 
QUANTITIES IN THE 
INSTRUCTION WORD 

PR • 32 

U-section of this 
Instruction Word--i 

V-section of this 
Instruction Word~ 

W-section of 'this 
Instruction Word I 

OP-section of this 
Instruction Word~ 
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SHIFT REVOLVER RULES 

1. 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 ma.king the W-Address of an Instruction Word 998, or 
by patching the R ADDRESS hub of a Program Step to the SRV hub). 

2. If only Instruction Words are executed in a program, SRV is 
0

cleared
11

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 a 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. 

3. If only Program Steps are executed in a program, SRV 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. 

4. In programs in which both Instruction 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 is available 
only to that Instruction Word. 

If the first instruction after an instruction in which SRV is loaded 
is a Program Step, the Shift Word in SRV is avaiiable 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: 

(a) Program Control ·begins with Instruction Words and is tr1ms­
ferred to the plugboard by a Tr~mscop Instr11ction Word: 

(1) If SRV was loaded during the Instruction Word which 
immediately preceded the Transcop Instruction Word, 
the Shift Word held in SHV is available to any Pro­
gram Step in the Transcop plugboard sequence. The 
Shift Word in SRV cc:n be changed by any Program 
Step as in 3. above. When the NI pub on the plug­
board is pulsed and Program Control reverts to the 
internally-defined program, the contents of StlV are 
not available unless the last Program Step in the 
sequence loaded SRV. 

(2) If SRV was not loaded during the Instruction Word 
which innneuiately 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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SHIFT REVOLVER RULES (Continued) 

and place a Shift Word in SR.V for use by subsequent 
Program Steps. At the conclusion of the Tr~mscop 
plugbo2rd sequer:ce, i. e. when the NI hub is pulsed, 
the contents of SitV are not availnble unless the 
last Progrr-im Step in the sequence loaded SHV. 

(b) Program Control begins with Instruction Words and is transferred 
to the plugboard by Break:point: 

(1) If SRV was loaded during the Instruction Word vhose 
~pecial Character fS!b:eakpoint, the Shif~ Word in 
SRV at the beginning of the Breakpoint pJ.ugboard 
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. 

(2) If SRV was not loaded by the Instruction Word initiat­
ing the Breakpoint sequence, no Shift Wo+d is available 
to the first Program Step in the Breakpoint 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. 

(c) 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 other 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 
fnstruction {Instruction Word) unless the last Pro­
gram Step in the Initial Start sequence loaded SRV. 



OED(CYCLE FOR LOAD StIIFT 
Instruction Word) 

TIMING 
OED PRINCIPAL EVENTS (milliseconds) 

Minimum Average Maximum 

*O PAK-?- SAR .210 .441 .672 

*1 Lo~d IRVn See Page II-229 

Switch IRV 1s 

2 From OP of IRV c: .210 .441 .672 
32~PR 

value of s~ SR 

3 Set OED to 7 .042 

Advance PAK 
7 .210 .441 .672 

PAK~SAR 

8 Load IRVn See Page II-229 

9 Force Set SAR to 9Slt .042 
10 IRVc~SRV .588 .819 1.050 

11 .042 

12 .042 

Initiate Sub-Instruction(s) 
13 .042 

Set OED (See Page II-100) 

* Omitted if this IW is alr.eady in IRVn 

~---~~ 

----1 

-----
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LOAD GSAR 
LA 
(31) 

SEQUENCE OF EVENTS 

Load GSA.R with 7 characters from 
this Instruction Word as follows: 

place tre 2 lowest-order d.igi ts 
of the 

[_in GSAR' s two-highest order 
digit positions; 

DEFINING PROGRAMMEDl 
~~UANTITIES IN THE 
INSTRUCTION WORD 

PR = 31 

U-section of this 
Instruction Word~ 

place the 3 digits. of the~~~----~---~~~-V-section of this 

[_i~ GSAR's next-three­
higher-order digit 
positions; and 

place the 2 highest-order 

Instruction Word=i 

digits of the~~~~~~~~~~--~--~~~-W-section of this 

- in GSAR' s two-lowest­
order digit positions. 

Initiate Sub-Instruction(s) in 

Instruction Word=i 

accordance with~~~·~~~~~~~~~-~-+~~~-s 
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OED 

*O 

*1 

2 

3 

7 

8 

9 

10 

11 

12 

13 

OED CYCLE FOR LOAD GSAR 
(Instruction Word) 

PRINCIPAL EVENTS 
Minimum 

PAK~SAR .210 

Load I:1Vn 

Switch mv•s 

From OP of IRV c: .210 
31-?PR 

value of S ~SR 

Set OED to 7 

Advance PAK 
.210 

PAK~SAR 

Load IRVn 

Force Set SAR to 995 

IRVc (7 characters)-?i>GSAR .378 

Initiate Sub-Instruction(s) 

Clear SRV 

Set OED (See Page II-100) 

* Omitted if this IW is already in IRVn 

TIMING 
(milliseconds) ---

Average Maximum 

.441 .672 

See Page II-229 

.441 .672 

---

.042 
--

.441 .672 

-·-----'--· -·-

See Page II-229 
·----! 

.042 
------------1 

.609 .840 
"----···----~ 

.042 
··-·--

.042 

.042 
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sUBsrrITUTE u 
SU 
(24) 

SEQUENCE OF EVlJNTS 
DEFINING PROORAMMED 

;;WANTITIES IN THE 
INSTRUCTION WORD 

Place, in Register A, the contents of 
the location specified by the------------U-section of this 

Instruction Word 
t------·---------------------·~-------·~--------~------lf.------------------~·-----------------' 

Shift the contents of Register A in 
accordance with the-·---------------'---contents of the 

u-section of the 
Shift Revolver 

1---··~---------~------·------~---------------------+---------------------------------
Place~ in Register B, the contents 
of the location specified by the-------'----V-section of this 

Instruction Word 
l----··~------~~-----------------------------------1~---------------------------------' 

Shift the contents of Register B 
in·aceordance with the -------contents of the 

V-section of the 
Shift Revolver 

t----··~-------------------------------··-----------+----------------------------------1 
Right end around shift the contents 
of Registers A and B; send a modified 
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 Register A in 
:Registers C & D. 

3hift the contents of Register D in 
accordance with the --

PR = 24 

------~--contents of' the 
W-section of the 
Shif't Revolver 

t-----·-------------------·--------------------------+---------------------------~----1 
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----·~-----1------s 

..____ ______________________________________________ _._ ________________ , ____________ ___J 
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SUBSTITUTE V 
sv 

(25) 

DEFINING PROG R.Al•IMED 
iciUANTITIES IN 'I1HE 
INSTRUCTION WORD 

Place, in Register A, the cbntents of' 
the location specified by the ~~~~~~~-1-~~- U-section of' this 

Instruction Word 

Shift the contents of Register A 
in accordance with the~~~~~~~~~~-+~~~contents of the 

Place, in Register B, the contents of 

U-section of the 
Shift Revolver 

the location specif'ied by the ~~~~~~~-1-~-- 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 

1------------------------1-----------'" ·-·---

Right end around shif't the contents of 
Registers A and B; send a modified 
copy of the contents of Register A to 
Regi ste:rs C and D as follows : 

Replace the contents of' the 
V-section of Register A by 
the contents of the V-section 
of Register B, when forming 
the modified copy of the 
contents of Register A in 
Registers C & D. 

PR = 25 

'--------------------------.,t-----------·---·- .. --·-

Shift the contents of Register D in 
accordance with the~----~~--~~~-+-~~ contents of the 

W-section of the 
Shift Revolver 

1------------------------1-----------------·-·-""'--
Store the final contents of 
Register D at the location 
specified by the~-------------+----

Initiate Sub-Instruction{s) or 

W-section of this 
Instruction Word 

Sub-step(s) in accordance with------~J----~s 

L-----------·-------------L-----------------"·---
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SUBSTITUTE W 
SW 
(26) 

SEQUENCE OF EVE:NTS 

Place, in Register A, the contents 
the location specifie d by the 

Shift the contents of Register A 
in accordance with th e 

,., _______ 
Place, in Register B, the contents 
the location specifie d by the 

·---·---
Shift the contents of Register B 
in accordance with th e 

of 

of 

,._ 

Right end around shift the contents 
of Registers A and B; send a modified 
copy of the contents of Register A 
to Registers C and D as follows: 

Heplace the contents of the 
W-section of Register A by 
the contents of the W-section 
of Register B, when fanning 
the modified copy of the 
c:ontents of Register A in 
Hegisters C & D. 

DEFINING PROGRAMMED 
1~UANTITDrn IN THE 
INSTRUCTION WORD 

U-section of this 
Instruction Word 

contents of the 
U-section of the 
Shift Revolver 

V-section of this 
Instruction Word 

contents of the 
V-section of the 
Shll' t Revolver 

PR = 26 

·-

-----------·-· .. --------+----------------------
Shift the contents of Register D in 
accordance with the-- --·-------- contents of the 

W-section of the 
Shift Revolver 

t-----------------------.,------·--+------------·---·------

Store the final contents of 
Register D at the location 
specified by the------------------1-----W-section of this 

Instruction Word 

-----------~-------------·--·~--·--·----------+-------~--------~------·---~ 

Initiate Sub-Instruction(s) or 
Sub-Step(s) in accordance with~~~·------1----S 

·-------·------------------.L.-..--------------·----' 
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RULES FOR SUBSTITUTE INSTRUCTION WORDS 

1. Permissible Sources for v1 and v2 : 

Any Word Location in GSB, BTB, I/O, IS, or FS Tracks 
Any Field Location in GSB, BTB, I/O, IS, or FS Tracks 
Notes: if a Field greater than 12 characters is referred to only the 

lower-order 12 characters of the Field 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 IRVc 

GSAR If GSAR, PAK, or CDR are specified as Sources, a plus (~) 
sign is automatically generated and sent as the lowest-order 

PAK character of v1 or v2 . 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 en ire contents of a buffer or track (Z-address) must not be specified. 

2. Permissible Destinations for R: 

Any Word Location in GSB, BTB, I/O, FS, or IS Tracks 
Any Field Location in GSB, BTB, I/O, FS, or IS Tracks 
Notes: if a Field greater than 12 characters is specified, the conients 

of the Source of the result (RD) is loaded into lower order 
character positions of the Field Location and Space codes are 
padded into the higher-order character positions; 

if a Field less than 12 characters is specified, only the lower­
. order characters in the Source of the result are sent to the 
Field Location. 

The entire contents of a buffer or track (Z-address) must not be 
specified. 

RA, RB, RC, RD, IRVn, or SRV 

GSAR If GSAR, PAK, or CDR are specified as a Destination, the sign in 
the arithmetic regi~ter that is the Source of the result and a 

PAK number of characters equal to the capacity of GSAR, PAK or CDR 
are sent to these locations. As the highest-order character 
transmitted is shifted into these locations, the sign is shifted 

CDR off the right end. 

3. The only modification of data involved when the Substitute U, V, and W 
Instruction Words are executed is the replacement of the U, V, or W­
section of v1 in the result by the corresponding U, V, or W-section of v2 . 

4. Shifts, any type, can be programmed for v1 , v2 , and R. 
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O:ED CYCLE FOR SUBSTITUTE U, V, and "1 
(Instruction Word) 

TIMING 
OED PRINCIPAL EVENTS _{millisecondsl 

Minimum Average Maximum 

*O PAK~SAR .210 .441 .672 

*1 Load IRVn See Page II-229 

Switch IRV 1s 

2 :From OP of IRV c: .210 .441 .672 
24, 25, or 26~PR 
value of S -~SR 

I-----1----

U o:f IRVc --311> SAR 
3 .210 .441 .. 672 

U of SRV ---3!1> SK 

4 Load V1 in RA. See Page II-229 
-t-----

I I V of IRVc~SAR .210 .441 .672 
**5 

Shift V1 in RA .042 (n+1) 
I---· t--

Load V2 into RB 
6 See Page II-229 

V of SRV~SK 
t--

I I 
Advance PAK 

**7 PAK~SAR .210 .441 .. 672 

Shift V2 in RB .042 (n+1) 

Load IRVn 

8 W of SRV-?o SK See Page II-229 

Carry Out Substitution .63 
I W of IRVc~SAR .210 .441 .. 672 

**9 
Shift R in RD .042 (n+1) 

I----· t--

10 Store R from RD See Page II-230 

11 .042 
t------·-I--· t--

12 .042 
t------·--f---• t--

Initiate Sub-Instruction(s) 

13 Conditional SRV Clear .042 

Set OED (See Page n.-100) 
I 

* Omitted if this IW is already in IRVn 
**Times listed are simultaneous. Larger of the two determines the time re­
quired for this OED Step. ("ntt is the number of places v1, v2, or R is 
shifted.) 
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SEQUENCE OF EVENTS 

Determine whether I/O Unit "b" is 
READY or NOT REA.DY for subsequent 
use, as follows: 

Examine the 

'----a.n.d send the I/O Unit specified 
by this digit a DDIAND TEST IN 
signal. 

If I/O Un1t "b" is READY, 
take the next Instruction 
Word from the location 
specified by the 

I:f' I/ 0 Unit "b" is 
NCY.r READY, take the next 
Instruction Word from 
the location specified 
by the 

Initiate Sub-Instruction(s) in 
iaccordance with 

TEST DEMAND IN 
TD 

(34) 

DEFINING PROGRAMMED 
QUANTrrIEs IN THE 
msTRUCTION WORD 

PR= 34 

middle digit (b) of' 
the U-section of 
this Instruction Word-"==J 

V-section (xx.x) of 
this Instruction Word. 

W-section (yyy) of 
this Instruction Word. 

s 
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RULES FOR TEST DEMAND IN INSTRUCTION WORD 

1. The Demand Teftt In Instruction Word does not affect the demand status of 
the r/o Unit tested or that of any other I/O Unit. 

2. The Demand Test In Instruction Word is a jump instruction. 

3. The middle character of U, "b", can be any of the 44 characters in Univac 
code that have the same excess-three bits as the characters 0-9, and ': i.e., 
to specify I/O Unit :2, "b" can be 2, B, K, or S, since each of ·these 
characters have the excess three bits as the digit 2. 

4. This Instruction Word is generally employed prior to the Demand In 
Instruction Word unless the latter must be executed at a particular point 
for the program to continue. 
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OED CYCLE.FOR TEST DEMAND IN 

TIMING 
OED PRINCIPAL EVENTS (milliseconds) 

Minimwn Average Maximum 

*O PAK~SAR .210 .441 .672 

*1 Load IRVn See Page II-229 

Switch IBV' s 

2 From OP of IRVc: .210 .441 .672 
34~PR 

value of S --?i> SR 

3 U of IRVc~SAR .210 .441 .672 

Probe SAR to determine "b" and send 
I/O Unit "b" a DEMAND TEST IN signal 

4 If I/O Unit "b" is READY, send 
V to PAK on OED 5. 

If I/O Unit "b" is NOT READY, 
send W to PAK on OED 5. .os4 

Inhibit PAK Advance on OED 7 
5 .210 .441 .672 

V, or W of IRVc ~PAK 

6 .042 

7 PAK~SAR. .210 .441 .672 

8 Load IRVn See Page II-229 

9 Set OED to 12 .042 

12 .042 

Initiate Sub-Instruction(s) 

13 Clear SRV .042 

Set OED (See Page II-100) 

* Omitted if this IW is already in IRVn. 
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DEMAND IN 
DE 
(45) 

SEQUENCE OF EV~;NTS 

Place I/O Unit "b" on demand, conditionally track switch, 
and exchange control information, as .follows: 

DEFINING PROGRAMMED 
QUANTITIES IN 'THE 
INSTRUCTION WORD 

PR = h5 

Examine the -------·------------------>-middle digit (b) of the 

I U-section of this 
Instruction Word -] 

C:and send I/O Unit "b" a DEMAND-IN signal; i.e., 
place I/O Unit "b" on demand: 

The following control lines of I/O Unit "b" 
are coruiected to the computer: 

C-I/O lines (A-J) 
(HS) I/o-c lines (w-z) 
(LS) I/0-C lines (a-1). These lines (a-1) 

begin to energize .lrn.media.tely if I/O 
Unit "b" has produced the condition 
that causes them to energize. 

When I/O Unit "b" becomes REA.DY, it produces a DEMAND our or u SPECIAL OUT signal. If 
lt produces a SPECIAL OlJ'"f it also sends one or more stgnals over the (HS) I/0-C control 
Unes (W,X,Y,Z) to High Speed I/0-Computer Control Line Storage 

I 
l 

DEMAND OlYr 

J 
If a DEMAND OUT "b" is produced, track switch if the-----?= left-most digit (a) 

I 
~ ... =i 1 ; do not track switch if it is 1' 1 • Whether 
track switching occurs or not, send I/O Unit "b" the 
control information specified by the 

< 
l( via the C-I/O) control lines A-J), and take the next 
Instruction Word from the location specified by the 
contents of PAK • 

I 
I 

the U-section of th 
Instruction Word -

~V-section (xxx) of 
Instruction Word,~ 

of 
is 

~ 

this 

~ 

.__In_1_t_1_a_t_e_s_ub_-_rn_a ... t_r_u_o_t_1_o_n_(_a_)_1_n_a_c_c_o_r_dan. __ ce_w_i_t_h_-_-:_-:_-_-_-_-_-:_-_-.... J:~~=-S---------T 
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l 
SPECIAL OUT 

lJ..t! .. J.\'.U-U'l .U .Ll'\l 

DE 
(45) 

! 
If a SPECIAL our is produced, exarnine the __ 1

1

_-?o lowest-order diglt ( c) of Lhe 
U-see tion of this Ins true U on 
Word~-----. 

~if "c" 1 ·1, do not track awitch re­
gardless of the value of "a", and do 
not send the couLrol information (xx..x) 
to I/O Unit "b"; 

lf "c" " 1: 
track switch if "a" = l, do not track 
switch if "a" f. l; anJ 
send the control information ( xxx) to 
r/o Unit "b". 

In any event, if a SPECIAL our is pro­
duced, take the next instruction from the 
location specified by the ----------_...W-:;>ection (yyy) of this 

Instruction Word. 
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RULES FOR DEMAND IN INSTRUCTION WORD 

1. Permissible val1.ies of U = a.be 

u 

a b c 

"a" = 1 is I/O Unit When Middle character "c" = 1 is detected 
detected ln SAR pla.ced of U is in SAR if the low-
if the highest- "on demand" est-order character 
order character of U is 1 or i. 
in U is 0 O(digit), ; ' ), or·.+ 

1 1 1, A, J, or I 
A 
J 2 2, B, K, or s 
I 
i 3 3, c, L, or T "c" ':f. 1 is detected 
r in SAR if the 
t, or 4 4, D, M, or u lowest-order 
L: character of U :ls 

5 5, E, N, or v any other computer 
"a" # 1 is character. 
detected in SAR 6 6, F, O(letter) or W 
if the highest-
order character 7 7, 
in U is any other 

G, P, or x 

computer character 8 8, H, Q, or y 

9 9, I, R, or z 

unit J currently ' #, $, % ' "on demand" 

aefer to III-4. Pnge lll-16 for the manner in which SAil is interpreted 
2. Permissible values of V = x.xx (I/O Instructions) 

Of the ten Computer-I/O,control lines (A-J) nine (A-I) can be pulsed vi.a 
the Demand In Instruction Word to define an I/O Instruction for the I/O 
Untt "on demand". The particular control lines pulsed (hence the I/O 
Instruction sent) depends on what is stored in SAR at OED 10 time; i.e., 
on the coding of V (xxx) in the Demand In Instruction Word. 

To determine how V can be coded to have a particular (one or set of) Com­
puter-I/O '~ontrol line(s) energized, the following must be noted regarding 
the examination of SAR in the Demand In Instruction Word at OED 10 ti.me: 
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RULES FOR DEMAND IN INSTRUCTION WORD (Continued ) 

SAR 1 SARo 
~ r ___ ,.. ____ , r ____ A..._ ___ \ 

4 bits 4 bits 6 bits 

I I I I I I I I I I I I I I I 
i~t ttt tt~ 
I H G F E 0 C B A 

Only the lower-order three bits in each stage of SAR are examined to 
determine which C-I/O control lines are to be pulsed. For each of these 
bit positions that contain a "l" a Computer-I/O control line is pulsed. 
The control line associated with each bit position (and the control line 
pulsed when each bit position contains a "l") is indicated above. If 
for example the lowest-order bit position in SAR contains a (binary} "l", 
Computer-I/O control line A is pulsed; if the two lowest-order bit posi­
tions of SAR contain a "l", Computer-I/O control lines A and Bare 
pulsed. If the lowest-order bit position of the middle stage of SAR 
contains a (binary) "l", Computer-I/O control line Dis pulsed, etc. All 
that is required for the proper coding of V to cause one or more Computer­
I/ O control lines to be pulsed is that characters be used in V which 
contain binary ''l' s" in the same bit positions as those bit positions in 
SAR that cause the appropriate Computer-I/O control lines to be pulsed. 
A wide range of characters can be employed to do this. For example, to 
code V so that only Computer-I/O control line A is energized (when appro­
priate) in a Demand In Instruction Word, any of the following combinations 
could be used. 

v = x 

5 
E 
N 
v 
i 
r 
t 
2: 
~. 

each of these 
in SAR

2 
is 

-000 

x 

5 
E 
N 
v 
i 
r 
t 
2: 
t 

each of these 
in SAR is 
-000--l 

x 

6 
F 
0 
w 
fl 

' 
" {3 

"' each of these 
in SAR0 is 
-001 

! A is pulsed 
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RULES FOR D~'D IN INSrrRUCTION WORD (Continued) 

~ro code V so that only Computer-I/O control line B is energized (when 
appropriate) in a Demand In Instruetion Word, any of the following 
combinations could be used 

v == i 
x 

I 

5 

E 

N 

v 

i 

r 

t 

I 

\it 
each of these 
i.n SAR

2 
is 

-000 

x 

5 

E 

N 

v 

i 

r 

t 

I 

\ll 
each of these 
in SAR

1 
is 

-000 

x 

7 

G 

p 

x 

-
I 

J 

, 

\ll 
each of these 
in SAR

0 
is 

-010 

l B is pulsed 

Although many possibilities exist for the manner in which V can be coded, 
in roost programs only the digits 0-9 need be used. The table below 
shows the 3-digit values of V that can be normally used to cause various 
combinations of Computer-I/a control lines A-D to be pulsed. This table 
can be expanded to include the other control lines as required. 
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RULES FOR DEMAND IN INSTRUCTION WORD (Continued) 

If V = These Computer-I/O control lines 
are pulsed 

55J NONE 
55 A 

557 B 

558 AB 

559 c 

552 AC 

554 ABC 

553 BC 

565 D 

566 AD 

568 ABD 

564 ABCD 

562 ACD 

567 BD 

563 BCD 

569 CD 

etc. 

Ea.ch I/O Unit's Computer-I/O control lines (A-J) are assigned a meaning 
(or are determined to have no meaning at all) as part of the system. program. 
In some I/O Units, as the UFC Magnetic Tape Units, the combinations of 
signals sent over the Computer-I/O control lines {A-J) each cause an 
operation to be performed; and the combinations for each operation are 
fixed; i.e., each combination (as ABC) when it occurs always produces 
the same effect. In other I/O Units, as the punched card equipment, 
the Computer-I/a control lines (A-J) are assigned a ~articular meaning 
by patchcord wiring on the punched card equipment's plugboard. I/O 
Instructions can thus be made to vary from program to program, if 
required. Further, I/O Instructions do not all specify an I/O operation 
to be performed. In certain I/O Units, they may merely condition the 
rfo Unit for subsequent operations. To properly use Demand In Instruction 
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RULES FOR DEMAND IN INSTRUCTION WORD (Continued) 

Words for the control of each I/O Unit, the definition or each Computer­
I/O control line in each I/O Unit must be known or provided for and V 
must be coded in the appropriate Demand In Instruction Words to send the 
correct I/O Instructions as required. 

3. W-section Coding: 

The W-section is an address that usually specifies the location where the 
first Test Incoming Control Instruction Word for this I/O Unit has been 
stored; this permits the program to test High Speed I/0-Computer Control 
Line Storage immediately upon receipt of a SPECIAL OUT. 

It is important t.o note the following about the Demand In Instruction 
Word: 

it clears High Speed Control Line Storage at the time the DEMAND IN 
signal is sent to the I/O Unit; 

it takes all I/O Units "off demand" and places I/O Unit "b" "on 
demand". 

I/O unit "b" remains "on demand" until another I/O unit is placed "on 
demand" (all I/O Units go "off demand" when this is done and only the 
one specified is then placed "on demand"). 

Note: The (LS) I/0-Computer control lines {a-1) that are programmed in 
each I/O Unit to be energized when that I/O Unit goes "on demand" 
will cause their correspondingly-named (LS) I/0-COMPUTER CONTROL 
LINE hubs (a-1) to emit B+ as long as the I/O Unit is t'on demand". 
These lines a.re used to pull Selectors on the Program Control 
Plugboard. If programmed for use in connection with the internally~· 
stored program., a Transcop or Breakpoint sequence must also be 
progra.nnned. so that the (program variance) effect of these lines 
can be det~erm.ined. 
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OED 

*O 

*l 

2 

3 

OED CYCLE FOR DDfAND IN 
(Instruction Word) 

TDITNG 
PRINCIPAL EVENTS (milliseconds) 

M:i:nimum Average 

PAK~SAR .210 .441 

Load IRVn See Page II-229 

Switch IR.V's 

From OP ot IRVc: .210 .441 
45--;;.pR 

value of S~SR 

U o:f mvo ~SAR .210 .441 

Probe SAR to determine "b" and send DEMAND IN Signal to 
Clear HS I/0-C Control Line storage 
Take all I/O Units off-demand 
Place I/O Unit "b" on demand 

Maximum 

.672 

.672 

.672 

I/O Unit "b" 

-**'- - .... - .. - - - .------ - - - - ~ ~ - - ~ - - ~ - - - - - ~ ~ ~ ~ 

When I/ 0 Unit "b" is READY: 

DEMAND OUT 

Probe SAR to determine "a" 
4 if' "a" = 1, track switch 

if "a" # 1, do not track switch 

Set OED to 7 .004 

7 Advance PAK, PAK~SA.R .210 I .441 I .672 

8 Load IRVn See Page II-229 

9 V of IRVc ~SAR .210 .441 .672 

10 Probe SAR and send 
C-I/O signal(s) .042 

11 .o42 
r--· 
12 .042 

Initiate Sub-Instruction(s) 

13 Clear SRV .042 

Set OED (See Pa_ge II-100) 
* Om.i tted 1.f' this IW is alread in IRVn. y ** Delay if I/O TJnit de~anded is not reRdy. 
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SPECIAL OUT 
I 

Probe SAR to determine ti C II 
\ 

"c" = l 

4 Probe SAR to determine "a" 
if "~" = 1, track switch 
if '.'a" ~ l_i do not track switch .084 --5 Inhibit PAK Advance on OED1 1 l W of _I_RVc ~PAK .210 .441 .612 

6 .042 
1 PAK~SAR .210 1 .441 l .672 
8 Load IRVn See Page II-229 
9 V o:r IRVc ~ SAR .210 I .-~1+1 1 ! .612 

10 Probe SAR and send C-IlO signa.11s1 .-01+2 _ ____, 
11 .o42 

.0~2 
--12 

Initiate Sub-InstructionisI 
13 Clear SRV .o42 

Set OED (See Page II-100) 

"c" f. 1 

4 Do not track switch (ignore "a") .08_4. 
5 Inhibit PAK Advance on OED 7 l l I W o:t IRVc ~PAK .210 .441 .612 
6 .o42 
7 PAK~SAR .210 I .441 I .612 
8 Load IRVn See Page II-229 
9 .Ol1:"2 _........___, 

: 10 .~2 
11 .042 
12 .o42 

Initiate Sub-Instruction(s) 
13 Clear SRV .o42 

Set OED (See Page II-100) 
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SEQUENCE OF ~V12NTS 

Test High Speed I/O - Computer Control 
Line Storage for W, X,Y, :?.!. z, 
as follows: 

TEST INCOMING CONTROL 
TI 

(39) 

DEFINING PROGftl\.MMED 
QUA.Df.11ITIES IN THE 
INSTRUCTION WORD 

PR : 39 

J'..:xan:ine the----------------+-- lowest order character ( c) 
of the U-section of this 
Instruction Word:~ 

[_____If "c" = W, test High Speed 
I/O - Computer Control Line 
Storage for the W - condition; 
If 11 cii = X, test for the 
X - condition; 
If 11 c" = Y, test for the 
Y - condition; and 
If 11 c" = Z, test for the 
Z - condition 

If the particular W,X,Y, or Z -
condition tested is found, examine the----~middle digit (b) and 

highest order digit (a) 
of the U-section of 

i=.__for track switching: 
11bn specifies the I/O Unit 
whose associated I/O Tracks 
are to be conditionally switched: 

if "a" = 1, track switch 
if "a" ¢ 'l·, do not track· switch 

In any event, take the next Instruction 

this Instruction Word::=] 

Word from the location specified by the---W- section (yyy) of this 
Instruction Word. 

If the particular, W,X,Y, or Z condition 
tested is not found, do not track switch 
regardless of the value of "a"; and take 
the next Instruction Word from the 
location specified by the contents of PAK. 

Initiate the Sub-Instruction(s) in accordance 
with s 
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RULES FOR TEST INCOMING CONTROL INSTRUCTION WORD 

1. Permissible values of U = abc 

u 

a b c 

"a"= 1 is I/O Tracks When middle character To Test the The lowest-
detected in SAR Ob- that are of U is: following order char-
if the highest- conditionally conditions acter of U 
order character switched* must be: 
in U is: 

1 00- O(digit), 
'' 

), or + w w 
A 
J 01- 1, A, J, or / 
I x x 
i 02- 2, B, K, or s 
r 
t, or 03- 3, c, L, or T y y 

I 
04- 4, D, M, or U z z 

05- 5, E, N, or V 

o6- 6 
' 

F, O(letter) or W 
"a" :;:. 1 is 
detected in SAR 07- 7, G, 'P or x 

J.. ' 

if the highest-
order character 08- 8, H, ,., 

""'' or y 
in U is any other 
computer character 09- 9, I, R, or z 

lunit currently ' #, $, % 
"on demand'~-·-·-·----- ' ··- " • .. ··-~M~--.. -· - ~.,. - -~- . -- - . --·-··· 

* See Rule 2 belowe 

2. The I/O Tracks that are conditionally switched are usually those asso­
ciated with the I/O Unit that set High S'peed I/0-Computer Control Line 
Storage and generated the SPECIAL OUT which jumped the program to the 
sequence o-r Test Incoming Control Instruction Words necessary to test 
for W, X, Y, and z. However, any I/O Unit's associated I/O Tracks can 
be switched by appropriately coding "b". 

3. Since track switching can be involved in both the Demand In and Test In­
coming Control Instruction Words and since the latter are generally pro­
grammed to immediately follow a Demand In when a SPECIAL OUT is produced, 
care must be taken in the coding of "a11 in both types of Instruction '..lords 
{and the coding o-r "c" in the Demand In) so that two (nulli-fying) track 
switching operations are not inadvertently specified. 

II-142 



RULES FOR TEST INCOMING CONTROL !NSTRUCTION WORD (Continued) 

4. The Test Incoming Control Instruction Word is completely executed in the 
central computer, and does not affect or test the demand status of any 
I/O Unit. 

5. The SPECIAL OUT which makes it necessary to use the Test Incoming Control 
Instruction Word gives no clue as to which condition W, X, Y, or Z was 
set up in High Speed I/0-Computer Control Line Storage. w, X, Y, or Z, or 
any·combination thereof could have been set up, depending on what has been 
programmed for, and what has happened in, the I/O Unit producing the 
SPECIAL OUT. 

6. Only bne condition: W, X, Y, or Z can be tested per Test Incoming Control 
Instruction Word. The number of Test Incoming Control Instruction Words 
that mu.st be programmed for each I/O Unit depends on the number or con­
ditions (W, X, Y, Z) and/or combinations of conditions (as WX, WXZ, etc.) 
that could be set up by the I/O Unit involved. The number of sets o:f Test 
Incoming Control Instruction Words that must be programmed depends on 
what differentiation must be made for the W, X, Y, and Z conditions f:tom 
each I/O Unit. 
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OED CYCLE FOR TEST INCOMING CONTROL 
(Instruction Word) 

TIMING 
(milliseconds) 

Minimum Average Maxim.um 

.210 .441 .672 1 
11--~-t------~-----~------------------~-------~----'----------~~-~~-~~-~---1 

See Page II-229 

.210 .441 .672 

.210 .441 .672 

Probe SAR to determine whether "c" = w, X, Y, ~ Z; then test High 
Speed C-I/O Control Line storage for W, X, Y, or Z as specified by ''1c": 

Condition tested, found: JUMP 

l.i. Probe SAR to determine "a" and "b" 

if "a" = 1, track switch I/O Tracks O"b" 

if "a" 1 1, do not track switch .o42 
------I-~~i--b-it~P-A-K-~A-d-v-an-c~-e~o~n~O-E~D~7------~----"'------,--------I 

-
______________ • 2_1_0--~-·4_4_1 _ . 672 W of IRVt: -~PAK 

--~1----------- -~--~-

• 042 

PAK-;,. SAR .210 .441 .672 

Load IRVn See Page II-229 

Set OED to 12 .042 

.042 
1---~-1-----------------~-----------~------------------------------------~ 

Initiate Sub-Instructl.on(s) 

13 Clear SRV .042 
------------------------~-----

Set OED (See Page II-100 ) 

* Quitted if this IW is already in IRVn 
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Condition tested, not found: NO JUMP 

I 

4 Set OED to 7 .042 
-~ 

Advance PAK 
7 .210 .441 .672 

PAK~SAR 

8 Load IRVn See Page II-229 
--

9 Set OED to 12 .042 

12 .042 
··-

Initiate Sub-Instruction(s) 

13 Clear SRV .042 

Set OED (See Page II-100) 
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TRANSCOP 
(51-98) 

SE~lUENCE: OF EVENTS 

Interrupt the execution of Instructj.on 
Words af? follows: 

retain this Instruction Word 
in IRVc; 
transfer Program Control to the 
Plugboard Step nl.Uilerically 
equal to 

L-execute the Program. Step patched 
there. 

DEFINING PROORAMMED 
QUANTITIES ll~ THE 
INSTRUCTION WORD 

TC : ( 51-98); and =1 

A sequence of one or more Progr::..;~. Steps is thus initiated. The U, V, 
and W - sect.ions of this Instruction Word are available to each Program 
Step in the Transcop sequence. 

If the plugboard - defined program pulses the NEXT INSTRUCTION hub, the 
Program Control resumes the internally-stored program, .and then. initiates 
the Sub-Instruction(s) specified by S in this Instruction Word. 

RULES FOR TRANSCOP INSTRUCTION WORD 

1. TC = 50 or 99 the computer will hang up. 

2. 1'he U, V, and W-sections of a Transcop Instruction Word are available to 
Program Steps in Transcop sequences by patching the v1 ADDRESS, v2 ADDRESS 
and :R ADDRESS hubs to a U, V, or W ADDRESS hub. When so used, provision 
must be ma.de in coding the U, V, and W-sections of Transcop In~truction 
Words so that they are permissible addresses for the processes specified 
by the Program Steps which use them. 
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--

OED 

*O 

*1 

2 

--

13 

PRINCIPAL EVENTS 

OED CYCLE FOR TRANSCOP 
(Instruction Word) 

TIMING 
(millisecondsl 

Minimum Average Maximum 

PAK~SAR .210 .441 .672 

Load IRVn See Page II-229 

Switch IRV 1 s 

From OP of IRVc: .210 .441 .672 
51-98 __;;;..PR 

value of s~sR 

- -- ' - -- - -
Program Control now switches to the plugboard to continue the 
program. The effecto is the same as if the STEP IN hub at the 
Plugboard Step {51-98) numerically equal to the contents of the 
Process Register were pulsed; OED is set to 3; the Program 
Step patched at that location is executed; and a Transcop se­
~uence of instructions is initiated. 

If the STEP OUT hub of Program Step in the Transcop 
sequence is patched to an NI hub: the Transcop sequence 
terminates; OED js set to 13; and the internal program 
resumes completing the execution of the Transcop 
Instruction Word: 

------- -- -- - _..-_ 

Initiate Sub-Instrucion(s) 
specified by TC Instruction 
Word 

Conditional SRV Clear .042 

Set OED (See Page II-100) 

-

* Omitted if this IW is already in IRVn 

_ _____, 

,_. -

---
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ADD 
AD 
(14) 
S=B,C,D,E,F,G,H, or I 

SEQUENCE OF EVENTS 

egister A, the 
the location 

Place, in R 
contents of 
apecif':I.ed b y 

Shift the c 
ter A tn ac 

ontents of Regis-
corda.nce with the 

--
Place, in R 
contents of 
specifi.ed b 

egiater B, the 
the location 

y 
--

Shift the c 
ter B tn ac 

ontents oi' Reg1s-
cordance with the 

---
tents of Regis-· Add the con 

ters A and 
forming the 
in both Reg 

B algebraically 
sum (separately) 

ister C and D. 

-
Determ:l.ne t 
be suppress 

Shift the c 
ter D 1.n ac 

hat checking is to 
ed·in this instruction. 

ontenta of Regi.s-
cordance with the 

-
Store the f 
Reeister D 
specified b 

inn.l contents of 
at the location 
y 

b-Instruction(s) or Initiate Sti 
Sub-Step( s) in accordance with 

--r--· 

DBFINING PROOH.AMMED QUANTITlliS 
Instruction Word Progrwn Step 

--
u, or V1 ADDRESS patching 

contents of the-U-
sect1on of' the Sllif t 
Revolver, or V1 SHIFr patching 

---1----- - ·-

V, or V2 ADDRESS patching 
--1---- -----i 

contents of the v-
section of' the 
Shift Revolver, or v2 SHIF:r patching 

- ---
PR : 14 PROCESS to • NC patching 

r--.. ----
S must have one of 
the following values: 
B,C,D,E,F,G,H, or I 

- --1 

contents of the W-
section of the Shift 
Revolver, or R SHIFT patching 

W, or R ADDRESS patching 

S* or S1J.1IP OUT patching 

~·If S : f!, the only Sub-Instruction (Suppress Check) specified by this instruction has 
already been completed at this time. It' S has any of the other values: B,C,D,F,G,H, or I 
the other Gub-Instruction(s) these values indL.:ate are initiated at this time. 
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SEQUENCE OF EVENTS 

Place, in Register A, the contents 
of the location specified by 

Shift the contents of 
Register A in accordance with 
the 

Place, in Register B, the con-
tents of the location specified 
by 

Shift the contents c£ Register B 
in accordance with the 

Add the contents of Registers A 
and B algebraically, forming 
the sum (separately) in both 
Registers C and D 

Determine that checking is not 
to be suppressed in this -
instruction; and check the 
addition. (Use the sum in 
Register C for the check operation.) 

Shift the contents of 
Register D in ·o.ecordance with 

Store the final contents of 
Register D at the location 
specified by 

Initiate Sub-Instruction(s) or 
Sub-Step(s) in accordance with 

ADD & CHECK 
AD 

(14) 
S¢ B,C,D,E,F ,G,H, or I 

DEFINING PROGRAMMED QUANTITIES 
Instruction Word Program Step 

u, or V1 ADDRESS patching 

contents of the 
U-aection of the 
Shift Revolver, or V1 SHIFT patching 

V, or V2 ADDRESS patching 

contents of the 
V-section of the 
Shift Revolver, or v2 SHIFT putchin~ 

---i 

PR : 14 PROC to + C patching 

S must not have 
one of the foll-
owing values; B, 
c,D,E,F,G,H, or I 

contents of the W-
section of the 
Shift Revolver, or R SHIFT patching 

··-

w, or H ADDRESS patching 

s, or s1rr;;p OUT patching 
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RULES FOR ADDITION 

1. Permissible Sources for V1 and V2: 

.Any Word Location in GSB, BTB, I/O, IS, or FS Tracks 
Any Field Location in GSB, BTB, I/O, IS, or FS Tracks 
Notes: if a Field greater than 12 characters is referred to only the 

lower-order 12 characters of the Field are acquired; 

if a Field less than 12 characters is referred to, the Field 
ls 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 IRVc 

GSAR 

PAK 

CDR 
The 

If GSAR, PAK, or CDR are specified as Sources, a plus ( fl ) 
sign is automatically generated and sent as the lowest-order 
character of v1 or v2 • 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 
the higher-order character positions. 

entire contents of a buffer or track (Z-address) must not be specifierl. 

2. Permissible Destinations for R: 

Any Word Location in GSB, BTB, I/O, FS, or IS Tracks 
Any Field Location in GSB, BTB, I/O, FS, or IS Tracks 
Notes: if a Field greater than 12 characters is specified, the con-· 

tents of the Source of the result (RD is "lo~ded into 
lower~o.rder character positions of the Field Location and 
Space codes are padded into the higher-order character posi­
tions; 

if a Field less than 12 characters is specified, only the 
lower-order characters in the Source of the result are sent 
to the Ji'ield Location. 

RA, RB, RC, RD, IRVn, or SRV 

GSAR If GSAR, PAK, or CDR are specified as a Destination, the sign 
in the arithmetic register that is the Source of the result 

PAK and a number of characters equal to the capacity of GSAR, PAK 
or-cnR are sent to these locations. As the highest-order 
character transmitted is shifted into these locations, the 

CDR sign is shifted off the right end. 
The entire contents of a buffer or track (Z-address) must not be specified. 

3. All three quantities (v1 , v2, and R) manipulated by Add or Add & Check 
can be shifted right, left, or right end around. Appropriate shifts must 
be programmed so that 
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RULES FOR ADDITION (Continued) 

a. Correspondingly-significant characters in v
1 

and v
2 

are {alge­
braically) added; and 

b. The (algebraic) sum of v1 and v2 does not exceed 11 characters 
and sign. 

Note: If the (algebraic) sum of v1 and v2 is greater than 11 char­
acters and sign in an Add or Add & Check, a +/- OVERFLOW 
error occurs: 

the Add· or Add & Check instruction terminates; and 

the +/- OVERFLOW hub on the Program Control Plugboard emits. 

4. Alpha and Numeric Characters in v1 and v2 , 

In Add and Add & Check processes, the arithmetic section recognizes the 
6 bits in Univac code of each character in RA and RB, and forms 6-bit 
characters in the result (in RC and RD). It accordingly can differ­
entiate alpha and nl.Ulleric characters. 

Sign 

Position 

Numeric 

A} these are 
O all plus 
+ 

- only this 
is 
negative 

Character 6. and the 
Positions digits 0-9 
1-11 a.re numeric 

Alpha 

All other char­
acters are 
alpha, except 
i. An Ignore 
code is not 
regarded as 
alpha or num­
eric, but as a 
special opera­
tor for which 
separate rules 
apply 

all other char­
acters are 
alpha except i. 
Special rules 
apply to i. 

Numeric 1 Alpha 

No alpha/numeric differ­
entiation is made in the 
V sign position. However 
tfie following sign inter­
pretation is made: 

If v
2 

sign is -, V is 
negative. 2 

If v
2 

sign is any other 
character but an Ignore 
code, v2 is positive 

If v
2 

sign is an Ignore code, 
v

2 
is neither positive 

nor negative and 
special rules apply 

6. and the 
d,igits 0-9 
a.re numeric 

All other char­
acters are 
alpha. except i. 
Special rules 
apply to i. 
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RULES FOR ADDITION {Continued) 

5. Numeric Add Rules: 

~rhe computer applies the rules listed below when v1 and v
2 

have the 
following composition: 

Register A (V1 ) Register B (V2) 

11 10 9 8 7 6 5 4 3 2 1 s 11 10 9 8 7 6 5 4 .3 ,2 1 ,s 
c=Il I I I I I I I I IJ 1 I I I I I I I I I 11 
I_ J~o+ f""----- only 6' s or digits 0-9--:i 0~ :. 

L. ..J ttot r only ~ I 8 or d fgi ts 0-9 ---=j f 

V1 and V2 
have the same 

Resul .t Sign 
I-----

SIGN 
OF THE 
RE SUI ,T 

'\i Sign= 

\2 Sign= 

R Sign= 
·--i r---

-MAGNI 
TUDE 
OF TH 
RE SUL 

E 
T 

lv1I + 

o,~,+ -

any -
char. 
but i 
or -

A -

lv2J 

v1 and 

lv1I > IV2j 
--,.-------.--· 

\1_ Sign= 0, 
I~+ -

V2 Sign= - any 
char. 
but i 
or ·· 

R Sign= ~ -

lv1I - j v2I 

v2 have opposite Signs 

lv2I > lv1l lv1! =lv2.I --
\]_Sign= 

0, 
\l_i_ Sign= 

0, 
~,+ - ~;+- -

\2 Sign= - any V2Sign = - any 
char. char. 
but i tbut i 
or - or -

R Sign= - A R Sign= ~ -

IV2I - IV1I ZERO 

As corresponding characters in v1 and v2 are added (subtracted), any carry 
(borrow) from the character position to the right is added to (subtracted 
f'rom) the sum ( ~i-t.f:ference) of the V and V characters, and any carry 
(borrow) resulting from the sum (di~ferenc~) is applied to the next 
highest-order character position. 
Numeric Add and Add & Check are thus algebraic additions. Note that the 
Sign of the Result is either~ (meaning plus} or - (meaning negative). 
In this connection it is important to also note the following special­
handling of ~·s that occur in Character Positions 1-11 of' v1 and v2 : 

II-1'52 

Character Positions 1-11 
If the v1 Character = 

and the v2 Character = 

then the Result Characte1 .. = 

~ 

~ 

0 

0 

~ 

0 

b,. b,. 1-9 

0 1-9 6 

0 1-9 1-9 



6. "Alpha Add" Rules: 
(a) 

RULES FOR ADDITION {Continued) 

WHEN V CHARACTER IN CHARACTER 1
POSITIONS 11-1 IS 

AND THE 
CORRESPOND­
ING V2 
CHARACTER 
IS NUMERIC 

AND THE 
CORRESPOND­
ING V 
CHARAfuER 
IS ALPHA 

AND THE 
CORRESPOND~· 

ING V2 
CHARACTER 
IS AN 
IGNORE CODE 

NUMERIC 

The result character 
formed in RC and RD 
is numeric; it is the 
sum {difference) of 
the absolute values 
of the v1 and V2 
characters and the 
carry (or miiiUs the 
borrow) from the 
next-lowest-order 
character position . 
Any carry (or borrow) 
resulting from the 
sum {or difference) 
of these two charac­
ters is applied to 
the next-highest-order 
character position 

The V1 character is 
sent to RC and RD as 
the result character. 
;Any :carry (or borrow) 
from the next-lowest­
order character posi­
tion is ignored; no 
carry (or borrow) is 
applied to the next­
highest-order 
character position. 

The v1 character is 
sent to RC and RD as 
the result character. 
Any carry (or borrow) 
from the next-lowest­
order character posi­
tion is ignored; no 
carry (or borrow) is 
applied to the next­
highest-order 
character position. 

ALPHA 

The vl character is 
sent to RC and RD as 
the result character. 
Any carry (or borrow) 
from the next-lmrest­
order character posi­
tion is ignored; no 
carry {or borrow) is 
applied to the next­
highe st-order 
character position. 

The vl character is 
sent to RC and RD as 
the result character. 
Any carry (or borrow) 
from the next-lowest­
order character posi­
tion is ignored; no 
carry (or borrow) is 
applied to the next­
highest-order 
character position. 

The v1 character is 
sent to RC and RD as 
the result character. 
Any carry (or borrow) 
from the next-lowest­
order character posi­
tion is ignored; no 
carry {or borrow) is 
applied to the next­
highest-order 
character position. 

AN IGNORE CODE 

The v2 character is 
sent to RC and RD as 
the result character. 
Any carry (or borrow) 
from the next-lowest­
order character posi­
tion is ignored; no 
carry (or borrow) is 
applied to the next­
highest-order 
character position. 

The v2 character is 
sent to RC and RD as 
the result character. 
Ar:Jy carry (or borrow) 
from the next-lo~est­
order character posi­
tion is ignored; no 
carry (or borrow) is 
applied to the next­
highe st-order 
character position. 

An Ignore code is 
sent to RC and RD as 
the result character. 
Any carry {or borrow) 
from the next-lowest­
order character posi­
tion is ignored; no 
carry {or borrow) is 
applied to the next­
highest-order 
character position. 

L-----~~--~-----------"------------------·-·----- ----·---

II-153 



(b) 

~· 

AND THE 
SIGN OF 
V2 IS PLUS 
(any charac-
ter except 
- or 1) 

AND THE 
SIGN OF 
V2 IS 
MINUS (-) 

AND THE 
SIGN OF 
V2 IS AN 
IGNORE 
CODE (1) 

RULES FOR ADDITION {Continued) 

NUMERIC 
{~,O,+ OR-) 

The S:lgn of the 
Result. that is 
formed in RC and 
RD is determined 
in the usual al-
gebraic manner. 
See Numeric Add 
Rules 11 Sign of R" -- ' above. 

The V Sign is 
sent ~o RC and 
RD as the Sign 
of thE~ Result. 
If the v1 Sign 
is ~, however, 
a O is sent to 
RC and RD as the 
Sign of the 
Result 

IF THE SIGN OF v1 IS 

ALPHA 
( all other charac-

ters except 1) 

· e V Sign Th 
( al.phi) is sent 
t 
t 
R 

o RC and RD as 
he Sign of the 
esult 

Alpha Sign Add Rules 

AN IGNORE CODE 
(1) 

The v2 Sign is sent 
to RC and RD as the 
Sign of the Result. 
If the V2 Sign is A 
however, a 0 is 
sent to RC and RD 
as the Sign of the 
Result 

An Ignore code is 
sent to RC and RD 
as the Sign of 
the Result 

a.. When the V1 Sign is alpha or 1, the V2 Sign is plus (any character 
except -), and the process is Add or Add & Check, the arithmetic section will 
regar<l Vi and V2 as having like Signs and will simply add each character in 
V2 to the corresponding character in V1. (The Alpha Add Rules are applied 
as required in Character Positions 1-11.) 

b. When the v1 Sign is alpha or i, the V2 Sign is minus {- ), and the 
process is Add or Add & Check, the arithmetic section will regard v1 and V2 
as having 1llllike Sign.s and will simply subtract each character in V2 from the 
corresponding character in Vi. (The Alpha Add Rules are applied, as required, 
in Character Positions 1-11. ) When V1 and V2 have unlike signs, the machine 
always assumes that v2 is smaller than v1 and attempts a "trial" subtraction 
o:f V2 :from Vi. If V1 > V2 as assumed., the "trial" subtraction is the actual 
subtraction. If v2 > Vv an "end borrow" is generated. This tells the 
arithmetic section to reverse V1 and V2 in RA and RB and pe·rrorm. the subtrac­
tion again to obtain the correct result. In Alpha Sign Add no relative 
magnitude o:f V1 and V2 is checked. Hence, when the V1 Sign is alpha or i and the 
V2 sign lS -, orily tbe "trial" subtraction is performed. 



RULES FOR ADDITION (Continued) 

c. When the Vi Sign is O, 6., or + , the v2 Sign is an Ignore code, and 
the process is Add or Add & Check, the arithmetic section will regard v1 and 
V2 as having like Signs and will simply add each character in v2 to the 
corresponding character in Vi· (The Alpha Add Rules are applied, as required, 
in Character Positions 1-11.J 

d. When the V1 Sign is -, the v2 Sign is an Ignore code, and the process 
is Add or Add & Check, the arithmetic section will regard v1 and v2 as having 
unlike Signs and will simply subtract each character in V2 from the corres­
ponding character in V1 {only the "trial" subtraction.noted in b above is 
performed; the Alpha Add Rules are applied, as required, in Character Posi­
tions 1-11.) 

7. If an Add and Cheek is programmed and the computer does an "a 1 pha add"~ 
or "alphn sign add", checking is not performed. 

8. If the character 11 positions of each operand are both numeric and if when 
an add is performed their sum is > 9, computer operation ceases and a pulse 
is emitted from the add/subtract overflow hub on the Program Control 
Plugboard. Checking is not performed. 

9. Setting of Branch Storage by an Add or Add & Check Process 

a. Numeric Add 

V1 Sign is 6 , O, +, O-
V2 Sign is not an Ignore code 
v1 and v

2 
are numeric 

Sign of R Setting of Branch 

(R "f 0) 6 + 

(R "f 0) - -
(R = 0) 6 or - 0 

b. Alpha Add 

V 1 Sign is 6. , 0, +, or -
v2 Sign is not an Ignore Code 
v1 and/or V2 (apart from sign character) are numeric 

Sign of R Setting of Branch Storage 

6. + 

- -

Storage 

Note: The conditions R=O and R#O are not detected when the computer 
performs an Alpha Add or Subtract. Branch Storage is therefore always 
given either a + or - setting. 
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c. Alpha Sign Add 

II-156 

Vi Sign is not 6 , 0, +, or -
and I or 

V2 Sign is an I0nore Code 

Branch Storage has a 0 setting after all Alpha Sign Add operations, 
regardless of the !!&!!. of the result. 



OED 

*O 
*l 

2 

3 

4 

**5 

6 

**7 

**8 

~ 

**9 
10 
11 
12 

13 

OED CYCLE FOR ADD AND .ADD & CHECK 
(Instruction Words) 

TIMING 
PRINCIPAL EVENTS 'millisecondsl 

Minimum Average Maximum 

PAK~SAR .210 .441 .672 
Load IRVn See Page II-229 
Switch IRV' s 
From OP of IRVc: .210 .441 .672 

14·~PR 
value of s~sR 
U of IRVc-+ SAR .210 .441 .672 
U of SRV~SK 
Load VJ. into RA See Pa_ge II-229_ 
V of IRVc-+SAR .210 .441 .612 
Shift V1 in RA. .o42 (n+l) 

Load v2 into RB See Page II-229 
V of SRV-+SK 
Advance PAK 
PAK~SAR .210 .441 .672 
Shift V2 in RB .042 1n+l 
Load IRVn 
W of SRV-+SK See Page tI-229 
Add V2 to· v1 algebraically 

V1, v2 Numeric, Same Sign and form the sum in 
RC and·RD Check: 1.89 
Check the result, using No Check: .71 
the sum in RC, if V1, v2 Numeric, Opposite Signs, 
S ¢ B, C, D, E, F, G, H, or I Check: 1.89 
(If S = B, c, D, E, F, G, H, No Check: .71 

V1>V2 

or I do not check) V1, v2 Numeric, Opposite Signs, V1<V2 
Check: 2.47 

No Check: 1.30 
AlEha Add: .71 
Al2ha Sign Add: .67 

W of IRVc-+SAR .210 .441 .612 
Shift R in RD .042 _{n+l 
Store R from RD See Page II -230 

.Ol!:_2 

.042 
Initiate Sub-Instructionl_sl 
Conditional SRV Clear .042 
Set OED _{See Page II-100) 

* Omitted if this IW is already in IRVn. 
** Times listed are simultaneous. Larger of the determines the time required 
for this OED Step. The Add process time to be used in OED 8 depends on the 
operands used (and, if these are numeric, on whether checking is suppressed 
or not.) 
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OED 

3 

4 

*5 

6 

7 

*8 -

*9 

1--.10 
11 

12 
--

OED CYCLE FOR ADD and ADD & CHECK 
(Program Steps) 

TIMING 
PRINCIPAL EVENTS 'milliseconds) 

V 1 ADDRESS -?i- SAR .Oli.2 
V1 SHIFl'-~SK 

Load V1 into RA See Page II-229 
V 2 ADDRESS ---;;.. SAR .042 
Shift V1 in RA .042 (n+1) 

Load V2 into RB See Page II-229 
V2 SHIFT -~SK 
(Advance PAK, PAK---;;.. SAR) .J~* 

--------- - - - - -- ... -
Shift V2 in RB .042 (n+1) 
(Load IRVn)** V1,V2 Numeric, Same Sign 

------·--- ------- Check: 1.89 
R SHIFT -'.;;. SK No Check: .71 
Add V2 to V1 algebraically V1,V2 Numeric, Opposite 
and f orrn the sum in RC Check: 1.89 
and RD No Check: .71 
Check the result, using V1,V2 Numeric, Opposite 
the sum tn RC if the Check: 2.47 
PROCESS hub is patched to+ C; No Check: 1.30 
do not check if PROCESS hub AlEha Add: .71 
is patched to +NC. Al2ha Sign Add: .67 

R ADDRESS ~ SAR .042 
Shift R in RD .042 (n+1) 

Store R from RD See Page II-230 
.042 

STEP OUT 
Set OED (See Page II- lo4) .042 

- -

Sign, V1 > V;~ 

Sign, Y1 < V•) 
-~ 

Note: Tbe above notation (as v1 ADDRESS- SAR and V1 SEIB'T -SK), as well as 
the timing listed for setting up addresses in SAR and shifts in SK, 
does not apply unless SAR and SK are set to an address or shift, re­
spectively, via the plugboard. If data is shifted into these register:3, 
as when the u, V, or W ADDRESS or SHIFT hubs are patched from a Pro­
gram Step's ADDRESS or SHIFT hubs, the following notation and timing 

_ _ apply: 

Addresses For Shifts _{_milliseconds) "'riming ~ 
Minimum l Average ] Maximum 

V, or W of IRVc --?-SAR U, V, or W of SRV~SK .210 1 .441 T .7)72 
*-Times listed are simultaneous. Use shifting time as the time for this OED 

Step if n (number of places shifted) ~ o. 
** These operations are performed only if this Program Step is the first in a 

Transcop sequence. For timing see OED 7-8 of OED cycle for corresponding 
Instruction-Word. Apply *when these operations occur. Use time listed for 
this OED Step when these operations do not occur. 
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SEQUl!."'NCE OF EVENTS 

Place, in Hegister A, the 
contents of the location 
specified by 

Shift the contents of Reeis-
ter A in accordance with the 

Place, in Rei:,ister B, the 
contents of the location 
specified by 

Shi.ft the contents of Regis-
ter B in accordance with the 

Subtract (algebraically) the 
contents of Register B from 
Resister A, forming the 
difference (separately) in 
both Registers C & D. 

Determine that checking is 
to be suppressed in this 
instruction 

Llhift the contents of Regis-
ter D in accordance with the 

Store the final contents of 
Register D at the location 
specified by 

Initiate :3ub-Instrucion( D) or 
Sub-Step(u) in accordance with 

SUBTRACT 
SB 

(22) 
S =B,C, D,E,F ,G ,H, or I 

DEFIN:WG PHOORAMMED QUANTITIES 
Instruction Word Program Step 

u, or V1 ADDRESS patching 

contents of the U-
secti.on of the Shift 
Revolver, or V1 SHIFI' patching 

v, or V2 ADDRESS patching 

contents of the V-
section of the Shift 
Revolver, or v2 SHIP!' patching 

PR = 22 PROCESS to - NC patching 

S must have one of 
the following values: 
B,C,D,E,F,G,H, or I 

contents of the W-
section of the Shift 
Revolver, or R snn~ patching 

w, or R ADDRESS patching 
-~ 

S*, or STEP Ol1I1 patching 

*If S = E, the only Sub-Instruction (Suppreas Check) specified by this instruction has 
already be.9n completed at this time. I.f S has any of the other values: B,C,D,F ,G,R, or I, 
the other flub-Inatruction(s) which these values indicate are initiated at this time. 
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SUBTRACT & CHECK 
SB 
(22) 
S =#:B,C,D,E,F ,G,H, or I 

SEQUENCE Oli1 EVENTS 

Place, in Register A, the contents 
contents of the location 
specified by 

Shift the contents of Regis-
ter A in accordance with the 

Place, in Register B, the 
contents of the location 
specified by 

Shift the contents of Regis-
ter B in accordance with the 

Subtract (algebraically) the 
contents of Register B from 
Hegister A, forming the 
~ifference {separately) in 
both Registers C and D 

Deterinine that checking is 
not to be BU;eEressed in this 
instruction; and check the 
subtraction. (Use the 
difference fonned in Regis-
ter C for the check operation.) 

Shift the contents of Regis-
ter D in accordance with the 

Store the final contents of 
Hegister D at the location 
specified by 

Initiate SUb-Instruction(s) or 
Sub-Gtep(e) in accordance with 

II"'.'160 

DEFINING PROORAMMED QUANTITIES 
Instruction Word Program Step 

U, or vl ADDRESS patching 

contents of the u-
section of the 
Shift Revolver, or V1 SHIF1' patching 

- V, or V2 ADDRESS patching 

contents of the v-
section of the 
Shift Revolver, or V2 SHIFI' patching 

PR = 22 PROCESS to - C patching 

S must not have 
one of the foll-
owing values: B, 
C,D,E,F,G,H, or I 

contents of the w-
section of the 
Shift Revolver, or R SHIFT patching 

W, or H ADDRESS patching 

3 1 or STEP OUT patching 



RULES FOR SUBTRACTION 

1. Permissible Sources for v1 and v21 

Any Word Location in GSB, BTB, I/O, IS, or FS Tracks 
!f!!3_ Field Location in GSB, BTB, I/O, IS, or FS Tracks 
Notes: if a Field greater than 12 characters is referred to only the 

lower-order 12 characters of the Field are acquired; 

if a Field less than 12 characters is referred to, the Field 
is loaded ~nto 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 IRVc 

GSAR If GSAR, PAK, or CDR are specified as Sources a plus ( fl ) 
sign is automatically generated and sent as the lowest-order 

PAK character of V1 or V2• The contents of GSAR, PAK or CDR are 
then loaded into the aritmnetic 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: 

An.y Word Location in GSB, BTB, I/O, FS, or IS Tracks 
~ Field Location in GSB, BTB, I/O, FS, or IS Tracks 
Notes: if a Field greater than 12 characters is specified, the con­

tents of the Source of the result (RD) is loaded into 
lower-order character positions of the Fieid £ocation and 
Space codes are padded into the higher-order character posi­
tions; 

if a Field less than 12 characters is specified, onJ.y the 
lower-order characters in the Source of the result are sent 
to the Field Location. 

RA, RB, RC, RD, IRVn, or SRV 

GSAR If' GSAR, PAK, or CDR are specified as a Destination, the sign 
in the arithmetic register that is the Source of the result 

PAK and a number of characters equal to the capacity of GSAR, PAK 
or-cnR are sent to these locations. As the highest-order 
character transmitted is shifted into these locations, the 

CDR sign is shifted off the right end. 
The entire contents of a buffer or track {Z-address) must not be specified. 

3. All three quantities (V1, V2, and R) manipulated by Subtract or Subtract 
and Check can be shifted right, left, or right end around. 
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RULES FOR SUBTRAC'11ION · (Continued) 

Appropriate shifts must be programmed so that 

a. Correspondingly-significant characters in Vi and v2 are (alge­
braically) subtracted; and 

b. The (algebraic) difference of v1 and V2 does not exceed 11 
characters and sign. 

Note: If the (algebraic) difference of Vi and V2 is greater than 11 
characters and sign in a. Subtract or Subtract & Check, a+/­
OVERFLOW error occurs: 

the Subtract or Subtract & Check instruction terminates; and 
the+/- OVERFLOW hub on the Program Control Plugboard emits. 

4-. Alpha and Numeric Characters in Vi and V2 

In Subtract and Subtract & Check processes, the arithmetic section 
recognizes the 6 bits in Univac code of each character in RA and RB, 
and forms 6-bit characters in the result (in RC and RD). It accord­
ingly can dif'ferentia:te alpha and numeric characters. The alpha/nu­
meric assignments are t?e same as those for Add and Add & Check. 

5. Numeric Subtract Hules: 

T'ne computer applies the rules listed below when V1 and V2 have the 
following composition: 

Register A (V1 ~ Register B (V2} 

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

I I I I I I I I I I 
11 

I 
s 
I I 

t-: 
I I I I I I I I I I I I 

only fl' s or digits 0-9 ~fl ,O. + 
or 

I 
~ only fl' s or digits 0-9~n~t 

V1 and V2 
have opposite 

Result Sign 

SIGN V1 Sign: fl,O, + -
OF THE 

V2 Sign= 
RESULT - any 

charac-
ter but 
i or -

R Sign= ~ -
MAGNI-
TUDE 
OF THE 

l·v1 I lv2I RESULT + 
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Result 

SIGN 
OF THE 
RESULT 

MAGNI-
TUDE 
OF THE 
RESULT 

RULES FOR SUBT.RAC'rION (Continued ) 

V1 and V2 have the same sign 

!vii > lv2I lv2l > lv1l jv1f = lv2l 
Vl Sign: 6,0,+ V1 

Cf. 

/:). '0, + V1 Sign= 6,0,+ - 0ign = -

V2 Sign= any V2 Sign= any V2 Sign= any 
charac- charac- charac-
ter but - ter but - ter but 
i or - i or - i or -

R Sign= /:). - R Sign = - /:). R Sign= /:). 

I Vil - IV2I lv2 / - jv1\ Zero 

As corresponding characters in V1 and V2 are subtracted {added), any 
borrow {carry) from the character position to the right is subtracted 
from {added to) the difference {sum) of the v1 an~ v2 characters, and 
any borrow (carry) resulting from the difference (sum) is appli.ed to 
the next-higher-order character position. 

-

-

-

Numeric Subtract and Subtract & Check are thus algebraic subtractions. 
Note that the Sign of the Result is either 6 (meaning plus) or -
{meaning negative). In this connection it is important to also note 
the following special-handling of 6 's that occur in Character Posi­
tions 1-11 of Vi and V2: 

Character Positions 1-11 

If the V1 character = /:). 0 /:). /:). 1-9 

and the V2 character = /:). /:). 0 1-9 /:). 

then the Result character = 0 0 0 1-9 1-9 
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RULES FOR SUBTRACTION {Continued) 

6. "Alpha Subtract" Rules: 

(a.) 
WHEN 'fl CHARACTER IN CHARACTER 

POSITIONS 11-1 IS 

NUMERIC 
,------·------tf----------·---------

AN D THE The result character 
CORRESPOND- formed in RC and RD 
ING V2• 
CHARACTER 
IS NUMERIC 

AND THE 
CORRESPOND­
ING V2 
CHARACTER 
IS ALPHA 

AND THE 
CORRESPOND­
ING V2 
CHARACTER 
IS AN 

is numeric; it is the 
difference (sum) of 
the absolute values 
of the Vi and V2 
characters minus the 
borrow (or plus the 
carry) from the next­
lowest-order charac­
ter posi tlon. .Any 
borrow (or carry) re­
sulting from the 
difference (or sum) 
of these two charac­
ters is applied to 
the next highest­
order character 
position. 

The V1 character is 
sent to RC and RD as 
the result character. 
Any borrow (or carry) 
from the next-lowest­
order character posi­
tion is ignored; no 
borrow (or carry) is 
applied to the next­
highest-order charac­
ter position. 

The V1 character is 
sent to RC and RD as 
the result character. 
An:y borrow (or carry) 
from the next-lowest­

IGNORE CODE order character posi-
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tion is ignored; no 
borrow (or carry) is 
applied to the next­
highest-order charac­
ter position. 

ALPHA 

The V1 character is 
sent to RC and RD as 
the result character. 
Any borrow {or carry) 
from the next-lowest­
order character posi­
tion is ignored; no 
borrow (or carry) is 
applied to the next­
highe st-order charac­
ter position. 

The v1 character is 
sent to RC and RD 
as the result charac­
ter. Any borrow (or 
carry) from the next­
lowest-order charac­
ter position is 
ignored; no borrow 
(or carry) is 
applied to the· next­
highest-order charac­
ter position. 
The V1 character is 
sent to RC and RD 
as the result charac­
ter. .Any borrow (or 
carry) from the next­
lowest-order charac­
ter position 1$ 
ignored; no borrow 
{or carry) is 
applied to the next­
highest-order charac­
ter position. 

AN IGNORE CODE 

The V2 character is 
sent to RC and RD 
as the result charac­
ter. .A1ly borrow (or 
carry) from the next­
lowest order charac­
ter position is 
ignored; no borrow 
(or carry) is applied 
to the next-highest­
ored character posi­
tion. 

The v2 character is 
sent to RC and RD as 
the result character. 
Any borrow (or carry) 
from the next-lowest­
order character posi­
tion is ignored; no 
borrow (or carry) is 
applied to the next­
highest-order charac­
ter position. 

An Ignore Code is 
sent to RC and RD as 
the result character. 
Airy' borrow (or carry) 
from the next-lowest­
order character posi­
tion is ignored; no 
borrow (or carry) is 
applied to the next­
highest-order charac­
ter position. 



RULES FOR SUBTRACTION (Continued) 

(b) IF THE SIGN OF V1 IS 

NUMERIC ALPHA AN IGNORE CODE 
{all other charac- (i) 
ters except i) 

AND THE 
SIGN OF 
V2 IS PLUS The Sign of the The V2 Sign is sent 
(any charac- Result that is to RC and RD as the 
ter except formed in RC and Sign of the Result 
- or i) RD is determined If the v2 Sign is A.J 

in the usual al- however, a O is 
gebraic manner. sent to RC and RD 

AND THE See Numeric Sub- as the Sign of the 
SIGN OF tract Rules "Sign Result. 
V2 IS of Rn, above. 
MINUS (-) The v1 Sign 

(alpha) is sent 
to RC and RD as 
the Sign of the 

AND THE The V1 Sign is Resti.l.t. An Ignore Code is 
SIGN OF sent to RC and sent to RC and RD 
V2 IS AN RD.as the Sign as the Sign of 
IGNORE of the Result. the Result. 
CODE (i) If the V1 Sign 

is fl , however, 
a O is sent to 
RC and RD as the 
Sign of the 
Result. 

-.-.---J 

AJ.pha Sign Subtract Rules 

a. When the V1 Sign is alpha or i, the V2 Sign is plus (any character 
except - t and the process is Subtract or Subtract & Check, the arithmetic 
section will change the V2 Sign to minus (-), and then regard V1 and V2 as 
having unlike Signs: each character in V2 will be subtracted from the 
corresponding character in v1 • (Only the "trial" subtraction referred to in 
Alpha Sign Add, Rule b takes place; Alpha Subtract Hules are applied, as 
required in Character Positions 1-11.) 

b. When the V1 Sign is alpha or i, the v2 Sign is -, and the process is 
Subtract or Subtract & Check, the arithmetic section will change the v2 Sign 
to plus, and then regard V1 and v2 as having like Signs: each character in 
v2 will be added to the corresponding character in Vi (Alpha Subtract Hules 
are applied. as required, in Character Positions 1-1 .) 
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RULES FOR SUBTHACTION (Continued) 

c. When the V1 Sign is O, fl, or +, the v2 Sign is an Ignore code, and 
the process is Subtract or Subtract & Check, the arithmetic section will 
regard the Ignore code as a plus, change it to a minus and then (because Vi 
and V2 have unlike signs) subtract V2 from v1 as in a. above. 

d. When the Vi Sign is - , the v2 Sign is an Ignore code, and the proceiSS 
ls Subtract or Subtract & Check, the arithmetic section will regard the Igno:re 
code as a plus, change it to a minus and then (because Vi and V2 have like 
sig~s) add v2 to ~l as in b. above. 

7. If a Subtract & Check is programmed and· the computer does an "alpha 
subtract" or ualpha sign subtract'', checking is not performed. 

8. Setting of Branch Storage by a Subtract or Subtract & Check Process. 

a. Numeric Subtract 

V1 Sign is ~ , O, +, or -
V2 Sign is not an Ignore code 
v1 and v2 are numeric 

(R f. 0) 

(R # 0) 

(R =: 0) 

Sign of R 

/). 

!). or -

Setting of Branch Storage 

+ 

0 

b. Alpha Subtract 

II-1.66 

V 1 Sign is A , 0, +, or -
V2 Sign is not an Ignore Code 
Vi and/or V2 (apart from sign character) are numeric· 

Sign of R Setting of Branch Storage 

/). + 

- -

Note: The conditions R=O and R~O are not detected when the computer 
performs an Alpha Add or Subtract. Branch Storage is therefore alway:3 
given either a + or - setting. 



c. Alpha Sign Subtract 

v1 Sign is not ~' O, +, or -
V2 Sign is an Ignore Code 

Branch Storage has a 0 setting after all Alpha Sign Subtract operations, 
regardless of .the sign of the result. 
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OED 

*O 
*l 

2 

I----

3 
4 

1--· 

**5 

6 

**7 

**8 

t-----

**9 

~·10 
I----=-~ 

1---11 
1--.12 

L 13 

OED CYCLE FOR SUBTRAC'T AND SUBTRACT & CHECK 
(Instruction Words) 

TIMING 
PRINCIPAL EVENTS (milliseconds) 

Minimwn Average Maximum 

PAK~ SAR .210 .441 .672 
Load IRVn See Page II··229 
Switch IRV' s 
FI'om OP of IRVc: -- .210 .441 .672 

22~PR 

value of S ~ SR 
U of IRVc~ SAR .210 .441 .672 
U of SRV~ SK 
Load V1 into RA See ?age II-229_ 
V of IRVc~ SAR .210 .1+41 .672 
Shift V1 in RA .042 (n+l) 
Load V2 into RB See Table II-
V of SRV~ SK 
Advance PAK, PAK--;t.SAR .210 .441 .672 
Shift V2 in RB .042 (n+l) 

Load IRVn ·-W or SRV~SK See Page II-229· 
Subtract V2 from V1 v1 and v2 Numeric, Same Sign, V1>V2 algebraically and form 
the difference in Check: i.89 
both RC and RD No Check: .71 

·---i 

Check the result, using 
V1 and V2 Numeric, Same Sign, V2 >V1. the difference in RC, 

if S =:/: B, C, D, E, F, G,or I, Check~ 2 .. 47 
(If S = B, C, D, E, F, G, H, No Check: i.30 

or I do not check) 
V1 and v2 Ntl.meric, Opposite Signs 

Check: i.89 
No Check: .71 

Alpha Subtract: .71 

Alpha Sign Subtract: .67 

W of IRVc~ SAR .210 .441 .6_72 
Shift R in RD .042 (n+l 

See Page II-230 --Store R f"rom RD 
.042 
.042 

Initiate Sub-Instruction(s) 
Conditional SRV Clear .042 
Set OED -\See Page II-100) 

i Omitted if this IW is already in IRVn. 
** Times listed are simultaneous. Larger of the two determines the time re­
quired for this OED step. The Subtract process time to be used in OED 8 de­
f)<~nds on the operands used (and, if these are ~numeric, on whether checking is 
~uppressed or not. 
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OED CYCLE FOR SUBTRACT AND SUBTRACT & CHECK 
(Program Steps) 

TIMING 
OED PRINCIPAL EVENTS (milliseconds) 

3 
V 1 ADDRESS ~SAR 

.042 
V1 SHIFT~SK 

4 Load V1 into RA See Page II-229 

*5 
V2 ADDRESS~ SAR .042 : 
Shift V1 in RA .042 (n+1) 

6 Load V2 into RB See Page II-229 
V2 SHIFT -?-SK 
(Advance PAK, PAK~SAR)** 

- ---------------
7 Shift V2 in RB .042 (n+1) 

Q°.,oad IRV n) ** 
1 

V1 ,v2 Numeric, Same Sign, V1> V2 
- - - - - - - - - - - - - - - - I 

R SHIFT~SK Check: 1.89 
I 

.71 Subtract V2 from Vi No Check: 

algebraically and form : V 1 , V 2 Numeric, Same Sign, V1 <V2 

the difference in Check: 2.47 
both RC and RD No Check: 1.30 

*B Check the result, using v1,v2 Numeric, Opposite Signs 
the difference in RC, Check: 1.89 
if S ; B,C,D,E,F,G,H, or I. No Check: .71 
(If S = B,C,D,E,F,G,H, AlEha Subtract: .71 
or I do not check) , AlEha Sign Subtract: .67 .. 

*9 R ADDRESS ~SAR • 042 
I 

Shift R in RD .042 1_n+1} 
10 Store R from RD See Page II-230 

11 .042 
STEP OUT 

.042 12 Set OED (Se~ Page II-lo4) 
; - -

Note: The above notation (as V1 ADDRESS..-..SAR and V1 SHIFI'-SK), as well as 
the timing listed for setting up addresses in SAl{ and shifts in SK, 
does not apply unless SAR and SK are set to an address or shift, 
respectively, via the plugboard. If data is shifted into these re­
gisters, as when the U, V, or W ADDRESS or SHIFT hubs are patched from 
a Program Step's ADDRESS or SHIFT hubs, the following notation and 
timing apply: 

For Addresses For Shifts 
Timing 

(milliseconds) 
Minimum I Average [ Maximum 

U, V, or W of IRVc ~SAR . U, V, or W of SRV~SK .210 I .441 I .-072 
_iJ 

---- --*Times listed are simultaneous. Use shifting time as the time for this OED 
Step if n (number of places shifted) :/-- O. 

**These operations are performed only if this Program Step ia the first in a 
Transcop sequence. For timing see OED 7-8 of OED cycle for corresponding 
Instruction Wc)rd. Apply * when these operations occur. Use time listed 
for this OED Step when these. operations do not occur. 
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SEQUENCE OF EVENTS 

Place, in Register A, the 
contents of the location 
specified by 

Shi~ the contents of Regis-
ter A in accordance with the 

Place, in Register B, the 
contents of the location 
specified by 

Shift the contents of 
Register B in accordance 
with the 

Multiply the contents of Regis-
ter A by the contents of Regis~ 
ter B; determine the sign of 
the product in the usual 
algebraic manner; form a 22-
character product as follows: 

form the sign of the 
product and the 11-lower-
order digits of the 
program. in Register D; 

form the sign of the pro-
duot and the 11 higher-
order digits of the 
product in Register c. 

Determine that checking is to be 
suppressed in this instruction 

Shift the content a of RD and RC, or 
RD onll1 in accordance with the 

store the final contents of 
Register D at the location 
specified by 

Initiate SUb-Instruction{a) or 
SUb-Step(s) in accordance with 

MULTIPLY, STORE LOWER 
ML 

(43) 
S =B, C,D,E,F ,G,H, or I 

DEFINING PROORAMMED QUANTITIES 
Instruction Word Program Step 

u, or V1 ADDRESS patching 

contents of the 
U-aection of the 
Shift Revolver, or V1 S1IlF.l' patching 

V, or V2 ADDRESS patching 

contents of the 
V-section of the 
Shift Revolver, or v2 SHIFr patching 

PR • 43 PROCESS to XSL 
NC patching 

S must have one of 
the following values: 
B,c,D,E,F,G,H, or I 

contents of the 
w~section of the 
Shift Revolver, or R SHIFT patching 

---l 

W, or -- r--R ADDHESS patching 
··-

S*, or----·-· STEP our patching 
·-

* If 8 • E, the only Subftinstruction (Suppress Check) specified by this inetruction has 
already been completed at this time. If' S has any of the other values: B,C,D,F,G,H, or I, 
the other Sub-Instruction(s) which these values indicate are initiated at this time. 
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(43) 
S ~ B, C, D, E, F, G, H, or I 

SEQUENCE OF EVENTS DEFINING PROGRAMMED QUANTITIES 
Instruction Word Program Step 

Place, in Register A, the 
contents of the location 
specified by U, o::r Vl ADDRESS patching 

.Shift the contents of Regis-
ter A in accordance with the contents of the U-

section of the Shift 
Revolver, or v1 SHIFr patching 

Place, in Register B, the 
contents o:f the location 
specified by V, or V 2 ADDRESS patching 

Shift the contents of Reels-
ter B in accordance with the contents of the V-

sect:1.on of the Shift 
Revolver, or v2 SUIFr patching 

Multiply the contents of Regis-
ter A by the contents of Regis-
ter B; determine the slgn of the 
product in the usual algebraic 
mu.ru1er; form a 22-character pro-
duct as follows: PR : 43 PROCESS to XSL C patching 

form the sign of the product 
and the 11 lower-order digits 
of the product in Register D; 

form the sign of the product 
and the 11 higher-order digits 
of the product in Regiater C 

i----m--- ---1---· 
Determi:ne that checking is not to S muat not have 
be suppressed in this instruction one of the foll-

owing valuesz B, 
C ,D,I~,F 1 G1 H1 or I 

t--· 
Store the contents of Re~ister D 
at the location specified by W, or R ADDRESS patching 

Check the multiplication 

Initiate Sub-Inatruction(s) or 
Sub-ste:p( a) in accordance with s, or- STEP OUT patching 

i;...__. ·~----M--~--..., 
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SEQUENCE OF EVENTS 

Place, in Register A, the 
contents of the location 
specified by 

Slrlft"the contents of Regis-
ter A in accordance with the 

Place, in Register B, the 
contenta of the location 
apecif ied by 

Shift the contents of Regio-
ter B in accordance with the 

Multiply the contents of Regis-
ter A by the contents of Regis-
ter B; determine the sign of the 
product in the usual algebraic 
manner; form a 22-character 
product as follows: 

form the sign of the pro-
duct and the 11 lower-order 
digits of the product in 
Register D; 

fonn the sign of the pro-
duct and the 11 higher-
order digits of the pro-
duct in Register c. 

Determine that checking is to be 
_suppressed in this insti·uction. 

Shift the contents of RC and RD~ or 
RC only, in accordance with the 

Store the final contents of Re~is-
~at· the location specii'ied by 

Initiate Sub-Inatruction(s) or 
Sub-Step(s) in accordance with 

-

MULTIPLY, STORE UPPER 
MU 

(44) 
S = B, C, D, E, F, G, H, or I 

DEFDUNG PROGRAMMED QUANTITIES -Inatruc·tdon Word Program Step 

u, or v1 ADDRESS pa.tchtng 

contents of the 
U-aection of the 
Shift Revolver 1 or----< f--Vl SHIFT patchinr, 

V, or V2 ADDRESS patching 

contents of the 
V-oection of the 
Sh:l.ft Rovol ver / or V2 SHIFl' patching 

PR • hl~ PROC to XSU NC patching 

S must have one of 
the following values: 
B,C,D,E,F,G,H, or I 

- contents o:f the 
w-section of the 
ahift R wol ver / or R SIIIF'.r patching 

W, or R ADDRESS patching 

S*, or STEP OU!' pa.tchtng 

*!£ S ~ E, the only Sub-Instruction (Suppress Check) specified by this instruction has 
alPeady been completed at this time. If S has any of the othe~ values: B,C,D,F,G,H, or I, 
the other Sub-Instruction(a) which these values indicate are jnit1ated at this time. 
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MtJL'rIPLY, STORE UPPER & CHECK 
MO 
{44) 
s:t:a,c,D,E,F.,G,H, or I 

SEQUENCE OF EVENTS 

F2ace, in Register A, the 
contents of the location 
specified by 

Ea-dft 'the contents of Regis-
ter A in accordance with the 

Place, in Register B, the 
contents of the location 
a;pecified by 

Shift the contents of Regis-
ter B in accordance with the 

Multiply the contents of Regis-
ter A by the GOntents of Regis-
ter B; determine the sign of the 
product in the usual. algebraic 
manner; form a 22-character pro-
d.uct as follows: 

form the sign of the pro-
duct and the ll. lQwer .. 
order digits of the 
product in Reg:l.ster D. 

form the sign of the pro-
duct and the 11. higher-
order digits of t~e 
product in Register c. 

Determine that checking is not 
to be suppressed in this 
inatruction. 

Store the contents of Re~is-
ter C at the location 
specified by 

Check the multiplica.tion 

lni tiate Sub-lnstructl on( a) 
SUb-step{a) in accord.a.nee 

or 

with 
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DEFINING PROORAMMED QUANTITIES -Instruction Word Program Step 

u, or V1 ADDRESS patching 

contents of the U-
section of the 
Shil' t Revolver 1 or v1 SHIPl' patching 

v, or V2 ADDRESS patching 

conten-t;s of the 
V-aection of the 
Shift Revolver, or V2 SlIIFr patching 

PR • 44 PHOCESS to xsu-c 
patching 

S must not have 
one of the foll-
owing values:B, 
c,n,E,F,G,H, or I 

W, or R ADDRESS patching 

. 

s, or STEP OtJI' patching 



RULES FOR MULTIPLICATION 

l· Permissible Sources for Vi and V2: 

Any Word Location in GSB, BTB, I/O, IS, or FS Tracks 
Any Field Location in GSB, BTB, I/O, IS, or FS Tracks 
Notes: if a Field greater than 12 characters is referred to only the 

lower-order 12 characters of the Field are acquired; 

if a Field less than 12 characters is referred to, the Field 
is loaded into the lower-character positions of the arithlnetic 
register(s) involved (HA, RB) and the higher-order character 
positions of the arithmetic register are padded with Space 
codes. 

BA, RB, RC, RD, or IRVc 

GSAR If GSAR, PAK, or CDR are specified as Sources, a plus { 6. ) 
sign is automatically generated and sent as the lowest-order 

PAK character of v1 or v2• The contents of GSAR, PAK or CDR are 
then loaded into the arithmetic register(s) involved {RA, HB) 
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 Location in GSB, BTB, I/O, FS, or IS Tracks 
Any Field Location in GSB, BTB, I/O, FS, or IS Tracks 
Notes: if a Field greater than 12 characters is specified, the con­

tents of the Source of the result (RD or RC) is loaded into 

HA, HB, 

GSAR 

PAK 

CDR 
The entire 

Notes: 

the lower-order character positions of the Field Location and 
Space codes are padded into the higher-order character positions; 

if a Field less than 12 characters is specified, only the 
lower-order characters in the Source of the result are sent 
to the Field Location. 

RC, RD, IRVn, or SRV If RA or RB are used as a Destination for 
H, and a check is programmed an AIUTimlETIC CHECK EIUWR will occur. 
I:f GSAR, PAK, or CDR are specified as a Destination, the sign 
in the arithmetic register that is the Source of the result 
and a number of characters equal to the capacity of GSA.R, PAK 
or-coR are sent to these locations. As the highest-order 
character transmitted is shifted into these locations, the 
sign is shifted off the right end. 
contents of a buffer or track (Z-address) must not be specified. 
In ML, the result is stored only from RD. 
In MU, the result is stored only from RC. 
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3. 

4. 

5. 

6. 

;RULES FOR MULTIPLICATION (Continued) 

It RC or RD is used as a Destination and it is also the Source 
of ·the result, in any Multiply instruction for which checking 
has been programmed, :no result is stored.* This is due to the 
tac~ ·that checking takes place subsequent to the storage of 
the result, and the contents of RC and RD are destroyed during 
the check. (Both RC .and RD contain - 0 after a Multiply check.) 
In ML if the result 1~ stored in RC, or if in MU the result is 
stored in RD, an ARITHMETIC CHECK error, described in Rule 3, 
occurs ; and no result is permanently stored. 

J:n Multiply instructions any type of shift for v1 and v2 can be programmed 
and these shifts are perf'ormed in the same manner as in any other 
instruction. If a check is not programmed, R can be programmed for shifting. 
When right or left shifts are programmed for R, RC and RD shift as one (22-
character) register. When a right end around shift is programmed for R, 
only the re9ister from which R is stored is shifted. If a check is also 
programmed, an AIUTHMETIC CHECK ERROR occurs: computer operation stops im­
mediately, the AlUTIIMETIC CHECK ERHOR hubs emit, and the "check" error is 
indicated. 

J:n all Multiply :instructions, the arithmetic section recogn:tzes only the 
excess-three bits of the characters in V, and v2, and forms only digits 
0-9 in the Result. If alp~ characters with the same excess-three bits 
as the digits 0-9, therefore, are used in v1 and v2, they are treated 
eLs if they were "their digit equivalent in excess-three code. Alpha 
characters other than those with the same excess-three bits as the digits 
0-9 will cause an invalid (meaningless) multiplication to occur; such 
characters should never be used. 

All characters i.n the Sign Position of v1 and v2, except -, are plus 
signs; only - is negative. The Sign of the Result is determined in the 
usual algebraic manner as follows: 

Sign of v1 = any character any character 
but - but - - -

Sign of V2 = any character - any character 
but - but - -

Sign o:f' Result= ti - - ti 

The magnitude of the Result is simply the ~roduct of the absolute values 
()f v1 and v2 • Since RC and RD act as one {22-character) register in 
Multiply instructions, no "overflow" can result. The computer treats v1 
and V2 as integers and forms an integer for the Result. Any decimal 
c:onnotation for machine numbers is strictly a programming matter. When 
decimal numbers are multiplied, the number of decimal places in the Result 

* That is, permanently stored 
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RULES FOR MULTIPLICATION (Continued) 

is, of course, the sum of the decimal places in v1 and V2• If it is 
desirable to have a particular number of decimal places in the Result, 
appropriate shifts for V1, V2, and/or R mu$t be programmed as required. 

7. The Sign of the Result and the 11 lower-order characters of the Result 
(product) are formed in RD; the Sign of the Result a.nd the 11 higher­
order characters of the Result (product) are formed in RC. To illustrate 
this, a few (types of) products are listed on the next page. 

8. The Value Vi in RA is the multiplicand; the value V2 in RB is the 
multiplier. The sum of the values of the digits in the multiplier 
determines how many times the basic cycle in the Multiply algorithm is 
carried out. See .588 (m11+m10+ ••• +m1) in OED cycle for Multiply 
p~ 'Cesses. To speed up programs, that quantity the sum of the values of 
wh~'e digits is the least should be programmed for v2, wherever possible. 

9. The mtiltiplica.nd and multiplier are left undisturbed in RA and RB, 
respectively, at the conclusion of all Multiply instructions. As noted 
above, if checking is programmed RC and RD=o= -0 after the check. 
If no check is programmed RC and RD retain the same product they stored 
at OED 10 time. 

10. Setting of Branch Storage by MuJ.tiply Instructions 

Sign of R Setting of Branch Storage 

(R:;i:O) fl + 

(R:;i:O) - -
(R=O) fl or - o* 

*Branch Storage is set to 0 at OED 7 time. If R= 0 is detected, no+ or -
setting is given Branch Storage. 
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Register C Rejfster D 
111110191 s 11161514131211 I s I 1111101918 7161514131211 Is I 

I1 E O; v! = Q <v1 and v!! have unlike SiG§l 

R = -o 181818181~18181~18101-J lololololololololololol-] 
v1 i a: v2 = o Cv1 and v2 have like Signal 
R = +o 1818181816JP.~18~j8~181~8,~ol~al lololololololololololol8J 
:V:1 = O; V 2 = 185 Cv, . and V! haxe unlikg Siau•} 

a= -o ~W~~.__....181~8lo-lo-lo-l-I !ololololololololololol-1 
I,-7..2; V

2 
= 87654321 CV1 and v2 baye JJ.ke Siena) 

R = +o [818181oloElolololololill lo!olololololo!ofo(ifr'~_I 
4-:::_1_234567+& V2 = 123-

R ~ o, and number ot 
digits in product < 11 
V1 = 7:.Z77777+; v 2 = 6666± 

R # O, and numbe~ ot 
digits in product = 11 

k-:=.-2999992990+.l Va = 9992999990+ 

R # o, and a 22-digit [919191919E1919191sloj8) !ojojojojoiolojoj1/o/of81 
product is f'ormed 

If' u and v represent the number of digits in V1 and V2, respectiYely, 
after any shifts that may have been programmed for V1 and V2 have 
been carried out, then u+v or ~+v-1 is the number of' product digits. 

When the product is less than 22 digits, the number of A's in the 
higher-order digit positions of RC is 11-v. (Zero is treated as a 
one-digit number it V1 or V2.) 
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OED CYCLE FOR MULTIPLY STORE UPPER, and MULTIPLY STORE LOWER 
(Instruction Words) 

TIMING 
OED PRINCIPAL EVENTS _(_millisecondsl 

Minimum Avera_g_e Maximum 
*O PAK+SAR .210 .44·1 .~72 
*1 Load IRVn See PB:,g_e II-229 

I--· Switch IRVTs 

2 
From OP of IRVc: .210 .441 .672 
43~PR (xSL) 44-.PR(xSU) 

value of s~SR 

3 U of IRVc-+SAR 
U of SRV-+SK 

. ....., .210 .441 .672 

l.,. Load V_i into RA See Page II-229 
**5 V of IRV c -+SAR .210 .441 .fSl 2 

Shift V1 in RA .042 (n+1) 

6 
Load V 2 into RB -- See Page II-229 
V of SRV-+SK 
Advance PAK .210 .441 .672 **7 PAK-+ SAR 
Shift V2 .042 (n ... 1) 
Load IRVn 
W of SRV~SK See P~e II-229 

**8 Multiply V1 by V2 algebrai- 1.60 + .588 (m11 + m10 + ••• m11) 
1
' cally; form the sign or the where {m11 + m1 o + • • • + m1 ) .is 
product and the 11 lower-
order digits or the product in the sum or the value of the 
RD; form the sign of the pro- digits an the multiplier(V2) 
duct and 11-higher-order 
di__g_its of the ~roduct in RC 
W of IRVc--....SAR .210 .441 .672 

**9 Shift R in RD (xSL) or in RC 
(xSU). Shirt for R is not 
permitted if checking is pro-

.042 (n+1) grammed; right end around 
occurs in register from which 
R is stored·. 

10 Store R from RD (xSL) or from See Page II-230 RC (xSU) 
11 Check the multiplication, uri.-· Check 

less S ~ B,C,D,E,F,G,H, or I. 1.00 + (m11 +·m10 + ••• m1) I 
I 

where (m11 +.m10 + ••• + m1) is the j 

value of the digits in the multi-
plier (V2) 

No Check 

:=·12 
.042 
.042 

Initiate Sub-Instruction(s) 
13 Conditional SRV Clear .042 

Set OED (See Page II-100} 

-· * Omitted if this IW is already in IRVn. 
** Times listed are simultaneous. Larger of the two determines the time 

required for this OED Step. 
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OED CYCLE FOR MULTIPLY STORE UPPER and MULTIPLY STORE LOWER 
ro1 ~am e-2._S (P St ) 

TIMING 
OED PRINCIPAL EVENTS _{_millisecondsl 

3 
V1 ADDRESS ~SAR .042 
V1 SHIFT~SK 

4 Load V1 into RA See Page II-229 

*5 
V 1 ADDRESS~ SAR .042 
Shift V1 in RA .042 (n+1) --

6 
Load V2 into RB 

See Page II-229 V2 SHIFT~SK 

7 
( Advance PAK, PAK --.. SAR)** 

.042 (n+1) Shift V 2 in RB 
(Load IRVn)** 1.60 + • 588 ( m11 + m1 o + • • •· + m1 J 

1-- ----....-------- -- - - where (mn + m10 + ••• +m1) is the R SHIFT~SK 
*8 Multiply VJ by v2; form -ule sign sum of the value of the digits in 

of the pro uct and the 11 lower- the multiplier (V2) 
order digits of the product in RD; 
form the sign o£ the product and 
the 11 highest~order digits of 
the _Qroduct in RC. 
R ADDRESS ~SAR .042 
Shift R in RD \ xSL} or in RC \ xSUJ 
(Prograrmned shift~for R not per-

*9 missible if checking is part of 
.042 (n+1) this IW; right end around shift 

takes place only in register from 
which result is stored. 

10 Store R from RD (xSL) or from 
See Page II-230 RC _(xsul 

11 Check the multiplication if the Check 
PROCESS hub is patched to either 1.00 + ( m11 + m1 0 + • • • +m1 ) 
xSL C or xSU C; do not check the 

where (m11 + m10 + ••• +m1) is the multiplication if the PROCESS hub 
is patched to either xSL NC or sum of the value of the digits in 
xSU NC. the multiplier (V2) 

No Check 
.042 

12 STEP OUT .042 Set OED (See Page II-104} 
The above notation (as V1 ADDRESS-=--SAR and V1 SHIFT-;..SK), as well as timing 
listed for setting up addresses in SAR and shi~s in SK, does not apply unless 

SAR and SK are set to an address or shift, respectively, via the plugboard. If 
data is shifted into these registers, as when the U, V, or W ADDRESS or SHIFT 
hubs are patched from a Program Step's ADDRESS or SHIFT hubs, the following 
notation and tirning_appj.y: 

Timing 
_ _____, 

For Addresses For Shifts _{_millisecondsl 
Min. I Av. l Max • 

U_,_ Vi or W of IRVc-;.SAR U_, V,. or W of SR-V __,... SK .-210 J .-441 J .672 ----
* Times listed are simultaneous. Use shifting time for this .OED.. Step if n 

(number of places shifted)#O. 
** These operations are performed only if this f~ograrn Step is the first in a 

Transcop sequence. For timing see OED 7-8 of? CED cycle for corresponding 
Instruction wor1.i. Apply * when these operatidns occur. Use time listed for 
this OED Step when these- operations de no-t oeeur. 
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DIVIDE, STORE QUOTIENT 
DQ 
(48) 
S = B, C, D, E, F, G, H, or I 

SEQt1ENCE OF EVENTS 

~· 

Place, in Registers A and c, the 
contents of the location 
specified by 

Shift the contents of Regis-
ters A* and C in accordance 
with the 

Place, in Register B, the 
contents of the location 
speoitied by 

Shift the contents of Regis-
ter B in accordance with the 

1--· 
Divide the contents of Regia-
ter A by the contents or·itegis-
ter B; detennine the sign of the 
quotient in the usual algebraic 
manner; and form a quotient and 
remainder as follows: 

form the quotient in Regis-
ter D (up to 11 characters 
and the correct sign); 

form the remainder in Regis-
ter C (sign of remainder 
swne as sign of dividend) 

Detinmine that checking ie to be 
suppressed in this instruction. 

Shift the contents of Reli!jiater D 
in accordance with the 

I-· 

Storti the final contents of 
Regis~ at the location 
specified by 

1---

In1 til!\te Sub-Instruction( a) or 
Sub-Step(s) in accordance'with·--

....__. 

DEFININO PROGRAMMED QUANTITIES 
Instruction Word Program Step 

u, or V1 ADDRESS patching 

contents of the 
U-aection of the 
Shift Revolver, or V1 SHIFT patching 

V, or ! V2 ADDRESS patching 

contents of the 
V-aection of the 
Shift Revolver, or v2 SHIFT patching 

PR = 48 PROCESS to ... SQ NC . 
patching 

S must have one of 
the following values: 
B,C,D,E,F,G,H, or I 

contents of the 
w-section of the 
Shift Revolver, or H SHIFT patching 

W, or R ADDHESS patching 

--1 t-·--- G**, or fJI'li!P OUT patching __ .......... __ 
* Regit.1ter A is not actually shifted. See HULES Ji'OH DIVISION 
**If S: E, the only Bub-Instruction (Suppress Check) specified by this instruction has 
already been completed at this time. If 8 has any of the other values: B,C,D,Ii"',G,II, or I 
the other Sub-Instructions which these values indicate are initiated at this time. 
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SEQUENCE OF EVENTS 

Place, in Registers A and c, the 
contents of the location 
speci:fied by 

Shift the contents of Regis-
ters A* and C in accordance 
with the 

Place, in .Register B, the 
contents of the location 
specified by 

Shift the contents of Regis-
ter B in accordance with the 

Divide the contents of Regis-
ter A by the contents of Regis-
ter B; determine the sign of the 
quotient in the usual algebraic 
manner; and form a quotient and 
remalnder as follows: 

fonn the quotient in Regis-
ter D (up to 11 characters 
and the correct sign); 
form the remainder in Regis-
ter C (sign of remainder 
same as sign of dividend) 

Determine tlul.t checking is not to 
be suppressed in this instruetion. 

Store the final contents of Ref.Sia-
~ at the location specified by 

Check the Division 

IniUate Sub-Instruction(a) or Sub-
Steil( s) in accordance ·with 

DIVIDE, STORE QUOTIENT & CHECK 
DQ 

(48) 
S ;f B, C,D,E,F ,G,H, or I 

DEFINING PROGRAMMED QUANTITIES 
Instruction Word Program Step 

U, or V1 ADDRESS patching 

contents of the 
u-aection of the 
Shift Revolver, or v1 .SHI?l' patching 

V, or V2 ADDRESS patching 

contents of' the 
v-section of the 
Shift Revolver, or v2 SHIFT patching 

PR : 48 PROCESS to • SQ C 
patching 

S must not have 
one of the foll-
owing values: B, 
C,D,E,F;G,H1 cr I 

W, or R ADDRESS patching 

S, or STEP our patching 

* Reg~ster A is not actually shifted, See RULES FOR DIVISION 
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DIVIDE, STORE REMAINDER 
DR 
(49) 
S =B,C,D,E,F,G,H, or I 

SEQUENCE OF EVENTS 

Place, in Register A and c, 
the contents of the 1 location 
specified by 

Shift the contents of Regis-
ters A* anJ. C in accordance 
with the 

Place, in Register B, the 
contents of the location 
apeci.fied by 

Shift the contents of Regis-
ter B in accordance with the 

Divid.t.: the contents of Reeis-
ter A ·by the contents of Regis-
ter B; determine the si~ of 
the quotient in the usua.l 
algebraic manner; and form a 
quotient and remainder as follows: 

:form the quotient ln Regis-
tt~r D (up to 11 characters 
and the correct sign); 
form the remainder in Regis-
tar C {sign of remainder 
sane aa sign of dividend.) 

Determ:l.ue that checking is to be 
suppressed in this instruction. 

Shift. the contents of fa~c;is-
~ in t\ccordance with the 

t--· 
Store the final contentD of 
Register C a;~ the location by 

Initiate Sub-Inatruction(s) or 
Sub-Step(u) in aocord.aoce with 

-
DEFINING PROGRAMMED _5iUANTITIES 

Instruction Word Program Step 

-U, or V1 ADDRESS patching 

contents of the 
U-section of the 
Shift Revolver, or V1 SHil"'T patching 

V, or v 0 ADDHESS pa tchi:ng 
.:; 

contents of the 
V-section of the 
Shift Revolver, or v2 SHIFT patchin~ 

PR = 49 PROCESS to I SR NC t 

patching 

S muot have one of 
the following values: 
B,C,D,~,F,G,H, or I 

contents of the 
W-section of the 
Shift He vol ver, or R SHIFT Jlatching 

W, or R ADDHESS patching 

S**, or STEP our patching 

* Rt:gioter A is not actually ahifted. See RULES FOR DIVISION 

**"If S z:; E, the only Sub-Instruction (Suppress Check) specified by this instruction has 
already been completed at this time. If S has a.ny of the other vulues: B,C,D,F,Q,H, or I, 
the other Sub-Instructions which these valuea indicate a.re initiated at thie time. 
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' 

SEQUENCE OF EVENTS 

Pla.ce, in Register A and c, 
the contents of the location 
specified by 

Shift the contenta of Regis-
ters A* and C in accordance 
with the 

Plo.qe, in Register B, the 
contents of the location 
specified by 

Shift the contents of Ree;la-
ter B in accordance with the 

Divide the contents of Regis-
ter A by the contents of Regis-
ter B> determine the sign of 
the quotient in the usual 
algebraic manner; and form a 
quotient and remainder as 
follows: 

form the quotient in 
Register D (up to 11 
~haracters and the 
correct sign)J 
form the remainder in 
Register C {sign of 
remainder same as 
sign of dividend) 

Determine that checking is 
not to be suppressed in this 
instruction. 

Store the final conte.ii:ts of 
He(?ister C at the location 
specified by tho 

Check the division 

In.ltiate Sub-Instru.ction(a) or 
~Ju1)-step( a) in accordance with 

DIVIDE, STORE REMAINDER & CHECK 
DR 

(49) 
8¢ B, C,D,E,F ,G,H, or I 

DSFINING PR<XJRAMMED QUANTITIES 
Instruction· Word' Progrom Step 

U, or V1 ADDRESS patchinB 

contents of the 
u-section of tho 
Ea1ift Revolver, or V1 SHIFI' patching 

V,. or V2 ADDRESS patching 

contents of the 
v-section of the 
Shift Revolver, or v

2 
SHIFI' patching 

PR • 49 PROC to t SR C patching 

S must not have 
one o:f the :follow-
ing vo.lues: B,C,D, 
E,F,G,H, or I 

W, or R ADDRESS patching 
--< 

s, or STEP OUT patching 
. ..--J 

·M- Hegiater A is not actually shifted. See RULES 'F'OH DIVISION 

II-185 



RULES FOR DIVISION 

1. Permissible Sources for v1 and v2 : (v1 is placed in both RA and RC. 
See Rule 3.) 

2. 

~ Word Location in GSB, BTB, I/O~ IS, or FS Tracks 
~ Field Location in GSB, BT.B, I/O, IS, or FS Tracks 
Notes: if a Field greater than 12 characters is referred to only the 

lower-order 12 characters of the Field 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, RC, RB) and the higher-order char­
acter positions of the arithmetic register a.re padded with 
Space codes. 

HA, RB, RC, RD, or IRVc 

OSAR 

PAK 

If GSAR, PAK, or CDR are specified as Sources, a plus (fl ) 
sign is automatically generated .and sent as the lowest-order 
character of v1 or v2 • The contents of GSA.R, PAK or CDR are 
then loaded into the arithmetic register(s) involved (RA, RC, 
RB) and the required number of Space codes are padded into 

GDR the higher-order character positions. 
The entire contents of a buffer or ·track (Z-address) must not be specified. 
Permissible Destinations for R: 

!.\N._ Word Location in GSB, BTB, I/O, FS, or IS Tracks 
Any Field Location in GSB, BTB, I/O, FS, or IS Tracks 
Notes: if a Field greater than 12 characters is specified, the con­

tents of the Source of the result (RD or RC) is loaded into 

HA, RB, 

C;$AR 

PAK 

GDR 
The enti e 

Notes: 

the lower-order character positions of the Field Location and 
Space codes are padded into the higher-order character positions; 

if a Field less than 12 characters is specified, onl.y the 
lower-order characters in the Source of the result are sent 
to the Field Location. 

RC~ RD, IRVnl or SRV If RA or RB are used as a Destination for R, 
!!!f!. a check 1s programmed an ARITHMETIC CHECK.ERROR will occur. 
If GSAR, PAK, or CDR are specified as a destination, the sign 
in the arithmetic register that is the Source of -the result 
and a number of characters equal to the capacity of GSAR, PAK 
c;r-cDR are sent to these locations. As the highest-order 
character transmitted is shifted into these locations, the 
sign is shifted off the right end. 

contents of a buffer or track (Z-address) must not be specified. 
In DQ, the result (quotient) is stored only from RD. 
In DR, the result (remainder) is stored only from RC. 
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RULES FOR DIVISION (Continued) 

If RC or RD is used as a Destination and it is also the Source 
of the result in any Divide instruction for which checking has 
been programmed, no resUlt is stored~ This is due to the fact 
that checking takes place subsequent to the storage of the 
result, and the contents of RC and RD are destroyed during 
the check. In DQ if the result is stored in RC, or if in DR 
the result is stored in RD, an ARITHMETIC CHECK.ERROR~ 
described below in Rule 3,R Shifts, occurs. (In these cases, also, 
no result is permanently stored.) 

All v1 shif'ts in a Divide Instruction, regardless of"vhether they are 
programmed as Left, Right, or Right End around are treated as left 
shifts by the computer. A shift, any type, can be programmed for V2 
or R. However, the following factors usually determine what shifts 
are programmed: 

(a) Number of digits in the Quotient 

If u = number of digits in v1 , and 
v = number of digits in v2 (after shifting, if any V2 shifts 

are programmed) , and 
n = number of programmed shifts for v1; 

then Q • u-v+n+l is the number of digits (sign excluded) in 
the quotient. 

If Q .> 11 is detected by the arithmetic section, the di vision 
is not performed and a DIVIDE OVERFLOW error occurs: computer operation 
stops immediately, the + OVERFLOW hubs on the Program Control Plugboard emit, 
and the "overflow" condition is indicated. 

I:f' Q = ( u-v+n+l) < l is detected, the machine cannot divide 
Vi by V2• This situation is described as "Divide Underflow". It does not 
cause an error; however, no division is performed. To insure that a correct 
"result" is obtained in this situation, v1 is always placed in RA and RC in 
a Divide instruction; a.nd the programmed shifting for v1 is carried out in 
RC at v1 Shift time. When Q < 1 is detected at process time, then, the 
correct remainder (i.e., the shifted dividend, or the dividend if no shifting 
is programmed) is already in RC. RD is sent Zeros (and the zero "quotient" 
is plus or minus in accordance with the algebraic sign rules for division). 

(b) Number of decimal places desired in Quotient 

As in all other operations, the machine treats V1 and V2 as 
integers. Any decimal connotation is strictly a matter of programming. If no 
v1 or v2 shifts are programmed, the number o:f' decimal places in the quotient 

* That is, permanently stored. 
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RULES FOR DIVISION (Continued) 

is the number of decim.a.1 places in the dividend (v1 ) minus the number of 
decimal places in the divisor (v2 ). This can be ex.pressed in equation form 
as 

Rd = vld - v2d 

where Rd = the number of decimal places in the quotient 
Vld = number of decimal places in v1 
v2d =number of decimal places in v2 . 

However., if desirable, a. 1>articular ·number of decimal places in 
the ~uotient can be programmed provided the basic rule that Q must be ~ 11 is 
observed. The procedure to follow in determining the v1 and/or v2 shifts 
necessary ·to obtain a quotient with a :particular number of decimal places is 
shown on the next. Page.. The number of decimal places in the remainder is 
always the same as the number of decimal places in the original v1 (dividend). 

R Shifts 

If a check is progra.nnn.ed, a shift for R must not be programmed. 
If it is, an ARITHMETIC CHECK error occurs: computer operation stops innne­
diately, the .ARITHMETIC CHECK ERROR hubs em.it, and the "check" error is 
indicated. 

4. In all Divide inst:ructions, the aritbmeti:c section recognizes only the 
excess-three bits of the characters in v1 and v2, and forms only digits in 
the quotient and remainder. If' alpha characters with the same excess-three 
bits as the digits 0-9, therefore, a.re used in v1 and v2 they are treated as 
if they were their digit equivalent i·n excess-three code. Alpha characters 
other than those with the same excess-three bits as the digits 0-9 will cause 
an invalid (meaningless) division to occur; such characters should never be 
used.* 

5. Al]; characters in the Sign Position of v1 and v2, except -, are plus signs; 
only - is negative. The Sign of the quotient is determined in the usual 
algebraic manner as follows 

Sign of V. any character any character 
{dividend1 but - but - - -

~t--· --
Sign of v2 any character any character 
(divisor) but - - but - -

1---· 

Sign of Quotient A - - A 

* only o,6,-, and i are regarded as non-significant in that portion of the divlde 
algorithm wherein t~e operands are normalized. Among other things this means 
that ";",")", and "-1· 11 although they have the same excess-three bits as the digit 
0 will be significant and stop the normalize operation when they are detected .. 
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Program the following shifts 

V1 v 2 

When [nd-(v1d-v2d)] is Type Number Type Number 
of of o:f o:f 

Shift Places Shift Places 

{a} positive a.nd < 12 Left* I Rd-(V1d-V2d>t none none 

{b) positive and ~ 12 Left* 11 Right** [Rd-(V1d-V2d)] -11 

{c) minus none none Left*** IRa.-~d-v2d)I 
--::-

* Programmed left shifts of ~1 in the Divide instruction are not actually 
performed in RA; the effect ora programmed Vi left shift in the Divide 
algorithm is to increase the magnitude of the dividend {i.e., the higher­
'order digits in v1 are not lost or disregarded, but v1 is "made larger"). 
The "u" portion or the "U" section of the shift revolver is ignored when 
shifting the Vi operand in a Divide operation. V1 is always shifted left 
xx places. 

** Note here that signi:ficance is lost in v2 (i.e., the lower-order digits in 
RB are shifted out and lost). 

*** A right shift of R {same number of places) can be used, as an alternate 
shift, provided checking is not programmed. 

Examples 

Rd Vld V2d [Rd-(V1d-V2d)] = Programmed Shifts 

(a) 2 2 1 [2-(2-1 >] = 1 v1 left shift of 1 

(b) 6 1 8 [6-(1-8 >] = 13 v1 left shift of 11 
V2 right shift of 2 

(c) 3 6 2 [ 3-( 6-2 >] =-1 V2 left shift of 1 
or 

R right shift of 1 if' check is 
not programmed. 
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RULES FOR DIVISION (Continued) 

The Sign of the remainder is always the Sign of the dividend {v1 ). 
Sign of v1 is any character but -, the Sign of the remainder is b. • 
Sign of v1 is .... , the Sign of the remainder is - . 

6. Magnitude of Quotient and Remainder 

If the 
If the 

Normal Division Division by Zero Divide "Underflow" 

Magnitude 
of the 
Quotient 

Magnitude 
of the 
Remainder 

Q = u-v+n+l > 1 
but ~ 11 

The number of 
integral times the 
absolute magnitude 
of the divisor (v2 ) 
is contained in 
the absolute value 
of the dividend 
(V1)· 

Note: if v1 = O, 
the magnitude of 
the quotient is O 

Iv ii- I c Q x v 2 >I 

Note: if V~ = o, 
the magnit de of 
the remainder as 
well as that of the 
quotient=O 

v2 = 0 Q = u-v+n+l < 1 

Zero Zero 

Absolute magnitude 
Zero of the dividend ( v

1
) 

7. At the conclusion of all Divide instructions, the dividend and divisor are 
destroyed in RA and BJ3, respectively. If a check is programmed; the contents 
of RC (remainder) and RD (quotient) are destroyed. If a check is not pro­
grammed the contents of RC and RD are the same as they were when the resu.lt 
was stored. (See also Rule 9) 
8. Setting of Branch Storage by Divide instructions. (Determined by Quotient) 

~ 
of R Setting of Branch Storaae 

+ 

- -

The conditions QUotient = 0 and QUotient # 0 are not detected in connection with 
the setting of Branch Storage. Branch Storage is always set to + or - after a 
Divide instruction. 
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RULES FOR DIVISION (Continued) 

9. If the Quotient is less than 11 digits and Sign, the higher-order digit 
positions in RD are filled with Zeros. 

The composition of RC at the end of a division is determined as foll.ows: 

The remainder digits are located in the lower-order 
digit positions of RC. The higher order digit positions 
of RC contain Space Codes. (These are placed in RC when 
the remainder is shifted right to get it in correct posi­
tion at the end of the divide algorithm. The number of 
Space codes is 11 .. u-n.) The other (intermediate) digit 
positions of RC are filled with Zeros. 
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OED CYCLE FOR DIVIDE, STORE QOOTIENT and DIVIDE, STORE REMAINDER 
(Instruction Words) 

OED PRINCIPAL EVENTS TIMING 
(Milliseconds) 

. Minimum Averae:e 1Maximum 
*a PAK~SAR .210 .441 T .672 
*1 Load ffiVn See Page II-229 

Switch mv's 
2 From OP of ffiVc: .210 .441 .672 

48..._PR (+SQ) 49...,PR (.;.SR) 
value of S_..SR 

3 U of IR.¥:c:_-.SAR -- .210 .441 .672 U of SRV-..SK 
4 Load Vl into RA .!ill! RC See Page Il-229 

**5 V of mvc----sAR .210 .441 .0?2 
Shift v1 in RC .042 \n+fJ 

6 
Load·v2 into RB 

See page :tI- 229· v of SRV-..sK 
Advance_f_AK I **7 PAK-..sAR .210 .441 µ 
Shift v2 in RB .042 · (n+1 
Load IRVn See· Page II-229 W of SRV__..SK 
Divide V1 by V2 algebraically; 

8 form the quotient (with proper 
sign) in RD; See Page II-194 
form the remainder (with sign 
of V1) in RC. 
W or mvc----SAR .210 I .441 I .672 
Shift R in RD \fSQ) or in RC 

**9 (+SR) (Programmed shift for R .042 (n+1) not permissible if checking is 
1-----~P.art of this IW.) 

10 Store R from RD (fSQ) or from See Page II-230 RC (fSR) 
Check 

1i Check the division unless ;1.6 + .042 (11-v-n) + .588 (qu-v+n+1 + 
S = B,C,D,E,F,G,H, or I. qu-v+n + • 

12 
Initiate Sub-Instruction{s} 

13 Conditional SRV Clear 
Set OED \See Page II-100) 

Omitted if this IW is already in IRVn. 
** Times listed are simultaneous. Larger of 

the two determines the time required for 
,;this OED Step •. 

• • ... q1) 
No Check 

.042 

.042 

.042 
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OED CYCLE FOR DIVIDE, STORE QUOTIENT and DIVIDE, STORE REMAINDER 
.(Program SteRs l 

TIMING 
OED PRINCIPAL EVENTS _{milliseconds} 

3 
V 1 ~DRESS~ SAR 

.042 V1 SHIFT~SK 
4 Load V1 into RA and RC See Page II-229 

*5 
V2 ADDRESS•SAR .042 
Shift v1 in RC .042 (n+1) 

6 
Load V2 into RB 
V2 SHIFT~SK See Page II-229 

7 
_!_A~v~ce _r!•_P~-sARJ~ ______ 

Shift V2 . n RB .042 (n+1) 
{_Load IRV!!)** 

1-- ----; ---------------! R SHIFT~SK 
8 Divide V1 by V2 algebraically; See Page II-194 

form the quotient (with proper sign) 
in RD; form the remainder (with 
sign of Vj_) in RC. 
R ADDRESS ~ SAR .042 
Shift R in RD \ +S.Q) or in RC \+SRJ 
(Progra:rrnned shift for R not per- .042 (n+1) missible if checking is part of 
this IW.) 

10 Store R from RD (+SQ) or from See Page II-230 
RC (+SR). 
Check the division if the -P-R-UCESS ~hec.K 

hub is patched to either ~ SQ C or 1.6 +· .042 (11-v-n) + .588 
11 + SR C; do not check the di vision if (qu-v+n+1 + qu-v+n + • • • + q1) 

the PROCESS hub is patched to No Check either ~ SQ· NC or ~ SR NC .042 . . 
12 STEP OUT .042 Set OED Isee Page II-104) 
Note: The above notation as V ADDRESS~ SAR and V SHIFT ~SKJ as well 

the timing listed f~r setting up addresses in
1

SAR and shifts in SK, 
does not apply unless SAR and SK are set to an address or shift, 
respectively, via the plugboard. If data is shifted into these re­
gisters, as when the U, v, or W ADDRESS or SHIFT hubs are patched 
from a Program Step's ADDRESS or SHIFT hubs, the following notation 

as 

and timing apply: 
Timing 

For Addresses For Shifts (milliseconds) 
Min. I Av. I Max. 

u, v. or W of IRVc-;. SAH U, V, or W of SRV-;.o SK .210 l .441 I ,.1J72 

* Times listed are simultaneous. Use shifting time as the time for this 
OED Step if n (number of places shifted) 1 o. 

** These operations are performed only if this Program Step is the first in 
a Transcop sequence. For timing see OED 7-8 of OED cycle for corresponding 
Instruction Word. Apply * when these operations occur. Use time listed 
for this OED Step when these operations do not occur. 
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TllHNG (MILLISECONDS) 
DIVIDE STORE QUOTIENT and DIVIDE STORE REMAINDER 

INSTRUCTION WORDS and PROGRAM STEPS 

u = the number of digits in v1 
v = the number of digits in v2 (after shifting) 
n :::: the number of programmed shifts for Vl 

(u-v+n+1) = the number of digits in the quotient 
qu-v+n+1 = the highest order digit of the quotient 

qu-v+n = the second highest order digit of the quotient 
q1 = the lowest order digit of the quotient 

(qu-v+n+1 + qu-v+n + • • • + q1 = the sum of the valne of the digits in 
the quotient 

Normal Division: .042 (26-u-v) + 1.2 (u-v+n+1) + .462 - .042v + .588 
(qu-v+n+1 + qu-v+n ••• + q1) 

Divisor (V2) :: O: 1.092 

Dividend (V1) = 0: 1.596 - .042v 

Divide Overflow: .042 {26-u-v) 

(u-v+n+1) <1: .042 (26-u-·v) + • 504 
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SEQUENCE OF EVENTS 

Place, in Register A, the 
contents of the location 
specified by 

Shift the contents of Regis-
ter A in accordance with the 

Place in Register B, the 
contents of the location 
specified by 

Shift the contents of Regis-
ter B in accordance with the 

Right end arotmd shift Regis-
tere A and B; beginning with 
the sign position, examine each 
of the 12 characters of the 
word V2 held in Register B: 

it a V2 character 1B a 
Zero or a Space code, 
transmit the correspond" 
ing V1 character to a 
correspondingly signifi-
cant character position 
in Register C and D; 

if the V2 character is not Zero 
or Space, transmit an 
Ignore code to the corre-
spond.ingly significant 
character position in 
Register C and D. 

Shift the contents ot Register 
D in accordance with the 

Store the final contents of 
Register D at the location 
specified by 

Initiate Sub-Instruction(s) 
or Sub•Step(s) in accordance 
with 

MASK TRANSFER 
MK 

(42) 

DEFINING PROGRAMMED QUANTITIES 
Instruction Word Program Step 

U, or V1 ADDRESS patching 

contents of the 
U-section of the 
Shi~ Revolver, or V1 SHIF.I' patching 

v, or V2 ADDRESS patching 

contents of the 
v-section o..: the 
Shift Revolver, or V2 SHIFI' patching 

PR= 42 PROC to MK patching 

contents of the 
w-sec~ion of the 
Shift Revolver, or R SHIFT patching 

W, or R ADDRESS patching 

s, or STEP Ollr patching 
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RULES FOR MASK TRANSFER INSTRUCTIONS 

1. Permissible Sources for Vi and V2: 

Any Word Location in GSB, BTB, I/O, IS,. or FS Tracks 
Any Field Location in GSB, BTB, I/O, IS, or FS Tracks 
Notes: if a Field greater than 12 characters is referred to only the 

lower-order 12 characters of the Field are acquired; 

if a Fie+d less than 12 cbaracters is ·referred to, the Field 
is loaded into the lower-character positions of the arithmetic 
register(s) involved (RA, RB) and the higher-order character 
positions of the arithmetic register are padded with Space codes. 

RA, RB, RC, RD, or IRVc 

GSAR if GSAR, PAK, or CDR are specified as Sources, a plus ( ~ ) sign 
is automatically generated and sent as the lowest-order character 

PAK of V 1 or V 2 • 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 the higher-order character 

CD:R positions •. 
The e tire contents of a buffer or track '(Z-address) must not be specified. 

2. Permissible Destinations for R: 

An:l.. Word Location in GSB, BTB, I/O, FS, or IS Tracks 
Any Field Location in GSB, BTB, I/O, FS, or IS Tracks 
No·tes: if a Field greater than 12 characters is specified, the contents 

of the Source of the result (HD) is loaded into lower-order 
character positions of the Field Location and Space cod.es are 
padded into the higher-order character positions; 

if a Field less than 12 characters is specified, only the lower­
order characters in the Source of the result are sen1; to the Field 
Location. 

RA, RB, RC, RD, IRVn, or SRV 

GSAR if GSAR, PAK, or CDR are specified as a Destination, the sign in 
the arithmetic register that is the Source of the result 

PAK and a nwnber of characters equal to the capacity of GSAR, PAK 
or CDR are sent to these locations. As the highest-order character 
transmitted is shifted i'nto these locations, the sign is shifted 

CDR off.the right end. 
The entire contents of a buffer or track (Z-address) must not be specified. 

3. A Zero or a Space code in a V 2 character position, sign included, will causie 
the corresponding character in v

1 
to be transmitted to RD and RC.{No except:Lons, 

or special cases, as~ changed to 0 when sent to result, etce) 

4. If a v2 character position contains anything but a Zero or a Space code 
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RULES FOR MASK TRANSFER INSTRUCTIONS {Continued) 

(sign position included) an Ignore code is sent to the correspondingly­
significant character position in RD and RC. 

5. The V1 operand and the (masking) V2 operand are restored in RA, RB 
and RC respectively. 

6. Shifts, any type, can be programmed for v1 , v2, and R. 
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OED 

*O 

*1 

2 

.3 

4 
t----

**5 

6 

I'------

**7 

**8 

I----· 

**9 

10 

11 
-

12 
t--· 

13 

OED CYCLE FOR MASK TRANSFER 
(Instruction Word) 

TIMING 
PRINCIPAL EVENTS (milliseconds) 

Minimum Average Maximum 

P.AK-?-SAR .210 .441 .672 

Load IRVn See Page II-229 

Switch IRV's 

From OP ot IRVc: .210 .441 .672 
42-;..pR 

value of S -::--.SR 

U of IRV c ___,. SAR 
.210 .441 .672 

U or SRV--;;.. SK 

Load V1 into RA See Page II-229 

V of IRVc ~SAR .210 I .441 I .672 

Shift V1 in RA .042 (n+1) 

Load V2 into RB 

V or SRV~SK 
See Page II-229 

Advance PAK 

PAK~SlR .210 .441 .672 

Shift V2 in RB .042 (n+1) 

Load IRVn 

W or SRV~SK See Page II-229 

V1~ (V2 MASK)~RC and RD .6.3 

W or IRVc~SAR .210 .441 672 

Shift R in BD .042 (n+1) 

Store R from RD See P~ge II-?30 

.042 

.042 

Initiate Sub-Instruction(s) 

Set OED (See Page II-100) 
.042 

* Omitted if this IW is already in IRVn 

--

** Times listed are simultaneous. Larger of the two determines the time 
required tor this OED Step. ("n" is the number or places V1, V2, or R is shifted) 
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OED 

3 

4 

*5 

6 

7 

8 

*9 

10 
11 
12 

OED CYCLE FOR MASK TRANSFER 
. (Program Step) 

TIMING 
PRINCIPAL EVENTS (milliseconds) 

V 1 ADDRESS ~ SAR .042 

V1 SHIFT~SK 

Load v1 into RA See Page II-229 

V 2 ADDRESS ~SAR .042 
Shift V1 in RA .042 (n+1) 

Load v2 in RB 
See Page II-229 

V2 SHIFr~SK 

(Advance PAK, PAK--:;i.. SAR)** 
I- - - - - - - - - - - - - - --

Shift V2 in RB .042 {n+1) 

(Load IRVn)** 
t--- - - - - - - - - - - - - -,.-

R SHIFT~SK 
V1~ (V2 Mask)~RC and RD .63 
R. ADDRESS~ SAR .042 
Shift R in RD .042 in+1I 
Store R from RD See Page II-230 

.042 
STEP OUT 
Set OED \See Page II-104) .042 

Note: The above notation (as v1 ADDRESS~SAR and v1 SHIFI'~SK) as well 
as the timing listed for setting up addresses in SAR and shifts 
in SK, does not apply unless SAR and SK are set to an address or 
shift, respectively1 via the plugboard. If data is shifted into 
these registers, as when the U, V, or W ADDRESS or SHI.FI' hubs are 
pa~ched from a Program Step's ADDRESS or SHIFT hubs, the following 
notation and timing apply: 

Timing 
For Addresses For Shifts (milliseconds) 

MinimumlAverageTMaximum 
u, V, or W of IRVc ~SAR U, V, or W of SRV -;.SK .210 l .441 I .672 

* Times listed are simultaneous. Use shifting time as the time for this 
OED Step if n {number of places shifted) F- O. 

** These operations are performed only if this Program Step is the first 
in a Transcop sequence. For timing see OED 7-8 of OED cycle for 
corresponding ~'!lstruction Word. Apply * when these operations occur. 
Use time listed for this OED Step when these operations do not occur. 
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COMPARE 
CP 
(37) 

SEQUENCE OF EVENTS 

Place i• in Register A, the 
contents of the location 

DEFINING PROGRAMMED QUANTITIES 
Instruction Word Program Step 

specifi~d by----------1--U, or -------1--V1 ADDRESS patching 

Shift the contents of 
Register A in accordance 
with the 

Place, in Register B, the 
contents of the location 
specified by 

Shift the contents of 
Register B in accordance 
with the 

Left ~md around Shift 
Registers A and B, and on 
a bit by bit basis compare 
(highest-order character 
first) the word V1 held in 
Register A with the word 
V2 held in Register B to 
determine the relative 
magnitude of these two words: 

I:r v1 > V
2

, set Branch 
Storage 'to + 

If v1 = V2 , set Branch 
Storage 'to 0 

If V1 < v2, set Branch 
Storage to -

Initiate Sub-Instruction(s) or 

contents of the 
TI-section of the 
Shift Revolver, or ----11---V 1 SHIFI' patching 

V, or-------+--V2 ADDRESS patching 

contents of the 
V-section of the 
Shift Revolver, or-1-- v2 SHIFT patching 

PR = 37 PROCESS to COMP 
patching 

Sub-Step( s) in accordance with --1- S, or -------+-STEP OUT patching 
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RULES FOR COMPARE INSTRUCTIONS 

1. Permissible Sources for Vi and V2: 

Any Word Location in GSB, BTB, I/O, IS, or FS Tracks 
.Any Field Location in GSB, BTB, I/O, IS, or FS Tracks 
Notes: if a Field greater than 12 characters is referred to, only the 

lower-order 12 characters of the Field 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, Ril) and the higher-order chAracter 
positions of the arithmetic register are padded with Space codes. 

RA, RB, RC, RD, or IRVc. 

GSAR If GSAR, PAK, or CDR are specified as Sources, a plus ( /j, ) 
sign is automatically generated and sent as the lowest-order 

PAK character of v1 or V2· 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. The result of a Compare process is set up in Branch Storage, not stored in 
an addressable memory location. Branch Storage is set to + , o, or -
depending on whether v1 > v2 , v1 = v2 , or v1 < v2 • See Rule 7 below. 

3. I:f a character in V1 or v2 is an Ignore code, comparison is suppressed for 
that character position. 

4. Each of the sets of values for V1 and V2 listed in the :following table are 
not compared when they are detected (i.e., the effect is the same as if an 
Ignore code were in Vi or v2 ) unless a Condition Compare Sub~Step has been 
executed since the last Compare process. 

V1 = 0 /j, 0 6 

V2 = /j, 0 0 D. 

a b c d 
If a Condition Compare Sub-Step has been executed since the last Compare 
process, each of the sets of values listed above is compared. If Set a 
is detected, Vi will compare as greater than.v2 :for that character position; 
if Set b is detected, Vi will compare as less than V2; and only Sets c and 
d will compare equally. 

5. Shifts, any type, for v1 and v2 can be programmed. A progrannned shift for 
R {or an R address) is simply ignored. 

6. The v1 and V2 operands are left unaltered in RA and RB, respectively. 
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7. Setting of Branch Storage in the Compare Process 

NOTE: 

t----· 

In v
1 

and v2 in the Compare Process all characters 
except a minus sign are plus in the Sign Position. 

Branch Storage is set to: 

v
1 

and v2 have like Signs: 

lv11 > jv2j ft-) 

1v1j = jv2I (0) 

1v2l 
--f-· -

lv1j < (-) 

v1 and v2 have urtlike Signs : 

If the i- Sign is plus 
{or if is ~t 0) and 
the V2 Stgn iel :min:U:S-(but 
v2 is not - 0), then 
v1 > v2 is detected + 

t----

If VI = - O and V 2 = + o 
or v ce versa, v1 = v2 is 0 
detected 

If the V~ Sign is minus (but 
Vt is no - 0) and the v2 
S gn is plus (or if 
V 2 = ± 0), then v1 < V 2 is 
detected -

Note: In the Compare process the values in Univac code of the characters 
compared are used as the basis for the comparison of the magnitudes 
of the characters. Thus the following relationships are detected * 

DELETE>=>%>Z>Y-S>/>+>:>{3>l:> ?>*>$>R-J >)>j>">t >@>¢> 

#>I-A>;>.>, >r> ( >8> 1 >9>8-0>->6. 

* 0 and 6 do not compare except in the next compare process after a 
Condition Compare (See Condition Compare, page II-72). 
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OED 

*O 

*1 

2 

3 

4 

**5 

6 

**7 

**8 

9 

12 

13 

PRINCIPAL EVENTS 

OED CYCLE FOR COMP ARE 
(Instruction Word) 

TIMING 
(millisecondsl 

Minimum Average Maximum 

PAK~SAR .210 .441 .672 

Load IRVn See Page II-229 

Switch IRV 1s 

From OP of IRVc: .210 .441 .672 
37~PR 

value or S ~ SR 

U or IRVc~SAR 
.210 .441 .672 

U or SRV~SK 

Load V1 into RA See Page II-229 

V or IRV c -?- SAR .210 .44~ .672 

Shift V1 in RA .042 (n+1) 

Load V2 into RB 
See Page II-229 

V of SRV-?- SK 

Advance PAK 
.210 .441 .672 

PAK~SAR 

Shift V2 in RB .042 (n+1) 

Load IRVn See Page II-229 

Compare V1 and v2 and .55 
set Branch Storage 
accordingly. 

Set OED to 12 .042 

.042 

Initiate Sub-Instruction(s) 

Clear SRV .042 

Set OED (See Page II -100) 

* Omitted if this IW is already in IRVn. 

._____, 

·-

** Times listed are simultaneous. Larger of the two determines time for 
this OED Step. ("n" is the number or places V1 or v2 is shifted). 
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t----· 

1--· 

1--· 

f---· 

OED 

3 

4 

'*5 

6 

7 

8 

9 

12 

Note: 

OED CYCLE FOR COMP ARE 
(Program Step) 

PRINCIPAL EVENTS 

V1 ADDm~ss ~SAR 

V1 SHIFl'~SK 

Load v1 into RA 

V 2 ADDRESS~ SAR 

Shift Vi in RA 

Load V2 into BB 
·---I 

V2 SHIFr~SK 

(.Advance PAK, PAK~SAR)*«· 
----------------Shift V2 in RB 

~oad IRVn)** 
- ... - - - - - - - - - - - - - -

Compare v1 and v2 and set 
Branch Storage accordingly 

Set OED to 12 

STEP OUT 

Set OED (See Page II-lo4) 

TIMING 
(milliseconds) 

.042 

See Page II-229 

.042 

.042 (n+1) 
-

See Page II··229 

.042 (n+1) 

.55 

-
.042 

.042 

The above notation (as v1 ADDRESS~SAR and V1 SHIFl'-~SK), as well 
as timing listed for setting up addresses in SAR and shifts in SK, 
does not apply unless SAR and SK are set to an address or shift, 
respectively, via the ·plugboard. If data is shifted into these 
registers, as when the u, V, or W ADDRESS or SHIFT hubs are patched 
from a Program Step's ADDRESS or SHIF'l' hubs, the following notation 
and timing apply: 

-
Timing 

For Addresses For Shifts (millisecondsl 
Minimum}Average}Maximum 

ut v' or w of IRVc ~sAR u .i V L or W or SRV ~SK .210 l .441 l .672 

* Times listed are simultaneous. Use shifting time as the time for this 
OED Step if n (number of places shifted) F. o. 

** These operations are performed only if this ~rogram Step is the first 
in a Transcop sequence. For timing see OED 7-8 of OED cycle for 
corresponding Instruction Word. Apply * when these operations occur. 
Use time listed for this OED Step when these operations do not occur. 
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SEQUENCE OF EVENTS 

Place, in Register A, the 
contents of the location 
specified by 

Shift the contents of 
Register A in accordance 
with the 

Left shift the contents 
of Register A until the 
most significant character 
of the word held in Regis-
ter A is in Register A's 
most significant character 
position; count the number 
of shifts required to do 
this; place this count in 
Register B; and send the 
(normalized) contents of 
Register A to.Register D. 

Shift the contents of 
Register D in accordance 
with the 

Store the final contents 
of Register D at the 
location specified by 

Initiate Sub-Instruction(s) 
or Sub-Step( s) i·n accordance 
with 

'---· 

LEFT NORMALIZE 
LN 

(35) 
DEFINING PROGRAMMED QUANTITIES. 

Instruction Word Program Step 

u, or V1 ADDRESS patching 

contents of the 
U-section of the 
Shift Revolver, or V1 SHIFI' patching 

PR = .35 PROCESS to NORM 
patching 

contents of the 
W-section of the 
Shift Revolver, or R SHIFr patching 

W, or R ADDRESS patching 

s, or STEP OUT patching 
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RULES FOR LEFT NORMALIZE INSTRUCTIONS 

1. Permissible Sources for Vi: 

Ax~ word Location in ·asB, BTB, I/o, IS, or FS Tracks 
Any Field Location in GSB, BTB, I/O, IS, or FS Tracks 
Notes: if a Field greater than 12 characters is referred to only the 

lower-order 12 characters of the Field are acquired; 

if a Field less than 12 characters is referred to, the Field is 
loaded into the lower-character .PO$itions of' the arithmetic 
register involved (RA,) and the higher-order ch8racter positions 
of the arithmetic register are padded with Space codes. 

RA, RB, RC, RD, or IRVc 

G~3.AR If GSAR, PAK, or CDR are specified as Sources, a plus (~) sign is 
automatically generated and sent as the lowest-order character of 

PAK v1 .. The contents of GSAR, PAK or CDR are then loaded into the 
arithmetic register involved (RA,) and the required number of 
Space codes are padded into the higher-order character positions. 

C])R positions. 
The e tire contents of a buffer or track (Z-address) must not be specified .• 

2. Permissible Destinations for R: 

Any Word Location. in GSB, BTB, I/O, FS, or IS Tracks 
Any Field Location in GSB, BTB, I/O, FS, or IS Tracks 
Nc)tes: if a Field greater than 12 characters is specified, the contents 

of the Source of the result (RD) is loaded into lower-order 
character positions of the Field Location and Space codes are 
padded into the higher-order character positions; 

if a Field less than 12 characters is specified, onl.y the lower­
order characters in the Source of the result are sent to the 
Field Location. 

RA, RB, RC., RD, IRVn, or SRV 

GSAR If GSAR, PAK, or CDR are specified as a Destination, the sign in 
the arithmetic register that is the Source of the resul.t and a 

PAK number of' characters equal to the capacity of GSAR, PAK or CDR 
are sent to these locations. As the highest-order character 
transmitted is shifted into these locations, the sign is shift;ed 

CDR off the right end. 
The entire contents of a buffer or track (Z-address) must not be snecified. 

3. No v2 is involved in a Left Normalize process. If a v2 ado.ress or sni-rt 
i;s programmed it is simply ignored. 
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RULES FOR LEFT NORMALIZE INSTRUCTIONS {Continued) 

4. The v
1 

operand is shifted left until a character other than a Zero, Minus 
Sign, Space code, -or Ignore code is detected. The computer remembers the 
normalizing count (i.e.; the number of shifts required to do this.) 

5. The normalizing count is stored in RB as follows: Sign position of RB is 
sent a ~ 1 character position l {or character positions l and 2) are 
sent the actual normalizing count, and the higher-order stages of RB are 
all Zeros. 

6. The normalized V1 operand with plus { D.) sign is sent to RD as the result. 

7. If an operand containing nothing but Zeros, Space Codes, Ignore Codes or 
Minus Signs is normalized, a NORMALIZE OVERFLOW error occurs (the 
instruction is not completed and the NORMALIZE OVERit,LOW hub emits.) 

8. v1 and R Shifts, any type, can be programmed for this instruction. 
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OED 

1---· 

*O 

*1 
t---------1 t--

2 

-

3 

t----· 

4 
t---· 

5 
I---· 

6 

7 

1---· 

**8 

i------

**9 

10 
1---· 

11 
1----·--

12 
1-----

13 

..__. __ 

OED CYCLE FOR LEFT NORMALIZE 
(Instruction Word) 

TIMING 
PRINCIPAL EVENTS f milliseconds_l 

Minimum Average Maximum 
I 

PAK~SAR .21b .44.1 .672 

Load IRVn See Page II-229 

Switch IRV's 

From OP of IRVc: .210 .4J.,1 .672 
35-~PR 

value cf .S~SR 

U of IRVc-~SAR 
.210 .44.1 .672 

U of SRV~SK 

Load V1 into RA See Page II-229 

Shift V1 in RA .042 (n+1) 

.042 
Advance PAK 

.210 .41..1 .672 
PAK~SAR 

Load IRVn 
·-

W of SRV --311· SK See Page I I-2~~9 

Normalize V1 in RA; send a Timing dependent of size 
normalized Vl to RD; and of operand 
place normal zing count in BB 

W of -IRVc-~SAR .210 .441 .672 

Shift R in RD .042 (n+1) 

Store R from RD See Page II-230 

.042 

.042 

Initiate Sub-Instruction(s) --Conditional SRV Clear .042 

Set OED (See Page II- 100 ) 

* Omitted if this IW is already in IRVn 

** Times listed are simultaneous. Larger of the two determines time for 
this OED Step. ("n" is the number of places V1 or R is shifted). 
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OED 

.3 

4 

5 

6 

7 

8 

OED CYCLE FOR LEFr NORMALIZE 
(Program Step) 

PRINCIPAL EVENTS 

V1 ·ADDREss~.sAR 

V 1 SHIFT___..,. SK 

Load v1 into RA 

Shift v1 'in RA 

(Advance PAK, PAK~SAR)* 

(Load IRVn)* 
t-- - - - - - .. -- ... - - - - - - ·- .- ... - -

R SHIF'l' ~SK 

TIMING 
(milliseconds) 

.042 

See Page II -229 
-~ 

.042 (n+1) 

.042 

.042* 

.63 (Normalize Overflow) 

Normalize Vt in RA; send a 1.23 (Valid Normalize) 
normalized 1 to RD; and place 
normalizing count in RB 
R ADDRESS --3Jo SAR .042 

**9 
Shif't R in RD .042 (n+1) 

10 Store R from RD See Page I I -230 

11 .042 

STEP OUT 
12 .042 

Set OED (See Page II-104) 

Note: The above notation (as V1 ADDRESS ~SAR and V1 SHIFr-+ SK), as well 
as the timing listed for setting up addresses in SAR and shifts in 
SK, does not apply unless SAR and SK are set to an address or shift, 
respectively, via the plugboard. If data is shifted into these 
regbters, as when the U, V, or W ADDRESS or SHIFr hubs are patched 
from a Program Step's ADDRESS or SHIFr hubs, the following notation 
and timing apply: 

For Addresses For. Shifts 
Timing 

(millisecondsl 
MinimumlAverage}Maximum 

u, V, or W of IRVc ~SAR u, V, or W or SRV~SK .210 I .441 I .612 

* These operations are performed only if this Program Step is the first 
in a Transcop sequence. For timing see OED 7-8 or OED cycle for 
corresponding Instruction Word. Apply** when these operationsoccur. 
Use time listed for this OED Step when these operations do not occur. 

** Times listed are simultaneous. Use shifting time as the time for this 
OED Step if n ~number of places shifted) ~ o. 
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SUPPRESS LEFT ZEROS 
sz 
(29.) 

SEQUENCE OF EVENTS DEFINING PROGRAMMED QUANTITIES 
Instruction Word Program Step 

l---·-------------------------------------1--~·---··-----------------------+-----------------------------1 

Place, in Register A, the 
contents of the location 
specified tu U, or---------V1 ADDRESS patching 

1------·-----------------------------------+----~·--------------------.._------~--------------·-t 
Shift the contents of 
Register A in accordance 
with the contents of the 

U-section of the 
Shift Revolver, or---v1 SHIFT patching 

i-----·------------------------------------+-~·--·~--------------------..-.------~---------------.. 
Left shift the contents of 
Register A unti'l the 
most significant character 
of the word held in 
Register A is located in 
Register A's most significant 
character position; keep 
track of the number of shifts 
required to do this, and 
then right shift the con-
tent~ of Register A the 
same number of places, 
padding in Space codes in 
Register A's higher-order 
character positions. Transmit 
the final contents of Regis-
ter A to Register D 

PR :: 29 PROCESS TO SLZ 
patching 

1--------·--------~-------·-------------+-----.-.----------------------+----------------------------1 
Shift the contents of Register 
D in accordance with the contents of the 

W-section of the 
Shift Revolver, or---R SHIFT patching 

t----·------------------------------------+-~--·----------------------1----------------------------1 
Store the final contents 
of Register D at the 
location specified by------W, or --------1--R ADDRESS patching 

Initiate Sub-Instruction(s) 
or Sub-Step(s) in 
accordance with ----------S, or-------- STEP OUT patching 

-------·-----------------·---------------·--·---------------a.------·---------------
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RULES FOR SUPPRESS LEFT ZERO INSTRUCTIONS 

1. Permissible Sources for Vi: 

Any Word Location in GSB, BTB, I/O, IS, or FS Tracks 
Any Field Location in GSB, BTB, I/O, IS, or FS Tracks 
Notes: if a Field greater than 12 characters is referred to only the 

lower-order 12 characters of the Field 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,) and the higher-order character 
positions of the arithmetic register are padded with Space codes. 

RA, RB, RC, RD, or IRVc 

GSAR If GSAa, PAK, or CDH are specified as Sources, a plus ( l.:i) 
sign is automatically generated and sent as the lowest-order 

PAK character of v1 or v2• The contents of GSAH, PAK or CUH nre 
then loaded into the arithmetic register(s) involved (It·\,) 
and the required number of Space codes are padded into the 

CDR higher-order character positions. 
The entire contents of a buffer or track (Z-address) must not be specified. 

2. Permissible Destinations for R: 

!::El_ Word Location in GSB, BTB, I/O, FS, or IS Tracks 
Any Field Location in GSB, BTB, I/O, FS, or IS Tracks 
Notes: if a Field greater than 12 characters is specified, the contents 

of the Source of the result (RD) is loaded into lower-order 
character positions of the Field Location and Space codes are 
padded into the higher-order character positions~ 

if a Field less than 12 characters is specified, only the 
lower-order characters in the Source of the result are sent 
to the Field Location. 

The entire contents of a buffer or track (Z-address) must not 
be specified. 

RA, RB, RC, RD, IRVn, or SRV 

GSAR If GSA.R, PAK, or CDR are specified as a Destination, the sign 
in the arithmetic register that is the Source of the result 

PAK and a number of characters e~ual to the capacity of GSAR, PAK 
or-cnR are sent to these locations. As the highest-order 
character transmitted is shifted into these locations, the 

CDR sign is shifted off the right end. 
The entire contents of a buffer or track (Z-address) must not be specified. 

3· No V2 is involved in a Suppress Left Zero instruction. If a V2 address or 
shift is programmed, it is simply ignored. 

4. The Vl operand is shifted left until a character other than a Zero, Minus 
sign, Space code, or Ignore code is detected. It is then shifted back 
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BULES FOR SUPPRESS ~ZERO INSTRUCTIONS (Continued) 

the same number of places and space codes are padded in. (All six bi.ts 
are examined: only zero, minus sign, Space code, or Ignore code are 
suppressed. If an operand contains nothing but Zeros, Space codes, 
Ignore codes or Minus signs, the suppressed operand will contain all 
Space codes (Sign included, regardless of sign of original operand). 

5. The suppressed operand and the Sign of the original operand (except as 
shown in 4. above) are sent to RD (from which it is stored) and it is 
also left in RA at the conclusion of the process. 

6. v1 and R Shifts, any type, can be programmed for this :instruction. 
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OED 

*O 

*1 

2 

3 

4 

5 

6 

7 

**8 

**9 

10 

11 

12 

13 

OED CYCLE FOR SUPPRESS LEFI' ZEROS 
(Instruction Word) 

TIMING 
PRINCIPAL EVENTS (milliseconds) 

Minimum Average Maximum 

PAK~SAR .210 .441 .672 

Load IRVn See Page II-229 

Switch IRV's 

From OP of IRVc: .210 .441 .672 
29~PR 

value of S~SR 

U of IRVc~SAR 
.210 .441 .672 

U of SRV~SK 

Load V1 into RA See Page II-229 

Shift V1 in RA .042 (n+1) 

.042 

Advance PAK 
.21.0 .441 .672 

PAK~SAR 

Load IRV'n 

W of SRV~SK See Page II-229 

Suppress Left Zeros .042 + .084 (s+1) where s =the 
in Vt and send copy of number of zeros suppressed 
modi ied V1 to RD 

W of IRVc ~SAR .210 .441 .672 

Shift R in RD .042 (n+1) 

Store R from RD See Page II-230 

.042 

.042 

Initiate Sub-Instruction(s) 

Conditional SRV Clear .042 

Set OED (See Page II-100) 

·-

* Omitted if this IW is already in IRVn 
** Times listed are simultaneous. Larger of the two determines time for this 
OED Step. ( 11n" is the number of places V1 or R is shifted). 
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!---· 

OED 

3 

4 

5 

6 

7 

8 

**9 

10 

11 

12 

Note: 

OED CYCLE FOR SUPPRESS LEFT ZEROS 
(Program Step) 

TIMING 
PRINCIPAL EVENTS (milliseconds) 

V1 ADDRESS ~SAR .042 

V1 SHIF.r~SK 

Load·v1 into RA See Page II-229 

Shift v.1 in RA .042 (n+1) 

.042 

(Advance PAK, PAK~SAR)* .042* 
-

(~ad mvn)* - - ~ - - - - - - - ~ - - - - ~ 
R SHIFI'-~SK .042 + .os4 (s+1) 

Suppress Left Zeros in V1 and where s = the number of 
send copy or modified V1 to RD zeros suppressed. 

R ADDRESS ~SAR .042 

Shift R in RD .042 (n+1) 

Store·R from RD See Page II-230 

.042 

STEP OUT 

Set OED (See Page II-104 ') 
.042 

-
The above notation (as v1 ADDRESS~SAR and v1 SHIFI'---=--SK), as well 
as the timing listed for setting up addresses in SAR and shifts in 
SK, does not apply unless SAR and SK are set to an address or shift,~ 
respectively, via the plugboard. Ir data is shifted into these 
registers, as when the u, V, or W ADDRESS or SHIFI' hubs are patched 
from a Program Step's ADDRESS or SHIFT hubs, the following notation 
and timing apply• • 

Timing 
.For Addresses For·Shifts (milliseconds) 

Minimum l AverageTMaximuD 
U, V, orWof IRVc~SAR U, V, or W of SRV~SK .210 l .441 T .-672 

·* These operations are performed only if this Program Step :ts the first 
in a Transcop sequence. For timing see OED 7-8 or OED cycle for 
,corresponding Instruction Word. Apply * when these operations occur. 
Use time listed .for this OED Step when these operations do not occur. 

·** Times listed are simultaneous. Use shifting time as the time for this 
OED Step if n (Itumber of places shifted) ~ O. 
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CHANNEL CLEAH 
cc 

(33 ). 
SEQUENCE OF EVENTS DEFINING PROGRAMMED QUANTITIES 

Instruction Word Program Step 

Place a Space code in each 
of the 120 character PR = 33 PROC to CH CL 
postions of the track patching 
or buffer specified by 
the w, R ADDRESS patching 

Initiate Sub-Instruction(s) 
or Sub-Step(s) in 
accordance with s,. or STEP OUT patching 

RULES FOR CHANNEL CLEAR INSTRUCTIONS 

1. Permissible Locations that can be padded in with Space codes: 

GSB - Z 
BTB - Z 
I/0-Z, FS-Z,or IS-Z 

2. Note that W or R ADDRESS patching defines the location involved. No v1 
or v 2 are used by this instruction. If addresses or shifts are programmed 
for these quantities (or a shift for R is programmed) they are ignored. 
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OED 

*O 
I---· 

*1 
I---· 

2: 

3 

7' 

I--· 

8 
i----

9 
I---· 

OED CYCLE FOR CHANNEL CLEAR 
(Instruction Word) 

TIMING 
PRINCIPAL EVENTS (milliseconds_}_ 

Minimum Average Maximum 

PAK--?> SAR .210 .441 .672 

Load IRVn See Page II-229 

Switch IRV's 
·-I 

From OP of IRVc: .210 .441 .672 
33~PR 

value of S ~SR 

Set OED to 7 .042 

Advance PAK 
.. _ .210 .441 .672 

PAK~SAR 

Load IRVn See Page II-229 

W of IRVc·~SAR .210 .441 .672 

**10 Store Space Codes 5.166 7.665 10.164 

~-

11 .042 

12 .042 

Initiate Sub-Instruction(s) 

1.3 Clear SRV .042 
--

Set OED (See Page II -100) 

* Omitted it this IW i~ already in IRVn 

** Timing listed for this operation applies to BTB, GSB, I/O, FS, and 
IS Tracks. 
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OED 

3 

7 

8 

9 

**10 

11 

12 

OED CYCLE FOR CHANNEL CLEAR 
{Program Step) 

PRINCIPAL EVENTS 

Set OED to 7 

(Advance PAK, PAK~SAR)* 

{Load IRVn)* 

R ADDRESS --.;.. SAR 

Minimum 
Store Space Codes 5.166 

STEP OUT 

Set OED (Page II-104) 

TIMING 
(milliseconds) 

.042 

.042* 

.042* 

.042 

Avera~ Maximum 
7.665 10.164 

.042 

.042 

Note: The above notation (R ADDRESS) as well as the timing listed for 
setting up this address in SAR does not apply unless SAR is set 
to an address via the plugboard. If the R address is shifted 
into SAR, as when the U, V, or W ADDRESS hubs are patched from 
this Program Step's R ADDRESS hub, the following notation and 
timing apply: 

U, V, or W of IRVc~ SAR 

---

--

--

* These operations are performed only if this Program Step is the first 
in a Transcop sequence. For timing, see OED 7-8 of OED cycle for 
corresponding Instruction Word. If these operations do not occur, this 
OED Step takes .042 millisecond. 

** Timing listed applies to BTB, GSB, I/0 and FS Tracks whenever R 
ADDRESS patching specifies these locations. It applies also to 
IS Tracks, when they are referred to via R ADDRESS-to- u, V, or W, 
ADDRESS patching. 
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BUFFER TRANSFER 
BT 
<23) 

SEQUENCE OF EVENTS 

Transfer data (1 up to 120 charac-
ters) from one Program Control 
Storage location to another, via 
:aTB, a.a follows: 

Transfer, to the Block Transfer 
Buffer, lowest-order character 
first, the contents of the lo-
cation specified by 

Load the first character re-
ceived* into BTB's Word 9, 
Character S.position; load the 
next character received into 
BTB's Word 9, Character l 
position, etc. until entire 
contents of the Source are 
stored in BTB in this mtUUler; 
when leas than 120 characters 
are loaded into BTB, do not 
alter the higher-order stages 
of BTB (i.e., those which do 
not receive data). 

* If BTB is spe·ai:fied as the 
Source, the first half of this 
instruction.is omitted. 

Transfer data, out of BTB, to the 
location specified by 

Send the data to the .Destination,** 
lowest order character first, 
begillning with BTB'a Word 91 

Character S position; store the 
character from BTB'e Word 91 

Character S position in the 
lowest-order character position 
of the Destination; store the 
character from BTB's Word 9, 
Character 1 position in the 
next lowest-order character 
position of the Destination, 
etc. ; transmit out only the 
number of characters required 
to fill the capacity of the 
Destination. 

** If BTB is spec1r1ed as the 
.Destination, no transfer out 
of BTB occurs (i.e., the second 
half ot the instruction is 
omitted,) 

Initiate Sub-Instruction(s) or Sub-
Step(e) in accordance with 
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DEFINING PROGRAMMED QUANTITIES 
Instruction Wora Program Step 

PR = 23 PROCESS to BT patching 

1fJ, or V1 ADDRESS patching 

W, or R ADDRESS patching 

s, or Sl'EP OUT patching 
-



~ULES FOR THE BUFFER TRANSFER INSTRUCTIONS 

1. The Buffer Transfer instruction is generally used when more than 12 
characters are to be transferred from one location to another. 

2. Permissible Sources for Vi: See Table II-15, Page II-222. 

Note that the U or v1 ADDRESS specifies the location of the Source data. 
No v2 is involved in this instruction. If a V2 address is programmed, 
it is ignored·. 

BTB c~ be. a Source for this instruction, but not any particular Word or 
Field location in BTB. Th~t is, this instruction cannot be used to 
transfer data from one BTB location to another, or from a Source to any 
particular BTB location, or from any particular BTB location to a 
Destination. 

3. Permissible Destinations for R: See Table II-16, Page II-223. 

4. No shifting is permissible in this instruction. If v1, v2, or R shifts 
are programm~d, they are simply ignored. 

5. See explanation of Buffer Transfer instruction. for details on the ~nner 
in ·which data is transferred into BTB from the various Sources and then 
transferred. out of BTB to the various Destinations. Note that all data 
transmissions to and from BTB begin with BTB's Word 9, character S position. 
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OED 

*O 
~-

*1 
~· 

2 

~-

3 

4 

5 

6 

7 

8 

9 

10 
I----· 

11 

12 
I----· 

13 

OED CYCLE FOR BUFFER TRANSFER 
(Instruction Word) 

TIMING 
PRINCIPAL EVENTS (milliseconds) 

Minimum Average Maximum 

PAK~SAR .210 .441 .672 

Load IRVn See Page II-229 

Switch IRV r s 
--

From OP of IRV c: .210 .441 .672 
23~PR 

value of s~sR 

U of IRVc -~SAR .210 .441 .672 

Source--?-BTB See Page II-222 

.042 

.042 

Advance PAK 
--1 .210 ,.441 .672 

PA.K~SAR 

Load IRVn See Page II-229 

W of IRVc-~SAR .210 .441 .672 

BTB ~Destination See Page II-223 

.042 

.042 

Initiate Sub-Instruction(s) 
·-

Conditional SRV Clear .042 

Set OED (SE3e Page II -100) 

* Omitted if this IW is already in IRVn 
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OED 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Note: 

OED CYCLE FOR BUFFER TRANSFER 
(Program Step) 

TIMING 
PRINCIPAL EVENTS (milliseconds) 

V 1 ADDRESS ~ SAR .042 

Source~BTB See Page II-222 

.042 

.042 

(Advance PAK, PAK~SAR)* .042* 

(Load IRV n) * .042* 

R ADDRESS~SAR .042 

BTB~Destination See Page II-223 

.042 
--

STEP OUT 
.042 

Set OED (See Page II- 104 ) 

The above notation (V1 ADDRESS~SAR and R ADDRESS~SAR) as well 
as the timing listed for setting up these addresses in SAR does 
not apply unless SAR is set to an address via the plugboard. If the 
V1 or R address is shifted into SAR, as when the U, V, or W ADDRESS 
hubs are patched from either the V1 ADDRESS or R ADDRESS hubs, the 
following notation and timing apply: 

Timing 
(milliseconds) 

Minimmn I AveragelMaximum 
l U, V, or W of IRVc---?t SAR .210 l .441 1 .672 

* These operations are performed only if this Program Step is the first 
in a Transcop sequence. For timing, see OED 7-8 of OED cycle for 
corresponding Instruction Word. If these operations do not occur, this 
·oED Step takes .042 millisecond. 
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Table II-15. Valid Sources for Buffer Transfer Instructions. 

Locati.ons which are Valid Time Required to Obtain Source Data and Place it in BTB 
S~urces for Bliffer Transfer 
Instructions {milliseconds) 

Minimwn I Average I Maximum 
1---· 

1. An~ Word Location in: 
GSB 

FS, IS Tracks~ 
.630 .861 1.092 

I/O, .630 J.129 5.628 

2. A!!x Field Location ins 
x - the nwnber of character positions that IDUst be scanned to 

arrive at the beginning of the field; 
y - the nUDlber of characters in the field. 

!1!WLA ( .042y + .126) ( .042y + .357) (.042y + .588) 
GSB 

F;l,eJ.d ~-V 
if x is odds ( .021x + .042y + .105) ( .021x + .042y + .336) ( .021x + .042y + .567) 

if x is evens ( .021x + .042y + .081+) (.021x + .042y + .J15) ( .021x + .042y + .546) 

I/O, FS, IS Tracks* ( .042y + .126) (.042y + 2.625) ( .042y + 5.124) 

J. The entire contents oft 
GSB 

I 
5.166 5.397 5.628 

I/O, FS, IS Tracks 5.166 7.665 10.164 

4. The following Re_gisterai 
Register A 

Register B .630 .861 1.092 

Rogister C 

Rogister D 

5. BTB itst1lf (but not on a Word & Field Addressable basis)a .042 

"--• 

* The times listed for Field reterenoes to the I/O, FS, and IS Tracks assume that ISP is being read 
at the timo the Field reference is initiated. This is generally the case, since ISP is read at all 
tlmos !!~ru·t during Field references to BTB or G.'.:>'B and during the interval of time between the 
completion •)f such refe ences and the next read n of the Reference r the H h S ed D • 
(The latter then causes ISP to be read again. Since the intervals during which ISP is not read 
is completely dependent on the program (i.e., on what sequence of buffer and track Field 
referencing is programmed) it is impossible to take formal. account of these intervals in a 
tim:l.ng discussion. It can be noted, however, that the time between completion of the buffer 
Field referenc:e and the reading of the Reference Mark can vary from practically zero up to a 
madnrum of 5 m!lliseconds. 
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Table II-16. Valid Destinations for Buffer Transfer Instructions. 

Locations· which are Valid Time Required to Transfer Data out of B'l'B and store it in 
Destinations for Buff er Destination. 
Transfer Instruction. 

{milliseconds) 
Minimum Average Maximum 

1. Al!:l. Word Location ins 
GSB .6.30 .861 1.092 

I/O, FS, IS Tracks .672 3.171 5.670 

2. ADI Field Location ins 
x - the number or character positions that must be scanned at 

the beginning or the fieldJ 
y - the number or characters in the field. 

~ ( .042y + .126) (.042y + 2.625) ( .042y + 5.124) 
GSB 

FieJ.d B-V 
if x 1s odd: (.021x + .042y + .105) (.021x + .042y + 2,604) (.021x + .OJ.2,y + 5.10.3) 

it x is evens (.021x + .OJ.2,y + .084) (.021x + .042y + 2.58.3) ( .021x + IJ42y + 5.082) 

I/0 1 FS, IS Tracks (.OJ.2,y + .168) ( .OJ.2,y +.2.667) ( .OJ.2,y + 5.166) 

J. The entire contents of; 
BTP 1BTB Pattern) 5.124 

I/O, FS, I{:J Tracks 5.208 7.707 10~206 

GSB, GSP, ISP 5.166 7.665 10.164 --
4. The following Reglsterss 

Register A 

Register B 

Register C 
.630 .861 1.092 

Register D 

J.RVn 

SRV 

5. BTB itself (but not on a Word & Field .Addressable basia)s .OJ.2, 

* 
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ARITHMETIC T.RA.NSFER 
AT 
(13) 

SEQUENCE OF EVENTS 

Transfer data (1 up to 12 cha.ra.c• 
tera) from one Program Control 
b'torage location to another, 
via Register D, as follows: 

Shift source data into regia­
ter D from the location 

DEFillIBG PROORM-f.fED QUA.tf.l'ITIEB 
Instruction Word Program ~ 

PR • 13 PROCESS·to ~patching 

specified by --·-------------+--U, or--------+---V
1 

ADDRESS patching 

If the specif led Source 
contains less than 12 
Characters, store the 
contents* of that loca-
tion in the lower-
order stages of Regis-
ter D, and pad in Space 
codea in the higher-
order positions; 

If the specified Source 
contains 12 Characters, 
load Register D with an 
ex.act copy of the con­
tents of that location;** 

If the apecif ied loca­
tion containalmore than 
12 Characters, place 
only the lower-order 
12 characters of that 
location in Hegister D. 

*If GSAR, PAK, or CDR are 
apecified aa Sources, 
a plus sign (.6) ie 
automatically generated 
and sent as the lowest­
order character of the 
transfer. The contents 
of GSAR, PAK, or CDR a.re 
then loaded :lnto Regis­
ter D and the required 
number of space codes. 
padd.ed into Register D's 
higher-order poeitiona. 

** If Register D ia 
specified as the Source, 
a right end around shift 
ot 12 characters occurs 
during the first half of 
thia instruction. 

nhU't th.a contents of Regis-
ter D in accord.a.nee with the --------"·--contents o:t· the 

U-oection of the 
Shift Huvolver, or--+---\ SHIF.r patching 

11-----------------Coutinued on nt:1xt l)a['.;e --------------~----
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ARITHMETIC TRANSFER 
AT 

(13) 

r------------------- Continued from previous pae;e -------..-------------

Sh:lft the contents of Hegister D in 
o.ccordance with the ______________ ...,__ contents of the 

V-section of the 
Shlft Revolver, or ---1---V2 SHIFT patch:tng 

Shift the contents of Register D in 
accordance with the---------------..._-contents of the 

w-section of the 

Transfer from 1 up to 119 characters a.s 
described below to the location specified by--.&----

If the specified Destination .cannot store 
12 characters*, send only the lower-order 
characters in Register D (i.e., be-· 
ginning with the character in Register D'a 
sign position, send only the number of 
characters necessary to fill the capacity 
of the Destination.) 

If the spec:lfied Destination can hold 
ex.a.ctly 12 characters**, store an 
exact copy of the contents of Register 
D in that location. 

If the specified Destination cun hold 
more than 12 characters, store an 
ex.act copy of the contents of Regis­
ter D in the 12 lower-order character 
positions of that location, and pad 
Space codes in the higher-order 
character positions of that location. 
(Z not permitted in Destination address.) 

* If GSAH, PAK, or CDR a.re specified as 
Destinations, the :dgn in Register D and 
a number of characters equal to the -­
capacity of GSAR, PAK, or CDR is sent 
to these locations. As the highest­
order character transmitted is entered 
into these register:a,the sign is 
shifted off the lower-order end. 

** I:t' Register D is specified as the 
Destination, the right end-a.round 
shift of 12 characters doea not transmit 
data to any other Destination. 

Shift ·Revolver, or------ R SHIFT patching 

w, or--------~--R ADDm:ss patching 

1---------------------------11----------------1-------··----- --·-"""""I 
Initiate Sub-Instruction( a) and Sub-Step( a) 
in o.ccorda.noe 'With s, or ------------sn~ OtJI' patching ""-_______________________ ..._ ____________ ..__ ___________ ·-·-
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RULES FOR ARITBM:Fn!IC 'rRABSFER INSTRU<'.m:OBS 

l. The Ari tbmetic Transfer instruction is used to transfer 12 charactel's 01· 

less from one location to another. 

2. Permissible Sources for v1 : See Table II-17, Page II-229. 

Note that U or v1 ADDRESS patching specifies the location of the Source 
data. No V2 is involved in this instruction. If a v2 address is 
programmed it is ignored. If a V2 shift is programmed it is performed o,n 
the data in RD at V 2 Shift time. A Z-address must not be specified for y.1• 

3. Permissible Destinations for:R: See Table II-19, Page II-2JO. 

Note: A Z-address·muat not be specified for R. 

4. Thre~ Shifts, any type, can be progrannned for this instruction. 

5. See explanation of Arithmetic Transfer instruction for details on the 
manner in which data is transferred from the various Sources to RD and 
then from RD to the various Destinations. 
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OED CYCLE FOR ARITHMETIC TRANSFER 
(Instruction Word) 

TIMING 
OED PRINCIPAL EVENTS (milliseconds) 

Minimum Average Maximum 

*O PAK~SAR .210 .441 .672 

*1 Load IRVn See Page II-229 

Switch IRV 1s 

2 From OP of IRVc: .210 .441 .672 
13~PR 

value of S --:;..sR 

U of IRVc~SAR 
3 .210 .441 .672 

U of SRV~SK 

4 Source~RD See Page II-229 

5 Shift RD (V1 Shift) .042 (n+1) 

6 V of SRV~SK .210 .441 .672 

Advance PAK 
.210 .441 .672 

**7 PAK~SAR 

Shift RD (V2 Shift) .042 (n+1) 

Load IRVn See Page II-229· 
**8 

W of SRV--:;.. SK .210 .441 .672 

W of IRV c -?it SAR .210 .441 .672 
**9 

Shift RD (R Shift) .042 (n+1) 

10 RD~Destination See Page II-230 

11 .042 

12 .042 

Initiate Sub-Instruction(s) 

13 Conditional SRV Clear .042 

Set OED (See Page II-100) 

* Omitted if this IW is already in IRVn. 
** Times listed are simultaneous. Larger of the two determines the time 
required for this OED Step. ("n" is the number of places v1, v2, or R 
is shifted.) 

--
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OED CYCLE FOR ARITHMETIC TRANSFER 
(Program Step) 

TIMING 
OED .PRINCIPAL EVENTS (milliseconds) 

V1 ADDRESS -+SAR .01~ 
3 

V1 SHIFI'~ SK 
1---· 

4 Source~RD See Page II-229 
I--· 

5 Shift Jill (V 1 Shift) .042 (n+1) 
I--· 

6 .042 
I---·---

V 2 SHIFI' ~SK 

(Advance PAK, PAK~SAR)* 
7 -------------98'-

Shift HD (V2 Shift) .042 (n+1) 
1---· 

(Load IRVn)* 
8 

_____________ ._ __ 
R SHIFT~SK .042 ...__. 
R ADDRESS~ SAR .042 

**9 
Shift RD (R Shift) .042 (n+1) 

1---· 

10 RD ~Destination See Page II-230 
~-----

11 
f--··----

12 

Note: 

.042 

STEP OUT 
.042 

Set OED (See Page II-lo4) 

The above notatfon (as v1 ADDRESS~S.AR and v1 SHIFT ~SK), as well 
as the timing listed for setting up addresses in SAR and shifts in 
SK, does not apply unless SAR and SK are set to an address or shift, 
respectively, via the plugboard. If data is shifted into these 
registers, as when the u, V, or W ADDRESS or SHIFT hubs are patched 
from a Program Step's ADDRESS or SHIFI' hubs, the following notation 
and timing apply-. 

Timing 
For Addresses For Shifts (milliseconds) 

Minimum 1 Average 1Maxim 
u, V, or W of IRVc ~sAR U, V, or W of SRV -;.SK .210 1 .441) .67 

* These operations are performed only if this Program Step is the first 
in a Transcop sequence. For timing see OED 7-8 of OED cycle for 
corresponding Instruction Word. Apply H· when these operations occur. 
Use time listed for this OED Step when these operations do not occur. 

** Times listed are simultaneous. ijse shifting time as the time for this 
OED Step if n (number of places shifted) ~ o. 
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Table II-17 Timing for the Procurement of Operands 

Locations trom which Source data, 
V1, or v2 can be obtained in the 
following instructions Time Required (milliaeconds)a 

Arithmetic Transfer to ~btain Source data and place it in RD, or Add w or w/o Check 
Subtract w or w/o Check to obtain Vl and place it in RA (or in DQ and All Multiply Instructions nn, top ace V1 in RA and RC), or All Divide Instructions 
Mask Transfer to obtain V2 and place it in RB. Compare 
Left Normalize 

I 

" 
Suppress Left Zeros 
Substitute U,V, or V 

Minimum Average Maximum 

1' /J!r:L Word Location ina 
: GSB 

.630 .861 1.092 
BTB _ ____, 
I/O, FS, IS Tracks .588 3.007 5.586 

..L 

2. AlJ:J. Field Location ins 
Notea •x• is the number of character positions that muet be 

scanned to arrive at the beginning ot the field, 

lllli...A .630 .861 1.092 
GSB -

Fieldp B-Y 
or it x is odda ( .021x + .609) (.021x + ,840) (.021x + 1.071) 

BTB it' x is even: (.021x + .588) ( .021x + .819) ( .021x + 1 •. 050) 

I/O, FS, IS Tracks .588 3.087 5.586 

J. The following Memo!J' Locations: 
Register A 
Register B 
Register C .588 .819 1.050 
Regist~t- D 
IRVc 
GSAR 
PAK 

.CDR 
... 

•. Th~ tiJDes listed for Field references to the I/O, FS, and IS Tracks assUJll8 that ISP is being 
red at the time the Field reference is initiated, Thia is generally the case, since ISP is 
read at all times except during Field references to BTB or G?ft a!}d durin~ the interyal of 
lll!l t o o c re e readi of the Reference l· 
on ti1e High Sneed Drum• The latter then causes ISP to be read again. Since the nterV"lls 
duririg which ISP ii not read 18 completely depeooent on the program (i.e., on what Hquence 
ot butter and track 1ield referencing i• programmed) it is impossible to take tormal account 
ot thHe internle in a tilling diaousaion, It can be noted, however, that the ti• between 
ooapl•"l:.1on ot the butter Field reterenc• and the reading or the Reterenoe Mark oan nrr trom 
praotio-117 aero up to a 11axiaua ot ~ ailli•econds. 

Table II-18 Timing for the Acquisition of Instruction Words 

Looation11 troa whiob ln•truction Till8 required to obtain Inatruction Word 
Word• can be obtained and Place it in IRVn 

{milliaecondsl 
Minimum Average Maxb1UJD 

1. Aux Word Looe.t1Qn._1.n_t 
GSB 

,6JO ,861 1,092 
BTB 

I/O, FS, or IS Track• .588 J,08? 5,586 

2. RA, 1ill, RC, RD, rnvc .588 .819 1.050 
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Table II-19. Timing tor the Storage ot Results 

Locations at which data 
can be stored b7 the following 
Inetructions 

Arithmetic Transfer 
Add w or w/o Check 
Subtract w or w/o Check 
All Multiply Instructions 
All Divide Instructions 
Mask Transrer 
Left Normalize 
Suppress Left Zeros 
Substitute U, V, or W 

1. ,S Word Location ins 

GSB 

BTB 

I/O, FS, and IS Tracks 

2. .Aox Field Looation in• 

Fields .:S: 12 
Characters 

Field A 

Fields :S-V 
If x is odda 

ir x is evens 

BTB Fields > 12 
or Characters 
GSB 

Field A 

x 

z 

Minimum I 

.630 

I .630 

Time Required 
(milliseconds) 

Average 

.861 

3.129 

I 

I 
is the number of character positions that 111Ust be 
arrive at the beginning of the field, 
is the nu:mbu or characters in the field. minus 12 

.630 .861 

( ,021x + .6Cl9) ( .021x + .840) 

(.021x + .609) ( ,021x + .819) 

(.042z + .6.30) ( ,042z + .840) 

Maximum 

1.092 

5.628 

ocanned to 

1.092 

( .021x + 1.071) 

(.021x + 1.050) 

( .042z + 1,071) 

--l 

1------------+----------------!-------------------+----------------
Fields B-V 
if x is odda (..021x + .042z + .609) (,021x + .042z + .840) 
~------------+.:..;~-------
if x is evena (. 021 x + .042z + .6 09) ( ,021x + .042z + ,819 

~----'-~--------~~~---~--

(,021x + .042z + 1.071) 

(,021x + .042z + 1.050) 

l/O, FS, or I/O Tracks 
Fields s 12 
Characters 

.630 

1----4-------+---------------

Fields > 12 
Characters 

(.042z + .6JO) ( .~:: ~ 3. m) 1~~~( .~o~:-·_.:~2:-_-_s-.--6~-2-s_->_-_-~ _ ______._ 

J. The following Memory Locationsa 

Register"! 
Register B 
Register CH 
Register D 
IRVn 
GSAR 
PAK 
CDR 
SRV 

.588 .819 1.050 

* The times listed for Fiuld reference~ to the 1/0, FS, and IS Tracks assume that ISP is being 
read at the time the Field reference is initiated. This is generally the case, since ISP is 
read at all times except during Field referencea to BTB or G!:>'D ond during the interral ot tipie 
betyeen the cou1pl1pon of such nferenc~e ' _ he Refe c Mark on the 
High Speed I?nw1.The latter then causes ISP to be read again. Since the intervals during 
which ISP is not read is completely dependant on the program {i.e., on what sequence of 
bitffsr and track l''ield referencing is programmed) it is impossible t,.. take formal account 
of these intervals in a timing disqussion, It can be noted, however, that the tiJne between 
coi;pletion of th~ buff•r Field reference and the reading of the Reference Mark can vary from 
praotioall;y aero up to a DlllXillRllD of 5 milH.secorids. 

"* t! RC i. th• aourc• or the result and also h addressed a.a Destination, time required h ,042 milllseoen.ds, 
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III. CENTRAL COMPUTER OPERATING MEMORY 

A. PROGRAM CONTROL STORAGE SYSTEM 

The Program Control Storage System is the operating memory of 
the UFC Model 1 Central Computer. It is composed of the following principal 
parts: 

all those memory locations which are illustrated in Figure III-1, 
Page III-2 and whose addresses are listed in Table III-1, 
Page III-3; 

a Transfer Bus, along which data is transmitted bit-by-bit 
(i.e. in serial. fashion) from one location to another; and 

Transfer Address Control, TAC, a group of circuits which con­
trols all data transmissions in the Central Computer and con­
tains the ad.dress registers (Storage Address Register, SAR, and 
Transfer Address Register, TAR) that specify which pair of 
locations is involved in each storage reference. 

One function of Program Control. Storage is to carry out the 
process specified by thos~ instructions l.isted below whose basic operation 
is to transfer data from one l.ocation to.another: 

of operands 

Arithmetic Transfer: 

Buffer Transfer: 

Channel. Cl.ear: 

Load GSAR: 

Load Shift: 

Source ~RD 
then 

RD ~ Destination 

Source~ BTB 
then 

BTB ~ Dest:t,nation 

Space Code Padder ~ Destination 

IRVc (7 characters) ~ GSAR 

IRVc ~ SRV 

Another function of Program Control Storage is the procurement 

Source -.;... RA 
or 

Source ~ RA and RC 

Source ---;.. RB 
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DATA T'O ANO 
FROM 
TRANSFER 
8 I/0 TRACKS 

98-

GSB J 

IS ROUTED -----
THRU DEMAND 
STATION OF 
r./0 UNIT 

995 

GSAR 

GSD 
3 

~~--~--~----~-- ETC. GSB 8 GSAR NOT AVAILABLE 
AS PROGRAM CONTROL STORl\GE 
LOCATIONS WHEN ENGAGED 11'1 
GENERAL STORAGE OPERATIC~ 

ASSOCIAT/-E"oi:D._..~ ..... ~ .... ~'-:-;1__. .... ~ .... ~lmt:'-..mr-...... 
WITH 
EACH 
'I../0 
TRACK 

I/O 
UNITS 0 

yvy 
13- 15-

1 I I 14- 96-
1 I I - - ~ - - - - - - - - - - - - - - - - - - - -·- -- -- --1 I I 

2 3 4 5 6 7 8 9 

Figure III-1. 

NOTES• 

I. EACH I/O TRACK ADDRESS, OO-T0-09, ACTUALLY 
SPECIFIES A PAIR OF TRACKS. AT ANY GIVEN' TIME 
THE COMPUTER IS CONNECTED TO ONE TRACK OF 
THE PAIR AND AN 'I./0 UNIT IS CONNECTED TO 
THE OTHER TRACK OF THE PAIR. THIS ASSIGNMENT 
CAN BE REVERSED BY TRACK SWITCHING. 

2. SIMILARLY, IRV (996) IS ACTUALLY A PAIR OF 
TRACKS• IRVc AND IRVN IF THE ABOVE 
ASSIGNMENT (LEFT TRACK• J:RVc , RIGHT TRACK: 
IRV11) IS ASSUMED FOR THE CURRENT INSTRUCTION 
WORD, THE ASSIGNMENT WILL BE JUST REVERSED 
WHEN EXECUTION OF THE NEXT INSTRUCTION 
WORD ·IS BEGUN. (THE RIGHT TRACK BECOMES 
IRVc ANO THE LEFT TRACK BECOMES IRVN.) 

Block Diagram of UFC Model l Operating Memory, General Storage System, and 
I/O Buffer Storage. 
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Table III-1. Program Control Storage Addresses 

PROGRAM CONTROL STORAGE LOCATIONS WHICH ARE WORD, 
FIELD, AND BLOCKETTE ADDRESSABLE* 

PROGRAM CONTROL STORAGE ADDRESSES 

LOCATION ABBREVIA- Addresses of Addresses of Addresses of 
TION Word Field LocaUoalS Blockette 

Locations (f-Tumber of characters Locations 
(12 characters) specified hp Field Se- (120 characters) lection attern) 

Input/Output Tracks 1/0 Tracks 000-009 OOA-OOV (not I & 0) ooz 
(High Speed Drum) 010-019 OlA-OlV II II OlZ 

020-029 02A-02V II II 02Z ------- ---·-------------- ---
090-099 09A-09V " " 09Z 

Block Transfer BTB 100-109 lOA-lOV (not I & O) IOZ 
Buffer 

Factor Storage FS Tracks 110-119 llA-llV (not I & 0) uz 
Tracks (High 120-129 12A-12V " II 12Z 
Speed Drum) 

Intermediate IS Tracks 130-139 13A-13V (not I & 0) 13Z 
Storage Tracks 140-149 14A-14V II II 14Z 
(High Speed Drum) 150-159 15A-15V " II 15Z 

------ ----------------- ---
970-979 97A-97V " " 97Z 

General Storage GSB 980-989 98A-98V (not I & O) 98Z 
Buffer 

-

•Each of these locations has a 120-character capacity and can store 10 computer words or up to 
twenty fields. 

PROGRAM CONTROL- STORAGE LOCATIONS WHICH HAVE ONLY ONE ADDRESS 

LOCATION ABBREVIATION ADDRESS CAPACITY 

Register A RA 990 

Register B RB 991 12 characters 

Register C RC 992 

Register D RD 993 

Code Distributor Register CDR 994 l character 

General Storage Address GSAR 995 7 digits 
Register 

Instruction Revolver IRV 996 12 characters 
(High Speed Drum) 

Program Address Counter PAK 997 3 digits 

Shift Revolver SRV 998 12 characters 
(High Speed Drum) 

High Speed Drum Pattern ISP 99W 120 characters (only parity bit 
of each character is used) 

Block Transfer Buffer· Pattern BTP 99X 120 bits (120 characters are 
sent to these locations, but 

General Storage Buff er Pattern GSP 99Y only the parity bits of the 
characters transmitted are 
stored). 
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a.nd the storage of' results: 

Store R 

RD-~ Destination 
or 

RC ------=-- Destination 

d.uring the execution of' the instructions listed on Page II-ll. 

A third function of Program Control Storage is the acquisiti 1on 
of Instruction Words: 

Load IRVn 

Source ~ IRVn 

As noted in Section II, this function is performed only during the executi,on 
of internally-stored programs and during the first Program Step in a Transcop 
sequence. 

Program Control Storage also carries out other "housekeeping­
type" data transmissions: 

PAK---+ SAR 

OP of IRVc ~ PR and SR 
U of IBVc __.... SAR 
V of' IRV c _____. SAR 
W of IRVc ~ SAR 

U of SRV~ SK 
V of' SRV ----;.. SK 
W of SRV ----;.. SK 

} 

l 
} 

U of IRVc ~RC____,.. Destination 

U of IRVc~PAK 
V of IRVc --;.pAK 
W of IRVc~PAK 

et.c. 

to set up address of next 
Instruction Word in SAR 

to obtain various 
sections of current 
Instruction Word, 
as required. 

to obtain various portio:o.s 
of Shi:f't Word in SRV, as 
required. 

one or more of these 
transmissions occur when 
an Unconditional. Jump or 
Test Demand In Instruction 
Word is executed or a jump 
condition is detected in 
the following instructio:o.s 

Jump on Negative 
Jump on Plus 
Jump on Zero 
Channel Search Probe 
Test Incoming Control 

Only the fnnctions of Program Control Storage during the datia 
transmissions listed in Table III-2, Page III- 5 will be discussed in th:is 
section. These transmissions are discussed because each. is a programmed 
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Table III-2. Programmed Data Transmissions 
rr--· .. ---------·-·-··---·-·-------·-· ___ , ____ ··--~ ... ---. "~ - ···--·--

PROORAMMING INVOLVED 

DATA TRANSMISSIONS --

Computer 
u, or v, or w, or Progrrun's 
V1 ADR '\'2 ADR RA.DR Contro] 

Patching Patching Patching of PAK 

.......... ·-
Buf'fer Transfer Instruction 

Source__.. BTB v 

and 

BTB . Destination t./""" 

·-·-

Arithmetic Transfer Instruction 
-· 

Source __....., HD ~ 

and 

HD .... Destlnation t./""" 

--------·-

Procurement of Operands 

Load v1 ~ 

Load v2 ~ 

--
Storage of Results 

j 

Store R ~ 

U of IRVc •RC ... Destination I -y 

Acquisition of Next Instruction 

Load IRVn /,/"' 

··-
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data transmission and because each has requirements for its execution which 
must be met by the computer program. For · example, in the Buffer Transfer 
Instruction, only certain Sources and Destinations can be used. As illus­
trated in Table III-2, the Source in a Buffer Transfer Instruction is 
specified by U, or Y1 ADDRESS Patching, and the Destination is specified by 
W, or R ADDRESS Patching. As illustrated in Tables II-15 a.n.d II-16, 
Pages II-222 and II-223, respectively, U and W (or V1 ADDRESS and R ADDRESS 
Patc:hing) must specify valid Sources and Destinations. If they do not, the 
instruction cannot be carried out. One purpose of this section is, there­
fore, to re-emphasize that only valid Sources and Destinations must be 
specified for each ·type of programmed data transmission. Another purpose 
is to explain the address structure used in Program Control Storage so that 
u, V, and W a.re properly coded and storage references to the appropriate 
memory l.ocations can be carried out. A third purpose of this section is to 
explain the mechanics of each of the above type of data transmissions in 
terms of each Sotirce or Destination that can be involved, so that the 
operating memory of the Central Compu:-ter will be efficiently used. Some 
locations store or supply data faster than others, some haye specialized 
functions, etc.; each of the locations in Program Control Storage, therefore, 
warrants special study. 

discussed. 
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To accomplish these objectives the following subjects are 

Program Control storage Address Structure 
Word Address 
:~ield Address 

Field Selection Pattern 
Determination of the Length of a Field 

:Blockette Address 
Word and Field Assignments 
Translation of the Storage Address Register, SAR 

Program Control storage Locations 
Permanent vs. Temporary Memory Locations 
Mechanics of Data Transmissions 

High Speed Drum 
BTB and GSB 
Registers 

Buff'er Transfer Instruction 

Arithmetic Transfer Instruction 

Load v1 and Load V2 

Load IRVn 

Store R 



B. PROGRAM CONTROL S'IDRAGE .ADDRESS STRUCTURE 

A Program Control storage .Address is a 3-cbaracter quantity 
that specifies a pa.rticul.ar location in the operating memory ot the Central 
Computer. 

When data is obtained f'rom storage, the address of the location 
f'rom w:pj.ch the data is to be obtained is placed in the Storage Address 
Register, SAR, and PCT sets the Transfer Address Register, 'mR, to the 
address of the intermediate storage. to which the data is to be sent. (In 
the Butter Transfer and Arithmetic Transfer Instructions, and in the pro­
curement of' operands, the intermediate storage is automatically determined 
by the process specified by the instruction. In the acquisition of' Instruc­
tion Words, TAR is always set to 996, IRVn.) If' the Source specified by the 
address in SAR, is interpretable and valid, TAC can carry out the data 
transmission. If' the address in SAR is not interpretable or is not valid, 
the computer hangs up. 

When the result of a process is stored (and when the U-section 
ot a Jump Instruction Word is placed in the W-section of' the V address) the 
address of the location to receive data is placed in SAR, and PCT automati­
cally sets TAR to the address of the intermediate storage (RC or RD) from 
which the result is to be obtained.. Here again the intermediate storage is 
determined by the process being carried out. If' the Destination specified 
by the address in SAR is interpretable and valid for the process specified 
by the instruction, TAC can carry out the data transmission. If' the address 
in SAR is not interpretable or is not valid, the computer hangs up. 

Ea.ch of' the Program Control Storage Addresses listed in 
Table III-l can be interpreted when it is placed in SAR provided it is a 
valid address tor the icular t of stora e reference in which it is 
us • Details on interpretable and process-valid addresses are given below 
under Translation of SAR. 

Table III-3, Page III-8 is an explanation of the format of 
Program Control Storage Addresses. The following paragraphs clarify the 
meaning of Word, Field, and Blockette addresses referred to in that table. 

l. Word Address 

A word is a collection of' 12 contiguous characters. 
Those Progr8.m Control Locations which are Word, Field, and Blockette Address­
able each can store 10 words, and a particular 1.2-cbaracter area (Word O thru 
Word 9) is1assigned for each word. (The significance of each Word Location, 
as well as that of stored data in generai, is discussed under Word and Field 
Assignments below.) A Word Address thus a1ways refers to a particular 
collection of l2 characters in a Word, Field and Blockette addressable 
location. 

2. Field Address 

A field is a collection of from l up to 119 con­
tiguous characters. In the Program Control Storage location.S which are 
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Table III - 3~ Exp~anation of format of P.rogram Control Storage Addresses 

Program Control Stor~ge Address 

x x 
if the two leftmost cha.:r!acters of 
a Program Control Storage Address 
are interpreted as numbers in the 
range 00-98, they specify a. parti­
cular type of location that is 
Word, Field and Blockette 
addressable: 

00-09 
10 

11-12 
13-97 

98 

I/O 'I'ra.cks 
BTB 
FS Tracks 
IS Tracks 
GSB 

x 

-- and------- if the rightmost character is: 

if the two leftmost characters 
are 99, they specify a memory 
location that. has bu.t one 

0-9, the address is a Word 
Address and specifies 
a Word Location; if 

A-V (excluding I and O), the 
address is a Field Addresf~ 
and specifies a Field 
Location: and if 

z, the address is a BlockettE! 
Address and specifies the 
entire contents of the 
track or buf':fer. 

address: --------------- the particular location is deter­
mined by the rightmost character, 
as illustrated in Table III-1, 
Page III-3; and the address is 
called a Register, Revolver, or 
Pattern Address. 
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Word, Field, and Blockette addressable, up to twenty fields (A-V, excluding 
I and 0) can be specified.. Fields are not assigned any fixed area (i.e., 
specific number of character positions) in these locations. For example, 
in one part of a program Field A in BTB could be 8 characters, end in another 
part of the program: it could be 26 or 50 characters. That is, f'ield lengths 
are programmable. :Ee.ch field is defined by a specially-coded 120-character 
quantity called a Field Selection Pattern that is stored in a specia1-purpose 
memory (ISP, BTP, or GSP) associated with each of' the Word, Field, and 
Blockette Addressable locations. A Field Address always contains a letter, 
A-V (excluding I and 0) as its lowest-order character; and always refers to 
the collection of' characters, defined at that instant by the Field Selection 
Pattern, as Field A, B, c, etc. 

a. Field Selection Pattern 

A Field Selection Pattern is a collection of 
120 characters so coded that their parity bits can be used by the computer to 
define "the 1ength of' each field in Word, Field, and Blockette Addressable 
memory locations. Each Field Selection Pattern is composed of' a series of' 
B's and D's, or 51 s and 6 1s, or any two characters whose parity bits dif'f'er. 
The B's and D's, or 5's and 6 1s, or whatever pair of characters is used in 
programming, are arranged so that the characters with "O" as their ~arity cits 
define the start and bod of' each field and the characters with "1 as their 
arit bit define the last character i.e. end of' each field. A typical 

Fiel Selection Pattern is illustrated in Figure III-2a,. Page III-10. 

b. Determination of' the Length of' a Field 

The following 120-cba.racter memory· locatlons 
on the High Speed Drum are Word, Field, and Blockette addressable: 

Input/output Tracks 

Factor Storage Tracks 

Intermediate Storage Tracks 

The fields for all of these tracks at any given instant is commonly defined by 
the Field Selection Pattern which is stored on the Field Selection Pattern 
T:l:-ack (ISP, See Figtn"e III-2b) at that time. That is, Field A on I/O Track 00 
is the same length as Field A on Factor storage Track ll or Intermediate 
Storage Track 35; and the number of characters in Field A is determined by the 
Field Selection Pattern Stored on ISP. 

The fields in BTB and GSB are similarly deter­
mined, but each has a separate Field Selection Pattern. The fields f'or BTB at 
any given instant* are defined by the Field Selection Pattern stored at that 
time in the Block Transfer Pattern, BTP (See Figure III-2c). The fields for 

* The Block Tran.sf er Buffer is not Field. Addressable in Buffer Transfer 
instructions. 
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(a) 

['

FIELD SELECTION PATTERN 

120 l 1·• .. . . 120 CHARACTERS ~ 

DBBBBDBBB~BOBBBBBBBBDBBBBBDBBBBBB 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 

[

I 0000 I OOOetc.0 I 00000000 I 00000 I 00000(~ 
le 120 (PARITY) BITS I 

~V~ ~U-f fo~ le C --1 le B~ ~ A ~l 
PARITY BITS OF CHARACTERS IN 
THE FIELD SELECTION PATTERN 

(b) 

(c) 

""' etc. 

etc. 

/ 

,,--- l/O, FS, OR IS TRACKS~ Ir 

.,...___ THE ACTUAL CHARACTERS IN 
THE HIGH SPEED DRUM FIELD 
SELECTION PATTERN ARE 
STORED ON ISP, BUT ONLY 
PARITY BITS ARE USED IN 
DETERMINING FIELDS. 

I.. BTP (or GSP) ~ 
r 120 BITS , 

[1loiololol1iolololol1 Joli ~lololol 1lololol1lol1 ioioloio~ 

r--v •I.. u "i'" -r ;-o-t-c-+ef-A_.1 
[al1IE>lsJ3l4loJoJ 1 J2IE>l3U ~l3J3l21aJsl9JE>IGILlxJTIAJsJ3] 
~ 120 CHARACTERS :J, 
~ BTB (or GSB) :~ 

III-10 

Figure III-2. 
'F'ield Selection Patterns 



GSB at any given instant* are defined by the Fie1d Se1ection Pattern stored 
at that time in the General. Storage Pattern, GSP (See Figure III-2c). 

By sending various Fie1d Se1ection Patterns, 
using the Butter Transfer instruction, to the special. memories (ISP, ~' and 
GSP) associated with each Fie1d addressab1e 1ocation, different fie1d 1engths 
can be defined at different times in a program. 

Field Se1ection Patterns can be generated by 
the program or can be stored in any 120-character 1ocation (as on the IS or 
FS Tracks on the High Speed Drum, or in a 10 word Unit Record Area on a 
Genera1 Storage Drum). Field Selection Patterns are functional, however, 
on1y when they are placed in ISP, BTP; and GSP and a Field-Address storage 
reference is made to the respective 120-character 1ocation with which each 
is associated. 

3. B1ockette Address 

A Blockette is a collection of exactly 120 contiguous 
characters. It is the entire contents of a buffer or a data-track on the 
High Speed Drum. A Blockette Address al.ways contains Z as its lowest-order 
character, and a1ways refers to the entire contents (120 characters) of a 
buffer or track. 

4. Word and Field Address Assignments 

a. Word Address Assignments 

In order to permit data to be stored in the 
Central Computer memory in the same o~der or significance which that inf'or­
mation has on a printed sheet, the following Word Address assignments have 
been made for BTB, GSB, and the I/o, FS,, IS Tracks on the High Speed Drum: 
(See Figure III-3, Page III- 12. ) 

The Word o, Character ll position {or 
position 120) is the most-significant 
character position on any track or in 
any buffer; 

The Word o, Character 10 position (or 
position 119) is the next most-signi­
ficant character position, etc.; and 

The Word 9, Character S position (or 
position 1) is the least-significant 
character position on any track or in 
any butter. 

* The General Storage Buffer is not Field Addressable du.ring General Storage 
operations; i.e., when GSB is transferring data to and from the General storage 
Drwns. 
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OUICIC BROWN FOX 

I ORUM ROTATION., 

OVER THE LAZY DOG'S BACK 2 3456789Jxxxxxxxx AICD
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~ 
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Figure III-3. Word and Field Address Assignments. 



To understand. how these Word Address assign­
ments facilitate programming, particul.a.rly the packing and unpacking of 
input-output data, consider the 120-cha.racter message on the top line of 
Figure III-3. This message, like all printed or handwritten data, is 
ordered. For reading purposes, the left-most character "2" is the most 
significant character; the right-most character "+" is the least significant 
character. If this message were reproduced on an input medium (as magnetic 
tape, see line 5 of Figure III-3), or if it were manua.lly inserted into the 
computer, the normal procedure wouJ.d be to process each character in succes­
sion f'rom the high-order character ("2") to the low-order character ("+"). By 
common usage, the first 12 characters processed wouJ.d be regarded as Word o, 
the next 12 characters processed wouJ.d be regarded as Word 1, etc. The tenth 
set of 12 characters wouJ.d be regarded as Word 9. With the Word Address 
assignments noted above, Word O of an input message (i.e., the first word) 
can be placed in a Word o Address (most significant location); Word 1 of an 
input message can be placed in a Word 1 Address (next-most significant loca­
tion) etc., without special programming, and without destroying, or in any 
way a.l.tering the relationship of any adjacent characters in the message. 

Thus, if the magnetic tape data shown on 
line 5 of Figure III-3 is read into the computer (See line 2 of Figure ItI-3) 

The most significant character of the message, 
"2", wouJ.d be stored in the most significant 
character position (120) ·on the tape unit's 
I/O track; 

The least significant character of the 
message, "+", would be stored in the least 
significant character position (1) on that 
track; and 

The intermediate characters wouJ.d be stored 
in relation to their (reading) significance. 

Since the order or sequence of the characters stored in the computer is 
exactly that of the original input message, Field Addressing can be directly 
employed to unpack data which is less than 12 characters in length or which 
overlaps two or more Word Ad.dress locations (as Fields G and c, respectively, 
line 3 of Figure III-3), and the data referred. to will be in proper sequence. 

Since the Block Tran.sf er Buff er and the 
General Storage Buffer have the same Word Address assignments as tracks on 
the High Speed Drum, when the 120 character input message is transferred to 
either of these buffers via a Buffer Transfer instruction it will also 
appear the same in these buffers as it would on a printed page (See lines 3 
and 4 of Figure III-3). 

To generate the message shown on the top line 
of' Figure III-3 as output data,. the computer would, in general, be programmed 
to store the sequence of characters shown on line 2 of Figure III-3 on the 
appropriate I/O Track. 
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b. Fie1d Address Assignments 

The Fie1d Address assignments for BTB, GSB, 
and the I/o, FS, IS Tracks on the High Speed Drum a.re a1so shown on 
Figure III-3. Fie:ld A begins with the 1owest-order character position 
(Word 9, Character S or position 1) on a track or in a bu:f'fer, and extends 
through the higher-order characters as defined by the Fie1d Selection Pattern 
emp1oyed. Fie1d B begins with the next higher-order character after the la.st 
character in Fie1d A, etc. The la.st fie1d defined by the Field Se1ection 
Pattern contains the highest-order characters. Since scanning must be done 
to obtain high.er-order data. in B'l'B and GSB when a Fie1d Address is employed, 
it is obv:tous1y advantageous to use Word Ad.dressing wherever possible when 
these locations' higher-order data. is desired. 

5. ~a.nsla.tion of Storage Address Register, SAR 

The Storage Address Register, SAR, is a three-stage, 
non-addressab1e register whose prime function* is to store 

the address of the location(s} from which the 
operand(s) of an instruction is (a.re} obtained; or 

the address of the location to which the result of 
an instruction :i.s to be sent; or 

the ad.dress of the 1ocation from which an Instruc­
tion Word is to be obtained; 

during Program Contro1 Storage References. 

SAR receives the addresses it ho1ds during the i uter-· 
nal1y-stored program when the U, V, and W-sections of IRVc (i.e., the current 
Instruction Word) are shifted into SAR as pa.rt of the execution of an in­
st1-uction. SAR receives the address it holds during plugboard-defined 
programs when hu'.bs in the P1ugboard Addressing System are enab1ed (via 
patchcord w.i.ring from the address. hubs of Program steps), and set SAR to 
the address that corresponds to the P1ugboard Addressing System hub enabled. 
(See Page II-47.) 

Table III-4 outlines the manner in which addresses iIL 
SAR are tra.ns1a.ted. Note that the two highest order stages of SAR actually 
store only the excess-three bits of' the characters they receive, and that 
these stages can only be interpreted if they hold the excess-three bits of 
the digits 0-9· The lower order stage stores the (6-bit) Univac code of' eac:h 
character it receives. However, only certain values a.re permitted (i.e., CELll 

be interpreted) in this stage a1so. 

If only the addresses listed in Table III-1 are ever 
used in coding U, V, and w, an interpretabl.e address will a.J.ways be slrl.f'ted 
into SAR. Similarly, the P1ugboard .Addressing System will a.1ways set SAR te> 
e.n interpretable address. (See cautions on Page II-46.) If a.J.ternates are 
used, Table III-4 should be consulted. 
*Other uses of SAR are discussed in Sections II and v. 
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C. PROGRAM OONTROL STORAGE IIJCATIONS 

1. General Int'orma.tion 

The FS and IS Tracks on the High Speed Drum are the 
principal permanent memory locations in the Central Computer. The other 
locations are all "scratch pad" type memories; i.e., they are temporary 
memories whose prime :f\m.ction is something other than storage. When these 
locations carry out thei:c _principal tunctions, their previov.s contents are 
destroyed or modified. Use of these locations as temporary memories, however, 
is an invaluable tool in Model 1 programming provided a program is designed 
so that the prime function of these locations will not interfere with their 
storage functions. 

The General Storage System, although not pa.rt of the 
operating memory of the Central Computer, can be conveniently employed as 
permanent storage tor large internally-defined programs. Use of' a portion 
of General Storage in this manner is particularly advantageous for "straight­
line" programming wherein a minimum of lobps is used in the program's logic, 
and, considerably therefore, more memory is required to store the program. 
Instruction Words in such programs can be loaded into GSB on a time-shared 
basis, and used out of GSB, directly; or they can be first transferred to 
BTB, or the IS Tracks and used from these locations, as convenient. 

The address {or addresses) of each Program Control 
Storage Location is {are) given in Table III-1. Table III-5, Pages III..J.8 
through III-20 outlines these additional facts about each location: 

its principal function 
its peculiarities as a storage location if it has any; 
and 
its availability in internally-stored vs. plugboard­
defined programs. 

The comments on the availability of each location are general remarks that 
apply only when the location is a valid Source or Destination for the par­
ticular storage reference in which it is used. 

2. Mechanics of' Data Transmissions 

a. Data Transmissions to and from the High Speed Drwn 

The High Speed Drum is an enclosed, rotating 
cylinder which is coated with a magnetizable surface. As illustrated in 
Figure IIX-4 , the High Speed Drum contains the following Program Control 
Storage Locations: 
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Table III-4. Trenslation of Storage Address Register 
In the two higher-order stages of SAR, only the In the lowest-order stage, six-bit characters are 
excess-three bits of characters are stored. stored. 

Only These bits The following These These bf.ts The following will 
digits are translated characters will characters are translated uniquely* trans-
are to recognize uniquely* trans- are to recognize late to the re-
interpretable each digit late to a digit interpretable each character quired character 

0 (00-l 10(digi t),;,), or + 0 (OQOO-) - onlz o 
1 0-00 1i Ai Ji or L 1 000-00-1 onlz 1 
2 (-101) 2i Bi Ki or S 2 100-101 onlI 2 
3 -110 3..t Ci Li or T 3 00-110 o~3 
4 -111 4i Di Mi or U 4 00-111 only 4 
5 -000 5i E_,_ Ni or V 5 00-000 onl_z_ 5 
6 ,-001 6, F, O(letter), 6 ,00-001, only 6 

_or_Ji 
7 ( -010) 7..J.. G..J.. P..J.. or X 7 00-010' onl_z_ 7 
8 1-11 8..J.. Hi Qi or Y 8 ~ 001-11 o~S 
9 111- 91 I..1. R;..t or Z 9 ~0011-J onq 9 

A ~010100! only A 
B (010101) only B 

only 
etc. correct 

character 
H (011011) o~H 
J (100100) only J 

only 
etc. correct 

character 
N (101000) onlzN 
p \101010) only P 

1 
only 

etc. correct 
character 

v (111000) onlz v 
w 111-01 only W 
x 111-10 onlyX 
y 111-11 only Y 
z 1111-, I only Z I 

uniquely ~ransia~eaJ. 



H 
H 
H 

~ 
~ 

-------· continued f'rom pre-nous page 

Characters which are not uniquely-
translated in SAR 

Two higher-order stages Lowest-order stage 

i I i 
6. & 

~ - ( -r # I 

, ¢ & 
• @ ( 
t • % • * = I ? delete 
E % 
/) = 
• delete . 

Uninterpretable SAR Addresses 

00-98 with the right most character equal to any or 
the following characters: 

I 
0 (letter) 
w 
I 
I 
r 

99 with anything Jmt, 

0 (digit) 
1 
2 

' • 
; 
t 
ft 

3 
4 
5 

) 
L: 
/J 
• . 
+ 
I 

6 
7 
g 

# 
$ 
¢ 

* 
@ 

? 

w 
x 
I 

as the rightmost character 

If an uninterpretable address is formed in SAR the 
computer yfll' h&ng up when it attempts to use the 
uninterpretable adc1ress. 



Table III-5. Comparison of Program Control Storage Locations 

PROGRAM CONTROL 
STORAGE 

LOC.ATIONS 

I/O Track& 

S = Source 
D = Deatinntion 
V = Word 
F • Field 
B = Blockett• 

PRINCIPAL FUNCTION 
& GENERAL 

CHARACTERISTICS 

20 (i.e., ten pairs of) tracks on the High Speed 
Drum that are used as buffers for input-output 
data. 

Each I/O Track Address to which an I/O Unit has 
been assigned specified a pair or traoksa at •01 
given time, one track or this pair is connected 
to the computer and the other track of the pair 
ia connected to the I/O Unit. The computer and 
I/O Unit can thus time-share Storage references 
on their respective tracks. Track switching (via 
the I/O Unit's Demand Stati0n) is programmed to 
reverse the track assignments. Each I/O Track 
Address will refer Program Control Storage to 
the track to which the computer is connected at 
that time. 

AVAILABLE TO 
Internally-stored Plugbol!lrd-Defined 
Programs ass Programs IHI 

S or D; on a w, S or DJ on W, F, 
F, and B basis and B baeis. 

However, only the 
Word, Field or Block­
ette part or the 
addreH can be speci­
fied by enabling hubs 
in the Plugboard Ad­
dressing System. The 
actual I/O Track must 
by specified by plac­
ing the associated 
I/O Unit "on demand". 
Since only one I/O 
Unit can be 11on de­
mand" at a time only 
one I/O Track can be 
referred to in this 
way per Program Step. 

An I/O Track can also 
be made available in 
n plugboard-def1ned 
program it the addre&1 
hub(s) of a Program 
Step in 'Janscop and 
Breakpoint sequences 
is (are) patched to 
the U, V, or W ADmESS. 
hubs in the Plugboard 
Addressing System,An£1 
the corresponding U, 
V, or W-section(s) of 
the Instruction Word 
in IRVc at that time 
:ntera· to an l/O Tra:k:. 

~--~~~~~-t-~~~~~~~~-+-~~~-

If· an installation employs less than ten IIO 
Units, a trivial equipnent change oan be made ao 
that the I/O Tracks not associated vith an I/O 
Unit will !'unction as IS Tracks. In this case 
only one track or the pair ia available. 

Block Transter 120 character• of magnetic core memory. Used 
Butter principally as an intermediate storage in the 

Butter Transfer instruction. Also can be used 
a11 a rapid-access Program Control Storage 
location. 

FS T1"ack8 2 separate track• on the High Speed Dru11 that 
are generally used tor perman•nt etorage ot 

S or DJ on a 
W, F, and B 
balis 

8 arvi DJ on a 
W, F, and B, 
baBis .u£ti!i 
in the Buff er 
'l'ransf er in­
st.ruction. 

S or DJ on a 11, 
r, am B b&Bi•· 

When I/O Tracks func­
tion as IS Tracks they 
are available to plug­
board-defined prognum1 
only in Transcop and 
Breakpoint sequences 
as noted above tor 
normal use or I/O 
Tracks. 

S or DJ on a W,. F, 
and B basis, HQU!, 
in the Buffer T n.ns­
.f'er instruction. 

s or DJ on aw, r, 
and B basi• 

oonatanta. 

________ ..,._ ______________ continued on next page __________________ J, 

III-18 



Table III-5 Comparison of Program Control Storage Locations 

IS Tracks 

General 
Storage 
Buffer 

RegiA1:.4tr A 
·Register B 
Register C 
Register D 

Pil 

GS!R 

CDR 

Irustruction 
Revolver 

85 tre.<:ks on the High Speed Drum that are used to 
store internally defined programs (Instruction 
Words, constants and intenriediate results) 

120 cberecters of magnetic core memory. Primarily 
used as the buffer for date transmisaiorus to and 
from the General StOrage Drums; also, available 
however, when not er.gaged in General Storage 
operations, as a rapid-access Prognut Control 
Storage location. 

Each of these registers ca.n be used as a 12-
cha.racter stcra.ge location. Since at least one, 
and in lllfl.ny cases ull, of these registers are 
used in executing the process of an inst:-Jction, 
these registers should only emplo)"8d as temporary 
storage. 

A three-digit regi.stt;r that will store and de­
liver only the digit (or excess-three portion) 
ot characters. * Every use or PAK as a D must 
be carefully considered, since fAK is used in 
sequencing the internally-stored program. 

A seven-digit register that will store and de­
liver only the digit (or excess-three) portions 
of characters. * Primarily used to hold General 
Storage Addresses during General Stora_ge operations 

A one-character register, usually us~d as stor­
age for special control characters (derived from 
input data), and is used to achieve program 
variance in plugboard-detined programs. 

Although it has but a single address, IRV is 
actually two 12 charac'\.er revolvers on the 
High Speed Drwu IRVc (the one containing the 
current instruction) and IRVn (the one into 
which the next instruction is stored.) '!'he 
principal function of IRV is carried out in the 
acquisition and execution of Instruction Wqrda. 

NOTE s In Transcop and Breakpoint sequences, 
IRVc contains an Instruction Word. In Transcop 
sequences, IRVc contains the Transcop Instruction 
Word. In Breakpoint sequences, IRVc contains the 
Instruction Word whose OP contained the Breakpoint 
Special Character. When the Vi, v2 or IR ADDRESS 
hubs of Program steps in such sequences are patched 
to the U, V, or W ADDRESS hubs the appropriate 
address-section of the Instruction Word ~c is 
automatically referred to and supplies the required 
address • 

S or D; on a 
W, F, and B 
basis 

S or D; on a W, 
F, and B bads 

IS TrP.cks not directly 
avai1a~e via the Plug­
boe1'l Addressing ~ 
but can be used in 
Transcop end Break­
point sequences, as 
described t:tbove for 
I/O !nicks. 

S or D; on W, F, and 
B basis 

Notes lt a Program Control Storage Re­
ference involving either GSB or GSAR is 
attempted while these registers are 
engaged in General Storage operations 
(i.e., are "locked out"), Progralll Con­
trol will wait until the previously 
initiated General Storage Operation is 
co~pleted pet.ore continuing the program. 

S or D S or D 

S or D S or D 

S or D S or D 

See "Note" under GSB above 

S or D 

IRVc aa S 
IRVn as D 

S or D 

IRVc as S 
IRVn as D 

.._ __________ _._ ______________________ ~continued on next page------------------------------------------' 
* Although PAK and GSAR store only the ex~ess-tbree bits of a character when they are addressed as a source 

the zone bits 00 and the appropriate parity bit are added. 
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Table III-5. ComJ)8rison of Program Control Storage Locations 

---·---------,--------continued. rroa preTioue pege----------------· 
Shitt 
Rnol·nr 

A rapid-accee• •torage location on tho High Speed 
D:ru11. U•ed onl.7 to store Shift Words .. 

Note• SRV can also be loaded b7 the Load Shitt 
ln•truction Vord. If SRV contain• a Shirt Vord 
ard the V1, V2 , or R SHIFT hubs ot Program Steps 
in Transfer Control and Breakpoint sequences are 
patched to the u, V, or V SHIFT hubs, the 
appropriate u, V, or V section of the Shift Vord 
in SRV ie automaticall7 ref erred to and euppl1ea 
the &JllOunt and type or shift to be pertonned. 

on17 as D onl.7 aa D 

r-------~----li-----------~-------------------,~--------+----------+-~--~-------------· 
High Speed A special track (120-charaoter location) on the 
Drum Pattern High Speed Drum. Used on17 to store the 

(common) Field Selection Pattern tor the 

Block Tranater 
Pattern 
General 
Storage 
Pattern 

III-20 

I/O, P'S, ard IS Tracks. Although 120 characters 
are stored in thie location, only the par1t7 
bite are ever used. 

These are 120-bit registers which receiT• 
only the parity bits of the 120 charactera 
transferred to them in Buffer Transfer 
Instructions. Used to hold the Field 
Selection Patterns for BTB and GSB, 
respectively. 

only ae D on17 a&1 D 

onl.7 as D on17 aa D 



I/O Tracks 
FS Tracks 
IS Tracks 
IRV 
SRV, and 
ISP 

The High Speed Drum is also used as the basic c1ock (e;r source of timing 
pu1ses) for the system. 

Data is transferred to and from the drum's 
surface via magnetic heads that are mounted in the housing of the drum. Each 
magnetic head communicates with (i.e., it can read from or record on) the 
narrow band, ca.lled a track, that passes beneath it as the drum revolves. 

As illustrated in Tab1e III-·5 the various 
tracks (and their associated magnetic heads) have different functions. They 
all have the following common characteristics, however, with regard to the 
manner in which data is transmitted to and f'rom them: 

Each ca.n function to transmit data only when 
its address is pl.aced in SAR and Program 
Contro1 ini tia.tes a storage ref'erence ;_ 

Each manipu1ates data 1owest-order character 
first (i.e., each records data and reads data, 
1eest significant character first; to see this 
note direction of revo1ution of' drums.) 

In each case data is recorded or written on a 
track by sending a series of e1ectrieal sig­
nus representing "1's" or "O's" to the 
track's associated :magnetic head. The head, 
upon receipt of' such signals, then magnetizes 
minute areas around the periphery of' the 
track, as each area passes beneath it. Each 
minute area on the drum surface is po1arized 
in one direction or the other depending on 
the direction of current in the head at the 
time that area was passing beneath the head. 
Pol.arization in one direction causes a binary 
"O" to be stored; pol.arization in the opposite 
direction causes a binary "1" to be stored. 
Computer characters are thus stored on a track 
by recording a magnetic copy of' the binary 
"O's" and "1's" that appear in the Univac code 
(p1us parity bit) f'or those characters. Seven 
angular positions, or bit positions, are 
needed for each character stored. In1 line 
with the fact that the 1owest order character 
of' a group of characters is recorded first, 
the lowest order bit of each character is also 
recorded f'irst. (See Figure III-5, Page III .. 24) 
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NEXT INSTRUCTION 
WORD IRVc 

CURRENT INSTRUCTION 
WORD t 

'¥ --•r· FROM 
TRANSFER 

BUS 

(
WHEN) 
IRVn 

THE ABOVE ILLUSTRATES AN INSTANTANEOUS ASSIGNMENT 
OF IRVc AND lRVn. THIS ARRANGEMENT IS REVERSED 
EACH TIME AN INSTRUCTION WORD IS EXECUTED: 
THE TRACK WHIC:H WAS IRVn FOR THE LAST INSTRUC­
TION WORD BECOMES IRVc ANO VICE VERSA. 

NOTE THAT lRVc CAN ONLY SUPPLY DATA i AND 
THAT 1 RVn CAN ONLY RECEIVE DATA. 

.:,....To 
•TRANSFER 

BUS 

GWHEN) 
1 RVc 

FROM 
---....- TRAN!;FER 

Bui; 

TC> SK 

IN A PROGRAM CONTROL STORAGE REFER­
ENCE, SRV AND ISP CAN ONLY RECEIVE 
DATA. 

THAT IS, THE DATA STORED IN THEaE 
LOCATIONS CANNOT BE READ OUT a 
STORED ELSEWHERE. 

Figure III-4. Program Control Storage Locations on th• 
High Speed Drum 
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Writing destroys the previous1y stored 
information. 

Simi1ar1y, in ea.ch case, data. is read from 
a track when the magnetic fie1d of each 
minute area induces a signal in the track's 
magnetic head as that area passes beneath the 
head. The direction of the current each area. 
produces depends on the po1arization given 
that area when it was recorded. Reading thus 
deve1ops a series of e1ectrical signaJ.s repre­
senting "1 1 s" or "O's" which is identical to 
the series used in recording the data. Seven 
such signaJ.s are produced f'or each character 
read. Since the lowest-order character of' a 
group of characters is recorded first, that 
area is the first to pass under the head in a 
reading operation. Stored data is thus read 
lowest-order character first. Reading does 
not a.lter the areas read. 

Specia1 note should be.ma.de of. the organiza­
tion of data on each type of' track, as illustrated in Figure III-4. Al.so note 
that IRV'n, ISP, and SRV can onl.y be used by the progrannner to store data; 
i.e., a programmer cannot transfer data sent to those locations out of' those 
1ocations. Figure III-5 shows a typical write operation that employs a Word 
Address to store 12-characters in a specific Word Location on a pa.rticul.ar 
track. Figure III-6 illustrates a typical reading operation using a Field 
Address. In both of these exa.mp1es, if the lowest-order character of the 
address were a z, the entire track· would have been involved, rather than just 
a Word or Field. 

b. Data Transmissions to and from BTB and GSB* 

Both BTB and GSB are 120-cha.racter magnetic 
core registers that have an associated locating system. 

Each magnetic core is a donut-shaped, ma.gne­
tizeab1e substance which can be polarized in one direction (to store a 
binary "l") or another (to store a binary "O",; the "l" or "O" state of a 
magnetic core is com.parable to the "l" and "O" polarizations of minute areas 
on a magnetic drum.) 

In BTB and GSB, 7 magnetic cores are used as 
a unit to store one character; there is, therefore, a magnetic core associated 
with each bit of a character's Univac code (Parity, Zone, and Excess-Three 

.Bits). Ea.ch of the 120 stages, or character positions, of BTB or GSB thus 
contains 7 cores. 

* This discussion assumes that GSB and BTB can operate as Word, Field 
and Blockette addressable locations during the storage reference. 
See Footnotes, Pages III- 9 and. 11. 
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WHEN DATA IS TO BE STORED ON AN I/O, FS, OR ~S TRACK; 

I. THE ADDRESS OF A PARTICULAR LOCATION IS SENT 
TO SAR, AND A STORAGE REFERENCE IS INITIATED. 
(ADDRESS 355 MEANS REFER TO I:S TRACK 35, 
WORD 5 LOCATION.) 

HIGH 
1 
0 
0 

{PARITY BIT 

I ZONE BITS 

2. THE HSD LOCATING CIRCUITRY THEN SELEC'TS 
THE DESIRED TRACK (315) AND "LOOKS FOR" THE 
CORRECT ANGULAR LOCATION AROUND THAT TRACK. 

3. WHEN THE CORRECT AREA (WORD 15) BEGINS TO 
PASS UNDER THE READ/WRITE HEAD THE DATA 
TO BE STORED IS SENT TO THE HEAD ANO 
RECORDED, LOWEST - ORDER CHARACTER FIRST. 
(IN THE ABOVE EXAMPLE 12 CHARACTERS ARE 
RECORDED) 

Figure III- 5. Typical STORE R operation involving 
High Speed Drum. 
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WHEN DATA IS TO BE READ FROM 
AN I/O, FS, OR lS TRACK! 

- -JI-,_, 

I. JHE ADDRESS OF THE PARTICULAR LOCATION IS SENT TO SAR AND A 
STORAGE REFERENCE IS INITIATED. (ADDRESS 12 B ABOVE MEANS 
REFER TO FS TRACK 12, FIELD B LOCATION) 

2. :rHE HSD LOCATION CIRCUITRY THEN SELECTS THE DESIRED TRACK 
(12) ANO "LOOKS FOR" THE CORRECT ANGULAR LOCATION (FIELD 9) 
ON THAT TRACK. SINCE A FIELD IS INVOLVED THE FIELD SELECTION 
PATTERN ON ISP (RATHER THAN A WORD COUNT) DETERMINES 
WHERE THE SPECIFIED AREA ON THE TRACK BEGINS. 

3. WHEN THE CORRECT AREA (FIELD 9) BEGINS TO PASS UNDER THE 
READ/WRITE HEAD, THE DATA STORED Tl'IERE IS READ (L..OWEST­
ORDER CHARACTER FIRST). THE NUMBER OF CH~RACTERS READ 
(.20 ABOVE) DEPENDS ON THE LENGTH OF THE FIELD AS 
DEFINED BY TH.E FIELD SELECTION PATTERN. 

Figure III-6. Typical Read Operation {as Source....s'I'B) involving 
a Field Location on the High Speed Drum 
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In writing operations the 7 bits of each 
character stored are inserted simultaneou$ly {i.e., in parallel) in a 
character position. Similarly, in reading operations all 7 bits of a 
character position are read out simultaneously. (A serializer-staticizer 
register associated with each buffer takes each 7-bit character received in 
reading operations and supplies it bit-by-bit to the Transfer Bus; in writing 
operations, this one-character register receives each bit from the Transfer 
Bus and "collects" or staticizes the bits received, so that all bits of the 
character to be stored can be stored in the buffer simultaneously. 

Data is stored in and obtained from BTB and 
GSB lowest-order character first. 

When a Word Location in BTB o:r GSB is re-
f erred to, the locating system automatically switches to the lowest-order 
character position of the appropriate Word Location. The reading or writing 
operation can thus begin immediately~ The first character of the data 

. transmission is stored in (or received from) the lowest-order character 
position. The locating system then advances or switches to the next-highest 
order character position, and the next character is stored in (or received 
from) that character position, etc., until 12 characters are stored (or read 
out). When the transmission U of RC·~V takes place and a Word Location 
in BTB or GSB is specified by V, the locating circuitry switches to the 
character 4 position of the specified Word Location and writing begins at 
that point rather than the lowest-order character position of the Word 
Location. 

When a Field Location in BTB or GSB is re-
f e1Ted to, the locating system must first "find" the Field _involved. It 
begins its search for the correct Field Location with BTB or GSB's Word 9, 
Character S character position, and steps along, a character position at a 
time, until it finds the beginning of the correct Field. The Pattern asso­
ciated with BTB (i.e. BTP) or GSB (GSP) defines each Field's length, and is 
ref~erred to at each character position to find the correct Field. When the 
lowest-order character position of the correct Field is located, reading 
or writing can begin. The first character of the data transmission is 
stored in (or received from) the lowest-order character position of the 
Field. The locating system then advances or switches to the next-highest 
order character position, and the next character is stored in (or received 
from) that character position, etc. The number of characters stored (or 
read out) is determined by the length of the Field, as defined by the :£4,i~ld 
Se~ection Pattern. BTP or GSP, depending on whether BTB or GSB respectively 
are involved in the data t~ansmission, are thus also referred to during the 
actual reading or ·writing operation to determine when the operation terminates. 
Storing data in BTB and GSB destroys the previous contents of the character 
positions that receive data; reading data from these locations does not alter 
the data they contain. 

c. Data Transmissions to and from Registers 

When data is transmitted to and from the 
following registera: RA, RB, RC, RD, CDR, GSAR, and PAK, 
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the operation is a shift operation. Data is entered into these registers' 
high-order end and shifted through the registers a character at a time. The 
number of characters each register receives depends on the capacity of the 
register. Data is read out of these registers' low-order end, and is shifted 
out a character at a time. In general, the number of' characters sent to the 
Destination varies with the capacity of' the Destination. When new informa­
tion is sent the registers, their previous contents are destroyed. When data 
is read out of' a register, it is actually shifted end around and is not 
changed in any way. 

D. BUFFER TRANSFER INSTRUCTION 

The Buff er Transfer Instruction is generally used when more 
than 12 characters (and up to 120 characters) are to be transferred from one 
location to another. (See Page II-218.) 

In general, a Buffer Transfer has two parts: 

data from a Source .Address is loaded into BTB; a.nd then 

data from BTB is sent to a Destination Address. 

The rules for Bu:f'f'er Transfers are given below. 

1. Permissible Sources: See Table II-15, Page II-222. 

2. Permissible Destinations: See Table II-16, Page II-223. 

3. If' any memory locations other than those all.owed by Rules 1 
and 2 are specified in a Buf'f'er Transfer or i:C an illega.l address (see 
Table III-4) is employed, the program will be interrupted (stopped) when the 
illegal Source or Destination reference is attempted. 

4. Source and Destination Addresses need not specify the same 
number of' characters. 

5. The Source data is always stored in BTB* during the first 
ha.1.:f' of a Buf'fer Tra.ns:f'er, beginning with BTB's Word 9, Character S position; 
and the Destination data is always transmtted out of' B'm** during the second 
half of a Buffer Transfer, lowest-order character first beginning with 
BTB's Word 9, Character S position, as follows: 

* I:f' BTB is specified as the Source, no transmission into BTB takes place; 
i.e., the first ha.1f' of' the Buffer Transfer Instruction is omitted. 

** If' BTB is specified as the Destination, no transmission out of BTB takes 
place; i.e., the second half of the Buffer Transfer Instruction is omitted. 
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During first half of a Buffer Transfer:. (See Figure III-7, Page III- 28 ) 

5a. It the number of characters specified by the Source Address 
is less than 120 characters, a copy of the source data is stored in BTB, 
beginning with BTB's Word 9, Character S position; and the higher-order 
stages of BTB (i.e. those which do not receive source data) are left un­
altered. (See (a) and (b) of Figure III-7.) 

5b. If the number of characters specified by the Source Address 
is 120 characters, an exact copy of the contents of the Source is stored in 
IlTB beginning with BTB's Word 9, Character S position. (See (c) of Figure 
III-7. 
~g second half of Buffer Transfer: (See Figure III-8, Page III- 2fJ ) 

5c. If the number of characters specified by the Destination 
Address is less than the number of characters specified by the Source Address, 
not all the Source Data is sent to the Destination. That is, only those 
character positions :in BTB beginning with BTB's Word 9 Character S position, 
and extending up to the capacity of the Destination, supply data. Similarly, 
if the number of characters specified by the Destination Address is greater 
than the number of characters specified by the Source Address, more stages 
of BTB transmit data out to the Destination than received data from the 
Source. The Destination's lover-order character positions tnus receive a 
copy of the source data, and the higher-order character positions of the 
Destination receive a copy of the data held in correspondingly significant 
BTB character positions. (See (a) and (b) of Figure III-8 to verify that the 
capacity of the Destination determines the number of characters transmitted 
during second half o.f Buffer Transfer Instruction.) 

5d. I.f 120 characters are specified by the Destination Address, 
the entire contents of BTB are transferred to the Destination. {See I/O, FS, 
or IS Track and GSB in (d) of Figure III-8.) If BTP or GSP are specified as 
Destinations, only the parity bits of the 120 characters stored in BTB are 
sent to those locations (See (c) in Figure III-8). When GSP is sent a Field 
Selection Pattern during a Buffer Transfer instruction, GSB is not involved. 
(GSB data is therefore left unaltered.) 

Notef!_: 

In Buffer Transfers, BTB is not Word and Field addressable* 
That is , Program Cont:ro 1 Storage ignores the lower-order charac·ter in BTB' s 
address. if a BTB address is detected in SAR. This character can. therefore. 
be anything. Any llTB hub (Word, Field, or Z) can be patched to refer to BTB 
in a Buffer Transfer instruction; one must always be used, however, if BTB is 
to be involved as Source or Destination. 

If BTB is used as a Source, but not as a Destination also: no 
tranBmission into BTB occurs during first half of a Buffer Transfer; however, 
during the second half of the Buffer Transfer, the data supplied by BTB is 
always transferred out of BTB beginning with Word 9, Character S position. 
The number of characters BTB supplies as a Source depends on the number of 
characters specified. by the Destination Address. Although the data trans­
mitted is always sent from BTB beginning with the lowest-order character 
position of BTB (Word 9, Character S), the Destination address can specify 
any particular Word or Field in the case of Word and Field addressable 
Dast:lnations. as Source or Destination. 
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If BTB is used as a Destination, but not as the Source also: 
during the first h.aJ.f' of a Bu:f':f'er Transfer, source data is always entered 
into BTB lowest-order character first. The first (or lowest-order) source 
character is stored in BTB's Word 9, Character S position, the next-lowest­
order character is stored in BTB 1 s Word 9, Character 1 position, etc., until 
all the Source data is stored in BTB; but no transmission out of BTB occurs 
during the second half' of the Buffer Transfer Instruction. In short, 
although the Source data can be derived from any Word or Field of a Word and 
Field addressable Source, it cannot be stored in any particular field in BTB. 
The number of characters sent to BTB depends on the number of characters 
specified. by the Source Address. · 

If BTB is used as both the Source and the Destination in a 
Buffer Transfer Instruction, nothing happens in BTB. Both halves of the 
Buffer Transfer are suppressed. An "end of operation" pulse is immediately 
produced, and the program continues. A Buffer Transfer Instruction cannot 
be used, therefore, to transfer data from one BTB location to another. 

The timing involved in Buffer Transfer Instructions is given 
on Pages II-222 and II-223. 

E. ARITHMETIC TRANSFER INSTRUarION 

The Arithmetic Transfer Instruction is used.to transfer 12 
characters or less from one location to another. (Since BTB is Word and 
Field Addressable in this instruction, Arithmetic Transfers can be used, 
among other things, to transmit data from one BTB location to another.) 

In general, an Arithmetic Transfer has two parts: 

data from a Source Address is loaded into Register D; 
and then 

data from Register D is sent to a Destination Address. 

The first ha.l:f' of an Arithmetic Transfer (Source~ RD) is identical to 
Load v1 and Load V2 except that in the latter transmissions, RA (or RA and RC) 
and RB, respectively, are involved rather than RD. The second half' of the 
Arithmetic Transfer is simi1a.r to Store R except that in the latter trtuis­
mission, RC or RD can be involved, depending on the instruction. Accordingly 
the same circuitry is used in the computer for the first ha1::f' of an AT 
instruction as for Load v1 and Load V2; and the same circuitry is used for 
the second hal.:f' of an AT instruction as for Store R. (For this reason also 
Figures III-9 through III-14 are general diagrams applying to all arithmetic­
transfer-type data transmissions.) 

The rules f'or Arithmetic Transfers are glven below. These rules 
also aJ?ply, with minor variations, to the Load v1 , Load v2, Load IRVn and 
Store R data transmissions discussed later in this section. ('When reference 
is made to these rules in subsequent para.graphs, the necessary changes for the 
wording of' the particu1ar Arithmetic Transfer Rule referred to will be 
noted.) 

III-31 



1. Permissible Sources: See Table II-17, Page 229. 

2. Permissible Destinations: See Table II-19, Page 230. 

3. If any memory location other than those allowed by RuJ.es l 
and 2 are specified or if' an illegal address (See Table III-4) is used, the 
program is interru;pted (stopped) when the illegal source or destination 
reference is attem;pted. 

4. Source and Destination Addresses need not specify the 
same number of characters. 

5. Data from the Source is always shifted into BD from its 
high-order end, and 12 characters are always involved; data is always shifted. 
out of RD's low-order end to the Destination and the number of characters 
received by the Destination depends on the nature and capacity of' the 
Destina.ti on: 

During first half' of an Arithmetic Transfer: 

5a. If the Source Address specifies less than 12 characters, 
there a.re two types of Sources that can be involved: 

r/o, FS, or IS Track Fields, or BTB or GSB Fields< 
12 characters: in this case, a copy of the contents 
of the Source Ad.areas is loaded into the lover-order 
stages of Register D, a.nd the higher-order stages of' 
Register D (i.e., those not receiving source data) 
are filled with space codes. (See Figures III-9 and 
III-ll.) 

GSAR, PAK, or CDR: in this case, a plus sign (~) 
is automatically sent to Register D as the first 
(or low-order) character of the transfer; a copy 
of the contents of GSAR, PAK, or CDR ia the~ sent 
to the other .lower-order character positions of' 
Register D; and the higher-order character posi­
tions of' Register D are filled with space codes. 
(See Figure III-13.) 

5b. If' the Source Address specifies 12 characters, Register D 
is :loaded with an exact copy of the contents of the Source Address. 

I/O, FS, IS Track Word*Locations: See Figure III-9. 
BTB or GSB Word*Locations: See Figure III-ll. 
IRVc, RA, RB, RC, and RD: See Figure III-13. 

5c. If the Source Address specifies more than l.2 characters, 
onl.y the 12 lower-order characters of the Source Address a.re loaded into 
Reg:Lster D. 

I/O, FS, or IS Track Fields > 12 characters: 
See Figure III-9. 
BTB or GSB ],ields > 12 characters: See Figure III-J.:L. 

* 12-character fields fill arithmetic register same as Word Location data. 
III-32 



During the second half of an Arithmetic Transfer: 

5d. If the Destination Addre~s specifies less than 12 character~ 
there are two types of Destinations that can be involved: 

I/O, FS, IS Track Fields, .Q!:. BTB, 2!:, GSB Fields < 12 charac­
ters: in this case, data is transferred out of Register D 
until the number of characters specified by the Destination 
Address have been transmitted; the transfer operation then 
terminates.* (See Figures III-IO and III-12.) 

. GSAR, P~K, or CDR: in this case, the Sign character in 
Register D and a number of characters equal to the capacity 
of GSAR, PAK, or CDR are transferred out of Register D, and 
shifted into these registers from the high-order end. When 
the last character transmitted* (i.e., the high-order 
character} is shifted into these registers, the Sigrt charac-, 
ter is shifted off the low-order end. (See Figure III-14.) 

5e. If the Destination Address specifies exaatly 12 characters 
a copy of the entire contents of Register D is stored at the Destination 
Address. 

I/O, FS, IS Track Word** Locations: See Figure III-10. 
BTB or GSB Word Locations: See Figure III-12. 
IRVn, SRV, RA, RB, RC, and RD: See Figure III-14. 

5f. If the Destination Address specifies more than 12 charac­
ters, a copy of the contents of Register D is stored in the 12 low-order 
char&cter positions of the Destination and the higher-order character positions 
in the Destination are filled with space codes. 

I/O, FS, or IS Track Fields >12 characters: See F.igu:re III-10. 
BTB or GSB Fields > 12 characters: See Figure III-12. 

NOTES: If Register D is used as a Source, but not also as a Destination, an 
end-around Shift of 12 characters takes place in Register D during the first 
half of the Arithmetic Transfer. The number of characters transmitted out of 
Register D during the second half of the Arithmetic Trans·fer is given under 
Rules 5d, 5e, and 5f above. 

Destination. 
hangs up. 

6. Blockette Addresses are not- permitted for either Source .Q!: 
If a Source is referred to via a Blockette Address, the computer 

7. If a Destination is referred to via a Blockette Address, the 
transfer never terminates. 

8. Do not use Blockette Addresses for any arithmetic transfer 
type storage references. 

* The data transmitted is shifted out the low-order end of RD, sent to the 
Destination, and also re-entered into RD at RD's high-order end. Although the 
transfer of data to a Destination terminates when the capacity of the Desti­
nation is filled, the recirculation (or end-around shift) of RD does not. 
Twelve characters are always shifted out of RD and RD is left in the same 
status as at the beginning of the transfer out. 

** 12-characte~ fields receive 12 characters the same as Word Locations. 
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I/O, FS, OR IS TRACKS ARITHMETIC REGISTER--1 
(INTERMEDIATE STORAGE) 

I IQ 9 8 7 6 5 4 3 2 I S <t®----_, a I 11s15 I 4 I 3 I 2 I 1 I 114 f 2 l-t:J 

I/O,FS,ORIS TRACKS 

Figure III-9. 
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Figure III-10. I/O, FS, or IS Tracks as Destinations for the RD-tJi.Destination 
and Store R Data Transmissions. 
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.Figure III-11. GSB or BTB as Sources for the Source-->RD, Load Vv 
and Load v2 Data Transmissions 
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r---soURCE OF RESULT4 
(RC OR RO) 

11 10 9 8 7 6 5 4 3. 2 I S 

0 0 0 0 2 4 3 5 6 7 2 +~....._ __ 

ANY WORD L6CATION 

f'E-- SOURCE OF RESULT ___, 
(RC OR RO) 

0 0 0 0 2 4 3 5 6 7 2 +~....._ __ 

ANY FIELD LOCATION 

f J-FIELD A 

~ GSB or BTB -----------~-r- FIELD V-4 l + FIELD E ---....;;;, ... c;.....__ D ~ ~A-1 

~~~~~~~~m 
FIELD .:: 12 CHARACTERS 

tE---------GSBor BTB-------~~~­

FIELD H------~......., 

Fl ELD > 12 CHARACTERS 

Figure III-12. GSB and BTB as Destinations for the RD-+Destination and 
Store R Data Transmissions. 
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----- ARITHMETIC REGISTER---­

(INTERMEDIATE STORAGE) 

11 10 9 8 7 6 5 4 3 2 I S 

Cffil------16l6l6l8l8l8l8l8l8l8ITI~~ CDR 

PAK CU1412]-J __ _ 

GSA R ~I e I 7 I QJiJ1--18 I 8 I 8 I 8 I 2IoI4Ia11IoI4 I~~ 

IRVc 

IF THE ARITHMETIC REGISTER IS 
ADDRESSED AS THE SOURCE AND 
IS ALSO THE INTERMEDIATE STORAGE 

(SOURCE BUT NOT INTERMEDIATE STORAGE) 

PLUS SIGN {~) AUTOMATICALLY SENT _J· 
AS FIRST CHARACTER 

RA, RB, RC, OR RD -~ 
..---a-r--4--.---2 -r---o~s---,--r--11-1 0---.1-0---13--1-2 [±' -a-14-12-1-0--1 s--1 ----, 1-1 -1 o-1 o-l-3 -12-H8 

Figure III-13. IRV and the Registers as Sources for the Source-f'RD, Load Vi, 
and Load V2 Data Transmissions. 
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~ SOURCE OF RESULT 
r--- (RC OR RD) ~1 

11 10 9 8 7 6 5 4 3 2 I S SIGN 
SHIFTED OFF 

J 
liolololololol71sj21e1Alt.~I >--t--------~~] coR 

liololel7'sls141311 l9lsl-~I _J _______ ,.I 119151:] PAK 

Figure III-14. 

IRVn 

SRV 

IF RD IS ADDRESSED AS THE DESTrNATION 
AND IS ALSO THE SOURCE OF THE RESULT. 

(IF RC IS ADDRESSED AS DESTINATION AND 
IS ALSO THE SOURCE OF THE RESULT, NO 
END-AROUND SHI FT OCCURS.) 

IRV, SRV, and the Registers as Destinations for the 
RD-.Destination and Store R Data Transmissions. 
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If Register D is used as a Destination, but not as a Source, 
data is placed in Register D in accord.a.nee with Rules 5a, 5b, and 5c above 
during the first half' on the instruction.. During the second half' of the 
Arithmetic Transfer, an end-around sld.ft- of 12 characters occurs in Register 
D, a.nd. the transfer terminates. 

If Register D is used as both Source and Destination, an end.­
around shift of 12 cllaracters occurs during each half of the instruction, a.ni 
the program continues. Register D data left in unaltered condition. 

The timing for arithmetic-transfer-type data transmissions is 
given on Pages III-229 and III-230. 

The data transmission that loads the first value, v1 , used in 
a.n instruction into the arithmetic section is the same as the Source ~ RD 
transmission except that the Source data (V1 ) is placed in RA (or RA and RC) 
not RD. (See Table II-4, Page II-11.) The same basic rules (1 - 5c) outlim:id 
in :Para.graph E, thE~refore, apply except that RA (or RA and RC) should be 
substituted for RD in each rule, as appropriate. 

The clata transmission that loads the second value, V 2, used in 
.an :instruction into the arithmetic section is also the same as the 
Source ~RD transmission except that the Source data (V2) is placed in RB 
not RD (See Table II-4, Page II-11). The same basic rules (1 - 5c) outlined 
in :Paragraph E, therefore, apply except that RB should be substituted for 
RD in each ruJ.e, as appropriate. 

H. IDAD IRVn 

The acquisition of the next Instruction Word is also a data 
transmission similar to the Source --..:;. RD transmission. However, the inter­
mediate storage used is always IRVn; and, as outlined on Pages II-20 through 
II-22 and Page II-229, only the following locations can be used as a Source 
for Instruction Words: 

I. STORE R 

Any Word Location in GSB, BTB, or on the I/O, FS, 
or IS Tracks; RA; RB; RCj RDj and IRVc. 

The store R data transmissions are identical to the 
HD -~Destination transmission except that RC or RD is used as the source 
of the result, depending on the instruction being executed. Rules 5d - 5f 
in Paragraph E thus apply directly, if RD is the source of the result. If 
HC is the source of the result, substitute RC for RD as appropriate in each 
rule. Note in Figiu:-e III-14 that, if RC is the source of the result and is 
also addressed as the Destination for R, no end-around shift occurs; i.e., 
the Store R operati.on terminates immediately. 
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The transmission U in RC ~ Destination that occurs in the 
Unconditional Jwn.p Instruction Word, and in the Jump on Negative, Jump on 
Plus, and Jump on Zero Instruction Words when a jwn.p takes place in those 
instructions is a store R (RC----;. Destination) type of data transmission. 
However, only the Destinations listed on Page II-109 a.re permitted. If' 
the V address is a Word Location on an I/O, FS, or IS Track or in BTB or 
GSB, only three characters (the lower order three, Sign position included, 
in RC) a.re recorded in the W-section of' the V address. If' the V-address 
is RC, no data is transmitted out of RC. 
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IV ARITHMETIC SECTION 

All of the arithmetic ·and most of the logical instructions of the computer 
are performed in the Arithmetic Section. The prime function of the Arithmetic 
Section is then to carry out the process specified by certain (most) in­
structions. 

The principal parts of the Arithmetic Section are 

the four arithmetic registers: 

Register A, RA 
Register B, RB 
Register c, RC 
Register D, RD 

a serial adder/subtractor, 

a comparator; and 

the necessary counters and control circuitry required for the 
execution of each of the processes involved in the instructions 
listed in Table IV-1, Page IV-2. 

Details on the operation of the Arithmetic Section during each of the in­
structions listed in Table IV-1 are presented in Section II, Paragraph D, and 
are not, therefore, repeated here. 

Table IV-1, however, sunnnarizes the following information regarding the 
operation of the Arithmetic Section: 

the specific instructions which involve the Arithmetic Section; 

the initial* and final* contents of each of the Arithmetic registers: 
RA, RB, RC, and RD for those instructions; and 

the particular register(s) in which the result is formed and from 
which the result is obtained in each instruction. 

All characters in the Arithmetic Section are manipulated by the circuitry 
in Univac code, an excess-three binary-coded decimal notation. (See Pages 
A-16 and A-54 in Appendix A). However the operations are performed logically 
the same as one would write them down on paper. For this reason, problems can 
be formulated for the computer in ordinary decimal notation, using the alpha­
numeric symbol (as 8, or A, or 4, etc.) rather than the binary-coded decimal 
notation for each character. The binary-coded decimal notation need be used 
only when data is being manually inserted into the computer via the push-buttons 
on the control panels and console. 

* The initial contents of a register means the contents of the register after 
the source data involved in the instruction has been loaded into the Arithmetic 
Section. The final contents of a register means the contents of the register 
at the end of the instruction, assuming that the result of the instruction is 
not stored in the register. If the result is stored in the register, then the 
result is the final contents of the register. This is valid only if no check 
is programmed. 
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Table IV-1. Initial and Final Contents· or the Arithmetic Registers. 
r--· 

......... 
INSTRUCTIOOS Register A 

Jnl tlal Fl nal 
~: 

Add A•!il.end A~end 
t-Ai'1r1 & Check Aug end Auuencl 

t---
Subt.ract ...___. Mi nuP.ncl Minuend 

Subtract & Minuend Minuend 
Ch<'ck 

t--- --
Multtrly, Store MultlJllicend Multi pl icont 

t--Uppn 

Multi flly, Store Multi Jllicand Multipllcenc 

t--· 
!Pf.er & Check 

Mu I ti ply, St.ore Mu 1 ti pli cnnd Mu l tl Jll i cnn~ 
Lower 

t----· 
Multi pll cen1~ Multiply, Store Multi pli cend 

Lower & Check ...._. 
Di vi de, Store Dividend UN 

Quot.I ent 
t---·---

Dlvidl:!, Store Dividend UN 
Quot.lent & 
Checlk 

t---- . 
Divide,, Store Dividend UN 

Remeii nder 

Olvide,Store Dividend UN 
Remainder G 
Check 
~-

(Any) Divide Dlvidond lJN 
Where Divisor 

i--=.-:.t? 
(Any) Divide Dlvidond II.IN 
Where Quotient 
Digit < 1 
Mask Tl'ensfer Operand Ope rend 

Compare V1 Operand V1 Operand 

Suppress Left vi Operand II 
Zeros 

'L:;{t Normalize v1 Operand Normallzed 
Operand 

Substitute V 1 «'pennd V 1 Operand 
<U, V, or W> 

1----
J11111p on Plus 

Jump on Minus PC PC 

1J11111p on Zero 

~UmiondUional 
Jump 

Arhlwetli• 
Tl'aJts!er PC PC. 

.......__,, 

R • Result. 

PC: - Prevlo111 contents 

l~ • UHHble 

nr-2 

--
CON'IT-:NTS OF 

Re ii ult RMIUlf. 
Register 8 Re11t stcr c Regi.11ter D 

fonnrd storr1I 
lrtHial Fimtl 

Addend Arid end 
Adrlf'ncf Adrlenil 

Subtrahend SubtrehenJ 

Subtra he.nd Subtrahend 

Multi r lier Multiplier 

Multi rller Mull. pller 

Multiplier MuJt ipJ I er 

Multiplier Multiplier 

Divisor UN 

DI.visor UN 

Divisor UN 

Dlvl sor UN 

Dlvi sor UN 

Divisor UN 

Mask Mask 

v2 Operand v2 OP.e.rand 

PC PC 

PC Nonnallzed 
Count 

V2 Operand V 2 Or1era·nd 

PC PC 

PC" PC 

KA - Register A 

RB - Reghter 8 

RC - Regl 1ter C 

RD - Register D 

Inl tie l 

PC 
t'C 

re 
PC 

PC 

re 

PC 

PC 

Dividend 

Di vid1md 

Dividend 

Dividend 

Dividend 

Dividend 

PC 

PC 

PC 

PC 

PC 

PC 

PC 

fl nel Int ti 11 l Final ln from 
t-· --

UN PC R RD RO 
-WegaTive l1C -R -mT lID 
Zero - --
UN rr: R HD RU 

Negative PC R RD HO 

Zero 
f--- ------+-· 

PROO U PC PROIJ L RC & RC 
RD 

--1 
Negative PC Ne<Jnti ve RC & HC 
Zero Zero RD 

PROD ll PC PROO L RC & RD 
RD 

Negative PC Negative RC & RD 
Zero Zero RD 

Remainder PC Quotient RC & RD 
RD 

IJN PC UN RC & RD 
RD 

··-
Rernoi nder re Quotient RC f, RC 

RO -
.UN PC (JN RC f, RC 

RD 

Zero PC Zero RC & RC or 
RD RD 

Dividend PC Zero RC & RC or 
(Remain- RO RO 
der.l -
R PC R RD RD --
PC PC PC Branch 

Storaye 
Set to + o ...... -

PC PC R RA & RD 
RD -

PC PC Norma 1- RA, RD 
lzed RB, & 
Operand RD 

R PC H RD RD 

RC used 
as 
intenned- PC PC RC Re 
late 1tor-
age for ll. 
Final 
Contents 
of RC are 
unusable. 

-~ 

PC Receives Copy of RO RD 
Source Source 
Data Dato 

.-i 

PROD U - higher-order characters of product 

PROO L - lower-order characters of product 
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V INPUT/OUTPUT SYSTEM 

A. GENERAL INFORMATION ON DATA TRANSMISSIONS 
TO AND FROM THE CENTRAL COMPUTER 

This section (Input/Output System) and Section VI (General Storage 
Data Transmissions) describe the manner in which data is transmitted to and 
from the operating memory of the Central Computer, and the manner in which the 
Central Computer functions in automatic system-control. Two principal facts 
are stressed in these two sections: 

data can and should be supplied to, and received from, the 
operating memory of the Central Computer on a timed-shared 
basis with other operations ~ the system. (This means that 
by using the appropriate combination of Instruction Words, Sub­
Instructions and Sub-Steps as required, the programmer can cause 
the Central Computer to be carrying out a logical or arithmetic 
operation at the same time that both Genexal Storage and each 
I/O Unit are supplying data to, or receiving data from the operating 
memory of the computer.) 

the control information that can be exchanged between the Central 
Computer and other parts of the system should be optimumly 
utilized to permit the computer to adjust its program automatic­
ally, and thereby efficiently monitor the over-ali operations of 
the system (this implies, of course, that the control information 
from other parts of the system be thoroughly understood, and 
skillfully applied in the design of the system program; it also 
implies, in the case of the Input/Output System, that part of the 
system progra.mrning must actually be done on the externa--rd:°eViceB; 
called !J!l Units, that produce th~ con.tr"or-iiif'Ormation; i.e., the 
control inf orrnation must be identified for the eomputer program, 
and some method set up in the I/O Unit whereby certain control 
information can be applied to the Central Computer, as required. 
Conversely, the control information from the Central Computer must 
be identified for some I/O Units.) 

A key point is that General Storage and each UFC I/O Unit are 
designed so that, once given an operation to perform, each can carry out its 
respective function completely independent of the other and of the Central 
Computer. An efficient system program will, therefore, not merely be con­
cerned with the optimum sequence of arithmetic and logical operations in the 
Central Computer, but will also be designed to permit the Central Computer 
to monitor the General Storage System and each I/O Unit in the Input/Output 
System so that via ti'1'ne-shared operations: 

any data required by the program from any source is always 
available in the operating memory at the required time; and so that 

all data processed by the program is suitably stored or sent to an 
output device, as required. 
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To establi.sh a correct notion regarding system operations, it is 
convenient, therefore, to associate the General Storage and Input/Output 
Systems, even though this may appear to be artificial in some respects. For 
example, as explainea. in Section VI, the General Storage Drums (unlike the 
r/o Units) are primarily intended as large-capacity, random-accress, external 
memories, and the basic mechanics of their operation is quite similar to that 
of the principal element of the operating memory of the Central Computer, 
viz, the High Speed Drum. General Storage, however, is a system memory, not 
a part of the operating memory of the Central Computer. Since this is the 
case, data in General. Storage must first be placed in the operating memory of 
the Central Computer before the latter can use it. Similarly, Central Computer 
data rnust be placed in the General Storage Buffer before General Storage can 
manipulate that data. This is the same situation that exists in the Input/Out-· 
put System. For example, the data on the medium manipulated by an input device 
is not available to the computer until (a) the input device is given a loading 
operation to perform, (b) it transcribes the data on the medium it manipulates, 
and stores a copy of that data in the operating memory of the Central Computer, 
and (c) the buffer memory (I/O Track) containing the input data is made avail­
able to the computer. Similarly data in the operating memory of the computer 
is not reproducible by an output device until (a) that portion of the operating 
memory containing the output data is ma.de available to the output device, and 
(b) an operation is given the output device that permits it to unload the out­
put data, and activate the required mecnanisms to reproduce the output data. 
In certain system considerations, therefore, the General Storage Drums can and 
ought to be thought of as pseudo-I/O Un.its whose functions (and "basic program 
control) are similar to that of the I/0 Units discussed in this section. 

Other system considerations also associate the General Storage and 
Input/output Systems even though an opposite perspective is assumed.. For 
example, the I/O media (particularly punched cards and magnetic tapes) will 
someti.mes be regarded as external memories, and their associated I/O Units 
will be regarded as psuedo-storage systems. 

To summarize the relationships, as well as the principal differences, 
between the General S·t;orage and Input/Output Systems Table V-1 lists 

the basic d.evices included in each system, 
the manner in which operations are initiated in each system, 
the particular portion of the operating memory of the 

Central computer with which each is associated as well 
as the general nature of the data transmissions that 
occur in each; and 

the contro~L information each system supplies the Central Computer. 

Details on the operation or the Input/Output System are presented 
below. As noted above, the General Storage System is discussed in Section VI. 

Figure V-1, Page V-6, a partial block diagram of the UFC Model l 
Input/output System, :lllustrates that the following are the principal parts 
of that system: 
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Table V -L A Brief Comparison of the General Storage and Input/Output Systems 

Basic 
de­
vices 
in­
cluded 
in 
each 
System 

Manner 
in 
which 
Time­
shared 
Opera­
tions 
are 
ini­
tiated 

General Storage 

General Storage Drums 

By the following General 
Storage Sub-Instructions 
or Sub-Steps: 

Clear GSB to.Ignores 
Read Unit Record 
Write Unit Record 
Write Unit Record & 

Check 
Channel Search= 
Channel Search #: 

Input/Output Systems 

UFC I/o Units 

The following UFC I/O units are cur­
rently being built. A variety of 
other devices are under development. 

UFC Model 1 Console System 
UFC Inquiry Typewriter 
UFC 90-Colum.n Card System 
U.FC 90-Column Card System (with 

Post-Read Checking) 
UFC 80-Coltnnn Card System (Bull 

Unit) 
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 available as an 
auxiliary device for use in UFC 
Model 1 Systems. This device per­
mits off-line sorting and collating 
operations to be performed, and also 
allows combination collating-and­
updating operations to be carried 
out during psuedo on-line opera­
tions. 

By Demand In Instruction Words, or 
Sub-Steps during which signals are 
sent to an I/O Unit via the Com­
puter - I/O Control Lines (A-J). 
These signals are sent to an I/O 
Unit when that I/O Unit is "on 
demand" and ready. Some signals on 
the C-I/O control lines (A-J) merely 
condition the I/O Unit for subse­
quent operation, others specify a 
particular operation that is to be 
performed. In some I/O Units the 
pattern of signals for each opera­
tion is fixed. In others, the 
C-I/O control lines are programmable 
on the I/O Unit. 

(Continued on next page) 
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Table V -1. A Brief Comparison of the General Storage and Input/Output Systems 
(Continued .from preceding page) 

The 
portion 
of 
the 
opera­
ting 
memory 
of 
the 
Central 

.Com­
puter 
that 
is 
used, 
and 
the 
nature 
of 
the 
data 
trans­
mis­
sions 
in 
each 
System 

v-4 

General Storage 

The General Storage 
Buffer is used as the 
communication link 
between the Central 
Computer and. General 
Storage Drum.. During 
General Storage opera­
tions, GSB is not Word 
or Field Addressable; 
data always leaves or 
enters GSB to and from 
the General Storage 
Drums beginning with 
GSB's Word 9, Character 
S position. No format 
control or translation 
of data takes place. 

When GSB is not engaged 
in General Storage 
operations, it is part 
of the operating memory 
of the Central Computer 
and as such is Word, 
Field and Bl.ockette 
addressable. 

Input/Output Systems 

When each I/O Unit is connected to 
the Computer, it is assigned to an 
I/O Track Address. Each I/O Track 
Address specifies a pair of tracks: 
at any given time the Computer is 
connected to one track of the pair 
and the I/O Unit is connected to the 
other track. Each I/O Track Address 
thus always has one track that is in 
the operating memory of the Central 
Computer and one that is not. This 
assignment can be reversed by a 
programmed Track Switch operation. 
The advantage of this type of input/ 
output buffer memory is that the 
computer and r/o Unit can time-share 
storage references at the same I/O 
Track Address as well as time-share 
their respective operations. The 
computer can thus be unloading 
(i.e., using the data on) one track 
while an input device loads the 
other; the track assignment can then 
be reversed and the computer cari 
unload the new input data, while the 
input device continues operation 
loading the other track. Data 
transmissions to and from an r/o 
Unit take place between the I/O 
U~t's buffer memory and the I/O 
Track. Input data flow is I/O medium 
~ I/O U:riit Buffer Memory ~ I/O 

Track. Some I/O Units have a 
translator which permits one or 
more codes other than Univac code to 
be used on their I/O medium. All 
I/O Units' Buffer Memories., however, 
transmit data to and from their r/o 
Unit's associated I/O Track in Uni­
vac code. In some I/O Units, format 
editing of the in-out data can be 
programmed; some I/O Units also in­
clude an I/O Track Addressing System, 
and in-out data can be stored or 
obtained from a particular location 
on the I/O Track. 

(Continued on next page) 



Table V -1. A Brief' Comparison of' the General Storage and Input/Output Systems 
{Continued from preceding page) 

Con-

trol 

Inf' or-

mat ion 

Sent 

to 

the 

Com-

put er 

General Storage 

Channel Search Operations 

General Storage interlocks GSB 
and GSAR, and notifies the Com­
puter of the status of the 
search and the results of the 
search. That is, the Computer 
program ca.n test to see if a 
previously initiated channel 
search is completed or not:* 

if the channel search is not 
completed, the computer pro­
gram can continue imniediately 
with some other operation, 
or it can wait depending on 
what is programmed. (See 
Channel Search Probe and 
Channel Search Probe & Wait, 
Section VI, Page VI-29.) 
if the channel search is com­
pleted, the data obtained in 
the search is available to 
the computer program for pro­
cessing, and the reported 
results of the search are 
available for program 
variance. 

Other Operations 

No control inf'ormation, as such 
is sent to or set up in the 
computer. GSB and GSAR are 
interlocked, however, as in 
the Channel Search operations. 
Although the program cannot 
test to see if these other 
operations are completed, it 
will always observe the correct 
procedure with respect to Gen­
eral Storage if GSB or GSAR are 
addressed prior to beginning 
all General Storage. operation. 
By interlocking GSB and GSAR 
General Storage, in a sense, 
thus controls the computer pro­
gram. 

Input/Output Systems 

Demand Test In sequences 

The I/O Unit tested immediately 
notifies the Computer that it is 
READY or NOT READY for subsequent 
use. 

Demand In sequences 

Two sets of Control information can 
be sent to the Computer during these 
sequences (each must be programmed 
as to their definition and time of 
occurrence on the I/O Unit itself). 

(LS) I/0-C control lines (a-1) 
These are B + lines that 
cause their correspondingly 
named hubs on the Program 
Control Plugboard to emit 
B+ shortly after the I /o 
Unit involved goes "on 
demand". 

(HS) r/o-c control lines (W-Z) 
These are pulse lines that 
set High Speed I/0-Computer 
Control Line Storage in the 
Computer when the I/ O Unit 
"on demand" goes ready. 

The (LS) I/0-C CONTROL LINE hubs 
(a-1) on the Program Control Plug­
board are patched to SELECTOR 
PICKUP hubs. By probing the appro­
priate Selectors the computer pro­
gram can identify the control in­
formation sent and achieve program 
variance accordingly. 

Test Incoming Control Instruction 
Words or SPECIAL OUT - to - W, X, 
Y, Z IN patching can be used to find 
out which (HS) I/o-c control lines 
w-z set High Speed r/o-c Control 
Line Storage, and the program can 
be varied or sequenced accordingly. 

* The computer actually indicates the interlock on GSB and GSAR each 
time a General Storage operation is initiated; General Storage 
maintains it until the operation is completed. 
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tracks, one pair 
per demand station 
position. \ 

A.t any given time ~ ~~RACK SWITCH I/O TRACK 04-

OE~~ND {~ STATION 
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one of these head '\ ~ 
cables (hence one ,,.__D~EM_AN_D~T_E~ST_l_N_4 __________ ~~ There are ten 

demand s ta ti on 
positions, and 

of the I/O Tracks 
at 1/0 Address "- ~ 
04-) is connected "'-.. 
to the Central 
Computer's Transfer 
Bus and the other 
is connected to the 
1/0 Unit's Buffer 
Memory. The track 
assignments can be 
reversed by Track 
Switching. 

TRANSFER BUS 

.~KE l!LI. I_& UNITS J2FF _DE_MAN.D_ 

~--D™~ 
fi2\-i-------

-- Ja+J_ I/0 
r--=~-==":"'.::".'~===-===-=~==--..CONTROL 
t .._ 1/0 TRACK AOOR..f.SS PROBE CIRCUITRY 

~'\----_.., 

..COMPUTER Cr'l\I/0 _I 
'CONT. LINES~ 

each has a complete 
set of 1/0 control 
lines like the ones 
shown for Demand 
Station Position 
#4, Any combina­
tion of up to ten 
IFC 1/0 units can, 
therefore, be con·· 
nected to and con·· 
trolled by the 
Central Computer. 

ttnt 1 ~ 
OTHER LOCATIONS IN THE [ DEMAND STATION POSITION -il<A ] DE,:ND {~ 

_c~T.B.AUQMPU.lfR __ .,_ .. 
1 
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DEMAND STATION· #4 
(SEE FIGURE 11:-2, PAGE 11:-12) 

Any of the UFC 1/0 Unit:; 
can be connected to any 
demand station position 
by simply plugging the 
cables from that unit's 
demand station into the 
connectors at the .de­
sired demand station 
position. 

Plugboard Instruction When an 1/0 Unit is so 
and/or 

1/0 Unit 

Buff er Memory 

i Format Control 
I and/or 

Translator• I 1/0 Track 

Control Panel Register connected to Demand 
Station Position #4, foil" 
example, it becomes 1/0 
Unit #4, its demand 

Sequence Control Circuitry station is Demand Station 

1 Addressing 

1---------~l_C_i_r_c_u_i_t_ry_•_• __ -1-~-------------1 
#4, and its Buff er Memo icy 
communicates with 1/0 
Track Address 04- in da1;e 
transmissions to and from Input/Output Medium 1/0 Mechanism 

'------------~-----··------------....... the computer. 
*All data transmissions between an 1/0 Unit's Buffer Memory and the 1/0 Unit's associated 1/0 Track involve 

only Univac coded characters. Most UFC 1/0 Uni ts employ some type of translator, and can, therefore, 
manipulate data in another (one or more) code(s) between the 1/0 Unit's Buffer Memory and the input/out1•ut 
medium. 

••some 1/0 Units have plugboards on which the format of input/output data can be varied, and on which a 
limited amount of editing can be programmed; some have an 1/0 Track Addressing system that can be progre1m­
med to allow input/output data to be delivered to and received from specific locations on the 1/0 Track;; 
some 1/0 Uni ts, as the UFC Magnetic Tape Units do not permit any translation, formating, ed l ting, or 1/0 
Track add res sing (i.e., data is stored in the computer exactly as it is read from the tape and data is 
recorded on the tape exactly as it is received from the computer.) 

Figure V-1 .. Partial Block Diagram of UFC Model 1 I/O System 
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I/o Control circuitry } 
D~rnand Station Positions ( 0-9) 
I/o Tracks 
Transfer Bus 

These are 
in the 
Central 
Computer 

Any combination of up to ten lff'C I/O Uni ts, 
each of which has the following general composition: 

Demand Station 
Instruction Register 
Plugboard and/or Control Panel 
Sequence Control circuitry 
I/O Mechani'sm 
I/O Medium, and an 
I/O Unit Buf'fer Memory which may or may not 

have an associated 

Translator, and/or 
Format Control, and/or 
I/O Track Addressing system. 

Those parts of the system which function the same regardless of 
the I/O Unit involved (as the I/O Control circuitry, Demand Station Position, 
and each I/O Unit's Demand Station) are discussed in detail below. U 1300, 
Univac File-Computer System Specifications, can be consulted for further 
information on the mode of operation and composition of each UFC 1/0 Unit. 
Other detailed information on each I/O Unit is in preparation. 

B. CENTRAL COMPUTER PORTION OF I/O SYSTEM 

1. I/O Control Circuitry 

The I/O Control circuitry i~ the collection of circuits 
in Program Control whose principal function is to (via Demand Station 
Positions) communicate with the Demand Station in each I/O Unit in accordance 
with the system program. 

The operation of this circuitry is initiated in 
internally-stored programs by the execution of the Test Dem.and In, Demand In, 
or Test Incoming Gontrol Instruction Words described on Pages II-127 through 
II-145. The operation of this circuitry is initiated in plugboard-defined 
programs by the I/O Control Sub-Steps discussed on Pages II-73 through II-79. 

The principal parts of.the I/O Control circuitry are 

the selection circuits which determine which 'I/O Unit 
is to be involved each time the system program 
specifies .. an operation in the I/O System. As noted 
above this circuitry can be operated either by an 
internally-stored program or a plugboard-defined 
program. Where necessary (i.e., in those cases where 
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the I/O Unit selected for operation is to reply to the 
computer) this circuitry is designed to "remember" which 
type of program :Lnitiated the operation, and it routes 
the I/O reply accordingly. Internally-stored programs 
thus receive I/O Unit replies internally in Program 
Control, whereas plugboard-defined programs receive 
I/O Unit replies at hubs on the Program Control Plug­
board. 

Ten identical* sets of lines, each set of which connects 
Program Control to a Demand Station Position. One set 
of these lines, to Demand Station Position /#+, is illus­
trated in Figure V-1. Note that the set of lines shown 
is arranged in groups. Note also that the lines emanat­
ing from the computer are identified between I/O Control 
and Demand Station Position ~tJ+, whereas the lines 
emanating from I/O Unit //1+' s Demand Station are identi­
fied between Demand Station #J+ and Demand Station 
Position -/P+. When the system program specifies that the 
computer and a particular I/O Unit are to commwiicate, 
one of these sets of lines is activated for use by the 
selection circutts of I/O Control. The function of each 
of these lines is described below in Paragraph V Cl. 

Storage Address Register, SAR. Although SAR has other 
functions as well, it is Program Control's source of 
the r/o control characters (abc) and (:xxx) in the 
execution of I/O Control Instruction Words. (See 
Pages II-127 through II-145). By the same token all of 
the I/O Control Sub-Step hubs on, the Program Control 
Plugboard can oe regarded as pa.rt of the I/O Control 
circuitry. 

High Speed I/0-Computer Control Line Storage. This is a 
special-purpose l~-bit (non-addressable) memory in the 
Central Computer that is used to remember certain 
control informat:Lon, the (HS) I/0-Compute:r control line 
signals W, X, Y, Z, from the I/O Units. As illustrated 
later in this section, each time an I/O Unit is 
dernanded,r/o Control clears High Speed I/0-Computer 
Control Line Storage. The (HS) I/0-Computer control 
lines (W-Z) from the Demand Station of the I/O Unit 
"on demand" then can set this special-purpose memory 
as required. (If the basic rule is observed that 
HS I/0-C Control Line Storage is to be tested each time 
a SPECIAL OUT, described below, is produced by an I/O 

* Ad~di tional connective lines have been included in the set to Demand 
Station Position O, so that certain specialized operations of the UFC 
Inquiry Typew.riter can be achieved. 
Al.l other sets are identical. 
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Unit the program can readily recognize HS I/0-C control 
line information from each I/O Unit as appropriate.) 
The following important facts concerning HS I/0-C Control 
Line Storage should be thoroughly understood: 

There are ten sets of inputs to this memory: one 
from each of the ten I/O Units' Demand Stations. 
Only one I/O Unit's Demand Station can be 
connected to HS I/0-C Control Line Storage at a 
time. An I/O Unit's Demand Station is connected to 
HS I/0-C Control Line Storage when that I/O Unit is 
placed "on demand" and goes ready. If any of the 
W, X, Y, and/or Z lines in the I/O Unit's Demand 
Station are energized at this time, the correspond­
ing signals W, X, Y, Z are sent to HS I/0-C Control 
Line Storage. If none are energized this memory 
remains cleared. The testing of HS I/0-C Control 
Line Storage is done completely inside the Central 
Computer; no I/O Unit's Demand Station is involved. 

2. Demand Station Positions 

Each Demand Station Position is fundamentally a set of 
connectors that links together a part:lcular set of lines from I/O Control and 
the cablingi from a Demand Station. That is, each Demand Station Position is 
a tie-point for a full set of I/O control lines that connect to I/O Control 
inside the computer and to a Demand Station outside the computer. The lines 
to and from I/O Control and the Demand Station Position are permanently wired 
lines. Those· to and from a Demand Station and the Demand Station Position 
are connected to (and disconnected from) the Demand Station Position when an 
I/O Unit is physically connected to (or disconnected from) the computer. 

An I/O Track Address is associated with each Demand 
Station Position. The two are correspondingly numbered: m-Track Address 
OQ~jis connected to Demand Station Position O, I/O Track Address Olx is 
connected to Demand Station Position 1, etc. When an I/O Unit's Demand 
Station is connected to a particular Demand Station Position, then, the I/O 
Track Address with which that I/O Unit connnunicates is automatically de­
termined. 

3. I/O Tracks on the High Speed Drum 

Each I/O Track Address actually specifies a pair of 
tracks,, and the head cabling to each pair of' tracks is permanently connected 
to a correspondingly-numbered Demand Station Position. As illustrated in 
Figure V-1, at any given time one track of the pair is connected to the 
computer and the other track of the pair is CQ:nnected to the Buffer Memory 
of the I/O Unit whose Demand Station is plugged to the Demand Station 
Position associated with the pair of tracks. Both the Central Computer (via 
its Transfer Bus) and the I/O Unit (via its Buffer Memory) can independently 
time-share storage references to their respective tracks. The track assign­
ments can be reversed by a Track Switch operation. If this is done, the 
track formerly connected to the Central Computer's Transfer Bus can be made 
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available to the I/O Unit's Buffer Memory, and what formerly was the I/O Unit 
Buffer Memory's track can be made available to the Central Computer's Transfer 
Bus .. 

This design of I/O Track logic is an important feature 
to E?Xploi t to successfully time-share input-output operations. Not only can 
the Central Computer and each I/O Unit carry out their respective operations 
independently, but the Central Computer and an I/O Unit can use the same I/O 
Track Address simultaneously. An (instantaneous) Track Switch operation can 
then be carried out to make the data stored by the computer (I/O Unit) avail­
able to the I/O Unit (computer). In output operations, for example, the 
computer can load the track to which it is connected, while the I/O Uni 1:; un­
loacls (previously stored) data from the other track, i.e., from the track to 
which it is connected. A Track Switch operation can then be carried out, and 
the new output data made avai.lable to the I/O Unit, while the computer loads 
the next group of output data on the alternate track. Similar techniques can 
be employed for input operations. 

Note on Figure V-1 that the data transmitted to and 
from an r/o Track Address by the computer actually passes through the I/O 
Unit's Demand Station. If no I/O Unit is connected to a particular Demand 
Station Position, the computer cannot refer to the I/O Track Address associ­
ated with that Demand Station Position. In this connection there are 
several cases to co:nsider. 
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Installation uses less than 10 UFC :r/o Units: 

In th:is case a minor field. modification 
(described later in this section) can he made, so 
that one track of the pair of each set of unused 
I/O Trac.ks is available to the Central Computer as 
an IS Track, if this is desired. 

Installation uses 10 UFC I 0 Units (i.e., no 
fiel modification is carried out but one or 
more is .disconnected because 

the TEST/NORMAL switch for the.t I/O Unit 
(oa Prcvgram Control Cabinet #f) is in the TEST 
position; or because 

one or more I/O Units' Demand Station's 
cabling is disconnected from the computer. 



4. ~entral Computer.Transfer Bus 

The Central Computer's Transfer Bus is associated with 
the Input/Output System only insofar as it is involved (via a Derna.nd Station) 
in the transfer of data to and from one Program Control Storage Location and 
an I/O Track. 

C. PORTION OF I/O SYSTEM IN EACH UFC I/O UNIT 

1. Demand Station 

As noted above, an I/O Unit's.Demand Station is part of 
control circuitry of .the I/O Unit; and is, specif~cally, the means whereby the 
computer (via I/O Control) communicates with the I/O Unit. 

When an I/O Unit is physically connected to the computer, 
cabling from its Demand Station is plugged into one of the ten Demand Station 
Positions (0-9) in the computer. This cabling is the only wiring between the 
I/O Unit and the computer. Any UFC I/O Unit can be plugged into any Demand 
Station Position.* Once plugged, however, it is designated as I/O Unit "b" 
(where "b" is numerically the same as the Demand Station Position -0-9 to which 
it is connected), and it conununicates only with a correspondingly numbered I/O 
Track (O"bn-) on the High Speed Drum in data transmissions. 

The principal circuits in a Demand Station are the 

Demand Test In circuits 
Demand In circuits 
Track Assignment & Track Switching circuits 

The operation of each of these groups of circuits is discussed below, and 
illustrated in Figure V-2, Page V-12). 

a. Demand Test In Circuits 

The Demand Test In circuits permit the computer 
to test the operating (or ready/not ready) status of an I/O Unit without 
affecting the demand status of that I/O Unit (or that of any other I/O Unit), 
and without delaying the central computer program in any way. The principal 
element in these circuits is the Ready flip-flop. 

When the Ready flip-flop in an I/O Unit's 
Demand Station is set to o, the I/O Unit is said to be in a not ready 
condition; when this flip-flop is set to 1, the I/O Unit is said to be in a 
ready condition. 

The setting of the Ready flip-f.lop (0 or 1) is 

* The UFC fnquiry Typewriter must be connected as I/O Unit o. 
No other restrictions exist. 
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controlled entirely within the I/O mtit by the signals SET TO NOT READY and 
SET TO BEADY (IF NO ERROR). These signals are generated by the operating 
control circuitry (called Sequence Control circuitry) in each I/O Unit. The 
manner in which the ready condition is set-up and removed varies with each 
I/O Unit, but is one* of the particulars concerning the operation of each I/O 
Unit that the prograrruner should know. In general, the following are the basic 
rules whereby each I/O Unit remembers its operating status via the Ready flip­
flop: 

If certain manual operations are required to 
initially prepare an I/O Unit (internally) for 
operation, the Ready flip-flop cannot be set to 1 
(i.e., the I/O Unit will not initially go ready) 
until these required operations are performed. 

Once initially ready (i.e., its Ready flip-flop is 
set to 1) an I/O Unit can be given an I/o Instruc­
tion to perform by placing the I/O Unit "on 
demand", and sending it signals over the C-I/O 
control lines A-J. When the 1/0 Unit begins an 
operation, its Sequence Control circuitry sets 
the Ready flip-flop to O; the I/O Unit then goes 
not ready. 

At some point in the operation in which it is 
engaged, the I/O Unit will be restored to a ready 
condition (i.e., its Ready flip-flop will be 
reset to 1) if no error exists in the I/O Unit. 
The exact point at which this occurs varies from 
I/O Unit to I/O Unit; it may be in the middle of 
the cycle the I/O Unit carries out to perform the 
operation, or it may be at the end of the cycle, 
depending on the I/O Unit. An important point to 
remember is that if power is lost in an I/O Unit 
or some other error condition occurs, the I/O Unit 
cannot go ready. (See Error flip-flop, the master 
error "memory" for each I/O Unit, in Figure V-2.) 

If the Ready flip-flop is set to O when a DEMAND 
TEST IN signal is received from the computer 
(during the execution of a Test Demand In Instruc­
tion Word or a Demand Test In Sub-Step), this 
flip-flop will cause a NOT READY signal to be sent 
to the computer. If set to 1, it will cause a 
READY signal to be sent to the computer. Note, in 
Figurev-2, that either reply, READY or NOT READY, 
is produced irrunediately. 

* Other particulars include the preparatory manual operations required to set 
up an I/O Unit for use, the exact manner in which an I/O Unit can be taken 
off-demand, the definition of C-I/O, (LS) I/0-C, and HS I/0-C control lines in 
the I/O Unit, and any other programming that is done on the I/O Unit, as I/O 
Track Addressing, Start-Stop control of the I/O Unit, etc. 
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When the Ready flip-flop in an I/O Unit's Dem.and 
Station is set to 1, the READY "b" light corres­
ponding to that I/O Unit on the Console is lit~ 
An I/O Unit must be ready to complete those Demand 
In sequences described below which involve an I/O 
Unit reply (DEMAND OUT or SPECIAL OUT)~ 

b. Demand In Circuits 

The Demand In circuits permit control inform.a-· 
tion affecting the operation, of the I/O Unit and the computer to be exchanged. 
between the I/O Unit and the computer. The principal components in these 
circuits are the Demand and the Ready flip-flops. 

The Demand flip-flop in an I/O Unit "remembers." 
the demand status of that unit. If its Demand Station's Demand flip~flop is 
set to 1, an I/O Unit is said to be "on demand"; if its Demand Station's 
Deil1:'1.nd flip-flop is set to O, an I/O Unit is said to be "off demand". The 
Demand flip-i"lop is set to "l" when the computer executes the appropriate 
Demand In Instruction Word or :Oemand In Sub-Step for the I/O Unit to be 
placed "on demand" (See DEMAND IN signal). The Demand flip-flop is set to 
"O" when another I/O Unit is olaced "on demand". (See TAKE ALL I/O UNITS OFF 
0 EMA ND s i g n a 1 ) • 

All UFC I/O Units are taken "off demand" when another. 'Wlit is placed "on 
demandr~ 

The Ready flip-flop is operated as descr:i.bed 
above under the Demand Test In circuits. 

The Demand In sequence is described below in 
detail to illustrate the specific operation of the Demand In circuits. 

When the appropriate Demand In Instruction 
Word or Demand In Sub-Step (0-9) is initiated, the following eYents take 
place: 

a si-gnal called TAKE ALL I/O UNITS "OFF DEMAND" is produced which sets the 
Demand flip-flop in each I/O Unit's Demand Station to O; 

n CI~·signal for High Speed I/0-Computer Control Line Storage is produced 
which destroys the previous contents of that memory and places it in a 
cleared conuition; and 

DE~1AND IN (0-9) signal is produced which tests to aee if the I/O Unit to 
be placed "on demand'' contains any error condition: if it does, 
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an ERHOU signal is sent to the computer, computer operation stops, 
and the I/O Unit's EHHOH lights "b" on the Console (no DE~IAl\D OUT 
or SPECIAL OUT described below are produced; the I/O Unit is, how­
ever, placed "on demand"); if no error condition exists the Demnnd 
In sequence continues in the normal mnnner; nnd 

the appropriate I/O Unit (0-9) is then placed "on demandn, i.e., the 
De.Tl'.18.nd flip-flop in the correct I/O Unit's Demand Station is set 
to l"*:. 

When a unit's Demand flip-flop is set to 1: 

the Demand relay in its· Demand Station is energized; when this 
relay's contacts close: 

B+ can be applied to the (LS) I/0-to-Computer control lines 
a-1 that have been programmed in the UFC I/O Unit to be 
energized at this time; 

all Selectors whose SELECTOR GROUND hubs are patched to DEMAND 
GROUND "b" then have a ground supply; and 

the DEMAND "b" light on the Console is lit. 

that UFC I/O Unit (and only that UFC I/O Unit) is conditioned to 
receive an I/O Instruction via its Demand Station's Computer-to­
I/O Control lines A-J; 

that UFC I/o Unit's (and only that UFC I/O Unit's) associated I/O 
Track Address can be referred to in storage· references .via the I/O 
WORD and I/O FIELD hubs on the Program Control Plugboa-rd; and 

that UFC I/O Unit.•s Demand Station is conditioned to produce either 
of the following for the computer when the UFC I/O Unit goes read.y: 

DEMAND OUT signal; or 

SPECIAL OUT signal and signals ove+ one or more of the (HS) I/0-
Computer c·ontrol lines W, X, Y, z. 

(If the I/O Unit is ready when demanded, the out signals are 
produced without delay.) 

:*TI1e signal which takes all I/O Unit "off demand" is simultaneous with the 
DEMAND IN (0-9) signal. The DEMAND IN (0-9) signal's frmction to set the 
Demand flip-flop in I/O Unit (0-9) to 1, is therefore appropriately 
delayed .. 



Notes: 

L 

') ..... 

3. 

Neither out, DEMAND OUT or SPECIAL OUT, is produced unless the 
I/O Unit is both "on demana. 11 and ready. 

SPECIAL OUT is produced if any one or any comhi nation of the ens) 
I/0-Computer control lines W, X, Y, Z in the UFC I/O Unit are pro­
grammed to he energized at this time. If no (IIS) I/0-Computer con·· 
trol lines are energized, a DEMAND OUT is produced. Only ~ out 
is produced ~ DE~lAND IN signal. 

The computer program can be designed to use the DEMAND OUT and 
SPECIAL OUT signals in a variety of ways. The receipt of these 
signals is the optimum time to send the UFC I/O Unit producing 
them an I/o Instruction via the Computer-I/O. 'Contro:L lines A-J. 
It is also the best t:i.me to Track Switch when this is required. 
The Demand In Instruction Word, when it sends I/O Instructions, 
always sends them immediately after one of these out signals. It 
also traek switches at that time. (See Section II, Pages II-138 
and II-139.) 

c. Track Assignment and Track Switching Circuits 

. As has already been emphasized., each I/O Track 
Address specifies a pair of tracks, one of which connects to the Central 
Computer via the Transfer Bus and the other of which connects to an I/O Unit's 
Buffer Memory. Both connections are made in the I/O Unit's Demand Station. 
The principal element involved is the Tr.a.ck Switch flip-flop. Output enables 
from this flip-floJ? are used internally in the Demand Station to assign one 
track to the computer and another to the I/O .Unit. Note: When I/O Tracks 
are used as such, the reading and wr:Lting circuits for both tracks at an I/O 
Track Address are eontained in the Demand Station plugged to the Demand. 
Station Position a:3sociated with that I/O Track Address. When I/O Tracks 
are used as IS Traeks, reading and writing circuits in the computer are 
employed. (The connection of these circuits is the minor field modification 
referred to above.) No reading and writing circuits are shown in Figure V-2. 

The Track switch flip-flop is operated by 
I/O Control as specified by Demand In or Test Incoming Control Instruction 
Words or by Track Switch Sub-Steps. A TRACK SWITCH signal to I/O Unit 11b's 11 

Demand Station reverses the setting of the Track Switch flip-flop in that 
Demand Station. That is, if the Track Switch flip-flop was set to 1, the 
TRACK SWITCH signal changes its sett:i..ng to O; if set to O, the TRACK SWITCH 
signal will set it to 1. As illustrated in Figure V-2, the 1 setting of the 
~rrack S1d tch flip-flop specifies one assignment for the I/ O Tracks (see 
cross-hatched assignment) and the 0 setting specifies an opposite assignment 
(see shaded assignment). 

d. I/O Track Address Probe 

As explained in Section II, Page II-47, when 
an I/O WORD or FIELD hub is enabled :Ln a Program Step 
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the highest-order stage of SAR is set to O, 

the lowest-order stage of SAR is set to 0-9 
or A-V, depending on the hub enabled, and 

2 test j_s made of the demand status of each 
I,/O Unit. 

The I/O TPJ~CK ADDRESS PROBE signal (See Figure V-2) is used to make this 
test. If an I/O Unit is "on demand" :l ts Demand Station will produce a SET 
SAR1 (mj_ddle digit position of SAR) TO 11b" signal when tested as above, and 
the I/O Track Address associated 1·rlth the I/O Unit "on demand!' will be 
completed in SAH. The same sequence of events occurs when prime (') is de­
tected as the middle digit of the U, V, or W address of an instruction word. 

l\ote: Only one I/O Unit can be placed "on demand" at a time; hence the 
cautions noted on pages II-46 and II-78 must, therefore, be observed. 

e. Coding:r/O Track addresses in in~ernally stored 
programs 

(1) To obtain V1 and/or V2 and to store R 

Normal Procedure: (direct addressing) 

use OOx to refer to I/O Track 00 

use 01x to refer to I/O Track 01 

use 09x to refer to I/O Track 09 

The above normal procedure is still available and should be used as appropriate. 

Alternate Procedure: (relative addressing) 

If U, V, or Ware coded so that they have a prime (')for their middle 
digit, as 

u = 0'3 
the I/O Track associated with the I/0 Unit "on demand" is automatically 
referred to. (In the above example, when U is placed in SAR, V1 would 
be obtained from the Word 3 location of the I/0 Track whose associated 
I/O Unit is currently "on demand"). 

When prime (') is detected in the middle stage of SAR, a test is made 
of the the demand status of each I/0 Unit. The I/0 Unit "on demand" 
then appropriately sets the middle stage of SAR to O, 1, 2, ••• , or 9 
so that a storage reference to that I/O Unit's corresponding I/O Track 
Address can be carried out. (Note: the mechanics of this are basi­
cally the same as those employed when the I/0 WORD and FIELD hubs are 
enabled in plugboard programs). 
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f. Basic Hules for I/O Control 

(1) Demand Test In/Demand In sequences. 

The appropriate use of these sequences 
.is explained in Pigures V-3 and v-1~, Pages V-18 and V-19 respectively. 

(2) (LS) and (HS) I/0-Computer Control Lines. 

The meaning of these lines must be 
progranuned on each.l/O Unit's Plugboard and/or Control Panel; and provision 
made in the system program for the computer to identify the information from 
each line when that line is energized. In the case of the (LS) I/0-Comput.er 
control lines (a·-1) it should be remembered that these lines, when energized, 
apply B+ to their correspondingly-named (LS) I/0-COMPUTER CONTROL LINE hubs 
(a-1) only as long as the I/O Unit in.which they are energized is "on 
demand". In the case of the (HS) I/0-Computer control lines it is a funda­
mental rule that High Speed I/0-Computer Control °Line Storage be tested each 
t:ime a SPECIAL OUT is .produced. Particular care must be exercised in 
designing the "on-off" control of the (LS) and (HS) I/a-Computer control 
lines in each I/O Unit; i.e., not only do the "memories" that retain this 
information in the I/O Unit for the computer need to be set as. appropriate, 
but they -must be cleared as well when that information has been used as 
requ.ired by the computer. 

(3) Computer-I/a Control Lines 

These lines are programmable on some 
I/O Uni ts, but not on others. For example, they are not programmable on the 
U:~C Magnetic Tape Units; they are on the UFC Card Systems. 

As explained on Page II-78, the 
COMPUTEI\-I/O CON'l1ROL LINE hubs (A-J) on the Program Control Plugboard should 
never be pulsed 1.lnless the particular I/O Unit that is to receive the I/O 

V-18 



It a series of Demand. Test In and. Demand In Inst~ation Words or Sub-Steps 
are programmed in pairs as illustrated below, the computer Will, in ef':f'eat, soan !!! 
I/o Units in a regular or a random fashion, as programm.ed, and. kee~ all I/O tfiilte 
that are reaiy tor operation in operation witii'out intrOduciii;fany flay or h~ 
~the compu erprogram• Thistechnique for I/O Control asswnee, o course, tha it 
is not necessary to porform a Demand In sequence in a particular I/O Unit when that 
I/o Unit's ready status is tested. This is commonly the case, for example, if 
three or four I/O Units are each supplying similar raw data to be processed. by the 
ma.in program: here the objective ie to process all the raw data.in any order as 
fast aa possible; this means that the units that are ready should be set in opera­
tion age.in inunediately after they g:> ready. By designing an appropriate "~oop" of 
Demand Test In-Demand In sequences, the programmer can make the computer automati­
cally find each r/o Unit th.a~ is ready in e.n optimwn time, and keep the input-output 
operations of the system a.t maximum speed. 

Demand Teat In o- } 

Continue Program 
(perhaps test 
ready status or 
ot;her I/ 0 Uni ts) 
and teat this 
I/O Unit a.gain 
l.:i.ter, as pro­
granunad 

Demand In (0-9) 

Traclt Swi tell. 

and/or 

Energize 
Appropriate 
Computer-I/a 
lines (A-J) 

r---
1 
I Continue 
I Program 
I 
I 
I 
I 

I 
I 
' 

(LS) I/O-Computer Control Lines (a-1) programmed in the 
I/O Unit to be energized. will have D + applied to them 
if the conditions they represent are presen-c in the r/o 
Unit. The correspondingly named (LS) I/O-COMPUTER 
CONTROL LINE hubs (a .. 1) on the Program Control Plug­
board. emit as long as this I/O Unit is "on a.om.and". 
Demand Ground ''b" oupply complete aa long as ·chis I/O 
Unit ia ''on dema.nd''. 

SPECIAL 
our 

(HS) I/0-Computer control lines (W-Z) that 
are programmed in the I /o Unit to be 
energized will each send a sienal that 
sets High Speed I/a-Computer Control Line 
Storage if the condi"tion they re11reaent is 
present in the I/O Unit" 

r-----
1 
I 
I 

L - - - ---or 
i T'EST lllGH SPEED I/0-COMPtJrER 

L -_ :~rr:o~ rNE fil~MGE 
Continue Program 

Figure V-3. Demand Test In/Demand In Sequences 
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It a Demand In sequence in a ~iau.l.ar I~ Unit must be exocuted a~ B 
specific point in the oanputer progr"e.iii, ~not prec . e""tlii fiemana-:i:n Instruot!oii 
Word or Sub-Step by a Demand Test In Instruction Word o:r Sub-Step. (In such a 
case, nothing is gained. from tho Demand. Test In sequence,) 'l'hia dtuation can 
exist, tor axamplo, U" the I/O Unit must bo placed "on demt\nd" to complete a Progra.m 
Control Gtorage Address in the next Program Stop wherein an I/O wont> (0-9)-or !/o 
FIEID (A-V) hub is to be ens.ble.d; or, if !!!_ I/O operation (eg., reading a blockette 
of inf orm.atior1 from a UFC Magnetid Tape Unit }I"s required ih a ~icul.ar I/O Unit 
before the ~gram can continue (because the di.ta so obtaillea.-180 bo usednext in 
the computationr;- -

V-20 

(If' required) 

Track Switch 

and/or 

Energize 
Appropriate 
Computer-I/O 
lines (A-J) 

Demand In. (0 .. 9) 

(LS) I/O-Computer control lines (a-l) that are 
programmed in the I/ O Unit to be energized w.lll 
hnve D + applied to them if the conditions they 
represent are present in the I/O Unit. The· 
COITe-spondingly-named (LS) I/o ... coMPUTER CONTROL 
LINE hubs (a-1) on the Program Control Plug­
boa.rd omit B + as long as this I/O Unit is "on 
domand". Demand Ground ''b" aupply complete a.a 
long as this I/O Unit is "on demand". 

Walt until 
I/O Unit i•v 

r.-----
1 Continue Program 
I 
I 
I 
I 
I 
I 

----' I 
1-

SPECIAL OUT 

(HS) I/0-Computer control 
lines (W-Z) t.lmt are pro­
grammed in the I/ O Unit to 
be energized will each 
send a signal that sets 
High Speed I/0-Computer 
Control Llne Storage if 
the condition they repre­
sent is present in the I/O 
Unit. 

1 r-------------
1 I 

I l 
I I 
L __ --or 

I 

I 
I TEST IITOII SPEED I/0-COMPUTER 
I CONTROL I..INE STORAGE 

~-------------! 
Continue Program 

Figure V-4. Demand In Sequences only 



Instruction is "on demand" and ready. 

(4) Track Switching 

An I/O Unit need not be "on demand" 
or ready for track switching to occur. However, as explained on Page II-79, 
a TRACK SV-TITCH (0-9) hub should never be pulsed unless it is known that the 
I/O Unit associated with the I/O Tracks to be switched is ready. 

2. ~nstruction Regist~r 

. Each I/O Unit has a "memory" of some type called an 
Instruct~.9ft Register, in which each I/O Instruction received from the 
computer via the Computer-I/O control lines (A-J) is remembered. Sequence 
Control circuitry interprets the contents of the Instruction Register to 
d.etermine what is specified by an I/O Instruction. The demand and ready 
status of an I/O Unit control the inputs to the Instruction Register. 
Sequence Control clears the Instruction Register when each I/O Instruction 
has been carried out. 

3. Plugboard and/or Control Panel 

The programming required on an I/O Unit is performed on 
its plugboard and/or control panel. Not all I/O Units have a plugboard, but 
each has a control pq.nel; the latter, in addition to its programming section, 
also contains all the manual controls and the indicators employed ·on the I/O 
Unit. 

1+. !,3equence- Control Circuitry, I/O Mechanism, __ and_~~~ 

As its name implies, the Sequence Control circuitry is 
the operating control circuitry of the I/O Unit. Its function is to monitor 
the (independently performed) input/output operations of the I/O Unit in 
accordance with what is specified in the Instruction Register. This involves 
activating the I/O mechanism(s) in the I/O Unit as required so that the 
necessary data transmissions can occur between the I/O medium and the I/O 
Unit's Buffer Memory; it also involves synchronizing the I/O Unit Buffer 
Memory with the computer so that data transmissions to and from the I/O Unit's 
associated I/O Track and Buffer Memory can take place independently of the 
Central Computer. 

As noted above, Sequence Control also generates the 
signals which operate the Ready flip-flop in the Demand Station, an~ clear 
the Instruction Register as re1vired. 

Note: An important connnon feature of all I/O Units is that they have a 
definite cycle for each operation. If they are given an operation 
to perform, ~hey will independently carry that operation to completion 
(i.e., achieve the required data transmission to or ~rom the computer, 
completely apart from the computer) and then automatically stop. Some 
units must stop before they can be given another operation; others can 
be given a continuous mode of operation by appropriately timing the 
I/O Instructions sent the I/O Unit. 
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5. I 0 Unit Buffer Memory, Translator,_!orrno:~_!:~ontrol,~dJ.?E. 
I O Track Addres~~ng _~.l.~tem. 

Each I/O Unit has a buffer memory which functions as an 
intermediate storage for the data transmitted to and/or from the I/O Unit's 
assoeiated I/O Track and its I/O medium. These buffer memories are 120-
character memories in most I/O Units. Some I/O Units, however, employ 
smaller buffers; in some, only a 1-character buffer is used. 

All data transmissions to and from an I/O Unit's Buffer 
Memory and its associated I/O Track involve Univac cOded characters only. 
That is, most I/O Units have a translator associated with their buffer memory~~ 
so that data in one or more codes can be manipulated between the I/O Uni.t 's 
buffer memory and its I/O mediwn, but only Univac coded characters are 
exchanged by the I/O Unit's associated I/O Track and Buffer Memory. No 
conversion routines are, therefore, necessary in the Central Computer 
program. Likewise, some ;'f,/O Units include programmable format control and 
I/O track addressing. Data in and out of the computer can thus be arranged 
as required, and obtained from or placed in a specific location on the 
r/o ~rrack. 

* In those I/O Units where no Translator is included, Univac code only is 
employed on the I/O Medium. 
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VI GENERAL STORAGE DATA TRANSMISSIONS 

A. GENERAL STORAGE SYSTEM 

The General Storage System is the random-access, large-capacity 
external memory of the UFC Model 1 Central Computer. It is composed of the 
following principal parts: 

from 1 up to IO magnetic drums, called Genera 1 Storage Drums, 
G.SD, each of which is capable of storing 180,000 7-bit 
alphanumeric characters; 

the General Storage Address Register. GSAR, a 7-digit register 
that holds the address of the General Storage location in­
volved in a General Storage Reference; 

the General Storage Buffer, GSB, a 120-charaeter register used 
as an intermediate storage for data transmissions to and from 
the General Storage Drums; also used to hold the Unit Record 
Identifier in Channel Search operations; 

the control, locating, and synchronization circuitry necessary 
for carrying out the following operations: 

Clear GSB to Ignores 
Write Unit Record 
Write Unit Record & Check 
Read Unit Record 
Channel Search = 
Channel Search ~ 

The General Storage System's unit of data is the Unit Record. That 
is, Unit Records are read, stored, and searched for. A Unit Record is a 
collection of continguous characters which can be a complete file-entry 
(major unit of a file) or merely a portion thereof. Unit Records are always 
at least one computer word (12 characters) long, and are always an integral 
multiple of 12 characters in length (120 characters maximum). The Unit Record 
Length for each operation is progranuned. 

The progranuner determines how the files in General Storage are 
organized, and whether a Unit Record in a given General Storage operation 
represents a complete file-entry or merely a portion thereof. Usually, when 
files are initially recorded in General Storage, the recording programs are 
coded so that these programs use the maximum Unit Record Length that will 
ever be required in storage references to each file. Subsequent General 
Storage operations, depending on the Unit Record Length programmed for each, 
will process a complete file-entry (i.e., a Unit Record whose length is the 
same as that used in the original recording of the file), or they will process 
only a portion of a complete file-entry. Thus, in addition to its random­
access and large capacity features, General Storage also has the programmable 
property that the data it stores is both selectively alterable and selectively 
obtainable on a Unit Record basis. 
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Another important property of the General Storage System is that its 
operations can be· time-shared with those of the Central Computer and each IfD 
Unit. However, the following should be noted: 

Since G.58 ·and GSAR form part of the General Storage 
System during operations of that system, they are not 
available to Program Control Storage when engaged 
in any General Storage operations. If a Program 
Control Storage Reference is attempted to GSAR or 
GSB wh:ile these registers are "locked-out", the 
computer waits• until the previously initiated 
General Storage operation is finished, before com­
pleting its storage reference. 

B. GENERAL STORA GE DRUM 

Each General Storage Drum, GSD, is a rotating cylinder which is coat­
ed with a magnetizable surface. Data is transferred to and from this surface 
by means of dua)-purpose magnetic read/write heads which are mounted in the 
housing of the drum. The mechanics with which data is read or stored on these 
drums is basically the same as that described for the High Speed Drum (See 
Section III). However, as illustrated in Figure VI-1, Page VI-3, a different 
organization of data is employed: 

each General Storage Drum is divided into three sections, 
100 channels (or tracks) per section; 

each channel, in turn, is divided into 100 6-character 
groups (these are used for Unit Record data); and 

each channel has an additional Search Control Location 
at which 6 characters of control data are stored for 
use in Channel Search operations. CA channel's Search 
Control Location is the last, i.e., the lOlst, 6-
character group read each drum revolution.) 

There are thus two kinds of J!.ocations on a General Storage Drum: 
Unit Record Areas (URA) and Search Contro 1. Locations (SCL). 

* "Lock-out" problems with GSB and GSAR are easily by-passed, by suitable 
programming, when optimum operation of the Central Computer is required. For 
example, the Channel Search Probe Instruction or Sub-Step can be employed to 
test whether or not Channel $earch operations are completed. Computing can 
resume without delay if the Channel Search is not completed, and another test 
made later in the program. The maximum times (given later in this section) 
for Read Unit Record, Write Unit Record, and Write UR and Check operations 
can be assumed, and computing carried out up to these maximum times between 
Program Control Storage References to G.5AR and G.58. No delay is then intro­
duced into Central Computer operations. 
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GSD
1
S MAY BE GENERAL STORAGE 

DRUM NO. 01 
EACH GSD IS DIVIDED 
INTO THREE SECTIONS 

FOR A 
11

FILE
11 

OR 

.... --"ir-----\.---!.-- SE CT I 0 N 0 0 
___ _.__SECTION 01 

CHANNEL 00 

SECTION 02 

THERE ARE I 0 0 
CHANNELS IN 

EACH DRUM 
SECTION 

~+.----IM--- CHANNEL 0 0 
CHANNEL 9 9 

\ ONE READ/WRITE 
\ HEAD PER CHANNEL 

~ I \ 

\ 
\ 

DEAD SPACE 

END OF Fl LE 
CODE 

---- SEARCH CONTROL LOCATION 

Wa•9---- DEAD SPACE 

~,0¥ 
~ .. ~ 

~o 

EVEN THOUGH GSB AND GSAP 

ALREADY CONTAIN THE QUANTITY 

DESIRED WHEN A GS OPERATION 

IS TO BE INITIATED, EITHER GSB­

OR GSAR SHOULD BE REFERRED 

TO (i.e. THE INTERLOCK ON 

THESE REGISTERS SHOULD B.E 

TESTED) BEFORE INITIATING A 

GENERAL STORAGE OPERATION. 

EACH CHANNEL CONTAINS: 

I 00 6-CHARACTER GROUPS (00-99) IN 

WHICH UNIT RECORDS ARE STORED; 

A SEARCH CONTROL LOCATION (
1
0) IN 

WHICH CHANNEL SEARCH (SEQUENCE) 

CONTROL DATA IS STORED; AND 

A DEAD SPACE (USEFUL IN CHANNEL 

SEARCH OPERATIONS TO ALLOW TIME 

FOR NEW ADDRESS TO BE SET UP 

IN GSAR SO THAT SEARCH CAN 

CONTINUE DURING NEXT REVOLUTION.) 

Figure VI-I. Organization o·f Datai on the Genera I 
S\'.orage Drums 
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C. GENERAL STORAGE ADORE$ STRUC'IDRE 

Two types of General Storage Addresses are employed: URA Addresses 
and SCL Addresses. 

URA Addresses specify the location of a Unit Record Area. To define 
the location of a URA: a dram section, a channel within that section, the 
starting angular position of the URA around that channel, and the number of­
computer word' (i.e. pairs of 6-character groups) in the location must be 
specified. The following seven-character format is used: 

~ 
Unit 
Record 
Length 

Drum 
Section 

~ 
Channel 
Number 

~ 
Starting 
Angular 
Address 

All characters in a URA Address are numeric. An explanation of the range of 
values for each portion of a URA Address is given in Table VI•l, Page VI-5. 
An example of how the Genera 1 Storage System interprets a typiea 1 URA Addres:; 
is given in Figure VI-2, Page VI-8~ 

SCLAddresses specify the location of a particular channel~s Search 
Control Location. The following format is employed: 

c;:::; DS ~ 'O 
~ '-Y-1 

Unit Drum Channel Search 
Record Section Number Control 
Length Location 

is Channel's 
Ignored Address 

DSCH must be numeric; ' (prime) must be the second lowest-order character, O 
(zero) the lowest-order; and the highest order character can be any computer 
character. An explanation of the range of values for each portion of an SCL 
Address is also given in Table VI-I, Page VI-5. An example of how the General 
Storage System interprets a typica 1 SCL Address is given in Figure VI-3, Pagt' 
VI-9. 
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TABLE Vl-1. EXPIANATION OF THE FORMT OF Gl!MW.L 
STORAGE AOORESSES 

UNIT RIOCOBD ARF.A AOOBESSES: 
IDSCHAA 

L is the Unit Record I,ength (number of •ords in the QRA) 

L = 1 digit Cl,2,3, ••• 9,0) which, if the UNIT RECORD 
LENGTH SELECTOR is set to GSAR, specifies the 
nwaber of computer words (i.e. pairs of 6-character 
groups) in the Unit Record. (0 means .!.ml wOTds in 
the D1lit Record.) 

D1lless the UNIT RIOCORD LENG'rn SELECTOR h set to 
GSAR, L is ignored, and the Unit Record Length is 
defined by one of the other ten settings 
(1,2,3, ••• 9,0) of the UNIT REI:ORD IENG'Itl SEI.ECTOR. 
When the Unit Record Length is defined by the 
settings (1,2,3, ••• 9,0) these positions have the 
same meaning as the values of L; e.g., if the UNIT 
RECORD LENGTH SELECTOR is set to 1, the Unit Record 
Length is one computer word (12 characters) etc. 

The Unit Record Length specified by Lor by the 
setting (l,2,3, .•• 9,0) of the UNIT RECORD LENGTH 
SEIECTOR is constant for eaeh operation. 
(NB: Channel Search Operations) 

DS is the Drum 5ection that contains t)!e URA 

DS = 00 up to 3n-l, in general; 
00-29, maximum range. 

If n is the number of drums employed in 1n in­
stallation, there are 3n sections, and DS bas the 
following raftge of correct values: ()()-:.{3n-l). For 
example, it 10 drums are used, DS can validly be 
any number in the range 00-29. In such an instal­
lation, if DS is given a programmed value of 45, a 
PROGRAM (Inactive Drum Section) error occurs: the 
General Storage operation is not performed, and 
the .computer hangs up when it begins the execution 
of the next instruction. 

CH is the channel gn which the URA is located 

CH = 00-99 

AA is the starting angular address of the URA 
AA = an even number (00-98) indicating the starting angu­

lar address of the Unit Record Area on channel DSCH. 

If AA =an odd number, a PROGRAM error (Odd Angular 
Address) occurs: the General Storage operation is 
not performed, and the computer bangs up at the 
beginning of the execution of the next instruction. 

If AA and L have values which would extend a 
General Storage operation beyond the end of the last 
possible complete Unit Record Area on a channel, a 
UNIT RECORD LENG'rn error occurs: the Genera 1 Stor­
age operation terminates (Search Control memory lo­
cation is protected), and the computer hangs up at 
the beginning of the execution of the next in­
struction. Eg. it would be impossible to read or 
write a complete Unit Record, if L = 6 CUR =.72 
characters) and AA = 94. (See Table VI-2, neX'I. 
page, for Unit Record Length information.) 

SFARCH CONTROL LOCATION 
ADDRESSES - DSCH'O 

- = •DJ valid computer character. 

When a cbanne1•s Search Control 
lJ>cation is specified, no Unit 
Records are involved; henee, the 
highest-order character of an 
SCL Address ls ignored by the 
General Storage System. 

PS h the Drll!!! Section that cogtlips 
~ 

DS = 00 up to 3n-l, i• general; 
00-29, maximum range. 

Same rule concerning laactiTe 
Drum Section error applies to SCL 
addresses as for URA addresses. 

CH is the channel whose scL is desired 

CH = 00-99 

'O is the channel's scL 
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Table VI-2. Unit Record Length Information 

UNIT UNIT 
RECORD RECORD NUMBER OF NUMBER OF I.AST UNIT RECORD NUMB EH 
IENGI'H I.ENGTII CHARACTERS COMPLETE AREA ON EACH OF 

SEIECTOR SE I.ECTOR PER UNIT RECORDS CHANNEL INC UJDES UNIT 
SWITCH SWITCH UNIT RB;ORD PER CHANNEL ANGULAR ADDRESSES RECORDS 
SET TO SET TO: PER 
GSAR: DRUM 

L= 

1 1 12 50 98-99 15000 

:2 2 24 25 96-99 7500 

3 3 36 16 90-95 4800 

4 4 48 12 88-95 3600 

5 5 60 10 90-99 3000 

6 6 72 8 84-95 2400 

7 7 84 7 84-97 2100 

8 8 96 6 80-95 1800 

9 9 108 5 72-89 1500 

0 0 120 5 80-99 1500 
._____ 
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D. GENERAL STORAGE ADDRESS REGISTER 

The General Storage Address Register, GSAR, is a 7-digit register 
whose principal function is to hold General Storage Addresses during General 
Storage operations. 

HIGH LOW 

IL D s c H A I Al 
~.....,._ __ URA ADDRESS IN GSAR--___,~ .. 

HIGH I.IM 

I~~-·· --1 -D _s _c_H-.---' -1 o--I 
I---- SC L ADDRESS IN GSAR ----. ... 1 

(See Figure VI-2) 
Page VI-8 

(See Figure VI-3) 
Page VI-9 

GSAR is also a 7-digit Program Control Storage Location. (Program Control 
Storage Address: 995) 

In internally-defined programs, the address at which a General Storage 
operation is to be initiated is sent to GSAR in one of two ways: 

the Load GSAR Instruction Word (IA) is executed; or 
GSAR is addressed as a Destination in an Instruction 
Word. 

When the Load GSAR Instruction Word is executed, the address sent to GSAR is 
deriv~d from the Instruction Word itself: 

L 

(-) 
D s c H 

A 

(0) 

character 

3 1 . S 

J.--u --..... 1 .. ..,_-v ----11• ... f•----w---1• ... l• .. -oP -----f 

When ~AR is addressed as a Destination in an Instruction Word, the address 
it receives is obtained from a Program Control Storage Location via a Program 
Control Storage Reference. 

In plugboard-defined programs, the address at which a General Storage 
operation is to be initiated can be sent to G.5AR only by addressing GSAR as 
a Destination in a Program Step. 
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/ 
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/ 

-----

/ 
/ 

/ 
I' 

/ 
/ 
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/ 

/ 

CHANNEL 56 

L: 3 WORDS (36 CHARACTERS) 

/ 
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/ 

, 

Figure VI--2. Unit Record Area, Address LDSCHAA 
3045604 
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GSAR 

GSAR 

GSAR 

L D s 

GSAR ____. 0 0 4 

t URL I DRUM HIGH ORDER I IG- I 
INOREDt SECTION 

DRUM SECTION 
04 

\ I __... .-- --

'~'Ir- - --:-- - -... _-
I 

I 0: 
I Q 

PRIME 

0 SEARCH 1 

CONTROL I 
I LOCATION I 

/ 
/ 

c H 

5 6 

CHANNEL 

0 

0 +--SCL ADDRESS 
PRIME 

SEARCH 
CONTROL LOW ORDER 
LOCATION 

GSD 01 

CHARACTERS STORED .J.ti .J.i! .§ CHARACTER 
POSITIONS (WHAT IS CALLED AN SCL IN EF 309 E) 
MUST BE CODED TO CONFORM WITH THE RULES 
OUTLINED ON PAGES JD:-&, :m::-10 AND JZ[-11, 
SINCE THESE CHARACTERS CAN BE PLACED IN 
GSAR IN CHANNEL SEARCH OPERATIONS. 

CHANNEL 56 

THE MINI MUM NUMBER OF CHARACTERS INVOLVED 
IN A GENERAL STORAGE OPERATION IS ONE COMPUT~R 
WORD (12 CHARACTERS), TWELVE CHARACTERS ARE 
WRITTEN IN WRITE SCL OPERATIONS: 6 IN SCL AND 
6 INTO DEAD SPACE, THE LOWER-ORDER ..12. 
CHARACTERS IN GSB ARE THEREFORE STORED IN A 
WRITE SCL OPERATION. TWELVE CHARACTERS .ARE. 
~ ~.INTO GSB IN A READ SCL OPERATION. 
6 FROM THE SCL ANO 6 FROM THE DEAD SPACE; 
THE LOWER-ORDER J1. CHARACTERS OF GSB 
THEREFORE RECEIVE NEW DATA. 

Figure VI-3. -DSCH'O Search Control Location, Address _0456 ,0 
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The initial contents of GSAH in a General Storage operation can 
specify: 

a Unit Record Area in General Storage at which a Unit Record 
is to be stored or read; or 

a Unit Record Area in Genera 1 Storage from which a Channe 1 
Search operation is to begin; or 

a particular channel's SE!arch Control Location at which special 
Search Control data, 6 characters, can be stored or read. 

GSAR can also be set by the General Storage System during Channel 
Search operations as described on Page VI-11 and 12 Paragraph D2. 

1. Rules For Addresses Sent GSAR by the Computer Program 
(See Also Table VI-I. Page VI-5) 

a. URA Addresses: When Unit Record Area Addresses are formed 
in GSAR via programming, the follow:lng must be noted: 

* 

(1) The lower~order 6 characters (DSCHAA) must always be 
numeric, (0-9). If they are not, two kinds of errors 
can occur depending on what alpha characters are sent 
to the DSCHAA positions in GSAR: 

(a) If the following alpha characters (zone bits = 00) 
appear in GSAR 

i = Ign1[)re 
~ = Space 
- = Hyphen 
' = Apo:strophe (Prime)• 
& = And Sign, or 
( = Open Parentheses 

The General Storage Address is invalid, and the 
General Storage operation is not performed. The 
computer detects this when it again attempts a 
General Storage operation and hangs up, because 
it finds GSIB and G.5AR "locked-out". 

(b) The zone bits of all other non-numeric characters 
are not equal to 00. If any of these characters are 
sent to the GSAR positions DSCHAA, a PROGRAM (a-zone) 
error occurs: the General Storage operation will 
not be performed, and the computer will hang up when 
it begins execution of the next instruction. 

If ' is combined with 0 in the AA positions of GSAR. a channel's Search 
Control Location (rather than a URA) is specified if DSCH is a valid chan­
nel address. 
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(2) The highest-order character, L: 

if the UNIT RECORD IENGTH SELECTOR is set to 
GSAR, L must be a digit (0-9); if Lis an alpha 
character, (l)(a) or (l)(b) above applies 
depending on which alpha character is sent to 
the L position in GSAR; 

if the UNIT RECORD LENGTH SELECTOR is set to one 
of its other ten positions (l,2,3 ... 9,0), L can 
be any legal computer character (since L is 
ignored). · 

b. SCL Addresses: When the address of a channel's Search Control 
Location is formed in GSAR via programming, the following must be noted: 

(I) Prime zero ('0) must be sent to GSAR's next-to-the-
lowest and lowest-order character positions, respectively. 
If 'O is not sent, a number of things can happen de­
pending on what is sent. For example, a Unit Record 
Area on a channel rather than the channel's Search 
Control Location might be referred to; or cases {l)(a) 
or (I)(b) above might apply; or one of the errors 
listed in Table VI-I, Page VI-5, would occur. 

(2) The DSCH positions in GSAR must specify the particular 
channel whose Search Control Location is to be found. 
(If an End of File code were placed in the wrong 
channel's Search Control Location, for example, the 
"file" actually searched would contain either more or 
less Unit Records than was intended.) 

(3) The highest-order character in GSAR, regardless of how 
the UNIT RECORD LENGTH SElECTOR is set, can be any 
computer character. (When 'O is detected in GSAR's 
lower-order two positions, the highest-order position 
of GSAR is ignored.) 

2. G.5AR Set by General Storage in a Channel Search Operation 

In Read UR, Write UR, and Write UR and Check operations, the 
address held in GSAR specifies a particular URA or SCL Location. The General 
Storage Locating Circuitry translates this address, finds the location 
specified, and the desired operation is performed. No modification of GSAR 
occurs; hence, in these operations, the initial and final contents of G.5AR 
are identica 1. 

In Channel Search operations (See Paragraph G), however, GSAR 
is modified as follows: 

a. Prior to a Channel Search operation, GSAR is loaded with 
the URA Address from which the search is to begin. 
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b. This location is found, and the Unit Record contained 
therein is read and compared, character-by-character, with the Unit Record 
Identifier. 

c. Two characters before this first Unit Record has been 
completely read, the system begins loading the starting angular address 
(AA) of the next URA in a temporary storage called the Angular Address 
Register. 

d. When the first Unit Record has been completely read (and 
compared with the Unit Record Identifier) one of two actions is taken with 
respect to GSAR: 

( 1) If a "find" occurred, GSAR is left unaltered (since it 
already contains the address of the URA in which the 
"find" occurred)i and the Channel Search terminates. 

(2) If no "find" occurred, the two characters in the 
Angular Address Register are set in GSAR's AA positions, 
and the Channel Search continues in the next URA. 

e. The above procedure in (d) is repeated after each succeeding 
Unit Record on the Channel has been read.* 

f. If no "find" occurs by the time the last Unit Record on the 
first channel is read, 'O (prime zero, the SCL angular address) is loaded 
into GSAR's AA positions. 

g. The SCL is then read. If 'O (prime zero) is stored in the 
SC L's two lower-order char a ct er positions, the Channe 1 Search termi nat.:es 
and GSAR is not modified (the first channel's SCL Address is retained in 
GSAR). If the SCL does not contain 'O as its two lower-order characters, 
the six characters it contains (overflow address) are loaded into GSAR's 
DSCHA.A positions. 

h. As the dead space on the drum passes under the read/write 
heads, the system's locating circuitry sets up for the Overflow Address, 
i.e., for the·new address from which the search is to continue. The search 
continues as the new revolution begins. 

i. Steps (b) through (f) and (h) are repeated until an SCL is 
read that contains an End of File (Stop) code. When an End of File (Stop) 
code is detected in an SCL, the operation terminates and the contents of the 
SCL are not loaded into GSAR. Instead, as described in (g) above, the SCL 
Address of the channel whose SCL contains the End of File code is left in 
GSAR. 

* If a "find" occurs, GSAR wi 11 be left set wi.th the specific URA Address 
at which the "find" occurred. 
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E. GENERAL STORAGE BUFFER 

The General Storage Buffer, GSB, is a 120-character magnetic core 
register whose principal function is that of a buffer or intermediate storage 
in the General Storage System during data transmissions to and from the 
Gene.ra 1 Storage Drums. GSB also functions to ho Id the Unit Record Identifier 
(discussed in Paragraph G below) in Channel Search operations. When not 
engaged in Genera I Storage .operations, GSB is a Program Control Storage U>­
cation that is Word, Field, and Blockette addressable. (Program Control 
Storage Address: 98x; where x = 0-9 in Word Addresses; x = A-V, excluding 
land 0, in Field Addresses; and x =Zin Blockette Addresses.) 

HIGH= 120 LOW= I 

tiE---V "IE U ( ( Bz :ojc A ~ 
rri ., ., ,, "1"1·1·1·1,1·1,,r1·1·1,1·1·1

4

1Jf1-r 1·1' 1 ·rn·1·1,1·1·1·1·1·1,1·1T1· 1·1,1·1·1·1· r1, ,. 1 
t=WORD 0 :>IE WORD I --f fWORD :SB+ WORD 8 "I" WORD 9===:1 

Although GSB is Word, Field and Blockette addressable in Program Control 
Storage References, it is not in General Storage operations. Data always leaves 
or enters GSB in General Storage operations lowest-order character first, be­
ginning with· GSB 's Word 9, · Char.acter S position. (Note the rules in Paragraph 
G relating to position of Unit Records and Unit Record Identifiers in &5B.)• 

F. GENERAL STORAGE COMPARA'IDR 

The General Storage Comparator is a group of circuits whose prime 
function is to compare a Unit Record with an equal number of correspondingly­
signi ficant characters in GSB. These circuits function in all Channel Search 
operations, and in the check-portion (second half) of all Write Unit Record 
and Check operations. 

During Channel Search operations·, the contents of each Unit Record 
Area searched is compared with the Unit Record Identifier (See Paragraph G5(b), 
Page VI-24) held in GSB. This comparison is made on a bit-by-bit basis, so 
that parity as well as match or mismatch can be determined. As illustrated in 
Figure VI-4, Page VI-15, the comparison is begun with the lowest-order character 
in the Unit Record and in the Unit Record Identifier; the next-lowest-order 
character of each is then compared; etc. and the highest-order character in 
each is the last compared. In Channel Search = operations, Ignore codes in the 
Unit Record Identifier suppress comparison for the character positions in which 
they occur. In Channel Search ~ operations, Ignore codes in either the Unit 
Record .Q!. the Unit Record Identifier suppress comparison in the character 
positions in which they occur. 

Even though GSB and GSAR already contain the quantity desired when a 
General Storage operation ls to be initiated, either GSB or GSAH should 
be referred to(i.e., the interlock on these registers should be tested) 
before initiating a General Storage operation. 
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During the Check-portion or second half of a Write Unit Record and 
Check operation, (See Figure VI-7, Page VI-21) the data just recorded is 
compared with the original data still retained in GSB (i.e., with the data 
that should have been recorded). As in the case of Channel Search operations, 
the comparison begins with the character in GSB's Word 9 Character S position 
a111d the lowest-order character of the data on the Genera 1 Storage Drum. Iu­
nore codes do no~ suppress comparison, however, in this operation of the 
General Storage Comparator. 

The manner in which the General Storage Compar~tor reports the 
results of its comparisons is discussed under the Channel Search and Write 
Unit Record and C~ sections of Paragraph G below. 

G. GENERAL STORAGE OPERATIONS 

I. ~1..~.!r General Storage Buff er to Ignores. 

This operation places Ignore codes in all 120 ch~racter positiorts 
in GSB. It can be initiated in General Storage (assuming no "lock-out" for 
GSB or GSAR) as follows: 

If the program is internally-defined, cause a Clear GSB To 
Ignores Sub-Instruction to be initiated by coding S = K in 
the OP of the appropriate Instruction Word; or 

If the program is plugboard-defined, by appropriate patch­
c~ord"."'.wiring cause the CLEAR -GSB TO IGNORES hub. on the 
Progr~m Control Plugboard to be ~ulsed. 

The time required for a Clear GSB to Ignores operation is 5 milliseconds. 
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2. Write Unit· Record. 

This operation is used for two purposes: 

To locate a specific Unit Record Area (whose address is 
he Id in GSAR) and to record the Unit Record held in GSB 
in that Unit Record Area; or 

To locate a particular channel's Search Control Location 
(when that channel's SCLAddress is held in GSAR) and to 
record the lower-order 6 characters of GSB (an Overflow 
Address or an End of File code) in that channel's Search 
Control Location. 
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Data sent from <;?B 12. a Genera 1 Storage. Drum is sent Iowest-ordetr 
character first. GSB 's Word 9, Character S supplies the first character 
transmitted; GSB's Word 9, Character· 1 supplies the next, etc. When Unit 
Records are recorded, the number of characters·transmitted is determined by 
the Unit Record Length specified for the operation. Whf!n this operation ls 
used to load a channel's Search Control Location, exao~ly six characters arEr 
transmitted .. 

To use the Write Unit Record operation to record a Unit Record 
(assuming no "lock-out" exists for GSAR and GSB): 

a. Load GSAR with that Unit Record's URA Address; 

b. Load GSB with the Unit Record to be recorded, being careful 
to properly position the Unit Record in G.58 (i.e., position the Unit Record 
so that the lowest-order character in the Unit Record is in GSB's Word 9, 
Character S position; the next-iowest-order character in the Unit Record is 
in GSB's Word ·9, Character I position, etc.); and, then 

c. If the program is internally defined, cause a Write UR 
Sub-Instruction to be initiated by coding S = M in the OP of the appropriate! 
Instruction Word; or, if the program is plugboard-defined, by appropriate 
patchcord wiring cause the WRITE UR hub on the Program Control Plugboard to 
be pulsed. 

When the operation in (e) is initiated, the location of the URA 
specified by the contents of GSAR is found and the Unit Record held in GSB 
is recorded in that location, lowest-order character first. The original 
contents of GSAR and GSB are unaltered by this operation. 

Figure VI-5, Page VI-17 illustrates a typical Write Unit Record 
operation that records a 12-charaeter Unit Record. 

The maximum time CTmax) required to record a Unit Record of n 
words by a Write Unit Record operation is: 

Trnax = 34 + 0. 65 n (mil Ii seconds) 

The average time CTavg) required to record a Unit Record of n 
words by a Write Unit Record operation is: 

Tavg = 17 + 0.65 n (milliseconds) 

Note: The above times do not include the loading of GSB and GSAR. 
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To use the Write Unit Record operation to record an Overflow 
Address or End of File code in a channel's Search Control Location (assuming 
no "lock-out" exists for GSAR or GSB): 

a. Load GSAR with the channel's SCL Address: 

b. load the lower-order six character positions of GSB with 
the appropriate 

Overflow Address: DSCHAA (the new address from which 
the search· is to continue when this channel's 
Search Control I.Dcation is read; this address can 
be the address of any URA on any General Storage 
Drum); or 

End of File (Stop) code: xxxx 'O (where x is any 
computer character, and xxxx 'O is the code which 
stops Channel Search operations when this channel's 
Search Control Location is read.) This code is 
called an End of File code because the programmer 
will usually be interested in searching complete 
files during Channel Search operations. Actually, 
it can be placed on any Channel's Search Control 
Location to do "partial" file searches if this is 
desired. In this sense it is a Stop code; the~ 

c. Cause the program to appropriately execute a 1'frite UR 
Sub-Instruction or Sub-Step as described above for recording Unit Records. 

When the specified channel's Search Control Location is found, 
the Overflow Address or End of File code is recorded in that location, 
lowest-order character first. The original contents of GSAR and GSB are 
unaltered by this operation. 

Figure VI-6, Page VI-19 :illustrates two typical Write Unit 
Record operations that record an Overflow Address and an End of File (Stop) 
code in a channel's Search Control Location. 

The maximum time (Tmax) required to load a channe 1 's Search 
Control Location by a Write Unit Record operation is: 

Tmax =34.65 milliseconds 

The average time (Tav ) required to load a channel's Search 
Con.trol Location by a Write Unit ~ecord operation is: 

Tavg =17.65 milliseconds 

Note: These times do not include the loading of GSB and GSAR. 
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3. Write Unit Record and Che.ck 

This operation can be used for the same purposes as the Write 
Unit Record operation, and the same procedures as outlined on Pages VI-16 
and VI-18 are employed to initiate this operation, except that (c) reads: 

"If the program is internally defined, cause a Write UR & 
Check Sub-Instruction to be initiated by coding S=P in the 
OP of the appropriate Instruction Word; or if the program 
is plugboard-defined, by appropriate p~tch cord-wiring 
cause the.WRITE UR & CHECK hub on the Program Control 
Plugboard to be pulsed." 

Up to two drum revolutions (maximum) are required: 

during the first revolution, the data to be recorded is 
written; during the second revolution, that data is read 
back, and compared with the original data still retained 
irn ~B. (See Figure VI-7, Page VI-21) 

If the intended data was recorded correctly, the operation termi­
nates in the normal manner. 

If the intended data was not recorded correctly, a WRITE UR AND 
CHECK error occurs, and the computer hangs up when it begins execution of the 
next instruction. 

The maximum time (Tmax) required to record a Unit Record of n 
words by a Write Unit ~ecord and Check operation is: 

Tmax = 68 + 0.65 n (milliseconds) 

The average time (Tavg) required to record a Unit Record of n 
words by a Writ~ Unit Record and Check operation is: 

Tavg = 51 + 0.65 n (milliseconds) 

Note: .These times do not include the loading of GSB and GSAR. 

The maximum time (Tmax) required to record a channel's Search 
Control Location by a Write Unit Record and Check operation is: 

Tmax = 68.65 milliseconds 

The average time is Tavg = 51.65 milliseconds 

Note: These times do not include the loading of GSB and GSAR. 
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4. Read Unit Record 

This operation is used for two purposes: 

To locate a specific Unit Record Area (whose URA Address 
is held in GSAR) and to transfer the Unit Record stored 
there to GSB; or 

To locate a particular channel's Search Control Location 
(when that channel's SCL Address is held in GSAR), and t<J1 
transfer the 6-characters stored in that location to GSB. 

Data sent to GSB fr.Qfil a General Storage Drum is sent lowest­
order character first. The first character received (i.e., the first read 
from the GSD) is placed in GSB's Word 9, Character S position, etc. Whe111 
Unit Records are read, the number of characters transmitted is determined! 
by the Unit Record Length specified for the operation. When a channel's 
Search Control lDcation is read, exactly six characters are transmitted. 

To use the Read Unit Record operation to obtain a Unit Record 
from a General Storage Drum (assuming no "lock-out" exists for GSAR and 
GSB): 

a. Load GSAR with the Unit Record's URA Address; and then, 

b. If the program is internally-defined cause a Read UR Sub­
Instruction to be initiated by coding S = L in the OP of the appropriate 
Instruction Word; or if the program is plugboard-defined, by appropriate 
patchcord-wiring cause the READ UR hub on the Program Control Plugboard to 
be pulsed. 

When the URA whose location is specified by the address in 
GSAR is found, a copy of the Unit Record it contains is sent to GSB. Note 
particularly that the Unit Record is loaded into GSB lowest-order character 
first, beginning when GSB's Word 9, Character S position, and that the 
original data in the positions of GSB involved in this operation are 
destroyed. This operation does not affect the original contents of GSAR 
or the Unit Record Area read. 

Figure VI-8, Page VI-23 illustrates a typical Read Unit Record 
operation that obtains a 12-character Unit Record from a General Storage 
Drum. 

The maximum time (Tmax) required to read a TJnit Record ot n 
words is: 

Tmax = 34 + 0.65n (milliseconds) 

words is: 
The average time (Tavg) required to r~ad a Unit Record of n 

VI-22 

Tavg = 17 + 0.65n (milliseconds) 

Note: These times assume that GSAR has already been loaded; and they do 
not include the Program Control Storage Reference time required 
to make the Unit Record available to Program Control from GSB. 
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To use the Read Unit Record operation to read a channel's Search 
Control Location (assuming no "lock-out" exists for G.5AR and GSB): 

a. Load G.5AR with the channel's SCL Address; and, then 

b. If the program is internally-defined, cause a Read UR Sub­
Instruction to be initiated by coding S = L in the OP of the appropriate 
Instruction Word; or if the program is plugboard-defined, by appropriate 
patchcord-wiring cause the READ UR hub on the Program Control Plugboard to 
be pulsed. 

When the specified channel's SCL is found, its contents are 
transmitted lowest-order character first to GSB, and loaded into GSB, be­
ginning with GSB's Word 9, Character S position. The original data in the 
lower-order six character positions of GSB is destroyed. This operation 
does not affect the original contents of GSAR or the Search Control Location 
read. 

Figure VI-9, Page VI-25 illustrates a typical Read Unit Record 
operation that obtains the contents of a channe 1 's Search Cont!"o 1 Location. 

The maximum time (Tmax> required to read a channel's Search 
Con.trol Location is: 

Tmax =34.65 milliseconds 

The average time (Tavg> required to read a channel's Search 
Control Location is: 

Tavg =17.65 milliseconds 

Note: These times assume that GSAR has already been loaded; and they 
do not include the Program Control Storage Reference time re-· 
quired to make the 6 characters of Search Control data available 
to Program Control. 

5. Channel Search -

This operation is used to search a file in General Storage for 
a Unit Record whose address is unknown. To properly initiate this operation 
(assuming that no .. lock-out" exists for GSAR or GSB): 

a. Load the Search Contro 1 Location of every channel in the p le 
with the appropriate Search (sequence) Control data: Overflow Address or Er 
of File (Stop) code. This can be done by either a Write UR or a Write UR an 
Check operation, described previously. 

b. Load GSB with the set of data, called a Unit Record Identi­
fier, which is to be compared with each Unit Record read. This data must be 
loaded into GSB in the following manner: 
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lowest-order character of Unit Record Identifier in 
GSB's Word 9, Character S position; next-lowest-orde:r 
character of Unit Record Identifier in GSB's Word 9, 
Character I position, etc. 
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the length of the Unit Record IdentifieT must be the 
same as the Unit Record length employed for the Channel 
Search; and Ignore codes should be placed in all char­
acter positions of the Unit Record Identifier that are 
not to be compared. 

Nn: If GSB is found to contain all Ignore codes 
during a Channel Search, a PROGRAM (Unit 
Record Identifier all Ignores) error occurs: 
the Channel Search terminates after comparing 
one Unit Record, and the computer hangs up at 
the beginning of the execution of the next 
instruction. 

c. Load GSAR with the UHA Address from which the Channel Search 
is to begin; 

NB: The Unit Record Length specified by the L po­
sition in GSAR is used throughout the Channel 
Search. Note that, depending on the setting of 
the Unit Record Length Selector switch (See page 
VI-6) the Character in the L position of GSAR 
can be determined by the switch setting or by 
the L Character in the address sent to GSAR. 

d. If the program is internally defined, cause a Channel Search= 
Sub-Instruction to be initiated by coding S = N in the OP of the appropriate 
Instruction Work; or if the program is plugboard-defined, by appropriate 
patchcord-wiring. 

The above procedure is probably not required, as listed, each 
time a Channel Search = operation is initiated by 5 (d), since (a), (b), 
and/or (c) may already have been taken care of by previous operations. The 
complete procedure is listed above to emphasize that (a), (b), and (c) must 
be taken care of before (d) is attempted. 

Each Unit Record in succession, beginning with the starting URA 
Address, will then be read and each of its characters compared with a cor­
respondingly significant character in the Unit Record Identifier held in 
GSB. (Ignore codes in the Unit Hecord Identifier suppress comparison in the 
character positions in which they occur.) 

occurs: 
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If a "find", (or exact match of every set of characters compared) 

(1) this result, called PLUS, is set-up in a special-purpose 
memory (in the Central Computer) called Channel Search 
Storage; 

(2) The Unit Record "found" and its address are captured 
during the next drum revolution after the find occurs: 
the Unit Record is sent to GSB, lowest-order character 
first, and stored in GSB beginning with GSB's Word 9, 
Character S position; and the URA Address is set-up in 
GSAR; then 

(3) the operation terminates. 



If no "find" occurs before the Search Control Location (of the 
channel on which the search began) is read, and that Search Control location 
contains a valid Overflow Address: 

(I) that Overflow Address is automatically placed in GSAR; 
and 

(2) the search is automatically continued from this new 
URA Address. 

If no "find" occurs before the Search Location of the next channel is read 
and that channel's Search Control Location also contains an Overflow 
Address (1) and (2), of this paragraph, are repeated. 

If a Unit Record is read which has Ignore Codes in every char­
acter position compared (i.e., in every character position for which the 
Unit Record Identifier has a non-Ignore code): 

(1) this result, called ZERO, is set up in Channel Search 
Storage; 

(2) the Unit Record that contains tttese "empty" areas and 
its address are captured during the next Drum Revolution 
after the find occurs: the Unit Record is sent to GSB, 
lowest-order character first, and stored in GSB beginning 
with GSB's Word 9, Character S position; and the URA 
Address of this Unit Record is set-up in GSAR; 

(3) the operation then terminates. 

If neither type of "find" (exact match or empty area) is accom­
plished by the time the last channel in the file has been searched, the fol­
lowing occur when the contents of that channel's Search Location (End of File) 
are read: 

(1) the result (no "find"), called MINUS,is set up in 
Channel Search Storage; 

(2) the Unit Record Identifier is left unaltered in GSB; 

*(3) GSAR is set to the contents of SCL Address of the channel 
whose Search Control Location contained the End of File 
code; and 

(4) the operation terminates. 

This feature has be·en incorporated to provide for storage of an additonna 1 
4 characters of rcontrol data in the channel 9 s SCL if this is helpful in 
more efficiently sequencing Channel Search operations. If these 4 characters 
are not needed for such special control purposes, DSCH (the channel's 
address) can be stored in these four character positions when the End of 
File or Stop code is written in the channel's SCL. Only if this is done 
will (3) as shown on Page VI-27 be correct. The programmer thus can, when 
he codes the loading of SCL's used for stops, determine what is placed in 
GSAR when a Search results in a "no find." 
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6. Channel Search i . 
This operation is also used to search a file in General Storage 

for a Unit Record whose address is unknown. However, the search is made on 
the basis of inequality; i.e., a Unit Record is desired which will not match a 
Unit Record Identifier in at least one pair of character positions compared. 

The procedure to follow in initiating this operation is the same 
as that listed in 5(a) through S(d) ab6ve for Channel Search = operations, 
except that S(d) reads: 

"If the program is internally-defined, cause a Channel 
Search # Sub-Instruction to be initiated by coding S = 0 
in the OP of the appropriate Instruction Word; or if the 
program is plugboard-defined, by appropriate patchcord­
wiring cause the CS 1 hub on the Program Control Plugboard 
to be pulsed." 

Each Unit Record, in succession, beginning with the starting 
URA Address will then be read and each of its characters compared with a 
correspondingly significant character in the Unit Record Identifier held in 
GSB. (Ignore codes in either the Unit Record or the Unit Record Identifier 
suppress comparison in the character p6sitions in which they occur.) 

If a Hfind" (or a mismatch of at least one pair of characters 
compared) occurs: 

(1) this :result, called PWS, is set up in Channel Search 
storage; 

C~) the Unit Record "found" and its address are captured: 
the Unit Record is sent to GSB lowest-order character 
first and is stored in GSB, beginning with GSB's Word 9, 
Character S position; and the URA Address is set up in 
GSAR; 

(3) the operation then terminates. 

Overflow Addresses sequence Channel Search # operations in the 
same manner as in Channel Search = operations. 

However, since Ignore codes in the Unit Record also suppress 
comparison in Channel Search # operations, Channel Search Storage cannot be 
set to ZERO in these operations. 

If no "find" takes place by the time the last channel in the file 
has been searched» the following occur when the contents of that channel's 
Search Control Location (End of File) are read: 
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Cl) the result (no "find"), called MINUS, is set up in 
Channel Search Storage; 

CD the Unit Record Identifier is left unaltered in G.58; 



(3) GSAR is set to the SCL Address of the channel whose 
Search Control Location contained the End of File code; and 

(4) the operation terminates. 

Testing Channel Search Storage: 

In internally-defined programs the Channel Search Probe Instruction Word 
(27S) can be executed to test whether or not a previously initiated Channel 
Search operation is completed. If the search is still in progress, the com­
puter program will resume without delay, and the next Instruction Word will be 
obtained from the location specified by the U-address of the Channel Search 
Probe Instruction Word. If the search has been completed, the next Instruction 
Word is taken from the location specified either by the V or W addresses of the 
Channel Search Probe Instruction Word, or by the contents of PAK as explained 
below. 

If Channel Search Storage The address which specifies the location 
is set to: of the next Instruction Word is: 

MINUS the V-section of the Channel Search 
Probe Instruction Word 

ZERO the W-section of the Channel Search 
Probe Instruction Word 

PUJS (PAK) 

In plugboard-defined programs, two types of test for Channel Search 
completions can be made: 

Channel Search Probe, and 
Channel Search Probe and Wait. 

Two sets of correspondingly named hubs are provided on the Program Control 
Plugboard: CS PROBE, CS PROBE AND WAIT. 

When one of the four CS PROBE hubs is pulsed, the corresponding ACTIVE 
hub emits if the Channel Search operation is still in progress. If the Channel 
Search operation is completed, one of the other hubs, +, -, or 0, emits de­
pending on how Channel Search Storage was set during the operation. 

When one of the four CS PROBE AND WAIT hubs is pulsed, the computer waits 
if the Channel Search operation is still in progress. When the Channel Search 
has been completed, the associated +, -, or O hubs emits, depending on how 
Channel Search Storage was set during the operation. Patchcord-wiring is 
employed to determine when these tests are made and what program variance each 
result (+, -, or 0) is to achieve. 

NB: The Channel Search Probe Instruction Word and 
Sub ~teps merely test Channel Search Storage. 
The grogrammer must keep track of which kind 
of search operation set Channel Search Storage. 
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A 
Term 

access time 

ACTIVE 

addend 

adder 

address 

algoritl:un 

A-2 

Explanation 

The interval between the time storage 
control initiates a storage reference 
and the time that storage reference 
is completed. The timing listed on 
Pages II-222, 223, 229, and 230 in 
Section II are access times for the 
operating memory of the Central Com­
puter. The times listed on Pages 
VI-18 and VI-22 are the access times 
for the General Storage System. 

A condition of the General Storage 
System which is detected when a 
Channel Search Probe is performed. 
General Storage ACTIVE means that a 
previously initiated Search opera­
tion has not yet been completed@ 

A number or quantity to be added to 
another (called an augend). In the 
UFC, v2 in an add operation is the 
addend. 

The circuits which form the algebraic: 
sum of two quantities.. The UFC adder 
is also called an adder-subtracter. 
It is a serial device; i.e., (alge­
braic) addition is performed on a 
character-by-character basis, one 
set of characters at a time. 

A label, name or number identifying 
a memory location at which informa­
tion can be stored, and from which 
information can be obtained. Two 
types are employed in UFC: 

General Storage Address 
Program Control Storage Address 

A step-by-step presentation of the 
principal parts of a process or 
sequence of events. Used principally 
in connection with aritlunetic opera­
tions, as Multiply Algorithm, etc. 



Term 

alpha 

alpha-numeric 

Alternate Switch 

analog computer 

angular position 

arithmetic opera­
tion 

Arithmetic Trans­
fer 

augend 

Symbol 

AS 

AT 

Explanation 

In general, a quantity consisting 
only of letters and/or other non­
numeric symbols; also used as abbre­
viation for alphabetic characters. 
In add or subtract operations, alpha 
has a more particular meaning. See 
Paragraph IID, Section II, Rules for 
Addition. 

A quantity containing letters and/or 
other (non-numeric) symbols in addi­
tion to numbers. 

A manually operated Selector 

A computer which calculates on con­
tinuous functions using physical 
analogs as variables. Usually a 
one-to-one correspondence exists 
between each numerical value occur­
ring in the problem and a varying 
physical measurement in the analog 
computer. 

A term used in connection with mag­
netic drums. It refers to a discrete 
location around the periphery of a 
track .. (A,track number and an angular 
position number define a unique loca­
tion on a magnetic drum.) 

An operation involving addition, sub­
traction, multiplication or division. 

A Computer Instruction used for pro­
grammed de.ta transfers of 12 charac­
ters or less. (Register D of the 
Arithmetic Section is used as a buf'fer 
between the Source and Destination.) 

A number or quantity to which another 
{called an addend) is added. In the 
UFC, v1 in an add operation is the 
augend. 

A 
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B 
Term 

lbase 

"binary 

~binary-coded deci­
mal notation 

binary digit 

bit 

block 

blockette 

A-4 

Symbol ~xplanation 

Ten in the decimal nota.tj_on of numbers;: 
two in the binary notati.on of nwnbers; 
eight in octal notation; and in 
general, the radix in any scale of 
notation for numbers. 

Involving the integer two. For ex­
ample, the binary number system uses 
two as its base of notation. 

One of many systems of writing numbers 
in which each decimal digit of the 
nUm.ber is expressed by a different 
code written in binary digits. (See 
"excess-three code"). 

A digit in the binary scale of nota­
tion; i.s always "O" or "l"; and is a 
munerical image of a bistable ("on­
off" "yes-no" etc.) machine component. 

A binary digit. 

In Univac I and II and in the Univac 
Scientific systems, a block is a for­
mated group of exactly 720 characters, 
and is a machine unit of input/output 
operation. A block is not a machine 
unit in the UFC; when used in UFC, 
the term block merely indicates a 
group or ensemble of characters. It 
is in this sense that the Block Trans­
fer Buffer is named. 

A group of 120 contiguous characters. 
The blockette is the UFC System's fun­
damental unit of input/output format 
(e.g., card llllit and magnetic tape 
unit data transmissions to and from 
the computer are 120 character or 
blockette transmissions. In these 
devices the blockette is the principal 
operating unit) • The blockette is 
also used to specify the entire con­
tents of a 120-character buffer or a 



Term 

Blockette Address 

Block Transfer 
Buff er 

Block Transfer 
Buff er Pattern 

borrow 

Branch Storage 

SY!!l;bol 

z 

BTB 

BTP 

BS 

~lanation 

track on the High Speed Drum. 

When Z is placed in the lower-order 
character position of a Prog~arn Con­
trol Storage Address the· entire con-_ 
tents of a track or buffer (120 
characters) is referred to. 

A 120-character magnetic core memory. 
used in Buff er Transfer instructions 
to transmit a "block" of data (1 up 
to 120 characters) from one Program, 
Control Storage location to another·. 
BTB is itself' a Program Cont:rol 
Storage Location (lOx) which is Word, · 
Field, an~ Blockette addressable ih 
all instructions except the Buffer­
Transf er instruction. (In Word 
Addresses x is O through 9;. in Field 
Addresses, x is A-V, excluding I and 
O; in Blockette Addresses, x ·1s Z). 

A 120-bit register which holds· the 
Field Selection Pattern for BTB; 
addressable (99X) only as a .Destina­
tion. 

The digit to be taken from the next 
higher digit position (and subtracted 
from that digit position) when the 
subtrahend digit of.one digit posi­
tion exceeds the minuend digit of 
that digit position. 

8 

A temporary memory in the Central Com­
puter for the result of' arithmetic or 
comparison operations. Branch Storage · 
is set to 0 by every instruction just 
before proce~s time. If the instruc­
tion specifies an arithmetic process 
(add, subtract·, multiply, or diVide) 
or . a com.pare process·, Branch Storage 
is set to + if the result is + . 
(or if'· V L~ V 2'), or t_o - if' the result 
is - ( or-v 1. < v2). If' the r~sult is, 
0 {or Vi= V2) 1 the 0 setting of' B~tch 
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8 
Term Syajbol 

Branching 

Breakpoint 1,2,3 

A-6 

Explanation 

Storage is retained. 

In plugboard operations, the conte:nts 
of Branch Storage can be probed, and 
used for program variance by BRANCH 
hub patchcord wiring. 

In internally-defined programs, if S 
in the Operation Code of an Instruction 
Word is found to be a.ny of the foil ow­
ing values: 2, 3, 4, 9, B, C, D, or I, 
the setting of Branch Storage at that 
time (+ , o, or -) is transmitted to a 
more permanent type of storage called 
Conditional Storage. Conditional Stor­
age is then tested by Jump instructions 
to cause program variance~. 

A means Qf determining the next opera­
tion, depe~ding on whether the reailt 
of a Program step is + , -, or O. It 
is als·o used in connection with the 
Compare Process to determine the next 
operation depending on whether 
v1 is > , < , or= v2 (See "Compare"). 

Any one of the three Breakpoint signals 
(l,2,3) can be produced on the Program 
Control Plugboard if 

(l) an Instruction Word's Special 
Character specifies that Break­
point (1,2, or 3); and 

(2) the BREAKPOINT SELECTOR is appro­
pri$tely set to allow that Break­
point to be produced • 

. As its name implies, Breakpoint is gen­
erally used to interrupt an internally­
def ined program (i.e., stop the execu-

· tion of Instruction Words) to allow a 
check to be made on the progress of the 
program or to stop. 

If the BREAKPOINT hub which emits is 
patched to a STEP IN hub, a series of 
Program Steps can be initiated. This 
series of Program Steps can be designed 



Term 

Breakpoint plug­
board sequence 

bus 

Symbol Explanation 

to make (limited) automatic adjustments 
in the internal ;program; to execute an 
auxiliary sub-routine {related to the 
;program being solved); or, as is gener­
ally the case, to cause an automatic 
type-out of the contents of certain 
reg!sters and memory locations for 
checking purposes. This operation can 
be made completely aut.omatic (in terms 
of the internal program) by ;patching 
the STEP OUT of the last Program Ste;p 
to a NEXT INSTRUCTION hub. This causes 
the internally-defined program to 
resume innnediately after the (Break­
point-initiated) plugboard sequence. 

If the BREAKPOINT hub pulsed is patched 
to a S'IUP hub, Program Control opera­
tions cease. A vi.sual check can then 
be made on the contents of certain 
registers and memory locations, etc. 
In this case, the program can be resumed 
only if the necessary manual controls 
are operated. 

If the BREAKPOINT hub which emits is 
patched to a NE!XT INSTRUCTION hub, the 
internal program is not interrupted, 
and the execution of Inst~uction Words 
continues as if no Breakpoint were 
initiated. 

If a Breakpoint is produced, but the 
corresponding BREAKPOINT hub is not 
patched, the computer hangs up. 

A. sequence of Program Steps which is 
initiated when the computer executes 
a Breakpoint and the appropriate BREAK­
POINT hub is patched to a STEP IN hub 
on the plugboard. 

In the computer, also referred to as a 
transfer bus, and is a line, or trunk 
over which data transmissions occur 
from any of several sources to any of 
several destinations. On the Program 
Control Plugboa:rd, a tie-point for 
several similar outs to be patched to 

B 
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B 
Term 

BUS hub 

buffer 

Buffer Trans­
fer 

A·-8 

BT 

a common in, and a means of expc..nding 
an out that must -be patched to several 
ins. 

A hub on a plugboard; generally used 
either to facilitate wiring multiple 
outs (not requirine isolation) to a 
common in or for wiring an out to 
several ins. 

A temporary storage for data; an isolat­
ing device, generally used to transfer 
data between two storage elements that 
are not synchronized. 

A computer lnstruction generally used 
for data transfers of 12 characters or 
more. A maximum of 120 characters can 
be transmitted by this instruction. If 
Field addressing is anployed, any 
number of characters from 1 up to 120 
can be transmitted. (Special rules 
apply to BTB in connection with this 
instruction. ) 



Term 

carry 

carrow 

Central Computer 

channel 

Channel Search 
Operations 

Symbol 

CS= 
CS# 

Explanation 

The digit to be taken to the next-higher 
order digit-position (and there added) 
when the sum of the digits in one digit 
position equals or exceeds the nwnber 
base. 

c 

A general term ref erring to those signals 
from one digit position that effect an 
addition to or subtraction from the next­
higher order digit position. 

That section of a Univac File Computer 
System which controls the operation of 
the system and executes the program of 
arithmetic and logical operations nec­
essary to the solution of a problem. 
The Central Computer is composed of the 
following principal parts: Program 
Control, Program Control Storage, an 
Arithmetic section, and en Input/Output 
Control system. 

A narrow band on the periphery of a 
General Storage Drum; the area which 
passes beneath a read/write head as the 
General Storage Drum revolves. (The 
equivalent of a track of the High-Speed 
Drum.) 

Also a level on punched paper or mag­
netic tape. 

There are two Channel Search operations: 

Channel Search= 
Channel Search # 

Each is a time-shared operation of the 
General Storage System, and each is 
initiated when its correspondingly named 
Sub-Instruction or Sub-Step (CS:;;: or 
CS-#:- ) is executed in the Central 
Computer. 

In both Channel Search operations the 
basic objective is to examine a file or 
portion of a file in General Storage to 
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c 
Term 

Channel Search 
Storage 

Channel Search 
Probe 

clear 

code 

Gode Distributor 
Register 
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CDR 

E:>..J?lanati on 

locate a Unit Record whose address is 
unknown. 

A special-purpose memory in the Central 
Computer' used for storing the result of 
a Channel Search operation. Channel 
Sea:~ch Storage is set by General Storage 
to .. +- , O, or - as follows: 

+ 0 -..---· 

CS= "find" Unit Record "no find" 
"found" with 
ignore codes in 
every character 
position com-
pared. 

1--· 

CS;t "find" --- "no find" 
'--· 

In :Lnternally-~tored programs, an In­
struction Word; in plugboard-def ined 
operations a Sub-Step; in either case., 
a means of testing the contents of 
Channel Search Storage for program 
var:iance. 

To replace information in a register by 
(Univac coded) zeros, ignore codes, or 
space codes; in the case.of certain 
special-purpose memories to remove any 
previous setting. 

(n01m) A system of symbols for repre­
senting information in a computer and 
the rules for associating them. (See 
Univac code.) 

(veTb) To program. 

A !-character addressable register used 
to store any one of a group of 40 per­
missible characters for the purpose of 
var:Lously routing pulses or d-c enables 
on the Program Control Plugboard. (Pro­
gram Control Storage Ad.dress is 994.) 



Term 

cormnand 

comparator 

computer character 

Computer Ground 

Computer Instruc­
tion 

computer language 

Computer-To­
Input/Output 
Control Lines 

S;ymbol 

C-I/O 

Explanation 

A pulse, signal, or set of signals ini­
tiating one step in the execution of a 
computer instruction, sub-instruction, 
or sub-step. 

A group of circuits which compare two 
quantities and presents an appropriate 
indication of the result of the compari­
son. Comparators are used in a variety 
of places in the UFC System: the General 
Storage System, Arithmetic Section, 
Magnetic Tape Units, etc. 

The basic unit of data for the UFC. A 
legal character is any letter, number, 
or symbol that can be expressed in 
Univac Code. Each computer character 
consists of seven bits: 

6 bits in Univac Code, and 
1 parity bit 

An unconditional ground supply for the 
coil circuit of a Selector. See "Demand 
Ground''. 

A completely defined operation for the 
computer; the principal unit of a com­
puter program. Two types of Computer 
Instructions are employed: 

Instruction Words for internally­
stored programs 

Program Ste~s for plugboard-defined 
programs. 

Univac coded characters. 

A group of ten lines (labeled A-J) eman­
ating from the Central Computer, over 

c 

one or more of which the computer program 
sends a signal (or combination of signals) 
that defines an I/O Instruction. These 
lines are switched to a particular I/O 
Unit when that Unit is placed 1'on demand". 
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c 
Term 

Conditional 
Storage 

conditional 
jump 

Cond:i tion Corapare 

contents of 

contiguous 

Current Instruc­
tion 

A-12 

S;y1nbol 

( ) 

CI 

~:;~planat:Lon 

A special-purpose memory in the Centrt3.l 
Computer used only in internally-stored 
programs for more permanently retaining 
the contents of Branch Starace. Condi­
tional Storage is set during the execu­
tion of a Set Conditional Storac:e ,.Jub­
Instruction. It retains that ~1-nformati:in. 

until another Set Conditional Storage 
Sub-Instruction i.s executed. The follow­
ing Instruction Words use the setting of 
Conditional Storage for program variance: 
.Jump Plus, .Jwnp on Minus, and Jwnp on 
Zero. 

A jump instruction wherein a jwnp is 
achieved only if a· particular condition 
tested exists. E.g. , the Jwnp on Plus, 
.Jump on Zero, Jump on Minus, and Channel 
Search Probe Instruction Words. 

A computer Sub-Step. Normally, in the 
Compare Process, any space codes present 
in v1 or V2 are treated as if they were 
zeros in the comparison of v1 and v2 . 
When a Condition Compare Sub-Step is 
performed, spnce codes and zeros are 
each given their weighted values in 
Univac Code in the next Compare process, 
and V1 and V2 are compared as they 
actually are. 

The information stored within. 

Adjacent. 

The instruction now being executed by 
the computer; CI is always held in IRVc .• 
(See IRV for explanation of IRVc.) 



Term 

debug 

d-c enable 

Demand In 

Demand Ground 

DEMAND OUT 

Demand Station 

To isolate and remove e. computer 
malfunction or the programm.lne; mistakes 
5.n a computer program. 

A term normally applied to a flip-flop 
output based at -45 volts d-c and rising 
to +35 volts d-c and staying at +35 volts 
d-c for at least 3 sec. 

A sequence, initiated by the computer,_ 
that places a particular I/O Unit "on 
demand" and permits control information 
to be exchanged between the computer and 
that particular I/O Unit. This sequence 
is initiated internally by the Demand In 
Instruction Word; it is initiated on ~he 
plugboard by pulsing the appropriate 
DEMAND IN ( 0-9) hub. 

One of ten conditional ground supplies 
(0-9) each of which is associated with 
an I/O Unit's Demand Station, and is 
completed only when its associated I/O 
Unit is "on demand". 

A signal produced during a Demand In 
sequence by the I/O Unit "on demand" 
indicating that the I/O Unit "on demand" 
is READY and no (HS) I/0-C control lines 
are energized. 

Part of the control, circuitry of each 
I/O Unit; specifically.that which 

(a) is the I/O-terminus of the con­
nective cabling between the com­
puter and the I/O unit; and 

(b) is the actual control and synchro­
nization circuitry used by the 
Central Computer in monitoring 
I/O operations. 

The principal parts of a Demand Station 
for I/O Unit •1b" are: 

D 
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D 
'l~erm 

Demand Station 
Position 
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~planation 

C-I/O control lines A-J; 

(LS)I/0-C control line·s a-1; 

(HS)I/0-C control lines W-Z; 

Demand Ground "b" supply; 

*Demand Test in "b•' control lines; 
DEMAND TEST IN "b", 
READY "b .. , 
NOT READY "b"; 

*Demand Test In control circuits: 

Demand In .. b" control lines: 
DEMAND IN "b" , 
DEMAND OUT 0 b", 
SPECIAL OUT .. b"; 

Demand In sequence control circuits; 

I/O Track Control circuits: 
Set SAR 0 b" enable 
Read & Write circuits for 

I/O Track O"b" 
Track switching circuits 

for I/O Track "b" 

*In developing the mnemonic code for the 
Process .portion of Instruction Words, :Lt 
was convenient to call 'the Instruction 
Word which initiates a Demand Test In 
sequence, a Test Demand In (TD) Instruc­
tion Word. Demand Test In and Test 
Demand In are identical sequences. 

Ten sets of connectors on Program Control 
Cabinet #2. Each of these sets links to­
gether a group of I/O Control circuits in 
the computer (to which the set is permanently 
wired) and an I/O Unit's Demand Station (to 
which the set is connected when cabling from 
the I/O Unit's Demand Station is plugged into 
the set.) 



Destination 
Address 

difference 

digit 

digital computer 

dividend 

divisor 

down-time 

Symbol Explanation 

An address that specifies a particular 
location (of definite capacity) at which 
information held in some intermediate 
storage is to be stored; in plugboard 
operations, the R ADDRESS; in most 
Instruction Words, the W-section of the 
Instruction Word; in Jump Instruction 
Words, the V-section of the Instruction 
Word. 

The result of a subtract process. 

A term for the computer characters 0-9· 

A computer which calculates using dis­
crete quantities, as numbers expressed 
as binary-coded digits or "yes" - "no" 
condit~ons expressed as bits, to repre­
sent all the variables that occur in a 
problem. Differentiated from analog 
computers in that it counts rather than 
measures in solving a problem. 

A number to be divided • In the UFc·, V 1 
in divide processes. 

The number by which the dividend is 
divided. In the UFC, v 2 in divide 
processes. 

Generally refers to the time when a 
computer is malfunctioning or not operat­
ing due to machine failure. Also used in 
a broader sense to include all times 
when the machine is idle. 
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E 
Term 

End of Data 
code 

End of File 
cod.e 

error 

erase 

excess-three code 

A-16 

Symbol Explanation 

A term generally used in connection with 
input operations. An End of Data code 
is control information that is included 
along with the actual data to indicate 
that no further data is available. On 
magnetic tapes, End of Data is designated. 
by at least one complete word, 12 char­
acters, of "%" codes. 

A special code stored along with actual 
data; used to separate files. In General 
Storage, prime zero ('O) is used; on 
magnetic tape 12 "Z's" in at least one 
word a.re employed. 

A computer malfunction or programming 
m:i.stake. 

A term usually applied to magnetic drums 
and magnetic tapes to mean "record binary 
O's" on the drum or tape. In this con­
nection it effectively "clears" the area 
on which the O's are recorded. Since 
oi:;her methods of "cleari:ng" are employed 
in UFC (e.g., space codes and ignore 
codes are used by certain devices to 
"clearn drum areas) the term erase is 
used in UFC only in connection with 
revolvers and magnetic tapes, as: tithe 
area ahead of the read/wri·te head is 
erased prior to recording.u Erased areas 
are parity-bad. 

Basically, a binary-coded decimal notation 
for decimal numbers. In this code ea.ch 
decimal digit is represented by a binary 
number (four bits in length) whose value 
iB three greater than the value of the 
decimal digit that is cbded. For use in 
Univac I and II and in UFC, the code is 
extended to six bits in length and in­
cludes a weighted value for 64 characters, 
ten of which are the digits 0-9. 



Term Symbol 

external memory 

Explanation 

Any memory device in the system which 
can permanently store (and subsequently 
supply) data, but which is not directly 
accessible to Program Control Storage. 
Examples: 

General Storage System: an addressed 
external memory in which random­
access storage references can be 
initiated under computer control, 
but are accomplished by the General 
Storage System rather than by Program 
Control Storage. 

Magnetic Tape 
Punched Cards l 

data available 
sequentially in 
input/output 
operations. 

E 
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Term 

Factor Storage 
Tracks 

field 

Field Address 

Field Selection 
Pattern {or 
Pattern) 

File 

A-18 

Symbol Explanation 

FS-Tracks Tracks llx and 12x on the High Speed 
Drum. For Word Addresses, x is 0-9; 
for Field Addresses, x is A-V (excluding 
I and O); for Blockette Addresses, x is 
z. 

A unit of data on the HSD, in GSB, or 
in BTB which is a collection of con­
tiguous characters; the number of char­
acters vary from 1 up to 119 as defined 
by a Field Selection Pattern. 

Addresses which can be used in storage 
references involving the HSD, BTB or 
GSB to obtain or store fields. Each is 
composed of two numeric characters and 
a letter A-V (excluding I and 0). 

A collection of 120 bits used to define 
the fields in a buffer or on a HSD track. 
The bits involved are parity bits. Each 
field begins with 11 0" and ends with "l". 

The programming unit used for overall 
organization of data. On magnetic tape, 
a collection of contiguous Items ea~h 
of which consists· of ~ fixed master por­
tion comprising subjects conunon to all 
(or practically all) Items, and to which 
are added or appended a variable number 
of other "trailer 11 subjects which may 
range in number from none to several 
hundred. In General Storage a similar 
concept applies except 

(a) Unit Records are :involved, and 

(b) in some applications, the General 
Storage Address for a Unit Record 
can be used to specify a portion 
of the information that must be 
coded in the master portion of 
Items on magnetic tape. 



Term 

flow-chart 

flow diagram 

Function Delay FD 

Fnnction Sequence FS 

~xplo.na t :ion 

A graphical representation of a sequence 
of programming operations using symbols 
to represent operations such as compute, 
substitute) compare, jump, etc. 

A schematic-type representation of a 
sequence of sub-routines designed to 
solve a problem. It is less detailed 
and less symbolic than a flow-chart and 
frequently includes descriptive text. 

A circuit available via the Program 
Control Plugboard which delays the start 
of a dependent operation until another 
operation has been completed. Four 
Function Delay circuits are provided in 
the UFC, Model 1. Each has two IN hubs 
and an OUT hub on the Program Control 
Plugboard. 

A group of circuits which produce an 
output when two inputs (the first to a 
SET hub, the second to a PROBE hub) are 
received in proper order. It is thus a 
means of insuring tbat two ordered events 
occurred in the proper sequence. Four 
Function Sequence circuits are provided 
in the UFC Model 1. Each has a SET, 
PROBE and OUT hub on the Program Control 
Plugboard. 

F 
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G 
Term 

General Storage 
Address 

A-20 

Symbol Explanation 

A 7-digit address which specifies ei"ther 
a Unit Record .Area or a Search Control 
Location on a General Storage Drum; used 
for storage references in the General 
Storage System: 

format: Unit Record Areas (IDSCHAA) 

vhere 

Search Control Locations {-DSCH'C>) 

L Unit Record Length: number 
of computer vords in a Unit 
Record (1, 2, 3, .•• 9, 0 
where 0 means ten words) 

DS Drum Section ( 3 per drum): 
00 - {3n-l) where n is the 
number of drums in an 
installation. 

CH Channel in that section 
(100/seetion): 00-99. 

AA Angular Addre_ss : starting 
angular position of a Unit 
Record Area • 

'0' the starting angular posi­
tion of the Search Control 
memory location: 

TYPICAL UNIT RECORD AREA ADDRESS 

2 01 56 04 

URL 24/ T \ "-starting 
characters Angular 

position 04:. 
Drum Channel 

Section #56 
01 

SAME CHANNEL'S 
SEARCH CONTROL LOCATION ADDRESS 

- 01 56 '0 
/ "- Starting 

No URL Angular 
specified position of 

Drum Channel 
Section #56 

01 

Search 
Control 
Location 



'ferm 

General Storage 
Address Register 

General Storage 
Buff er 

Symbol 

GSAR 

GSB 

Explanation 

A 7-digit register that holds a General 
Storage Address in General Storage Ref­
erences. Three types of General Storage 
Addresses are placed in GSAR: 

(a) The address ot a. Unit Record Area 
at which a Unit Record is to be 
read or stored; 

(b) The address of a Unit Record Area 
at which a Channel Search opera­
tion is to begin; or 

G 

(c) A search Control Location address 
which ~pecifies a particular Search 
Control Location at which special 
data (6 che.racters) is to be read 
or stored. 

GSAR is also a. Program Control Storage 
location (995). It functions in the Gen­
eral Storage System during operations of 
that system, and at all other times is 
pa.rt of the Central Computer. 

A 120-cbaracter magnetic core register 
vhich functions as a buffer for data trans­
missions to and from the General Storage 
Drums. In General Storage operations, 
GSB is part ot the General Storage System. 
GSB holds the Unit Record to be written 
in Write UR and Write UR and Check opera­
tions. It receives the Unit Record read 
in Read UR operations. In Channel Search 
operations: GSB initially holds the UR 
Identifier; at the conclusion of a Channel 
Sea.rah, GSB holds the UR "found." if a 
"find" occurred, or the UR Identifier if 
:p.o ":f'ind" occurred. Except during those 
times in which General Storage operations 
are taking place, GSB can be used as a 
Program Control Storage Location (98.x) 
vhich is Word, Field, and Bloekette 
addressable. (in Word Address x is 0 through 
9J 1n Field Addresses x is A-V, excluding 
I and-O; in Blocltette addresses xis z.) 
During General Storage operations data 
transmissions to and from GSB always begin 
with GSB's Word 9, Character S position. 
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G 
Term 

General Storage 
Drum 

General Storage 
Buff er Pattern 

A-22 

Symbol 

GSD 

GSP 

Explanation· 

A large diameter magnetic drum used as 
the storage medium for the General 
Storage System. 

Each GSD is divided into 3 sections, 
100 channels per section. Each channel 
in turn is divided into 

100 6-cha.racter areas (in which 
Unit Records can be stored); and 

a Search Control Location in which 
6 characters of control date. for 
sequencing search operations can bE~ 
stored. 

A 120-bi t register which holds the Fie~Ld 
Selection Pattern for GSB; addressable 
(99Y) only as a Destination. 



Term 

hardware 

higher-order 

High-Speed Drum 

High-Speed Drum 
Pattern 

High Speed 
Input/output-to­
Computer control 
lines 

Symbol 

HSD 

ISP 

(HS) I/0-C 

Explanation 

The mechanical, magnetic, electrical, 
and electronic components from which 
a computer is constructed. 

The significance given data in the com­
puter is the same as that associated 
with reading or hand-writing data. Left­
most character is the most-significant 

H 

or highest-order digit; right-most char­
acter is the least-significant or lowest­
order digit. (Exception: in an operand 
the sign is always the lowest-order 
character in the computer.) 

A small diameter magnetic drum used as 
(the principal) part of the operating 
memory of the Central Computer. Three 
types of tracks on this drwn are Word, 
Field, and Blockette addressable as the 
source or destination of data: I/0-Tracks 
(20, two for each track address), Factor 
Storage Tracks (2), Intermediate Storage 
Tracks (85). The HSD also contains the 
Instruction Revolver, the Shift Revolver, 
the High-Speed Drum Pattern (ISP), and 
ti.ming tracks. 

A special track on the High Speed Drum 
that contains the Field Selection Pattern 
for the I/O, FS, and IS Tracks; add.ress­
abl'e (99W) only as a destination. 

A group of four lines (W, X, Y, and Z) in 
each I/0 Unit, over which the I/O Unit 
can send program variance information to 
the computer's High Speed I/0-C Control 
Line Storage. An I/O Unit's (HS) I/0-C 
lines are switched to the computer when 
the I/O Unit is "on demand" and ready. If 
an I/O Unit has produced a W, X, Y, or Z 
(or combination of these) condition(s), 
it will send the corresponding W, X, Y, Z 
or combinations of these to the computer 
when it is (a) placed "on demand" and 
(b) goes READY. (HS) I/0-C are sent to 



H 
Term 

High Speed 
Input/Output-to 
Computer Control 
Line Storage 

hub 

A-24 

Symbol ~xplanation 

the computer only during Demand In 
sequences: they set High Speed I/0-C 
Control Line Storage in the computer; 
and they are always accompanied by a 
SPECIAL OUT. 

A special pttrpose memory in the computer 
for the (HS) I/0-C control line signals: 
W, 'X, Y, and z. This is a temporary 
storage which is cleared each time an 
I/O Unit is placed "on demand". Accord·­
ingly if a SPECIAL OUT is detected in 
a Demand In sequence, this memory should 
be immediately interrogated: 

in internally-stored programs by 
Test Incoming Control Instruction 
Words, 

in plugboard-defined operations by 
SPECIAL OUT-to-W, X, Y, Z IN hub 
patching. 

A receptacle for patchcord wiring on a 
plugboard; the break-off point between 
patchcord wiring (variable) and internal 
wiring (fixed) • 



Term 

INACTIVE 

inf'orma.tion 

Ignore code 

Input/Output 
Instruction 

Input/Output 
Storage Tracks 

Input/Output 
Units 

In.struction 
Revolver 

Symbol 

i 

I/O Instruc­
tion 

I/0 Tracks 

I/O Units 

IRV 
IRVc 
IRVn 

Explanation 

When a Channel Search operation is 
initiated./ General Storage becomes ACTIVE, 
and remains AcT!VE until the search 
operat.ion is completed. General Storage 
then becomes INACTIVE. When a Channel 
Search Probe is made and General Storage 
has become INACTIVE as described above, 
the results of' the channel search 
(+, O, or -) are made available, and pro­
gram variance can be achieved if desired. 

Information is commonly used as a general 
term for both actua1 data and for control 
data. 

A computer character (1000000) used 
primarily to suppress comparisons. 

An instruction or an operating condition 
for an I/O Unit; the control data sent 
by the computer to an I/O Unit via. the 
C-I/O control lines A-J. 

A collection of twenty tracks on the HSD 
which operate as 10 pairs of tracks. At 
any given time one track of the pair is 
connected to the computer; and the other 
track of the pair is connected to an 
I/O Unit. Program control Storage 
Addresses: OOx through 09x; for Word 
Addresses x is 0 through 9; for Field 
Ad.dress x is A through V (excluding I 
and O); for Blockette Address x is z. 

Devices which either supply data to the 
computer (Input) or receive data. from 
the computer (Output) • 

Although it has but a single address 
(996), IRV is actually two 12-cbaracter 
revolvers on the High-Speed Drum: IRVc 
and IRVn. IRVc is used to store the 
Instruction word currently being executed: 

I 
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I 
Term 

Instruction Word 

intermediate 
storage 

A-.26 

Symbol 

IW 

Explanation 

IRVn is used to store the next Instruc­
tion Word to be executed. The next 
Instruction Word is stored in IRVn as the! 
·current Instruction Word is executed. 
When the execution of current Instruction 
Word is completed, control switches 
revolvers: IRVn becomes IRVc and suppliE!S 
the data for the new current Instruction 
Word; and the next Instruction Word is 
loaded into what was IRVc but which is 
n.ow IRVn .. 

A. 12-character computer word that def'inee1 
a, computer instruction; is stored in the 
opera.ting memory of the computer, usually 
in sequence with other Instruction Words 
on the HSD. 

F'ormat: U V W OP 
xxx xxx xxx :xxx (x = l character) 

where U, V, and Ware usually storage 
addresses for Vi, V2, and R, 
respectively; and 

OP (operation code) = PRS or TCS 

PR = PROCESS code 

TC = TRANSCOP code 

S = Special Character which 
extends or modifies the 
operation specified by 
FR or TC. 

A temporary storage location into which 
data is automatically transmitted from 
a programmed Source or from which data i:s 
automatically obtained for storage in a 
programmed Destination. 



Term 

Intermediate 
Storage Tracks 

Internal memory 
(or operating memory, 
or Program Control 
Storage Lbcations.) 

Item 

Item Identifier 

~ymbol ~~lanation 

IS Tracks A group of 85 tracks on High Speed Drum; 
tlieir addresses are 13x through 97x; 
used primarily to store Instruction Words. 
For Word Addresses, x is 0-9; for Field 
Addresses, x is A-V (excluding I & O); 
for Blockette Addresses, x is Z. 

Addressed storage locations in the Central 
Computer which are directly-accessible via 
their Program Control Storage addresses. 

A programming unit of format for magnetic 
tape data. A collection of characters 
which is a unique major file-entry. 

Each Item contains a prime set of 
identifying data (or master portion) 
which 

distinguishes that Item from all other 
items in a File_; 

is recorded in the same pattern as the 
prime set of identifying data in 
every other Item; and 

contains all the data including, in 
general, the appropriate Search 
Validation Character required for 
file classifications and searches 
(i.e., contains all the data elements 
which are ever referred to in class­
ifying that Item or in finding that 
Item). 

In addition, an Item may contain one or 
more sub-Items as "trailer" inf'ormation, 
(i.e., additional information which is 
not used to classify or locate that Item) 

An Item Identifier is a collection of 
from 1 up to 120 alphanumeric, non-ignore 
characters, not necessarily contiguous, 
which are either a copy of the prime set 
of data (or master portion) in an Item, 
or a copy of a set of data derived from 

I 
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I 
Term Symbol 

A-28 

~planation 

the prime set. For equipment reasons 
it is necessary to program Item (and 
Sub-Item) Identifiers as 120-cha.racter 
quantities, with Ignore codes in every 
character position that is not to be 
compared with tape data i.n a tape search 
operation. Item Identifiers are used 
principally to locate fuJ.l Items; they 
can also be used to locate any set of 
data in an Item's prime set of identify·­
ing data. (In the foregoing it is 
assumed that the appropriate Search 
Validation character is included in thE~ 
prime set of identifying data, and hencE~ 
in the Item Identifier.) 



Term 

logical design 

logical opera­
tion 

lower-order 

Low-Speed 
Input/Output-to­
Computer control 
lines 

Symbol 

(LS) I/0-C 

Explanation 

Design that deals with the logical and 
mathematical inter-relationships that 
must be implemented by the hardware. 

L 

The operations of masking, comparing, 
normalizing, etc. where in essence charac­
ters or bits constitute the elements 
being operated upon. In contrast to 
arithmetic operations wherein the ele­
ments of the operation are numerical 
values. 

Pertaining to the right-most digit of a 
typewritten or handwritten number or 
message. (See higher-order. In UFC 
words, the Sign is the lowest-order 
character of each operand.) 

A group of twelve relay-operated lines 
(a-1) in each I/O Unit over which the 
I/O Unit can send program variance infor­
mation to the Program Control Plugboard. 
An I/O Unit's (LS) I/0-C lines are 
switched to the computer when the I/O 
Unit is placed 11 on demand". If an I/O 
Unit is placed ''on demand" and has 
energized any (one or more) of its (LS) 
I/o-c lines, B +is immediateJ..y applied 
to the correspondingly named (LS) I/0-C 
CONTROL LINE hubs, a-1, on the Program 
Plugboard. 
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M 
Term 

machine word 
{or computer 
word) 

magnetic core 

magnetic drum. 

magnetic tape 

malfunction 

Mask Tran.sf er 

memory 

memory capacity 

millisecond 

minuend 

A-30 

Symbol 

ms 

Explanation 

Twelve characters; two general types; 
operands and Instruction Words 

A form of rapid-access storage wherein 
information is represented as the polari·· 
zation of a wire-wound.magnetically 
:permeable core, which may be straight, 
doughnut-shaped, etc. 

A rapidly rotating cyclinder, the surface 
c•f which is coated with a magnetic 
ni.aterial on which information ca.n be 
f:tored as small polarized spots. See 
High-Speed Drum and General Storage Drum. 

Tape made of a metal or a plastic base 
that is coated with a magnetic material 
on which polarized spots representing 
:tn.f orma.tion can be recorded. 

Equipment failure. 

A Computer Instruction which permits 
<~h.aracters to be screened out of one 
operand on the basis of the characters 
stored in another opel".and called a mask. 

In.formation storage; any device into 
which information can be introduced and 
then extracted at a later time. 

The amount of information which a memory 
system can store. Quoted by number of 
words, decimal digits, characters or 
bits that can be stored. 

A thousandth of a second 

The number from. which another {called a 
subtrahend) is to be subtracted. In the 
UFC, V1 in a subtract process. 



Term Symbol 

mnemonic code 

microsecond µsec 

multiplicand 

multiplier 

M 
E;Plana.tion 

The Process codes of Instruction Words 
have a mnemonic as well as numeric list­
ing. The {two) letters employed in each 
mnemonic code suggest the name of the 
instruction and have the same lower-order 
four bits in Univac code as the numbers 
they represent. 

A millionth of a second 

The number that is to be multiplied by 
another number, called a multiplier. In 
the UFC, v1 in multiply processes. 

The number by which another number· is 
mul. tiplied. In the UFC, V 2 in muJ. tiply 
processes. 
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N 
Term 

.Next Instruc -
ti on 

NEXT INSTRUC­
TION hub 

non-volatile 
storage 

(left) 
normalize 

Normalized 
Operand 

Normalizing 
Count 

notation 

NOT READY 
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Symbol 

NI 

Explanation 

A term employed to indicate the instruc­
tion whose execution is to follow that 
of the instruction currently being 
executed. 

In plugboard programs when the NEXT IN­
STRUCTION hub is pulsed, a Next Instruc­
t:ton Sub-Step is initiated which inter­
ru.pts plugboard operations and reverts 
control to the internal program. (The 
next instruction executed is an Instruc­
t:ion Word rather than a Program Step.) 

Storage media which retain information 
in the absence of power, such as magnetic, 
drums, magnetic cores, magnetic tapes, etc. 

An operation in the UFC Arithmetic Section 
wherein an operand is shifted ::Le:ft until 
its most-significant character is in a 
register's most-significant character 
position. 

An operand, so positioned in a register, 
that its most-significant character is 
located in the register's most-significant 
character position ... 

A count of the number of p~aces an operand. 
is shifted left in a normalize operation. 
(In UFC this count is .stored in Register 
B at the conclusion of a Left Normalize 
instruction. ) 

A manner of representing numbers. If 
quantities are written in the scale of 
notation "n" then the successive posi tion,s 
o:e the digits report the powers of "n". 

A condition of an I/O Unit which means 
that the I/O Unit is either inoperable 
or still engaged in a previously initiate1i 
011eration. 



Symbol 

"on demand" 

"o:ff demand" 

0 
Explanation 

.An I/O Unit is placed "on demand" when a 
Demand In sequence is executed. In gen­
eral, an I/O Unit stays "on demand" until 
it rec~ives an I/O Instruction or until 
another I/O Unit is placed "on demand". 
When an I/O Unit is placed "on demand": 

{a) the following control lines from 
that and only that I/O Unit are 
connected to the computer: 

C-I/O (A-J) 
(LS) I/0-C (a-1) 

(Information on the (LS) I/0-C 
lines is available as soon as 
the relays involved energize; 
the information on the (HS) I/0-C 
lines does not become available 
until after an I/O Unit 
0 demanded" becomes READY: 
C-I/O information 1s generally 
sent only after the DEMAND or 
SPECIAL OUT signals are produced, 
i. e • , after unit "on demand t• 
goes READY. ) 

{b) The set SAR enable is available 
for plugboard addressing of the 
I/O Track associated with the 
I/O Unit "on demand". 

{c) The Demand Ground circuit 
associated with that I/O Unit 
is completed. 

An I/ 0 Unit is taken t• off demand" when 
another I/O Unit is placed "on demand". 
No exchange of information over the (HS) 
I/O-C, (LS) I/0-C or C-I/O lines can 
occur when an I/O Unit is "off demand". 
However, Demand Test In sequences and 
Track switching can be performed, and 
Demand In sequences can be initiated. 



0 
Term 

operand 

Operation Code 

Operation 
Pulse/Enable 
Distributor 

Ottt Expander 

overflow 

Overflow Address 

Symbol 

OP 

OED 

Explanation 

A oomputer word useQ. in arithmetic and 
logical operations. Numeric operands 
have the following format: 

High-Order 
x x x 
11 10 9 

x x x 
a 1 6 

Low-Order 
xxx xxx 
5 4 3 2 l Sign 

'fhe right-most (or lowest-order) three 
characters of an Instruction Word. 
These three characters have the follow­
ing signitica:o.ce: 

two left-most character•: PROCESS code 
or 

TRA.llBCOP code 

right-most character: Special 
Character, S 

Operation Code defines wh.at the 
computer is to do in executing the 
instruction. 

A group of circuits which t:tme­
sequences and controls the execution 
of instructions tn the computer. 

A combination of three hubs 011 a plug­
board: one IN hub and two OtJ'f hubs. 
When the IIf hub is pulsed, the two OUT 
hubs emit. The Ot1f hubs are diode­
protected to prevent back circuits. 
Out Expanders a.re used to m:ul..tiply and 
amplify pulse outs that a.re to be 
patched to several ins. 

In a counter or register, the production 
ot a number which is be;yoad the capacity 
of the counter or register. 

The new addrese in the General Storage 
System from. which a channel search 
operation is to continue if 



Term - 8y!bol Explanation 

(a) a terminal cond.i tion f'or the 
search does not occur in a 
channel by the time that 
channel's Search Control 
Location is read; a.nd 

(b) other Unit Record Areas still 
need to be searched in the 
operation. 

In short, one of' the two possible kinds 
of' search-sequence control data that 
can be stored in a channel's Search 
Control Location. 

( 
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p 
Term 

packing 

pad 

parity bit 

Parity Check 

patchcord 
wi:l:'ing 

Pattern Address 

Pinboard 

A-.36 

Symbol Expla.natiOD; 

To combine several different brief fields 
of i:n:f'o:rma.tion into one or more ma.chine 
units of storage (as word locations on 
a track) for the purpose of conserving 
memory space. 

The filling out of a word or field 
with (Univac coded) zeros, space codes, 
or ignore codes. 

A redundant bit stored with each 6-bit 
Univac coded character. I:f' the .number 
of "l's" in the 6 bits of the Univac 
Code is even, the parity bit is a ~'l"; 
if the number of "l's" in the 6 bits 
of the Univac Code is odd, the parity 
bit is "O". An odd-even check on each 
character can thus be made during data 
transmissions. The parity bit is also 
used in defining the Field Selection 
Patterns used in Field addressing. 

A check made on each character, general·· 
.ly during data transmissions, to de­
·termine if the number of "1' s" in each 
'7-bit computer character is odd or 
even. If odd, operation continues; 
::Lf ~' a.-pirity error is indicated. 

Manuall.y-plugged wiring used on a plug­
board or pinboard to connect various 
clircui ts within a unit for the purpose 
of defining what operations the unit 
:ls to perform.. 

A Program. Control storage Address 
1rhioh refers to the ISP, BTP, or GSP 
(98w, 98x, and 98Y, respectively). 

A non-detachable connection panel 
·whereon patchcord wiring ean be e:m­
J»loyed to define various logical or 
control conditions. 



Term 

plugboard 

Plugboard Address­
ing System 

Plugboard Step 

prime zero 

Sl!bol 

'0 

p 
Explanation 

A removable connection panel whereon 
patchcord Wiring can be employed to 
define a program. The Central Computer's 
plugboard is called the Program Control 
Plugboa.rd. Several I/O Units also have 
plugboards. 

The collection of hubs listed below 
which are located on the Program 
Control Plugboard, and to which the 
V1 ADDRESS, V2 ADDRESS, and R ADDRESS 
hubs can be patched to specify Program 
Control Storage Addresses; used in 
plugboard operations to define pro­
grammed storage references in Program 
Steps. 

RA 
RB 
RC 
RD 
GSAR 
CDR 
PAK 
U ADR 
V ADR 
W ADR 
BTP 
GSP 
ISP 
IRV 
SRV 

BTB WORD ( 0-9) 
GSB WORD ( 0-9 ) 
FS #1 WORD (0-9) 
FS #2 WORD ( 0-9 ) 
I/O WORD (0-9) 
BTB FIELD (A-V) 
GSB FIELD (A-V) 
FS #1 FIELD (A-V) 
FS #2 FIELD (A-V) 
I/O FIELD (A-V) 
BTB-Z 
GSB-Z 
FS #1-Z 
FS #2-Z 
I/0-Z 

One of 48 locations (numbered 52-98) 
on the Program Control Plugboard 
where Program Steps can be defined by 
patchcord wiring. 

A pair of symbols which: 

{a) It placed in the two lowest­
order positions of a General 
Storage Address, specify a 
channel's Search Control 
location; or 
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p 
Term Symbol 

probe 

process 

PROCESS Code PR 

A-38 

Explanation 

(b) if placed in the two lowest­
order character positions of 
the Search Control Location, 
itself, form an End of File 
(or Stop) code which terminatE~s 
Cba.nnel Search operations. 

To interrogate; usually used in connE~c­
tion with pulses; however, in this 
publication both pulse and d-c probei> 
are referred to. 

The basic operation to be performed 
during a computer instruction. 

The higher-order two digits of the 
Operation Code of an Instruction Wor<i 
if !: number < 50 is specified !?_l ~~ 
die;its. The following numbers (and 
corresponding mnemonic codes) a.re usE~d 
to define UFC Model 1 Instruction Word 
Processes: 

14 (AD) 
22 (SB) 
43 (ML) 
44 (MU) 
48 (DQ) 
35 (LN) 
32 (LS) 

37 ~CP) 19 JZ) 
17 JP) 
15 {JN) 
41 (UJ) 
33 {cc) 
31 (LA) 
34 (TD) 
45 (DE) 
39 {TI) 
49 (DR) 
13 (AT) 
23 (BT) 
42 (MK) 
29 (SZ) 
27 (SP) 
24 {SU) 

Add 
Subtract 
Multiply, Store Lower 
Multiply, Store Upper 
Divide, Store Quotient 
Left Normali.ze 
Load Shift 
Compare 
Jump on Zero 
Jmnp on Plus 
Jump on Negative 
Unconditional Jump 
Channel Clear 
Load GSAR 
Test Demand In 
Demand In 
Test Incoming Control 
Di vi de, Store Remaincler 
Arithmetic Transfer 
Bu:f'f er Transfer 
Mask Trans:f er 
Suppress Left Zeros 
Channel Search Probe 
Substitute U 



Term 

Process Register 

product digits 

Program 

Program Address 
Counter 

Program Control 

Program. Control 
Plugboard 

Program. Control 
Storage 

Symbol 

PAK 

25 (SV) 
26 (SW) 

Explanation 

Substitute V 
Substitute W 

A two digit register which holds the 
left-most two digits of an. Operation 
Code during the execution of an In­
struction Word, and a Plugboard step 
number during plugboard operations. 

The resUlt digits in a multiplication 
operation. 

(noun) A sequence of computer instruc­
tions so arranged and coded that its 
execution by the computer solves some 
problem. or effects a series of data 
transmissions, as entry or exit of 
data from. General Storage, or repro­
duction of data on one med:tum., say 
cards, on another medium., as ma.gnetic 
tape. 

(verb) To design a program. 

An addressable three-character shift 
register used to sequence internally 
stored programs. When Instruction 
Words are obtained they are always 
taken from the address specified by 
the contents of PAK. PAK is also a 
Program Control Storage Loeat:ton (997). 

That section of the Central Cpmputer 
which interprets, executes and 
sequences computer instructions. 

'!'he Central Computer's plugboard. 

All those storage locations which. :rona 
the operating m.em.ory o:r the Central. 
Computer, as well.as.all. the circuitry 
required tor finding a specified loca-

p 
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p 
Term -

Program Control 
Storage Address 

Program Select 

A·-40 

Sy:mbol Ex,planatio!! 

tion and achieving the desired storage 
reference. Principal. functions are: 
procurement of operands, storage of 
results, and acquisition of the next 
Instruet:f:on Word. Al.so involved in 
all data transmissions that take place 
automatically as part or the execution 
of an instruction. 

A three-character address, the left­
most two characters of which are aJ.wayH 
numeric, and the right-most character 
of which is numeric { 0-9) if the addreE~s 
is a Word or Register Address; or alpbi:L 
(A-V, excluding I and 0) if the addresu 
is a Field Address; or Z if the addresn 
is a Blockette Address. 

A group of circuits used to "pick-up" 
Selectors by a pulse at a specific time 
in a program. and exercise control over 
the length of time the S-electors remain 
picked up. Sixteen Program Selects a.rE~ 

provided. Ea.ch has the following hubs 
on the Program Control Plugboard: 

IN - This hub is pulsed to energize 
the Program. Select Circuit. 

OU'l'- When the IN hub is pulsed, the 
OUT hub emits B+·(this hub is 
wired to the appropriate 
Selector ( s}' SELECTOR PICK-UP hubs ,, 
1-48) 

DELAYED OUT hub - Can be patched to 
continue the program i:f the 
source of the pulse sent to the 
IN hub is not split wired. (ThH 
DELAYED-OUT pulse is not issued 
in Program Select #1 until 15 mu 
after the IN hub is pulsed, and 
until 10 ms after the m hub is 
pulsed in a.11 other Program 
Selects; this allows time for 
the contacts to close in the 
Selectors"picked up ... ) 



Term. -

Program Step 

pulse 

punch card 

punched paper 
tape 

Symbol Explanation 

DROP OUT - This hub is pulsed to stop 
the our hub from emitting; i.e., 
to "drop out" the Selector(s) to 
whose SELECTOR PICK-UP hub(s) 
the .Q!J.! was patched. 

When any of the CLEAR hubs associated 
with the Program. Selects is pulsed, 
the effect is the same as dropping out 
all Program Selects which are emitting. 

p 

A Plugboard-defined computer instruction. 
In general, nine hubs are patched to 
other hubs to define a Program Step: 
STEP m, PROCESS, V1 ADDRESS, V1 SHIFT, 
V2 ADDRESS, V 2 SHIFT, R ADDRESS, 
R SHIFT, and STEP OUT. 

A normally less-than-three microsecond 
burst of electrical energy based at -20 
volts and rising to +50 volts (no load). 

A card of constant size and shape that 
can be handled mechanically, and is 
suitable for punching a pattern of 
holes that has a meaning. The punched 
holes are sensed electrically by wire 
brushes, JlleChanieally by metal fingers, 
or photoelectrically. 80 or 90 column 
punched cards are used in UFC. 

Paper tape in which holes are punched 
in some pattern to store aata in a 
coded for.m.. The holes are sensed photo­
electrically or mechanically to trans­
cribe the data. Depending on the number 
of holes that ca.a be punched in a row 
across the vidth of the tape, paper tapes 
are called 5, 6, 7, or 8-level tapes. 
(5, 6, or 7-level paper tape input/out­
put devices a.re available in the UFC 
Model l.) 



Q 
Term 

quotient 

A-42 

Symbol Explanation 

The number resulting f'rom. the division 
of one number by another. 



Tenn 

random-access 

read 

read/write 
head 

ready (and not 
ready) condition (s) 

READY(and NOT READY) 
signals 

§ymbol Explanation 

A term applying to computer memories 
m.eaning non-sequential, direct-access 
to any memory location in a storage 
reference; as opposed to having to 
ref er to memory locations one after the 
other to get to the one desired. 

Refers to the action whereby stored 
data is sensed and transmitted else­
where, or is shifted out of a location 
and sent elsewhere. In general, a 
read operation does not affect the final 
contents of the location read. 

A dual-purpose device containing a 
permeable core and one or more sets of 
windings. Used to read and record data 
on a magnetic media. 

R 

An I/O Unit is said to be in a ready con­
dition if it is capable of receiving an 
I/0 Instruction when placed "on demand". 
An I/O Unit is said to be not ready if any 
of the following conditions· exist: 

the I/O Unit is inoperable (it 
has no power or some other error 
condition ·exists in the unit); or 

if, initially, the manual operations 
required to prepare the I/0 Unit 
(internally) for operation have not 
been performed; or if, engaged in an 
I/O operation, it has not reached that 
point in its cycle where it would be 
capable of receiving another I/O In­
struction were it placed "on demand". 

Signal (s) produced by en I/O Unit during 
a Demand Test In sequence indicating the 
I/O Unit is in a ready (or not ready) 
condition. 
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R 
Term Symbol 

Redundant Check 

register 

Register A RA 

Register B RB 

Register C RC 

Register D RD 

remainder 

Hesult R 

Explanation 

See Parity Check. 

The hardware for storing a computer word. 
or computer address. 

A 12-cha.racter addressable shift reg­
:ister which receives the operand v1 
:from storage during the execution of 
certain computer instructions. 
(Program Control Storage .Address is 990) 

A 12-character addressable shift reg­
ister which receives the operand v2 
:from storage during the execution of 
certain computer instructions. (Program 
Control storage Address is 991.) 

A 12-character addressable shift register 
which is used in aritbm.etic operations 
either to form the result which is to 
be stored, or to form a result which is 
·to be used for checking purposes. 
Register C is also used for tempo~ry 
:storage for U in the Jump Instruction 
Words.. (Program Control storage Address 
:ts 992.} 

A 12-character addressable shift register 
:in which the result of" arithmetic and 
logical operations is usually formed, 
a.nd from which the result is usually 
stored. Register D also f'unctions as 
a buffer in the Arithmetic Transfer 
Instruction. (Program Control Storage 
Address is 993.) 

A number less than the divisor which if 
added to the product of the divisor and 
q,uotient will produce the dividend .. 

The sole (or, in some cases, the princi­
pal) quantity produced in an arithmetic 
or logical process. 



Term --- Symbol 

round-off 

reverse process 

revolver 

rewind 

Explanation 

To .change a more precise quantity to a 
less precise one; usually choosing the 
nee.rest less precise one. 

Interchanging the relative function of 
operands in an arithmetic sequence to 
check a previous (normal) arithmetic 
operation. 

R 

A device which makes special use of a 
track on a magnetic drum to store and 
recirculate a fixed number of characters 
for the purpose of making the recircu­
lated data readily accessible to the 
computer program. A 12-character revolver 
is illustrated below: 

TO 
TRANSFER ___ .___......,BUS 

re.ta from the Transfer bus is 
recorded on the track by the 
Write head; when the recorded 
data. reaches the Read head it 
is recirculated and written 
again; it can also be sent out 
over the Transfer Bus. The 
Erase Head then destroys what 
was recorded. 

Reposition tape by moving the tape in 
a backward direction. 
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s 
Search Control 
Location 

Search 
Val:l.dation 
Character 

Selector 

Symbol Explanation 

Every channel on each General Storage Drum 
ha.s a special location in which 6 charac­
ters of search-sequence control data: 

Overflow Address, or 
End of File (Stop) code 

can be stored. A channel's Search Control 
Location is its lOlst 6-character group, 
and is the last location read in each dru:rn 
revolution. 

A character of control data that is stored in the firs~ 
(highest-order) or last (lowest order) character posi­
tion of each blockette (of multiblockette Items) on 
magnetic tape. As its name implie_;:s , this character is 
used to validate comparisons in tape search operations. 
By devising an ordered system of these characters, 
corresponding blockettes within Items in a file can be 
similarly "addressed." In tape search equal operations, 
the actual data compared in the blockette and the 
blockette•s Search Validation Character must match the 
Item or Sub-Item Identifier to produce a "find." In 
tape search unequal operations, the actual data com­
pared in the blockette must mismatch the corresponding 
data in the Item or Sub-Item Identifier, and the 
blockette•~s Search Validation Character must match 
that in the Item or Sub-Item Identifier. In this way 
specific blockettes in multiblockette Items (and only 
those blocke~tes) can produce results in the search. 
If ~ Search Validation. Character in !!!! Item 2r. Sub-· 
Item Identifier .!.§. !ll Ignore code, the search opera­
tion becomes valid for all blockettes on tape. In 
effect the Search Validation Character in each block-· 
ette is ignored. 

Depending on the setting of a two-position switch, the 
Tape Unit will detect either the first or the last 
character of a blockette on tape as the Search Vali­
dation Character. (Forward direction assumed: first 
character means lowest-order character.) Appropriato 
programming required, therefore, dependent on switch 
setting to be used in reading the tape. 

A relay that is used as a two-way, 
electrically operated switch; it allows 
a programmer to route machine functions 



Symbol 

serial 

serializer 

Shift Revolver SRV 

Shift Word 

Sign position 

Explanation 

in one of two directions, based upon 
the presenc~ or absence of control con­
ditions, negative results, or any other 
controllable machine f1lllction. 

To handle one character (or bit) after 
another using the same device; as 

s 

opposed to parallel where all charac­
ters {or bits) are handled simultaneously, 
each having a separate device. 

])evices which accept a character in 
parallel by bits and expel it serial 
by bits. 

An addressable 12-character revolver on 
the High Speed Drum used to store Shift 
Words; can be used by either a Program 
Step or an Instruction Word. Address­
able (998) in Program Control Storage 
References, but only as a Destination. 
(SRV is automatically referred to by 
Program Control when each section of 
the Shift Word stored in SRV is needed.) 

u 
uxx 

v 
vyy 

w 
'WZZ 

u, v; and w indicate type of shift: 

O no shift 
1 right end-around 
2 left end-off 
3 right end-off 

and xx, yy, and zz are the number of' 
places to be shifted. In internally­
stored programs uxx is used for V1, 
vyy for v2 and wzz for R. In plugboard­
defined programs patchcord wiring 
determines how.each section ;is used. 

The low-order cb.aracter position in anv 
Arithmetic Register or in any location 
specified by a Word Address. 



s 
Term 

Source Address 

Space code 

Special Character 

Special 
Character Out 

Special Character 
Register 

SPECIAL OUT 
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Symbol 

s 

SR 

Explanation 

An. address specif'ying the location 
from which data can be obtained. 

A computer character (0000001) used to 
represent a space or blank area, as on 
drum or in buffer. 

The lowest-order or right-most character 
of an Operation Code. Used to extend 
or modify the basic operation speci:f"ied 
by Instruction Words. 

When the Special Character in an Instruc­
tion Word is Q-Y, a pulse is emitted 
from a correspondingly labelled SPECIAL 
CHARACTER OUT hub (Q-Y) on the Program 
Control Plugboard, just prior to the 
initiation of the next Instruction Word; 
can be used, for example, to initiate 
Condition Compare or Clear BTB to Ignore 
Sub-Steps. (Since this Sub-Instruction 
does not interrupt the internal. program, 
the SPECIAL CHARACTER Ot.11' hub should not 
be wired to STEP IN hubs on the plug­
board.) 

A one-character register which receives 
the Special Character during ~he· execu­
tion of Instruction Words. SR is re­
ferred to during addition and subtraction 
at the time the Process is executed; it 
is referred to in multiplication and 
division after the result is stored. In 
all other cases, SR is referred to just 
before beginning the next Instruction 
Word. 

A signal produced by an I/O Unit that has 
been placed "on demand" and is REA.DY. 
It signifies that at least one of the 
(HS) I/0-C lines of' that I/O Unit are 
energized. 



Term. 

staticizer 

Storage Address 
Register 

storage 
reference 

stored program 
or (internally­
stored program) 

Sub-Instruction 

Sub-Item 

Symbol 

SAR 

Explanation 

A device which accepts a character in 
serial by bits and expels it in 
parallel by bits. 

A three-character register which is 
not addressable by a computer program, 
but which holds a Program. Control 
Storage Address while the location that 
address specifies is being found and 
the storage reference completed. .AJ..so 
used in I/O Control Instruction Words. 

Usually, the action whereby a memory 
location specified by a computer address 
is found, and data is placed in or re­
ceived from that location. Ea.ch storage 
reference actually involves two lo­
cations: in general one is programmed, 
and the other (the intermediate or 
buffer location) is automatically de­
termined by the instruction being 
executed. 

A sequence of Instruction Words which 
defines a computer program. 

An operation specified by one of the 
values of the Special Character s. 

A term used principally in connection 
with magnetic tapes: a collection of 
from. l up to 120 alphanumeric non-ignore 
characters, not necessarily' contiguous 
that represents a minor file-entry; a 
collection of data in an Item. other than. 
the prime set of identifying data. Sub­
Items thus contain "trailer" information 
(i.e., information in addition to that 
specified by the prime set of data.) 
In Tape Search operations, the actual 
data in a sub-Item and the Search Vali­
dation Character for the bloekette 
containing the Sub-Item. are regarded as 
the Sub-Item. 

5 
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s 
Item 

Sub-Item 
Identifier 

Sub-Step 

subtrahend 

SUDl 

A-;iO 

Symbol Explanation 

A collection of from 1 up to 120 alpha­
numeric, non-ignore characters, not 
necessarily contiguous, which are a 
~opy of a set of data contained in a 
Sub-Item, or a copy of the Sub-Item 
itself; should be programmed as a 120-
~haracter alphanumeric quantity; is 
used to locate data in a particular 
blockette: contains 

(a} the actual data to be compared 
in locating the Sub-Item, 
(ignore cores in eve-ry other 
character position), and 

(b) a Search Validation Character 
corresponding to the one in the 
blockette containing the Sub­
Item. 

A computer, General Storage or I/O Unit 
'::!ontrol operation which is specified by 
:1 Program Step in addition to the basic 
)peration (Process) defined by the 
?rogram Step. The plugboard counter­
~.?art of Sub-Instruction. 

The quantity to be subtracted. In the 
UFC, v2 in subtract processes. 

'['he result of an addition operation. 



Term 

Test Demand In 
or (Demand Test 
In) 

Test Incoming 
Control 

temporary stQrage 

three-address 

track 

Track Switching 

SJ:l!bol 
t. 

Explanation 

A sequence wherein a particular I/O Unit 
(0-9) is tested to see whether it is 
lIB:ADY or NOT READY for subsequent use. 
The I/O Unit is not put "on demand" 
and the result of the test (READY or 
NOT READY) is innnediately produced. 

T 

This operation is initiated in internally­
stored programs via the Test Demand In 
Instruction Word; it is initiated in 
Plugboard operations when the appropri­
ate DEMAND TEST IN hub (0-9) is pulsed. 

An Instruction Word that enables the 
computer program to test High Speed 
Input/Output-to-Computer Control Line 
Storage for a particular W, X, Y, or 
Z content. (In plugboard operations, 
a patchcord-wiring network is used to 
test (HS) I/0-C Control Line Storage.) 

Intermediate or buffer storage; also 
used to mean volatile storage. 

Having the property that each computer 
instruction not only includes a basic 
operation to perform., but in general, 
also specifies three storage locations. 
In UFC, two sources (one for V1 and 
V2), and one destination (for R) can be 
specified. 

A narrow band on the periphery of the 
High-Speed Drum; the area which passes 
beneath a read/W'rite head as the High­
Speed Drum. revolves; the equivalent of 
a channel on a General Storage Drum. 

In the .Model I in-out system each I/O 
Track is actually a pair of tracks. 
At any given time the computer is 
connected to one track of the pair and 
the I/O Unit is (independently) 
connected to the other track of the pair. 
Track switching reverses this assignment. 
In internally stored programs, a control 
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T 
Term 

transfer 

TRAN SC OP 

Trans cop 
plugboard sequence 

translate 

A-52 

Symbol 

TC 

Explanation 

bit .( "a 11
) in the U-section of the .39S, 

and 45S Instruction Word is employed 
for track switching. In plugboa.rd 
operations, track switching is programmed 
by patching a pulse out hub to the 
appropriate TRACK swrrcH (0-9) hub. 

Move a copy of data from. one location 
to another. 

The higher-order digits of an Operation 
Code of an Instruction Word are called 
a TRANSCOP code if they are a number 
51-98. When this code is interpreted, 
the execution of Instruction Words stops 
and Program Control goes to the plug­
board to continue the program. 
Specifically, Program Control goes to 
the Program Step whose Plugboard Step 
number is the same as the TRANSCOP code. 

A series of Progr~. Steps initiated 
when the computer executes a Transcop 
Instruction Word. 

To change information from one code to 
another without affecting the value. 
In the UFC, all I/O Units are equipped 
with translators so that Univac coded 
characters are delivered to and can be 
received from. the Central Computer 
'wi. thout any translation or conversion 
time being required in the Central 
Computer. 



Term 

U-Address 

U-section 

Unconditional 
Jump 

UNI -BUS hubs 

Unit Record 

Unit Record 
Area 

Symbol 

u 

UR 

URA 

Explanation 

The three highest-order characters of 
an Instruction Word; used in most in­
structions to specify the location of 
V1· 

The three highest-order characters in 
a Word Location or Computer Word. 

A computer instruction which causes a 
jump to be performed whenever it is 
executed. 

A combination of five hubs tied to a 
bus: 4 IN hubs and an OU'l' hub • When 
a signal is applied to any IN hub, the 
OUT hub emits. The IN hubs are diode­
protected to prevent back circuits. A 
Uni-bus is an isolation device. 

The operational (or machine) unit of 
the General Storage System. A collec­
tion o~ contiguous alphanumeric char-, 
acters of the following programmable 
lengths: 12, 24, 36, 48, 60, 72, 84, 
96, 108, or 120 characters. From a 
programming standpoint, a Unit Recprd 
can be a major file-entry or merely a 
portion thereof. If a major file-entry, 
it is similar in concept to an Item on 
magnetic tape. If only a portion of a 
major file entry, the Unit Record is 
like the identically named business 
concept, unit record, which represents 
a business transaction. Unit Records 
are transmitted in and out of GSB (from 
and to the General Storage Drums) lowest­
order character first beginning from 
GSB's Word 9, Character S position and 
extending up to the length of the Unit 
Record. 

A location of a Unit Record on a General 
Storage Drum. The General Storage Ad­
dress of a Unit Record Area specifies 

the Drum Section (DS) in which the 
URA is found 

u 
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u 
Term 

Unit Record 
Identifier 

Unit Record 
Length 

Univac 

Univac Code 

A-54 

Symbol 

URI 

URL 

Explanation 

the specific track (CH) in that 
section 

the starting angular position of 
the URA (AA), and 

the number of angular positions 
around the track the URA includes 
(L) • 

A collection of from 1 up to 120 con­
tiguous characters, some, but not all 
of which, can be Ignore Codes; used in 
Channel Search operations to locate a 
Unit Record whose address is unknown. 
The length of a Unit Record Identifier 
is the same as the Unit Record Length 
employed in the Channel Search operation. 

The number of computer words that com­
pose a Unit Record for a particular 
General Storage operation. Defined by 
a setting (1,2,3, .•• 9,0) of the UNIT 
RECORD LENGTH SELECTOR; or, if the UNIT 
RECORD SELECTOR is set to GSAR, by "L" 
of a General Storage Address. 

Universal Automatic Computer 

A system of notation in which (commonly) 
64 letters, numbers, and symbols are 
given values in a binary scale of nota­
tion. The notation is based on the 
(four-bit) excess-three code employed 
for the digits 0-9. In this code, the 
decimal digit "O" is represented as 0011 
(binary "three"); the decimal digit "ltl 
is represented as 0010 (binary "four"); 
and in general each of the decimal digits 
0-9 is represented by a binary code whose 
value is three greater than the actual 
value of the digit. To the four-bits re­
quired to represent the decimal digits 
0-9 in excess~three binary code, two 
higher-order bits, called zone bits, were 
added to formulate the rest of the Univac 
code. That is, the digit-portion of the 



Term Symbol 

Unpacking 

Explanation 

code was expanded, and letters and 
symbols assigned to different values 
of the six-bit combinations. 

To separate packed fields of informa­
tion. 

u 
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v 
Term 

V-section, 
or V Address 

volatile 
storage 

A-56 

Symbol 

v 

Explanation 

The 4th, 5th, and 6th most-significant 
characters of an Instruction Word; used 
in most instructions to specify the 
location of the operand v2 . 

v1 The first value operated on in an in­
struction. 

v2 The second value operated on in an in­
struction. 

Memories whose contents are destroyed 
when power is lost or shut-off. 



Term 

W-section, or 
W Address 

word 

Word Address 

write 

Symbol 

w 

Explanation 

The 7th., 8th, and 9th most-significant 
character positions in an Instruction 
Word; generally used to specify the 
Address at which the result of the 
instruction is stored. 

12 characters; the operational (or 
machine) 'Wlit of data in arithmetic 
and logical operations. 

A three-digit (i.e., numeric) Program 
Control Storage Address which specifies 
the location of a (12-character) com­
puter word. 

To record; i.e., to store on a magnetic 
medium. 

w 

A-57 



z 
Term Symbol 

Z Address z 

zero 0 

zone bits 

A-58 

Explane.tion 

A blockette Address; a Program Control 
Storage Address which a.lways specifies 
120 characters. 

A computer character; in excess-three 
notation: 

1000011 

In Univac Code, the left-most 2 bits. 

xx 0000 

Zone Excess-three Bits 
Bits (numeric bits) 



AA 
AD 
AS 
AT 
BTB 
BTP 
BS 
BT 
c - I/o 
cc 
CDR 
CDR A/N 
CDR GP 
CH 
CI 
CP 
cs= 
cs¢ 
DE 
DQ 
DR 
DS 
FD 
FS 
FS Tracks 
GS 
GSAR 
GSB 
GSD 
GSP 
HSD 
(HS) I/O - C 
i 
I/O Instruction 
I/O Tracks 
I/O Units 
IRV 
IRVc 
IRVn 
IS 
IS Tracks 
ISP 
IW 
JN 
JP 
JZ 
LA 

APPENDIX B 

LIST OF ABBREVIATIONS 

Angular Address 
Add 
Alternate Switch 
Arithmetic Transfer 
Block Transfer Buffer 
Block Transfer Buffer Pattern 
Branch Storage 
Buffer Transfer 
Computer to Input/Output Control Lines 
Channel Clear 
Code Distributor Register 
Code Distributor Alphanumeric 
Code Distributor Group 
Channel 
Current Instruction 
Compare 
Channel Search Equal 
Channel Search Unequal 
Demand In 
Divide Store Quotient 
Divide Store Remainder 
Drum Section 
Function Delay 
Function Sequence 
Factor Storage Tracks 
General Storage 
General Storage Address Register 
General Storage Buffer 
General S~orage Drum 
General Storage Buffer Pattern 
High Speed Drum 
High Speed Input/Output to Computer Control Lines 
Ignore Code 
Input/Output Instruction 
Input/Output Storage Track 
Input/Output Units 
Instruction Revolver 
Current Instruction Revolver 
Next Instruction Revolver 
Intermediate Storage 
Intermediate Storage Tracks 
High Speed Drum Pattern 
Instruction Word 
Jump on Negative 
Jump on Plus 
Jump on Zero 
Load GSAR 
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Lil 
LS 
(LS) I/O - C 
MK 
ML 
MS 
MU 
NI 
OP 
OED 
PR 
PAK 
PS 
R 
RA 
RB 
RC 
RD 
RV 
s 
SAR 
SB 
SK 
SP 
SR 
SRV 
SU 
sv 
SW 
sz 
TC 
TD 
TI 
TS 
u 
UJ 
UR 
URA 
URI 
URL 
v 
V1 
V2 
w 
z 
fJ. 
µ-
•o 

B-2 

Left Normalize 
Load Shift 
Low-Speed Input/Output-to-Computer Control Lim:ls 
Mask Transfer 
Multiply Store Lower 
Millisecond 
Multiply Store Upper 
Next Instruction 
Operation Code 
Operation Pulse/Enable Distributor 
Process Code 
Program Address Counter 
Program Select 
Result 
Register A 
Register B 
Register C 
Register D 
Revolver 
Special Character 
Storage Address Register 
Subtract 
Shift Counter 
Search Probe 
Special Character Register 
Shift Revolver 
Substitute U 
Substitute V 
Substitute W 
Suppress Left Zeros 
Trans cop 
Test Demand 
Test Incoming Control 
Track &¥itch 
The Location of Value 1 
Unconditional J·ump 
Unit Record 
Unit Record Area 
Unit Record Identifier 
Unit Record Length 
The Location of Value 2 
Value 1 
Value 2 
The Location of R 
Blockette Address 
Space Code 
Microsecond 
Prime Zero 



APPENDIX C 

INDEX 

A 

Access Time, II 229f 

Add (AD), and check, II 148-158 
numeric, alpha, alpha sign, 15lff 

Addresses, III 3 
angular, VI 4f 
channel, VI 4f 
drum section, VI 4f 
format of general storage, VI 

4f 
format of program control 

storage, III 8 
one address storage locations, 

III 3 
program control address struc­

ture, III 7 
search control location, VI 

4f, 9, 26ff 
three address instructions, 

I 5 
unit record area, VI 4f, 8, 

26f 
word, field, blockette add­

ressable locations, III 3 

Alternate Switches, II 57 

Arithmetic Registers, I 3ff, 11; 
II I 19 ; IY. 1 f 

initial and final contents of, 
IV 2 

arithmetic section, IV lf 

Arithmetic Transfer (AT), II 
224ff; III 1, 3lff 

B 

B+Current, II 52ff 

Binary Digits (Bits), I 2, 4 

Block Transfer Buffer, II 125, 
150, 161, 186, 196, 201, 

206, 211, 217, 219, 222ff, 
229f; III 9f, 18f 

address, III 3, 8 
data transmission to and from, 

III 23, 26ff, 32ff 
defined, I 11 
field selection pattern, III 9ff 

Branch Storage, Setting of by 
add process, IJ· 155 
compare proces§~ II 202 
divide process,· II 190f 
multiply process, II 177f 
subtract process, II 166 

Branch Sub-Step 
defined, II 16f 
hubs, II 79, 101 
transfer of control via, II lOlf 

Buffer 
see block transfer buff er 

general storage buffer 

Buffer Transfer (BT), II 218ff; 
III 1, 27ff 

valid destinations, II 223 
vali4 sources, II 222 

Bus Hubs, II 85, 89 
transfer, III 1 
uni bus, II 86 

c 

Capacity of Storage Locations, III 3 

Chain Wiring, II 45, 89 

Channel, VI 2ff 
see tracks, general storage 

Channel Clear (CC), II 215ff; III 1 

Channel Search, V 5 
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equal (N'). II 67; VI 13ff. 24ff 
hubs, II 68; VI 29 
probe, II 67f; 113; VI 29 
probe and wait, II 68, VI 29 
setting of GSAR in, VI llf 
storage, VI 29 
unequal (0), I! 67; VI 13ff, 27ff 

Character 
definition of, I 2 
UNIVAC code, I 2 
special, II 3, 5 

Checking 
see error 

Clear GSB to Ignores (K), VI 14 

Code 
Process, II 4 
special character, II 3, 5 
UNIVAC, I 2 

Code Distributor Register, I 4; 
II 12 5, 150, 161 , 186 , 1 96 , 
201, 206, 211, 222ff, 229f; 
III 19, 32ff 

address, III 3 
alphanumeric, II 64f 
defined, II 60ff 
group, II 62f 
pulse in, II 70f 

Combination Control, II 1 
breakpoints, II 16f 
special character out, II 17 
via error hubs, II 97 
via transcop, II 3 

Comparator, VI 13ff 
operation of, VI 15, 21 

Compare (CP), II 200ff 

Computer Control Lines 
see computer--I/O control 

1 ines; I/O - - computer con­
trol lines; high-speed I/0- -

computer control lines 

Computer Ground, II 50f, 57 
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Computer- - I/O Control lines 
hubs, II 73, 78 
pulsing of, II 132ff 
use of, II 130; V 3, 17ff 

Condition Compare, II 72 

Conditional Storage 
see branching 

set conditional storage, 

Console B +, II 157 

D 

Data Transmission 
to and from central computer, 

v lff 
within the central computer, 

III 5, 15-41 

Definition of Terms 
see glossary, appendix A 

Demand Ground, II 50f, 57 

Demand In (DE), II 130ff; V 5, 
llff 

hubs, II 73, 77 

Demand Out 
see demand in 

Demand Station, V llff 

Divide, Store Quotient {DQ), 
II l82ff 

divide, store remainder and 
check, II 183ff 

Divide, Store Remainder (DR), 
II 184ff 

divide, store remainder and 
cheek, II 185ff 

Drum 
see high-speed drum 
general storage drum 

E 

Enables 



decision elements for enables, 
II 60 

enable in (hubs), II 87f 
enable out (hubs), II 87f 
wiring, II 94 

Error, II 80ff 
~dd/subtract overflow, II 80 
arithmetic check, II 80 
divide overflow, II 80 
inactive drum section, II 81 
normalize overflow, II 80 
odd angular address, II 81 
parity, II 80 
unit record identifier all 

ignores, II 81 
use of error hubs for ~ombin­

at ion control, II 97 

F 

Factor Storage Tracks 
see tracks 

Field 
definition, I 3 

Field Selection Pattern, III 9ff 

Function Delay, II 70 

Function Sequence, II 69 

G 

General Storage, I 1, 15ff; III 
15; V 2ff; VI 1-29 

address structure, VI 4f 
comparator, VI 13ff 
comparison with I/O system, 

v 3f f 
control of, I 13 
defined, VI If 
drum, VI 2f 
features, I 16 
operations, VI 14ff 
pattern, III 9ff 

General Storage Address Register, 
I 4; II 125, 150, 161, 196, 
201, 206, 211, 222, 229f; 
III 32; V 5; VI 2, 16ff 

defined, VI 7f 

General Storage Buffer, II 125, 
150, 161, 186, 196, 201, 
206, 211, 217, 222ff, 229f; 
III 9f, 19, 32ff; V 5; VI 2, 
16f f 

address, III 3 
capacity, III 3 
data transmissions to and from, 

III 23, 26 
defined, I 11; VI 13 

General Storage Drum, VI 2f 

Ground 
computer ground, II 50f, 57 
demand ground, II 50f, 57 
selector ground, II 50f, 57 

H 

High-Speed Drum 
add.resses, III 3 
capacity, III 3 
diagram, III 2, 22, 24, 25 
input/output tracks, V 9f 
pattern, III 3, 20f 
storage locations, III 15 
word, field and blockette 

addressability, III 7ff 

High-Speed I/O - - Computer Control 
Lines 

Hubs 

II 76f, II 139, II 14lff, 
v 5, 8, 14ff 

see plugboard hubs 

I 

Indicators 
see indicator switch 

program indicator lights 

Indicator Switch, II 83f 

Input/Output, V lff 
addressing system, V 21 
buffer memory, V 4, 21; III 2 
comparison with general storage 

system, V 3 
computer control lines, II 58 
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76; v 17 
control, I 12; V 7 
control line hubs, II 55f 
demand station, V 9, llff 
diagram, V 6 
features, I 15 
high-speed control line stor­

age, V 8, 17 
plugboard control panel, 

v 21 
sequence control circuitry, 

v 21 
see tracks 
translator format control, 

v 21 

I/O - - Computer Control Lines, 
II 55, 73; V 5, 18f 

Instructions 
intermediate storages associated 

with, II llf 
programmed data transmissions, 

III 5 
shifting, II 28ff 
uses of U, V, & W, II 8ff 
word, I Sf, 8, 10; II lff 

Instructions 
add (AD), II 148 
add and check, II 149 
arithmetic transfer CAT), II 

224f; III 1, 3lff 
buffer transfer (BT), II 218, 

222f; III 27ff 
clear GSB to ignores (K), VI 

14 
channel clear (CC), II 215ff, 

III I 
channel search equal (N), VI 13ff, 

24ff 
channel search unequal (0), I 

16; II 67; VI 13ff, 27ff 
compare (CP), II 200ff 
demand in (DE), II 130ff; V 5, 

llff 
divide, store remainder (DR), 

II 184ff 
divide, store quotient CDQ), 

II 182ff 
divide, store quotient and 

check, II 183ff 
jump on negative (JN), II 105, 
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109f 
jump on plus (JP), II 106, 109ff 
jump on zero (JZ), II 107, 109ff 
left normalize (LN), II 205ff 
load GSAR (LA), II 120f, VI 7 
load shift (LS), II 116; III 1 
mask transfer (MK), II 195ff 
multiply, store upper (MU}, II 

173ff 
multiply, store upper and check, 

II 174ff 
multiply, store lower (ML), II 

17lff 
multiply, store lower and check, 

II 172ff 
read unit record (L), I 16; VI 

22ff 
search probe CSP), II 113; VI 29 
substitute U (SU), II 122ff 
substitute V (SV), II 123ff 
substitute W (SW), II 124ff 
subtract (SB), II 159ff 
subtract and check, II 160 
suppress left zero (SZ), II 210ff 
test demand in (TD), II 127f; V 5, 

llff 
test incoming control (TI), II 

14lff 
transcop instruction (TC), II 97' 

101, 117, 217, 146 
unconditional jump {UJ), II 108f' 
write unit record (M), I 16; II 

14ff; VI 14ff 
write unit record and check (P), 

I 16; VI 20 

Instruction Revolver, I 4, 9ff; II 
125, 150, 161, 186, 196, 201, 
206, 211, 217, 222ff, 229; Ill 
19, 32f, 40 

address, III 3 
defined, II 23, 229f 

Intermediate Storage 
associated with U, V, W, II llf 
locations, III 3ff 

J 

Jump on Negative (JN), II 105, 109ff 

Jump on Plus (JP), II 106, 109ff 

Jump on Zero (JZ), II 107, 109ff 



Jump - Unconditional (UJ), II 108ff 

L 

Left Normalize (LN), II 205ff 

Load GSAR (LA), II 120f; VI 7 

Load Shift (LS), II 116, III 1 

M 

Mask Transfer {MK), II I95ff 

Memory Reference Time, II 229f 

Multiply, Store Lower (ML), II 17lff 
multiply, store lower and check, 

II 172ff 

Multiply, Store Upper (MU), II 
173ff 

multiply, store upper and check, 
II 174ff 

N 

Next Instruction, II 72 

Normalize 
see left normalize 

0 

Operation Codes, II 3ff 

Operation Pulse/Enable Distributor 
COED), I 9, .II 18f, 96, 98 . 

cycle for instruction word and 
program step: 

add & add and check, II 156f 
arithmetic transfer, II 227f 
buffer transfer, II 220f 
channel clear, II 216f 
ch'ennel search probe, II 114f 
compare, II 203f 
conditional jump, II llOf 
demand in, II 130f 
divide, store quotient and store 

remainder, II 192f 
left normalize, II 208f 
load GSAR, II 121 
load shift, II 119 

load shift, II 119 
mask transfer, II 198f 
multiply, store upper and store 

lower, II 180f 
subtract & subtract and check, 

II 168f 
substitute U, V, W, II 126 
suppress left zero, II 213 
test demand in, II 129 
test incoming control, II 144f 
transcop, II 147 

Out Expanders, II 86 

Overflow, II 80f 

p 

Parity, I 2; II 80f 

Plugboard 
addressing system, II 46, 46 
alternate switches, II 57 
B +, II 52f, 87 
branch, II 67 
breakpoints, II 79, 101 
bus, II 85, 89 
chain wiring, II 45 
channel search, VI 29 
channel search probe, II 67f 
CDR alphanumeric, II 64f 
CDR group in, II 62f 
CDR pulse in, II 70f 
computer - - 1/0 control lines, 

II 73, 78 
console B +, II 157 
demand ground, II 57 
demand in, II 73, 77 
demand test·in, II 73 
diagram, II 90ff 
enables, II 60, 87f 
error, II 97 
function delay, II 70 
function sequence, II 69 
indic~tors, II 83f 
I/O - - computer control, II 55, 

73ff; v 5 
next iristruction, II 72 
out expander, II 86 
overflow, II 80f 
parity, II 80f 
process, I 7; II 40, 45; I 8 
program indicator lights, II 83 
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program selects, II 52ff 
pulse, II 87f, o6ff, 94 
R address, I 7; II 41 
R shift, I 7; II 42, 48 
ready, II 73f; V 5 
select, II 49ff, 88 
selector ground, II 49, 57 
selector hold, II 53f 
selector pickup, II 49, 52f; 

v 5 
selectors, II 49ff 
special character out, II 79 
special out, II 76; V 5 
start, II 87f 
step clear, II 82 
step in, I 7; II 40 
step out, I 7; II 43, 45 
step repeat, II 81 
stop, II 87f 
track switch, II 79 
uni bus, II 86ff 
v1 address, I 7; II 4lf 
V2 address, I 7; II 4lf 
V1 shift, I 7; II 42, 45, 48 
V2 shift, I 7; II 42, 45, 48 
wiring, II 39f, 45 

Process Codes, II 4 
hubs , I 7, 8; II 4 0, 4 5 
register: I 9, II 23f, 25 
time, see individual instruc-

tion OED cycles for process 
timing 

Program Address Counter 
I 4, 9ff; II 125, 150, 161, 
186, 196, 201, 206, 211, 229f, 
222ff; III 32ff; VI 29 

address, III 3 
defined, II 20ff 

Program Control Storage, I lOff; 
III lff 

address, III 3 
address format, III 8 
~ddress structur~. III 7f, 14 
comparison of storage locations, 

III 18ff 
diagram: word, field address 

assignments, III llff 
plugboard, I 7; II 38 
storage locations, III 15, 41 

Program Control Translator 
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defined, II 24 
translation, II 25 

Program Indicator Lights, II 83 

Program Select, II 52ff 

Program Step 
defined, II 39 
OED cycle, II 98 
patching, II 39f; II 48 
sub steps, II 43ff 
termination of, II 104 

Programming 
external, II 38ff 
internal, II 2ff _,, 

Pulse Out 
decision elements for, II 66 
"drives", II 95ff 
hubs, II 87f 
wiring, II 94 

R 

R Address (Hubs), I 7; II 41, 45 

R Shift (Hubs), I 7; II 42, 48 

Read-Write Heads, III 2lff; VI 2f 

Read Unit Record (L) 
description, VI 22ff 
diagram, VI 23, 25 

Ready ~Hubs), II 73f; V 5 

Registers 
see arithmetic registers 
code distributor register 
general storage address register 
process register 
shift counter 
st•~age address register 

Revolvers 
see instruction revolver 
shift revolver 

Rules For 
addition, II 150-155 
alpha add, II 153 



alpha sign add, II 154 
alpha sign subtract, II 165f 
alpha subtract, II 164f 
arithmetic transfer, II 226 
buffer transfer, ·II 219 
compare instructions, II 201 
demand in, II 132ff 
division, II 186ff 
I/O control, V 17 
left normalize instructions, 

II 206f 
mask transfer, II 196f 
multiplication, II 175ff 
numeric add, II 152 
subtraction, II 16lff 
suppress left zero, II 2llf 
test demand in, II 128 
test incoming control, II 142f 
transcop instruction word, II 146 

s 

Search Control Location, VI 2ff 
diagram, VI 9ff, 19, 25 

Search Probe (SP), II 67f ~ 113; 
. VI 29 

Selectors 
defined, II 49ff 
hubs, II 49ff, S2ff, S7, 88; V 5 
single pole, II ·so 

Selector Ground, II 50f, S7 

Selector Hold B +, II S3f 

Selector Pickup, II 49, S2ff, V 5 

Set Conditional Storage (9) 
defined, II 14 

Shifts 
programmable, II 28ff 
word, II 34 
see load shift revolver, shift 

counter, instructions 

Shift Counter, I 9 
defined, II 3Sf 
relationship with SRV, II 37 

Shift Revolver, I 4, 9ff; II 125, 

150, 161, 186, 196, 201. 206,' 
211, 217, 222ff; III 4, 20, 
33 

address, III 3 
defined, II 35 
relationship with SK, II 37 
rules, II ll 7f 

Special Character 
codes, II 3, S 
see special character out, 

special character register 
sub-instructions 

Special Character ~ut 
defined, II 17 
hubs, II 79 

Special Character ~egister, I I 
defined, II 26 
translation, II 27 

Spec·ial Out (Hubs), II 76; V S 
see demand in 

high-speed I/O - - computer 
control lines 

Start (Hubs), II 87f 

Step Clear, II 82 

Step-In (Hubs), I 7; II 40 

Step Out (Hubs), I 7; II 43, 4S 

Step Repeat (Hubs), II 81 

Stop 
defined, II IS 
hubs, II 87f 

Storage Address Register, III 1, 7, 
14; v 8 

translation of, III 14, 16f 

Sub-Commands 
see sub-steps 

sub-instructions 

Sub-Ins true tions 
defined, I Sf; II 13ff 
list, I 8 
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Sub-Steps, I 8; II 44ff 
see plugboard 

Substitute U (SU), II 122ff 
rules for, II 125 

Substitute V (SV), II 123ff 
rules for, II 125 

Substitute W (SW), II 124ff 
rules for, II 125 

Subtract (SB), and check, II 159·-170 
numeric, alpha, alpha siqn, I62ff 

Suppress Check (E) 
defined, II 15 

Suppress Left Zero (SZ), II 120ff 

T 

Test Demand In (TD), II 127ff; V 
ll:ff 

circuit, V 11-13 
hubs, II 73 
rules for, II 128 
sequence~ V 5, 18 

Test Incoming Control (TI), II 
14lff; v 5 

Three Address Instructions, I 5 

Time Sharing, I I; V 3 

Timing 
see individual instruction OED 

cycles for usual process 
timing 

access timing for procurement 
of operands, II 229 

access timing for acquisitions 
of instruction words, II 229f 

Tracks (Factor, Intermediate and 
Input/Output) 

addresses, III 2f 
diagrams, III 34f 
see also, I 10; II 125, 150, 161, 

186, 196, 201, 206, 211, 217, 
222ff, 229f; III 9f, 18f, 24f, 
32f' 
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input/output on high-speed drum, 
v 9f 

channels 

Track Switch, I 10, 14; V 4, 10, 20 
hubs, II 79 
track assignment and track switch 

circuits, V 16 
see demand in 

test demand 

Transcop (TC), II 97f, 101, 117f. 
146f, 217 

Transfer Address Control, III 1 
defined, II 28 

u 

Unconditional Jump (UJ), II 108f 

Uni-Bus (Hubs), II 86 

Unit Record and URA, VI 1, 2, 26ff 
diagram, VI Off 
identifier, I 16; VI 24, 28 
length, VI 4ff 

Units of Data, I 2-3 

UNIVAC code, I 2 

UNIVAC F He-Computer, Model 1 
definition, I 1 

v 

v1 Address <Hubs), I 7; II 4lf, 45 

V2 Address (Hubs), I 7; II 4lf, 45 

V1 Shift (Hubs), I 7; II 42, 45, 

V2 Shift (Hubs), I 7; II 42, 45, 

w 

Word, I 3 
instruction word, I 5, 6 

Write Unit Record (M), VI 14ff 
diagram, VI 17ff 

48 

48 

write unit record and check (P), 
VI 20f 
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Table D-1. Locator for Pro am Control Plugboard 

Add (C, NC) •. • • • • • • • •• 10 I/0-Computer Control Lines (a-1) •• 93 
Alternate Switches (A-F) •••••• 71 Instruction Revolver •••••••• LJ. 
Arithmetic Errors • • • • 97 (Left) Normalize. • • • • • • • • • ~~ 
Arithmetic Transfer • • • • • • 17 Left (end-off) Shift ( 0-11) • • 53 
Block Transfer Buffer Field (A-V) • 48 Mask Transfer • • • • • • • • • • • 19 
Block Transfer Buffer Pattern • • • 38 Multiply, Store Lower (C, NC) • • • 12 
Block Transfer Buffer Word ( 0-9). • 33 Multi ply, Store Upper ( C, NC) • • • 13 
Block Transfer Buffer-Z • • • • 43 Next Instruction. • • • • • • • • • 79 
Branch (1-12) • • • • • • • • • • • 73 Not Ready (0-9) • • • • • • • • 85 
Breakpoint (1, 2, J) •••••••• 82 Out Expanders (1-8) •••••••• 99 
Buffer Transfer • • • • • • • • • • 18 Parity Error. • • • • • • • • • • • 96 
Buses ••••••••••••••• 103 Process (~1-98) • • • • • • • • • • 3 
Channel Clear • • • • • • • • • • • 22 Program Address Counter • • • • ~~9 
Channel Search Equal. • • • • • • • 63 Program Select (1-16) • • • • • • • 70 
Channel Search Probe. • • • • • • • 74 R Address (~1-98) • • • • • • • 8 
Channel Search Probe and Wait ••• 75 R Shift (51-98) • • • • • • • • 9 
Charurnl Search Unequal. • • • • • • 64 Read Unit Record. • • • • • • • • • 60 
Clear Block Transfer Buffer t.o Ignores 58 Ready ( 0-9) • • • • • • • • • • .. • 86 
Clear General storage Buffer to Ignores 59 Register A. • • • • • • • • .• • ~~3 
Code Distributor Register • • • 28 Register B. • • • • • • • • • • .. • ~~4 
CDR Alpha-Numeric • • • • • • • 81 Register C. • • • " • • .. • ~~5 
CDR Groups ( 1-4). • • • • • 80 Register D. • • • • • • • • • • ~~6 
CDR Pulse • • • • • • • 76 Right (end-off) Shift ( 0-11). 55 
Compare • • • • • • • • • • • • • • 16 Right End Around Shift (0-11) • .. • 56 
Computer Ground • • • • • • • • • • 68 Selector Ground ( 1-48). • • • • 67 
Computer-I/O Control Lines (A-J) •• 91 Selector Hold (B+) .......... 72 
Condition Compare • • • • • • 57 Selector Pick-up (1-48) • • • • • • 65 
Console B+ •••••••••••• 104 Selectors (1-48). • • • • • 66 
Demand Ground ( 0-9) • • • • • • • • 69 Shift Revolver. • • • • • • • • .. • 4.2 
Demand In ( 0-9) • • • • • 87 Special Character Out ( Q-Y) • • .. • 83 
Demand Out ( 0-9). • • • • • • • 88 Special Out ( 0-9) • • • • • • • 89 
Demand Test In (0-9) •••••••• 84 Start • • • • • • • • • •••• 105. 
Divide, Store Quotient (C, NC). • • l,~ Step Clear • • • • • • • • • • • • 94 
Divide, Store Remainder ·( C, NC) • • 15 Step In ( 51-98) • • • • • • • • • • 1 
Factor Storage #1 Field (A-V) • • • 50 Step Out (51-98). • • • • • • • • • 2 
Factor Storage #2 Field (A-V) • • • 51 Step Repeat • • • • • • • • • • • • 95 
Factor Storage Track #1-Z • • • • • 45 Stop. • • • • • • • • • • • • • • • 106 
Factor Storage #2-Z • • • • • • 46 Subtract (C, NC). • • • • • • • • • 11 
Factor Storage #1 Word (0-9). • • • 35 Suppress Left Zeros • • • • • • • • 20 
Factor Storage #2 Word (0-9). • 36 {Test) High Speed I/0-Computer 
Function Delays (A-D) ••••••• 77 Control Line Storage (W·-Z) ••••• 92 
Function Sequence (l·-4) • • • • • • ?8 Track Switch ( 0-9). • • • • • • • • 90 
General Storage Address Register. • 27 U Address • • • • • • • • • • • • • 30 
General Storage Buffer Field (A-V). 49 U, V, W, Shift • • • • • • • • • • 54 
General Storage BuffE~r Pattern. • • 39 Uni-buses (1-8) •••••••••• 100 
General Storage Buffer Word (0-9) • 34 V Address • • • • • • • • • • • • • 31 
General Storage BuffE~r-z. • • • • • 44 Vi Address ( 51-98). • • • • • • • • 4 
GS Program Error •• o ••••••• 98 V2 Address (51-98). • • • • • • • • 6 
High Speed Drum Pattern • • • • • • 40 V1 Shift (51-98). • • • • • • • • • 5 
Indicator Switch •• 4• ••••••• 101 V2 Shift (51-98). • • • • • • • .. • 7 
Indicators (1-6). • e • • • • • • • 102 W Address • • • • • • • • • • • .. • J,2 
Input/Output ("on demand") F.i.eld (A-J) 52 Write Unit Record • • • • • • • 61 
Input/Output( "on demand" )Word ( 0-9) 37 Write Unit Record and Check • • • • 6:2 
Input/Output ("on demand")-Z ••• 47 
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+ PROC v1AOR v1SH "zAll!' "z"" RAOR RSM 1 ~- T ~ I Zl. 28. i!!:I 
c C4eo 0;;-0 <>;.<> 0:--0 o;;o 0"-0 OslO 0-0 

llC<>:=<> O;;O °"2-0 0--0 O;zO 0-0 ~ 0-0 

•q-f-0 Os;<> O;;'O 0-0 O;;O 0---0 °""° 0-0 
NCQ-0 0;;-0 O;;O 0--0 O;;O 0--0 O;:oO 0---0 

°"° O;a<> 0---0 °"° 0-0 0..-0 
Os.;<> O;;;O 0---0 °""° 0--0 °"° 
0.,0 °"'° o--<> °"'° 0--0 °"'° 
O;;O 05if' o--<> O;;eO 0---0 O;;O 

O;;O O;;O 0---0 O;;O 0--0 °"° 
OgoO OgoO 0--0 06rf' 0---0 O;oO 

°"'° O;;O o-o °"'° o---o o.,o I o--o 1------="-:--f °"° °""° o--0 <>szO 0---0 °""° 
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Og;;O 0.,..0 o--0 Og;;O 0---0 ~ 

<>.;-<> OgsO 0-0 o.,p 0-0 0;;-0 0---0 °"° O;O 0-0 °""'° 0--0 0;;,-0 0---0 

<>..-<> Og;O 0-0 °"'° 0-0 °"'° 0--0 
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