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INTRODUCTION

DATA PROCESSING AREAS IN BUSINESS

The first step i1n a study of electronic computers 1s to survey the areas of
business operations wherein a computer may become a useful managerial tool.
These areas are called data processing areas. 1In its day-to-day functioning,
a manufacturing concern 1s composed of myriad channels through which money
and material flow in fulfillment of the company’s obligations to its stock-
holders, employees, vendors, customers and the government. From a data pro-
cessing point of view, these areas are concerned with management’s attempts
to record, measure and effectively control this flow. Because of its broad
yet familiar activities the manufacturing company’s activities will be con-
sidered. Figure 1-1 is a generalized block diagram of a typical manufacturing
company and its environment.
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The most common data processing areas have been indicated on the chart. A
very brief description of each 1s listed below.

Market Forecasting and Sales Analysis

To attempt to find the beginning of the movement through the channels pictured
would be to search for the beginning of a circle, because of the multitudinous
cross-references and interdependencies which exist. From the point at which
planning for the next year commences, however, a certain sequence does follow.

At that point the big question is, "How good will the new year be?" The
answer can be found by making a reliable sales forecast to serve as a basis
upon which all operational planning will be laid.

The past sales history is essential to such a forecast. Thus, many concerns
break down their sales as often as once per week according to the products
sold, the regions in which they were sold, the dollar values of the sale,
the percentage grossand/or net profit obtained and other significant criteria.
In addition to predicating any immediate action which needs to be taken, such
reports, 1f compiled over a period of years, will yield information on the
seasonal and regional fluctuations of the sales of various products.

A further study of such a sales analysis may bring out some revealing cor-

relation between the concern’s sales and the general business trends and cy-
cles, customer activities and similarly relevant factors. Such correlations

are.not always easy to find; but once discovered, they offer the means of
making a reliable forecast of-the sale of each product in each marketing area.
An evaluation of the market forecast will affect the budget and production
levels to be maintained during the year.

Production Scheduling

The sales forecast and any adjustments to it which may be necessary as the
year progresses are the sources of the production orders. The production
orders indicate the date of completion and size of each batch of every product
to be manufactured. Referencing these orders agaiast a bill of materials
listing is then the basis of the production scheduling operation. This list-
ing contains the material, machines and time required for the completion of
each phase in the manufacture of the product. Working backwards from the
"due date" it is possible to list the times at which materials and machines
must be available if the due date is to be met. Proper planning is essential
since any mis-scheduling of machine requirements may result in extra production



expense for overtime on the one hand, or time and money loss because of 1idle
machinery and idle manpower on the other. 1In addition to yielding a machine
schedule, the bill of materials listing yields the requisitions for the total
raw material requirements and the time in the production line at which they
must be available.

Inventory Control

Fromthe bill-of-materials, information is also obtained for inventory control.
As a by-product of the machine scheduling, the quantities of raw materials
needed during each manufacturing phase are also determined. These raw ma-
terial requirements are used for the publication of requisitions. In addi-
tion, they are compared to the current inventory level of the material and
posted to i1t. If the reorder level is reached, production or purchasing
orders, depending on whether the material is processed within the company or
purchased, are issued in order to replenish the stock. Proper use of re-
order levels can offer considerable savings by accurate control of the minimum
inventory level to be maintained. Accurate inventory control 1is essential
in reducing capital investment and storage obsolescence costs of large in-
ventories, or the costs of emergency reorders and delays resulting from short-
ages.

Accounts Payable

The accounts payable operation 1s initiated by the receipt of an invoice
from the vendor. This invoice 1is first checked for amounts billed against
quantities received and priced against the current price list. Then, although
immediate payment of all accurate invoices 1is possible, payment is usually
postponed temporarily to allow further use to be made of the available cash.
Such unpaid invoices are listed on the accounts payable ledger. Cash balances
and the efficient use of any discount privileges determine the time for se-
lection from this ledger for payment. Checks are produced and appropriate
entries made in the vendor's account. Information may also be extracted for
such things as general ledger and property accounting, and reports on vendor
activity.

Payroll and Labor Distributions

This area is commonly the most highly mechanized data processing area in bus-
iness today. In spite of the fact that all payrolls are designed primarily
to produce paychecks, the variety in important payroll details caused by



unusual or individual labor contracts, differing local and state regulations
and plant policies preclude a complete uniformity of description. With this
precautionary statement in mind, consider payroll data processing to be di-
vided into three parts: determination of gross pay, computation of net pay
from the gross, and labor distribution.

Determination of gross pay may be a trivial operation in the case of a sal-
aried payroll. In most cases, however, the determination of gross pay 1is
an involved process. Gross pay is often based upon the number of hours worked
in each of several hourly rate categories (regular and overtime factors)
during the pay period. This may be modified in many plants to include bonus
or efficiency payments determined by the output of groups of workers or by
a piecework schedule. The net pay calculation involves the computation of
tax deductions imposed by state, local and federal governments and such other
deductions, usually variable in amount from one pay period to the next, as
specified by union contracts and fringe benefits or employee options. The
end product of the net pay calculations is a series of paychecks (or pay slips
if payment is by cash) and various payroll registers listing gross and net
pay and the several deductions. In addition to these, the individual earnings
record must be updated for end-of-quarter and end-of-year government tax
reports.

The labor distribution phase is used by management to establish product costs
and selling prices. Gross pay and hours-worked data for each employee, es-
tablished in the gross pay phase, are distributed to each product, account
or activity he has engaged in during the pay period. These are then summa-
rized to produce labor costs for each of the distributed categories.

Tax Reports, Union Dues Reports, Etc.

Under present labor-management practices, management assumes many of the
employee’s obligations to his environment. Taxes, union dues and various
voluntary deductions are withheld. The necessity arises for the firm to make
reports to the government, union dues reports to the unions, hospitalization
and insurance reports, etc. The information for such reports is available
from the payroll processing itself.

Year-to-date totals of gross pay, income tax withheld and FICA tax are suf-
ficient for the preparation of W-2 forms. Similarly a compilation from the
employee files and payroll processing results is all that is necessary 1in
the preparation of most other reports.



Accounts Receivable

The accounts receivable operation commences when a shipping document is re-
ceived. Products listed on this document are priced and the shipment is ex-
tended to produce the invoice sent to the customer. At the same time, the
total dollar charge is posted to the customer’s records on the accounts re-
ceivable ledger.

This ledger is often scanned daily. Cash receipts and any earned discounts
are credited to 1t. Appropriate information 1s entered into the customers’
credit history. Aging accounts are extracted, checked, their credit history
examined and appropriate action 1s taken. At the end of the month, the in-
formation present is compiled to form monthly statements, which also may be
sent to the customer.

Stock Dividends and Transfers

Data processing is also necessary in connection with stock dividends and
transfers. Stockholder listings must be periodically maintained to assure
that they reflect the latest results of all stock i1ssues, cancellations and
transfers. When a dividend is declared, 1t is then only necessary to select
the owners as of that date from the listing and multiply the dividend rate
by the number of their shares to make the proper disbursement. Similarly
a scanning of this list is sufficient when 1t is necessary to print and dis-
tribute the proxy ballots for the annual stockholders meeting. Year-to-date
dividends paid and other information on this listing may be employed in the
preparation of the year-end state and federal tax reports and of any statis-
tical reports desired.

ELEMENTS OF A DATA PROCESSING SYSTEM

Before turning directly to the study of the characteristics of the Univac
File-Computer Model T System, 1t i1s advisable to review the basic elements
of a general data processing system.

Consider a business which keeps a record of its stock in a ledger. FEach day
a clerk is supplied with a form which indicates the number of 1tems sold,
listed in stock number order. On the basis of this information, the man
brings the inventory up to date by writing a new column in the ledger.
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Even in such a simple example as this may be found the fundamental elements
of a data processing system: variable information, master file data, a data
processor, reports or other printed output. The list of stock items sold 1is
the variable information; the stock ledger contains the master file data;
the inventory clerk serves as the data processor; and the output of the data
processing system is the updated stock ledger.
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FIGURE 1-3

THE GENERAL DATA PROCESSOR



A data processing system 1s best described by its outputs. These are the
various reports, summaries, statistics, bills, checks, invoices,etc. required
by management or government, or the every day facts and figures which are a
necessary part of the detailed operation of the company. The information
required on these printed outputs, and the time intervals at which this data
must be supplied are the two factors which establish the general requirements
of the other three elements.

The inputs to the data processing system, from which the output data are to
be compiled, usually consist of two types of information: master data files
that remain essentially unchanged from one reporting cycle to the next or
which change in known or fixed ways; and variable or transaction information
which 1s produced by the day to day activities of the business.

Master File data are the permanent information records containing ident-
1fying and historical facts about the individual, account, item, product
or service being reported. Examples of master file data are: names and
addresses, employee badge numbers, account numbers, current credits and
debts, running inventories, etc.

Variable information i1s data introduced into the data processing system
reflecting current operations. It 1s generated by human activity and is
thus essentially unpredictable. Examples of variable information are:
the hours worked by an employee, receipts, expenditures, sales, shipments,
etc. Since the transactions producing these variables are often physi-
cally dispersed (coming from different divisions, departments or branch
offices) some means for gathering the data for injection into the system
1s required.

The data processor is the converter of master and variable data into the out-
put reports. It must also post changes, when necessary, to the master data
files. These changes are introduced to the data processor through essentially
the same data gathering units which are used for the variable information.
The data processor may be:

a clerical staff laboriously making thousands of detailedentries per
working day in the manner of the inventory clerk in Figure 1-2;

an electronic computer such asthe Univac File-Computer which performs the
same data-handling operations at electronic speeds;

any of the many combinations of manual, key driven or punched card data
processors between these two extremes.



In order to be able to produce the desired outputs, the data processing system
must be able to:

Read documents

Record documents and reports
Sort and classify data
Calculate

Make simple decisions

GENERAL STORAGE
SORT COLLATE UNIT DRUM CABINETS OQENERAL STORAGE

MAGNETIC TAPE UNITS CONTROL CASINET

sroemsu conthoL
CABINET 2 90- COLUMN
CARD CONTROL
PROGRAM CONTROL CADINETY
CABINEY

CONSOLE SYSTEM 90 ~ COLUMN
CARD PROCESSER

FIGURE I-4

ELEMENTS OF THE UNIVAC FILE-COMPUTER, MODEL | SYSTEM
Comparison of Manual and Electronic Data Processing

How are the basic elements of a data processing system reflected in an elec-
tronic computer application? The following comparison of a manual system
with an electronic computing system, is intended to point out the similari-
ties and differences in overall approach to the acconplishment of the same
data processing task. In this instance, the manual system is exemplified
by an inventory clerk, and the computer is the Univac File-Computer, Model I.



The data processing application consists of the updating of a stock ledger
by posting to it the number of items of each stock number sold the previous

day, as shown in Figure 1-5.

INVENTORY OF STOCK ITEMS STOCK ITEMS SOLD
sTock | PATE DATE /3
$TOCK
INPUTD el VY4 NOMSER | oF 1TEMS
7119 7 /
b—— 4-—8—/~>/7— lL EEE e e e q ~4
el lig] | 41 3|
AT 171 >
PRCARIT] NN gl 2
=1
PROCESSING > 4 AR
INYENTORY OF STOCK ITEMS g
stock | DATE {
NUMBER /// ll} //3 . ‘(
71191 ] . I T —
OUTPUT)> el 11
g | :
o [ g oL | ] }:4 I
FIGURE -5 L~J15 23119119 _ R

First, the inputs to the system must be prepared for either the inventory

clerk or the computer:

The inventory clerk must get the stock ledger and take it to his desk.
The list of stock i1tems sold must also be prepared for his use.

Although input data might be prepared in one of several different ways
for the versatile UFC-I system, a typical inventory application might be
as follows: As partvof the previous day’s inventory processing, the stock
inventory was unloaded from the large-capacity, random access storage
of the UFC-T1 onto a Univac magnetic tape. This "stock ledger" is now
re-loaded onto the general storage magnetic drums. The list of stock
items sold is key-punched into either 80 or 90 column punched cards and

is ready for input to the computer.

Second, to do the processing, the clerk or the computer must go through cer-

tain steps:
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READ THE FIRST
INVENTORY
STOCK NUMBER

IS THERE A SALES

ITEM FOR 177 WRITE THE

INVENTORY
YES NO QUANTITY IN THE
] NEW COLUMN

SUBTRACT THE
SALES QUANTITY

FROM THE INVENT-
READ THE ORY QUANTITY

NEXT ONE ‘

IS THIS THE
LAST INVENTORY
STOCK rUMBER? PUT . THE

NO YES > LEDGER
AWAY

FIGURE I|-6

Both must be able to do arithmetic:

SUBTRACT THE

FIGURE -7 SALES QUANTITY  esssm
FROM THE INVENT-

ORY QUANTITY

The UFC-I 1s capable of performing all of the arithmetic operations of
addition, subtraction, multiplication and division at electronic speeds.
It will also check each one of these processes for complete accuracy by
performing a reverse arithmetic operation — without the necessity for
complicated programming techniques.

Both must be able to make logical decisions:

1S THERE A SALES

ITEM FOR IT?
FIGURE -8

YES NO

!

Any of the logical decisions which the inventory clerk must make 1in
handling the data may also be made by the UFC-1 through suitable pro-
gramming. The UFC-I repertory of instructions contains several decision-
making commands, such as comparisons and jump instructions, and the plug-

board provides devices for decision-making, such as branches, selectors,
and the code distributor.
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Both the inventory clerk and the computer must be able to remember informa-

tion:

Both

REMEMBER
THE STOCK
NUMBER

READ THE FIRST
INVERTORY
STOCK NRUMBER

IS THERE A SALES

ITEM FOR IT? WRITE THE
INVENTORY

YES NO QUANTITY IN THE
NEW COLUMN

SUBTRACT THE
SALES QUANTITY
FROM THE INVENT-

ORY QUANTITY

READ THE
NEXT ONE

REMEMBER
THE STOCK
NUMBER

REMEMBER
THE DI)FFERENCE

FIGURE -9

The clerk 1s required to remember the stock number, quantities, and re-
sults for only a short period of time; the stock ledger "remembers" the
information permanently as 1t becomes one of the official records of the
business.

The UFC-1 also has means of remembering information for varying lengths
of time. The various registers and magnetic core buffers in the system
provide temporary storage for information and controlling data; the mag-
netic drums provide permanent storage for data as long as 1t 1s required
in the data processing system; punch card files and magnetic tapes provide
historical records tor future reference.

the clerk and the computer must perform the necessary steps in the prop-

er sequences:

In the manual system, the clerk is probably following a work procedure
developed by a systems and procedures department and interpreted for the
clerk by his supervisor.
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The UFC-T follows a "program" or sequence of computer operations designed
by systems analysts and programmers to accomplish this data processing
task. All decisions and actions to be taken by the computer must be con-
sidered in minute detail by those persons developing the computer program
to insure that provision is made for all predictable variations.

Two methods of controlling the computer program are used in the UFC-IT
system: an internally-stored series of instruction words, and a 48-step
plugboard providing program steps, substeps, selectors, branches, etc.
Typically, these two types of programming are used in combination to
achieve the most efficient overall program.

Finally, all of the items are posted, the clerk puts the ledger away and goes
about his other duties. But what of the UFC-1 system? As indicated above,
the inventory records might be unloaded from the magnetic drums for use as
input data the following day. It is much more likely, however, that further
processing of the data, such as the preparation of sales statistics or posting
of accounts receivable information would be accomplished before the updated
inventory is unloaded from the drums.

A further advance in integrated data processing might also be used in this
instance, i1f the programmer wishes to take advantage of the large capacity
general storage drums of the UFC-I system. The transaction of selling an
item from stock results in a kind of chain reaction throughout the data pro-
cessing system. Every area of the business record-keeping system which 1is
provided for in a pre-selected area 1n the general storage drums and which
is effected by the sale of an item receives a posting at the time the sales
entry 1is processed.

For example: The sale of one item from stock results in the creation of
an account receivable as well as the necessity to record
a sale. Inventory is depleted by one unit, possibly requir-
ing the initiation of a requisition to buy or a manufactur-
ing order to produce a unit to replenish stock.

Outstanding Features of the Univac File-Computer, Model | System

The Univac File-Computer, Model I, is a medium sized, general purpose, dig-
ital, electronic computing system. It is one of the Remington Rand family
of Univac computers, which also includes the Univac I, Univac IT and Univac
Scientific. The UFC-I system possesses unique features which contribute to

13



its data processing versatility. Among these, the most outstanding are de-
scribed briefly below.

Flexibility of Input/Output Equipment

Any grouping of input/output devices up to ten in number may be connected
to the central computer at the same time. These devices include the UFC-I
Console, Inquiry Typewriter, 90-Column Punched Card System, 80-Column Punched
Card System, High Speed Printer, High Speed Paper Tape System, Magnetic Tape
Unit and special purpose equipments such as those used in the Airline Reser-
vation System.

Large Capacity Random-Access Storage

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

Time-Sharing Features

Through the demand stations associated with each input/output device, the
central computer and several input/output devices may function independently,
except during intervals when control information is being exchanged by the
computer and the I/0 device.

General storage operations, involving the large-capacity, general-storage
drums, may be carried on simultaneously with central computer operations and
with input/output operations. The "busy" or "not busy" condition of both
the general storage system and the various input/output devices may be deter-
mined 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 instructionis in progress.

Internal and External Programming

The UFC-1 operates as an internally programmed computer through a series of
sequentially stored instruction words. Jt operates as a plugboard-programmed
computer through the wiring of program steps on a 48-step main program plug-
‘board which incorporates other plugboard-controlled devices, such as select-
ors, branches, etc.

14



Most programs developed for the UFC-I incorporate both internally-stored and
plugboard-defined instructions in a single inter-related program to exploit
the strongest features of each type of programming.

Checking Features

During all data transmission operations, a redundant parity check i1s 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 automatically unless suppressed by
the programmer. In plugboard defined programs, a check or no-check decision
1s effected by the process wiring.

Alpha-Numeric Operation

The UFC-1 handles‘any of the 63 Univac code characters with equal facility,
regardless of whether the character 1s a number, letter, or special symbol.
No special programming procedure is required to handle alphabetic information
or special symbols.

Automatic Data Translation

Each input device in the UFC-I System automatically translates data from its
own language (punched card, paper tape etc.) to the language (Univac code)
of the UFC-I 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.

Three-Address Logic

Three-address logic is the three-part principle of computer instruction which
includes:

(a) The address (or storage location) from which the first operahd is
obtained.

(b) The address from which the second operand is obtained.

(c) A third address where the result is to be stored.

In UFC-I internal programming, each 12-character instruction word may contain
a) the addresses of two operands, b) the address at which the result is to
be stored, c) the basic process to be performed, and d) a sub-instruction
which may modify or extend the basic operation. Up to 850 of these powerful
instruction words may be stored in the high speed drum. The 48-step program
control plugboard also operates basically in three-address logic.
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The Computer Word

A computer word consists of twelve 7-bit Univac characters, of which the least
significant character is usually the sign (+ or -) of the value contained
in the word. Two kinds of computer words are utilized by UFC-I: the stored-
data word and the internal instruction word.

A stored-data word 1s composed of any combination of 12 alphabetic or numeric
characters stored in a word address within the computer. When this word ad-
dress 1s called for in the program, the entire 12 characters will be processed
by a single command.

The arithmetic registers, extensively used as intermediate storage locations
during computer processes, are the same length as the standard computer word,
with the sign position occupying the least significant digit.

The internal instruction word differs from the stored-data word; it must al-
ways follow a specific format, as in the following diagram:

INSTRUCTION WORD
Process Instruction Word U w PR |SK

Y
xUxx IxIx I Ix Ix Ix Lalr Ix

INSTRUCTION WORD
U \4 w PR |S/]

Xlxlx x]xlx x]xl ’S’X

Transfer Control Instruction Word

The U, V, and W portions of the instruction word usually represent storage
addresses, or, more specifically, the "contents" of particular storage loca-
tions identified by these addresses.

In a process instruction word, the operation code is a process code which
identifies exactly the process (or operation) which the computer is to per-
form in the execution of the instruction.

In a transfer of control to plughoard instruction word (transcop), the opera-
tion code is a number ranging from 51-98 which indicates the transfer of
program control to a particular plugboard step for a sequence of one or more
plugboard-defined program steps.

In either case, the "S/C" or special character defines a secondary operation

which extends or modifies the basic operation specified by the instruction
word.
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An instruction word, whether a process or transcop instruction, must contailn
exactly 12 characters in order to be interpreted by the computer as a valid
instruction. Therefore, some legal character is always included in each
position of the instruction word. In many cases where some character, or
characters, of the U, V, W or S/C portion of the instruction is to be com-
pletely ignored, a space code A 1s used.

The Program Step

The main program plugboard of the UFC-I contains hubs for external wiring of
48 program steps. The program step is comparable to the instruction word,
as 1t directs the execution of similar processes to those programmed inter-
nally. Fixed wiring within the computer controls the execution of an in-
struction word; manually plugged wiring controls the execution of a program
step on the program control plugboard. Each program step consists of a series
of hubs as shown below.

STEP Vi / V2 R | wmext
PROCESS \) R
NoO. Vl SHIFT cE 2 SHIFT SHIFT STEP
51

STEP PROC. V1 ADR. | V1 SH. [ V2 ADR.| V2 SH. | R ADR R SH.
0510 o—0 | 0—0 | -0 | 0—0 | O—0 | 6—0 | 0—0
N__out | 5L 51 ]}

Program Step

The wiring of the V,ADR hub to a storage location serves the same function
as the placing of the address of a storage location in the U portion of an
instruction word; V,ADR is comparable to the V address portion; R ADR is
comparable to the W address portion. Wiring of the process PROC hub defines
the basic operation to be performed, and STEP OUT hub wiring defines the sub-
step modification or extension of the basic operation. Whether or not a
sub-step is defined by STEP OUT hub wiring, STEP OUT must be wired directly
or indirectly to a STEP IN hub or a NEXT INSTRUCTION hub in order for the

computer program to continue.

The diagram shown below indicates the comparable relationship of an instruc-
tion word and a program step.

U v W PR s/c

V1ADR VoADR R ADR Proc. Step Out

Univac File-Computer Code

The internal language of the Univac File-Computer is the seven-bit position
Univac representation of alphabetic and numeric characters and certain special
symbols.
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Within the computer, a character i1s represented by the presence or absence
of a series of seven electrical pulses or magnetic spots. These individual
pulses or spots are called "bits" (an abbreviation of "binary digits"). In
the accompanying table, and in subsequent references to the Univac code, the
presence of a bit is represented by an Arabic 1 and its absence by a 0.

A four-position, excess-3, binary coded decimal system is used to indicate
numeric data. "Excess-3" indicates that, for internal computer reasons, a
3 has been added to each number in the binary coded decimal system. In table
1-1, the pulse patterns have already been adjusted to indicate the addition
of the excess-3.

In order to represent alphabetic characters and certain special symbols, two
additional positions (zone bits) are included as integral parts of the coded
character. No special programming 1s necessary when alphabetic characters
and special symbols are employed.

Since the computer is designed to operate only on an odd number of bits per
character, the seventh bit position is used as an odd-even check position or
parity check position. Thus any character whose excess-3 and zone bits add
up to an even number must contain a 1 in the parity bit position. Conversely,
any character whose bits already total an odd number must contain a zeroc in
the parity bit position. An odd-even parity check is performed during data
transmissions within the computer, as one of the means of insuring complete
accuracy of computer operations.

{iNIVAC FILE-COMPUTER CODE

Excess Excess

Parity Zone Three Parity lone Three
Character Bit Bits Bits Character Bit Bits Bits
i t 00 0000 t ] 1o 0000
A 0 00 0001 " l 10 000+
- 0 00 0010 I I 10 0010
0 | 00 oo ) 0 10 004
| 0 00 0100 J | 10 otoo0
2 § 00 0101 K 0 10 olot
3 i 00 olio L 0 10 olio
L} 0 00 011 M 1 10 on
5 0 oo 1000 N | 10 1000
6 | 00 1001 0 0 10 1001
7 [} 00 1010 4 [} 1] 1010
8 0 00 1001 Q | 10 1oh
9 | 00 1100 R 0 10 1100
' 0 00 tiol $ | 1] 1ol
L} 0 00 Ko . | to 1o
TABLE 1 -1 ( ! 00 et ? 0 10 1"t
r 0 ot 0000 b 1 " 0000
. | 01 0001 A 0 " 0001t
. I o1 0010 H 0 i oolQ
H 0 [J] ool + I 1] 0ott
A i ot 0100 / o " 0100
8 0 [J] 0101 H [} A otot
[4 0 L] olto T I i1l olto
[} | o el [} 0 ] orn
£ 4 0l 1000 \] 0 It 1000
F 0 01 1001 w I LK} 1001
6 0 ol 1010 X ! i to10
# 1 [J] 1011 Y 0 A 1ot
[} [ o1 1100 z I X 1100
] | ol 1101 1) 0 11 tot
¢ 1 ot o = 0 1" 1o
[ 0 o1 o Not Used* ! 1 i

S Mt 1s 4 gelete code for some
UFC-1 1/0 units,



SYNOPSIS OF PROGRAMMERS' MANUAL

In this introductory Chapter 1, the outstanding features of the Univac File-
Computer, Model T, have been described only briefly, as they will be dealt
with in greater detail in the chapters that follow. The programmer is being
alerted here to the flexibility, the versatility, and the capabilities of the
UFC-I. He would be well advised to exploit them to their fullest extent in
the programs he devises.

Chapter 2, "Program Control Storage System" describes 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.

Chapter 3 describes "Program Control", that section of the computer which
directs the interpretation, execution, and sequence of the stored instruc-
tions. There are three types of program control that may be used for pro-
gramming on the UFC-I: internal control, external control, and a combination
of internal and external. Internal control executes internally stored in-
struction words; external control executes plugboard wired instructions. The
methods by which the programmer uses internal or external control or a com-
bination of both, are outlined in Chapter 3, together with the distributors,
switches, hubs, and indicators of chief concern to the programmer.

In Chapter 4, "Repertory of Instructions", detailed analysis is given of
the 27 instructions which the UFC-I performs, together with the sub-instruc-
tions or substeps which extend or modify the basic operations.

Chapter 5 discusses the "General Storage System", which is the large capacity
random access, storage system of the UFC-I. The components of the general
storage system and the general storage operations which utilize these compo-
nents, are explained.

Chapter 6, Input/Output System , describes the wide variety of input/output
devices which may be incorporated into any UFC-I system, but places major
emphasis on the demand stations and their associated control lines because
these are the dual keys to the time-sharing features of the input/output
system.
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Chapter 7 , "Arithmetic Section", includes basic facts concerning the arith-
metic and logical processes of the computer.

Chapter 8 , "Timing", describes the basic concepts and supplies approximate
times for the operation of the UFC-I central computer.

Appendix: Appended to this manual 1s a group of supplements which will aid
the programmer in understanding and applying the text material. It is sug-
gested that the programmer acquaint himself at the outset with the glossary
programming forms, and program control plugboard facsimile. He will also
need to refer to them frequently during his study of this manual.
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STORAGE SYSTEM

INTRODUCTION
Components of the Program Control Storagé System

The program control storage system is the central operating memory of the
UFC-1 system. It 1s of particular interest to the programmer because it
contains all the addressable storage locations of the central computer’s
operating memory (See Table 2-1), and the necessary circuitry for locating

these memory locations and executing data transmissions.
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PROGRAM CONTROL STCRAGE LOCATIONS WHICH ARE WORD,
FIELD, AND BLOCKETTE ADDRESSABLE®

PROGRAM CONTROL STORAGE ADDRESSES
Addresses of
LOCATION ABBREVIATION| Addresses of Field Locations Addresses of
ord (Number of characters Blockette
Locations specified by Field Locations
(12 characters)| Selection Pattern) [(120 characters)
Input /Qutput Tracks | 1/0 Tracks 000-009 00A-00V (not I & O) 00Z
(High Speed Drum} 010-019 01A-01V " " 01z
020-029 02A-02V " " 02Z
090-099 09A-0ov  n n T 097
Block Transfer BTB 100-109 10A-10V (not [ & O) 10Z
Buf fer
Factor Storage FS Tracks 110-119 11A-11V (aot I & O) 11Z
Tracks (High 120-129 12A-12V " 122
Speed Drum?
Intermediate IS Tracks 130-139 13A-13V (not T & 0) 13Z
Storage Tracks 140-149 11A-14V " " 142
(High Speed Drum) 150-159 15A-15v " " 152
970-979 97A-97v % nTT 972
General Storage GSB 980-989 98A-98V (not 1 & 0) 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 4990
Register B BB 991
12 characters
Register C RC 992
Register D kD 993
Code Distributor Register (DR 994 1 character
General Storage Address GSAR 995 7 digits
Register
Instruction Revolver 1RV 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 18P 99w 120 characters (only parity
bit of each characteris use

Block Transfer Buffer Pattern| BTP a9x 120 bits (120 characters are
sent to these locations, but
only the parity bits gf the

3 characters transmitted are
g:?:::: Storage Buffer GSP 99Y stored).

TABLE 2-1

Functions of the Progr. .ontrol Storage System
The program control storage system has two main functions:

When the computer program specifies memory locations from which information
is to be acquired and other locations at which the results of operations are
to be stored, the program control storage system carries out these data trans-
missions. This function 1s similarly performed whether the computer program
is defined by internally stored instruction words or by plugboard wired pro-
gram steps.



When an internally stored program is being run, the next instruction to be
executed 1s located during the execution of the current instruction. This
acquisition of successive instruction words is the second important function
of the program control storage system.

Source and Destination References

The programmer will later find statements in this manual to the effect that
certain storage locations are addressable either as "sources", "destinations"
or both. Understanding of the proper use of these storage locations is neces-
sary in order to avoid common programming €rrors.

In source references, data is obtained from a storage location specified by
the programmer and automatically placed in a temporary memory location by

the computer. 1In the procurement of operands (which are defined as "the
contents of a computer location, used in arithmetic and logical operations"),

the address of the source is usually derived from the U or V section of an
instruction word, or the locations wired to V,ADR or V,ADR on the plugboard.
The process portion of the instruction determines the location (usually an
arithmetic register) at which the data will be held while it is being added,
subtracted, or manipulated in some other manner.

In destination references, the process portion of the instruction determines
from which temporary memory location (usually arithmetic register C or D)
the result is to be obtained. The programmer determines, by the coding of
the W portion of the instruction word, or result address R ADR wiring, at
which location the result i1s to be stored.

Example: INSTRUCTION WORD
xampre: U v w PR |s/C
INTERNAL:
/N 2lol/l/ 13l /l2lslplplal
PLUGBOARD: 5;5? Vi srx:rr PROCESS Va SD-X?-‘T R SHIRFT ’;Eé;
51 |Fs#2-0 +C |Fs¥/-3 ES#.2-57

The above example shows the coding for similar instruction words and program
steps. The source of the first operand is specified by the U address (120)
of the instruction word or the V; ADR address (FS#2-0) of the program step.
These two are actually the same word location, expressed in terms of internal
and external programming. The add process determines that arithmetic regis-
ter A will be the temporary storage location of the first operand.
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The source of the second operand is specified by the V address (113) of the
instruction word or the V,ADR address (FS#1-3) of the program step. The add
process determines that arithmetic register B will be the temporary storage
location of the second operand.

During the process of addition (and checking), the add process determines
that the result of the process, the sum, will be accumulated (automatically)
in arithmetic register D. From this temporary storage location the result
will be transferred to the destination address, which is specified by the
W address (125) of the instruction word or the R ADR address (FS#2-5) of the
program step.

All instructions do not require three storage references; some require two
and a few, only one.

PROGRAM CONTROL STORAGE ADDRESS FORMAT

A three-character code 1s used to address locations in program control stor-
age when they are to be used in an instruction word. In this format, the
two characters at the left (higher order) are always numeric, and the one
character at the right (low order) may be either numeric or alphabetic.

To address any of these storage locations through plugboard wiring, .each ad-
dressable location is identified by a label, and three hubs are provided for
each location. JIn this manual, whenever internal and external addresses
refer to the same computer location, the proper addressing technique for both
internal and external programming is shown in the appropriate segments of
programming charts.

Word Addresses

A computer word is composed of twelve characters, of which the low-order
character is usually the sign. The 120 characters on a track of the high
speed drum are divided into ten words which are addressed 0 through 9. As
the drum revolves in a counterclockwise direction, word 9 refers to the first
(low order) group of twelve characters on a track, word 8 to the second group
of characters, and word 0 to the tenth (highest order) group of twelve char-
acters.

Word addresses are also applicable in the block transfer buffer and the gene-
ral storage buffer.
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The internal address of a word location always includes the identification
of the track or buffer in the two higher order characters, and the identifi-
cation of the word in the low order character.

External addresses of word locations are identified by groups of plugboard

hubs labelled I/0 WORD 0-9, FS#1 WORD 0-9, FS#2 WORD 0-9, GSB WORD 0-9, and
BTB WORD 0-9.

Field Addresses

Because the length of names, addresses, part numbers, quantities, dollars
and cents, seldom falls exactly into twelve-character words, the UFC-I pro-
vides a method of setting up data fields of varying lengths to facilitate the
programmer’s handling of this data.

As many as 20 fields may be defined in a track on the high speed drum, in
the block transfer buffer, or in the general storage buffer.

The internal address of a field always includes the identification of the
track or buffer in the two higher order characters, and the i1dentification
of the field in the low order character. A field is defined by any letter
A-V, excluding I and O.

The external addressing of fields is accomplished by wiring of the plugboard
hubs labelled I/0 FIELD A-V, FS#1 FIELD A-V, FS#2 FIELD A-V, BTB FIELD A-V
and GSB FIELD A-V.

Blockette Addresses

A blockette of information in the UFC-I is the group of 120-characters which
may be contained in 1) a track of the high speed drum, 2) in the block trans-
fer buffer, or 3) in the general storage buffer. Any of the above locations
are blockette-addressable by the letter Z in the low order position in the
source or destination reference of the instruction word or program step. The
same locations are addressable on the plugboard by the wiring of the hubs

labelled 1/0-Z, FS¥1-Z, FS#2-Z, GSB-Z and BTB-Z.

Single Address Locations

The program control storage system includes twelve storage locations, each
of which has only one address. These locations are: arithmetic registers
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(A,B,C,D), code distributor register, general storage address register, in-
struction revolver, program address counter, shift revolver, and the three
field selection patterns.

The internal address of each of these locations contains the numbers 99 in
the high order positions whereas a number in the low order position designates
one of the registers or revolvers, and a letter in the low order position de-
signates a field selection pattern.

For external addressing purposes, a set of three hubs is available on the
main program plugboard for each of these locations.

COMPONENTS OF THE PROGRAM CONTROL STORAGE SYSTEM
High Speed Drum
Description

The high speed drum is physically located within program control cabinet #1
of the UFC-I system. It revolves at a speed of 12,000 rpm, or one revolu-
tion per five milliseconds. Since 1t could require either 0 milliseconds
minimum, or 5 milliseconds maximum, to locate a particular piece of data, the
"average access time" to a location on the high speed drum is 2.5 millisec-
onds locating time plus the time required to read or write the number of
characters desired.

Data is stored on the drum surface sequentially (bit by bit) as magnetized
spots. A number of dual purpose read/write heads are located in the hcusing
of the drum. Each communicates with a narrow band on the drum surface as the
drum revolves. The narrow band associated with each read/write headis called
a track and contains 840 bit positions, thus allowing 120 characters of the
7 bit per character Univac code to be stored per track. From one to 120
characters can be recorded or read from a track, depending on the address
used in the reference. Recorded data is not affected by the removal of com-
puter power, nor by the reading of information from the track.
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NUMERIC BITS
INPUT- INTERMEDIATE
OUTPUT STORAGE
) ZONE BITS
FACTOR STORAGE FIGURE 2-1 PARITY BIT
DATA STORAGE ON HIGH SPEED DRUM
The assignment of tracks on the high speed drum 1s as follows: twenty are

designated as input/output tracks; two are designated as factor storage
tracks; eighty-five are designated as intermediate storage tracks, and are
used for the storage of constants, intermediate results, and instruction
words; one track 1s designated as the high speed drum field selection pattern
track. Also, the instruction revolver and the shift revolver to be studied
later are physically located on the high speed drum.

s
S
/3$ o“vél ;&")
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INSTRUCTION
REVOLVER{996)
)) FIELD SELECTION
, PATTERN (99W)
/ SHIFT
RE VOLVER(998)
FIGURE 2-2
N
©o - h ol B————— TRACK ADDRESSES ON HIGH SPEED DRUM

Addressing the High Speed Drum

General Addressing Structure

A three-character address 1s used to locate specific positions on the drum.
The two high order characters of the address specify the track, and are al-
ways numeric. The low order character of the address determines that either
a section or an entire track is to be used. If only a section is to be ad-
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dressed,_a word or a field will be specified. A word in this position is
indicated by a number; a field 1s indicated by an alphabetic character except

for the character Z which indicates the entire 120 characters in the speci-
fied track.

Input/Output Tracks

The high speed drum includes 20 input/output tracks arranged in pairs. Each
pair is addressed as 1f 1t were a single track, with numbers 00 through 09
representing the first through the tenth pair of tracks.

This addressing method is possible because the computer is in direct commu-
nication with only one track of each pair at a time, while the input/output
device associated with that pair of tracks is in communication with the other.
Switching commands enable the computer and input/output device to exchange
positions in relation to the I/0 track. For example, (see Figure 2-3), the
computer is in contact with the left hand track and the I/0 device is in
contact with the right hand track. After the switching command 1s executed,
the 1/0 device 1is in contact with the left hand track, and the computer is
in contact with the right hand track.

COMPUTER
PAIR OF I/0 TRACKS

POSITION |:

COMPUTER
POSITION 2¢ <
FIGURE 2-3 i/

INPUT/OUTPUT TRACK SWITCHING

INPUT
QUTPUT
DEVICE

PAIR OF 1/0 TRACKS
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Since the plugboard provides only one set of hubs for the ten word addresses
and one set of hubs for the 20 possible fields in any input/output track,
the input/output track of only that unit currently "on demand" is addres-
sable from the plugboard. When a particular input/output unit is placed
"on demand", the computer is in direct contact with that unit, and with the
input/output track directly associated with it. (The "demand" concept 1is
discussed in Chapter VI.)

Internally, input/output tracks are directly available to program control
storage when addressed by the U, V, or W address of an instruction word. Any
I/0 track may be addressed internally at any time.

Externally, input/output tracks are available in either of two situations:

When an input/output unit has been assigned to the I/0 tracks referred
to, and that I/O unit has been placed "on demand";

When a transcop (transfer control to plugboard) instruction word or any
instruction word containing a breakpoint initiates a plugboard sequence
of program steps and two conditions are met: a) the U, V, or W section
of the instruction word refers to an input/output track, and b) the
V,ADR, V,ADR, or R ADR hubs of program steps are wired to the appropri-
ate U ADR, V ADR, or W ADR hubs.

For example: assume that during a plugboard sequence, the programmer
wishes to address word O in I/0 tracks 05, 06 and 07,
without placing each of these I/O units on demand. The
transcop instruction word which transfers control to
the plugboard (step #65 in this example) may be coded
as follows:

INSTRUCTION WORD
TRANSCOP INSTRUCTION WORD: | U v_ 1 w [ PR sk
olstlolnl¢lololzlolelsla

Plugboard Step #65

During the execution of the series of program steps be-
ginning with step #65, the plugboard wiring of a V ADR
hub to a U ADR hub will supply the contents of storage
location 050; similar wiring to V ADR or W ADR hubs would
provide access to storage locations 060 and 070 respec-
tively.
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Note that this wiring need not follow any specific pattern. V,ADR may be
wired to U ADR, V ADR or W ADR at the option of the programmer. V,ADR and
R ADR may also be wired to any one of the hubs U ADR, V ADR or W ADR at the
option of the programmer. (See also the example under "Intermediate Storage

Tracks" below.)
Factor Storage Tracks

Tracks addressed internally as 11 and 12 are wired on the plugboard as factor
storage #1 (FS#1) and factor storage #2 (FS#2) respectively.

An i1mportant use of the factor storage tracks is for the storage of constants
which may be addressed by either instruction words or program steps, since
these two tracks are always directly available to program control storage.

Intermediate Storage Tracks

Tracks numbered 13 through 97 may be used for storage of intermediate results,
constants, and instruction words. In most instances, a portion of this ge-
neral area 1s reserved for the internally stored program. Up to 850 ins-
truction words may be stored in this area.

Intermediate storage "IS" tracks are available to program control storage
directly by addressing them in the U, V, or W address of an instruction word.

These IS tracks are available to program control storage on the plugboard
only through the wiring of the V, address (V,;ADR), V, address (V,ADR) or R
address (R ADR) hubs to the U address (U ADR), V address (V ADR), or W ad-
dress (W ADR) hubs in any combination.

The tracks referred to i1n each of these cases are determined by the IS track
address included in the U, V, or W address of the transfer of control (trans-
cop) instruction word which initiates that sequence of program steps.

Following 1is an example of internal and plugboard addressing of high speed
drum tracks:

INSTRUCTION WORD

PR [SKC

TLeL oL

INTERNAL:




To address the same storage locations on the plugboard, two conditions must
be met:

(a) Input/output unit 05 must be "on demand".

(b) The following transcop instruction word must precede step 73.

INSTRUCTION WORD
INTERNAL: U 4 w PR |S/Q

lalal7zl21/ [alalal 7l3]la

] v v R
PLUGBOARD : 55? vV, SHlLT PROCESS Va smir R SHIFT :Eé;
73 | I fo o +c vV ADR FS™ 4 T4

730 .73 O—0 |05 o0 730 [O—O
050 ogoogo o0—0|o%0|0—0

PROC V| ADR ADR VpSH R ADR R SH

O—O
FIGURE 2-4 0—0—0|g0
ES
\ o—0—O 000
ADDRESSING HIGH SPEED DRUM TRACKS B0 2 ol So—b—0

The coding of the above program step indicates that the program
comes into step #73 from step #72, although our example states

that the program comes into step #73 from a transcop instruction
word.
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This illustrates the ability of the transcop instruction to tran-
fer control to any plugboard step the programmer desires, regard-

less of the plugboard program which may also utilize the same
step.

High Speed Drum Field Selection Pattern Track

The high speed drum field selection pattern track is addressable by the sym-
bol 99W as a destination address only. This track would normally be addressed

for the purpose of transferring a predetermined field selection pattern to
this track.

Construction of a pattern for the field selection pattern track, referred to
as "high speed drum intermediate storage field selection pattern”" (ISP), is
accomplished by loading a series of characters without parity bits to indi-
cate the body of a field, and any character which contains a parity bit to
indicate the ending character of a field.

For example: referring to the Univac Code Chart (Table 1-1) the programmer
will note that the character 4 (0000111), L. (0100110),and A (0000001) do not
contain parity bits and therefore could be used to fill out the body of the
field. The characters 2 (1000101), A (1010100), and + (1110011) contain pa-
rity bits and could be used to denote the end of a field.

When a field pattern is transferred to the high speed drum field selection
pattern track ISP, the entire character i1s stored on the ISP track, but only
the parity bits are used for field selection. Therefore, in building a field
pattern only the parity bits of the characters need be considered. Since
only twenty fields can be addressed on any track (A through V, excluding I
and 0), a field pattern should not define more than twenty fields.

A number of these field patterns may be stored on the high speed drum or on
the general storage drums, and may be transferred to the ISP when needed.
A pattern on the ISP controls the field addressing of all other tracks on the
high speed drum. However, word addressing is still applicable even though
a field pattern is present.
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READ/WRITE HEAD

F‘ELD c

FIGURE 2-5

FIELD SELECTION PATTERN

Field Addresses on the High Speed Drunm

In an instruction word, to address fields on any i1nput/output, factor storage,
or intermediate storage track, the track desired is signified by the two
high-order (numeric) characters of the address, while the field is signified
by the low-order character, which must be aletter from A through V, exclud-
ing I and O.
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To address these fields in a program step, I/0 FIELD A-V, FS#1 FIELD A-V an
FS#2 FIELD A-V hubs are provided on the main program plugboard.

Example:
(1) O05A identifies the first field of track number 05.

(2) 47V identifies the twentieth field of track number 47.

INSTRUCTION WORD .
INTERNAL: U v w PR |S/Q
olslalyl1lviilalmlalp
3:5? V1 SI-X‘FT PROCESS Vz sn-:/leT R SHIRFT :E;;
PLUGBOARD: | s1 SR
52 |To A t+¢ (vAare Fs*2- 53
+ PROC | viaDR | visH [ v,a0R | v,sH | R ADR | ® sH
c O'Q,TO 0'5_|O o0 51 O_O 51
..Nco'—o 52 52 O_-O 52 O_O 52 O—O

FIGURE 2-6
FIELD ADDRESSES
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The above example has been designed to include a field in an input/output
track, a field in an intermediate storage track, and a field in a factor stor-
age track in order to emphasize the point that any field (which 1s a portion
of the data on a track) 1is addressable under the same conditions as the track
which contains the field. Therefore, in this example:

For internal programming, all of the above fields are directly addres-

sable at any time.

For external programming: 1) I/O unit 5 must be on demand in order
for field A of track 5 to be available; 2) a transcop instruction
word (or some other method of loading the instruction revolver IRV.)
must make the field address 47V available to the V ADR hub; 3) field
M of a factor storage track is available at all times.

Word Addresses on the High Speed Drum

To address word locations on any input/output, factor storage, or interme-
diate storage track internally, the track desired is signified by the two
high order characters of the address, whereas the word is signified by the
low order character.

To address these words in a program step, I/0 WORD 0-9, FS#1 WORD 0-9, and
FS#2 WORD 0-9 hubs are available on the main program plugboard.

032 indicates track number 03, word number 2.
119 indicates track number 11, word number 9.
870 indicates track number 87, word number 0.

INSTRUCTION WORD

INTERNAL: v v w PR S/
alzlalililalglzlolaln

\Y Vv
PLUGH)ARD 5:5? V‘ SHI:—'T PROCESS VZ SleF'T R SHIRFT :Eé:
: 76 | /02 +¢ | FS7Fy W. ADR 77
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FIGURE 2-7

WORD ADDRESSES ON HIGH SPEED DRUM

The above example has been purposely designed to include a word location in
an input/output track, in a factor storage track, and in an intermediate
storage track, in order to emphasize the point that any word location is ad-
dressable under the same conditions as the track which contains the word.
Therefore, in the above example:

For internal programming, all of the above word locations are directly
addressable at any time.

For external programming: 1) I/O unit 3 must be on demand in order
for word 2 of track 3 to be available; 2) word 9 of factor storage
#1 is available at all times; 3) word location 870 is only available
through the W ADR hub when a transcop instruction (or some other method
of loading the instruction revolver JRV_) precedes the program step
in which 870 is desired.
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Blockette Addressing of the High Speed Drum

Input/output tracks, factor storage tracks, and intermediate storage tracks
Internally, the entire 120 characters which

are all blockette addressable.
may be contained in one of these tracks is directly addressable at all times

by the use of the letter Z in the low order position of the address.

Exter-

nally, the plugboard hubs I/0-Z, FS#1-Z and FS#2-Z serve the same purpose.
Blockette addressability of these tracks is exactly the same concept as ex-

pressed in the discussion of high speed drum tracks earlier in this chapter.

An example of the usefulness of blockette addressability is given below, where
an instruction to buffer transfer 01Z to 127 results in the entire contents

of channel 01 being moved to channel 12.

INSTRUCTION WORD

INTERNAL : m v w1 PR Isc
ol/lzlalalal/lelz181rla
\j
PLUGBOARD: Lot Vi lameoforoces] Vo TR T = LA e
51 | T/ 2 8T Fs%2-2 S 2
PROC | viaoR | wvisH | waDR | VvosH | R ADR | RSH
] ()§ﬁ§\<3_*3 57 o0 ]
=0 | 050 \0—0 | 050 | 0—0 | o0 |0—0

FIGURE 2-8

BLOCKETTE ADDRESSABILITY

*V,ADR-1/0-Z wiring assumes that I/0 unit 1 is on demand.
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Block Transfer Buffer
Description

The block transfer buffer (BTB) is a rapid access magnetic core memory which
stores up to 120 seven bit Univac characters. In its function as an addres-
sable memory location available to program control storage, the BIB is word,
field, and blockette addressable. Addresses in the block transfer buffer are
directly available at all times to program control storage through the U, V
or W portion of instruction words or through wiring of the BTB WORD 0-9, BTB
FIELD A-V and BTB-Z hubs on the plugboard.

As its name implies, BIB is used as the intermediate storage location during
the "buffer transfer" operation, which transfers blocks of data from one pro-
gram control storage location to another. Up to 120 characters may be trans-
ferred by a single buffer transfer command.

Addressing Structure

(1) The address of the BTB is 10, supplemented by a letter or number
designating the field or word, or by the letter Z which designates
the entire 120 characters of the buffer.

(2) Word addresses follow the same pattern as words jon the high speed
drum. Each number from 0 through 9 represents a twelve-character
word in the buffer.

Examples of word addresses in BTB:

100 indicates BTB, word 0
108 indicates BIB, word 8

(3) Field addresses are defined in the same manner as fields on the
high speed drum. Each letter A through V, excluding T and O,
indicates one of the twenty fields which may be set up in the
buffer by the block transfer buffer field selection pattern (BTP).

Block Transfer Buffer Field Selection Pattern
The address of the block transfer buffer field selection pattern 1s 99X or

the BTP hubs on the plugboard. The pattern may be thought of as an additio-
nal row of 120 bits, associated with the block transfer buffer. The method
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of constructing BTP is similar to that used for the high speed drum field
selection pattern. Characters without a parity bit indicate the body of a
field; any character which contains a parity bit indicates the end of a field.
Since only twenty fields can be addressed, a pattern should not define more
than that number.

The BTP is addressable as a destination only, for receiving a complete 120-
character field pattern.

An example of loading a pre-determined field pattern into the block transfer
field selection pattern 99X follows:

INSTRUCTION WORD
INTERNAL: u v w PR |5/
ols’lz AJAIA ‘)I?lx Blr A
\Y;
s:lcE: V1 SHI‘FT PROCESS V2 Sl-:,leT R SHIRFT ';E)E(;
PLUGBOARD: 51 -
52 \Tp-2 871 BT P 53

A
TS

FIGURE 2-9 8TP GSP TSP TRV SRV

oO—O0—-0I0—00|0—00

TRANSFER OF PATTERN TO BTP \o D PRSI PN BN PN N PR

BLOCK TRANSFER
N— _
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General Storage Buffer (GSB)

Descripticon

The general storage buffer 1s a rapid access magnetic core memory which stores
up to 120 seven bit Univac characters. The function of the general storage
buffer as an intermediate storage location between the program control stor-
age system and the general storage drums 1s discussed in Chapter 4, "General
Storage System".

In 1ts function as an addressable memory location available to program con-
trol storage, the GSB 1s addressable by word, field or blockette.

Addresses i1n the general storage buffer are directly available to program con-
trol storage (except during the times the general storage buffer is engaged
in certain general storage operations) through the U, V, and W address of
instruction words, or through wiring of the GSB WORD 0-9, GSB FIELD A-V and
GSB-Z hubs on the plugboard.

Addressing Structure

The address of GSB is 98, supplemented by a letter or number designating the
field or word, or by the letter Z which designates the entire 120 characters-
of the buffer.

Word addresses follow the same pattern as words on the high speed drum. Each
number from 0 through 9 represents a twelve character word in the buffer.

Examples of word addresses in GSB

980 indicates GSB, word 0
985 indicates GSB, word 5

Field addresses are defined in the same manner as fields on the high speed
drum. Each letter A through V, excluding I and O, indicates one of the twen-
ty fields which may be set up in the buffer by the general storage buffer
field selection pattern GSP.

See Figure V-6 for a representation of the addressing structure of the gene-
ral storage buffer.



General Storage Buffer Field Selection Pattern (GSP)

The general storage buffer field selection pattern may be addressed internal-
ly by the symbol 99Y, or externally by wiring the GSP hubs on the plugboard.
The pattern may be thought of as an additional row of 120 bits associated
with the general storage buffer.

The method of constructing GSP 1s similar to that used for the high speed
drum field selection pattern. Characters without a parity bit indicate the
body of a field; a character which contains a parity bit indicates the end
of a field. A pattern should not define more than twenty fields within the
buffer, since only twenty fields can be addressed (A through V, excluding
I and 0). The pattern may be addressed only as a destination and 120 char-
acters must be transferred to 1it.

General Storage Address Register (GSAR)

The general storage address register (GSAR) 1s a special purpose memory loca-
tion which has as 1ts prime function the holding of the general storage drum
address 1n operations involving the finding of storage locations in the ge-
neral storage drum system (See Chapter 5).

In its role as a component of the program control storage system, GSAR 1s
available to program control storage through code 995 i1n the U, V, or W ad-
dress of an instruction word or through wiring of the GSAR hub on the plug-
board.

When GSAR is addressed in a source reference, a space code (/A) 1s automatical-
ly generated by the computer. The space code, followed by the seven digits
held by GSAR 1s transferred to the temporary storage location specified by
the process. (A space code i1in the sign position 1s treated by the computer
as a plus (+) in arithmetic operations.)

When GSAR is addressed in a destination reference, the sign and s=ven low

order digits are transferred from the temporary storage location specified
by the process and loaded into GSAR, the sign being automatically shifted off.

Program Address Counter (PAK)
The program address counter (PAK) is a special purpose memory location which

holds the address of the next instruction word to be located during execution
of instruction words.
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In its role as a component of the program control storage system, PAK 1is
available to program control storage by two different methods of addressing:
1) code 997 may be entered in the U, V, or W address of an instruction word,
or 2) the PAK hub may be wired on the plugboard.

When PAK 1s addressed in a source reference, a space code is automatically
generated by the computer. The space code, followed by the three digits
held by the PAK, is transferred to the temporary storage location specified
by the process. (A space code in the sign position 1s treated by the compu-
ter as a plus (+) 1n arithmetic operations.)

When PAK is addressed in a destination reference, the sign and three low or-
der digits are transferred from the temporary storage location specified by
the process and loaded into PAK, the sign being automatically shifted off.

Code Distributor Register (CDR)

The code distributor register (CDR) 1s a single character register normally
used to store control characters which will effect the distribution of in-
formation by the code distributor. It is discussed in its primary role of
determining program variance in Chapter 3.

In its role as a component of the program control storage system, CDR 1is
available to program control storage by two different methods of addressing:
1) code 994 may be entered in the U, V, or W address of an instruction word,
2) the CDR hub may be wired on the plugboard.

When (DR is addressed in a source reference, a space code (A) is automatical-
ly generated by the computer. The space code, followed by the single charac-
ter held in the CDR, is transferred to the temporary storage location speci-
fied by the process. (A space code in the sign position i1s treated by the
computer as a plus (+) in arithmetic operations.)

When CDR is addressed as a destination, the sign and a single character are

transferred from the temporary storage location specified by the process and
loaded into CDR, the sign being automatically shifted off.

Arithmetic Registers A, B, C, D

Arithmetic registers A, B, C, D are used during most of the processes which
the UFC-I executes. They may be used as intermediate storage locations for
operands and results as specified by the particular process involved, or they
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may be programmed sources or destinations at the choice of the programmer.

As units of the program control storage system, the arithmetic registers
are addressable as follows:

(1) When called for in the U, V, or W portions of an instruction word,
the address of Register A (RA) is 990; Register B (RB) is 991;
Register C (RC) is 992; and Register D (RD) is 993.

(2) Plugboard addressing of these registers is accomplished by wiring
the hubs marked RA, RB, RC, and RD.

(3) Any of the four arithmetic registers may be referred to as either
a source or a destination. In either case, exactly twelve char-
acters 1s involved, usually a sign in the low order position,
called the sign position, and eleven alpha-numeric characters
in the remaining positions.

instruction Revolver (IRV)

The instruction revolver is addressed internally by the code 996, or by wiring
of the plugboard hub IRV. Although referred to in the singular, the 1in-
struction revolver is actually two 12 character revolvers.

For purposes of clarity the instruction revolver which holds the current in-
struction being executed is referred to as IRV.,. The instruction revolver
which holds the next instruction to be executed is referred to as IRV.

The instruction revolver may be addressed as either a source or a destination,
supplying or receiving exactly 12 characters in either case. When the in-
struction revolver is specified as the source in a program control storage
reference, the contents of IRV, is supplied. When the instruction revolver
is specified as the destination, the values supplied are loaded into IRV, .

The principal function of the instruction revolver is discussed in Chapter
3, in its relation to the acquisition and execution of instruction words.

Shift Revolver (SRV)

The shift revolver i1s a 12 character revolver, the function of which is to
hold shift words used to control shifting operations. It may be addressed
only as a destination.
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In an instruction word, the shift revolver is addressable by the code 998
in the W portion of the instruction word. On the plugboard, the shift revol-
ver is addressed by wiring the SRV hub to an R ADR hub.

Note that:

(a) The special instruction word "Load Shift L" loads the shifts
specified in the instruction word itself (See Chapter 3).

(b) Shift instructions included in the U, V, and W portions of a trans-

cop instruction are available on the plugboard through U, V, and W
SHIFT hubs.

(c) Use of the shift revolver and available internal and plughoard
shifts are discussed in Chapter 3.



INTRODUCT I ON

Program Control is the section of the UFC-I central computer which directs
the interpretation, execution, and sequence of computer instructions. Tt 1is
the main control for the entire system.

Program Control executes two types of computer instructions: instruction

words and program steps.

Internal program control executes internally stored instruction words by co-
ordinating and contrelling the actions of the computer components discussed
below, under "Components Used During Internal Program Control". The discus-
sion does not attempt to include all of the components of the computer that
are involved in internal control, but only those of particular concern to
the programmer.
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External program control, which uses many of the same components as internal
program control, executes plugboard defined program steps through the coordi-
nation of the computer components discussed under "Components Used During
External Program Control".

Normally, a combination of internally stored and plugboard defined programs
1s the most efficient method of accomplishing a given data-processing task,
since the best features of each type of program may be utilized as the prob-
lem changes in nature.

The techniques by which the programmer is able to effect a transfer of control
from an internally stored program to a plugboard defined program, and vice
versa, are discussed under "Components Used to Effect Combination Control".

COMPONENTS USED DURING INTERNAL PROGRAM CONTROL
Operation Pulse/Enable Distributor (OED)

The operation pulse/enable distributor is a group of circuits which controls
the time sequence of every computer instruction and supplies the principal
control pulses and/or enables which are required to carry out each part of
an instruction. It is included in this chapter primarily for the purpose of
i1llustrating the execution of a computer instruction.

OED operates in segments numbered 0-13, and at each setting of OED, one or
more parts of the instruction are executed. During the execution of most
instruction words, OED cycles either from 0-13 or from 2-13 depending upon
whether or not the next instruction to be executed was loaded during the
processing of the previous instruction word. During execution of most program
steps, OED cycles from 3-12.

Table 3-1 shows a typical OED cycle. The specific sequence of OED steps
that is carried out during the execution of each instruction word or program
step varies with different instructions. A complete analysis of the OED cycle
for each instruction will be included in a later publication.
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TYPICAL 0ED CYCLE

'E'i-ie Operation Sequence
] Instruction Word (IW) address to SAR
!
*1 IW obtained and loaded into IRV, !
2 IRV switches; IRV, becomes IRV,
Process and Special Character of IW set up in Program Control
3 V) eddress to SAR
V, shift to &
4 V) obtained and loaded into PA
5 V, address to SAR
Vl shife in RA
6 V, obtained and loaded into FB
V, shift to X
PAX advanced by one
7 Next IW address to SAR

V, shifted in FB

Next IW obtained and loaded into IRV,
8 R shift to XK
Process (check in addition and subtraction)

R address to SAR

° R shifted in FD (or RC)

10 R to storage

1 Check (in multiplication and division}
12 Step Out hub emits (program step only)
13 Subinstruction initiated.

* If this IV is already losded into IRV;, OED cycles from 2-13; if not, OED cycles from
0-13.
TABLE 3-1
Program Address Counter (PAK)

The Program Address Counter (PAK) is a three-character shift register address-
able internally by the code 997. Instruction words are always obtained from
the address specified by the contents of PAK. It is the device used by pro-
gram control to "remember" where to get the next instruction word in the pro-
gram. Unless PAK is modified by the program, it always advances by one, and
the next instruction word is taken from the word location next in sequence.

PAK can be set manually to any value in the range of addresses 000 through
999. Operation of a MASTER CLEAR switch automatically sets PAK to 000.
Thereafter, PAK is advanced by one or reset depending on the instructions
executed by program control. If the first instruction word in the program
is to be obtained from any other location than 000, the correct address of
the first instruction word must be set up in PAK after the MASTER CLEAR button
has been pressed.
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Where the contents of PAK are not modified by the program, PAK advances se-
quentially one word location at a time through word locations as described
below, cycling repeatedly through the 130-979 area where instruction words
are usually stored.

000l— 130 > 979 &I

Where the PAK i1s manually set to a value within the range of addresses 980-
989, or where a jump is programmed to one of these locations, PAK counts to
989 and then jumps back to 130. The complete range of addresses through which
PAK cycles is as follows:

0001-» 130 —» 979 —J
| {
Jump

980 989

When Program Control attempts to load the contents of the storage location
specified by PAK into the instruction revolver, it must find there a valid
instruction word as defined above. Therefore, PAK values in the range 990-
999 should normally be avoided in programming since the memory locatiocns in-
cluded in this range may not, and some cases, cannot, contain a valid instruc-
tion word. The CDR, for example, is addressed by the code 994, which is
within the 990-999 range. However, the CDR is a single character register
and could not possibly contain a valid instruction word.

Effect of PAK Modifications on a Program

Where the contents of PAK are modified in any of the ways described below,
the cycling of PAK will be affected as in Figure 3-1.

(1) PAK may be modified by addressing it as the destination in either
an instruction word or a program step. In either case, Program
Control executes the instruction stored at the word location spec-
1fied by the modified contents of the PAK as the next instruction.
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(2) Special instructions, Unconditional Jump and Test Demand In uncon-
ditionally modify PAK with the same effect as the above. Other in-
structions: Channel Search Probe, Test Incoming Control, Demand In,

Jump on Plus, Jump on Negative, Jump on Zero result in modification
of PAK conditionally. (See Chapter 4.)

PAK OPERATION WITH PROGRAM MODIFICATION
OF PAK SETTING

SET BEGINNING
ADDRESS IN PAK

< PAK CONTENTS >or= |
<, =, > 9807
1 \
< " PAK CONTENTS = < PAK CONTENTS -
<, = 9797 <, = 9897
IS PAK SETTING IS PAK SETTING IS PAK SETTING IS PAK SETTING
MODIFIED BY MODIFIED BY MODIFIED BY MODIFIED BY
PROGRAM? PROGRAM? PROGRAM? PROGRAM?
no yes yes no no yes yes no
\ i i Y
ADVANCE SET PAK ADVANCE SET PAK
PAK BY | BACK TO 130 PAK BY | BACK TO 130
1! Y
/ Y y J >
RESET PAK RESET PAK
ACCORDING ACCORD ING
TO PROGRAM TO PROGRAM
y

FIGURE 3-1

49



(3) When program control executes a TRANSCOP (Transfer control to plug-
board), (51-98) instruction, it initiates a sequence of program
steps.

EFFECT OF PLUGBOARD CONTROLLED PROGRAM
ON PAK SETTINGS

INTERNALLY
CONTROLLED PROGRAM

i

KEXT INSTRUCTION: IS THIS A ‘\\144
PROCESS INSTRUCT ION- WORD OR Process W .

A TRANSCOP INSTRUCTION WORD? 4‘///

Transcop I¥W

PROGRAM CONTROL JUMPS
TO PLUGBOARD

¢

ADVANCE PAK BY I

R}

LOCATE THIS INSTRUCTION WORD
TRANSFER TO 1RV,

}

PLUGBOARD CONTROLLED
PROGRAM CONTINUES

IS PAK MODIFIED BY ANY PLUGBOARD
STEP IN THIS SEQUENCE?

[ w

N1 HUB 1S PULSED
TO RETURN CONTROL
TO INTERNAL PROGRAM
(SWITCH REVOLVERS)

N1 HUB IS PULSED
TO RETURN CONTROL
TO INTERNAL PROGRAM

!

LOCATE INSTRUCTION WORD SPECIFIED
BY PAK, TRANSFER TO IRV, (swiTcH
REVOLVERS)

1

EXECUTE INSTRUCTIOR N
1RV,

EXECUTE INSTRUCTION 1IN IRVq

CONTINUE INTERNALLY [
CONTROLLED PROGRAM

v

FIGURE 3-2

50



During the first program step, PAK 1s advanced by one, and the instruction
word specified by the contents of PAK is loaded into IRV,.

When next instruction (NI) is pulsed, control returns to the internal program.
The next instruction executed depends upon whether or not the PAK was sent
data during any step during the plugboard sequence:

(1) If PAK was not sent data, the next instruction executed is the in-
struction word loaded during the first program step.

(2) If PAK was sent data, the instruction word specified by the contents
of PAK (at the time NI is pulsed) is obtained, and that instruction
becomes the next instruction executed in the program.

Storage Address Register (SAR)

The Storage Address Register is a three character non-addressable register

"

which temporarily holds the following "storage addresses" during the execution

of computer instructions:

SAR receives from PAK and holds temporarily the address of the location
from which the next instruction word is to be obtained during OED 7 of
the current instruction word.

SAR holds temporarily the addresses of the locations from which V; and
V, are obtained, and the address of the location at which R 1s stored
during the execution of both internal and external programs.

During the execution of input/output instructions, SAR successively holds the
U and V sections of the instruction word. The interpretation of U and V
determines which input/output unit is called for, whether track switch will
occur, and which computer-I/0 control lines will be activated.

instruction Revolver (IRV)

The instruction revolver (IRV), internally addressable by code 996, actually
consists of two 12-character revolvers, since both have the same address.
One revolver, IRV, contains the current instruction word, and the other,
IRV, contains the next instruction word to be executed.
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Program control obtains from IRV, the U, V, W, and OP sections of the current
instruction word as 1t executes that instruction word. Normally, while one
instruction 1is being executed, the next instruction word is loaded into IRV, .
Upon completion of the current instruction word, program control switches to
IRV,, finding there the next instruction word to be executed. This method
of operation provides a valuable time-saving factor because the next instruc-
tion may be found and loaded into one revolver, IRV,, while the other revolv-
er, IRV., is occupied by the current instruction word.

When PAK 1s modified, the next instruction word is not immediately loaded
into IRV,, and program control does not switch revolvers. First it must gain
access to the instruction word specified by the modified contents of PAK,
load it into IRV, and then switch to that revolver. Thus, the instruction
specified by the modified PAK becomes the next instruction to be executed.

Shift Revolver (SRV)

The shift revolver (SRV) is a rapid access storage location of 12 characters,
which contains the shifting instructions to be followed as the V, and V, oper-
ands are loaded into their respective arithmetic registers and the results
are sent to a destination. SRV can be loaded by the internal instruction
IS, or by the transfer process, addressing 998 as the destination. The format
for all shift words held in SRV is as follows:

u X X v X X w X X - - - l

u v W op

(1) u, v, and w indicate the type of shift to be executed. Available
types of shift, and the code which initiates each type include:

0 = No shift on this operand.

1 = Right end around. All characters including the sign position
move to the right, and the characters shifted off re-enter the reg-
ister at the left end.

2 = Left end off. All characters except the sign position move to
the left, with zeros inserted in the vacated positions: characters
shifted off are lost.

3 = Right end off. All characters except the sign position move

to the right, with space codes inserted in the vacated positions;
characters shifted off are lost.
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(2) xx in the two character position at the right of u, v, and w indi-
cate the number of character positions to be shifted, ranging from
one character to 11 characters.

(3) The operation (OP) section of a shift word is not significant in
the shift revolver itself. However, in the example below, the code
32 or LS in the OP section of the instruction word loads the U, V,
W pattern into the shift revolver.

Example:

We will assume that arithmetic registers A, B and D contained the charac-
ters shown in the following diagram "Before Shift".

Shift instruction has previously been loaded into SRV.

After execution of the shifts, the registers would appear as shown in the
diagram "After Shift".

v v L PR s/c
—~ A

l{ofsf2]0]6 3 j0]7]JL |s} A

(a) BEFORE SHIFT

ra Joolo]s |76 s |ufsfa 1] + ]

Re o[ oo s [7]6 s ]3]z |1 ] +

ro [o]olu]ln]afulon]e]s |a] + |

(b) AFTER SHIFT

RA Jui1312f(1|+]0]0f9]|8] 7| 6f 5

Re [s]u|s|2]1[ofofo] o] of o «

RD |AJALAJALA[A}JALU]Of H{ N| +

SRV is cleared each time access to a new instruction word is obtained, except
where the instruction just executed loaded the SRV, either by transfer or by
the LS internal command. In effect, the shift pattern loaded into the shift
revolver is "used up" by the next instruction word. The following, therefore,
should be observed:
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(1) SRV should be loaded immediately before a process instruction word
which 1s to use the shift word held in SRV,

(2) Where a plugboard sequence requires reference to the SRV through U,
V, W SHIFT operations, the SRV must be loaded by the instruction
word immediately preceding the transcop instruction which relin-

quishes control to the plugboard.

Shift Counter (SK)

The shift counter is a three character non-addressable register, which spec-
ifies the type of shift to be performed and the number of places to be shifted
during the execution of both internally stored and plugboard defined instruc-
tions. When a shift is to be executed the number of places to be shifted
is automatically loaded into SK. As the data is shifted in the arithmetic
register SK counts backward. When it reaches zero, the shift terminates.

INSTRUCTIONS IN WHICH SHIFTS CAN BE PROGRAMMED TO OCCUR
Computer Instructions Quentities for which Arithmetic
in which the following Shifts can be Registers
Processes are executed: Programmed Involved:
Add
Add & Check V, in RA
Subtract
Subtract & Check
Mask Transfer Vi, Vg, and R V. in FB
Substitute U 2 "
Substitute V. R in FO
| Substitute W in
Multiply Store Upper —*_"2%——
Vir Vg end B R o T
Multiply Store Lower or i oF |
Multiply, Store Upper & Check 1 v Vo V) ms EE
Multiply, Store Lower & Check 1 end Yy V, in JO
Vl n FLe
Divide, Store Quotient Vl, Vz, and R V? n 16
TV, LL)
Divide, Store Quotient & Check A/ V2 - V; :
1 1 1]
Divide, Store Remainder vy, V5, and R 2.1n
in [T
Divide, Store Remainder & Check Vo Ve _‘:QL:T—EE_—
V)
p— i . —
Suppress Left Zeros V, and R ¥V, in R
Left Normalize 1 Rin D
V; Shift
Three separate shifts can time
be programmed. The Source M! R -
Arithmetic Transfer Data (or the Source Data 'l“f"?“‘ Yy 'SuR
plus Space codes) are done in | time |
manipulated. L R Shife
time TABLE 3.2

* In left and right shifts for R in Multiply processes, Registers C and D are shifted as a sin-
gle (22-character) 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 for R is programmed, the shift will be performed but will cause an ARITHMETIC
CHRCK ERFOR.

*¢* V, is not actually shifted in RA, although the effect in the Divide algorithm is the same
as if V| were also shifted in RA. The shift for V| is performed in NC to provide a correct
remainder should the (u-v#n+1)<l condition be detected at process time (See Chapter 7).



Process Register (PR)

The process register (PR) is a two-character register, not addressable by the
programmer. It contains either the low order four bits of process or transfer
control codes from the operation section of the current instruction word, or
the number of the plugboard step currently being executed.

When process instruction words are initiated, PR receives the process code,
a number < 50.

When transcop instruction words are initiated, PR receives the transfer con-
trol code, always a number > 50. This directs program control to the next
plugboard step to be executed.

Code Distributor Register (CDR)

The code distributor register (CDR) is a one-character register addressable
internally by the code 994. 1In common usage it is addressed in W portions
of instruction words for the purpose of loading a desired control character
into CDR. At some point later in the program, CDR is probed and the code
distributor (CD) functions as a multiple position plugboard switch.

A complete description of the code distributor and the code distributor reg-
ister, together with their use, is included in this chapter under "Components
Used During External Program Control”.

Branch Storage

Branch storage, which is not addressable internally, is a temporary memory
location the setting of which is determined by the result of arithmetic or
comparison operations. During execution of instruction words, the setting
of branch storage is used to set conditional storage as described under "Con-
ditional Storage" below. Conditional storage must be set in the instruction
word which sets branch storage if a + or - condition is desired, since branch
storage 1s cleared to 0 just before the process of each instruction is in-
1tiated.

(1) In arithmetic operations:
Where the result, R, is > 0, branch storage is set to +;

Where the result, R, is 0, branch storage is set to 0;
Where the result, R, is < 0, branch storage is set to -.
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(2) In comparison operations:

Where U > V branch storage is set to +;

vV, >V,
Where U =V branch storage is set to 0;
v, =V,

Where U < V branch storage is set to -.

V, <V

1 2

(Note: For further detail, see "Branch Storage Settings", Chapter 7.)

Conditional Storage

Conditional storage provides a method of varying an internal program when
the sequence of operations is determined by the algebraic sign of the result
of an arithmetic or compare operation. The result of the operation first
establishes the condition +, -, or 0 in branch storage. This condition may
then be used to set conditional storage. When conditional jump instructions
are executed, the setting of conditional storage becomes the deciding factor
in determining the path which the program will follow (see "Repertory of
Instruction").

Conditional storage may be considered a more permanent storage location than
branch storage. When any of the appropriate special characters appear in
the special character position of an instruction word, conditional storage
is "set" to the +, -, or 0 condition prevailing in branch storage at the time
the special character position is examined. Each setting of conditional
storage prevails until another "Set Conditional Storage" is called for by an
instruction word. :

"Set Conditional Storage" is accomplished by placing a2, 3, 4, 9, B, C, D,
or I in the special character position of the instruction word. When the
character 9 or I is used, only "set conditional storage" will be accomplished.
When any other of the characters listed is used, breakpoints are also examined
as shown in Table 4-2 "Valid Subinstructions", Chapter 4.

If any process instruction word contains a set conditional storage charac-

ter, and initiates an arithmetic or comparison operation, the result of that
operation will determine the setting of conditional storage.



If a prdcess instruction word contains a set conditional storage character
but does not initiate an arithmetic or comparison operation, conditional
storage will be set to the zero (0) condition, since this is the "cleared"
condition of branch storage as described in "Branch Storage" above.

Special Character Register (SR)

The special character register is a one-character, non-addressable register
which receives the contents of the special character S/C portion of the in-
struction word when it is obtained from the instruction revolver (IRV.).
The contents of SR determine which extension or modification of the basic
operation 1s to be carried out as the instruction word is executed. An ex-
tension or modification of an instruction word may be either (1) a signal,
such as received from a "special character out" plugboard hub, or (2) a sub-
instruction, such as "channel search", which affects a series of events.
(See Chapter 4 for valid S/C characters and descriptions.)

Signals and subinstructions take effect prior to the execution of the next
instruction word except:

(1) Where the subinstruction is "suppress check", in which case the

S/C takes effect during the processing of the current arithmetic
operation.

(2) Where SR received a character from a transcop instruction, in which
case the signal or subinstruction is delayed until after the plug-
board sequence initiated by the TC instruction has been completed
and the NI hub has been signalléd.

Breakpoints

When it is desirable to interrupt a program at the end of a particular in-

struction word or at some point in a sequence of plugboard steps, the follow-
ing conditions must be fulfilled:

(1) The appropriate BREAKPOINT SELECTOR button,; or combination of
BREAKPOINT SELECTOR buttons on the computer control cabinet is
depressed:

BREAKPOINT SELECTOR 1
BREAKPOINT SELECTOR 2 = Examine breakpoint 2.
BREAKPOINT SELECTOR 3 = Examine breakpoint 3.
CLEAR = Ignore all breakpoints.

Examine breakpoint 1.
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(2) The appropriate letter or number is included in the special charac-
ter S/C position of the instruction word.

When a process instruction word containing a breakpoint character in the S/C
position of the word is executed and the appropriate BREAKPOINT SELECTOR 1is
depressed, the program i1s interrupted at the end of the execution of the
instruction word, and the corresponding "breakpoint hLub" (1, 2, or 3) on the
plugboard emits a pulse.

When a transcop instruction word containing a breakpoint character in the
S/C position of the word is executed and the appropriate BREAKPOINT SELECTOR
is depressed, control 1is transferred to the plugboard and the entire sequence
of plugboard operations initiated by the transcop instruction is executed.
Then the program is interrupted and the corresponding breakpoint hub (1, 2,
or 3) on the plugboard emits a pulse. Special characters and the breakpoint
pulses they initiate are given in the table "Valid Subinstructions", Chapter

4.

COMPONENTS. USED DURING EXTERNAL PROGRAM CONTROL
Operation Pulse/Enable Distributor (OED)

The OED is a group of circuits which controls the time sequence and supplies
the principal control pulses and/or enables required to carry out each part
of a program step or instruction word.

Typical steps in the OED are discussed above under "Components Used During
Internal Control".

Program Address Counter (PAK)

The program address counter, previously discussed in its vital role as a
component of internal program control, is also addressable on the plugboard,
and may be modified during external program control.

The following example shows the modification of PAK by the addition of some
value obtained from word 2 of factor storage #1. The STEP OUT hub of step
76 is wired to NEXT INSTRUCTION which transfers control to the internal pro-
gram where the modified contents of PAK designate the address of the next in-
struction to be executed.



STEP Va2 R R NEXT
NO. VI SHIFT PROCESS V2 SHIFT SHIFT STEP

FIGURE 3-3

PLUGBOARD MODIFICATION OF PAK

Storage Address Register (SAR)

During plugboard defined programs, SAR holds the addresses of the locations
from which V1 and V2 are obtained, and address of the location at which R is
stored.

Instruction Revolver (IRV)

The instruction revolver, although not actively engaged during external pro-
gram control, is addressable from the plugboard either as a source or as a
destination. When addressed as a source, the contents of IRV, are supplied;
when addressed as a destination, the result of the operation is stored at

IRV,.

n
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In the following example, the contents of IRV, have been modified by the addi-
tion of a value obtained from field A of the block transfer buffer. The mod-
ified instruction has been stored at IRV,. When the NEXT INSTRUCTION hub
is signalled, instruction revolvers will be switched and the next instruction
to be executed will be the one just modified in program step 74.

STEP Vi v R

NO. V| SHIFT PROCESS V2 !HIZFT R SHIFT ':EZ;
73 7Y
74 | BTB-A +e IRV IRV NT

070|070 00|00 | 00|00 |00
70 | €70 | O—O | O7@ | OO | O+ | OO

PROC Vi \OR V, 8H Vz ADR Vg SH R ADR R S§H

FIGURE 3-4
PLUGBOARD MODIFICATION OF IRV
O—0O0—0
{o-0-0




Shift kevolver (SRV)

The shift revolver is addressable on the plugboard by wiring one of the "SRV"
hubs as a destination address or one of the U, V, or W SHIFT hubs.

A shift pattern may be "loaded" into the shift revolver (SRV) by a plugboard
step. This pattern must be used during the execution of the first instruction
word after internal program control takes command, since the shift revolver
(SRV) is cleared each time a new instruction word is used.

After a shift pattern has been loaded into the shift revolver, either by the
internal command "LS", by a transfer instruction, or by a plugboard step
as described above, the contents of the shift revolver are accessible to the
programmer through two sets of "U, V, W SHIFT" hubs on the plugboard. Wiring
of V,SH,  V,SH, or R SH to any one of these hubs will produce the shift specified
by this portion of the shift revolver. Any combination of V,;SH, V,SH, R SH
and U, V, W SHIFT hubs may be wired. For example:

v
s;g.P Vi sHI:-‘T FROCESS Va sl-:’IZF-T R lHIRF'Y :5::
b Er
~ 85 |Fs*/-2lwsn] —e |Fs*-clvsoisrvslowl s¢
¢ Roc [ viaoR [ vy s | vpaor [ vysH | R AR | R sH
nO—0 0530 {0—0 {O50{0—0 G50 | OO
XS
c0—0 | @O C] (]
00 |00 JO—O |00 OO

FIGURE 3-5

SHIFTING OF PLUGBOARD ACCORDING TO SHIFT REVOLVER
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In. the above example, the contents of FS #1-L will be shifted in accordance
with the W section of the shift revolver (SRV); FS #1-G will be shifted in
accordance with the U section of SRV; the result will be shifted in accordance
with the U section of SRV before it 1s stored at BTB word 3.

Shift Counter

The shift counter performs the same basic function during external program
control as it performs during internal program control discussed above.

Shift Hubs

Shifting of arithmetic registers is accomplished on the plugboard by wiring
V,SH, V,SH, or R SH to the desired shift hubs.

The shifts available externally to the programmer are the same as those dis-
cussed previously in this chapter under "Components of Internal Program Con-
trol-Shift Revolver" and in Table 3-2.

Appropriate wiring to facilitate shifting by the use of shift hubs is shown
in the following diagram:

V2 R R NEXT
NO. V| BHIFT PROCESS VZ SHIFT SHIFT BTEP

% |76 6 e -e 1% 4 1e9 1T rlryl se

vznu \lz sH R ADR R 8H

FIGURE 3-6

PLUGBOARD DEFINED SHIFTS




Code Distributor

The code distributor provides an effective means of varying a computer pro-
gram, depending on conditions brought to the central computer by an input
device, or conditions which develop during the processing of information.

The code distributor is composed of a single-character register, the code
distributor register (CDR), and a multiple translator which performs the
decision-making function.

The code distributor register (CDR) must first be "loaded" by transferring
a single character to it. The current necessary to continue the program will
be received from the appropriate hub of the code distributor, depending upon
the wiring of the code distributor and the character held by CDR.

Although 63 characters comprise the Univac code, the code distributor func-
tions only when the code distributor register holds one of the 40 characters
shown in the chart below:

USABLE CODE DISTRIBUTOR CHARACTERS

7ORE X53_BITS
0011] 0100 | 0101 [0110] 0111 ] 1000 ] 1001 ] 1010] 1011 | 1100

00 | © 1 2 3 4 5 3 7 8 9 | Group

o | A B C D E F 6 H | Group 2

0| ) J K [ 0 P | o R_| Group 3

|+ ] s T U v W X Y 7 | 6roup ¥

The three basic methods of using the code distributor are explained and di-
agrammed as follows:

A. CDR Pulse

When one of the 40 usable characters has first been loaded into the
code distributor register, and one of the CDR PULSE IN hubs is probed,
the code distributor emits a pulse from one of the ten CDR PULSE OUT
hubs labeled 0-9. This pulse directs the program to continue along
the path specified by the wiring of this active hub.

The CDR PULSE OUT hub which will be activated can be determined
from the above chart. Since the code distributor in this method of
operation interprets only the four low order (or XS3) bits of a
character (those at the top of the vertical columns), there is no
distinguishable difference among the characters in any one column.
The characters 2, B, K, or S are identical in that 0101 represents
the pattern of the low order four bits for each of them. Therefore,
1f any one of the characters 2, B, K or S is in the CDR when CDR
PULSE IN is probed, a pulse will be emitted from the 2 hub. This
function makes it possible for pulses to be switched to one of ten
routes, depending on the character held by the code distributor
register and the wiring of hubs O through 9.
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STEP Vi T vz R
No. Vs smer|ROCESE Va SHIFT R smrr| stEe REMARKS
51 <
52 | I/p 4 AT DR CDR Pusse W > I;
CDR PULSE IN:
STep S22
NO ouT NO ouT
O|Srep 53 31Srep, 59
Srap S ANT
2] Sree 7

PROC Vv, ADR Vv, SH VoADR Vo SH R ADR
G| 850 | 80| 850 |G—0|050

J &

52 82 o0 3 00 52

U e Ot

INSTRUCTION

o) (NS S0 076

cOR PULS
OI h X3 X1 X
o osoeo7oe'oO

‘ Funcnon D

FIGURE 3-7

CDR PULSE TO SELECT PROGRAM STEP
FROM TRANSACTION CODE

The above wiring diagram 1illustrates the use of CDR PULSE to select
one of several alternative program paths (in this case alternative
program steps) depending on a transaction code in an input punched
card.



(1) Assuming that punched cards represent five different types of
transactions being processed against inventory records, the
transaction codes in effect are:

Code Transaction
0 = Stock Receipt
1 = Stock Withdrawal
2 = Purchase Order
3 = Price Change
4 = Physical Inventory Adjustment

(2) Step 52 transfers a code from input word 004 into the code dis-
tributor register CDR.

(3) The STEP OUT of step 52 probes CDR PULSE IN, and a pulse is
emitted from the 0, 1, 2, 3, or 4 hub, depending on the code in
the CDR. In the above situation, 1f a 3 were loaded into CDR in
step 52, a pulse would be emitted by hub CDR PULSE 3 and the
program would continue by executing step 59.

CDR Group

When one of the 40 usable characters has first been loaded into
the code distributor register CDR, and any one of four CDR IN hubs
(GROUP 1, GROUP 2, GROUP 3, GROUP 4) is probed by a d-c level current,
a d-c enable current is available from one (and only one) of the ten

CDR OUT hubs associated with the CDR IN GROUP hub probed.

In this method of operation, the code distributor recognizes only the
four lower order or XS3 bits (the four bits at the top of the verti-
cal columns in the usable character chart). Therefore, when any of
the characters 4, D, M, or U is loaded into CDR and CDR IN GROUP 2 is
probed, a d-c enable current is received from CDR OUT hub D.

Summary of CDR GROUP usage:

If a CDR IN GROUP 1 hub is probed, one of the ten CDR OUT hubs (0-9)
will have a d-c output.

If a CDR IN GROUP 2 hub 1s probed, one of the ten CDR OUT hubs (;-I)

will have a d-c output.



If a CDR IN GROUP 3 hub is probed, one of the ten CDR OUT hubs ()-R)

will have a d-c output.

If a CDR IN GROUP 4 hub is probed, one of the ten CDR OUT hubs (+-Z)
will have a d-c output.

el e | \

o0

x(Yo(Qe) ~

O—0
CODE DISTRIBUTOR (cD) A
ALPHA/NUMERIC IN: O
O—O0O
GROUP 1 IN O
D
VI Srep s7 O—0
NO . ouT E
O—0O
O|Fs¥2 - A4 r4
1 F5 '2_ B O
2| F542. @ LO—O—0%F o—Q©
a & ] .
- Fs "2- £ ~N J /
FIGURE 3-8 = - 0—O—e O—(Q—O
rFs¥2-F o K
USE OF CD TO 6lFs®2. G O—?—O : T: :
SELECT STORAGES |7|rs*2-4 0—0—o0} 10-¢©
Slrs®2-T o—0—0 i 0—0—0
9| Fs 42 K N ' v Y
= )
s:g? V| |y:/|'p1' PROCESS Vz n:llzr-r R IHlRFT :5:; \\ JJ
56 A 57
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CDR Alphanumeric (A/N)

When one of the 40 usable characters has first been loaded into the
code distributor register CDR, and the ALPHANUMERIC IN hub 1s probed
by a d-c level current, a d-c enable current will be available from
only one of the 40 CDR OUT hubs, that hub which corresponds exactly
to the character held by the code distributor register.
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IJn this method of operation, the code distributor recognizes all six
bits (ignoring parity bit) of the 40 usable characters. Therefore,
a d-c enable current will be available from CDR OUT hub "D" only on
the condition that a "D" was previously loaded into the code distri-
butor register.

Thus the code distributor probed byCDR A/N provides a choice of none
or one of 40 different routes for the program to follow.

The above diagram, Figure 3-9, illustrates a method of using the code
distributor to select storages (in this case fields in the general
storage buffer) depending upon an alphabetic code in the code distri-
butor register.

(1) Assuming that the inventory records for stock carried at 18
branch warehouses are stored on the general storage drums, a
file entry is maintained on the drum for each stock number, with
the quantity on hand at each of the 18 warehouses stored in a
separate field. Each stock receipt or withdrawal is identified
by a stock number which includes an alphabetic character which
1dentifies the branch warehouse involved.

(2) In step 75, the alphabetic character which identifies the branch
warehouse 1s loaded into the code distributor register.

(3) In step 76, a value, such as a stock receipt quantity, is added
to a branch warehouse inventory quantity located through the
code distributor; and the sum of this calculation is stored in
the field, again through the use of the code distributor.

Multiple choices from a single code:

The use of the code distributor has been simplified in the above
explanation by dividing usage into three separate concepts, but in
actual practice, the code distributor can become a much more power-
ful decision-making device, if the three are integrated, as indicated
in the example below. This example 1illustrates the ability of the
code distributor to select more than one variable factor, depending
on a single code held in the code distributor register:
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(1) Step 51 transfers, into the code distributor register, a number
ranging from 1 to 6.

(2) V,ADR of step 52 probes CDR IN GROUP 1, and receives a d-c enable
from one of the CDR OUT hubs numbered 1 through 6. This deter-
mines the field in factor storage #1, FS #1 FIELD B-G, from
which the V, operand is to be obtained.

(3) Process PROC of step 53 probes CDR IN GROUP 4 to determine which

one of 6 arithmetic processes is to be performed.

(4) Result shift, RSH of step 53 probes CDR IN GROUP 3 to determine
which one of 6 shifts is to be performed on the result.

In this example, a single code (4) stored in the code distributor register
directs (a) the V, address to field FS #1-E, (b) the process of step 53 to the
"divide, store quotient" (+SQ) process, and (c) the right shift of step 53
to RIGHT SHIFT 5.

Selectors

Selectors provide a means of varying the computer program depending on condi-
tions which may arise in the input data or during the processing of that data
by the computer. The current to be controlled is brought to the selector by
wiring of the "common" (C) hub of the selector.

(1) Nonselect (NS) is the normal or dormant position of a selector.
Current will flow from the "common" (C) hub through the "nonselect"
(NS) hub whenever the selector is in this position.

(2) Select (S) is the "picked up" position of a selector. Current will
flow from the "common" (C) hub through the "select" (S) hub whenever
the selector is in this position.

The activation or "pick up" of a selector to the "select" position is accom-
plished by an electromagnet which pulls the movable switch arm to make contact
with the select side of the switch. Current to activate this electromagnet
may be supplied by a device called a "program select", or by use of the cur-
rent from either a computer input control line or "Selector hold B+".

The wiring necessary to "pick up" a selector by a "program select" is diag-
rammed and explained below:

n
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We will assume that after completion of step 52, selector 13 is to be picked
up before step 53 is initiated. In this case:

(1) The STEP OUT of step 52 is wired to the IN hub of program select 2.
Other sources of a pulse to activate a program select include SPE-

CIAL CHARACTER OUT and OUT of a BRANCH.

(2) DELAY OUT (DEL) of program select 2 is wired to IN of step 53 to
continue the program. Because a delay of approximately 15 milli-
seconds 1s required to set any selector to the select (S) position,
a DELAY OUT i1s used to delay the program 15 milliseconds while the
selector 1s being picked up for use in step 53. If the selector
were to be used in a later step (at least 15 milliseconds later),
the delay would not be necessary, and the STEP OUT could be wired
to both STEP IN of a later step and the IN hub of program select 2.

(3) The B+ of program select 2 is wired to selector pickup 13, to en-
ergize the electromagnet which moves selector 13 to the "select"
(S) position.

(4) SELECTOR GROUND 13 is wired to COMPUTER GROUND to complete the B+
circuit. (COMPUTER GROUND may be used to ground a selector at any
time.) DEMAND GROUND may be used only when the associated demand
station is "on demand" by the computer. (See Chapter 6.)

Branching

The plugboard BRANCH is a method of varying the sequence of a computer program
depending on the result of arithmetic and comparison operations. When any
of these operations is completed, branch storage is "set" to a plus (+),
minus (-), or zero (0) condition. If branch storage is probed the program
continues through the branch on the path determined by this setting of branch
storage.

The setting of branch storage is determined as follows:

(1) Arithmetic operations:
Where result R 1is > 0, program continues through + branch.
Where result R is = 0, program continues through 0 branch.
Where¢ result R is < 0, program continues through - branch.
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(2)

Comparison operations:

Where V, > V,, program continues through + branch.
Where V, = V,, program continues through 0 branch.
Where V, < V,, program continues through - branch.

Each arithmetic or comparison operation, whether internal or plug-
board, sets branch storage to the condition appropriate for the re-
sult of that particular step. Branch storage is only a temporary
memory location, however, since it is always cleared to the 0 condi-
tion just before the process of each instruction is initiated.

(Note: For further detail, see "Branch Storage Settings" in Chapter 7.)
The following example 1llustrates the use of a plugboard branch to vary the
path of a program.
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We will assume that in step 66 a value, V, is compared to a second value, V,
and branch storage is set. As indicated in the accompanying flow chart:

(1) A plus (+) condition directs the program to the sequence of steps
67, 68, 69 and 74.

(2) A minus (-) condition directs the program to the sequence of steps
70, 71, 72, 73 and 74.

(3) A zero (0) condition directs the program to execute the general
storage operation "WRITE UNIT RECORD", then to proceed to the NEXT

INSTRUCTION hub, which directs program control to leave the plug-
board and to begin execution of internally stored instruction words.

Explanation of Plugboard Branch Wiring

(1) The "OUT" of step 65 is wired to "IN" of step 66.

(2) The "OUT" of step 66 is wired to "IN" of Branch 4.
(3) "+" of Branch 4 is wired to "IN" of step 67.

(4) "OUT" of step 67 is wired to "IN"of step 68.

(5) "OUT" of step 68 is wired to "IN" of step 69.

(6) "OUT" of step 69 is wired to "IN" of step 74.

(7) "-" of Branch 4 is wired to "IN" of step 70.

(8) "OUT" of steps 70, 71, 72, and 73 are wired to "IN" of steps 71,
72, 13, and 74, respectively.

(9) "O0" of Branch 4 is wired to "WRITE UR".

(10) ™"WRITE UR" is wired to "NEXT INSTRUCTION".

Alternate Switches

Alternate switches provide a means whereby a program sequence may be varied
manually, i.e., by direct intervention of the operator, who sets the switches
to the SELECT (S) or NONSELECT (NS) position.
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Alternate switches are similar to selectors in two ways: the factor to be
varied is usually wired to the COMMON (C) hub of the alternate switch, and
the alternative courses of action are defined by the wiring of the SELECT
(S) and NONSELECT (NS) hubs.

In the diagram below, the setting of alternate switch #1 determines whether
the program will begin at step 57 or step 61. When the program reaches step
65, the setting of alternate switch ¥6 determines whether the program will
continue by executing step 66 or an instruction in the internal program

through the NEXT INSTRUCTION hub.
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USE OF ALTERNATE SWITCHES
TO VARY PROGRAM PATH

Function Delay

The FUNCTION DELAY hubs provide a method of insuring that two conditions are
fulfilled before the program is allowed to proceed along the path designated
by the OUT of function delay.

Four groups of FUNCTION DELAY hubs, A, B, C, D, are provided, each containing
an IN1, an IN2, and an OUT hub. When a predetermined condition has been met,
a pulse travels by plugboard wiring to one of the IN hubs; when a second con-
dition is met, a pulse travels to the other IN hub; and when both conditions
have been met, the OUT hub emits a pulse which is wired to the plugboard hub
from which the program 1s to continue.
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Note that in the use of function delay, the predetermined conditions can be
met in any sequence. That is,INl need not be pulsed before IN2. It is, how-
ever, imperative that both conditions are met, and both IN hubs are pulsed,
before the OUT hub will emit the pulse required to continue the program.

When a function delay is "set" by the receipt of an IN pulse at either INIl
or IN2, it will remain set until the other IN hub receives a pulse, or until
the MASTER CLEAR button on the control panel is depressed by the operator.
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Function Sequence

The FUNCTION SEQUENCE hubs provide a method of insuring that certain condi-
tions are fulfilled in a predetermined sequence before the program is allowed
to proceed along the path designated by the OUT hub of a function sequence.

Four groups of FUNCTION SEQUENCE hubs, numbered 1, 2, 3 and 4, are provided,
each group containing a SET hub, a PROBE hub, and an OUT hub. When the first
condition has been met, a pulse travels by plugboard wiring to the SET hub,
and "sets" the function sequence in preparation for the probe. When the sec-
ond condition is fulfilled, a pulse travels to the PROBE hub. When both con-
ditions have been fulfilled, function sequence has been "set" and "probed",
the OUT hub emits the pulse necessary to continue the program.

Note that in the use of function sequence the SET and PROBE must occur in
that sequence in order for the OUT hub to be activated.

When a function sequence is set, it remains set until the probe is received,
or until the MASTER CLEAR button on the control panel 1is depressed by the
operator.

Condition Compare

When the condition compare sub-step is initiated by a wiring of the CONDITION
COMPARE hub, the next compare process 1s modified so that where a space code
and zero appear in corresponding positions in V; and V,, the zero is consid-
ered greater than the space code. {(Normally, a comparison of zero and space
is simply 1gnored.)

Clear BTB to lIgnores

When the CLEAR BTB TO IGNORES hub receives a pulse, an ignore code (i) 1is
placed in each of the 120 character positions of the block transfer buffer
BTB.
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Selector Hold B+

The selector hold B+ (SEL HOLD B+) hubs emit a constant B+ current as long
as the computer is in operation. This current may be wired to indicators,
indicator switch, or selector pick up hubs only. Once an indicator light
comes on or a selector is picked up by SEL HOLD (B+), the light or selector
remains in this new condition until the computer is turned off. It is pos-
sible, however, to control the B+ current by wiring a selector between the
B+ source (SEL HOLD B+) and the selector or indicator that is to be used.
This intervening selector acts as a switch to interrupt and control the B+
current.

Caution must be exercised in the wiring of SEL HOLD (B+), since serious
damage to the computer may result from wiring a B+ hub to a destination that
cannot accept this powerful current. Only those hubs listed above are capable
of receiving B+ current without damage to the computer. (See Diagram Figure
3-16 for use of Selector Hold B+).

Program Indicator Lights

By applying B+ current (from a PROGRAM SELECT B+, SELECTOR HOLD B+, or LOW
SPEED 1/0-COMPUTER CONTROL LINES) to the appropriate INDICATOR hubs 1 - 6 on
the program control plugboard, any or all of the program indicator lights
on the Console and Program Control Cabinet #1 may be illuminated.
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Indicator lights may be used to signal the condition (select or nonselect)
of selectors, to indicate that a particular subroutine is being performed,
or to convey other types of information to the operator concerning the prog-

ress of the program. (See Diagram Figure 3-16 for use of Program Indi-
cator Lights.)

Indicator Switch

The indicator switch, mounted on the console and on control cabinet #1, 1is
normally in a closed position, allowing current to flow through the switch.

When it 1s depressed by the operator, the current flow 1s interrupted until
the operator releases the switch.

Indicator switches may be used to extinguish indicator lights or to interrupt
a B+ current, allowing one or more selectors to drop out to the nonselect
position. (See Diagram Figure 3-16 for use of Indicator Switch.)
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USE OF SELECTOR HOLD B+
INDICATORS & INDICATOR SWITCH

In the above example, program step 62 resulted in a zero (0) condition in
BRANCH 1, causing SELECTOR 7 to be picked up (moved to the select position)
and causing INDICATOR 6 to be illuminated. This alerted the operator to the
0 condition in BRANCH 1. By depressing the INDICATOR SWITCH on the control
panel, the internal connection between the IND SWITCH hub will be broken,

the indicator will be extinguished and SELECTOR 7 will drop out (to the non-
select position.)



Other Plugboard Wiring Techniques Demonstrated by this Diagram.

The + and - hubs of BRANCH 1 are both wired through a BUS to the IN hub of
STEP 63 to provide the pulse necessary to continue the program.

The 0 hub of BRANCH 1 is wired to the IN hub of PROGRAM SELECT 5. After a
15 millisecond delay (which allows SELECTOR 7 to be picked up), a pulse will
be emitted by the delayed out DEL hub of PROGRAM SELECT #5. This pulse will

travel to the bus where it is used to accomplish two functions:

(1) To drop out PROGRAM SELECT 5, and

(2) To continue the program through STEP 63.

The B+ hub of PROGRAM SELECT 5 is wired to accomplish three functions:

(1) To provide B+ current to SELECTOR PICKUP 7,

(2) To provide B+ current to the select side of SELECTOR 7 and,

(3) To light INDICATOR 6.

Bus Hubs

Bus hubs are groups of 3, 4, 5, or 6 hubs, wired together internally, which
allow the programmer to wire two or more out hubs to one or more destinations.
For example, when a particular storage location is referred to many times in
a program, that storage may be wired to a bus hub, and the other hubs in the
bus will provide access to that storage through the bus. Many sets of buses
are provided on the program control plugboard. (See Diagram Figure 3-16
for use of Bus Hubs.)



Unibus Hubs

A unibus is a special type of bus which allows current to flow only in one
direction. Each of the eight unibuses contains four IN hubs and one OUT hub,
providing pulses from four possible sources which are directed to a common
destination. Unibuses are used to insure that no back circuit (reverse cur-
rent), which might adversely affect the program, can occur. (See Diagram
Figure 3-17.)

Out Expander

Out expander hubs are special purpose hubs which amplify and multiply pulses
where a single pulse is to be wired to several destinations. When an IN hub
1s pulsed, an amplified pulse is emitted by both OUT hubs.
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Error Hubs

When any one of the following error conditions exists within UFC-I, the appro-
priate error hub emits a pulse and the computer "hangs up" (the program is
interrupted) at the point in the program at which the error is detected.

(1) Parity error:

In order to insure complete accuracy of operation, the UFC-I per-
forms a parity check as each character is transmitted from one regis-
ter or memory location to another. If any check detects an even num-
ber of binary "ones" in any character, computer operation stops and
the parity error (PAR ERROR) hub on the program control plugboard
emits a pulse.

(2) Arithmetic errors:
Divide Overflow error occurs when the programmed V, left shift in

a divide operation is so large as to cause the number of quotient
digits to overflow the capacity of arithmetic register D i1f the

division were to be performed.

Add/Subtract Overflow error occurs when the result of an add or
subtract operation causes a "carry past" the highest order digit

position of arithmetic registers C and D.

Normalize Overflow error occurs when a V, operand of zero is de-
tected during the left normalize process.

Arithmetic Check error occurs when the result of one of the follow-
ing arithmetic processes does not prove when checked: Add, Subtract,
Multiply-Store Lower, Multiply-Store Upper, Divide-Store Quotient,
and Divide-Store Remainder.

(3) General Storage Program errors (See Chapter 5 - General Storage Sys-
tem):

Any one of the following errors causes the computer operation to
stop and a pulse to emitted from the GS PROG ERROR hubs:

(a) Alpha-Zone error: when any character containing zone bits other
than 00 is sent to any character position of the GSAR.



(b) Inactive Drum Section error: when a drum section not included
in the computer system is referred to in a general storage ad-
dress.

(c) 0Odd Angular Address error: when the AA (two lower order digits)
of the GSAR contain an odd number.

(d) Unit Record Identifiers All Ignores error: when a channel
search operation is attempted using an identifier composed com-
pletely of ignore codes.

Step Repeat

When an error hub is wired to a STEP REPEAT hub, and the error hub emits a
pulse, the instruction during which the error occurred is automatically re-
peated. If the error is eliminated after repeated execution of the step,
the program continues. If not, the operator will have to intervene. This
allows the central computer to continue operations even though certain ma-
chine errors have occurred. The parity error and check error hubs are usually
wired to a step repeat hub. This insures automatic recovery from temporary
or momentary machine failures.

Step Clear

The STEP CLEAR hubs can be wired to continue computer operation even though
a programming error has been detected. Normally it is not practicable to
continue the main program after an error condition has been detected. In-
stead, a subroutine, designed for pinpointing the error, should be initiated.
For example, the subroutine might call for a type-out of the contents of
certain registers or memory locations to enable the programmer to find the
instruction in which the error occurred.
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ERROR HUBS

Start

The START hub emits a pulse when the "Start" button is pressed after the
mMaster Clear" button has first been pressed.

To initiate a plugboard defined program, the START hub may be wired to the
STEP IN hub of the program step at which the program is to begin.

To initiate an internally stored program, the START hub 1is wired to the NEXT
INSTRUCTION hub. The program will begin by the execution of the instruction
word stored at the location specified by the initial setting of PAK. (See
Diagram Figure 3-19.)

Stop
When the STOP hub receives a pulse, computer operation stops. 1f a hub which
is wired ;ndirectly to the STOP hub 18 Y-wired through a bus to the IN hub

of a step, the computer will start (when operation 18 resumed) at this pro-

gram step.



If the hub which i1s wired to the STOP hub is not wired to a STEP IN hub, the
computer will resume operations (when the START button is depressed) with the
next instruction word set up in program control. (See Diagram Figure 3-19.)

NOTE: To avoid operating and debugging complications, it is always advisable
to wire the STOP hub when a stop 1s desired.

Special Character Qut

When any of the special characters Q - Y appear in the special character posi-
tion of an instruction word, a pulse is emitted by the corresponding SPECIAL
CHARACTER OUT hub on the plugboard. This pulse may be used to initiate an
operation such as Condition Compare or Clear BTB to Ignores, which is not
directly available to the internally stored program. Special Character Out
must not be wired to initiate a program step, however, since the internally
stored program is not interrupted when a special character out pulse is re-
ceived. (See Diagram Figure 3-19.)

Console B+

The Console B+ (CNSL B+) hub emits a B+ current when the Console-Normal
switch on the typewriter control panel is set to "console". Thus B+ current
will normally be used to pick up a selector. The Console B+ current flows
during all console operations of the typewriter. (See Diagram Figure 3-19.)
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NO TO NO TO NO TO
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FIGURE 3-19

START, STOP, SPECIAL CHARACTER OUT,
NEXT INSTRUCTION, BREAKPOINT, CNSL B+ HUBS

COMPONENTS USED TO EFFECT COMBINATION CONTROL

Transfer from Internal to External Program Control

A.

Via Transcop Instruction Word

When program control executes a transcop instruction word, it in-
terrupts the internally stored program and begins execution of the
plugboard defined program step designated by the process (PR) section
of the transcop instruction.

Via Breakpoint

When an instruction word containing a breakpoint special character
is executed and the breakpoint selector is set in order to allow a
pulse to be emitted from the corresponding breakpoint hub on the
program control plugboard, the next operation in the program depends
on the wiring of the BREAKPOINT hub.



Transfer

A.

(1) If the BREAKPOINT hub is wired to a STEP IN hub, the execution of
the internally stored program is interrupted and execution of
program steps begins.

(2) If the BREAKPOINT hub is wired to a STOP hub, the next instruc-
tion wordis set up in program control before the computer stops.
Operation can be resumed from that point in the internally stored
program by the operator’s use of the START button. (See Figure
3-19.)

Via ERROR-STEP CLEAR Wiring

When an error condition is detected, the corresponding ERROR hub on
the plugboard emits a pulse. When this ERROR hub 1s wired to a STEP
CLEAR IN hub, program control is cleared of the current instruction.
If the STEP CLEAR OUT hub is wired to a STEP IN hub, a plugboard-
defined error analysis subroutine is initiated. Portions of this
subroutine might be internally stored, in which case the NEXT IN-
STRUCTION hub could be wired, transferring control to the internally
stored program.

from External to Internal Program Control

Via NEXT INSTRUCTION

When a NEXT INSTRUCTION hub on the program control plugboard receives
a pulse, the plugboard defined program is interrupted and program
control is transferred to the internally stored program. (See Figure

3-19.)

Via STEP OUT-STOP Wiring

When the OUT of a program step is wired directly to the STOP hub and
a pulse 1s received by the STOP hub, the computer stops with the next
instruction word set up in program control. When the START button
is pressed, the computer resumes operation by executing internally
stored instructions rather than plugboard defined program steps.
(See Figure 3-19.)
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REPERTORY OF INSTRUCTIONS

The repertory of instructions performed by the UFC-T consists of 27 oper-

ations, plus the subinstructions of substeps which extend or modify basic
operations.

Tn this chapter, instructions are discussed under five headings:
(1) Arithmetic and Logical instructions
(2) Jump instructions
(3) Special Purpose instructions
(4) Input/Output instructions

(5) Transfer of Control instruction
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Arithmetic and Logical Instructions

*AD  Add SU Substitute U

*SB  Subtract SV Substitute V

*MU  Multiply, Store Upper SW  Substitute W

*MI. Multiply, Store Lower *SZ  Suppress Left Zeros
*DQ  Divide, Store Quotient *IN Left Normalize

*DR  Divide, Store Remainder *AT  Arithmetic Transfer
*CP Compare *MK  Mask Transfer

The arithmetic and logical instructions are discussed as a group because
1) the programming techniques are similar; 2) the arithmetic registers, A,
B, C, and D, are used during all of these operations; 3) the sources, des-
tinations, and programmed shifts applicable to all of them are similar; and
4) the computer uses the same basic circuitry for the execution of all of
these instructions.

All of the above operations may be programmed internally; those prefixed by
an (*) also have plugboard hubs available for external programming. When
any of the Add, Subtract, Multiply or Divide operations are executed, the re-
sults may be checked for accuracy. When any of these operations are performed
as part of the execution of an instruction word, the result will be checked
automatically by a reverse arithmetic process, unless the check is suppres-
sed by the initiation of a "check suppress" subinstruction.

When any of these operations is defined in a program step, the decision to
check or not check is put into effect by wiring of the process (PROC) hub to
either the check (C) or no check (NC) hub of the appropriate operation.

Jump Instructions

UJ  Unconditional Jump JN  Jump on Negative
JP  Jump on Positive
JZ  Jump on Zero

Jump instructions of the UFC-I consist of one unconditional jump, UJ, and
three conditional jumps, JN, JP, and JZ.

All of these jump instructions are "returnable jumps"; that 1is, during the
execution of the jump instruction itself, a means 1is provided to return at
some later point in the program to any instruction in the program.

* Operations that have plugboard hubs available for external programming.
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Special Purpose Instructions

*BI Buffer Transfer *CC Channel Clear
[A Load General Storage SP  Search Probe

Address Register
IS load Shift Revolver

All of the above special purpose instructions may be programmed internally;
those prefixed by an asterisk (*) are also available through plugboard wiring.

Input/Output Instructions

*TI  Test Incoming Control
*TD Test Demand In
*DE  Demand

Input/Output instructions provide the means of controlling the input/output
units of the UFC-I system through the integration of the above instructions
and the appropriate groupings of plugboard hubs (See Chapter 6).

Transfer of Control Instruction
TC Transcop (Transfer Control to Plugboard)

The Transcop instruction is the instruction most often used to transfer con-
trol of the program from the internally stored program to the plugboard.

In the detailed description of each of the instructions in the repertory,
storages referred to during internal control are identified as U, V, and W;
storages referred to by plugboard wiring are identified by V,, V,, and R.

When a subinstruction 1is referred to, it defines the extension or modifica-
tion initiated by a character in the S/C position of an instruction word.
A substep refers to a comparable operation initiated by the wiring of the
STEP OUT hub to a hub which initiates this action on the plugboard.

For internal programming, the next instruction to be executed is taken from
the address specified by the PAK, except when control is transferred to a
program step designated by a transcop instruction.

For external programming, the next instruction to be executed is determined

by the wiring of the appropriate STEP IN plugboard hub, except in the case

* Plugboard hubs are available for external programming.
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of wiring a NEXT INSTRUCTION hub, when control is transferred to the internal

program.

Shifts referred to in this repertory are shown in detail in Table 3-2, Chap-
ter 3.

Special character codes and the subinstructions which they initiate are de-

fined in Table 4-2.

A summary of the initial and final contents of the arithmetic registers PRA,
RB, RC, and RD in relation to the instructions which use those registers are
shown in Table 4-3.

INSTRUCTION DEFINITIONS

Arithmetic Instructions

Add (AD): Add to the contents of the U (or V,) address, the contents of the
V (or V2) address and store the sum at the W (or R) address.

Subtract (SB): Subtract from the contents of the U (or V;) address the con-
tents of the V (or V2) address and store the remainder at the W (or R) address.

Multiply, Store Upper (MU): Multiply the contents of the U (or V,) address
by the V (or V,) address and store the higher order product digits at the W
(or R) address.

Multiply, Store Lower (ML): Multiply the contents of the U (or V,) address
by the contents of the V (or V,) address and store the lower order product
digits at the W (or R) address.

Divide, Store Quotient (DQ): Divide the contents of the U (or V) address
by the contents of the V (or V,) address and store the quotient at the W
(or R) address.

Divide, Store Remainder (DR): Divide the contents of the U (or V;) address

by the contents of the V (or V,) address and store the remainder at the W
(or R) address.
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Logical Instructions

Compare (CP): Compare the contents of the U (or Vl) address with the contents
of the V (or V2) address -

1f:yU >V . o
branch storage is set to the plus (+) condition.
vV, >V,

v 2 branch storage is set to the minus (-) condition.
2

P et~
e

[a—

AN

\'

\
33 - v g branch storage 1s set to the zero (0) condition.
| A

Substitute U (SU): Substitute the contents of the U section of the V address

for the contents of the U section of the U address and store the result at
the W address.

Substitute V (SV): Substitute the contents of the V section of the V address

for the contents of the V section of the U address and store the result at
the W address.

Substitute W (SW): Substitute the contents of the W section of the V address

for the contents of the W section of the U address and store the result at
the W address.

Suppress Left Zeros (SZ): Replace by space codes (A) all zeros to the left
of the most significant digit in the contents of the U (or V;) address and
store the result at the W (or R) address. Ignore the V (or V,) address.

Left Normalize (LN): Shift the contents of the U (or V,) address to the left
in Register A until the first significant digit is in the high order posi-
tion of BA. Store the normalized word at the W (or R) address. Ignore the
V (or V,) address. The normalizing shift count is formed in Register B.

Arithmetic Transfer (AT): Transfer the contents of the U (or V;) address to
the W (or R) address via Begister D. Ignore the V (or V,) address.

Mask Transfer (MK): Mask the contents of the U (or V;) address with the
contents of the V (or V,) address and transfer the result to the W (or R)
address. A zero or a space code (A) in the mask causes the corresponding U
(or V,) character to be transferred to the W (or R) address; if the mask
contains any other character, an ignore code will be transferred to the W
(or R) address in the appropriate character position.



Jump Instructions

Unconditional Jumps (UJ): Jump unconditionally to the instruction word speci-
fied by the W address of the current instruction. Transfer the U section of
the current instruction word to the W section of the word at the V address.

Jump on Negative (JN): If conditional storage is minus (-), jump to the in-
struction word specified by the W address of the current instruction. Trans-
fer the U section of the current instruction word to the W section of the
word at the V address.

If conditional storage is not minus, take the next instruction from the ad-
dress specified by PAK.

Jump on Plus (JP): If conditional storage is plus (+), jump to the instruc-
tion word specified by the W address of the current instruction. Transfer
the U section of the current instruction word to the W section of the word
at the V address.

If conditional storage is not plus, take the next instruction from the ad-
dress specified by PAK.

Jump on Zero (JZ): If conditional storage is zero (0), jump to the instruc-
tion word specified by the W address of the current instruction. Transfer
the U section of the current instruction word to the W section of the word
at the V address.

If conditional storage is not zero, take the next instruction from the ad-
dress specified by PAK.

Special Purpose Instructions

Buffer Transfer (BT): Transfer the contents of the U (or V,) address to the
W (or R) address via the block transfer buffer. Ignore the V (or V,) address.

Load General Storage Address Register (LA): Load the general storage ad-

dress register (GSAR) with the two lowest order digits of U, the three digits
of V, and the two higher order digits of W.

LLoad Shift Revolver (LS): Load the shift revolver (SRV) with the contents
of the current instruction revolver (IRVC).
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Channel Clear (CC): Clear the track or buffer specified by the W (or R) ad-
dress to space codes (A). Ignore the U (or Vl) and V (or V2) addresses.

Search Probe (SP): Channel search storage is probed to determine whether a
previously initiated channel search operation is completed.

Input/Output Instructions

Test Demand In (TD): Test the designated I/O unit to determine whether it
i1s ready or not ready to receive instructions.

Demand In (DE): Place the designated I/O unit on demand, track switch if
specified, and exchange computer «> I/0 control information.

Test Incoming Control (TI): Test high speed I/0 - computer control line
storage for incoming control information; track switch i1f specified.

Transfer of Control Instruction

Transcop: Transfer control to the plugboard step designated by the process
section of this instruction word.

ANALYSIS OF INSTRUCTIONS

Arithmetic and Logical Instructions

Add

Operation Code: 148

Mnemonic Code: AD

Descriptive Code: ) + (V) > W
Description:

Contents of U (or V,) address are loaded into RA; shift performed if

required.

Contents of V (or V,) address are loaded into RB; shift performed if

required.

Contents of RA and BB are added, forming the sum in RD; check performed

if indicated.
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Sum in RD is shifted if required and stored at the ¥ (or R) address.

Sub-instruction or sub-step is initiated.

Subtract

Operation Code: 228

Mnemonic Code: SB
Descriptive Code: ) - (V)y > W

Description:

Contents of U (or V) address are loaded into RA; shift performed 1f
required.

Contents of V (or V,) address are loaded into RB; shift performed 1if
required.

Contents of BB are subtracted from the contents of RA, forming the dif-
ference in RD; check performed if indicated.

Difference in RD is shifted if required, and stored at the W (or R) ad-
dress.

Sub-instruction or sub-step is initiated.

Add - Check: Add ~ No Check
Subtract - Check; Subtract - No Check

OPERATION SEQUENCE INSTRUCTHON WORD PROGRAM STEP

In Register A, place the contents of

the location specified by: U-address Vi ATRESS wiring

Contents of the U-
section of the Shift V) SUIFT wiring
Revolver

Shift the contents of Register A in
accordance with;

In Register B, place the contents of

the location specified by: V-addrens Va ADDRESS wiring

Contents of the V-

Shift the contents of Register B in section of the Shift Vo SUIFT wiring

accordance with:

Revolver
Add (Subtract) the contents of Register ) X
B to (from) the contents of Register A, PR = AD (SB) le'ﬁg :’o:c" ¢
forming the sum (difference) separately “M't) - Lor
in both Registers C and'D. - N wiring

Determine that checking is not to be
suppressed in this instruction, and §/C is not one of

check the addition (subtraction). (lse the following: B, C,
sum (difference) in Regiaster C for the D, E F, G Horl
| check operation.)

......... OF - = v e avwauoa|leeaanaoraeanasesadancsacnnns-
Determine that checking is to be %(l:l:»:i:n ,° ;f (t.:hen
suppressed in this instruction, E F, G sl‘l or 1

Contents of the W-
section of the Shift R SHIFT wiring
Revolver

Shift the contents of Register D in
accordance with:

Store the final contents of Register

D at the location specified by: W-address R ATDIESS wiring

Initiate sub-instruction(s) or sub-

step(s) in accordance with: sC STIP OLT wiring

* If §/C = F, the only sub-instruction (suppress check) specified by this instruction
has been completed prior to this time. If S/C=B, C, D, F, G, H, or I, the other
sub-instruction or instructions specified by these values are initiated at this time.



Add - Check:; Add - No Check
Subtract - Check; Subtract - No Check

PROGRAMMED SHIFTS

L . . Types of Shift Permitted
Quantities that Arithmetic Registers - -
can be shifted Involved Left Right Right End
Shift Shift Around Shift
Vi Vi in Register A yes yes yes
Vo Vo in Register B yes yes ves
R R in Register D yes yes yes

(See Table 4-1 for permissible sources of operands, destinations for results
and applicable data transmission rules.)

CONTENTS OF ARITHMETIC REGISTERS
Operands Loaded:

Augend (Minuend)

Addend (Subtrahend)

i RA 7 4 +
(U) or (V; AIR) ||]|o|9|s|7rejsru|ﬂz[|[s
v v 0 0 | 5 4 7 8.7 2 65 +
(V) or (Vo A _ | ® MiTieTsTe[ 7 s s 5Tz Ts
Re PREVIOUS CONTENTS
1 f1o]elsl7]els]ulsf2]i]s
' PREV 10US CONTENTS

||||0[9|?17|6[5W[3T21|]s

Process Completed and Checked (If Applicable

ea LO_© 4 9 04 82 37 u «
Im[rofe[ 8] 7[6[s[ 4] 3[2[1]S Augend (Minuend)
e 10O 5 4 7 8 7 2 6 5 +
II'I(TFQL8]7[6[5|H3]U_I'S Addend (Subtrahend)
CONTENTS UNUSABLE > If No Check
RC |0 0 0 0 0 0 0 0 0 0 0 = |=——e—p If Check
1n{1ofefs[7]els[ufs]2]1]s
o 1O 6 4 5 2 6 96 3 9 A Sum
Add ullﬂsl 8] 7]/els[u]3]2]1]s Store at W (or R)
or
2D 0 0 3 35 6 95 1 09 A Difference
Subtract 1nf1ofo] 8] 7] 6] sl u]af2]i]s Store at W (or R)
Multiply, Store Upper
Operation Code: 448
Mnemonic Code: MU
Descriptive Code: (U) X (V) = (RC) =W

Description:
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Contents of U (or V,) address are loaded into RA; shift performed if
required.

Contents of V (or V,) address are loaded into RB; shift performed if

required.

Contents of RA are multiplied by the contents of RB, forming the pro-
duct in RC and RD.

Product in RC and RD is shifted, if required*, and contents of RC are
stored at the W (or R) address.

Sub-instruction or sub-step is initiated, including check 1f indicated.

Multiply, Store Lower

Operation Code: 43S
Mnemonic Code: ML
Descriptive Code: (U) X (V) = (RD) W

Description:

Contents of U (or V;) address are loaded into RA; shift performed if
required.

Contents of V (or V,) address are loaded into RB; shift performed if
required.

Contents of RA are multiplied by the contents of RB, forming the pro-
duct in RC and RD.

Product in BC and BD is shifted, if required*, and contents of RD are
stored at the W (or R) address.

Sub-instruction or sub-step is initiated, including check if indicated.
* Note special shift conditions in Table 3-2, Chapter 3.
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Multiply, Store Lower - Check: Multiply, Store Lower - No Check
Multiply, Store Upper - Check; Multiply, Store Upper - No Check

OPERATION SEQUENCE

INSTRUCTION WORD

PROGRAM STEP

In Begister A, place the contents of
the location specified by:

U-address

V, AIDRESS wiring

Shift the contents of Register A, in
accordance with:

Contents of the U-
section of the Shift
Revolver

V] SHUIFT wiring

In Register B, place the contents of
the location specified by:

V-address

Vo ADDRESS wiring

Shift the contents of Register B, in
accordance with:

Contents of the V-
section of the Shift
Revolver

Vo SHIFT wiring

Multiply the contents of Register A by
the contents of Register 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 product
in Register D.
Form the sign of the product and the

11 higher order digits of the product

in Register C.

PR = ML (M)

PROCESS to: XSL
C or XSL NC
(XU C or XSU NC)

Determine that checking is pot to be
suppressed in this instruction.

Determine that checking is to be sup-
pressed in this instruction.

S/C is not one of the
following: B, C, D, E,
F, G H, or I

S/C is one of the fol-
lowing: B, C, D, E, F,
G, H, or I

If applicable*, shift the contents of
Registers C or D in accordance with:

Contents of the W-
section of the Shift
Revolver

R SHIFT wiring

Store the contents of Register C or [

at the location specified by: W-address R AIDRESS wiring
1f applicable, check multiplication.
Initiate other sub-instruction(s) or s/C STEP OUT wiring

sub-step(s) in accordance with:

* Applicable only in no-check operatiens.
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Multiply,

Store Upper - Check:; Multiply, Store Upper - No Check
Multiply, Store Lower - Check; Multiply, Store Lower - No Check

PROGRAMMED SHIFTS

Quantities that
can be shifted

Types of Shift Permitted

Arithmetic Registers

Involved Left Right
Shift Shift

Right End
Around Shift

vy V, in Register A yes yes yes

V2 \D in Register B yes yes yes
Check - (No result shift permitted) - - -
No Check R R in both Register C & D yes yes yes

(See Tdable 4-1 for permissible sources of operands,destinations for results, and applicable data

transmission rules.)

Contents of Arithmetic Registers
Operands Loaded:

) or (V. ADR) | ma |00 9 4 7 8 9 2 3 u 7 +
(U) or (V) - it[io] o[8] 7] 6|58l 3]2][1]S5
W) or v pomy | mp L0 B 7 2 8 2 3 0 4 I +
-2 Mol ols] 7 6]s]u]3]2]i]s
RC Previous Contents
mliololslzl6f[sfulafoalils
RD Previous Contents
nlio]olel 7] elslula]2fils
Process Completed:
L fo 0 9w 7 89 2 8 4 7 +
R Milole]sl7]els[v]3]2]1]s
0 0 5 7 2 8 2 38 0 % | +
R [Mifio]ofsl7lel[s]ul3]2]i1]s
0 0 00 5 4 2 9 7 4 5 A
R MiTioloelsl7lels[ulslali[s
Ro767"9'67227A
ftfiofJofs]z]elslulaf2]1ls
Process Completed - Check Completed:
0 0 9 4% 7 8 9 2 3_4 7 +
RA MJioJelsl7 els]ulal2l11s
0 0 5 7 2 8 2 38 0 4 | +
RB MTTioJel8] 7615 %3211 ]s
0o 0 0 0 0 0 0 0 0 0 0 -
R [MiTiolelel7lelslulalali]s
0o 0 00 0 00 O 0 0 0 -
RO MiTio[ele]7]6 5 s 21 ][5
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Multiplicand

Multiplier

Multiplicand

Multiplier

Product High Order Digits

If Store Upper, Store at
W (or R) address

Product Low Order Digits

1f Store Lower, Store at
W (or R) address

Multiplicand

Multiplier



Divide, Store Quotient

Operation Code: 48S

Mnemonic Code: DQ

Descriptive Code: (U) + (V) = (RD)=—>W
Description:

Contents of U (or V;) address are loaded into RA and RC; shift performed
1f required. )

Contents of V (or VZ) address are loaded into BB; shift performed if
required.

Contents of BA are divided by the contents of BB, forming the remainder
in RC and the quotient in RD.

Quotient in RD is shifted if required*, and contents of BD are stored
at the W (or R) address.

Sub-instruction or sub-step is initiated, including check if indicated.

Divide, Store Bemainder

Operation Code: 495

Mnemonic Code: DR

Descriptive Code: () = (V) = (RC)=—»W
Description:

Contents of U (or Vl) address are loaded into BA and RC; shift performed
1f required.

Contents of V (or V,) address are loaded into BB; shift performed if
required.

Contents of BA are divided by contents of BB, forming the remainder in
RC and the quotient in RD.

Remainder in RC shifted, if required*, and contents of BC stored at the
W (or R) address.

Sub-instruction or sub-step initiated, including check if indicated.

* Note special shift conditions in Table 3-2, Chapter 3.
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Divide, Store Quotient - Check; Divide, Store Quotient - No Check
Divide, Store Remainder -Check; Divide, Store Remainder ~-No Check

OPERATION SEQUENCE

INSTRUCTION WORD

PROGRAM STEP

In Registers A and C, place the contents
of the location specified by:

U-address

V1 ADDRESS wiring

Shift the contents of Registers A and C
in accordance with:

Contents of the U-
section of the Shift
Revolver

V1 SHIFT wiring

In Register B, place the contents of the
location specified by:

V-address

V, ADDRESS wiring

Shift the contents of Register B in
accordance with:

Contents of the V-
section of the Shift
Revolver

Vg SHIFT wiring

Divide the contents of Register A by the
contents of Register B, Determine the
sign of the quotient in the usual algebraic
manner. Form a quotient and remainder as
follows:
Form up to a 12 character quotient in
Register D.
sign)
Form up to a 12 character remainder in
Register C. (Sign of remainder same as
sign of dividend)

(11 characters and the correct

PR = DQ (DR)

PROCESS to: + SQC
or + SQNC (+ SRC
or + SRNC) wiring

Determine that checking is not to be sup~-
pressed in the instruction,

e L L L e R L L L LR L

Determine that checking is to be suppressed
in the instruction.

S/C is not one of the
following: B, C, D, E,
F. G, H, or T

S/C is one of the fol-
lowing: B, C, D, E, F,
G, H, or I

I1f applicable,* shift the contents of
Register C or D in accordance with:

Contents of the W-
section of the Shift
Revolver

R SHIFT wiring

Store the contents of Register C or D at
the location specified by:

W-address

R ADDRESS wiring

Initiate sub-instruction(s) or sub-step(s)
in accordance with:

S/C

STEP OUT wiring

* Applicable only in no-check operations.
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Divide,
Divide,

Store Quotient - Check;
Store Remainder - Check;

Divide,
Divide,
PROGRAMMED SHIFTS

Store Quotient - No Check
Store Remainder - No Check

. Types of Shift Permitted
Quantities that Arithmetic Registers
" can be shifted Involved Left Right Right End
Shift Shift Around Shift
V1 V, in Registers A & C yes yes yes
V2 Vo in Register B yes yes yes
Check - (No result shift permitted) - - -
No Check R R in Register C or D yes yes yes

(See Table 4-1 for permissible sources of operands, destinations for results, and applicable

data transmission rules,)

Contents of Arithmetic Registers

Operands Loaded:

(U) or (V; ADR)

—

(V) or (V, ADR)

o

(U) or (V, ADR)

—

0 0 ¥ 5 6 7 9 3 2 5 4 + |
RA MTTTOl 918 [7 [ 6] 6wl 32 1[5 ] Dividend
0 0 0 0 0 O O 8 4 9 0 + Divs
R MiTio] ol 76l uls]2]1]s tyysor
e 0 0 4 5 6 7 9 3 2 B 4 + Dividend
1o o]8 7 [6[5]ul3]2][1]s tvrden
RD Previous Contents
inJiofols {7 ]els]uls]2][1]s
Process Completed:
Contents Unusable
RA ITTTTo[ 98 |7 [6[5[S[3[Z[T1]S
Contents Unusable
RB MiTio[ 98 |7 [6]5 u]3]2]1]s
Remainder
0 0 0 0 0 O 0 5 7 8 4 A >
If Store Remainder, St
RC IT70] 978 [7 T6[6 1wl 3T 27115 | at or B Address "
6 0 0 0 0 0 5 3 8 0 3 A | Quotient N
RO INiT70] 9]8 |7 1615 432 T 15 | If Store Quotient, Store at ¥
or R Address
Process Completed - Check Completed:
Contents Unusable
RA TMiTio] 98 [7[6[s5[v[38]2]1 s
Contents Unusable
R iTiolels T7lelslula]2]11s
c Contents Unusable
R t1fiofo]8 [7]e6[s[ul3laf1 |8
Contents Unusable
RD

in]1of ols |7 (efs]uls]afi]s
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Compare

Operation Code: 378
Mnemonic Code: Cp
Descriptive Code: (U) : (V) Set Branch Storage

Description:

Contents of U (or V;) address are loaded into BRA; shift performed if
required.

Contents of V (or Vz) address are loaded into BRB; shift performed if
required.

Contents of RA are compared with the contents of FB:

If (U) > (V) Branch storage is set to the plus (+) condition.
(V) > (Vy) ‘

If (U) < (V) Branch storage is set to the minus (-) condition.
(Vi) < (Vy)

If (U) = (V) Branch storage is set to the zero (0) condition.
(Vy) = (Vy)

Sub-instruction or sub-step is initiated

OPERATION SEQUENCE INSTRUCTION WORD PROGRAM STEP

In Register A, place the contents of the

| location specified by: U-address V, ADDRESS wiring

s . . Contents of the U-
Shift the contents of Register A in section of the Shift V) SHIFT wiring
accordance with:

Revolver

In Register B, place the contents of the

location specified by: V-address V2 ADDRESS wiring

Shi . . Contents of the U-
hift the co?tents of Register B in section of the Shift Vo SHIFT wiring
accordance with: Revolver

Left end around shift Register A and B.
Compare (on a bit by bit basis, highest
order character first) the word V; held
in Register A with the word Vj held in
Register B to determine the relative PR = CP PROCESS to COMP
magnitude of these two words:
If Vi > Vg, set Branch storage to +
If V] = V2, set Branch storage to 0
If V] < Vg, set Branch storage to -

wiring

?nitiate sub-inftrucbion(s) or sub-step(s) s/c STEP OUT wiring
in accordance with:
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Compare

PROGRAMMED SHIFTS

Quantities that Arithmetic Registers Types of Shift Permitted
can be shifted Invalved Left Right Right End
Shift Shift Around Shift
vy V] in Register A yes yes yes
\ Vo in Register B yes yes yes

(See Table 4-1 for permissible sources of operands, destinatians for results, and applicable data

transmission rules.)

Contents of Arithmetic Registers

Operands Loaded:

(U) or (V, ADR)

g L9 3 9 4 2 0 4 7 2 3 +
ijiofeJef7lelsJuef3]2]1]s

Vi Operand

(V) or (V5 ADR)
e ———

w0 298 20 w723 «)
e
WJio]lo]el7]els]u]sl2li]s] 2"

Previous Contents

R hTwlslsl7lelslulslal i s

Previous Contents

W IMTels el 7lelsalsz] 115

Process Completed:

0 3 9 w 2 0 | 4 7 2 3 +
M Mol eTal7TelsTu]la T2 T 113

vy Operand

0 3 9% w 2 0 | 4 7 2 3

+
Vo O d
W Tolslsl7lelslulalal1[s] YaOrere

Previous Contents

hadi I T8 I O A I O A NOTE: Branch Storage

set to O condition in
Previous Contents

® Telelels]elslulalal 115

this example.

Substitute U

Operation Code:
Mnemonic Code:
Descriptive Code:
Description:

248
Su
Sub U

Contents of the U address are loaded into RA; shift performed if re-

quired.

Contents of the
quired.

V address are loaded into RB; shift performed if re-
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Contents of the U section of BB are substituted for the contents of the
U section of BA; modified contents of BA are sent to RC and RD.

Contents of RD are shifted, if required, and stored at the W address.

Sub-instruction is initiated.

Substitute V

Operation Code: 258
Mnemonic Code: SV
Descriptive Code: Sub V
Description:

Contents of the U address are loaded into BA; shift performed if re-
quired.

Contents of the V address are loaded into BB; shift performed if re-
quired.

Contents of the V section of BB are substituted for the contents of the
V section of RA, modified contents of RA are sent to RC and RD.

Contents of RD are shifted, if required, and stored at the W address.

Sub-instruction is initiated.

Substitute W

Operation Code: 265
Mnemonic Code: Sw
Descriptive Code: Sub W
Description:

Contents of the U address are loaded into RA; shift performed if required.

Contents of the V address are loaded into RB; shift performed if re-
quired.

Contents of. the W section of RB substituted for the W section of RA;
modified contents of BA are sent to RC and RD.

Contents of RD shifted, if required, and stored at the W address.

Sub-instruction is initiated.
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Substitute U
Substitute V
Substitute W

OPERATION SEQUENCE

INSTRUCTION WORD

In Register A, place the contents of the loca-
tion specified by:

U-address of this instruction word

Shift the contents of Register A in accordance
with:

Contents of the U section of the Shift
Revolver

In Register B, place the contents of the loca-
tion specified by:

V-address of this instruction word

Shift the contents of Register B in accordance
with:

Contents of the V section of the Shift
Revolver

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

Substitute U Instruction
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 Regis-
ter A in Registers C and D .

Substitute V Instruction-

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 BRegis-
ter A in Registers C and D-

Substitute W Instruction

Replace the contents of the W section
of Register A by the contents of the W
section of Register B, when forming the
modified copy of the contents of Regis-
ter A in Registers C and D.

Shift the contents of Register D in accordance
with:

Contents of the W section of the Shift
Revolver

Store the final contents of Register D at the
location specified by:

W-address of this instruction word

Initiate sub-instruction(s) in accordance with:

S/C
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Substitute U
Substitute V
Substitute W

PROGRAMMED SHIFTS

f Shif i d
Quantities that Arithmetic Registers Types of Shift Permitte
can be shifted Involved Left Right Right End
Shift Shift Around Shift
U U in Register A yes yes yes
v V in Register B yes yes yes
W W in Register D yes yes yes

(See Table 4-1 for permissible sources of operands, destinations for results, and applicable

ata transmission rules,)

Contents of Arithmetic Registers

Operands Loaded:

3 2 0 9 8 4% 38 2 5 A D A

L | R T 98 [ 7615 [% 3] 2] 1]
¥ 7 0 2 7 0 4 7 2 A D A
v
AL o ® [ Tiolols]7]6ls]uls]2]1]s
R Previous Contents
nfiolols|7[e|s]u]a]2fi]|s
R0 Previous Contents
ifioltolsl7lelsluls]2fi]s
Process Completed:
3 2 0 9 8 4 3 2 5 A D A
RA I'TTTiofoTa8] 7J6l6 ]3] 2] 1] s
RB4702701472A[)A
nfiofolslzlelsfufal2li]s
4 7 0 9 8 4 3 2 5 A D A
R [MiTololsl7le[s ulaaliTs
) 4 7 0J9 8 4 3 2 5 A D A Modified Operand
Substitute U RD IIIIOTQ 8[7]6'5 413r21||s Store at W address
. 3 2 02 7 o}Js 2 5 A p A Modified Operand
Substitute V RD TT[10] 9 8l7] 6| s[4 ]3] 2]TI] S Store at W address
. 3 2 0 9 8 4]u 7 2JA D A|] Modified Operand
Substitute W | R0 [Ty T 98] 7] 6] 5]% 18] 2] 1] 5] Store at ¥ address
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Suppress Left Zeros

Operation Code: 29S

Mnemonic Code: SZ

Descriptive Code: (U) Less Zeros=—» W
Description:

Contents of U (or V) address are loaded into RA; shift performed if
required.

Space codes (A) replace all zeros to the left of the most significant
digit-of BA, and result is transferred to RD,

Result shifted if required and contents of RD stored at the W (or R)
address.

Sub-instruction or sub-step is initiated.

OPERATION SEQUENCE INSTRUCTION WORD PROGRAM STEP

In Register A, place the contents of the

location specified by: U-address Vi ADDRESS wiring

Contents of the U-
section of the Shift V1 SHIFT wiring
Revolver

Shift the contents of Register A in
accordance with:

Left Shift the contents of Register A until
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 PR = SZ PBOGESS to SLZ
to do this, and then right shift the con- wiring

tents of Register A the same number of places,
substituting space codes (A) in Register A's
higher-order character positions. Transmit
the final contents of Register A toRegister D,

. . . Contents of the W-
fﬁifﬁd:226°32§§?‘s of Register D in section of the Shift R SHIFT wiring

Revolver
Store the final contents of Register D at L.
the location specified by: W-address R ADDRESS wiring
Initiate sub-instruction(s) or sub-step(s) s/cC STEP OUT wiring

in accordance with:
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Suppress Left Zeros

PROGRAMMED SHIFTS

Quantities that Arithmetic Registers Types of Shift Permitted
can be shifted Involved Left Right Right End
Shift Shift Around Shift |
Vi V) in Register A yes yes yes
R R in Register D yes yes yes

(See Table 4-1 for permissible sources of operands, destinations for results, and applicable data
transmission rules,)

Contents of Arithmetic Registers

Operand Loaded:

0 00 04 | 82 04 9 +f
(U) or (V; ADR) RA MiTiololalz e sl il peran

Previous Conténts

 Nilolslsl7lelslulal2lils
Previous Contents
 Miholsls[7lelslulsl2l1]s
Previous Contents
RD nlio]Jelslzlels]u]s]a] 1] s
Process Completed:
A A A AW 1 3 2 04 9

RA NTols (817 6 (68 [3 121115 Operand with zeros suppressed

Previous Contents

B MiTolelelz e sulslz]i]s

Previous Contents

" IniTielelslz TeTs[wlal2 i Ts
A A A AW 1 3 2 04 9 + Operand with zeros suppressed
M MiTolslel7 [s 5w [a]2] 1 [ 8] Store at W (or R) address
Left Normalize
Operation Code: 35S
Mnemonic Code: LN
Descriptive Code: Normalize (U)—>W; RB = Shift Count

Description:

Contents of the U (or V,) address are loaded into RA; shift performed
i1f required.

Contents of BA are shifted to the left until the first significant digit
is in the high order position of RA, forming the normalizing shift count

in register B.

Normalized word transferred to RD; shift performed if required, and
contents of RD stored at the W (or R) address.

Sub-instruction or sub-step is initiated.
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OPERATION SEQUENCE

INSTRUCTION WORD PROGRAM STEP

In Register A, place the contents of the
location specified by:

U-address V, ADDRESS wiring

Shift the contents of Register A in
accordance with:

Contents of the U-section

of the Shift Revolver Vy SHIFT wiring

Left shift the contents of Register A until
the most significant character of the word
held in Register 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,

PROCESS to NORM

PR = LN wiring

Shift the contents of Register D in
accordance with:

Contents of the W-section

of the Shift Revolver R SHIFT wiring

Store the final contents of Register D at
the location specified by:

W-address R ADDRESS wiring

Initiate sub-instruction(s) or sub-step(s)
in accordance with:

S/C STEP OUT wiring

Left Mormalize

PROGRAMMED SHIFTS

e . . Types of Shift Permitted
Quantities that Arithmetic Registers
can be shifted Involved Left Right Right End
Shift shift Around Shift
A/ Vy in Register A yes yes yes
R R in Register D yes yes yes

(See Table 4-1 for permissible sources of operands, destinations for

results, and applicable

data transmission rules.)

Contents of Arithmetic Registers

Operand Loaded:

Operand

W) or (Ve ADR) o |0 00 09 5 0 2 3 7 +
et A, ujioJele[7 [e[slul3[2[1]s
2B Previous Contents

ijrefelslzle]sfu]s2Ti]s

Previous Contents

 MTelslel7[elslslslzi]s

Previous Contents

R [Mlelelel7z [elsvlal211]

S
Process Completed:

9 5§ 0 | 2 3 7 0 00 0 + g ,
RA Jio]Jelef7z[e[s5 ula3f2]11s Normalized Operan
"8 o 0 0 0 0 0 O O 0 0 4 +

nJofelef7 els]ulslz]1]s

Previous Contents

R IMiTiolsTel7 [elslulslz]ils

9 5§ 0 1 2 3

7 0

0 0 0 + Normalized Operand

RD

1jio[o]8[7 [6[s]ul3][2]I]s

Store at W (or R) address
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Arithmetic Transfer

Operation Code: 138
Mnemonic Code: AT
Descriptive Code: (U)=—>RD=—> W

Description:

Contents of U (or V,) address are loaded into RD; shift performed if
required.

Contents of RD are shifted again if required (Vy, shift time).

Contents of BD are shifted a third time; if required (R shift time),
and result stored at the W (or R) address.

Sub-instruction or sub-step is initiated.

OPERATION SEQUENCE INSTRYCTION WORD PROGRAM STEP

Transfer data (1 to 12 characters) from
one storage location to another via PR = AT
Register D as follows:

PROCESS to AT

wiring

In Register D, place the contents of the

location specified by: U-address V1 ADDRESS wiring

Shift the contents of Register D in accor- Contents of the U-section V. SHIFT wiri
dance with: of the Shift Revolver 1 viring
Shift the contents of Register D in accor- Contents of the V-section Vo SHIFT wiri
dance with: of the Shift Revolver 2 wiring
Shift the contents of Register D in accor- Contents of the W-section L.
dance with: of the Shift Revolver R SHIFT wiring
Store the contents of Register D at the W-address R ADDRESS wiring

location specified by:

!nitiate sub-in?truetion(s) or sub-step(s) s/c STEP OUT wiring
in accordance with:
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Arithmetic Transfer

PROGRAMMED SHIFTS

L f Shift Permitted
Quantities that Arithmetic Registers Types o - -
can be shifted Involved Left Right Right End
Shift Shift Around Shift
) RD in V; Shift Time yes yes yes
Vy Source Data held
. . RD in V, Shift Time yes yes yes
in Register D
RD in R Shift Time yes yes yes

(See Table 4-1 for permissible sources of operands, destinations for results, and applicable data

transmission rules.)

Contents of Arithmetic Registers

Operand Loaded:

Previous Contents
R el ele]7 [e[s w3215
RB Previous Contents
nJiofeofsf7z6[s[u[3l2]1]s
RC: Previous Contents
tfrofofsf7z le]ls[ula]a]i]s
2 0 0 2 0 0 4 0 0 M L A
(D) or (V; ADR)_} RO lioJols]7zlelsluls]al1]s
Process Completed:
Previous Contents
" Ihiliol els] 7lelslulalzi]s
RB Previous Contents
i |I0 I 9l 8 I 7 l 6 I 5 I 4 l 3 I 2 I | | S
Re : Previous Contents
ol olsl7{elslulalali]s
RD200300400MLA Result .
||||0 l 9| 8 I 7;1 6 ljiJ 4 ] 3 I2 I I I S Storf at W (or R) address
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Mask Transfer

428
MK

Operation Code:
Mnemonic Code:
Descriptive Code:
Description:

Contents of U (or V,) are loaded into RA; shift performed if required.
Contents of V (or V,) are loaded into RB; shift performed if required.

Contents™~of BA masked with the contents of RB; the character in RA 1is
transferred to RC and RD if the corresponding RB character is a zero or
space code (A), otherwise an ignore code (i) is transferred to RC and RD.

Result 1s shifted in RD, if required, and contents of RD stored at the

W (or R) address.

Mask (U) with (V) —»W

Sub-instruction or sub-step is initiated.

OPERATION SEQUENCE

INSTRUCTION WORD

PROGRAM STEP

In Register A, place the contents of the
location specified by:

U-address

V) ADDRESS wiring

Shift the contents of Register A in accor-
dance with:

Contents of the U-section
of the Shift Revolver

V, SHIFT wiring

In Register B, place the contents of the
location specified by:

V-address

Vo9 ADDRESS wiring

Shift the contents of Register B in accor-
dance with:

Contents of the V-section
of the Shift Revolver

V, SHIFT wiring

Right-end-around shift Registers A and B.
Beginning with the sign position, examine
each of the 12 characters of the word (Vy)
held in Register B. If the (Vg) character is
a zero, transmit the corresponding V; char-
acter to a correspondingly significant chare
acter position in Registers C and D.

..... cescsesccsunvee O] cccacsermccemsccccns

If the (Vy) character is not zero, transmit
an Ignore code (i) to the correspondingly
significant character position in Registers
C and D.

OF weenccecceaad

PROCESS to MASK T

wiring

Shift the contents of Register D in accor-
dance with:

Contents of the W-section
of the Shift Revolver

R SHIFT wiring

Store the final contents of Register D at
the location specified by:

W-address

R ADDRESS wiring

Initiate sub-instruction(s) or sub-step(s)
in accordance with:

S/C

STEP OUT wiring
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Mask Transfer

PROGRAMMED SHIFTS

Quantities that Arithmetic Registers Types of Shift Permitted
can be shifted Involved Left Right Right End
Shift Shift | Around Shift
Vl Vl in Register A yes yes yes
\D) Vo in Register B yes yes yes
R R in Register D yes yes yes

(See Table 4-1 for permissible sources of operands, destinations for results, and applicable
data transmission rules,)

Contents of Arithmetic Registers

Operands Loaded:

(U) or (Vi ADR) R RA J A g 0 N E $ 7 6 8 2 - Overand
> iJioJofsl7z]e]slul3lafils peran
0 0 0 0 00 O B B B B B
(V) or (V, ADR) k
: > ™ [MTolelsl7le[slulal2]i[s]| "
RC Previous Contents
ifiolojs| 7|65 {ul3f2{1]s
Previous Contents
RO MiTiofe[8[7l6ls[v[3]2 1[5
Process Completed:
J A J O N E S 7 6 8 2 -
RA Operand
tfioJofs]7le[s]u]3]2]tTs
0 00 0 0 O O B B B B B 5
R [ TiTrolo 8716 5 W[ 32T 5] M
Jd A Jd 0 N E S 0 i 0 i i
RC Mo eT8l7 6 518l 3T 213
- J Ay 0 N E $§ i i i i i]| Result
||I|01 9 I 8 I 7 IG | 5 I “l 3 I 2 || | $ Store at W (or R) address
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PERMISSABLE SOURCES AND APPLICABLE
DATA TRANSMISSION RULES

Source

Source Address Specifies

Rules

High Speed Drum Tracks (except
1SP)

Block Transfer Buffer

General Storage Buffer

Any word location 0-9 (12 characters)
or

Any field location A-V (excluding I

and O) containing from 1 up to 12

characters.

ters are specified, only the lower

order 12 of the field are obtained.)

(If more than 12 charac-

1l or 3 or 4

Arithmetic Registers A, B, C, D

Instruction Revolver

Exactly 12 characters

General Storage Address Register

A space(A) and the 7 characters
in the General Storage Address
Register,

Program Address Counter

A space(A) and the 3 characters
in the Program Address Counter.

Code Distributor Register

A space{A) and the 1 character
in the Code Distributor Register.

PERMISSABLE DESTINATIONS AND APPLICABLE
PROGRAMMED DATA TRANSMISS ION RULES

Destination

Destination Address Speci?ies

Rules

High Speed Drum Tracks (except Any word location 0-9 (12 characters) 6 or 8 or 9
1SP) or
Block Transfer Buffer Any field location A-V (excluding I
General Storage Buffer and O0) from 1 up to 119 characters
(Z or 120 character blockettes not
permitted),
Arithmetic Registers A, B, C, D 8 or 10
Instruction Revolver Exactly 12 characters 8
Shift Revolver 8
General Storage Address Register Sign and 7 characters (sign is auto- 7
matically shifted off as General
Storage Address Register is loaded),
Program Address Counter Sign and 3 characters (sign is auto- 7
matically shifted off as Program
Address Counter is loaded).
Code Distributor Register Sign and 1 character (sign is auto- 7

matically shifted off as Code Dis-
tributor Register is loaded).

TABLE u-1

119




Data Transmission Rules

Arithmetic Transfer Divide, Store Quotient Substitute W
Add Divide, Store Remainder Suppress Left Zeros
Subtract Mask Transfer Left Normalize
Multiply, Store Upper Substitute U Compare
Multiply, Store Lower Substitute V

Introduction

Storage locations that may be addressed to obtain operands (called "Permis-
sible Sources") and storage locations that may be addressed as destinations
for the storage of results (called "Permissible Destinations") are given in
the tables on the preceding page. If any storage locations other than those
listed in the tables are specified in any of the instructions listed above,
the program 1s automatically stopped.

The source (or sources) and the. destination specified in an instruction
need not contain the same number of characters.

Source Rules

(1) If the source address specifies less than 12 characters and the
block transfer buffer, general storage buffer, or high speed drum
is 1nvolved, a copy of the contents of the source address is loaded
into the lower order character positions of the arithmetic regis-
ter, and the higher order character positions of the arithmetic
register (those not receiving source data) are filled with space

codes (A).
ARITHMETIC REGISTER —-—-——*J
HIGH ORDER LOW ORDER
A A A A 8-CHARACTER FIELD
] 100 9 & 7 6 5 4 3 2 | S

(2) 1If the source address specifies GSAR, PAK or CDR, a space code (A)*
is automatically sent to the arithmetic register as the first (or
low order) character of the transfer; a copy of the contents of
GSAR, PAK or CDR 1is then sent to the other lower order character

* A space code in the sign position is treated by the computer as a plus in arithmetic operations.
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positions of the arithmetic register, and the higher order char-
acter positions of the arithmetic register are filled with space

codes (4).

e  ARITHMETIC REGISTER ——bl

HIGH ORDER LOW ORDER

A A A A A A AN DA A A|cor|aA
A A A A A DA B] ea

A A A A GSAR A
Ir 10 9 8 7 6 5 4% 3 2 | 8§

(3) If the source address specifies 12 characters, the arithmetic re-
gister is loaded with an exact copy of the contents of the source

address.
o ARITHMETIC REGISTER —meript
HIGH ORDER LOW ORDER
SOURCE DATA = 12 CHARACTERS
I 10 9 8 7 6 5 4 3 2 | S

(4) If the source address specifies more than 12 characters, only the
12 lower order characters of the source address are loaded into
the arithmetic register. Higher order characters of the source
data are not sent to the arithmetic register.

'-— ARITHMETIC REGISTER —>|

HIGH ORDER LOW ORDER

LOWER ORDER 12 CHARACTERS OF SOURCE DATA

It 10 9 8 7 6 5 4% 38 2 1 §

(5) Where the same arithmetic register that is to receive the source
data is also referred to as the source, that register performs a
right-end-around shift of 12 characters.

Destination Rules

(6) If the destination address specifies less than 12 characters, and
a BTB, GSB or HSD field is involved, data is transferred out of
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the arithmetic register C or D until the number of characters spec-
1fied by the destination has been transmitted; the transfer oper-
ation then terminates.

BTB, GSB
— or
HSD FIELD

HIGH ORDER LOW ORDER

LOWER-ORDER
CHARACTERS IN RC OR RD

it 10 9 8 7 6 5 4 3 2 1 §

HIGHER-ORDER CHARACTERS IN REGISTER C or
D ARE NOT TRANSMITTED

Note: The data transmitted i1is shifted out the low-order end of
RC or BD, sent to the destination, and also re-entered into
RC or RD at the high order end. Although the transfer of
data to a destination terminates when the capacity of the
destination 1is filled, the recirculation (or end around
shift) of RC or RD does not. Twelve characters are always
shifted out of BRC or BD, and they are left in the same sta-
tus as at the beginning of the transfer.

(7) 1If the destination address specifies GSAR, PAK or CDR, the sign
character in register C or'D and a number of characters equal to
capacity of GSAR, PAK, or CDR are transferred out of register C or
D, and shifted into these registers from the high order end. When
the last character transmitted (the high order character) is shifted
into these registers, the sign character is shifted off the low or-
der end. (Note following Rule 6 applies).

COR | 5 |

3 2 |
b |
PAK 5 )
R |

7 6 5 4 3 2 |

-y
— GSAR _s__;wL
HIGHER-ORDER CHARACTERS IN EACH CASE THE SIGN
IN REGISTER C OR D ARE CHARACTER FROM RC OR
NOT TRANSMITTED. RD IS SHIFTED OFF THE

RIGHT END.
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(8) If the destination address specifies exactly 12 characters, a copy
of the entire contents of register C or D is stored at the desti-

,

nation address.

. . |
|-<——— DESTINATION a

HIGH ORDER LOW ORDER

ENTIRE CONTENTS OF REGISTER C OR D

(9) TIf the destination address specifies more than 12 characters, a
copy of the contents of register C or D is stored in the 12 lower
order character positions of the destination and the higher order
character positions in the destination are filled with space codes.

!: ( ( DESTINATION :‘
HIGH ORDER ) ) LOW ORDER
AAA § ’z; AAAA CONTENTS OF REGISTER C OR D

(10) Where Register D is referred to as a destination, a right-end-around
shift of 12 characters occurs, and the transfer terminates.

Jump Instructions

Unconditional Jump

Operation Code: 418
Mnemonic Code: uJ
Descriptive Code: U Jump
Description:

Address in the U section of the instruction word is transferred to the
W section of the word at the address given in the V section of the in-
struction word.

Address given in the W section of the instruction word is transferred
to PAK and is used as the address of the next instruction.

Sub-instruction is initiated.
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OPERATION SEQUENCE INSTRUCT |ON WORD

Modify the contents of PAK and cause a jump to PR = UJ
occur as follows: -

Transfer the three characters which form: U-section of this instruction word

to the W-section of the word location A
cos ——— V-address of this instruction word
specified by:
-------------------- P T L L T T e T X T
Transfer the three characters which form: W-section of this instruction word

to PAK, and take the next instruction word
from the location specified by the modified
contents of PAK.

Initiate sub-instruction(s) in accordance with: S/C

Jump on Plus

Operation Code: 178
Mnemonic Code: Jp
Descriptive Code: Jump +

Description:

Conditional storage is examined for plus state:

Jf conditional storage is plus (+), the address in the U section of the
instruction word is transferred to the W section of the word at the ad-
dress given in the V section of the instruction word. The address given
in the W section of the instruction word is transferred to PAK and used
as the address of the next instruction.

If conditional storage is not plus (either - or 0), the U, V, and W sec-
tions of the instruction word are ignored and the next instruction is
taken from the address specified by PAK.

Sub-instruction is initiated.

OPERAT10M SEQUENCE INSTRUCTION WORD

Examine Conditions] Storage for plus (+), PR = JP

If Conditional Storage is plus:

to the W-section 6f the word lo:ation
specified by:

Transfer: ¥W-section of this instruction word
to PAK, and use the modified zontents
of PAK as the address of the next
instruction.

I1f Conditional Storage is not plus (+):
Ignore the U, V, and ¥ sections of this
instruction word and take the next in-
struction word from the location speci-
fied by the unaltered contents of PAK,

Initiate sub-instruction(s) in accordance with: S/C
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Jump on Negative

Operation Code: 158
Mnemonic Code: JN
Descriptive Code: Jump -

Description:

Conditional storage is examined for minus state:

If conditional storage is minus (-), the address in the U section of the
instruction word is transferred to the W section of the word at the
address given in the V section of the instruction word. The address
given in the W section of the instruction word is transferred to PAK
and used as the address of the next instruction.

If conditional storage is not minus, (either + or 0), the U, V, and W
sections of the instruction word are ignored, and the next instruction
1s taken from the address specified by PAK.

Sub-instruction is initiated.

OPERATION SEQUENCE ] . TNSTRUCTTON WORD |
Examine Conditional Storage for negative (-). PR = JN

If Conditional Storage is negative:
Transfer the three characters which form: U-section of this instruction word

....................... Mevsomeccccacucacumsnsasanhacancncsnaacnsacanccrserrasasncsnana
to the W-section of the word location
specified by:

to PAK, and use the modified contents of PAK
as the address of the next instruction.

If Conditional Storage is not negative (-):
Ignore the U, V, W sections of this instruc-
tion word and take the next instruction word
from the location specified by the unaltered
contents of PAK.

Initiate sub-instruction(s) in accordance with: ] S/C
Jump on Zero
Operation Code: 19S
Mnemonic Code: JZ
Descriptive Code: Jump 0

Description:

Conditional storage is examined for zero state:

If conditional storage is zero, the address in the U section of the
instruction word is transferred to the W section of the word at the ad-
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dress given in the V section of the instruction word. The address given
in the W section of the instruction word is transferred to PAK, and
used as the address of the next instruction.

If conditional storage is not zero, (either + or -), the U, V, and W
sections of the instruction word are ignored, and the next instruction
is taken from the address specified by PAK.

Sub-instruction is initiated.

OPERATION SEQUENCE INSTRUCT ION WORD

Examine Conditional Storage for zero (0). PR = JZ

1f Conditional Storage is rero:
Transfer the three characters which form:| U-section of this instruction word
e e e ————— ] g g Sy
To the W-section of_the word location
apecified by: V.section of this instruction word

To PAK, and use the modified contents
of PAK us the address of the next in-
struction,

If Conditional Storage is not zero (0):
Ignore the U, V, and W sections of this
instruction word and take ths next in-
struction word from the location speci-
fied by the unaltered contents of PAK.

e

Initiste sub-instruction(s) in accordance
with: 5/C

Use of Jump Instructions

Jump instructions provide a means of modifying the sequence of oper-
ations in an internal program. The kind of decisions which are reflected
through plugboard wiring of selectors, branches, etc. may be made in-
ternally through the use of jump instructions.

Unconditional and Conditional Jumps

Unconditional Jump UJ is the only unconditional jump instruction in the
UFC-1 repertory. When this instruction is executed, the jump always
occurs; that is, the next instruction is always taken from the word ad-

dress specified in the W section of the unconditional jump instruction
word.

Conditional jump instructions in the UFC-I repertory include Jump on
Plus JP, Jump on Negative JN and Jump on Zerc JZ. In each of these
commands, the state (+, -, 0) of conditional storage (a special purpose
memory location discussed in Chapter 3) determines whether or not the
jump will occur. If the condition specified by the jump instruction
coincides with the state of conditional storage, the jump will be exe-
cuted. If not, the jump is ignored and the next instruction is taken
from the address specified by PAK, which is the next instruction in se-
quence.
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Returnable Jump Feature

All of the jump instructions in the UFC-T repertory are "returnable
jumps"; that is, during the execution of the jump instruction, a means
is provided to return to any valid instruction word -- after the sub-
routine initiated by the subroutine has been completed. No additional
or complicated programming technique is necessary to exploit the re-
turnable feature built into the UFC-I jump instructions.

A returnable jump usually modifies the main chain of events by jumping
to a series of instruction words called a "subroutine". At completion
of the subroutine, control returns to the main program through a second
jump instruction.

For example:

MAIN PROGRAM SUB-ROUTINE
Instruction
Word 159
Jump jump Instruction
Instruction > Word 300
160 "
no jump
Inot - Instruction
nstruction | Word 301
Word 161 I
Instruction
Instruction Word 302
Word 162
l Jump
Instruction Instruction
Word 163 303
1
Instruction
164

1
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Jump instruction 160 is coded as follows:

160 U y W PR { S/C
161 {303 | 300 { UJ A

U = the instruction word in the main program to which control re-
turns.
V = the last instruction word of the subroutine.

W = the first instruction word of the subroutine.

Jump instruction 303 is coded as follows:

U v W | PR s/c
303 {AANA}992 | 161 JUJ A

This instruction jumps control back to the main program at instruction

word 161.

Note: This method of coding a returnable jump may be applied to any of
the four jump commands.

Insome cases, particularlyin connection with programs utilizing "straight
line" coding, the programmér may wish to jump to another part of the
maln program or subroutine with no thought of returning to the main
program. To accomplish this, the programmer may vary his coding of the
returnable jump so that the jump is executed in the shortest possible

time.

This modified returnable jump is accomplished by the use of a "dummy"
address in the V section of the jump instruction. Because Arithmetic
Register C (addressed by 992) is used as an intermediate storage loca-
tion during the execution of jump instructions, the use of RC as the
dummy location will result in the fastest execution of a jump instruc-

tion.
STRAIGHT LINE PROGRAM
JUNP
INSTRUCTION
160

Jump

For example:

no jump

INSTRUCTION
WORD 161

INSTRUCT 10%
WORD 162

INSTRUCTION
WORD 163

INSTRUCTION
WORD 164 I
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Jump instruction 160 =

U

\Y

W

Note:

u

U

v

PR

s/c

JAAYAY

992

1 64

JpP

may contdin any valid characters

dummy address (in this case Register C)

address of the instruction at which the program is to continue.

ner.

Permissable Destinations

Any of the four jump instructions may be coded in the above man-

In jump instructions the V section of instruction word specifies a word
or field address which is referred to for address modification purposes.

This address may specify:

A word location on the high speed drum, general‘storage buffer or
block transfer buffer.

Register C (where a non-returnable jump is desired).

Contents of Arithmetic Registers after execution of a jump instruction:

W section

N PREVIOUS CONTENTS

i fro]olslz]lelslu]ls]a]i|s
o PREVIOUS CONTENTS

i Jofolsl7lelsfulsla]fi]s
o CONTENTS UNUSABLE®

nliolels]zlels]u]s]a]i]s
o PREVIOUS CONTENTS

u frofels]|z]lels]u]s]z]i]s

- of word at
V address

*Register C is used as an intermediate storage location for the U sec-
tion of the jump instruction word when a jump occurs and the W section

of the word at the V address is modified.
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Final contents of Register C are unusable. The address modification
of the PAK which occurs during jump instruction is accomplished automa-
tically as the jump instruction is executed.

Special Purpose Instructions

Buffer Transfer

Operation Code: 23S

Mnemonic Code: BT

Descriptive Code: (U)— BIB —>W
Description:

Contents of the source address specified by U (or V,) are transferred
to a destination address specified by W (or R) address, via the block
transfer buffer. V (or V,) address is ignored.

Sub-instruction is initiated.

During the first half of a Bl operation, the contents of the source ad-
dress are transferred into the low order positions of the BIB, replacing
as many characters as required. Higher order positions of BTB are not
disturbed.

During the second half of a BT operation, the number of characters speci-
fied by the destination address is transferred from the low order posi-
tions of BIB to the destination.

The BT operation may not be used to transfer data from one BTB location
to another, since BTB is not word and field addressable during the BT

operation.
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BUFFER TRANSFER
OPERATION SEQUENCE INSTRUCT 10N WORD PROGRAM STEP

Transfer data (1 up to 120 characters) from
one program control storage location to PR = BT PROCESS to BT wiring
another, via BTB, as follows:

Transfer, to the block transfer buffer,
lowest-order character first, the con- U-address V) ADDRESS wiring
tents of the location specified by:

Load the first character received* into
BTB's word 9, character S position. Load
the next character received into BTB's
word 9, character 1 position, etc., until
entire contents of the source are atored
in BTB in this manner, When less than 120
characters are loaded into BTB, do not
alter the higher-order character positions
of BTB (i.e., those which do not receive
data).

Trensfer data, out of BTB, to the location W-address

specified by: R ADDRESS wiring

Send the data to the destination,** lowest
order character first, beginning with BTB'a
word 9, character S position., Store the
character from BTB's word 9, character 1
position in the next lowest-order charac-
ter position of the destination, etc.
Transmit out only the number of characters
required to fill the capacity of the des-
tination.

Initiate sub-instruction(s) or sub-step(s) s/C

in accordance with: STEP OUT wiring

* If BTB is specified as the source, the first half of this instruction is omitted.
** 1f BTB is specified as the destination, no transfer out of BTB occurs (i.e,, the second half
of the instruction is omitted).

Data Transmission Rules - Buffer Transfer
Introduction

Storage locations that may be addressed to obtain operands (called "Per-
missible Sources") and storage locations that may be addressed as destin-
ations for the storage of results (called "Permissible Destinations") are
given in the tables on the following page. If any storage locations other
than those listed in these tables are specified in a Buffer Transfer, the

program is automatically stopped.

Source and destination references need not contain the same number of char-

acters.
Source Rules
(Numbers preceding rules refer to numbers on the following tables)

(1) 1If the block transfer buffer is not referred to in either the source
or destination address and:
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(1la)

If the number of characters specified by the source address 1is
less than 120 characters, a copy of the source data is stored
in the block transfer buffer beginning with word 9, character
S; and the higher-order stages of BIB, those which do not re-
celve source data, are left unaltered.

« BLOCK TRANSFER BUFFER ‘ 5!

High Order Low Order

Unaltered

<
Stages of BTB Source Data 120 characters

Word O Word 9
Character || Character §
(1b) T1f the number of characters specified by the source address 1s

120 characters, an exact copy of the contents of the scurce
address is stored in the block transfer buffer, beginning with
BIB’s word 9, character S position.

PERMISS {BLE SOURCES AND APPLICABLE
BUFFER TRANSFER DATA
TRANSMISS ION RULES
Source Source Address Specifies Rules
Block Transfer Buffer fg:: :::\:::!of characters as destina- 20or 5
igh Speed
High Speed Drum Tracks (except Any word location 0-9 (12 characters)
or
Any field location A-V (excluding I
and 0) containing from 1 up to 119 1 (1A or 1B}
General Storage Buffer characters
or
A blockette (Z) 120 characters
Arithmetic Registers A, B, C, D Exactly 12 characters 1 {1A)
PERMISS IBLE DESTINATIONS AND APPLICABLE
BUFFER TRANSFER DATA
TRANSMISSION RULES
Destination Destination Address Specifies Rules
S b f ch 8
Block Transfer Buffer ﬂ;‘::e::m er ol characters as source 4 or 5
Hiigp?peed Drum Tracks (except Any word location 0-9 12 characters)
or
Anvy field location A-V (excluding I 3 (3A or 3B or 3C)
General Storage Buffer and 0), from 1 upn:n 119 characters
A blockette (Z) 120 characters.
Arithmetic Registers A, B, C, D
Instruction Revolver Exactly 12 characters 3 (3A or 3B)
Shift. Revolver
High Speed Drum Field Selection
Pattern ISP
General Storage Buffer Field
Selection Pattern GSP Exactly 120 characters 3 (30)
Block Transfer Buffer Field
Selection Pattern BTP
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I
e BTB -

High Order Low Order
Source Data = 120 Characters

Word 0 Word 9

Character i1 Character S

(2) If the block transfer buffer is referred to as the source address,
no transmission into BTB occurs during first half of a buffer trans-
fer. During the second half of a buffer transfer, the data supplied
by BTB is always transferred out of BTB beginning with word 9,
character S position. In this case, the number of characters BTB
supplies as a source depends on the number of characters specified
by the destination address. Data transmitted is always sent from
BTB beginning with the lowest order character position of BTB (word
9, character S). The destination address may specify a particular
field in the case of field-addressable destinations.

Note: In buffer transfers, BTB is not word and field addressable
since program control storage ignores the lower-order char-
acter in the BTB address.

Destination Rules

(3) If the block transfer buffer is not referred to in either the source
or destination address, and:

(3a) If the number of characters specified by the destination ad-
dress is less than the number of characters specified by the
source address, not all the source data is sent to the destipa-
tion. That is, only those character positions in BTB beginning
with word 9, character S and extending up to the capacity of
the destination supply data.

- BLOCK TRANSFER BUFFER |

T BUF —>|

High Order Low Order
Unaltered Stages of BTB Source Data

Word 0 Word 9
Character 11 Character S
Higher-order characters of F*-" Destination ""4

source data and original
unaltered data in BTB are Low-order Characters
not transmitted. of Source Data
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(3b) Tf the number of characters specified by the destination ad-

dress is greater than the number of characters specified by
the source address, more characters of BIB data are transmitted
out to the destination than were received from tle source. The
destination’s lower-order character positions thus receive a
copy of the source data, and the higher-order character posi-
tions of the destination receive a copy of the data held in
correspondingly significant BTB character positions.

l Block Transfer Buffer =

g

High Order Low Order
Original (Unaltered) BTB Data Source Data

Word 0 Word 9

Character 11 Character $

(4)

L"—_— Destination ——i ]

Data in higher-order High Low
character positions
in BTB are not trans-
mitted.

Data from corresponding

BTB character positions. Source Data

(3¢c) If 120 characters are specified by the destination address,

the entire contents of BTB are transferred to the destination.

'4
-l

Destination . 4=1
High Order Low Order
[ Entire Contents of BTB Transmitted AJ

Tf the block transfer buffer is referred to as the destination ad-
dress, no transmission out of BTB occurs during the second half
of a Buffer Transfer. (The note following rule 2 also applies to
rule 4.)

BTB Both Source and Destination

(5)

If the block transfer buffer is referred to as both source and des-
tination, nothing happens "in BTB. Both halves of the buffer trans-
fer are suppressed, an "end of operation" pulse is immediately pro-
duced, and the program continues. A buffer transfer cannot be used,
there fore, to transfer data from one BTB location to another BTB

location.

134



Load General Storage Address Register

Operation Code: 318
Mnemonic Code: LA
Descriptive Code: TRV, = GSAR

Description:

The general storage address register (GSAR) is loaded with the two lower
order digits of U, the three digits of V and the two higher order digits
of W.

Sub-instruction is initiated.

Instruction Word

U v W PR | s/C
i‘:OI 238 |voil tal A

0]Jt2]38]|uo
DS|CH]AA

L DS | |CH AA SAR

In this instruction, the data loaded into the General Storage Address
Register (GSAR) is obtained from the instruction itself (from the In-
struction Revolver currently being used, IRV,). As part of the execu-
tion of the instruction, program control storage is automatically noti-
fied that the general storage address register is the required destina-
tion.

The general storage address register may also be loaded by addressing

GSAR as the destination in an instruction word or a program step.

OPERATION SEQUENCE INSTRUCTION WORD

Load GSAR with 7 characters from this instruc-

tion word (i.e., from IRV,) as follows: PR = LA

Place the lower order 2 digits of the U
section of this instruction word in U-section of this IW
GSAR’s 2 higher order digit positions:

Place the 3 digits of the V section of
this instruction word in GSAR’s next V-section of this IW
three higher-order digit positions,

Place the 2 higher order digits of the
W section of this instruction word in W-section of this IW
GSAR’s two lowest-order digit positions:

Initiate sub-instruction(s) in accordance with: S/C
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l.oad Shift Revolver

Operation Code: 328
Mnemonic Code: LS
Descriptive Code: (IRV.) —> SRV

Description:

Contents of the current instruction revolver (IRVC) are transferred to
the shift revolver (SRV). '

Sub-instruction is initiated.

1 05 2 1 0 3 04 LS A 1 06 2 1 0 3 0 4 LS A
c SRV
U v W PR | 8/C U v W PrR] s/c

IRV

In this instruction, the data loaded into the shift revolver (SRV) is
obtained from the instruction itself (from current instruction revolver
IRV.). As part of this instruction, program control storage is auto-
matically notified that the shift revolver SRV is the required desti-

nation.

The shift revolver may also be loaded by addressing SRV as the desti-
nation in an instruction word or a program step.

OPERATION SEQUENCE INSTRUCTION WORD

Transfer the contents of IRV, to the Shift _
Revolver, as follows: € PR = LS

Place the U section of this instruction

word in the U-section of the Shift Re- U-section of this IW

volver.

Place the V section of this instruction

word in the V-section of the Shift Re- V-section of this IW

volver.

Place the W section of this instruction

word in the W-section of the Shift Re- W-section of this IW

volver.

Place the OP section of this instruction
word in the lower-order character posi- OP-section of this IW
tions of the Shift Revolver.

Initiate sub-instruction(s) in accordance with: S/C
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Channel Clear

Operation Code: 338
Mnemonic Code: CcC
Descriptive Code: A = (W)
Description:

The track or buffer specified by the W (or R) address is cleared to
space codes. The U (or V;) and V (or V,) addresses are ignored.

Sub-instruction or sub-step 1s initiated.

The Channel Clear operation includes only one programmed storage refer-
ence — a destination. When this instruction is executed, 120 space
codes (A) are automatically generated by the computer and stored at the
destination (W or R address).

OPERATION SEQUENCE INSTRUCTION WORD PROGRAM STEP
Place a space code in each of the PR = CC PROC to CH Cl wiring
120 character positions of the e e e e mmme] e . —— e . - - - = - 4
track or buffer specified by: W-address* R ADDRESS wiring*

Initiate sub-instruction(s) or sub-

step(s) in accordance with: s/c STEP OUT wiring

*Permissible destinations in a channel clear instruction are:
High Speed Drum: Input/Qutput Tracks

Factor Storage Tracks
Intermediate Storage Tracks

General Storage Buffer
Block Transfer Buffer

Channel Search Probe

Operation Code: 278
Mnemonic Code: SP
Found: FAK
.. Busy: U == PAK
. ?
Descriptive Code: ?CS Storage Not Found: V = PAK
Ignore Found: W —= PAK
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Description:

Channel Search Storage is examined to determine whether a previously
initiated channel search operation is completed.

I1{f the search is completed successfully (found), channel search stor-
age is set to the plus (+) state, and the next instruction is taken

from the address specified by the PAK.

If the search is not completed
from the -U address.

(busy) the next instruction is taken

1f the search is completed unsuccessfully (not found) channel search
storage 1s set to minus (-) state and the next instruction is taken

from the V address.

If the search is completed and the special condition "ignore found"
occurs, channel search storage is set to the zero (0) state and the next
instruction is taken from the W address. (This condition does not cccur

on channel search unequal operations.)

Sub-instruction is initiated.

OPERATION SEQUENCE INSTRUCTION WORD SEARCH PROBE SUB-STEP

Test to see if a previously ini- s STEP OUT to
tiated Channel Search Operation is PR = SP CgEg OU: t? . CS PROBE +
completed: ROBE wiring WAIT wiring

If the previously initiated search

is not completed, proceed with the
program and take the next instruction
from:

Wait until
search is
completed

The location
specified by
the U address

ACTIVE out
wiring

If the previously initiated search is
completed, examine Channel Search
Storage:

The location
specified by

If Channel Search Storage is set

to MINUS, take the next instruc- MINUS (-) out

MINUS (=) out

tion from: the V address wiring wiring
_________________ e s —— e e | e —— e e —
If Channel Search Storage is set The location
to ZERO, take the next instruc- specified by ZERQ (0) out ZEHQ (0) out
wiring wiring

tion from: the W address
e —— e e —— e — — — — ——— - —— ] b - — - — -
If Channel Search Storage is set The location
to PLUS, take the next instruc- specified by
tion from: PAK

PLUS (+) out
wiring

PLUS (4) out
wiring

Initiate sub-instruction(s) in accor- s/C
dance with:

Input/Output Instructions

Test Demand In

Operation Code: 34S
Mnemonic Code: ™D
NDescription:
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1/0 unit "b" is tested to determine whether it is ready or not ready for
use as follows:

] v W PR s/¢C
b 1D A
1/0

- IF NOT

UN |01_9 b IF READY READY

A DEMAND TEST IN signal is sent to the I/0
unit specified by the middle digit "b" of
the U section of this instruction word.

If I/0 unit "b" is READY, the next instruc-

tion 1s taken from the V address of this
instruction word.

If I/0 unit "b" is NOT BREADY, the next in-
struction 1s taken from the W address of
this instruction word.

Sub-instruction is initiated.

OPERATION SEQUENCE

INSTRUCTION WORD

Determine whether I/0 unit "b" is READY or NOT PR =TD
READY for subsequent use, as follows:

Examine:

Middle digit (b) of the U-section
of this instruction word,

Send the I/O unit specified by this digit a
DEMAND TEST IN signal.

If I/0 unit "b" is READY, take the next in-

struction word from the location specified by:

V-section of this instruction word.

If 1/0 unit "b" is NOT READY, take the next
instruction word from the location specified
by:

W-section of this instruction word.

Initiate sub-instruction(s) in accordance with:

S/C

Test Incoming Control

Operation Code: 39S
Mnemonic Code: TI

Description:

High Speed 1/0-Computer Control Line Storage is tested as follows:

The low order character "c" of the U section of this instruction

is examined. If "c" equals W, X, Y or Z, High Speed 1/0-Computer

trol Iine Storage is tested for the corresponding condition:
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If W, X, Yor Z condition is
found:

The middle digit "b" and
high order digit "a" of
the U section of this in-
struction word are examined.

1f "a" =1, track switch is
executed on I/0 tracks speci-
fied by "b".

If "a" # 1, no track switch
is executed on I/0 tracks
specified by "b".

The next instruction 1is taken
from the W section of this

instruction word.

Sub-instruction is initiated.

U v PR | S/c
bl ¢ TI A

a =

Track

Switch 1/0

T T T Track "b" w,X,Y,Z
a 1 0-9
No
Track
Switch
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IfW, X, Y or Z condition
is not found:

Track switch is not execu-
ted.

Next instruction is taken
from the location specified

by PAK.

Sub-instruction is initiated.



OPERATION SEQUENCE INSTRUCTION WORD

Test High Speed I/0 -Computer Control Line Stor-

age for W, X, Y, or Z, as follows: PR = TI
Examine:
If ¢ = W, test High Speed I/O-Computer W, X, Y, or Z in the lowest order
Control Line Storage for the W-condition: character (c) of the U-section of
this instruction word
If ¢ = X, test for the X condition
If ¢c =Y, test for the Y condition
If ¢ = Z, test for the Z condition
If the particular W, X, Y, or Z condition Middle digit (b) and highest order
tested is found, examine: digit (a) of the U-section of this

instruction word
For track switching:
"b" specifies the I/O unit whose associ-
ated I1/0 tracks are to be conditionally
switched:

If a=1, track switch
If a = 0, do not track switch

Take the next instruction word from the

. s e W-address of this instruction word.
location specified by:

If the particular W, X, Y, or Z condition
tested is not found, do not track switch,
regardless of the value of "a". Take the
next instruction word from the location
specified by the contents of PAK,

Initiate sub-instruction(s) in accordance with: S/C
Demand In
Operation Code: 458
Mnemonic Code: DE

Description:

I/0 unit is placed on demand; track switch is performed conditionally,
and computer - I/0 unit control information is exchanged as follows:

1/0 unit "b" is sent a DEMAND IN signal.
When I/0 unit "b" becomes READY, it produces a DEMAND OUT or SPECIAI. OUT

signal:
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DEMAND OUT:

SPECIAL OUT:

u v ] PR_|s/c v v W PR s/C
alb]c DE A alb]e DE A
a=1I, Unii/gb" Next
s:fic: uniLleb" Computer=1/0 0-9 Instruction
AL 0-9 Cortrol Lines P =
atl, Al -
No Track No Track Switch;
Switch No Control via
] o Computer - 1/0
Next instruction is taken from Control Lines in
location specified by PAK. V of this IW
) . L Track No Track
Sub-instruction is initiated. Switch Switch

1

Control via Computer-
1/0 Control Lines in
V of this Iw

Next instruction .is taken from W address.

Sub-instruction is initiated.

OPERATION SEQUENCE

INSTRUCTION WORD

Place I/0 unit "b* on demand conditionally track
switch and exchange control informetion as fol~
lows;

Examine:

Send I/0 unit "b" a DEMAND IN signal: i.e.,
place I/0 unit "b" on demand:

(LS) 1/0-Computer control lines (a-1)
from I/0 unit "b" are energized

PR = DE

Middle digit (b) of the U-section
of this instruction word

When 1/0 unit "b" becomes READY, it produces a
If it produces a SPECIAL OUT it also sends one
Computer control lines (W,X,Y,Z) to High Speed

DEMAND OUT or & SPECIAL OUT signal.
or more signals over the (HS) I/0-
1/0-Computer Control Line Storage.

If a DEMAND OUT "b" is produced, track
switch if:

is a "1"; do not track switch if it is a
"0". Whether track switching occurs or
not, send I/0 unit "b" the control infor-
mation specified by:

(via the Computer-1/0 control lines), and
take the next instruction word from the
location specified by the contents of PAK.

If a SPECIAL OUT is produced, examine:

If c =0, do not track awitch regardless
of the value of "a", and do not send the
control information (V) to [/0 Unit "b".

If c 1, track switch if "a" = 1, do not
track switch if "a" = 0. Send the control

information (V) to I/0 Unit "b".

Highest order digit (a) of the U-
section of this instruction word.

Vesection of this instruction word.

Lowest-order digit (c) of the U-
section of this instruction word:

In any event, if a SPECIAL OUT is produced,
take the next instruction from the location
specified by:

W-address of this instruction word.

Initiate sub-instruction(s) in sccordance with:

s/C
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Transfer of Control Instruction
Transcop (Transfer Control to Plugboard)

Operation Code: 51 through 98
Description:

The execution of instruction words is interrupted and control is trans-
ferred to the plugboard step identified Ly the operation code of this
instruction word.

This instruction word is retained in IRV,. U, V, and W portions of
this instruction are available during the plugboard sequence through U,

V and W ADDRESS HUBS.

When the plugboard sequence is completed and NEXT INSTRUCTION is sig-
nalled, the sub-instruction of the transcop word is initiated.

OPERATION SEQUENCE INSTRUCTION WORD

Interrupt the execution of Instruction Words;
retain this instruction Word in IRV, ; transfer
Program Control to the Plugboard Step numer-
ically equal to:

PR = 51 - 98

Execute the Program Step wired there.

A sequence of one or more program steps is thus initiated. The U, V,
and W addresses of this instruction word are available to each pro-
gram step in the TC - initiated plugboard sequence.

If the plugboard-defined program pulses the NEXT INSTRUCTION hub,
program control resumes the internal program, then initiates the sub-
instruction(s) specified by S/C in this instruction word.
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SPECIAL CHARACTER CODES

&
)
SEYA Y.
% fJo S/
SIS
o LSS/ S
YIS/ &
AN
N/
v
[

Note that 6§, 0, A, or i can be used to ignore S/C in an- IW

-uo'zzr-x—zasmmoo’wcooa\lo»m-:wn

T

2

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

TABLE 4-2
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INITIAL AND FINAL CONTENTS OF RA, RB, RC, AND RD
FOR INSTRUCTIONS WHICH USE ARITHMETIC REGISTERS

CONTENTS OF

RESULT | RESULT
INSTRUCTIONS Register A Register B Register C Register D FORMED | STORED
Initial Final Initial Final Initial Final Initial| Final I FROM
Add Augend Augend Addend Addend PC N PC Sum RD RD
Add & Check Augend Augend Addend Addend PC Negative C Sum i) O
Subtract Minuend Minuend Subtrahend | Subtrahend §PC w PC Difference |RD RD
(S:;:g:;‘;“t & Minuend Minuend Subtrahend | Subtrahend JPC I;:g:tive PC Difference |RD RD
'l",;:,zip”' Store| yultiplicand Multiplicand | Multiplier | Multiplier |PC PROD U PC PROD L RC & RO | RC
ﬂ:é:iPéyéhfzire Multiplicand |Multiplicand { Multiplier | Multiplier |PC Negative PC Degative  |pc & RD| RC
ﬁx?”'&”e Multiplicand IMultiplicand | Multiplier | Multiplier |PC PROD U Pc PROD L RC & RO | RD
r:i:ipéyéh§§§’° Multiplicand |Multiplicand | Multiplier | Multiplier |PC g:g:‘ive PC ngztive FC & FD| RO
gizi‘g:r;f““ Dividend W Divisor |IN Dividend | Remainder  |PC Quotient |RC & RD| RD
Divide, Store
Quotient & Dividend WN Divisor N Dividend | IN PC N RC & RD| RD
Check
Divide, Store | Dividend N Divisor  |WN Dividend | Remainder  [PC Quotient |RC & RO RC
Divide, Store
Remainder & Dividend W Divisor N Dividend | IN PE N RC & RD| RC
Check
(Any) Divide RC or
Where Divisor Dividend N Divisor UN Dividend | Zero PC Zero RD & RD | gy
=0
(Any) Divide .
Where Quotient Dividend N Divisor UN Dividend l();‘“:‘e:g ) uPC Zero RC & RD % or
Digit <1 emainder
Mask Transfer Operand Operand Mask Mask PC R PC R RC & D] RD
Branch
Compare Vl Operand Vl Operand V2 Operand V2 Operand |PC PC PC PC Storage +, 0,—
Set to
Suppress Left
Zeros Vl Operand R PC PC PC PC PC R RA & RD { RD
: Normalized Normalized Normalized {RA, RB,
Left Normalize Vi Operand Operand PC Count PC PC PC Operand & b RD
?r]!';s;ftzt;ew) V1 Operand Vi Operand V2 Operand V2 Operand |PC R PC R RC & RD | RD
Jump on Plus RC used as
Jump on Minus intermediate
storage for U.
Jump on Zero P PC FC rC PC Final Content;sipc rC KC BC
o of RC are
‘l})::‘:ndluonal unusable,
Arithmetic Source | Data
Trans fer FC PC rC PC FC FC Data transmitted o i
R - BResult BA - Register A PROD U - higher-order characters of product
PC - Previous contents RB - Register B PROD L - lower-order characters of product
N - Unusable RC - Register C
RD - Register D
TABLE 4-3
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GENERAL STORAGE SYSTEM

INTRODUCT ION

Modern business operations demand split-second decisions on the part of man-
agerial and supervisory personnel. In order to make these decisions intel-
ligently, the manager must have access to the very latest facts and figures
pertinent to the question at hand. The following are typical situations where
the large capacity random access general storage system of the UFC-I con-
tributes to effective decision-making by keeping information readily avail-

able:
Inventory control, where inventory balances and other continuing infor-

mation may be carried in general storage. JImmediate posting of random
receipts and withdrawals always maintains inventory status up to date.
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Production scheduling, where a highly volatile situation exists. Sched-~
ule and process changes must be reflected immediately in order to deter-
mine shipping dates and quantities.

Sales analysis, where vast amounts of random data must be classified,
accumulated, and reduced in volume.

Insurance and transportation problems, where large rate tables may be
stored for reference periodically during calculations.

Recapitulation and reporting, in any situation where a mountain of detail
must be condensed so that reference, calculation, summarization and re-
porting may be accomplished in a single operation.

COMPONENTS OF THE GENERAL STORAGE SYSTEM

The general storage system is the large capacity, random access memory of the
Univac File-Computer, Model I, system. It is composed of the following prin-
cipal parts:

(1) General storage drums (GSD). A UFC-I system may include from 1 to
10 magnetic drums, called general storage drums (GSD). Each drum
is capable of storing 180,000 7-bit alpha-numeric characters.

(2) General storage address register (GSAR). This 7-digit register holds
the address of the general storage location involved in a general

storage reference.

"(3) General storage buffer (GSB). This 120-character, magnetic core
buffer serves as an intermediate storage in data transmissions to
and from the general storage drums, and holds the unit record iden-
tifier in channel search operations.

(4) Circuitry. The controlling, locating, and synchronizing circuitry
necessary for execution of general storage operations is also con-
sidered a basic part of the general storage system.
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FUNDAMENTALS

Data organization in general storage. The basic unit of data handled by the

general storage system is the "unit record". A unit record may be read from
a location in general storage; it may be stored at a location in general stor-
age; 1t may be searched for in general storage.

A unit record is a group of adjoining characters handled by the computer as
a unit during general storage operations. A unit record must consist of at
least 12 characters (one computer word), but may also consist of any integral
multiple of 12 characters up to a maximum of 120 characters.

An "item" or "file-entry" is a group of facts pertaining to a major unit of
a file. Each item, or major unit, is identifiable as unique from all other
major units in the file. For example, an individual payroll record may be
an 1tem in a payroll file; a part number and its related information mav be
an i1tem in an inventory file; an account receivable may be an item in a cus-
tomer file.

"Unit records" and "items" bear the following relationship to each other in
general storage of the Univac File-Computer.

(1) A unit record may be a complete item in itself.
(2) A unit record may be only a portion of an item.
(3) A unit record may contain several complete items.

When files are recorded in general storage, the maximum amount of space neces-
sary for further processing of any item is usually allotted to all items in
that file. Thereaftér, reference to any item is made on a unit record basis,
the length of which is specified by the programmer within the limits previ-
ously prescribed. Thus, data held in general storage of UFC-I may be obtained,
altered, and stored selectively on a unit record basis.

Time Sharing during General Storage Operations. General storage operations,
which provide access to the data on the general storage drums, may be time-
shared with operations of the central computer and the input-output units.

Whenever the general storage buffer (GSB) and the general storage address
register (GSAR) are engaged in general storage operations, they are not avail-
able to program control storage operations of the central computer. However,
by suitable programming, operations of the general storage system and the
program control storage system may be carried out simultaneously, with a
resultant time-saving factor in accomplishing the assigned processing of data.
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GENERAL STORAGE DRUMS

Description

The general storage magnetic drums provide the large capacity, random access
storage of the UFC-I. A maximum of 10 drums, containing a total of 1,800,000
characters of information, may be included in the system. Segments of this

information may be located by drum section, channel, and unit record area,
.as described below:

(1) Each general storage drum is divided into tliree sections, each
section containing 100 channels of information.

(2) A channel contains the information available to one read/write head
around the circumferencé of the magnetic drum. (See Figure 5-1.)

(3) Each channel consists of (a) space for 600 characters of filed in-
formation, (b) a 6-character search control location, important
in the channel search operations discussed below, and (c¢) a dead
space, which allows channel search to continue from channel to
channel without waiting for a complete drum revolution.

GENERAL STORAGE

DRUM Ol
EACH GENERAL STORAGE
ORUM IS DIVIDED INTO
THREE SECTIONS
SECTION 00
SECTION O
SECTION 02
! '
| \
i Y . EACH CHANNEL CONTAINS
1 ‘\
! 50 12 -~ CHARACTER _GROUPS (00-98)
{SECTION 00 \  THERE ARE 100 iN WHICH UNIT RECORDS ARE STORED.
I . CHANNELS IN
' EACH DRUM A SEARCH CONTROL LOCATION (0} IN
! SECTION WHICH CHANNEL SEARCH (SEQUENCE)

CHANNEL 00 CONTROL DATA IS STORED; AND

CHANNEL 99
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)

\ ONE READ/WRITE
CHANNEL 00 HEAD PER CHANNEL

3 SEARCH CONTROL LOCATION (‘0)
P 0EAD SPACE

FIGURE 5-1

CONTENTS OF A CHANNEL
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Address Structure
Two types of general storage addresses are employed in UFC-I: wunit record

area (URA) addresses and search control location (SCL) addresses.

A Unit Record Area is identified by means of a 7-character format as follows:

L ' DS CH AA
Unit Record Drum ch 1 Angular
Length Section anne Address

All characters in the 7-character format must be numeric.

The Unit Record Length Code specifies the length or number of characters to
be called for in a particular general storage reference. This code may be
any number from 0 through 9. The code digit, multiplied by 12, defines the
number of characters in a unit record area, except in the case of 0 which may
be considered as 10, as it designates a 120 character unit record area.

The Unit Record Selector (a switch on the general storage control cabinet)
performs two important functions in relation to the unit record length code:

(1) If this switch is set to "GSAR", the length code (L) held in the
general storage address register (GSAR) specifies the length of
the unit record.

(2) With the switch set at any one of the positions 0 through 9, the
unit record length is deiined by the switch setting, and the "L"
code is ignored.

The General Storage Drum Section 3s identified by "DS" in the address format.
Each drum is divided into three sections. A ten-drum system contains thirty
such sections, designated by addresses 00 through 29. For example, 00, 01
and 02 indicate the three drum sections of the first drum in the system.

Channel Address (CH) specifiesea particular 600-character channel of the 100
channels available on each drum section. Addresses of these channels are 00
through 99 in any section of any general storage drum.

Angular Address (AA) specifies the exact location within a partiuclar channel
at which a unit record area begins. The variation of these numbers depends
on the length of the unit récord used.

The initial URA on each channel is addressed by 00, with the angular address

increasing by two for each succeeding group of twelve characters. Thus,
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successive l2-character unit record areas are addressed by multiples of two,
while 24 character unit record areas are addressed by multiples of four. This
type of format provides a method of continuous addressing throughout the
general storage system for unit record areas of 12, 24, 60 and 120 characters.

120-CHARACTER UNIT RECORD AREAS

SEARCH CONTROL
Ist AA|O|O|I[O|O]|O|O , LOCATION

0
5th AA |ofofi{o]ols]o U

DEAD SPACE

FIGURE 5-2

120-CHARACTER UNIT RECORD AREAS

NUMBER OF UNIT RECORD AREAS
FOR VARIOUS DRUM SYSTEMS

Drums Characters per Unit Record Area
per
System 12 24 36 48 60 72 84 96 108 120

| i5,000 7,500 4,800 3,600 3,000 2,400 2,100 1,800 1,500 1,500
2 30,000 15,000 9,600 7,200 6,000 4,800 4,200 3,600 3,000 3,000
3 45,000 22,500 14,400 10,800 9,000 7,200 6,300 5,400 4,500 4,500
4 60,000 30,000 19,200 4,400 12,000 9,600 8,400 7,200 6,000 6,000
5 75,000 37,500 24,000 18,000 15,000 12,000 10,500 9,000 7,500 7,500
6 90,000 45,000 28,800 21,600 18,000 Iu,u00 12,600 10,800 9,000 9,000
105,000 52,500 33,600 25,200 21,000 16,800 14,700 12,600 10,500 10,500
120,000 60,000 38,400 28,800 24,000 19,200 16,800 4,400 12,000 12,000
135,000 67,500 43,200 32,400 27,000 21,600 18,900 16,200 13,500 13,500

o © o N

150,000 75,000 u8,000 36,000 30,000 24,000 21,000 18,000 15,000 15,000
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Variability of Unit Record Addressing

Items or file entries of varying lengths may be stored (a) in different drums
within a general storage system, (b) in different sections of a single drum,
(¢) in different channels of a section, or (d) in different character grqups
within a channel. For example, payroll, accounts receivable, and accounts
payable may be stored in neighboring sections of a drum, as in the following
1llustration:

SEVERAL GSD'S MAY BE
REQUIRED FOR A "FILE" OR

DEAD SPACE

END OF FILE
CODE

SEVERAL FILES
MAY BE STORED
ON ONE DRUM

FIGURE 5-3

ADJACENT STORAGE OF
URA'S OF VARYING LENGTHS
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VALID GENERAL STORAGE UNIT RECORD AREA ADDRESSES

Unit Record Area Length Code (L)
Characters per Unit Record Area
Complete Unit Record Areas per Channel
Characters Utilized per Channel

153

[ 2] 3] u] 5] 6] 7] 8] 9] o
12 | 24| 36 | ua| 60| 72 | 84 | 96 [108 | 120
50 | 25| 16 | 12j10] 8| 7| 6| 5] 5
600 | 600 |576 |576 | 600 |576 |588 |576 |5u0 |600
00 [ 00] oo | 00| 0o | 0o [ 00 |00 | 00| 00
02
oy | ou
06 06
08 | o8 08
10 10
12 | 121 12 12
Iy Ty
16 | 16 16 6
18 18 18
20 | 20 20 20
22
2u | ou | 2u [ 24 24
26
28 | 28 28
30 30 30
32 | 22 32 32
3y
36 | 36 | 36 36 36
38
uo | 40 5o | 4o )
2 02 72
uy | uy
46
yg | 48 | u8 | 48 V8 V8
50 50
52 | 52
51 54 54
56 | 56 56 56
58
60 | 6C | 60 60 | 60 60
62
B4 | ob 0 80
66 66
68 | 68
70 70 70
72 | 72 | 72 | 72 72 72
74
76 | 76 ~
78 78
80 | 80 80 | 80 80 80
82
8y | 8y | 8y 8 | 8%
86
88 | 88 88
90 90 90
92 | 92 \/
9y X
96 | 96 /\
98 \




When items on the drum are short, and when they may be desired in sequence,
several short items may be read by a single read command. In the same manner,
these several small items may be restored on the drum by a single write com-
mand. For example: a group of ten 12-character items stored in unit record
areas 00, 02, 04 through 18 could be called up as a single 120 character
unit recore¢ by inserting a 0 (120 character URL code) in the unit record
length code position of the address beginning at angular address 00 on the
channel.

Any size of unit record (of the ten sizes available) may be read out, begin-
ning at any valid 12-character group angular address provided there are
enough character positions between the beginning angular address and the end
of the channel. For example, unit record length code 0 (120 characters) may
be called for beginning at any angular address up to and including 80, which
1s the last valid 120-character unit record address. In any address greater
than 80, the full 120 characters cannot be obtained from the channel.

A Search Control Location (SCL) refers to a specific 6~-character memory lo-
cation on each channel of general storage. It is addressed by drum section,

channel and the designation 'O (prime zero) in the following format:

- DS CH '0
Unit s
Record Drum ch 1 c eircﬁ
Length Section anne Lon'gp
(1gnored) ocation

The Unit Record length code may be any computer character, since 1t is 1ig-
nored in any operations associated with the search control location.

Drum section, and channel within that drum section, identify the channel
search control location used as a reference. Each character in the drum sec-
tion and channel portions of the format must be numeric or an error will re-

sult.

Search control location "' 0" is the exact code which must be used to differen-
tiate the search control location address from any unit record angular ad-
dress. The characters '0, when stored in any search control location, act
as a stop code, terminating channel search operations when '0 1is i1nterpreted

in the general storage address register.

During channel search operations, discussed more fully below, an "overflow

address" stored in the search control location of each channel directs the
computer where to continue the search 1f the desired unit record is not found
in the channel just searched.
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The method of loading an overflow address into the search control location
is as follows:

(1)

(2)

Place the 6-character address (to be stored in the search control
location) in character positions 1 - 6 (Field A) of the general
storage buffer (GSB). For example, i1f search is to continue at
location 030500, these numbers would be loaded into the GSB.

Place the address of the desired search control location in the
general storage address register (GSAR). An example might be search
control location 0250’0.

(3) Execute a "Write Unit Record" general storage operation. Thus,
overflow address 030500 would be loaded into the search control
memory location ’'0 of channel 50, drum section 02.

Instruction’ INSTRUCTION WORD
I l Location U \" w PR S/C]
nternal:
AL AN alolAalajalaj?l g Alrla
/ oloi8lala la|29lslAalriy
Tor] v [t feroces] vo [aE] ROOLLRG] NS
51 SR
External: 2 | 0o A AT GSB A s3
53 [go 8 AT GSAR WUR

PROC | V,ADR | V|SH V,ADR | VpSH | R ADR

137
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General Storage Address Register (GSAR)
The General Storage Address Register is a 7-digit register the principal func-
tion of which is to hold general storage addresses during general storage op-

erations.

The two types of valid addresses held in GSAR are:

Unit Record Area Addresses L{D|S|{ClH]A]|A
Search Control Location Addresses

-}DjSjCcC|iH]']O

The GSAR performs a secondary function in its role as an addressable unit of
the program control storage system. This secondary function was discussed
in Chapter 2, "Program Control Storage System".

The General Storage Address Register is addressable internally by the code
995, or by wiring of the GSAR hubs on the main program plugboard.

An address may be loaded into the GSAR by one of several methods:
(1) Internal command IA (see example 1, below).
(2) Internal arithmetic transfer of an address to the GSAR.

(3) Through modification or calculation of an address, with the GSAR
as the destination address R.

(4) Plugboard version of 2 above (see example 2, below).
(5) Plugboard version of 3 above.

Example 1

The operation code 1A loads the GSAR with the two lower order digits of the
U section, plus the V section and the two higher order digits of the W section
of the instruction word.

Instruction INSTRUCTION WORD

Location U \"% w PR IS/C

x| x{x *lo’l‘o zlglel9lolxlclala
\

L ||DS | |[CH]TAA

* Any computer character.
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In this example, the address 5038890 will automatically be loaded into GSAR,
and general storage operations utilizing GSAR may be initiated.

Example 2

Assuming that the desired general storage address is stored at Field J of

the input/output track on demand, the following programming would transfer
this address to the general storage address register.

STEP Vi Va2 R NEXT
NO. Vl SHIFT PROCESS Vz SHIFT R SHIFT STEP
& ¢/
6 |T/p- 3 AT GSAR 65—

FIGURE 5-5
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GENERAL STORAGE BUFFER (GSB)

Function

The general storage buffer is a 120 character, magnetic core memory that pro-
vides rapid access to general storage drum data. Whenever a unit record is
referred to on the drum and read into the GSB, it is held in the buffer while
its component words and fields are being processed. Conversely, data to be
recorded on the drum is held in the GSB while words and fields are being
processed. The GSB, therefore, serves as in intermediate storage location,
or "buffer! between the general storage drums and the program control storage
system.

General Storage Buffer Addressing

The address of the general storage buffer (GSB) is 98, supplemented by a third
number or letter to indicate a word, field, or blockette. Word addresses
are designated by 0 through 9. Fields, which can be of any length up to 119
characters and any number up to 20, are designated by letters A through V,
omitting I and O. The entire contents of the buffer (120 characters) is
designated by the blockette address Z.

For example:
985 designates the general storage buffer word number 5.
98F designates the sixth field in the general storage buffer, field F.

In addressing the GSB, note,that field A begins at word 9, character S posi-
tion. Access to a particular field in GSB requires scanning the buffer begin-
ning at word 9, character S, until the field i1s located, whereas any buffer
word address is directly accessible, regardless of its position in the buffer.
Both word 9, character S position and field A, character S position represent
the first character in the buffer.

The lengths of fields in the unit record area are determined by the general
storage buffer field selection pattern (GSP), which is addressed internally
as 99Y. It can be addressed only as a destination, 1. e., for storing a 120
character pattern which will control the field addressing of the buffer until
replaced by a different pattern. The field pattern may be changed at any
time throughout the program as various types and sizes of unit record areas

are processed.

Construction of the GSP is similar to the block transfer pattern (BTP) and
high speed drum intermediate storage pattern (ISP) discussed under Program
Control Storage System.
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J GENERAL STORAGE BUFFER ADDRESSING
GENERAL STORAGE OPERATIONS

Iintroduction

The general storage operations described below provide the link between the
program control storage system of the central computer and the general storage
system which provides the large capacity random access storage. Each of the
general storage operations can be time-shared with central computer oper-
ations,since each general storage operation is performed as a subinstruction
internally or substep on the plugboard. In other words, the operation may
may be carried on simultaneously with any program controlled operations which
do not require use of the same registers and buffers.

159



Read Unit Record (RI -‘RY)

This operation: (1) locates the specific unit record for which the 7-digit
general storage address is held in GSAR, or it locates a specific search
control location for which the 6~digit address is held in GSAR, and (2) trans-
"Read Unit- Record"

fers the unit record to the general storage buffer.

initiated when two conditions are met:

(1) The general storage address of the desired unit record has been

placed in the general storage address register.

(2) The letter "L" is placed in the special character "S/C" portion of
the instruction word, or the "READ UR" hub on the main program

plugboard 1s signaled.

An example of the proper internal instruction word is:

The process code (PR) is LA, indicating "Load GSAR" with the address 1020962;
special character L indicates that Read Unit Record should be executed.

Wiring of the substep "Read Unit Record”" on the plugboard is illustrated in

the following diagram:

INSTRUCTION WORD

u

\4 w

PR

S/Q

¥] /1o

2lolglelalw

Lla

L

* Any computer character

STEP
o8
O%@-

57C)
0560
050

(O10)

T

s

160

1038

FIGURE 5-7

READ UNIT RECORD



STEP Vy Vz R NEXT
NO. vy strer | TROCESS Va SHIFT R sHIFT| sTEP
56 » R
READ URA (R)
NO N . ouT
11
' | FRomM ST. SHi To sTERL £ 7
2 i
. i
3 |
1
a i

Access to the: general storage address register and general storage buffer is
prevented by an interlock during this operation.

The time fequired'to execute the Read Unit Record operation (assuming that
GSAR is already loaded) is indicated in the following table.

Length Code: ! 2 3 4 5 6 7 8 9 0

Number of Characters: 12 24 36 u8 60 72 8l 96 108 120
Average Time: 17.65 | 18.30] 18.95 | 19.60 ] 20.25 |20.90 | 21.55 | 22.20 |22.85 | 23.50
Maximum Time: 34.65 | 356.30 ] 39.95 | 36.60 | 37.25 | 37.90 | 38.55 | 39.20 |39.85 | 40.50

The data in any search control location may be read in the same manner as a
unit record, with the exception that the 6~digit. address (DS CH '0) is placed
in the GSAR before Read Unit Record is initiated.

The time £equired to read the contents of a search control location into the
GSB (assuming that GSAR is already loaded) is:

Average time (in milliseconds): 17.65
Maximum time (in milliseconds): 34.65

Note: Six characters of the dead space are read into GSB in addition to the
6. characters stored in the search control location, since a minimum of 12
characters is processed in this general storage operation.

Write Unit Record (WI - Wu)

Write Unit BRecord (1) locates the unit record or search control data held
in the GSB and (2) stores that record in its proper location in the general

storage system. For this operation two conditions are necessary:

(1) The general storage address of the specific unit record or the
search control location must be placed in the GSAR.
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(2)

The letter "M" must be placed in the special characte® "S/C" posi-
tion of the instruction word, or the "WRITE UR" hub on the plugbbard
must be signaled. The example given above would apply here, except
that the letter "L" would be replaced by an "M" which indicates
the Write Unit Record Operation.

Plugboard wiring of "Write Unit Record" is as follows:

STEP V4 Va R NEXT
NO. vV, SHIFT PROCESS Vz SHIFT R SHIFT STEP
58 Wi
WRITE URA (W)
NO IN | ouT
V|Feoy st 2! 70 ST 59
2 !
3 i
4 !
STEP
N OUT
0870
Ose@

$

FIGURE 5-8
WRITE UNIT RECORD
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Access to the general storage address register and general storage buffer is
interlocked or prevented during this operation, as it is during "Read Unit
Record".

The time required to execute a Write Unit Record operation (assuming that GSB
and GSAR are already loaded) is the same as that required for a Read Unit
Record operation of a comparable number of characters. (See the table in-
cluded with Read Unit Record.)

The Write Unit Record operation is also used in the loading of overflow ad-
dresses into search control locations, as described under Search Control
locations in this chapter.

The time required to write the 6-character overflow address or stop code into
a search control location (assuming that GSB and GSAR are already loaded) 1is:

Average time (in milliseconds): 17.65
Maximum time (in milliseconds): 34.65

Note: Characters 7 through 12 of GSB are writteniinto the dead space of the
channel in addition to characters 1 through 6. which are written into the
search control location, since a minimum of 12 characters 1s processed in
this general storage operation. ’

Write Unit Record and Check (W/CI - W/C 4)

This operation is similar to Write Unit Record in two ways: (1) it locates
the unit record or search control data held in the GSB, and (2) it stores
that record in its proper location in the general storage system. Jt differs
from Write Unit Record in one respect: after the record has been written on
the drum, it is re-read to check the accuracy of the writing operation.

Two conditions must be met in order for this operation to be initiated:

(1) The general storage address of the specific unit record or search
control location must be placed in the GSAR.

(2) The letter "P" is placed in the special character "S/C" position
of the instruction word, or the WRITE UR AND CHECK hub is signaled.
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Plugboard wiring is as follows:

STEP Vi, Va R NEXT
NO. SHIFT PROCESS Vz SHIFT R SHIFT : ST;P
60\ ' w/e |
WRITE & CHECK URA (W/C)
NO IN Il ouT
1
' |Freom ST. 60!T0 ST. &/
2 ]
1
3 I
! P
4 |
FIGURE 5-9

WRITE UNIT RECORD AND CHECK

Access to the general storage address register and general storage buffer is

interlocked or prevented during this operation, as in the preceding two.

The time required to execute a Write Unit Record and Check operation (assum-
ing that GSB and GSAR are already loaded) is indicated in the following.table:

Length Code:
Number of Characters:
Average Time:

Max imum Time:

| 2 3 Y 5 6 7 8 9 0
12 24 36 48 60 72 84 96 108 | 120
51.65 |52.30 | 52.95 | 53.60 | 54.25 |54.90 | 55.55 | 56.20 | 56.85 | 57.50
68.65 | 69.30 | 69.95 | 70.60 | 71.25 71.90 | 72.55 | 73.20 | 78.85 | 74.50

The Write Unit Record and Check operation also may be used in the loading of
overflow addresses into search control locations, as described under Search
Control locations in this chapter.
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The time required to write and check the 6~character overflow address or stop
code into a search control location (assuming that GSB and GSAR are already
loaded) is:

Average time (in milliseconds): 51.650
Maximum time (in milliseconds): 68.325

Note: Characters 7 through 12 of GSB are written into the dead space of thas
channel in addition to characters 1 through 6 which are written into the
search control location, since a minimum of 12 characters 1is processed in
this general storage operation.

Clear General Storage Buffer to Ignores (CLGSB)

This operation clears the GSB to ignores; in other words, each of the 120
characters in the buffer is replaced with an ignore code (i). Tt is initiated
either by a "K" in the special character position of an instruction word, or

by wiring of the CLEAR GSB TO IGNORES hub on thé¢ plugboard.
An important use of this operation occurs in relation to channel search oper-
ations discussed immediately below. It is essential that before initiating

a channel search operation, the GSB is first cleared to 1gnores.

Programming to accomplish this operation is as follows:

Instruction INSTRUCTION WORD
Location U \"4 w PR 1S/C

l HEEE K

. [ster V, V2 . R NEXT
Plugboard. NO. Vv, suipT | T ROCESS v, SHIFT R SHIFT STEP
54 | leress |

CLEAR GEN'L STORAGE BUFFER (CLGSB)

NO IN : ouT

Fron ST 3¢ 70 sr. 55

Sl wlN| -

[

!

]

)
J
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“I1GURE 5-10
CLEAR GENERAL STORAGE BUFFER TO I1GNORES

Access to the general storage buffer only, is interlocked during this process.
Time required to execute this operation, either as a subinstruction or sub-
step, 1s 5 milliseconds.

CHANNEL SEARCH OPERATIONS
Introduction

In some applications, the exact drum address for a particular unit record
area is readily available or may be calculated from the source data. However,
in instances where it is impossible to obtain a complete address or where it
is desired to identify all records falling within a desired category, a unique
feature of the Univac File-Computer, Channel Search, is extensively useful.

Channel search scans the unit records, starting with the one at the address
contained in GSAR, in order to locate those that either agree or disagree,
in certain character positions, with an identifier contained in the general
storage buffer (GSB).
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An identifier is a group of characters which can be used to isolate (1) a
unique item in storage, such as an individual employee or account number, or
(2) a group of individuals or accounts which satisfies a given condition,
such as all employees whose labor has been charged to a certain account.
Identifiers stored in the GSB may be any length, from one to the entire 120
character length of the buffer. They may also be split, that is, combinations
of characters from various areas of the buffer may form the complete identi-
fier. This is made possible by the fact that comparison is made through the
entire length of the unit record size specified.

The channel search operation is time-shared with program control storage op-
erations of the central computer, and as such may run simultaneously with the
arithmetic unit. The channel search operation establishes a condition in
channel search storage which the programmer may call upon at a later time.
This provides an efficient method of time-sharing, since the program may
continue after the search has been initiated and a periodic check may be made
to see if the channel search is completed. 1If the channel search is still
active, the program can continue to process additional data.

In channel searching, the identifier upon which the search i1s conducted 1is
contained in the general storage buffer. All other character positions in
the GSB must be ignored, since the comparison is made on the entire unit
record area. Initially, therefore, the GSB must be cleared to ignores (i)
and the desired identifier written in the exact field on the GSB.

The role of the overflow address located in a special memory location, called
a "Search Control Location", on each channel of the general storage drums,
has been discussed previously in this chapter. It i1s important to note, how-
ever, that through proper loading of overflow addresses into the search con-
trol locations, the programmer may effectively control the channels to be
searched with no restrictions as to the sequence of channels. The length
code of unit records that are being searched cannot be changed while a search
is 1n progress, but searches in various areas of the drums may be conducted
on different lengths of unit records if each new search initiated contains
the proper length code.

The blank area associated with each search control location is so coordinated
with the drum revolutions that searching on the new channel, designated by
the overflow address, can begin at the first character of the new channel.
Thus, a new channel can be searched on each drum revolution; this provides
an important time-saving factor during channel search operations.
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FIGURE 5-11
CHANNEL SEARCH OPERATIONS

Channel Search Equal (ECS)

COMPARATOR

CIRCUIT r7

GENERAL
STORAGE
BUFFER

IDENTIFIER
FROM GSB

Channel Search Equal 1s an effective means of locating a desired unit record
when the identifying characteristic is known but its specific storage location

on the general storage drum is unknown.

location 1s unknown.

For example, an employee record,
inventory item, or account receivable may be identified by a badge number,
part number, or account number respectively, even though the drum storage

where Channel Search Equal might be utilized.)

Channel Search Equal 1s initiated when:
unit record 1s to be compared 1is loaded into GSB,
address of the starting point of the search is loaded into GSAR, and (3)
the letter "N" appears in the "S/C" position of the instruction word, or the
"CS=" hub on the plugboard is signaled.

(This is only one of many data processing techniques

(1) the identifier to which each

(2) the general storage

Instruction INSTRUCTION WORD

Location U \" w PR IS/

| | HEEEEEEENEN
s vV v, R
l‘:gt: Vl SHI:"T PROCESS Vz SHI?’T R SHIFT 25;;
75 ECS-1

CHANNEL SEARCH EQUAL  (ECS)

NO IN

ouT

-

Froy ST. 7S] T6 ST 76

Bl w|dN

I PR .
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FIGURE 5-12

CHANNEL SEARCH =

e
#

Beginning at the address given in GSAR, the contents of each unit record on
the specifred channel are compared with the contents of the general storage
buffer. 1Ignore codes in the GSB suppress comparison in the position in which
they occur.

If an equal comparison occurs, (1) channel search storage is set to the plus
(+) state, indicating that the desired record has been "found" (2) channel
search terminates, (3) the unit record on which the equal comparison occurs
is transferred to the GSB, and (4) its address is transferred to GSAR.

If ignore codes (1) appear in the unit record at each position for which a
character other than an ignore code appears in the buffer, (1) channél search
storage is set to the 0 state, indicating an "ignore found" condition, (2)
channel search terminates, (3) the unit record is transferred from general
storage to the general storage buffer, and (4) its address is transferred
to the general storage address register.

If neither of the above conditions occurs before the six characters of the

search control location are examined, these six characters are transferred
to GSAR and the search is continued from the new address, if valid.
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If the six characters in the search control location, however, contain an
"end of file" (XXXX'0) code, channel search is terminated and channel search
storage is set to the minus state, indicating a "not found" condition.

Channel Search Unequal (UCS)

Channel Search Unequal i1s a method of finding exceptions to a general rule,
such as all direct labor employees who charge time to a certain direct labor
account, or all inventory items in stock that have had withdrawals during the
past month. During the loading of information on the general storage drums,
Channel Search Unequal may be used to locate the first "open" unit record
on which to write the next item. (Many other applications of Channel Search
Unequal can be developed by an ingenious programmer.)

Channel Search Unequal is initiated when: (1) the identifier, to which each
unit record is to be compared, is loaded into GSB, (2) the general storage
address of the starting point of the search is loaded into GSAR, and (3) the
letter "O" appears in the "S/C" position of the instruction word, or the "CS#"
hub on the plugboard is signaled.

Beginning at the address given in GSAR, the contents of each unit record on

the specified track is compared with the contents of the general storage
buffer.

Instruction INSTRUCTION WORD

Location U \ w PR |S/Q

Il L1 W of
STEP \Y v R
NO. V‘ 5|."::T PROGESS VZ SHI?:'T R SHIFT ';52;
75 ues-/

CHANNEL SEARCH UNEQUAL (UCS)

NO IN |' ouT

FroM ST 78~ ! To ST. 76

PlWwWI Nj=—-

| - -
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FIGURE 5-13

CHANNEL SEARCH #

Ignore codes in the buffer suppress comparison in the positions in which they

occur.

If no unequal comparison occurs before the six characters in the search con-
trol location are examined, these six characters are transferred to GSAR and
the search is continued from the new address, if valid.

n

If the six characters in the search control location, however, contain an "end

of file" (XXXX’O0) code, channel search is terminated and channel search storage
is set to the minus state, indicating a "not found" condition.

Note that an "ignore found" condition is not possible on channel search un-

equal.

Access to the general storage address register and general storage buffer is
interlocked or prevented during this operation.
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Channel Search Probe (CSP)

Channel search operations described above may proceed as time-shared oper-
ations while program control proceeds to execute other instruction words or
program steps. Periodically, the main program may interrogate channel search
storage to determine the status of the search previously initiated. This
interrogation is performed either by a channel search probe instruction (SP)
in the process section of an instruction word as below, or by plugboard wiring
as later discussed.

Instruction INSTRUCTION WORD
Location 1] \" w PR |S/]

2lol/13 /ol 4lolo]|S|rPla

Assuming that Channel Search 1s in progress and the instruction word Search

Probe (SP) 1s to be executed, the following conditions and results would be
in force:

(1) If channel search (equal or unequal) 1s not yet completed, the next
instruction is taken from the U address of the instruction word.

(2) 1f search is completed unsuccessfully (not found), channel search
storage i1s set to the minus (-) condition, and the next instruction
word is taken from the V address of the instruction word.

(3) If search is completed and "ignore found" has occurred, thereby
setting the channel search storage to the zero (0) condition, the
next instruction word is taken from the W address of the instruction
word.

(4) 1If search is completed successfully and the " found" has occurred,
thereby setting channel search storage to the plus (+) condition,
the next instruction is taken from the PAK.

Where a series of subroutines are to be processed during the time a channel
search is in progress, a series of Channel Search Probe instructions provide
the means of initiating these subroutines. At the end of each subroutine,
a jump instruction should be used to return program control to the main pro-
gram.

1f channel search storage is to be interrogated on the plugboard, the CS

PROBE hub can be signaled to initiate a substep which tests whether or not
the channel search has been completed.
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(1) If channel search is not completed, a pulse will be emitted from
the ACTIVE hub; if channel search is completed, a pulse will be

emitted from the +, -, or 0 hub, depending on whether channel search
storage has been set to +, -, or 0 as a result of the channel search.
\ N
s:g? v, SHI‘FT PROCESS Vo sn—ler-'T R SHIRFT sEé;
76 ] Cs P
CHANNEL SEARCH PROBE (CS P)
NO| IN FROM ACTIVE + -— o
'] ST. 76 ST 77 St go St. 83 Sr. 85~
2
3
4
BUS oTEE | Bus css
oneld 510 & &
O @
CS#
&0 i g E g
om0
Y—ﬁcs FROBE
(0X.]0) ® O O O
ACTIVE 7]
800 ® O O O
O8O ® O+O0 O
0820 ® O-0 O
o0 | l® 0°0 O
cs Pngaeawmr

FIGURE 5-14
CHANNEL SEARCH PROBE
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Where it is desirable to proceed with subroutines during the time a channel
"search 1s in progress, the signalling of the ACTIVE hub in each channel search
probe operation may initiate a subroutine. Tt is advisable, however, to
provide a means of keeping track of which subroutines have been completed.
For example, picking up a selector could prevent repetition of a subroutine
once it has been performed in a channel search probe sequence.

The CS PROBE & WAIT hub can also be signaled subsequent to the initiation
of a channel search equal or unequal substep. In this case, however, the
substep initiated causes program control to wait until the channel search is
completed. When the channel search is completed, a signal is emitted from
the appropriate +, -, or 0 hub as in the channel search probe substep, and
the program continues.

S O N s R Y L e
82 @s P/w
CHANNEL sEARcH ProBe & WAIT  (CS P/W)
NO IN FROM + — (o]
W Sr. g2 ST g5 Sr. 2% sr. &9
2
3
4
W BOT
0810 O O0+0 O
Oe2 O O0-0 O
Q830 O 000 O
0840 _cs _PROi & :r:n'-g
#%5 |0 of® 0+0 Of
0%0 L @ 0-0 Of
Oy e 000 O

SPECIAL
f 20 ®O 5O
CHARACTER
[Te] O vO vO

wO xO YO

»O -0°0 |0 O

FIGURE 5-15
CHANNEL SEARCH PROBE AND WAIT



Access to the general storage buffer is prevented during this operation.
Channel search probe is not considered a general storage operation, but is
included here because of its logical relation to general storage operations

involving channel search.

Example of a Channel Search

The following example indicates a possible sequence of events in a channel
search operation. Comparable internal and plugboard programs which accomplish

the same purpose are shown:

Imamuction INSTRUCTION WORD N LINE;
tacation m v W R JsA] l REMARKS NO.
olsl [£2]7]2]0]al0lolilela afde bobekss) rd clsale | dadrds [rd aisg ]
l2lola ololalalalelelalajm Elnu, ed tolclal Aunate| ds L 2
1210 2lo aazozao&Pﬁ] Fpoge| Qs |stopake A 11113
2loly d) 4

FIGURE 5-16
CHANNEL SEARCH

ey
AT GSAR CL GBS
AT G3a-A ECS

L)

CHANNEL SEARCH EQUAL  ECS) CHANNEL SEARCH PROBE (CS P} CLEAR GEW' L STORAGE BUFFER (CLGSDI
—_CHANRET

- 0

o] n H out wa] | IN FROM ACTIVE B s ~ T o]

Frou ST, 65,70 €S P ECS Tesr 4t | Tosr 20 | Te sn 73| Te Sr 73 ]
H

Feom ST 69! 70 ST. &S
H

v

Z

3 T
i

o '

Talnl -
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Assumptions:

The general storage drum contains inventory items, each one 24 characters in

length, with data arranged as follows:

Price (5) On Order (3) On Hand (4) Part Number (12)

The item to be found by channel search equal contains the following infor-
mation and may be addressed by the indicated fields when this information 1is
held in the general storage buffer.

012352080947Au73'4729000F1

Field D Field C Field B Field A

Instruction Word 201
or
Program Step 64

Load starting address of search into General Storage
Address Register:

| 6sar

Sub-instruction K or substep "CLEAR GSB TO IGNORES" accomplishes that purpose.

General storage buffer would appear as follows:

i—éliiviiiiiiiiiiii]iiiiiiiiiiii

Field V Field E Field D Field C Field B Field A

Instruction Word 202 Tdentifier transferred from Input/ Output track to

or Field A of General Storage Buffer:
Program Step 65

[ f4i i]i i i i i]i i i[]ii i i]awzauwzaooonpcer

Field V Field E Field D Field C Field B Field A

Sub-instruction "N" or substep "CS=" initiates channel search equal.

Each unit record of channel 02 and subsequent overflow channels is compared
to the identifier held in the general storage buffer. The general storage
address register advances to the address of each unit record as that unit

record 1s compared to the identifier.
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Instruction Word 203

or ' Probe channel search storage:

CS PROBE hub
If Search is still in progress:

Internal:

Program continues at instruction word 203 (channel search storage will
be probed again until the search i1s completed).

External:

Plugboard hub ACTIVE emits a pulse and the program continues at program
step 66.

If the search is unsuccessful:

Internal:

Channel search storage is set to a minus (-) condition, and the in-
ternal program continues at instruction word 220.

External:

Plugboard hub "-" emits a pulse and the program continues at program
step 72.

If the search is successful:

Internal:
Channel search storage is set to a plus (+) condition, the unit record
1s automatically read into the general storage buffer, and the internal
program continues at instruction word 204.

External:
Plugboard hub "+" emits a pulse, the unit record is read into the gen-

eral storage buffer, and the program continues at program step 70.

A unit record containing the same identifier as Field A of the general

storage buffer has been found: Unit Record

01 2 3 5[2 038 0947|Au734729000F]

P
O I I I Y,

Field V Field E Field D Field C Field B Field A

The found unit record is transferred into the lower order character positions

of the general storage buffer and the address of the unit record is held in
the general storage address register.
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General Storage Buffer

i Q» %}i ijo 1 2 3 52 0 80 9 4 7{A 4% 7 3 4 7 2 9 0O0TDTF

Field V Field E Field D Field C Field B Field A

GSAR

This assumes that the record was found in drum section 13, channel 31, unit
record 04,

If the search ends in an "ignore found" (possible only on channel search
equal):

Internal:
Channel search storage is set to a zero (0) condition, the unit record
at which the ignores were found is automatically read into the gerneral
storage buffer, and the address of that unit record is held in the
general storage address register. The internal program continues at
instruction word 230.

External:
Plugboard hub "0" emits a pulse, the unit record is read into the
general storage buffer, and the program continues at program step 73.

A unit record containing ignore codes (1) in all of the 1dentifier
character positions is found:

Unit Record

X X X X X x ¥ X X X X X{i i

S

b F

General Storage Buffer I

i/ﬁiiiiiiiiiiiiiAu

Field V Field E Field D Field ¢ Field B Field A

The found unit record is transferred into the lower order character positions
of the general storage buffer and the address of that unit 1s held in the
general storage address register as indicated in the successful search above.

For further study of some of the methods of locating data in the general
storage drums, turn to Appendix C, General Storage Drum Addressing Subroutines.
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INPUT-OUTPUT SYSTEM

INTRODUCT ION

The components of the UFC-I Input/Output System which are of special interest
to the programmer include the demand stations, input/output tracks of the
high speed drum and their track switching circuitry, input/output control
lines, and the various input/output devices which may be included in any
UFC-I system. These devices are the

Console System

Inquiry Typewriter

90 Column Card System (with post-read checking)
80 Column Card System (Bull)

UFC High Speed Printer

High Speed Paper Tape System

UFC Magnetic Tape Unit

UFC Sort-Collate System

Airline Reservation System
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Several time-sharing and time-saving features contribute to the ability of
the UFC-T input/output system to transfer large volumes of data into and out
of the central computer. To gain maximum efficiency in accomplishing a given
data processing task, the programmer should always attempt to exploit to
the fullest extent the following time-sharing features provided in this
system:

Each 1/0 unit is capable of performing its functions independently,
without being subject to control by the central computer, except during
the intervals when the computer and the I/0 device are exchanging con-

trol information.

Track switching circuits enable the computer and each I/0 device to
share the use of pairs of I/0 tracks on the high speed drum, providing
for the simultaneous reading or writing of data on one track while the
computer processes data from the other track.

Without interruption of its activities, each I/0 unit may be tested to
determine its ready or not ready condition. If an I/0 unit is busy
(not ready) at the time it is tested, the computer may proceed with its
program or may communicate with other I/O units. Thus, several I/0 units
may be tested in sequence to determine which one is currently ready for

further instructions.

COMPONENTS OF INPUT/OUTPUT CONTROL

Demand Station

A demand station is a group of circuits that serves as the communication
center between the central computer and the I/0 units employed in a UFC-I
system. Because all demand stations are logically identical, an I/0O unit
may be plugged into any one of the ten demand station connectors on the pro-
gram control cabinet of the computer. ‘

The principal function of a demand station 1s to facilitate the exchange of
information between the central computer and the I/O units. Through the de-
mand station, the computer 1s able to

test the status of an I/0 unit to determine whether it is ready or not
ready, and

put a unit "on demand" so that a) control information may be given to
the specific I/0 unit, b) control information may be received from
that I/0 unit, and c) access may be provided to the I/0 tracks asso-
ciated with that I/0 unit through the plugboard addressing system.
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Through the demand station, the I/O unit is able to
notify the computer regarding the I/0 unit’s ready or not ready status,
receive from the computer the instruction the I/0 unit is to perform,

and notify the computer of conditions existing in the I/O unit so that
the computer may modify its program accordingly.

Other functions of the demand station include track switching on command of
the central computer, and the routing of data to the specific I/O unit on
demand.

When an I/0 unit is placed "on demand", either by internal or external pro-
gramming, that unit remains "on demand” until it receives an I/0 instruction
from the central computer, or until some other I/O unit is placed "on demand".
Most UFC-I system I/O units automatically take themselves "off demand" when
an I/0 instruction is received. Thus they are "not ready" for further in-
structions until the operation initiated by the current instruction is com-
pleted.

Input/Output Tracks

When the demand station of an I/0 unit is plugged into a demand station con-
nector, the pair of I/0O tracks associated with that connector on the high
speed drum is automatically assigned to that I/0 unit. The central compu-
ter and I/0 unit may then share the use of this pair of tracks, the computer
communicating with one track while the I/0 unit communicates with the other.
(See Chapter 2.) When a "track switch" operation is performed, the compu-
ter communicates with the I/0 track previously used by the T/0 unit and vice
versa. If less than ten /0 units are employed, the /O tracks not associated
with a unit are available for use as additional storage locations. No track
switch can be performed, however, on I/O tracks to which an 1/0 unit is not
connected.

Only the pair of I/0 tracks associated with the I/0 unit currently on demand
is available through the plughboard addressing system. Internally, however,
information on any I/0 track is directly addressable regardless of the de-
mand status of the associated I/0 unit.

Track Switch

One of the outstanding time-sharing features of UFC-T 1is the circuitry which
allows the computer to have access to data from one of a pair of I/0 tracks
while the I/0 unit is in communication with the other. For example, the com-
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puter may be processing data from the left track of I/0 5 while the I/O unit
is loading new information onto the right track of I/0 5. Then a "track
switch" is performed and the newly loaded data on the right track becomes
available to the computer while the left track is loaded with new information.

Track switch 1s initiated by the wiring of a pulse source to TRACK SWITCH
(0-9) hubs on the plugboard or by the insertion of a 1 in the proper posi-
tions of Test Incoming Control and Demand In instruction words.

When a track switch command is initiated, 1t 1s performed immediately whether
or not the I/0 unit is on demand and/or ready. Therefore it is advisable
to program a demand test in sequence to determine whether an I/0 unit is
ready before initiating a track switch of the corresponding I/O tracks.

Computer - input/Output Lines (A-J)

Computer - I/0 control lines provide the means of sending instructions from
the central computer to the I/0 unit. Only the I/0 unit which is on demand
and ready receives the information sent via these lines.

The instruction which is executed by an I/O unit when it receives a signal
over one or more of the computer - I/0 control lines depends on the charac-
teristics of the I/O unit. The magnetic tape unit, for example, has been
assigned a complete set of instructions and corresponding computer - I/0
control lines. 1In other I/O devices, however, all or most of the computer

- I/0 instructions and the control lines are coordinated through proper wi-
ring.

Externally, the choice of the I/0 - computer control lines is made by wiring
a pulse source, usually a DEMAND OUT hub or a SPECIAL OUT hub to the computer
- I/0 CONTROL LINES desired.

Internally, the computer -- I/0 control lines are set up by a pattern of bits
in the V-section of the "Demand In" instruction word. 1In this usage, the
computer interprets only the three low-order bits of each character. In each
bit position where a "1" bit is found, the corresponding computer - I/0 con-
trol line 1is activated.
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YV section of Instruction Word

1 M I
IHG FED CBA

Although other computer characters containing the same low-order bits (see
"Univac Code" in Chapter 1) may be used to activate these lines, a pattern
composed of the digits 0-9 1s used in most programs. An example of a method
of coding V to activate each of the computer - I/0 lines is given below:

Computer.- 1/0 Line Codjng of . Bit Pattern
Activated V-section Digits
A 556 000 000 001
B 597 000 000 010
C 559 000 000 100
D 565 000 001 000
E 575 000 010 000
F 595 000 100 000
G 655 001 000 000
H 755 010 000 000
I 955 100 000 000

The following table is a further example of the method used in programming
control instructions via the computer - I/0 lines. The pattern in this ex-
ample illustrates the instructions performed by the UFC-I magnetic tape unit.
Only the four lower order bits of the 9 bit pattern are used 1in this instance
because combinations of lines A, B, C and D only are used by the magnetic
tape unit.
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Read Forward 1 ---A(0001) 556 000 000 001
Search Forward = 2 --B-(0010) 557 000 000 010
Search Forward = or > 3 --BA(0011) 558 000 000 011
Wind Forward 4 -C--(0100) 559 000 000 100
Write 6 -CB- (0110) 553 000 000 110
Write & Check 7 -CBA(0111) 554 000 000 111
Tr;ezzzecg";;OB;fzji cons 8 D---(1000) 565 000 001 000
Read Backward 9 D--A(1001) s66 000 001 001
Search Backward = 10 D-B-(1010) 567 000 001 010
Search Backward = or < 11 D-BA(1011) 568 000 001 011
Rewind 12 DC--(1100) 569 000 001 100
Rewind with Interlock 13 DC-A(1101) 562 000 001 101
Tr;OC;:;:“;ii:fBiégefr°°k 15 DCBA(1111) 564 000 001 111

1/0 - Computer Control Lines (a-1)

The I/0 - computer control lines (a-1) are low speed lines which may be ener-
gized when a particular I/0 unit goes on demand. These lines may be caused
to emit a B+ current by signals originating in the I/O unit during the time
an I/0 unit i1s "on demand", and are normally used to activate selectors on

the main program control plugboard.

Externally the control information received via a low speed I/0 - computer
control line 1s put into effect by wiring the I/0 - COMPUTER CONTROL LINE
(a-1) hubs to a SELECTOR PICKUP hub or other hubs capable of accepting a B+

current.

Internally the control information received via an I/0 - computer control
line is put into effect by programming a transcop or breakpoint sequence so
that the I/0 - COMPUTER CONTROL LINE (a-1) hubs may control the program as
described in the preceding paragraph. 1In other words, program modification
via I1/0 - computer control lines {a-1) can only be effected by plugboard wi-
ring.
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High Speed 1/0 - Computer Control Lines (W, X, Y, Z)

The high speed I/0 - computer control lines W, X, Y, and Z provide a means
by which the I/0 unit notifies the central computer of conditions which may
exist in the I/0 unit. For example, a UFC-I magnetic tape unit may have de-
tected an "End of Tape" signal in the tape; this information must be relayed
to the central computer immediately so that appropriate action may be taken.

Whenever pulsing of a DEMAND IN hub results in a signal being emitted by a
SPECIAL OUT hub on the plugboard, or a Demand In instruction results in a
special out jump to the W address, this indicates that a condition (such as
"End of Tape") exists in the I/0 unit and some programmed action is required
before the program continues. High Speed I/0 - Computer Control Iine Stor-
age "remembers" which condition is found. HS I/D - computer control line
storage must then be tested by plugboard wiring as in Diagram 6-1,or by the
execution of a series of Test Incoming Control instruction words to determine
which condition or combination of conditions, W, X, Y, or Z, is being remem-
bered by High Speed I/0 - computer control line storage.

As many as sixteen different conditions mav be indicated by combinations of
W, X, Y and Z. Therefore, when a special out condition arises, it may be
necessary to probe the W, X, Y and Z hubs successively on the plugboard, or
to initiate a series of Test Incoming Control instructions internally in or-
der to determine the exact status of the I/0 unit which indicated the condi-
tion.

Demand Test In Hubs

The plugboard hubs labeled DEMAND TEST IN (0-9), READY (0-9) and NOT READY
(0-9) and the corresponding functions performed internally, are discussed in
a following section, in their relationship to I/O instructions.

Demand In Hubs

The plugboard hubs labeled DEMAND IN (0-9), DEMAND OUT (0-9) and SPECIAL
OUT (0-9), and the corresponding functions performed internally are discussed
below in their relationships to 1/0 instructions.

INPUT - OUTPUT INSTRUCTIONS

Demand Test In

The Demand Test In sequence is used to determine the "ready" or "not ready"
status of a particular T/O unit. A unit is considered "ready" when a) it
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1s not engaged in the execution qf a previously.initiated operation and where
b) it has no abnormal or erroneous condition present which would prevent the
I/0 unit from functioning properly.

Internally, a Demand Test In sequerice is performed by the execution of a Test
Demand In, TD, instruction word. If the I/O unit tested is ready, the next
instruction is taken from the V address of the TD instruction word. If the
unit is not ready, the next instruction is taken from the W address of the
TD instruction word. (See Test Demand In, in the repertory of instructions,
Chapter 4.)

Externally, the "demand test in" substep is accomplished by the wiring of a
pulse source to the DEMAND TEST IN hub associated with the I/O unit the sta-
tus of which 1s to be tested, and the wiring of the corresponding READY and
NOT READY hubs to continue the program.

In the plugboard sequence shown in diagram 6-1, the START hub has been wired
to DEMAND TEST IN of I/0 unit O.

If 0 is ready, a pulse will be received from the READY hub and I/0 unit 0
will be demanded by pulsing the DEMAND IN hub. If I/O unit 0 is not ready,
a pulse will be emitted by the NOT READY hub which has been wired to the DE-
MAND TEST IN hub associated with I/0 unit 1.

If I/0 unit 1 is ready, a pulse travels from the READY hub to the DEMAND IN
hub of I/0 unit 1. If I/O unit 1 is not ready at this tgme, the pulse emit-
ted by its NOT READY hub is directed to DEMAND TEST IN of I/O unit 0 to de-
termine whether it is ready or not ready.

In the above manner, several I/0 units may be tested in sequence in order to
determine which I/0 unit is currently ready to supply information to, or re-
ceive information from the computer.

Demand in

The Demand In sequence is usually used to place a particular I/0 unit "on de-
mand", so that control information may be exchanged via the computer - I/0
control lines (A-J), low speed I1/0 computer control lines (a-1) and the high
speed I/0 - computer control lines W, X, Y and Z. It is also used to place
an I/0 unit on demand so that storages on the corresponding I/0 track may
be referred to on the plugboard (the reference must occur during the time the
I/0 unit is on demand). Also, during the time the I/0 unit is on demand,
any selectors wired to the DEMAND GROUND (0-9) hub corresponding to the I/0
unit demanded, are grounded and may be activated.
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Internally, a demand in sequence is performed by the execution of a Demand
In instruction word, as described in detail in the repertory of instructions

in Chapter 4.

Externally, the demand in substep is defined by the wiring of a pulse source
to the DEMAND IN (0-9) hub corresponding to the I/O unit being placed on de-
mand, and the wiring of the DEMAND OUT (0-9) and SPECIAL OUT (0-9) hubs asso-
ciated with that DEMAND IN to hubs which define the operations which will

continue the program.
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Diagram 6~1 includes a possible Demand In sequence on the plugboard:
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When DEMAND IN associated with I/0 unit 0 is pulsed, a DEMAND OUT directs the
program to STEP IN of step 51. A SPECIAL OUT, however, pulses COMPUTER - 1/0
CONTROL LINE A,' and directs the program to STEP IN of step 58.

When DEMAND IN 1 is pulsed, a DEMAND OUT directs the program to STEP IN of
step 56. A SPECTAL OUT, in this instance, is directed to test the HIGH SPEED
I/0 - COMPUTER CONTROL LINES W, X, Y, Z to determine the condition which
caused the SPECIAL OUT and to take appropriate action by pulsing STEP IN of
one of the steps numbered 61, 63, 68 or 69.

Test Incoming Control

When a Demand In sequence results in the emission of a pulse from a Special
Out hub on the plugboard or a jump to the W address during the execution of
a Demand In instruction, a series of test Incoming Control signals must be
programmed to determine the exact condition or conditions present in the I/0
unit which caused the Special QOut situation.

Internally, the function of testing the incoming control signals received via
the high speed I/0 - computer control lines W, X, Y, Z, is performed by the
execution of a series of Test Incoming Control (TI) instructions. This in-
struction is described in detail in the Repertory of Instructions, Chapter 4.

Externally, Test Incoming Control is usually initiated by a pulse emitted
by a SPECIAL OUT hub. This pulse is directed by plugboard wiring to test
the W, X, Y, Z conditions remembered by high speed I/0 - computer control
line storage in order to determine which incoming condition or conditions

caused the SPECIAL OUT hub to emit. (See Diagram 6-~1.)

PERIPHERAL EQUIPMENT OF THE UFC-1 SYSTEM

Console System
The UFC-T Console system consists of a console control panel, a UFC Inquiry

Typewriter, a typewriter control panel and a desk which contains the control

circultry.
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CONSOLE SYSTEM

The console control panel provides the operator with a visual display of
lights which indicate the progress of the computer program. The panel also

provides controls which enable the operator to alter the program when neces-
sary.

Demand station "O" is assigned to the console system when the console includes
the inquiry typewriter. The modes of operation of the typewriter in its re-

lationship to the console system are discussed under the section "Inguiry
Typewriter".
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Inquiry Typewriter

The UFC Inquiry Typewriter is a Remington Rand Encoding/Decoding Typewriter
with the additional manual controls and electronic circuitry necessary,for
its use in on-line, two-way communication with the UFC-I system. 'Operation
of the typewriter is essentially manual; however, an automatic output mode
1s provided which allows repetitive output from one selected word address in

the central computer.

TYPEWRITER
TYPEWRITER CONTROL PANEL

FIGURE 6-3
INQUIRY TYPEWRITER

In i1ts input mode, the inquiry typewriter may execute either a NORMAL or
CONSOLE type of operation. The NORMAL operation provides a means of entering
information manually into the computer for use in a manner determined by the
computer program. The CONSOLE operation provides a means by which an oper-
ator may intervene at any time during a program run for the purpose of chang-

ing or modifying the program.
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In i1ts output mode, the inquiry typewriter may execute either a MANUAL or
AUTOMATIC type of operation. Under MANUAL operation, each computer word ad-
dress is selected manually by depressing the appropriate WORD ADDRESS button.
As each word address is selected, the contents of that location are automa-
tically typed out. Under AUTOMATIC operation, the computer program selects
the successive words to be typed out and transfers them into the word location
indicated by the WORD ADDRESS button. The typewriter automatically types
out the contents of the word address as the computer places each new word
in that address.

Computer - 1/0 Instructions

Computer - I/O control lines A, B, and C are used to send to the typewriter
signals which exercise control over typewriter operation.

Control line A takes the typewriter "off demand", and places it in a "not
ready" condition. The typewriter becomes "ready" when the "COMPUTE" button
on the typewriter is depressed.

Control line B is used in the output mode to initiate the typing of the word
designated by the particular WORD ADDRESS button that is depressed on the
typewriter control panel.

Control line C is used in conjunction with control line B in the automatic
output mode of typewriter operation. Control line C sets the typewriter to
the "ready" condition as soon as the word initiated by control line B is
typed.

I/0 - Computer Instructions

Signals sent to the computer over low speed I/0O - computer control lines a,
b, ¢ and d may be used to modify the computer program. As each o¢f four
switches, labeled a, b, ¢ and d on the typewriter control panel, are activa-
ted by the operator, a B+ current flows from the corresponding hub on the
program plugboard. This current is normally used to activate selectors which
modify the compiter program. '

Demand Station

Whenever the inquiry typewriter is used in conjunction with the UFC-I console
or when the typewriter, by itself, is operated in the "console mode", demand
station 0 1s assigned to the typewriter.
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90-COLUMN CARD SYSTEM (WITH POST-READ CHECKING)

The UFC 90- Column Card System (with Post-Read Checking) may be used as a UFC
tabulating card input unit, as a card output unit, or as a combined input-
output unit. The "post-read" checking consists of an automatic re-reading
of the processed card and a checking of it against comparison data stored
in the system.
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FIGURE 6-5

CARD PROCESSOR

Used as an input device, the 90-column card system reads information from
cards and transmits it to the computer. Used as an output device, 1t accepts
output information from the computer and punches 1t into cards. Used as a
combined input-output device, it performs both functions together. Except
during manual run-in and run-out operations, the system is controlled en-
tirely by the computer commands received via the computer - I/0 control lines.
Conversely, the system may send program-altering signals to the computer by
way of the I/0 - Computer control lines.

194



Computer - 1/0 Instructions

The 90-column card system is capable of executing any of the following in-
structions when they are received via the computer - I/0 control lines:

A Trip instruction initiates a card cycle during which one new (input)
card is taken in and one new (output) card is produced.

A Skip instruction prevents the punching operation.
A No Check instruction inhibits the checking operation.
A Sort instruction initiates the isolation of a selected card.

The trip instruction is assigned to computer - I/0 control line A; assignment

of other lines is optional.

1/0 - Computer Instructions

High speed I/0 - computer control lines may be used to modify the computer
program. As many as sixteen codes may be used via combinations of lines W,

X, Y and Z.

Whenever a card jam, an error in the post-read check, or a malfunction exists

in the card unit, a "not ready" condition is indicated within the computer.

80-COLUMN CARD SYSTEM (BULL)

The UFC 80-Column Card system (Bullb 1s used as a UFC-I tabulating card in-
put unit, as a card output unit, or |as a combined input-output unit. It can
operate simultaneously on two stack# of cards, punching output data into one
stack and reading input data from eidher or both stacks.
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The system is provided with two card feeding magazines, each of which feeds
cards through a separate channel to a corresponding receiver. The channels
are called the "punch" and "read" channels, respectively.

The two channels work simultaneously, each performing three, parallel, se-
quential operations. The punch channel picks the bottom card from the punch
magazine, reads it, punches it, checks it, and deposits it in the punch re-
ceiver,

The read channel picks the bottom card from the read magazine, reads 1it,
checks it, re-reads it, and deposits it in the read receiver. Operation of
the two channels is synchronized so that the processing of corresponding
cards from the two stacks may be co-ordinated.

Computer - 1/0 Instructions

The 80-Column punched card unit performs any of the following five commands
received from the central computer via the computer - I/O control lines as-

signed by the programmer:
Program Complete. Each Program Complete command advances the cards in
both channels to the next station. Five Program Complete commands are

required to carry one card through the card processor from feed magazine

to receiver.

Trip Read Feed prepares the first station in the read channel to execute
a Program Complete command.

Skip prevents the punching operation.
Punch Non-Check suppresses the checking operation in the punch channel.

Stop causes the card processor to stop at the end of the card cycle un-
der way when the signal is received.

1/0 - Computer Instructions

The I/0 - computer control lines are used to transmit to the computer any
control signals that are read from punched cards in either channel. Control
signals indicating the beginning and end of the card file in both channels
are also carried by these lines.
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HIGH SPEED PRINTER
When used as an on-line output device the UFC High Speed Printer consists of

a printer unit and a control cabinet. During off-line operations, a magnetic
tape unit is added as the source of data to be printed.
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FIGURE 6-10

MAGNETIC TAPE UNIT

The high speed printer is capable of printing alpha-numeric data in 130 col-
umns at a rate of 600 lines per minute off-line or 400 lines per minute on-
line. Information fed into the printer must be expressed in 120-character
blockettes, with 1.0" interblockette spacing, and a 2.4" spacing every sixth
blockette.

On-Line Operations

During on-line operation, the printer is controlled from the computer, and
any special control characters contained in the blockettes are ignored. The
following control signals transmitted over computer-to-1/0 control lines af-
fect printer operation:
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(1) Print

(2) Fast Feed 1, Fast Feed 2, Fast Feed 3, Fast Feed 4
(3) Multiline

(4) Double Space

(5) Triple Space

The form sensing signals from the paper feed control loop are sent over I/O-
to-computer control lines, and may be used to modify the computer program.

The choice of which computer-to-1/0 and I/0-to-computer control lines should
be used for specific purposes is optional. However, care must be exercised
to inspre the proper coordination of commands between the high speed printer
and the UFC central computer.

0ff-Line Operations

During off-line operation, printer operation may be modified by any of the
following special control characters stored in the blockettes:

(1) Fast Feed 1, Fast Feed 2, Fast Feed 3, Fast Feed 4
(2) Multiline

(3) Breakpoint

(4) Stop

(5) Suppress Printing

HIGH SPEED PAPER TAPE SYSTEM

The high speed paper tape system is an input/output device used for proces-
sing 5 level, 6. level, or 7 level punched paper tape. The data contained
in the tape as a 5, 6, or 7 level code is translated into the 7-level Univac
code as it 1is entered into or received from the I/0 tracks of the UFC cen-
tral computer,
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The HSPTS is strictly an on-line device; that is, it operates under control
of a computer program. Its function is to supply input data to or receive
output data from the computer. Accordingly, two modes of operation, Input
or Output, can be specified-by the computer. External wiring on the HSPTS
plugboard is employed to define the details of each input or output operation.

In either mode, operation is initiated when the required manual preparations
are completed and the computer program sends the appropriate I/0 Instruction
(Input or Output) to the HSPTS. 'Stop control can be achieved by an I/0 In-
struction (Stop) or by the HSPTS’s own plugboard-defined program.

Computer - I/O control lines, high speed I/0O - computer control lines, and

low speed I/0 - computer control lines may be used to control the operation
of the HSPTS system. Assignment of the control lines to be used and the
function each will perform are at the option of the programmer.
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MAGNETIC TAPE UNIT

As an I/0O unit of the UFC-I system, the magnetic tape unit is an on-line de-
vice; i.e., its operations are controlled by the central computer program.
Except during intervals when control information is exchanged, however, the
central computer and the magnetic tape unit operate independently on a time-
shared basis.

—

FIGURE 6-13
MAGNETIC TAPE UNIT

The magnetic tape unit is also used as a component of the Sort Collate Sys-
tem and as a data source for the High Speed Printer during off-line activi-
ties.

Data are recorded on mylar magnetic tapes at a density of 139 characters per
inch, with blockettes of 120 characters separated by blank spaces of either
1.0" or 0.5". Standard reels of tape are 2400 in length and have a capacity
of 20,000 blockettes at 0.5" spacing or 14,100 blockettes at 1.0" spacing.
When 1.0" interblockette spacing is used, a 2.4" space occurs every sixth
blockette.
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Computer - 1/0 Instructions
The thirteen magnetic tape unit instructions which are geceived via the com-

puter-I/0 control lines have been given above in the discussion of the com-
puter-I/0 control lines.

1/0 - Computer Instructions

The following seven signals may be sent to the computer during "Demand In"
sequence via the high speed I/0 - computer control lines:

Search Find = End of Blockette Count

Search Find > or < Beginning of Tape
End of File End of Tape
End of Data

Each of the seven types of control information 1s detected automatically by
circuitry in the Magnetic Tape Unit. "End of File" and "End of Data" are
code words which must be stored on the tape together with the actual data.

An End of File code consists of at least one complete word of "Z’s".
An End of Data code consists of at least one complete word of "%'s".

UFC SORT-COLLATE SYSTEM

The UFC Sort-Collate System is a special-purpose magnetic tape file-processing
device which performs a wide variety of collating operations, including a
sort-by-collation and a sequence-checking operation. Although designed pri-
marily as an independent, off-line device for use in Univac File Computer
installations, the UFC Sort-Collate System also has a (psuedo) on-line mode
of operation (computer alert) in Univac File Computer systems.
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FIGURE 6-14
SORT-COLLATE UNIT

Four UFC magnetic tape units and a sort-collate unit compose the system.
Each tape unit is either an input tape unit, functioning as a source to sup-
ply tape data to the system, or an output unit, functioning as a destination
at which the system rewrites sorted or collated data. The sort-collate unit
controls the operation of each tape unit and executes the programs required
to place the tape data in a desired order.

Three major types of data manipulation, extraction, merging, and sorting-by-
collation, are performed by the sort-collate system. Extraction and merging
programs are defined by plugboard wiring; sorting-by-collation is defined
by internal wiring within the system and “is therefore fully automatic.
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Computer Alert Operations

The computer alert operation may be utilized to permit more efficiMnt use of
tape units in the updating of magnetic tape files. At some point or points
in the plugboard-defined program of the sort collate system, a COMPUTER ALERT
hub on the sort collate plugboard receives a pulse. When this occurs, col-
lating stops, the information held in each tape unit’s buffer is written on
the I/0 track associated with that tape unit, control of the four tape units
is turned over to the computer, and each tape unit becomes READY to accept

computer commands.

After the updating routine has been completed, the computer returns control
of the tape units to the sort-collate unit, collation operations resume, and
‘the computer continues its own program,

The I/0 - computer control lines which direct magnetic tape units during
computer alert operations are the same lines, and perform the same functions,
as are discussed under UFC Magnetic Tape Unit.

AIRLINE RESERVATION SYSTEM

A Univac Airlines Reservation System includes a Model-I Univac File Computer
together with special-purpose devices that adapt it to rapid scheduling of
flight space. It acts as a central information file that is shared by ticket
agents at widely separated point-of-sale offices. The central computer stores
a current record of flight space. Each ticket agent in the system can ob-
tain information from the file and can alter the file to record reservations

and cancellations.
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TICKET AGENT SET

A typical Univac Airlines Reservation System includes a Univac File Computer,
and local and remote ticket agent sets, an updating set, connective circulitry
linking the agent and updating sets to the central computer, .an inquiry type-

writer system, and a program loading system.
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ARITHMETIC SECTION

INTRODUCT ION

All of the arithmetic processes: Add, Subtract, Multiply and Divide, and
most of the logical processes, such as Compare, Normalize, and Mask Trans-
fer, are performed in the arithmetic section of the computer.

The values to be processed are temporarily stored, during the above opera-
tions, in arithmetic registers called Register A (RA), Register B (RB), Re-
gister C (RC), and Register D (RD). Each arithmetic register is a 12-char-
acter shift register, the lower order position of which is reserved for the

algebraic sign.

During the execution of arithmetic processes, the arithmetic registers re-
ceive the following information:
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BA receives the first operand from program control storage.

RB receives the second operand, the quantity used to operate on the
first operand.

RC accumulates the result in add and subtract operations so that check-
ing may be performed by a reverse process; in divide operations, it
receives the remainder, and in multiplication, it receives the most
significant digits of the product.

RD accumulates the result in add and subtract operations; in divide
operations, 1t stores the quotient, and in multiplication, it stores
the least significant product digits.

ARITHMETIC OPERATIONS

The following processes are carried out in the Arithmetic Section of the
computer:

Add

The contents of BA and RB are added and the sum is stored in both RC
and RD,

Add and Check

The process is the same as add, except that after the sum is stored,
the contents of BB are subtracted from the contents of RC and the re-
mainder is stored in BC; then the contents of RA are subtracted from
RC and that remainder is tested to determine whether or not it equals
zero. If it equals zero, the process terminates and the result is ready
for storage. If it is not zero, an Arithmetic Error pulse 1is emitted
on the program plugboard.

Subtract

The smaller of the contents of RA and RB is subtracted from the larger
and the difference is stored in both RC and RD, The sign of the dif-
ference is the sign of the larger quantity in RA and RB.
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Subtract and Check

The operation is the same as subtract, except that after the difference
1s stored, the smaller of the contents of RA and RB is added to the
contents of RC and the sum is stored in RC. Then the contents of the
larger of RA and BB is subtracted from RC and the remainder is zero
tested. If the remainder is zero, the process is terminated, and the
result is ready for storage. If the remainder is not zero, an Arith-
metic Error pulse is emitted on the program plugboard.

Multiply

The contents of RA are multiplied by the contents of BB and the high
and low order product digits are accumulated in RC and BD respectively.

Multiply and Check

The operation is the same as multiply except that after the product
digits are transferred from RC or RD to memory, the contents of RA are
subtracted from the contents of RC and RD the number of times specified
by the contents of BB, and the remainder is stored in BRC. The remain-
der is tested for zero, and if zero, the process 1s terminated. If
the remainder is not zero, an Arithmetic Error pulse is emitted on the
program plugboard.

Divide

The contents of RA are divided by the contents of BB, the quotient dig-
its are stored in BD, and the remainder is stored in RC. If the quo-
tient i1s more than 11 significant digits, the Divide Overflow hub on
the program plugboard emits a pulse. If the quotient is equal to or

less than zero, the quotient is zero and the dividend is stored as the
remainder. ‘

Divide and Check

The same as Divide, except that after the quotient and remainder are
stored, the remainder in RC is added to the product of the contents of
RB and BD and subtracted from the contents of RA. The remainder 1s
zero tested and if zero, the process is terminated. 1If it 1s not zero,
an Arithmetic Error pulse is emitted on the program plugboard.
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Compare

The contents of RA and BB are compared for relative magnitude. If the
contents of RA are greater than the contents of RB, branch storage is
set to+; 1f the contents of the registers are equal, branch storage
1s set to 0; if the contents of RB are less than the contents of RA,
branch storage is set to -.

Arithmetic Transfer

This process uses only BD as the information goes from one storage loca-
tion to another.

Mask Transfer

The contents of RA are masked by the contents of RB and transferred
to RD.

Suppress Left Zeros

All zeros to the left of the most significant digit in RA are replaced
by space codes and a count of the number of zeros suppressed i1s placed

in RB.

Normalize

The contents of RA are shifted left until the most significant digit
is in the high order position. The normalizing count is placed in RB
and the unused positions of RB are filled with space codes. If the
contents of RA is zero, the program is interrupted, the Normalize Over-
flow hub on the program plugboard emits a pulse, and RB is set to a
count of one.

RULES FOR ARITHMETIC OPERATIONS

In Add, Subtract, Multiply, and Divide operations, space codes are converted
to zeros when the result is formed in RC and RD.

In Add and Subtract, the following rules for signs are observed:
(1) A zero, space code, or plus sign in the BB sign position is in-

terpreted as a plus sign.
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(2)

(3)

(4)

(5)

(6)

A minus sign in the RA sign position is interpreted as a negative
sign.

All other characters in the RA sign position except an ignore code
are treated as 1f they were alpha characters.

In the BB sign position, all characters except a minus sign or
an ignore code are treated as plus signs.

An alpha character in the RA sign position is transferred to the re’
sult in either an add or subtract operation. In all other cases

the algebraic sign is produced.

An ignore code in the sign position of either register will cause
the sign character to be transferred from the other register to
the result. (Exception: a space code(A) and an-ignore code (1) will
result in a 0.)

ADD - SUBTRACT

RESULT SIGN - UFC - |

V, Sign 1-9
A-Z
+ -
A, + 0 Special *
Vy Sign Characters
Algebraic *
A+ A Sign V, Sign Vy Sign
» 2 0 (plus) A = Plus Character Character
- = Minus
Algebraic
Sign - V, Sign Vy Sign
B A = Plus (Minus) Character Character
- = Minus
1-9 Algebraic
A-Z A Sign Vv, Sign Vo Sign
Special (Plus) A = Plus Character Character
Characters - = Minus
i V, Sign V, Sign Vi Sign :
Character Character Character

* See exception in Sign Rule 6.

2N




In Add and Subtract operations the following rules are observed for the char-
acter positions:

(1) If the corresponding characters in RA and BB are numeric, the quan-
tities are added (subtracted).

(2) 1If, in corresponding character positions, either RA and RB or both
contain alphabetic characters, the character from RA is transferred
unchanged to the corresponding position in the result.

(3) Ignore codes appearing in either register will cause the corre-
sponding character in the other register to be transferred to the
result.

(4) Carries (borrows) generated by preceding characters in (2) and
(3) above are destroyed.

ADD - SUBTRACT

RESULT CHARACTERS - UFC-|I

Vl Alpha
Special
0-9 Characters t
V2 +, -
* *
0 -9 Sum Vl Character V2 Character
Alpha * * *
ChS:::cl::rs V1 Character Vl Character V2 Character
+, -
* * *
i Vl Character V1 Character i

* Carry or borrow from adjacent digit position is destroyed.
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In Multiplication and Division, any character in the character positions of
BA and BB other than 0-9 will be treated as numeric.

In Multiplication and Division, any character except a minus sign in the
BA or BB sign position is treated as a plus sign and the sign of the result
is determined in the usual algebraic manner.

In Division the sign of the remainder corresponds to the sign of the dividend.

Branch Storage Settings

The following statements further detail and supplement the discussion of
branch storage found in Chapter 3. The conditions peculiar to each type
of arithmetic operation are given.

Numeric Add or Subtract:

V, Sign is A, 0,4, or -
V, Sign is not an Ignore Code
V, and V, are numbers

If: Sign of Result Setting of Branch Storage
(R #0) A +
(R 7#0) - -
(R = 0) A or - 0

Alpha Add or Subtract:

V, Sign is A, 0, #, or -

V, Sign is not an Ignore code

V, and/or V, (apart from sign character)
are alphanumeric.

Sign of Result Setting of Branch Storage

A +

Note: The conditions R = 0 and R # 0 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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Alpha Sign or Subtract:

V, Sign is not A, 0, +, or -
and/or
V, Sign is an Ignore code

Branch Storage has a 0 setting after all Alpha Sign Add or Subtract opera-
tions, regardless of the sign of the result.

Multiply:
If: Sign of Result Setting of Branch Storage

(R #0) A +

(R #0) - -

(R =0) A or - 0
Divide:

Sign of Result Setting of Branch Storage
i) +

- -

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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Alpha Sign or Subtract:
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DESCRIPTION OF TIMING FACTORS

To determine the approximate interval of time required by UFC-I to execute
a complete program step or instruction word, four factors derived from the
following tables and text should be used. All of the figures quoted below
are based on average computer time.

Memory Reference Times

In the table labeled "Memory Reference Times" will be found the time re-
quired to locate the first operand and load 1t into RA, the time required
to locate the second operand and load it into RB, and the time required to
store the result from RC or RD.
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Process Times

The time required for the performance of the process in an instruction may
be determined from the table headed "Process Times". However, it must be
recognized that during the execution of one instruction word, the computer
locates the next instruction during the process time of the current instruc-
tion. Where the process time is found to be less than 3.1 milliseconds, the
3.1 value should be used as the process time.

Constant

An instruction word requires a slightly longer time to execute than a pro-
gram step performing the same operation. This additional time 1s included
in Table A as a constant.

Programmed Shifts

Table A includes time factors necessary to determine the time of execution
of a computer instruction except the time required to execute programmed
shifts of the contents of the arithmetic registers. When a shift of V;, V,
or R (U, V, or W) is programmed, the time required to execute the shift must
be added to the total of the other factors in Table A. Each operand shifted
requires the following shift time:

.042 (n + 1) milliseconds
where n = the number of programmed shifts

MEMORY REFERENCE TIMES

The time required to refer to any of the following locations as V;, V, or
R, 1s 0.9 milliseconds:

Register A GSAR
Register B PAK

Register C CDR

Register D SRV

TRV
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The time required to locate and transfer the contents of the following loca-

tions to an arithmetic register 1is:

From Milliseconds

BTB or GSB Word 0.9

High Speed Drum Word 3.1

BTB or GSB Fields: (x = the number of the character
Field A 0.9 (position of the first character
Field B - V (.021x + 0.9) (of the field.

High Speed Drum Field 3.1

The time required to transfer R from an arithmetic register to the following

addresses 1is:

To Milliseconds
BTB or GSB Word 0.9
High Speed Drum Word 3.1

RTB or GSB Fields:

>12 characters

Field A (.042z + 0.9)

Field B - V (.021x + .042z + 0.9)

<12 characters

Field A 0.9

Field B - V (.021x + 0.9)
High Speed Drum Fields

>12 characters (.042z + 3.1)

<12 characters 3.1

(x = the number of the

(character positionof the
(first character of the
(field.

(z = number of characters

(in the field minus 12.)

The time required to locate and place V; in the BIB is:

From Milliseconds
GSB Word 0.9
High Speed Drum Word 3.1
GSB Fields:
Field A (.042y + 0.4)
Field B (.021x + .042y + 0.3)
High Speed Drum Field (.042y + 2.6)
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GSB (120 characters) 5.4
High Speed Drum (120
characters) 7.7

The time required to transfer R from the BTB to the following locations is:

the number of the
(character position of
(the first character of
(the field.

(y = the number of char-
(acters in the field.)

(x =

To Milliseconds

GSB Word 0.9

High Speed Drum Word 3.2

GSB Fields:
Field A (.042y + 2.6)
Field B - V (.021x + ,042y + 2.6)

High Speed Drum Fields (.042y + 2.7)

BTP 5.1

PROCESS TIMES

Below are the process times for Add,
times are in milliseconds:

Add (AD) and Subtract (SB)
Check

TOTAL

Multiply (MU or ML)
Check

where:

Normal Division

Check

where:

218

Subtract, Multiply and Divide. All

Normal ViV, Alpha
1.2 1.2 0.7
0.7 13
1.9 2.5 0.7

1.60 + .588 (M1 + ™10 + ..
1.00 + (M1 + ™0 + ... M)

(M1 + ™0 + ... M) is the sum of the
multiplier digits.

. M)

.042 (26.- u - v) + 1,2 (u-v +n + 1)
+ .462 - .042v + ,588 (sum of the quo-
tient digits)

1.6+ ,042 (11 - v - n) + .588 (sum of

the quotient digits)

u = number of V, digits
v = number of V, digits
n = number of programmed V| shifts
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Special Cases

Division (VZ)
Dividend (V})

Divide Overflow:

0: 1.

0: 1.59 - .042 (v)
.042(26 - u - v)

1

TIMING CHART -

UFC-1

(milliseconds)

AD AD, SB' MI" * * * * * * ‘;—V N“
SB' ML, MU,| AT |*SU, *SV| BT |JZ, JP| € | LS| SZ| CP { TD | DE| TI | SP
DQ, DR *Sw JN, UJ LA | IN
Vl address X X X X - R R D ¢ coe ] cac] men | ---
V2 address X X e - ~—- R R PPN R P
Process P P 0.0 0.6 0.0 --- 8.0f---]1.0] 0.6 =-==~]--- ---
R address X X X X X --- I N B ' BT R L:-. | ---
Program Step Totals .- 8.0 --~ cen | --- ---
U address X X X X X 0.8 wme | --=] X X |--=]-=-] === ---
V address X X - X - - cme | mae| ma X |eea] mae] ama} au-
@
Process 3.1 p 3.1 3.1 3.1 3.1 3.113.1) 3.11 3.1}13.1)3.1] 3.1] 3.1
W address X X X X X X ce= 0.8 X | mem ] mea] aan] ===} ---
Constant 1.8 1.8 4.1 1.8 1.5 2.3 8.7}11.4] 3.7 1.4}1.5]2.0f] 1.5} 1.1
—_—]—_— —_- 4 —_-—_ -] 3+ — 4 — -4 — - - —|— .J —_
Instruction Word
Totals 11.815.3 4.6 5.1 4.6 4.1
* These are internal program instructions that do not appear on the plugboard.

® > 9

See Process Times

See Memory Reference Times
The Channel Clear process does not occur simultaneously with the finding of the next instruction.

TABLE A
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APPENDIX A

Term

access time

address

alpha-numeric

angular address

arithmetic operation

B+ current

binary-coded decimal

notation

binary digit

bit

block

GLOSSARY

Explanation

The interval between the time that program con-
trol initiates a storage reference and the time
that storage reference 1s completed.

A label, name or number, identifying a memory
location at which information can be stored,
and from which information can be obtained.

A symbol containing letters and/or other non-
numeric characters in addition to numbers.

A term used in connection with magnetic drums.
It refers to a distinct and separate location
around the periphery of a track or channel.

(A track number and an angular address define a
unique location on a magnetic drum.)

An operation involving addition, subtraction,
multiplication or division.

A steady direct current used by the programmer
to pick up selectors and to light indicators
(any other use of this current will result in
damage to the computer.)

One of many systems of writing numbers in which
each decimal digit of the number is expressed
by a different code written in binary (two-
state) digits. (See "excess-three code".)

A representation of a two-state condition of
a unit of storage in a digital computer: O or
1, on or off, yes or not.

An abbreviation of "binary digit".

A group or ensemble of characters.
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blockette

borrow (noun)

bus

buffer

carry (noun)

channel

clear (verb)

code (noun or verb)

A group of 120 adjacent characters. The block-
ette is the UFC System’'s fundamental unit of
input/output format (e.g., card unit and mag-
netic 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 contents
of a 120-character buffer or a track on the
high speed drum.

The digit to be taken from the next higher di-
git position (and subtracted from that digit
position) when the subtrahend digit of one di-
git position exceeds the minuend digit of that
digit position.

A line, or trunk, over which data transmissions
occur from any of several sources to any of
several destinations.

A temporary storage for data; an isolating de-
vice, generally used to transfer data between
two storage elements that are not synchronized.

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 number base.

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
tape or magnetic tape.

To replace information in a register by (Uni-
vac coded) zeros, ignore codes, or space codes.

(Noun) A system of symbols for representing

information in a computer and the rules for
associating them. (See Univac code.)
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command (noun)

comparator

computer character

computer ground

computer instruction

computer language

contents of ( )

d-c enable

debug

demand ground

(Verb) To program.

A pulse, signal, or set of signals initiating
one step in the execution of a computer instruc-
tion, sub-instruction, or sub-step.

A group of circuits which compare two quanti-
ties and present an appropriate indication of
the result of the comparison.

The basic unit of data for the UFC. A legal
character is any letter, number, or symbol that
can be expressed in Univac code.

A computer current recognized by the programmer
as the plugboard hubs labelled COMPUTER GROUND,:
which complete the coil circuit of a selector
allowing that selector to be picked up at any
time during the computer program (see demand
ground).

A completely defined operation for the compu-
ter; the principal unit of a computer program.
Two types of computer instructions are employed:

Instruction Words for internally-stored
programs.

Program Steps for plugboard-defined pro-

grams.

Univac coded characters.

The information stored within.

A computer-controlled direct current the plug-
board wiring of which allows the computer to

gain access to storages, processes and shifts.

To isolate and remove a computer malfunction
or the program mistakes in a computer program.

A computer current recognized by the programmer

as the plugboard hubs labelled DEMAND GROUND
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destination address

digit

End of Data code

End of File code

error

erase

excess-three code

0-9, which complete the coil circuit of a se-
lector, allowing that selector to be picked up
only during the time the correspondingly num-
bered input/output unit is on demand.

An address that specifies a particular loca-.
tion (of definite capacity) at which informa-
tion held in some intermediate location is to
be stored.

A term for the computer characters 0-9.

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 12 characters of "%"
codes.

A special code stored along with actual data;
used to separate files. In general storage,
prime zero (’'0) is used; on magnetic tape 12
"Z’s" in at least one word are employed.

A detected computer malfunction.

A term usually applied to magnetic drums and
magnetic tapes to mean "record binary 0’'s" on
the drum or tape. In this connection it effec-
tively "clears" the area on which the 0’'s are

recorded. Since other methods of "clearing"

are employed in UFC (e.g., space codes and ig-

nore codes are used by certain devices to clear

drum areas) the term "erase" is used in UFC
only in connection with revolvers and magnetic
tapes, as: "the area ahead of the read/write
head is erased prior to recording".

A binary coded decimal notation for decimal
numbers. This code represents each decimal
digit by a binary number (four bitsin length)
whose value 1s three greater than the value of
the decimal digit that is coded.
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external memory

fault

field

file

flow-chart

flow diagram

Any memory device in the system which can per-
manently store (and subsequently supply) data
but which is not directly accessible to pro-
gram control storage.

A condition indicating a computer malfunction
or a mistake 1n programming; an error.

A unit of data on the High Speed Drum, in the
General Storage Buffer, or in the Block Trans-
fer Buffer, which is a collection of adjacent
characters; the number of characters vary from
1 up to 119 as defined by a field selection
pattern.

The programming unit used for overall organi-
zation of data. On magnetic tape, a collection
of adjacent items each of which consists of a
fixed master portion comprising subjects com-
mon to all, or practically all, items, and to
which are added or appended a variable number
of other "trailer" subjects which may range in
number from none to several hundred. 1In gene-
ral storage a similar concept applies except
that:

(a) Unit records are involved, and

(b) 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 1tems on magnetic tape.

A graphical representation of a sequence of
programming operations using symbols to repre-
sent operations such as compute, substitute,
compare, jump, etc.

A schematic-type of representation of a se-
quence of sub-routines designed to solve a
problem. It 1s less detailed and less symbolic
that a flow-chart and frequently includes de-
secriptive text.
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higher-order

hub

information

ignore code

instruction word

intermediate storage

(buffer storage)

logical operations

lower-order

The significance given data in the computer
which is the same as that associated with the
reading or hand-writing of data; the left-most
character is the most significant or highest
order digit; the right-most character is the
least significant or lowest-order digit. (Ex-
ception: the sign digit is always the lowest-
order digit in the computer.)

A receptacle for wiring on a plugboard; the
breakoff point between plugboard wiring (vari-
able) and internal wiring (fixed).

A general term for both actual data and for
control data.

A computer character (1000000 in Univac code)
used primarily to suppress comparisons.

A 12-character computer word that defines a
computer instruction; 1s stored in the operation
memory of the computer, usually i1n sequence
with other instruction words on the high speed
drum,

A temporary storage location into which data
is automatically transmitted from a programmed
source or from which data is automatically
obtained for storage in a programmed destina-
tion.

The operations of masking, comparing, norma-
lizing, etc., where, in essence, characters
or bits constitute the elements being operated
upon. In contrast to arithmetic operations
wherein the elements of the operation are nu-
merical values.

Pertaining to the right-most digit of a type-
written or handwritten number or message. (See
higher-order.) In UFC words, the sign is the
lowest-order character.
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magnetic core

magnetic drum

magnetic tape

malfunction

memory

millisecond

mnemonic code

microsecond

normalize

"on demand"

"off demand"

operand

A form of rapid-access storage wherein infor-
mation is represented as the polarization of
a wire-wound core.

A rapidly rotating cylinder, the surface of which
is coated with a magnetic material on which in-
formation can be stored as small polarized
spots.

Tape consisting of a metal or a plastic base
that is coated with a magnetic material on which
polarized spots representing information can be
recorded.

Equipment failure.

Information storage; any device inco which in-
formation can be introduced and from which 1t
can be extracted at a later time.

One thousandth of a second.

The (two) letters that suggest the name of the
instruction and have the same lower-order four
bits in Univac code as the numbers they repre-
sent. The process codes of instruction words
have a mnemonic as well as numeric listing.

One millionth of a second.

An operation in the UFC arithmetic section
wherein an operand is shifted left until its
most significant character is in a register’s
most significant character position.

The status of an input/output unit after a
"Demand In" sequence is executed. In general,
an I/0 unit stays "on demand” until it receives
an I/0 instruction or until another I/O unit
is placed "on demand".

The status of an input/output unit after it
receives an I/0 instruction or after another

1/0 unit is placed "on demand".

The contents of a computer location used in
arithmetic and logical operations.
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operation code
overflow

packing

pad

parity bit

parity check

plugboard

probe

process

The right-most (or lowest-order) three charac-
ters of an instruction word.

A number which is beyond the capacity of a
counter or register.

Combining several different brief fields of
information into one or more machine 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. If the number of "1's" in the
6 bits of the Univac code is even, the parity
bit i1s a "1"; if the number of "1’s" in the

6. bits of the Univac code is odd, the parity

bit is "0". An odd-even check on each char-
acter can thus be made during data transmis-
sions. The parity bit 1s also used in defining
the field selection patterns used in field ad-
dressing.

A check made on each character, generally du-
ring data transmissions, to determine if the
number of "1’s" in each 7-bit computer char-
acter is odd or even. If odd, operation con-
tinues; 1f even, a parity error is indicated.

A removable connection panel whereon external
wiring can be employed to define a program.
The central computer’s plugboard is called the
"program control plugboard". Several I/0 units
also have plugboards.

To interrogate; both pulse and d.c. probes are
used.

The basic operation to be performed during a
computer instruction,
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used.

The basic operation to be performed during a
computer instruction,

221



program control plugboard

pulse

random access

read

read/write head

register (noun)

result

reverse process

revolver

rewind

serial (adjective)

The central computer's plugboard.

A short burst of electrical energy which is
wired by the programmer to route the plugboard
program from step to step and to initiate sub-
steps.

Access to storage locations in a nonsequential
order.

The action whereby stored data 1is sensed and
transmitted elsewhere, or is shifted out of a
location and sent elsewhere.

A dual-purpose device used to read and record
data on a magnetic medium.

A device capable of storing a computer word or
computer address.

The sole (or, in some cases, the principal)
quantity produced in an arithmetic or logical
process.

The interchange of the relative function of
operands in an arithmetic sequence to check a
previous (normal) arithmetic operation.

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 recirculated data readily accessible
to the computer program.

To reposition tape by moving the tape in a
backward direction.

Handling one character (or bit) after another
using the same device, as opposed to parallel,
the handling of all characters (or bits) si-
multaneously, each having a separate device.
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sign position

source address

space code A

storage reference

stored program or (inter-
nally-stored program)

sub-instruction

sub-step

temporary storage

three-address logic

track

The low-order character position in any arith-
metic register or 1in any location specified by
a word address.

An address specifying the location from which
data can be obtained.

A computer character (0000001) in Univac code)
used to represent a space or blank area.

Usually, the action whereby a memory location
specified by a computer address is found, and
data 1is placed in or received from that loca-
tion. Each storage reference actually involves
two locations: in general, one is programmed,
and the other (the intermediate or buffer loca-
tion) is automatically determined by the in-
struction being executed.

A sequence of instruction words which defines
a computer program.

An operation specified by one of the legal va-
lues of the special character "S/C" in an in-
struction word.

An addition to or extension of a program step.
The plugboard counterpart of sub-instruction.

Intermediate or buffer storage.

A type of computer i1nstruction which includes:

(a) The address (or storage location)
from which the first operand is ob-
tained,

(b) The address from which the second

operand 1is obtailned,

(¢) A third address where the result is
to be stored.

A narrow band on the periphery of the high-
speed drum; the area which passes beneath a
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transfer

translate

Univac

Univac code

unpacking

wiring

word

write

read/write head as the high-speed drum revolves;
the equivalent of a channel on a general stor-
age drum.

To move a copy of data from one location to
another.

To change information from one code to another
without affecting the value. In the UFC, all
I/0 units are equipped with translators so that
Univac coded characters are delivered to and
can be received from the central computer with-
out any translation or conversion time being
required in the central computer.

Universal Automatic Computer.

A system of notation in which (commonly) 63
letters, numbers, and symbols are given values
in a binary scale of notation. The notation
is based on the (four-bit) excess-three code
employed for the digits 0-9. 1In this code,
the decimal digit "0" is represented as 0011
(binary "three"); the decimal digit "1" is re-
presented as 0010 (binary "four"); and in ge-
neral each of the decimal digits 0-9 is repre-
sented by a binary code whose value is three
greater than the actual value of the digit.
T'o the four-bits required 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 code was ex-
panded, and letters and symbols assigned to
different values of the six bit combinations.

Separating packed fields of information.
Manually-plugged wiring used on a plugboard or
pinboard to connect various circuits within a

unit for the purpose of defining what operations
the unit is to perform.

12 characters; the operational (or machine)
unit of data in arithmetic and logical oper-
ations of UFC.

To record; to store on a magnetic medium.

230



transfer

translate

Univac

Univac code

unpacking

wiring

word

write

read/write head as the high-speed drum revolves;
the equivalent of a channel on a general stor-
age drum.

To move a copy of data from one location to
another.

To change information from one code to another
without affecting the value. In the UFC, all
I/0 units are equipped with translators so that
Univac coded characters are delivered to and
can be received from the central computer with-
out any translation or conversion time being
required in the central computer.

Universal Automatic Computer.

A system of notation in which (commonly) 63
letters, numbers, and symbols are given values
in a binary scale of notation. The notation
is based on the (four-bit) excess-three code
employed for the digits 0-9. 1In this code,
the decimal digit "0" is represented as 0011
(binary "three"); the decimal digit "1" is re-
presented as 0010 (binary "four"); and in ge-
neral each of the decimal digits 0-9 is repre-
sented by a binary code whose value is three
greater than the actual value of the digit.
T'o the four-bits required 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 code was ex-
panded, and letters and symbols assigned to
different values of the six bit combinations.

Separating packed fields of information.
Manually-plugged wiring used on a plugboard or
pinboard to connect various circuits within a

unit for the purpose of defining what operations
the unit is to perform.

12 characters; the operational (or machine)
unit of data in arithmetic and logical oper-
ations of UFC.

To record; to store on a magnetic medium.

230



APPENDIX B

EXAMPLE OF INTERNALT= EXTERNAL PROGRAMMING

The UFC-I, with its combination of internal and external programming, provides
a wide range of programming possibilities. Several of the ways in which con-
trol may be transferred from the internally-stored program to the plugboard
and from the plugboard to the internal program are included in the accompa-
nying program chart.

‘In example #1 control is transferred via a transcop instruction (instruction
word 150) to program step #72. The result of step #72 is wired to the W ADR
hub. This allows access to word location 162 from the plugboard. Wiring of
the STEP OUT hub to NI returns control to the internal program.

Instruction INSTRUCTION WORD
Location 7] \" w PR
/ls|lo]| lalaldjalajal/zlela2]l 7|2
(1s71/
\ Vv R
s;gf’ VI sm:'-'-r PROCESS VZ smi'T R SHIFT 252;
72 -/ + @ |Fs*/-¢ W ADR NZ

Example #2 shows how the shift revolver may be loaded internally just prior
to the transcop instruction, making the shifts defined in the shift revolver
available to the external program. The shifts specified in instruction word
200 and the storages specified in instruction word 201 are available to ex-
ternal control until activation of the next instruction NI hub returns con-
trol to the internal program.

Instruction INSTRUCTION WORD
Location ] 1% w PR s/
2lolel| [4]4]413|o|3]4l4lA(Lks
210 Alalalolrlalalalalélo 4
[2{0
\Y
ol Vi lsmer]mRocEE | Ve lsadl| R lauier| STER
& -alie |+e |vave | Vv [esa-al NT

21



APPENDIX B

EXAMPLE OF INTERNALT= EXTERNAL PROGRAMMING

The UFC-I, with its combination of internal and external programming, provides
a wide range of programming possibilities. Several of the ways in which con-
trol may be transferred from the internally-stored program to the plugboard
and from the plugboard to the internal program are included in the accompa-
nying program chart.

‘In example #1 control is transferred via a transcop instruction (instruction
word 150) to program step #72. The result of step #72 is wired to the W ADR
hub. This allows access to word location 162 from the plugboard. Wiring of
the STEP OUT hub to NI returns control to the internal program.

Instruction INSTRUCTION WORD
Location 7] \" w PR
/ls|lo]| lalaldjalajal/zlela2]l 7|2
(1s71/
\ Vv R
s;gf’ VI sm:'-'-r PROCESS VZ smi'T R SHIFT 252;
72 -/ + @ |Fs*/-¢ W ADR NZ

Example #2 shows how the shift revolver may be loaded internally just prior
to the transcop instruction, making the shifts defined in the shift revolver
available to the external program. The shifts specified in instruction word
200 and the storages specified in instruction word 201 are available to ex-
ternal control until activation of the next instruction NI hub returns con-
trol to the internal program.

Instruction INSTRUCTION WORD
Location ] 1% w PR s/
2lolel| [4]4]413|o|3]4l4lA(Lks
210 Alalalolrlalalalalélo 4
[2{0
\Y
ol Vi lsmer]mRocEE | Ve lsadl| R lauier| STER
& -alie |+e |vave | Vv [esa-al NT

21



In Example #3, a breakpoint sequence is initiated by the special character
6. Assuming that BREAKPOINT #1 is depressed on the computer control panel,
the BREAKPOINT #1 hub on the plugbcard emits a pulse. This pulse is wired
to CONDITION COMPARE and then to the IN of step #80, demonstrating that a
breakpoint sequence may be used to transfer control to the plugboard, where
both program steps and substeps may be executed.

nstruction L'NE
tnat -n INSTRUCTION WORD REMARKS oy
Location U v w PR SA
3lolo| |aigiDlolylal2|elplAlDle! |8lkpr| /l-lednlp lo 1
3ol » 2

STEP \ V2 R ‘NEXT

No. Vy SHILT PROCESS Va SHIFT R siFT| STEP

80 |1esg-p Comp_|Fs* /-4 Be 12

81 |¢s@-» ~C _ |Fs%2-58 Gs8 -D Sro P

BRANCHING (BR)
NO IN FROM + -

L2l srep g0 Srep 22 Srep B4 |Srep T/

o]

Wiring of the STOP hub out of step #81 stops the computer program. However,
when STOP is wired in this manner, the program will resume internally with
instruction word 301 when the START button on the control panel is pressed.
This illustrates a method of transferring control from an external to inter-

nal program.
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the BREAKPOINT #1 hub on the plugbcard emits a pulse. This pulse is wired
to CONDITION COMPARE and then to the IN of step #80, demonstrating that a
breakpoint sequence may be used to transfer control to the plugboard, where
both program steps and substeps may be executed.

nstruction L'NE
tnat -n INSTRUCTION WORD REMARKS oy
Location U v w PR SA
3lolo| |aigiDlolylal2|elplAlDle! |8lkpr| /l-lednlp lo 1
3ol » 2

STEP \ V2 R ‘NEXT

No. Vy SHILT PROCESS Va SHIFT R siFT| STEP

80 |1esg-p Comp_|Fs* /-4 Be 12

81 |¢s@-» ~C _ |Fs%2-58 Gs8 -D Sro P

BRANCHING (BR)
NO IN FROM + -

L2l srep g0 Srep 22 Srep B4 |Srep T/

o]

Wiring of the STOP hub out of step #81 stops the computer program. However,
when STOP is wired in this manner, the program will resume internally with
instruction word 301 when the START button on the control panel is pressed.
This illustrates a method of transferring control from an external to inter-

nal program.
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APPENDIX C

EXAMPLES OF GENERAL STORAGE DRUM
ADDRESSING SUBROUTINES

EXAMPLE 1: A CALCULATED GENERAL STORAGE DRUM ADDRESSING SUBROUTINE

In many cases, a system of part numbers, account numbers, employee badge num-

bers or inventory item numbers already in use by a company can be utilized
as the basis for calculation of the drum addresses at which this information
will be stored in the general storage drum system.

The following example demonstrates a method of arriving at a general. storage
drum address, using an account number carried on each labor ticket (punched

card) as the basis for calculation.

Assumptions:

(1) A labor cost accounting system uses 6000 accounts, with account

numbers ranging from 1001 to 7000.

(2) Accounts will be drum stored, 120 characters allotted to each ac-
count. Total requirements: four general storage drums.

Range of Addresses

General Number of
Storage From To Unit Records
Drum DS CH AA DS CH AA Available
1st drum 00 00 00 02 99 80 1500
2nd drum 03 00 00 05 99 80 1500
3rd drum 06 00 00 08 99 80 1500
4th drum 09 00 00 11 99 80 1500

Total..... 6000

(3) Each incoming labor ticket (punched card) will carry an account
number, which will be read into field A of the I/0O track.

(4) Constant 1000 is stored in word address 111. Constant 20 is stored
in word address 112.

(5) Unit record selector switch is set at position 0.
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FLOW CHART - EXAMPLE |

-START-
FIRST CARD READ
INTO 1/0 TRACK

—

DEMAND STATION
ONE; WHEN READY
TRACK SWITCH
TREP OUT CARD™

i 130

SUBTRACT CONSTANT

1000 FROM ACCOUNT

= ADJUSTED ACCT-.
NUMBER

[

MULTIPLY CONSTANT
20 X THE
ADJUSTED ACCOUNT
NUMBER

SUBTRACT CONSTANT
20 FROM PRODUCT OF
THE PREVIOUS STEP
w133 = DRUM ADDRESS.
SEND DRUM ADDRESS
TO GSAR. READ UNIT
RECORD

Iy 13}

W 132

UPDATE UNIT
IW 134~ RECORD

139 WRITE UNIT RECORD
RETURN JUMP
1w 140 TO IW 130

Next card read into alternate (/0 track during the
execution of the main program.

*

instructign INSTRUCTION WORD REMARKS zgt
Location v v w PR |SA
_L[zajmg mﬂ:,dz%ée plogrd 34 71':_434 ;

o F T/q Qe 3
VAR 4] VAWAWEFAC=IV EWAK = -2 -17 LamAnp |staryo L whew (2 r :

SupTIOH|, TRIP CHIR -
AKAY el/lAllr 1122|0158 | SyatrhCr |/ ? cPoyMr-| Ao. 2
/1.3 tRlol 4212111210 [Mleldl [Mucripey |Gy |ebaisriadrt 2d ——
#3320/ 212[9]2]5i8]2) |Shareber leodvsholwnt 20 lr |70 ’0‘3
/13 s
/13|57 : 5
21 Z21CINIMAIN. PROGRAM =
/1317 =
213 | it
/1319 7
H4lo| lalalalajelalsl3lolulrlal | Reresl lrumA tud 2
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Following is a series of typical account numbers and their condition at vari-
ous points during the program as the address is being calculated.

EXAMPLE 2:

I.W. Typical Account Numbers

130 1001 4127 6999 7000
131 0001 3127 5;99 60‘00
132 oogo 6'25*40 119!80 120000
133 0000&)0 062!20 1199+60 119980

GENERAL STORAGE DRUM ADDRESS CALCULATED FROM CODES

The following example describes a method of using a combination of two codes

to determine the exact drum location to which each transaction will be posted.

Assumptions:

(1)

(2)

(3)

The ABC Freight Company desires a summarization of (1) the number
of shipments, (2) total weight, and (3) total revenue, accumu-
lated by a combination of commodity codes and destination codes.
These summaries show the distribution, by commodity, of all ship-
ments directed to each of 25 destinations.

Input to the computer is obtained from a punched card containing
data taken from a common carrier freight billing. The following
information will be punched into the card:

Commodity code (range 01-190) (read into field 00A)
Destination code (range 01-25) (read into field 00B)
Amount of billing (read into field 00C)

Weight of shipment (read into field 00D)

Each summary unit record will contain 24 characters, which will be
addressed as follows when held in the general storage buffer:

Field A - Number of shipments (4 characters)
Field B - Total weight (10 characters)
Field C - Total revenue (10 characters)

A total of 4750 Unit Records (190 x 25) will be required.
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(4)

(5)

(6)

Drum Section 00:
Drum Section 01:

Channel number 1s determined from commodity code.

Range of Addresses

From To
DS CH AA DS CH AA
00 00 00 00 99 96
01 00 00 01 89 96.

ber is determined from destination code.

Constant 1 is stored in word 111.
Constant 4 is stored in word 112.

Unit Record Selector Switch set at position 2.

x

FLOW CHART

START

EXAMPLE 2

Number of

Unit Records

Available

2500
2250

Total.....4750

FIRST CARD READ
INTO 1/0 TRACK 00

DEMAND STATION 0
WHEN READY:

(1) TRACK SWITCH

(2) TRIP OUT CARD *

SUBTRACT CONSTANT !
FROM COMMODITY
CODE = ADJUSTED
COMMOD ITY CODE

SUBTRACT CONSTANT |
FROM DESTINATION
CODE = ADJUSTED
DESTINATION CODE

|

ADJUSTED DESTINATION
CODE TIMES CONSTANT
4 = UNIT RECORD NUM3ER

LOAD SHIFT REVOLVER
(SHIFTING ADJUSTED
COMMODITY CODE LEFT
2 = DRUM SECTION
& CHANNEL

|

SHIFTED ADJUSTED
COMMODI-TY CODE PLUS
URIT RECORD NUMBER
= ADDRESS —» GSAF,

RUR

1

PREVIOUS TOTAL SHIPMENTS
PLUS CONSTANT |
= NEW TOTAL SHIPMENTS

IW 136

PREVIQUS TOTAL WEIGHT
PLUS WEIGHT OF SHIPMENT
= NEW TOTAL WEIGHT

1w 137

PREVIOUS TOTAL REVENUE PLUS
AMOUNT OF BILLING =
NEW TOTAL REVENUE, WUR & CHECK

tw 138

T
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RETURN JUMP
TO IW 130

L

iw 139

Next card read into alternate {/0 track during execution of the main program.

Unit record num-



Instruction INSTRUCTION WORD LINE
Location U v w1 PR e REMARKS NO.
Eﬁaﬂﬂ 4714 ol I, T&LﬁJQ& R M ¥ o] &JLE,” 1]

VA KA 1o) /Hololsis ] /istalolE|Q] | Ddu SYat/of e840 WA kAp» 'He,gg» ,,,2
Sdoried teloloded 3

213l (ololalilr lilzlolelsIglal [SiatraeT y<tad | /| Aol dorquad/r cbdE | 4
(1312 |loloiBl/ v L1 islels LsiR SdiateAcen QPokstanr| /]| Fo srias T/od Qo) 5 |
/1213 ol 1712211017 IMILIL Aprictend Ped nwm@p:ﬁd&; wirawrl 4 6
/1314) IRlol2 Al1414 AlLlsS Apa M AE T] im /LSHHT-ZﬁFJ') 7
/1315 /tolol) (121215 1AlD AsMAt‘_A;ppbs"S;PG.A@ 2 8
13141 (2181A1/1/1¢1212i41A1D _&5\/0 e lsqinke dats |+ cbalsrladrl/ | =| 9
. 7 -%, Pea =wts 10

/1317 |12lgi8lo 1218 IAlD PPevics! cul UolDaTke b Wepw | W Ari=|1
NEw TpTis wle /6 A7 12

/1318] 1218 lelololeal9l2lellln|P| Liksvides Rele DArg b 18 d del =13
NRw | rdTAdL A wue vl draed 14

/12121 lalalalel 9121 213lol vl m Rerpan \Tldr| Fol 434 ‘f 15

EXAMPLE 3: PARTIAL ADDRESS CALCULATION WITH CHANNEL SEARCH AND OVERFLOW

The following example describes one of many methods which may be used to
store, and subsequently locate, items in general storage when the item identi-

fier 1s long, and is complicated by mixed alpha-numeric characters.
!

Problem:

(1) The XYZ company maintains inventory records for 10,000 items within
the general storage system of UFC-I. Each item contains 60 charac-
ters.. 1000 channels of general storage are required.

(2) Input to the computer consists of random sequenced punched cards
representing various types of inventory activity.

(3) Stock numbers vary in length up to a maximum of nineteen alpha-

numeric characters, and a direct addressing scheme or calculated
addressing scheme 1s not feasible.
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Solution:

(1)

(2)

(3)

(4)

(5)

Comment:

Add the low-order 10 characters of each nineteen character stock
number (identifier) to the 9 high-order characters of the same
identifier to obtain a randomized identifier.

Choose a prime number (defined as: a number, not zero, divisible
only by itself and £ 1) nearly equivalent to the number of channels
required for storage of the inventory. This example uses 997 as

the prime number.
Identifier: 8RQ394269932SA69378

Randomize: 8R0N394269
+ 932SA69378

101RQ363647
Divide the sum of the previous addition by the prime number selected
(997), developing a remainder of 797. The high-order digit of this

remainder provides the drum section (07) and the low-order two dig-
its provide the channel (97) at which a channel search is initiated.

10229050
997 I 101RQ363647

797 or DS 07
CH 97

During loading of data onto the drums, channel search locates the
first open unit record area on this channel, and the item is stored
at that location.

During the processing of data, channel search is initiated at the
drum section and channel address calculated as above, and the item
is read into the general storage buffer when found.

An overflow address 1is loaded into the search control location of
each channel. This overflow address will direct the search to an
overflow area when the track where the search begins has been fill-

ed.

In summary, the objective of the overflow method of storing and locating data

in general storage 1s to distribute the i1tems to be stored as evenly as possi-
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ble over the available drum area by developing reproducible random numbers
from the file identifiers to be used as track addresses. Thus, instead of
directly addressing a record, its approximate location is ascertained and a
channel search locates the exact record desired.

If the criterion for a successful overflow system is met, by far the greater

percentage of the file items are located by search of a single channel, and
the remainder of the items are located in a search of less than two channels.

OVER FLOW METHOD DRUM ADDRESSING

FIRST CARD READ
INTO 1/0 TRACK

(——===

DEMAND STATION 0.

WHEN READY:

1w 130 TRACK SWITCH, TRIP
¥

ADD IDENTIFIERS TO

THEY RANDOMIZE; CLEAR

GSB TO IGNORES

{

DIVIDE; STORE
IW 132 REMA INDER IN GSAR;
w33 IDENTIFIER TO
W 134 CORRECT POSITION
W 135 IN 6SB: INITIATE €S =
y
¥ 136 SEARCH PROBE
1 FOUND l NOT FOUND
UPDATE UNIT RECORD; ERROR IN IDENTIFIER;
W 137-141 WRITE UNIT RECORD ERROR ROUTINE Iw 150

!

RETURN JUMP TO
W 142 W 130
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Instruction INSTRUCTION WORD

Locotion m REMARKS

/1310 JANAIAKES 612146190 El4 \DEmanp SraTion | TERIP, TRACK SwirCy
1347 CllIAlo Bl/ / 142 | AD2 MRTIONS OF IDENTIFIERS; CLEAR GSB

, 132 olalolo ol2lolaisls |Ser vo swmFr

41213 AVAYAY, 012192|s12p | IDENTIFIBR = ConSTANT 997 -2 QSAR; LEFT 2
/31y VRV AVAVAVACAVAV. RV 10a | F1RST _HALF OF (DENTIFIER —® GS(3
({3ls) lol/\BlALalal?|F B4 T | SECoND HALE 0F IDENTIFIER 2 GSR, QS =
FAKArA /13 16 i/ o/ ols|P Jepecy PRoRE

(13| 7))

NE g

REICY | PRo0ESS ITEM

214l ol

nen, |Fenar sTep oF PROCESIING; I LR
P | Derven Jomp 7o Tw 130
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APPENDIX D

PROGRAMMING FORMS

The following group of programming forms are suggested for use by programmers
and analysts in coding programs for UFC-I. Segments of these forms are used
throughout the manual to illustrate coding techniques for both internal and
external programming.

Figure 1 is designed for use in internal programming.
Figure 2 1s designed for use in external programming.
Figures 3, 4, and 5 provide an aid to the programmer in keeping track
of the many computer functions available to him on the program control

plugboard.

Figure 6 serves a similar purpose in programming for the use of selec-
tors.
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Model 1 UNIVAC® File-Computer Program Chart

Customer

Programmed by -

Revisions by

Revisions by

Program No.

Date.

Date.

Date.

Page..____of_

Application

Checked by

Revisions by

Revisions by

Date Installed

Date.

Date.

Date.

by.

Instruction

INSTRUCTION WORD

Location U

\4 w

PR

S/C

REMARKS

U4286.4 (SPTM4286)

242

FIGURE 1




MODEL 1 UNIVAC

FILE-COMPUTER EXTERNAL PROGRAM CHART

CUSTOMER:.

APPLICATION:

PROGRAMMED BY: DATE

PROGRAM NO.

STEP

NO. v

Vi
SHIFT

PROCESS

V2 R
SHIFT

SHIFT

NEXT
STEP

REMARKS

51

52

53

54

85

56

57

58

59
60

61

62

63

64

65

66

67

68

69

70

VAl

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

U 1356.3
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MODEL 1 UNIVAC® FILE COMPUTER CONTROL CHART #1

PROGRAMMED BY: DATE

PROGRAM NO.

CUSTOMER: APPLICATION:
DEMAND UNITS (DMD)
uTs TEST IN NOT READY READY DEMAND IN DEMAND OUT SPECIAL OQUT TRACK SWITCH
0
1
2
3
4
5
6
7
8
9
UNIBUSES (U/B) B START ToO:
NO IN IN IN IN ouT
1 ERROR SIGNALS
2 TYPE TO
3 PARITY
4 —:O'FLOW
5 iO'FLOW
6 NO'FLOW
7 ARITH.
8 GS PROG
[ HI-SPEED CONTROL LINES (HCL) STEP CLEAR (3C) STEP REPEAT (SR)
NO IN YES NO NO IN ouT NO FROM
w 1 1
X 2 2
Y 3 3
z 4 4
FUNCTION SEQUENCE (FS) OUT EXPANDERS (OF)
NO SET PROBE ouT NC IN IN QuUT
1 1
2 2
3 3
4 . 4
FUNCTION DELAY (FD) 5
NO INg IN, ouT 6
A 7
B N N _
c OUTPUT CONTROL LINES (OCL)
D NO FROM NO FROM
REMARKS: A F
= G
C H
E i
E J
v e 244 FIGURE 3




MODEL 1 UNIVAC " FILE.COMPUTER CONTROL CHART #2

CUSTOMER: APPLICATION: PROGRAMMED BY: DATE| PROGRAM
READ URA (R) BRANCHING (BR)
NO IN ! ouT No IN FROM + - 0
1 : 1
2 : 2
3 ! 3
4 ! 4
WRITE URA (W) 5
NO IN ‘: ouT 6
1 ] 7
2 : 8
3 | 9
4 ! 10
WRITE & CHECK URA (W/C) 11
NO IN ! ouT 12 ]
1 : CHANNEL sEARcH ProBe & WAIT  {CS P/W)
2 E NO IN FROM + — o]
3 . 1
4 | 2
CHANNEL SEARCH EQUAL  (ECS) 3
NO IN : ouT 4
! ; CHANNEL SEARCH PROBE  (CS P) B
2 | NO IN FROM ACTIVE + - o
3 : 1
£l ! 2
-\'?O-'ITNNEL SEARCH UNEQUAL (UCS) 3
NO IN ; ouT 4
1 ] [ —_ CODE DIstRIBUTOR  (¢0) ]
2 | ALPHA/NUMERIC IN:
5 |
(4 ; ] GROUP 1IN GROUP 2 IN GROUP 3 IN GROUP 4 IN
B CONDITION COMPARE (C/C)ﬁ
No IN !' ouT NO ouT NO ouT NO ouT NO ouT
1 : 0 ' y +
2 ' 1 A J /
3 ' 2 B K S
4 ! 3 c L T
[CLEAR BLOCK TRANSFER BUFFER (CLBTB)| | 4 D M u
NO IN { ouT 5 E N \Y
1 4 6 F o W
2 H 7 G P X
3 ) 8 H Q Y
4 ' 9 | R z
[CLEAR GEN'L STORAGE BUFFER (CLGSB)] CDR PULSE IN:
NO IN . ouT
1 i No ouT NO ouT NO ouT NO ouT
2 4 ) 3
3 'r 1 4 7
4 : 2 8
U 1356.5
245 FIGURE 4




MODEL 1 UNIVAC® FILE-COMPUTER CONTROL CHART #3

I CUSTOMER:

APPLICATION:

PROGRAMMED BY: DATE

PROGRAM NO.

_l-;IPUT'CONTROL LINES (1ICL) INDICATORS (IND) PROGRAM SELECTS (PS)
NO TO NO FROM NO IN DELAY OUT DROP OUT B8+
a 1 1
b 2 2
c 3 3
d 4 4
e 5 5
f 6 6
9 SWiteH In: 7
h SWITCH ouT: 8
i BREAKPOINTS (B/P] |9
i 1 10
k 2 11
1 3 12
REMARKS: nbasi
SELECTS:
SPECIAL CHARACTER OUTS (sCO)
NoO ToO Ny TO NO To
Q T w
R u X
S v v |
ALTERNATE SWITCHES (ALT.SW.)
NO SELECT COMMON NON-SELECT
1
2
3
4
5
6
U 1356.6
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MuUUEL 1 UNIYAGUL

FILE-LCUMFU I EK DELECIUK CHAKI

CUS TOMER: APPLICATION: PROGRAMMED BY! DATE | PROGRAM NO.
T # PICK-UP FROM GROUND SELECT COMMON NON-SELECT
U 1356.7
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APPENDIX E

PROGRAM CONTROL PLUGBOARD

COMPUTER CURRENTS AND PULSES

As the programmer wires the program control plugboard of the UFC-I, he should
bear in mind that the internal wiring behind the plugboard provides several

kinds of electrical energy designed for specific programming purposes:

Pulse:

D-C Enable:

B+ Current:

Computer Ground:

Demand Ground:

A short burst of electrical energy which is wired by
the programmer to route the plugboard program from step
to step, and to initiate substeps.

A computer-controlled direct current, the plugboard
wiring of which allows the computer to gain access to
storages, processes and shifts.

A steady direct current used by the programmer to pick
up selectors and to light indicators (any other use of
this current may result in damage to the computer).

A level of zero potential which completes the coil cir-
cuit of a selector allowing that selector to be picked
up at any time during the computer program.

A level of zero potential which completes the coil cir-
cuit of a selector allowing that selector to be picked
up only during the time the correspondingly-numbered
I/0 unit is on demand.

FUNDAMENTAL PLUGBOARD PROGRAMMING RULES

1. Pulse outs (red) may be wired only to pulse ins (green). This can be done

directly or via buses, selectors or alternate switches.

2. Enable outs (blue) may be wired only to enable ins (yellow). This can

be done directly or via buses, selectors or alternate switches.
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3. B+ outs (black) may be wired only to B+ ins (purple). This can be done
directly or via buses, selectors or alternate switches.

4. Selector ground (orange) may be wired to either computer ground (orange)
or demand ground (orange).

5. Multipurpose hubs (not color coded) may be wired to route pulses, enables,
ground or B+.

6. The combination green-red hubs are actually bused pulse in hubs; either
hub can be wired from a pulse source, and the other wired to define the
next operation.

7. The combination blue-yellow hubs are actually bused enable out hubs; they
are shown in combination color code because these hubs may be "chain
wired".

8. The combination purple-black hubs are connected by a switch-controlled
bus; either can function as an in and the other as an out for B+.

CHAIN WIRING

Chain wiring is a technique which allows the programmer to wire several enable
out (yellow-blue) hubs to a common enable in (yellow) hub without the use of
a bus. For example: assuming that the process for steps 51, 52, 55 and 60
is arithmetic transfer, the process hubs for these steps may be chain wired
together and the chain tied to arithmetic transfer AT by a single wire. The
PROC, V,ADR, V,ADR, R ADR, V;SH, V,SH and R SH may be chain wired to any of
the enable in (yellow) hubs which specify processes, storage locations and
shifts.

Another convenient wiring technique which incorporates chain wiring is fa-
cilitated by the three plugboard hubs provided for each storage location
and shift on the plugboard. Whenever a V,ADR or V,SH is wired either singly
or in a chain, the receiving hub at the left of the storage or shift enable
in may be used. Similarly a V,ADR or V,SH may use the middle enable in hub,
and the R ADR and R SH may use the right enable in hub.

Through the use of the above techniques, buses are made available for other
purposes, plugboard wiringis simplified, and debugging procedures made easier.
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