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INTRODUCTION TO THE UNIVAC FILE-COMPUTER.

The Univac File-Computer System is a medium sized electronic system
designed to combine efficiently electronic computing with large cap-
acity internal magnetic drum storage for random access processing of
unsorted data. It possesses common language versatility and many
types of input-output may be used simultaneously. Input-output units
and storage units can be put together as building block units to pro-
duce a system satisfying individual requirements. The five basic
components of any computer system are input, storage, arithmetic,
control and output. The Univac File-Computer has these components
but the type, number and capacity of these units in any grouping of
equipment is determined by the individual application requirements.

Expanding requirements for better control of the basic business func-
tions have dictated the need for computers with larger and larger
internal storage systems. After carefully studying many business
problems it was determined that this storage should possess a format
for storing data similar to the form of the business transaction.
This basic typical form is the individual unit record which is an
extension of that common to punched card systems. In payroll we are
concerned with the employee. Inventory control problems require the
handling of single items successively. Sales analysis, material con-
trol, billing and invoicing and virtually every other business prob-
lem deal with individual unit records. This format then, has been
adapted as the layout for storing data within the system. This lay-
out, together with the user's ability to specify the desired length
of this record allows maximum utility of the large storage capacity
available in the Univac File-Computer.

An evaluation of the Univac File-Computer's potential in solving
problems involving high volume processing of unsorted data can be
best made by examining its versatility.

STORAGE VERSATILITY

The large-scale random-access internal memory permits instant refer-
ence to stored unit records which include all the control figures and
master data required for the complete processing of each input item.

This random-access storage feature permits entry of the input data to
the system in the random sequence of its arrival. It can thus elim-
inate manual steps such as pulling cards from a tub or looking up
other types of records. It can also eliminate the need for periodic
batch processing, saving the usual delays as well as the machine
steps of sorting and merging input data, then re-sorting output data.

On the other hand, the Univac File-Computer will readily handle the
complete task of batch processing when this is indicated. By means
of magnetic-tape, magnetic-drum or punched-card methods, input data
and stored unit records can be sequenced and merged as needed for
fast, efficient reference.



I-2

INPUT-QUTPUT VERSATILITY.

Another trail-blazing feature is the simultaneous operation of up to
31 universal language input-output units -- any combination of
punched-card, magnetic tape, perforated tape, line printer, electric
typewriter, ten-key tape printer, and key punch units.

This unusual flexibility opens the way for practically unlimited in-
novations of procedures to solve particular problems of data pro-
cessing and reference to stored data. In particular, it permits a
direct tie-in with automated recording of the transaction items to
be used as input data, and with automated methods for utilizing out-
put data from the system.

PROGRAMMING VERSATILITY.

Processing of each input item can include many computations and logi-
cal decisions based on simultaneous reference to both the input data
and the stored data (balances, to-date totals, rates or prices, etc.).
Output of results can be made immediately -- including stored master
descriptions, etc.

As part of the same processing, all stored balances and totals can
be brought forward to reflect the item processed -- maintaining com-
plete control figures on a truly current basis.

Several applications can be combined into a single high-speed process-
ing. For example, billing can be combined with inventory control and
sales statistics -- requiring only a single processing run of each
customer order. Similarly, a production control system that includes
both machine loads and operation schedules requires only a single
processing for each work order and each job ticket. Complex mathe-
matical problems can be completed in a single pass of a punched-card
deck.

The combination of multiple input and expandable programming capacity
permits the simultaneous processing of many different types of data --
with each input item processed selectively according to its own re-
quirements.

REPORTING VERSATILITY.

All the data held in random-access storage is instantly available by
keyboard inquiry when needed, eliminating any need to search records
or wait until records are available.

Condensed reports may be read out selectively from any type of stor-
age, with calculations to extract the most significant figures of
current position for management and operating reports. This method
eliminates the mental arithmetic and individual judgments or the many
extra machise steps usually required for such selective reports.
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Another capability is the immediate reporting of any condition re-
quiring supervisory attention, at the instant such a condition devel-
ops during normal data-processing runs. Such reports can be printed
out directly on an input-output unit located in the supervisory office
concerned, and keyboard inquiry can also be made directly from that
office for any stored information required.

BUILDING-BLOCK VERSATILITY.

The wide choice of input-output and storage units permits the design-
ing of a system which is truly specific to the particular data-
processing needs. Additional units may be added to the system at any
time to meet expanded needs.

The flexibility of the Univac File-Computer System also will permit
the introduction of future developments in data-processing equipment
and techniques without the danger of obsolescence for the complete
system.

The following six sections of this manual are designed to combine a
detailed description of the computer with the tools and guidance to
program effectively problems within the scope of the computer's capac-
ity. Section II describes, in general terms, the components of the
Univac File-Computer. Little attention is paid to the details con-
cerning these components as this is covered in later sections. The
purpose of this section is to give an overall picture of the system
and illustrate how the various elements are tied together. Sections
III, IV and V are designed to present a detailed description of the
specifications of the Input-output equipment, Storage system, and
Arithmetic and control system respectively. Section V concerns
itself primarily with the tools for programming. In Section VI
illustrative problems are presented together with their solutions.
In addition, guidance is given in the preparation of problems for
programming. These problems are included to illustrate the various
functions of the computer and do not necessarily illustrate the most
realistic approach to these simple problems. Section VII however
has as its major objective the presentation of realistic approaches
to various problems and the most effective use of the computer's
commands and logic in arriving at the desired goal.
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GENERAL

The Univac File-Computer, as all computers, can be analyzed by func-
tion or components. These computer functions or requirements are:

A. Input

B. Output

C. Storage
D. Arithmetic
E. Control

All computers require components of one form or another to accomplish
these five functions. As an example of this we might analyze a
10-key adding machine in light of these requirements and we would
find that each of the functions is fulfilled as follows:

A. Input -- Keyboard digit keys 0 -- 9
B. Output -- Printed tape of input data and totals

C. Storage - The accumulating register which remem-
bers and carries the total forward.

D. Arithmetic -- »
The accumulating register which adds
or subtracts the input data to arrive
at a total

E. Control - The motor bar, repeat key, sub-total
key and subtract key.

As can be seen by the above analogy all computers contain these five
functions in one form or another and, of course, in varying degrees
of capacity.

The form these functions take in the Univac File-Computer are listed
in this section along with a general explanation of how data is
processed through the system. Subsequent sections describe the de-
tail operating characteristics and use of each of the components men-
tioned.

INPUT - OUTPUT (See section III for detail operating characteristics)

The types of input - output devices available with the Univac File-
Computer are:
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90 Column card sensing punching unit - 150 CPM
i 90 Column card sensing punching unit - 200 CPM

A
B
C. 80 Column card sensing punching unit - 200 CPM
D. Inquiry Keyboard

E

. Typewriter with paper tape and plugbeard format
control

1. Paper tape reader -- 20 characters per second

2. Paper tape punch -- 20 characters per second
F. Paper tape reader -- 200 characters per second
G. Paper tape punch -- 60 characters per second

H. Key Punch - 90 column

I. Magnetic Tape -- Plastic

J. Magnetic Tape -- Metallic - Compatible with Univac
K. High-Speed Printer

Any combination of these devices in any total number from one (1) to
thirty one (31) may be included in any one Univac File-Computer
System. Since each device is equipped with its own buffer storage,
multiple device systems can share the computer through direction of
the multiplex function (see section V for detail operation).

STORAGE (See Section IV for detailed characteristics and operation)

There are five basic storage sections within the Univac File-Computer,
of which one is composed of magnetic cores, while the remaining four
types are magnetic drum storages. The five storage sections and
their respective access speeds and capacities are:

A. Input-Output Buffer Storages -- Magnetic Cores

These storages act as a translator medium between
the input-output device and the computer
input-output drum track for the device. The
storage may be, dependent on the device, of
either 12 or 120 digit capacity. However, even
if the buffer is of 12 digit capacity it can
handle up to 120 digits by repeated transfers.
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B. Input Drum Storages -- Magnetic Drum 12,000 RPM

These storages are used by the computer for ob-
taining input data from and delivering output
data to the input-output buffer storages.

There are ten (10) storages of twelve digit cap-
acity each for every input-output device in-
cluded in the system. The average access time
to any input storage is 2.5 milliseconds.

C. Intermediate Storages ~-- Magnetic Drum 12,000 RPM

This storage section is used to retain constant
or intermediate computing results. Either thirty
(30) or fifty (50) of these twelve digit storages
may be included in a system. Average access to
any storage is 2.5 milliseconds.

D. Program Storage -- Magnetic Drum 12,000 RPM

For additional program capacity (over and above
the plugboard) additional storages may be in-
cluded in a system. These storages may be used
to store either three address program instruc-
tions, results, or constant data. Average access
time to any of these storages is 2.5 milliseconds.

E. Large Capacity Storage -~ Magnetic Drums 1,750 RPM

Large capacity drum storage is used for storing
file reference data, summarized results or vola-
tile file data. Each unit or drum can store up
to 180,000 characters of data and a total of ten
(10) drums can be included in one system to ob-
tain a total of 1,800,000 characters of storage.
The average access time to any set of characters
in this storage sections is 17 milliseconds.

External storage in the form of magnetic tapes or cards is also avail-
able.

ARITHMETIC AND CONTROL (See Section V for detailed operating instruc-
tions)

The arithmetic section of the machine provides the necessary circuit-
ry to perform the data processing functions upon the stored informa-
tion. The functions provided for in the Univac File-Computer are:

A. Addition

B. Subtraction
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Multiplication

Division

Comparison - alphabetic and/or numeric
Transfer of data - alphabetic and/or numeric
Left Zero Elimination - an editing function
Channel Search -- an automatic sequential
search of the large capacity drums for desired

data.

Result sign determination and branching (+,-, 0)

The control section of the machine provides the means of linking and
directing these processes of the arithmetic section to operate in a
logical, pre-determined manner upon the stored data.

A.

B.

External Programming: Control Panel of 48 non-
sequential reusable three address steps.

Internal Programming: Stored instructions from
hi-speed drum to provide additional three address
steps.

Both of these means of control can be utilized in any one system.

GENERAL SCHEMATIC OF ENTIRE SYSTEM

Figure 1 illustrates the general flow of data within a complete
system utilizing all major components.

As mentioned before the subsequent sections describe, in detail, the
functions, use, and applications of all of these components.
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FIGURE 1

GENERAL SCHEMATIC of Uwiviac FiLe-COMPUTER
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INPUT - OUTPUT EQUIPMENT
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1. GENERAL
This section deals with the detailed operational characteristics of
all the various input-output devices which may be included in a Univac
File-Computer system. A section has also been included to deal with
the multiplex adapter control necessary for multiple device systems.

The general format of data pertaining to each of the devices is as
follows:

1) Description of media utilized by the device

2) Operation and function of the manual operating con-
trols and indicators

3) Diagrams of the feeding sequence and functions

4) Diagram and explanation of the plugboard related to
the device

5) Timing chart of the control functions

6) Explanation of verification checks related to the
device

7) Program planning sheet for the device
8) Physical measurements and installation requirements
In addition to the above data, the section dealing with the multiplex

adapters shows the necessary wiring related to each device when it is
to be used in either a scan or demand mode of operation.
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90 COLUMN CARD SENSING PUNCHING UNIT - 150 CPM

1) Input-Output Media: Ninety column punched cards, each column
containing six punching positions i.e. (0,1,3,5,7,9) The punching
codes are:

0fx x| x| x

1 X | x x| x X

3 X | X X | x X

5 X | x X | X X X

7 X | X X Xl x| x

9 X X X X | x| x X
I{J|/K|ILIMINJO|P!OIR|{S|T|[UJVIW[X]|Y] ZI%

0 X|x)x x| x| x| x X

1 X X | X X | x X X

Jlx| x| x X|x{x X x| x X

Six| x| x x| x X X X X

7 Xx|x|{x| x| x| x Xt X X

9 X | x X X X x| x| x

2) Operation & Function of the Manual Operating Controls & Indicators

POWER (Circuit Breaker) SWITCH is located near the front of the machine
on the left side just below the Control Panel. This switch serves to
turn On and Off all current to the 150 CPM Card Unit and 150 CPM Card
Adapter Unit from the main power supply.

MOTOR (Toggle Switch) - This switch serves to turn On and Off the
current to the Motor of the 150 CPM Card Unit. The Power Switch
must be On as well as the Motor Switch before the current will flow
to the Motor.

AUTO. FEED (Toggle Switch) - This switch is set On or Off to obtain
one of the following two card feeding operations:

On - (Continuous) - After card feeding has been started, it
will continue automatically. The last card from the
Card Feeding Magazine will feed completely through the
machine to the Card Receivers.

0ff - (Single Cycle) - After card feeding has been started,
only one card will be fed or one machine cycle taken.

CARD FEED (Throw Switch) - This switch is moved momentarily either up
or down to one of the following two positions. The switch returns to
the center position when released.

START - With cards in the Card Feeding Magazine, this switch
is moved UP momentarily to this position to start the
card feeding operation. Whether the card feeding oper-
ation continues automatically or whether only one card
is fed depends on the setting of the Auto. Switch.
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When the machine is set for automatic card feeding, only
one movement to the Start position is necessary. The
card feeding will continue automatically following that
initial impulse.

When the machine is set for single cycle operation,
this switch is moved to the Start for each card feeding
cycle desired. To feed one card completely through the
machine, three machine cycles are required.

STOP - To obtain optional stopping during an automatic run,
this switch is moved momentarily to the DOWN position.
Card feeding will stop at the conclusion of the current
Program.

UNIT (Throw Switch) ~ This is a safety switch used in conjunction
with either the Clear Switch to its right, or the Card Release Switch
to its left (see below).

This switch is moved momentarily either up to its PUNCH position or
down to its CALC. (Calculate) position. The switch returns to the
center position when released.

CLEAR (Throw Switch) - This switch when moved simultaneously with the
Unit Switch is used to reset the selectors by disconnecting B+.

CARD RELEASE (Throw Switch) - This switch is moved momentarily to its
UP position simultaneously with an UP movement of the Unit Switch.
This switch movement causes a card to be ejected from the machine
into the Rear Card Receiver without punching. Any information in the
Punching Setup Section will, however, be cleared.

One Up movement of both the Card Release and Unit Switches will feed
a card from the Punching Section to the Rear Card Receiver, (despite
the fact that the Sort may have been impulsed during the Program for
that card), feed a card from the Sensing Section into the Punching
Section (this card will be sensed), feed a card from the Card Feeding
Magazine into the Sensing Section unless the cards have been removed
from the Magazine before moving the switch.

Before using the Card Release Switch, any card in the Card Feeding
Magazine would usually be removed or prevented from feeding by means
of the Card Lifting Lever.

READY (White Indicator) - This indicator will light when the Card
Unit is ready for operation. This means that the Card Unit is being
supplied with the B+ voltage and the Motor is turned On.

VOLTAGE (Red Indicator) - Not used in the File-Computer.

CALCULATE (White Indicator) - While the Computer is connected to the
Input/Output, this indicator .will be lit. When this indicator lights
and as long as it stays lit, no cards can be fed by means of the Card
Feed Switch.
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Reference to this indicator applies especially when the Computer is
performing lengthy or iterative Programs to assure the operator that
the machine is functioning.

INPUT CHECK (Red Indicator) - Not used in the File-Computer.

CARD FEED (Red Indicator) - The machine will stop at the conclusion
of a Program with this indicator lit to detect a mis-fed card between
the Punching and Sensing Sections or between the Punching Section and
the Card Receivers.

All such mis-fed cards must be removed from the machine before resum-
ing the card feeding operation. When the card feeding channel is
clear, the operation is resumed with the Card Feed Switch.

RECEIVER (White Indicator) - The machine will stop at the conclusion
of a Program with this indicator lit in the event of: a full Card
Receiver; a full Chip Pan.

After removing the cards from the full Card Receiver or after emptying
the Chip Pan, the light will go out. The card feeding is resumed by
moving the Card Feed Switch to the Start position.

When the indicator lights and as long as it stays lit, no automatic
card feeding can be obtained.

MAGAZINE (White Indicator) - The machine will stop with this indicator
lit when the last card leaves the Card Feeding Magazine.

Should the Card Feeding Magazine become empty during a run, the stop-
page will occur with this light lit. When the new supply is placed
in the magazine, the indicator will go out. The card feeding is re-
sumed by moving the Card Feeding Switch to the Start position.

0 + 0 (White Indicator) - Not used in the File-Computer.

N + 0 (White Indicator) - Not used in the File-Computer.

TEMPERATURE (Red Indicator) - Not used in the File-Computer.

3) Diagram and Explanation of Feeding Sequence

FleUrRE 2

SENSING PUNCHING

SET-UP SET

SWITCHES DIES

SEMSING PUNCHING

o STATION . STATION
] 7

o | || ]
MAGAZINE

SEN'S, SEGREGATE  NOCMAL
e CARD cAeD
PINS RECEIVER PECEIVER
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Sequence of Feeding:

After the cards have been placed in the feeding magazine, the "Card
Feed" Switch is raised and the following cycle is performed.

Ist cycle
1.

2nd cycle

A card is fed to the sensing station.

The sensing pins rise and set-up the sensing switches
related to the positions punched in the card.

The sensing pins drop back to normal.

a.

bl

The Computer is notified that the input device is
ready to be processed.

The card at the sensing station moves to the
punching station.

The next card from the feeding magazine moves to
the sensing station.

All subsequent cycles are controlled by the Computer program. Each
time the device receives a "TRIP" signal the following cycle takes

place:

1.

The punching dies descend to punch the card with the
data delivered to output storage for punching.

The sensing set-up switches are reset to normal
(cleared).

The punching dies rise and are reset to normal
(cleared) .

The sensing pins rise and set-up the sensing
switches related to the positions punched in the
card at the sensing station.

The sensing pins drop back to normal.

The card at the punching station is delivered to
either the "segregate" or "normal" receiving
magazine dependent on whether a "segregate" control
pulse was received from the computer during the last
computing cycle.

The computer is notified that the input device is
ready to be processed.

The card at the sensing station moves to the
punching station.
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d. The next card from the feeding magazine enters the
sensing station.

When the feeding magazine becomes empty the last card to enter will
complete its calculations, be punched and delivered to a receiving
magazine. At this point the card feeding will stop and the computer
will not be notified that the device is ready to be processed.

If, at any time, during a cycle, a card fails to feed from the punch-
ing station to the receiver; or from the sensing station to the
punching station, the card feeding will stop and the Computer will
not be notified that the device is ready to be processed.

4) Diagram And Explanation Of The Plugboard

Before discussing the 150 CPM plugboard in detail the general flow of
data and control between the device, its plugboard, and the computer
will be explained. A schematic of this data flow is shown in fiqure
3‘
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Fieure 3
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The preceding diagram shows the detail data and control flow between
the 150 CPM unit and the Computer. To illustrate this matter more
clearly, trace the data flow and card feeding operations of Card A.

Raise the manual Card Feed switch and:

a.

b.

Card A enters the card sensing station.

The sensing pins rise and set up the sensing
switches related to the positions punched in
Card A.

Information punched in Card A is now available on
the input plugboard and through input wiring may
begin to be transferred into the buffer core storage
and thence into the input drum storages.

Sensing pins drop.
Card A moves to the punch station.

The device signals the Computer that Card A's
input is ready to be processed.

The next card in the feeding magazine moves to
the sensing station.

The Computer has been calculating Card A's data
and delivering the output results to the output
drum storages. During this time Card A remains
at the punching station.

On completion of the program a "TRIP" signal will
be delivered to the input-output plugboard thru an
output control line from the Computer. This trip
signal activates the following events in sequence.

1) All drum output storages to be punched in the
card are delivered (thru the input-output
plugboards control) to the desired set dies
and the dies are set for punching.

2) The punching set dies descend and the dies which
were set in (1) perforate their related positions
in Card A.

3) The set dies rise and clear.

4) The sensing set-up station clears.

5) The sensing pins rise and set up the sensing
switches for the card in the sensing station.

6) The sensing pins return to normal.
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7) Card A moves from the punching station to the
normal receiver (note: if the Computer had
delivered a segregate pulse to the input-output
plugboard via an output control line during
Card A's program, Card A would enter the segre-
gate receiver).

8) The card in the sensing station repeats the
cycle beginning at (e) above.

As can be seen from the above example the functions available on the
input-output control board are utilized during the following steps:

¢. Determination of what card columns go to which input
storage units.

i. Wiring of the trip signal from an output control line.

i. (1) Determination of what card columns are to be
punched from which output storage units.

These three points are the major considerations in wiring the plug-
board and are treated individually in the following detailed discus-
sion of the input-output plugboard.

The major areas of the plugboard are explained from a functional
standpoint and examples of wiring are included for the various uses
of the plugboard hubs. (Note complete plugboard diagram on

page ITT - 38.)

Card Sensing

The plugboard hubs associated with the sensing of data from the card
are:
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(1) Zero sensing commons (A-X a-u) (1-4)
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(3)__Sensing Commons (G-R) (54-68)
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In order to €xplain the use of these hubs, the internal machine con-
nections between these three parts of the card sensing switches are
illustrated. Since all of these hubs are plugboard outlets of the
90 card sensing switches we can best understand their function by
illustrating a sensing switch. For this purpose, let us examine the
sensing switch connections for card column 46.
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ICHEMATIC of 150 CPM CArD 5£~5/~é CIRCUITRY
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In the case shown in figure 4 the following things have occurred:

1) The card entered the sensing station

2) The sensing pins rose, the seven (7) pin passed through the
hole in the card, pushed the sensing set-up pin seven (7
into a latched position. This also closed the seven
position sensing switch., All other sensing pins @©,1,3,

56& 9 were stopped by the card and therefore did not
activate their respective sensing set-up pins.

3) The sensing pins dropped (returned to normal), however
the seven (7) sensing set-up pin remains latched (latch-
ing mechanism not shown in diagram) thus keeping the
seven (7) closed. The seven (7) sensing switch will re-
main closed until the device receives a "TRIP" signal
which un-latches the set-up pin allowing it to drop.
This breaks the seven (7) sensing switch connection.

As can be seen from figure 4, any current entering the card sensing
common will be received at the card sensing positions related to the
positions punched in the card. Note that if any current is to be
received at the zero (0) position the originating current must enter
the 0/C hub of the zero sensing commons. This separation of the zero
switch from the 1,3,5,7, & 9 switches allows us to use zero's over
numeric fields as control positions while still allowing the use of
the other positions in the column as normal input data. Of course if
the column being wired contains alphabetic data, then the "0/C hub"
should be wired to the "C hub" thus connecting the zero position to
the common in the same manner as the other positions.

The assignments of card columns to specific input storage locations
are shown in the following paragraphs which deal with the input
storage sections of the plugboard.

Input Storage

The plugboard hubs associated with delivering data sensed from the
card to the computers input storage are:

1) Input Field Entry hubs (A-F) (10-64) & (S-X) (10-64)
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These hubs represent direct entries to the input buffer core storage.
Thus if card sensing columns are connected to these input entry hubs
and current is run into the card sensing common then the buffer core
storage will receive the data punched in the card columns and trans-
fer this data to the input drum storage. The current used for this
purpose is obtained from the:

2) Input Call lines (T-X) (65-68)
=T | 5
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There is a set of two common hubs for each of the ten possible input
storage locations (000-009). These hubs emit current at the appro-
priate time to allow entry of the data punched in the card into the
buffer storage in time to be entered from the buffer into the related
drum storage location (000-009). It should ke noted that although
there are ten, twelve digit, drum input storage locations there is
only one, twelve digit, buffer storage; thus the data from the card

is entered into the buffer and thence into the drum on a timed sequen-
tial basis. The sequence of entry is:

000,002,004, 006,008,001, 003,005,007 and 009

An example of the necessary wiring will show these input functions
more clearly.

Assume that card columns are assigned to input storages as follows:

Card Columns Input Storage Type of Data
1-6 000 Numeric-always positive (+)
9-20 002 Alphabetic Description
46-51 004 Numeric data-negative

if a 0 in Col. 46

The wiring for this input data would be:

Note: The arrows shown on all following diagrams are drawn
as an aid in tracing the wiring.
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Comments on Wiring

1.

Since columns 1-6 were known to be numeric it was not
necessary to wire the zero positions since the absence
of an input code will generate a zero in the Computer
arithmetic operations. However, the zero positions
could be wired without changing the result in any way.

Since columns 1-6 were known to always represent a
positive number there was no need to wire anything to
the sign position. The lack of a specific minus code
will cause the Computer to accept the data as a positive
number.

Since columns 9-20 contain an alphabetic description and
therefore will not be used in any arithmetic (+ - ¢ X)
operations, it is possible to wire all twelve columns

to one storage (002), the twelfth column being entered

in the sign position. Since the minus code is a (3,5,7,9)
and no alphabetic character consists of these positions
the Computer would consider this a positive value.
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Since columns 46-51 are considered negative if there is
a zero (0) in column 46, the zero position of column 46
has been wired to the sign position of the input entry
field. Note that a special wire is used here to convert
the single zero position into the four position minus
code.

The above wiring provides for the following sequence of events to

take place.

1.

2.

Input call line 000 emits and probes card sensing switches
1"6l

Those positions of the columns 1-6 card sensing switches
representing the holes punched in the card emit 000 call
line current and send it into the input field entry hubs
and thence into the buffer storage.

The input buffer storage reads out and enters the data
it contains from card columns 1-6 into the 000 location
of the input storage drum. This also clears the buffer.

Input call line 002 emits and probes card sensing
switches 9-20 and also the 0/C hubs of columns 9-20.

Those positions of the columns 9-20 card sensing switches
representing the holes punched in the card emit 002 call
line current and direct it into the input field entry
hubs and thence into the buffer core storage.

The input buffer storage reads out and enters the data
it contains from card columns 9-20 into the 002 location
of the input storage drum. This operation also clears
the buffer of data.

Input call line 004 emits and probes card sensing switches
46-51 and also the 0/C hub of column 46.

Those positions of columns 46-51 representing the holes
punched in the cards, emit 004 call line current and
direct it to the input buffer cores. 1In addition a 0 in
column 46 creates four position entries in the sign posi-
tion of the buffer (3,5,7,9) creating the negative indi-
cation.

The input buffer reads out and enters the data it contains
from card columns 46-5]1 and the O in column 46 into the
004 location of the input drum. This "read out" opera-
tion also clears the buffer of information.

The next matter to be considered in planning input storage is: what
storages should be used? The answer to this question lies in the
next subject of:
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(3) Input Transfer (Control) (A-D (65)

6]
INP. TRANSF.
»0 20 L0
F 5 8
o o

o

!

These hubs control how many input transfer cycles from buffer to drum
will be accomplished. In order to further clarify this we should
realize that the transfer of input data from the card columns to the
buffer to the drum occurs in the following sequence:

1. 000 call line to card columns to input buffer to the
input drum location for the call line.
2. 002 - same as 1

3. m4 - " ”" ”n
4. m6 - ” " o”"
5 . 008 - ” " n
6 . 001 - " " on
7. 003 - " " on
B' ms - " " "

9 R m7 - [1] "o”n
10. 009 - " ™"

This complete sequence of operation requires 2.5 ms average to find
the first drum location (000) and then two complete drum revolutions
or 10 ms to complete the cycle for a total of 12,5 ms, This time can
be reduced through use of the input transfer hubs to 7.5 ms. if only
five storages are used or zero ms. if no input is required. These
three cases are:

1. Assume that only 5 fields of data are required as input:

Card Cols. Input Storage
1-6 000
7-12 002
13-18 004
19-26 006
27-33 008

The card field columns are assigned to the even numbered
input storages so that the input data is transferred on
the first drum revolution, thus giving an input transfer
time of 7.5 ms (2.5 to locate 000 plus 5 ms for one drum
revolution). The input transfer control is wired:
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INP. TRANSF.
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This technique may be used in all cases where 5 storages
or less are required.

2. Assume that no input is required in the problem. .In
this case the input transfer control is wired:
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3. Of course if more than five storages are required the
input transfer control must be wired:

INP. TRANSF.
20 2
&

»
z
=
o
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It should be noted that all three of these methods of input transfer
control can be combined in one program and controlled by positions
punched in the card. This control usually will be accomplished through
selectors (discussed in following paragraphs) since the input trans-
fer control must always be wired to one of the three positions.
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Output Storage (a-f) (5-64) & (s-x) (5-64)
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These storage output hubs represent the output storage buffer exits
and are used to deliver the output data developed by the Computer to
the card punching section.

It is to be noted that an output storage position cannot be wired to
punch to more than one place. However, wiring from one of two stor-
ages to punch into one place can be done if one of the storages is
odd and the other even.

Card Punching (g-r) (9-53)
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These hubs represent the entries to the punching dies which are used
to punch the output results into the card. These hubs are wired

directly from the output storage hubs in order to receive the output
data from the Computer. The controlling or signalling current which

effects this setting of punch dies from the storage output is from
the output call lines.

Output Call Lines (a-e) (65-68)

These output call lines emit a timed pulse controlled by the "TIRIP"
signal received from the Computer. As can be seen, there are in
effect only two call lines; one for even storages (the first input-
output drum revolution) and one for odd numbered storages (the second
input-output drum revolution). Dependent on whether the storage
delivering the result has an odd or even number,one of the two call
lines is selected and wired to the punching commons of the card col-
umns into which the stored data is to be punched.

Punching Commons (g-r)(54-68)
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These hubs receive the signal from the output call lines which
instructs them to set the punch dies in their column with the data
received at their card punching positions. The card punching posi-
tions would of course, be wired to the output storage related to the
call line pulse received at the punching common.

In order to integrate the information concerning Output Storage,
Card Punching, Output Call lines, and Card Punching Commons let us
take an example where:

Size of Numeric Punch
Field Sign Storage or Alpha in Cols.
6 + 000 Numeric 46-51
12 none 001 Alpha 1-12
7 + 0T =~ 006 Numeric 52-58 punch a
zero in 52 if
negative

The wiring for this sj ;on would be:
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Comments on Wiring

1. The zeros in columns 46~51 and 53-58 need not be wired
if zero punching is not desired.

2. Since output storage emits a zero from the sign position
for negative control, this position in 006 is wired to
the desired negative control punching position (0/52) .
Note that this could have been wired to punch any other
position desired (1,3,5,7 or 9.

3. Note that in the case of 001 the zeros must be wired if
we are to get the correct alphabetic punching.

4. Note that there is no sign indication of a positive
result although the zero in the sign position signifies
a negative result.

The remaining subjects to be covered can be considered under one
heading.

CONTROL FUNCTIONS

The control functions and features cover those plugboard hubs which
are used to vary the input or output format, energize certain compu-
ter functions on the basis of data punched in the card, receive sig-
nals from the computer to energize output control functions, etc.
All of these functions are considered individually in the following
paragraphs.

Feeding and Punching Control

As noted earlier in this section, the 130 CPM device feeds two cards
upon raising the start switch and then feeds only under control of

the computer. This control is provided by pulses received from the
computer (by programming) through the output control lines (n-r) (5-8).
These control lines are then wired to the feeding and punching func-
tions of:

Trip (l-m) (5)

Let us take an example where the computer delivers a program end or
complete pulse to output control line J and this pulse is to instruct
the 150 CPM device to punch the output data, feed the card into the
normal receiver, sense the next card and feed it to the punching
station, and feed the following card to the sensing station. The
wiring would be as follows on the 150 CPM plugboard.
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The two trip hubs perform the same functions, however they are dioae
protected so that current going into one cannot backfeed thru a wire
going into the other.

Segregate (j-k) (5)

Assume in this case that the program sometimes desires to trip the
card and segregate it into the segregate receiver, and at other times
the program wishes to merely trip the card. For purposes of illus-
tration let us assume that the program delivers a pulse to output
control line I when it wishes to segregate and Trip and to output
control line J when it wishes to merely trip the card and deliver it
to the normal receiver. The wiring for these functions would be:

39

Since the Trip and Segregate hubs are all diode protected there will
not be a back current to the Segregate hub when output control line J
is activated.

Skip (h-i) (5)

This function prevents the punching of all output storage data (even
though wired) when it is impulsed prior to or simultaneously with the
trip function. It should be noted that the skip function's two hubs
are also diode protected to prevent back circuits. To illustrate
this function let us assume the computer will impulse the indicated
control lines when it wants the following output function:
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Output Control Function Desired
J Trip
I Segregate
H Skip

The wiring would be:

Note that neither segregate or skip need to be combined with a trip
function, but may actually come from the computer many steps before
the trip signal is received. Thus in the above case the computer
could, by impulsing the correct control lines during the program,
accomplish the following combinations of functionms.

Trip

Segregate and Trip
Segregate, Skip and Trip
Skip and Trip

N
o =

Selector Control (see section V for explanation of selectors)

Use of the selectors on the 150 CPM plugboard can be sub-classified
into the following areas of interest:

1) Use of selectors to vary the input-output plugboard
wiring on the basis of card controls.

2) Use of selectors to vary the input-output plugboard
wiring on the basis of computer control.

Both of these areas require use of the 150 CPM selectors, B + current,
and in the second use, program selects. Before discussing the appli-
cations we will cover these functions of the plugboard.
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B+ Int (F)(9), (E-F)(65), (w—x) (1)
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The B + int (interrupted) hubs emit current capable of energizing the
150 CPM selectors during the calculating time of any card. This cur-
rent stops emitting after output punching time and starts emitting
again before Input call line time for the next card.

B + Hold (v) (1)

TOR
B+0O
HOLD
(o]

%
¥
p

This B + power starts emitting as soon as the input device is turned
on and continues to emit, without interruption until the device is
turned off or the Clear Switch is used (See III-3).

Selectors (H-M) (6-8), (g-m)(6-8), (v-x)(2-4),
(A-F) (66-68), (s-x) (66-68)

HOLD

SELECTOR
40 30 20 10
PICK UP
30(50 o] o o

o

4 O|6 O o} o o
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These selectors act as switches in that any current entering the C
hub (common) will emit from either the S hub (select) or the NS hub
(non-select) dependent upon whether or not the related selector pick-
up (G) (5-8), (H-M)(5) has been energized by B + or program select
current. If one of these two types of current has been received at
the pickup then any pulse entering into the C hub will be received
out of the S hub. Conversely, if current is not received at the
pickup hub then any pulse entering into the C hub will emit from the
NS hub. Any time the pickup is energized and then the current stops
being received at the pickup, the selector will resume a non-select
state (current into C will exit from NS).

Program Selects (F) (5-8)

[
PROG. SEL. I

1 O NOOUTO|INODUTO '8

The two program selects are used to convert current received from
the computer, via output control lines, into the equivalent of B +
int for use in energizing the selectors. The current from the output
control line is wired to the "in" of the program select and when the
current is received the "out" of the program select delivers B +
interrupted current and may be used to energize selectors.

As stated previously, these selectors are used primarily in two ways.
Examples of these applications are:

1) To vary input-output plugboard wiring on the basis of card con-
trols.

Case 1
Assume that:

a. if there is a O in column 1 no input information is
needed. Therefore, the "no" hub (B-63) should be
wired to the "in" hub (A-65) to prevent the input
transfer cycle.

b. if there is a 1 in Column 1 the input data in 000,002
and 004 should be transferred to storage. Therefore
the "even” hub (C-65) should be wired to the "in"
hub'

c. if there is neither a O nor a 1 in column 1 all input
data should be transferred to storage. Therefore,
the "all” hub (D-65) should be wired to the "in" hub.
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The wiring for this case is:
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Case 2
Assume that card columns 6-8 should be wired to the three

a 0 in column 1.
rather than 6-8,
cant positions of input entry A.
should be called for by 000.
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Note that, not only must the input call line for 000 be
selected, but also the 9 position of every entry column.
This is necessary because of the back circuit condition that
would occur when the column selected to be sensed is punched
with an odd code (1,3,5,7,9), and the unselected column is
punched with the related even code (2,4,6,8). For example,
in the preceding case assume that the card being sensed is
punched with a 1 in column 52, a 2 (position 1 and 9) in
column 6 and a O in column 1. Since there is a 0 in column
1, input call line 00O current enters the sensing common of
column 52, through the sensing switch and out the position 1
wire to the 1 input entry position---from there to the 1
position in column 6, through column 6 sensing switch and out
the 9 position of column 6. Thus, if the 9 position was not
selected, it would impulse input entry position 9, entering
aland a 9 (2) in the input position.

If the fields contained alphabetic data, all positions woula
have to be selected.

Case 3

If there is no O in column 1 output storage 003 should be
punched into card columns 41-45. If there is a O in column
1, columns 41-45 should not be punched. The wiring is as

follows:
' ! ? ¢ * ¢ ? ¢ 0-2:4.68 13579 ¢
w a
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Many other types of selection which fall into this class are possible;
however, the foregoing examples should be sufficient to realize the
possibilities of selector usage.

2) Use of Selectors to vary the input-output plugboard wiring on the
basis of computer control.

In these cases the only plugboard positions which will be considered
are those of an output nature. This is because the input functions
take place before the computer has an opportunity to control them.
The one exception to this rule is where a condition arising on one
card is to effect a subsequent card or cards.

Case 1

If the computer delivers a pulse to output control line B we
want to punch the six least significant positions of 003 into
card columns 40-45. If output control line B is not energized
by the computer we do not want to punch 003 into columns
40-45. The wiring for this case is:
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The program select was used to energize the selector rather
than the output control line for two reasons, these are:

1. The output control pulse is momentary and would not be
emitting at punching time, thus the selector wouldn't be
in a select position at the correct time. Whereas if
the output control activates the program select, even
momentarily, the "out™ hub of the program select emits,

and thus energizes the selector, until after punching
time.

2. The output control pulse is not of the correct character-
istics of power to activate a selector directly.

The above cases illustrate the use of the selectors on the input-

output device. The next matter is the discussion of how to activate
computer selectors on the basis of card controls.



II1 - 31

Input Control Lines (N-S) (5-8)

The input control lines are direct tie lines between the input-output
device and the computer (under control of the multiplex function).
They consist of two hubs per line and appear as:

P

9 O ? 2 0 g O1 0
COMPUTER
[JNe % b O nol3lo

10 % [ e} v
CONT.
2 0 ¢ o0 11070
LINES
3 O e O kO30
o i () 0
EEEER!
The common hub on the left is the equivalent of computer selector
pick-up power and it is used to probe card columns for the presence
of a position. If the position is present this current is allowed
to get to the computer thru the right hand hub. Wiring on the compu-
ter plugboard (see section V) completes the selector pick-up wiring.
For example, assume that if there is a O in column 56 a cemputer

selector should be energized thru input control line "c". The wiring
would be:
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016 O O 6t O

017 0 0620
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Wiring from input control line ¢ on the computer plugboard to the
selector pick-up would pick up the selector, provided the circuit
was completed by wiring the computer selector ground.

These controls can also be used in conjunction with other input-
output plugboard selectors in order to reduce the number of control
lines used. For instance we might want to pick-up a computer selector
only if there was a O, a1, a 3, and a 5 in column 1. This could be
wired as follows:



III - 32
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It should be remembered that the input control lines are diode pro-
tected to accept current in only one direction; that is from the
input device to the computer.

Output Control Lines (n-r) (5-8)

Use of these control lines has been demonstrated from the input-
output plugboard standpoint, and their use from the computer stand-
point is shown in Section V; however, it should be noted here that
computer output control lines will pass current in only one direc-
tion, that is from the computer to the output device.
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The timing chart indicated that maximum calculation time for
operation at 150 CPM is 245 ms. The following table indicates
card production for programs requiring more than 245 ms.

Total Program Approximate
Time in Card per Minute
Milliseconds =* Production

245 150
250 140
260 136
270 132
280 130
290 126
300 124
320 119
340 112
360 109
400 , 103
450 93
500 86
550 80
600 75
650 68
700 65
750 61
800 58
850 35
900 53
950 51
1000 50

J

* These times are increased by:

S5 ms if less than 5 input storages are used
12.5 ms if no input storages are used
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8) Physical Measurements and Installation Requirements

Length 33"

Width 30"

Height 65"

Weight 1020 1bs.

Voltage 230/220/208 Volts Single Phase 60 cycles
Power 1.0 Kilowatt

Cooling Air

In Cubic Feet

Per Minute None

Heat Dissipation 57 BTU's per minute
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MULTIPLEX ADAPTER
OPERATING CONTROLS - 150 CPM CARD ADAPTER UNIT

START (Push Button Switch) - Turns on power to Adapter Unit. Light
above start button is lit while power is on. Circuit breaker on 150
CPM Card Unit must be closed to furnish power to the Adapter Unit.

STOP (Push Button Switch) - Turns off power to Adapter Unit.

OPERATE (Indicator) - This lamp when lit indicates the Adapter Unit
is ready to function with the Computer and Card Unit.

OVER TEMPERATURE (Indicator) - This lamp when lit indicates the
Adapter Unit is running at an excessive temperature. Should the
temperature continue to rise, the computer will shut down automati-
cally.

REDUCED FILAMENT (Indicator) - This lamp when lit indicates the unit
is operating with reduced filament voltage for marginal checking pur-
poses. The controls for reducing filament voltage are located in the
Main Control Unit.

DISABLE MPX (Toggle Switch) - When this switch is set to the On posi-
tion, the Multiplexer station will be immediately disabled if the
Computer is not connected (by the Multiplexer) to the Input/Output
track. If the Computer is connected to the Input/Output track when
the switch is set to the On position the Multiplexer station will not
be disabled until the Computer releases the Input/Output track. As
long as the Computer is connected to the Input/Output track the Calcu-
late light on the Card Unit is on.

PUNCH TEST (Toggle Switch) - When this switch is set to the On posi-
tion, the Adapter Unit control relays are disconnected from the Card
Unit signal cams. This allows the Card Unit to be operated for test
purposes without generating Adapter Unit control signals.
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W2\

DIVISION OF SPERRY RAND CORPORATION |5O CPM INPUT-OUTPUT CHART
INPUF-OUTPUT STORAGE FIELD ASSIGNMENT INPUT-OUTPUT SELECTORS
DEMAND UNIT NO. OR SCAN UNIT NO.
INPUT FIELD ASSIGNMENT PICK UP S# SELECT COMMON NON-SELECT
CARD COLUMNS AND DECIMALS SIGN
SYM. DESCRIPTION T 70 [ 9 8 7 3 5 | 4 3 | 2 T ] sN. |CTL. la .
000 = Enter description of
% — function or hub to be
ENTER CARD POSITION AND energized by or directed
002 COLUMN WHICH INDICATES to the common hub if
003 ENTER DESCRIPTION ENTER CARD COLUMNS TO SENSED THE VALUE IS NEGATIVE. the selector is not picked up B
004 OF INPUT DATA AND INDICATE DECIMAL (A). —
005 2
006 ENTER POSSIBLE SIGN OF VALUE s ]
007
008 4
009 5a Enter the function(s) which pick up
o ST selector, such as IPCa, 1 in col. 46
OUTPUT FIELD ASSIGNMENT 5c or combinations as B+ thru 1/46
CARD COLUMNS AND DECIMALS SIGN
SYM. DESCRIPTION 1 10 9 8 7 6 5 4 3 2 1 SN. |CTL., 6o
000 ™
001 <—| ENTER POSITION TO BE PUNCHED
oo IF VALUE IS NEGATIVE. Enter description of
003 ST function or hub to be
004 ENTER DESCRIPTION ENTER CARD COLUMNS TO BE PUNCHED :1rected in one of
OF OUTPUT DATA WO ways
005 AND INDICATE DECIMAL (A). <4—| ENTER POSSIBLE SIGN OF VALLE: -
006 ' PLUS (+), MINUS (-) OR BOTH (9]
007 - I
008 % | Enter description of
009 9% function or hub to be
9c energized by or directed | | ENTER THE NUMBER OF THE
INPUT CONTROL LINES OUTPUT CONTROL LINES 10a | to the common hub if SELECTOR(S) TO BE PICKED
SYM. FROM SYM. To Too | the selector is picked wp || UP, SUCH AS PU 8, ETC.
a A 10c 1 1
b B
c C INPUT TRANSFER PROGRAM SELECTS
ENTER FUNCTION TO
d ENTER CONDITION WHEN THE 2 BE IMPULSED, SUCH L {from] = Lo R
e INPUT CONTROL LINE SHOULD £ AS TRIP, IN PROGRAM NO_ (to) !
f BE IMPULSED, SUCH AS O F SELECT 1. ETC. EVEN (to) A 2
0 COLUMN 45, ETC. G ! ALL  (to) T
h H
i i INDICATE CONTROL POSITION (IF ANY) T
; ] WHICH CONNECTS NO, EVEN OR ALL TO ENTER IHE OUTPUT CONTROL
i THE IN HUB: LINE WHICH SHOULD IMPULSE
. : THE ENTRY.
NO - NO INPUT DATA IS READ
' EVEN - ONLY EVEN STORAGES ARE READ

ALL - ALL STORAGES ARE READ

REMARKS:

SP TM 4330
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STORAGE_COMPONENTS

There are four main storage components of the Univac File-Computer:
input-output storage, intermediate storage, high speed storage, and
large capacity storage. Each of these types of storage is magnetic
drum storage.

A magnetic drum is a cylinder, coated with a magnetic material, which
is mounted on a shaft and rotated at a constant speed.

Data...numeric, alphabetic, or a combination...is recorded (stored)
on the surface of the drum in the form of small magnetic spots.
Magnetic drum storage is permanent storage; that is, once informa-
tion is recorded on the drum it is always available. Turning off
the power to the system, or a power failure, does not remove the
magnetic spots from the drum. Stored data can be changed or re-
moved from the drum by recording new data in the same location of
the drum. Each class of the new data, such as alpha, numeric,
space, etc., replaces the original data stored in this space.

The method of recording and reading information on the drum can be
compared with the method of recording and reading information in a
punched card. With a punched card, information is recorded and stored
by holes punched in the card. Information from the card is available
by "reading" the holes punched. With the magnetic drum, information
is recorded and stored on the surface of the drum by small magnetic
spots. Information on the drum is aviilable by "reading" these mag-
netic spots. There are three important differences between punched
card storage and magnetic drum storage:

1. Capacity- The punched card can store 90 characters or
less; the large capacity magnetic drum can store 180,000
characters.

2. Reuse - Data stored on the magnetic drum can be readily
altered.

3. Access - Any storage area on the drum is readily
available:

The surface of a magnetic drum is divided into narrow bands called
"channels” or "tracks". It is on these channels that data is re-
corded by the small magnetic spots. Associated with each channel of
the magnetic drum are stationary read-write heads. As the drum re-
volves, these heads can "read"or "write" magnetic spots on a channel
of the drum.

The internal machine code, or "language"”, of the Univac File-Computer
is the seven level Univac code...that is a specific combination of
seven possible pulses or magnetic spots represent a specific charac-
ter, numeric or alphabetic, just as a specific combination of the six
possible positions in a 90 column punched card represents a specific
character. The Univac code has three major parts:
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Check Pulse: The verification circuits of the Univac File-
Computer recognize only odd number codes as legitimate.

The check pulse is automatically added to an even code
character to make the code odd. If a pulse is dropped or
added during transmission, the verification causes a

parity error signal.

— Iwo character indicators; Two pulses utilized for alpha-
betic and special character codes.

represented by a series of two symbols only... "0" and "1".
Letters and special characters may also be represented by
combinations of these two symbols. The Univac seven level
code is based on the binary system. The "1" and "0" sym-

[Four Binary Bits: In the binary system, all numbers are
>

bols correspond to the presence of a magnetic spot or
pulse, and the absence of the pulse.

In binary notation, the decimal digits "0'" through "9" are

expressed:

Decimal Binary
System System
0 0000
1 0001
2 0010
3 0011
4 0100
5 0101
6 0110
7 0111
8 1000
9 1001

The digit "1" in the binary system doubles in value each
time it moves to the left. This system requires four

binary "bits" to represent each decimal digit from "O0" to
109 " R

The internal Univac code is based on the four bit binary
notation of 1-2-4-8 to represent decimal digits. The
Univac code, however, is an excess three binary code, i.e.,
the Univac code for 1 is binary code 4, for 2...binary 5,
for 3...binary 6, etc.:
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Pure Univac

Decimal Binary Excess 3
System 8421 Binary
0 0000 0011
1 0001 0100
2 0010 0101
3 0011 0110
4 0100 0111
5 0101 1000
6 0l10 1001
7 0111 1010
8 1000 1011
9 1001 1100

This system is extended by the use of two more binary bits to handle
the alphabet and special characters.

The Univac 7 level Code:

domercrexl 3 4 2 1 ol s 4 2 1
0 [x X X K X X X
1 X L X X X
2 |x X X M|x|x X X X
3 |x X X N |x|x X
4 X X X 0 X X X
5 X p X X X
6 |x X X QIx|x X X X
T |x X X R X X X
8 b X X Six|x x X X
9 |x X X T [x|x x X X
A |x X X U X X X X X
B X X X Vv X X|x
C b X X Wixi{x x|x X
D |x X X X X X|x|x x]|x X
E |x x| x Y X X|x X X
F x| x X ZIlx]|x x|x Xx
G X | x X SPACE X
H |x XX X X IGNORE |x
I Xl x x MINUS X
J Ix | x X PLUS [x]|x x X X
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Unassigned combinations of the Univac 7 level code are used for
special characters.

Data is stored serially around the circumference of the channel of
the magnetic drum in the Univac 7 level code. The least significant
digits are read or stored first; the most significant digits last.
This is shown in Figure 5.

READ-WEITE HEAD

Freure 5
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In addition to the four main storage components of the Univac File-
Computer, which are all magnetic drum storage, there is a second type
of storage, related to the input-output devices called buffer storage.
Buffer storage is magnetic core storage and is used exclusively to
transfer data from an input-output device to input-output drum stor-
age or to transfer data from input-output drum storage to an input-
output device.

A magnetic core is a small, doughnut shaped ring, which can be
magnetized. Each core stores one bit of information. Bits of
information are read into the cores by sending current through
wires passing through the centers of the cores.

This current may, or may not, change the information in the core,
depending on its polarity. That is, if the core, before receiving
any pulse was positively magnetized in the "1" state, only a nega-
tive current pulse could change this core to the "0" state.
Similarly, a core in the "O" state can only be changed to a "1" by
applying a positive pulse. Information read into, stored in, or
read dbut of the cores, is directly related to the bit code of the
computer.

Magnetic core

The "1" or "O" state of a magnetic core is comparable to the presence
or absence of a magnetic spot in a certain position on a magnetic
drum. A number of cores are grouped together to store a character in
the Univac 7 level code. The combination of "1" and "0" state of the
cores in this group determines the character stored. Twelve of these
groups of cores are in turn linked together to store input-output
fields of twelve characters including sign.
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THE SMALL OR HIGH-SPEED DRUM

The high-speed storage drum is 15" long and 4-3/8" in diameter. It
revolves at a speed of 12,000 revolutions per minute. Any desired
location on the drum can be found within an average of 2.5 millisec-
onds. Each track on the surface of the high-speed drum is divided
into 10 units or words of 12 characters including sign. Each one of
these units is identified by its "address"; that is, its specific
location on the drum.

The high-speed drum is divided into 3 major portions:

1. Input-Output Storage
2. Intermediate Storage
3. High-Speed Storage

FIGURE 6
THE SMALL o Hi-SPEED [DeuM
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Input-output storage units have three basic uses:

The major function of the input-output storage units is
to make available to the Univac File-Computer system
data from input-output devices and to make available to
the input-output devices results and data from the Univac

Input-output storage units may be used to store inter-

Input-output storage units are addressable, both through
external (plugboard) and internal (stored) instructions.
These units may also be used for internal instructions.

INPUT-OUTPUT STORAGES
A. Use of input-output storage
10
File-Computer system.
2.
mediate results.
30
B.

Capacities and Designations of Input-Output Storage

The input-output storage tracks are included as part of
the basic Univac File-Computer.

There are 32 tracks of input-output storage on the high-
speed drum...l track for each of the 8 possible demand
input-output devices and 1 track for each of the 24
possible scan input-output devices. If the computer is
operating with scan units, only 7 demand input-output
tracks are available, Each track has a capacity of 10
storage units...l2 characters including sign. The
addresses of these storage units on each track are:

000,001, 002,003,004, 005, 006,007,008, and 009.

Thus, there are actually 32 storage units on the high-
speed drum, identified as 000, 32 identified as 001, etc.
However, at any one time, only one of these input-output
storage tracks is available to the arithmetic and control
section of the system. (See preceding functional diagram
of the high-speed storage drum). The multiplex function
controls which input-output track is to be connected

with the main system at one specific time,

When an input-output storage unit is called for, the
related storage unit from the input-output track, which
is connected with the system (through the multiplex
function) at that time will be delivered to the arith-
metic and control section of the system. For example:
If, while demand input-output unit 4 is connected to the
system, storage unit 007 is called for, the data from
storage unit 007 on demand track 4 of input-output stor-
age, will be delivered to the arithmetic and control
section of the system. If a result is delivered to
storage unit OO7 while demand input-output unit 4 is
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connected with the system, that result will be delivered
to storage unit 007 on demand input-output track 4. (Refer
to figure 15 page V - 73.) |

Since each input-output device has a separate track of
input-output storage, it is possible to:

1. Process the information from the input-output track
which is connected to the system and to deliver
results back to that track. At the same time:

\

2. Read input data from some of the input-output
devices to their respective input-output storage
tracks, and: |

3. Deliver results and data from other input-output
storage tracks to their respective input-output
devices.

Associated with each input-output unit included in a
Univac File-Computer system, is a temporary storage...
"buffer storage”. This buffer storage is magnetic core
storage and is used exclusively to transfer data from
an input-output device to its related input-output
storage track, and to transfer data from an input-output
storage track to its related input-output device.

Buffer Storage

Included in the buffer storage unit, associated with
each input-output device, is a "decoding" mechanism,
The internal language of the Univac File-Computer is
Univac 7 level code. As data is read into the buffer
from an input-output device, it is decoded from its
code (such as the 6 position punched card code) to the
Univac 7 level code. As data is read from the buffer
to the input-output device, the Univac 7 level code is
decoded to the code of the input-output unit.‘

Buffer storage is necessary because of the variable
speed between the input-output device and the high-
speed drum. The high-speed drum revolves at a con-
stant rate of 12,000 revolutions per minute. The speed
of the input-output devices is variable. It would be
impossible to match the speed of input-output devices
(such as on on-line key punches) with the constant speed
of the high-speed drum.
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(2) INTERMEDIATE STORAGE

A. Use
Intermediate storage units are addressable through plug-
board programming. As the name implies, intermediate stor-
age fields are used to store intermediate data and results.
These storage fields are also used for storing constant
values.
B. Capacities and Designations
Three intermediate storage tracks are included as part of
the basic Univac File-Computer.
The designations or "addresses" of these three tracks are
10, 20 and 30. Each track has a capacity of ten storage
units...12 characters including sign. The addresses of
these units are:
Track 10; 10,11,12,13,14,15,16,17,18 and 19.
Track 20;: 20,21,22,623,24,25,26,27,28 and 29.
Track 30: 30,31,32,33,34,35,36,37,38 and 39.
Fioure &
INTERMEDIATE _ STORAGE
KITHMET 1c
JECTION
INPUT : Hi-
OuTRUT READ- WRITEL HEADS

Y
THE J INTERMEDIATE STORAGE TRACKS

Two additional tracks of intermediate storage are available
for expansion. The addresses of these units are:

Track 40: 40,41,42,643,44,45,46,47,48 and 49-
Track 50: 50,51,52,53,54,55,56,57,58 and 359,
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(3) HIGH-SPEED STORAGE

A. Use

High-speed storage units are addressable only through
internal (stored instructions) programming. High-speed
storage units may be used to:

1. Store internal instructions.

2. Store intermediate results.

3. Store reference tables, rates, etc.

4. Store constant values.

5. Store any combination of the above four items.
High-speed storage will not be included in the model
of the machine which this manual describes. There-

fore, a detailed discussion of its capacity and usage
has been omitted.
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2. THE LARGE CAPACITY DRUM

The large capacity storage drum is 17" long and 17" in diameter. It
revolves at a speed of 1730 revolutions per minute. A specific loca-
tion on the drum can be located within an average of 17 milliseconds.

The large capacity drum has a capacity of 180,000 characters. From
1 to 10 large eapacity drums may be included in a Univac File-Computer
system.

A. Use

The large capacity, random access, storage drum is an
exclusive feature of the Univac File-Computer system.

The primary reason for engineering the Univac File-
Computer is to enable one to keep a current balance for
a large number of items with high volume activity. The
system is well suited to handle inventory and distribu-
tion types of problems...problems where balances must be
kept on a current basis, where amounts must be allocated
to various accounts or classifications and balances
brought forward.

The large capacity storage drum is used to store large
quantities of information, which are repeatedly referred
to of changed. Some of the uses of the large capacity
drum are:

1. Store a continuing record, such as inventory
balance and post entries affecting inventory.

2. Store a volatile record, such as a schedule
and post changes and progress to it.

3. Classify and accumulate large masses of
unsorted data...data reduction.

4, Store tables and rates for reference in
calculations.

5. Serve as a storage media for distribution
and summarization of results, so that refer-
ence, calculation, and summarization can be
accomplished in a single operation.

6. Serve in combination of items 1 through 5
B. Capacities and Designations
The large capacity storage drum has a capacity of 180,000

characters...numeric, alphabetic, or a combination of
numeric and alphabetic characters. From 1 to 10 large
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capacity storage drums may be included in a Univac File-
Computer system. Ten drums would provide 1,800,000
characters of storage. If fewer than 10 large capacity
drums are included in an initial Univac File-Computer
system, additional drums can be added, as required, to

a maximum of 10.

The surface of the large capacity drum is divided into
three major "drum sections". Each section is divided

into 100 tracks, or channels. Each channel has a capacity
of 600 characters -~ 3 drum sections x 100 channels per
section x 600 characters per channel = 180,000 characters
per drum.

At the time a large capacity storage drum is manufactured
for a Univac File-Computer system, the 600 characters of
each channel on the drum are divided into specific "unit
record areas". There are 11 unit record area lengths
available:

12,15, 20, 24, 30, 40,50, 60, 75,100, or 120 characters.

The length of the unit record area is fixed for all large
capacity drums included in one Univac File-Computer sys-

tem. The data for the applications to be processed by a

Univac File-Computer system determines which length unit

record area is required.

The number of unit record areas available on one drum
depends upon the character length of the unit record

area. For example, with a unit record length of 30
characters, each channel of the drum contains 20 unit
record areas: 600 characters per channel + 30 characters,
per unit record = 20 unit record areas per channel. This
drum then contains 6,000 unit record areas 20 unit record
areas per channel x 300 channels per drum = 6,000 unit
record areas per drum.
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Fieure 9
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ONE CHANNEL OF ZO UNIT RECORD AREAS

ONE UNIT RECORD AREA OF 30 CHARACTERS

This figure illustrates a large capacity drum with a
30 character unit record area. The upper portion
represents the drum and the 300 channels on the drum;
next, a representation of the 20 unit record areas
within one channel; and lastly, the 30 characters
within one unit record area.

The following table lists the 11 possible unit record
area lengths and the related number of unit records
available with 1 through 10 large capacity drums.
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NUMBER OF UNIT RECORDS ON:

Drum | Drums | Drums | Drums | Drums | Drums { Drums Drums | Drums |Drums

L3
2 |50 | 15000 | 30000 | 45000 | 60000 | 75000 | 90000 | 105000 [ 120000 | 135000 | 150000

15 | 40 | 12000 { 24000 | 36000 | 48000 | 60000 | 72000 | 84000| 96000 | 108000 | 120000

20 |30 | 9000 | 18000 | 27000 | 36000 | 45000 | 54000 | 63000 | 72000 | 81000 | 90000

24 |25 | 7500 | 15000 | 22500 | 30000 37500 | 45000 1 52500 | 60000 | 67500 | 75000

30 {20 | 6000 | 12000 | 18000 | 24000 | 30000 { 36000 | 42000 | 48000 | 54000 | 60000

40 | 15| 4500 9000 | 13500 | 18000 22500 | 27000 | 31500 | 36000 | 40500 | 45000

S50 (12| 3600 | 7200 | 10800 | 14400 | 18000 | 21600 | 25200 | 28800 [ 32400 | 36000

60 | 10| 3000| 6000 | 9000 | 12000} 15000 | 18000 | 21000 | 24000 ( 27000 | 30000

75| 8] 2400| 4800 | T7200| 9600| 12000 | 14400 | 16800 | 19200 | 21600 { 24000

100 | 6| 1000 3600] 5400| 7200 9000 | 10800 | 12600 14400 | 16200 | 18000

120 | S| 1500 3000)] 4500 6000| 7500 | 9000 | 10500 | 12000 13500 | 15000

Each unit record of a large capacity drum has a specific
location on the drum...it is within one of the three
drum sections, on one of the 100 channels within the

drum section, and in one of the unit record areas within
the channel.

The specific location of a unit record area on the drum
is the "address" of that unit record.

The function of the address for each unit record is the
same as the function of a street address...to identify
one specific location out of many locations.

The address numbering system of the large capacity drum
is a six digit address composed of:

1. Drum section number......... ceven.. 2 digits
2. Unit record area number...... veeven.2 digits

3. Channel number........ cerereneeaae.. 2 digits
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The structure of the address can be specified for a system
as:

Drum section number

,I\ R apr————a Unit record number
XX XX XX - Channel number

or.

Drum section number

fﬁ\ K ager———— Channel number
XX XX XX -

Unit record number

Drum Section Number: There are three sections on each
large capacity storage drum; and up to ten drums may be
included in a Univac File-Computer system. The drum
section numbers of the address range from 00 through 29.
The drum section numbers of the first large capacity
drum are 00, Ol, and 02; the second drum 03, 04, 05;....
the tenth drum are 27, 28, 29.

Unit Record Area Number: The unit record area address
numbering depends on the unit record area length. (See
preceding unit record area table.) The unit record area
length determines the number of unit record areas per
channel. The address numbering system is based on the
number of unit record areas per channel. If the unit
record area length of the large capacity drums included
in a Univac File-Computer system is 12 characters, there
are 50 unit record areas per channel. The range of the
unit record area address numbers would be 00 through 49.
If the unit record area length is 120 characters, the
unit record area address numbers would be 00 through 04,
since each channel would contain 5 unit record areas.

Channel Number: Each drum section contains 100 channels.
The channel numbers of the address range from OO through
99.
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The standard unit record length of the large capacity
drum can be divided into a maximum of 20 fields by exter-
nal wiring of a drum connection panel. Each of the 20
fields may have a capacity of from 1 to 12 characters
including sign. The identification, or address, of these
20 fields are:
FO, F1, F2, F3, F4, F5, F6, F7, F8, F9, F10, F11, F12
F13 Fl4 F15 F16 F17 F18 and F19. . ——
C. How is data stored on, or read from, the large capacity

drum?

Associated with each of the 100 channels of the 3 drum
sections of each large capacity drum, which is constantly
rotating, is a stationary read-write head. As the drum
revolves, the unit record areas on each channel are con-
tinuously passing under the related read-write head.

Data is stored on the drum, or read from the drum though
the channel read-write heads in conjunction with an
address register switch. This switch connects any one
of the channel read-write heads to the revelver through
its associated circuitry.
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The address register and the staticizer: Associated

with the large capacity drums is a 6 digit register
called the "address register”. The function of the
address register is to receive the 6 digit address
of a specific unit record area on the large capacity
drums. The address is automatically transferred
from the address register to the staticizer. The
staticizer is a static register which controls the
connection of the address register switch to a
specific channel read-write head.

To perform the actual reading or writing of a spec-
ific unit record area, a "read unit record” or 'write
unit record” instruction is necessary. First, the
address of the desired unit record must be placed

in the address register. From there it is automati-
cally transferred to the staticizer and the address
register switch then connects the proper read-write
circuits to the channel within the drum section
specified by the address in the staticizer. Then a
read unit record or write unit record instruction

is given to the machine and the unit record number
portion of the address in the staticizer controls
the location of the specific unit record within the
desired channel.

In many applications, the identification numbering
system of the data to be stored on the drum will

not be compatible with the address numbering system
of the large capacity drums; or it may not be possible
to code the input data with the complete address of
the related unit record area. In these instances, a
"channel search" instruction is used to locate and
read the desired unit record area. (See section E
following.)

The revolver: The revolver is the means of rapid
access to the large capacity storage drums. At any
one time during a program, one unit record of the
large capacity drums is available to the arithmetic
and control unit of the system from an additional
channel on the drum called the "revolver". The
revolver is divided into the same unit record length
as the other 300 storage channels on the drum. The
twenty possible large capacity drum storage fields,
FO through F19, are directly associated with the
revolver.

With a read unit record instruction, the data within
the unit record, specified by the address delivered
to the address register, is read from the drum and
written on the revolver. That data can then be
called upon by the arithmetic and control section

of the system through the twenty storage field,
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FO through F19. These fields are commonly called
the "revolver fields". New data,changed balances,
etc., can be placed in that unit record through
these revolver fields.

With a write unit record instruction, the data is
read from the revolver and written in the unit
record area, specified by the address delivered
to the address register.

Read Unit Record and Write Unit Record - Diagram of
Circuitry.

Read unit record is the instruction which reads the data
from a specified unit record area and writes that data on
the revolver. The data in that unit record area is then
available to the arithmetic and control unit of the
system.

Write unit record is the instruction which reads the data
from the revolver and writes that data in a specified
unit record area of the large capacity drums. It pro-
vides the means of storing data and results on the large
capacity drums.

Before either the read or write unit record instruction
is given, the address of the desired unit record must be
given to the address register. From there it is automat-
ically transferred to the staticizer and the address
register switch connects the drum section and channel
specified by the address in the staticizer to the asso-
ciated read circuitry.

If a prior read or write unit record instruction is in
process when a new address is delivered to the address
register, the automatic transfer of the address from the
address register to the staticizer is delayed until the
prior instruction is completed. When the prior instrue-
tion is completed the address is then automatically
transferred from the address register to the staticizer
and the indicated switching will immediately begin.

The unit record number portion of the address in the
staticizer controls switches which locate the specific
unit record within the channel.
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Switches in Figure 11

Operation Switch 1 Switch 2 Switch 3 Switch 4
Read URA. Open Closed — Open Open —
Opens when Closes when
Switch 4 desired URA
closes. is located.
Write URA Open Open Open — Closed
Closes when
desired URA
is located
on the drum
Channel Open — Closed— Open Open —
Search Closes at Opens when Closes when
identifier | Switch 4 identifiers
time only closes match & last
character of
URA has been
read
REVOLVER FIELD ACCESS
Use Field Open Open Open Closed
(FO-F19)
Deliver Open Open Open Closed—
result to Opens only
Field (FO-F19) during
specified
Field (FO-F19)
time
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This block diagram of the large capacity drum cir-
cuitry illustrates the relation of the storage channels
on the drum, the revolver, and the arithmetic section
of the system.

Note that the revolver has one read head and one write
head. The write head is spaced one unit record length
before the read head. In addition, an erase head is
located approximately 12 characters after the read
head. This head is a permanent magnet.

The address of the desired unit record area is placed
in the address register and then automatically trans-
ferred to the staticizer. The switching immediately
begins to the read-write head of the c“annel specified
by the drum section and channel number portion of the
address in the staticizer. The drum is constantly re-
volving under these heads. When a read unit record
instruction is given the unit record number portion of
the address in the staticizer is compared with timed
drum pulses from the drum. Switch 2 and switch 4 are
controlled by a coincidence pulse which is emitted
when a match occurs. While the specified unit record
is passing under the read-write head, switch 2 is
closed. The data from that unit record area can then
pass through the read-write head and the address
register switch, across the closed switch 2, to the
write head of the revolver. When the drum has re-
volved so that the last character from the specified
unit record is written on the revolver, switch 2 is
opened and switch 4 is closed. Since the drum is
rotating, the desired data is now in the unit record
area of the revolver that is passing under the re-
volver read head. That data passes through the re-
volver read head, across the closed switch 4, back to
the write head of the revolver. Switch 4 remains
closed, and the data is continuously recirculated in
this loop.

The moment switch 4 closes after a read unit record
instruction, that is, the moment the desired data is
written once on the revolver, it is available to the
arithmetic and control section of the system; and since
that data is constantly recirculated it is continually
available at the revolver read head.

New data, changed balances, etc., that are to be stored
on the drum are first written on the revolver through
one of the 20 revolver fields, FO through F19. This
writes the new or changed irformation on the unit record
area passing under the revolver write head at that time.
As the drum continues to revolve, the new or changed
data is written in the unit record area of the revolver
and is available to the arithmetic and control section
of the system.
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When a write unit record instruction is given Switch 3
is controlled by the comparison between the unit record
number portion of the address and the timed drum pulses.
When the desired unit record area of the drum is passing
under the read-write head, switch 3 is closed. The data
from the revolver can then pass through the revolver
read head, across closed switch 3, to the channel read-
write head, and is written in the specified unit record
area.

The read and write unit record instructions are equipped
with interlocks, making it possible to perform calcula-
tions while the read or write function is taking place.
If one of the revolver fields FO through F19 is addressed
before the read or write function is completed, the in-
struction is initiated after the completion of the read
or write function.

Channel Search

In previous references to the address delivered to the
address register, it was assumed that the complete
address of the specific unit record area desired was
available; that is, that it was possible to code the
input data with the address of its related unit record
area on the large capacity drums, or that it was pos-
sible to correlate the identification numbers, such as
item number, of the input data with the address numbering
system of the large capacity drums.

Very often, it will not be possible to do either one of

these things. How then, can a specific unit record area
be located when the complete address of that area is not
known?

Two types of channel search instructions provide the
means of accomplishing this: channel search equal and
channel search unequal, With either of these instruc-
tions a partial address of the desired item, preferably
drum section and channel number, is developed from the
designation of the input data. The identification of
each item is stored in its unit record area. It is then
possible to deliver the partial address of drum section
and channel, plus a starting unit record number to the
address register, and with a channel search function,
compare the item identification of each unit record area
in that channel with the identification of the item
desired until the corresponding unit record area is found.

When the desired unit record area is found, the data

from that area is "trapped" on the revolver, making it
constantly available by continuously recirculating the data
on the revolver.
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With either channel search instruction a complete six
digit address of drum section, unit record, and channel
(xx xx xx) must first be delivered to the address regis-
ter. A partial address of drum section and channel

alone (xx xx or xxxx ), depending on the address struc-
ture specified for the system, would cause a parity error
signal. With channel search, therefore, it is necessary
that a unit record number be added to the partial address
of drum section and channel and the result delivered to
the address register before the channel search function
is initiated. Note: The address register will treat
zeros and space codes alike. A partial address of drum
section and channel with space codes in the URA portion
of the address will be treated as 00 by the address
register and the staticizer.

The unit record area within a channel, at which either
type of channel search is started, is determined by the
unit record number portion of the address in the address
register. The end of channel search is determined by
the drum index pulse, that is at the end of the last
unit record area within a channel. Normally zeros or
space codes will be added to the partial address of
drum section and channel and delivered to the address
register, so that the channel search will start with the
first unit record area on the channel. For example, if
with a Univac File-Computer system in which the fixed
URA length is 30 characters...if the unit record number
portion of the address were 05, the channel search would
start with unit record area 05; and if matching designa-
tion were not found, would end with unit record area 19.
Unit record areas 00 through 04 would not be searched.

The two channel search instructions are channel search
equal and channel search unequal.

(a) Channel search equal: With the channel search equal
instruction it is possible to search a selected
channel for a unit record area with stored indenti-
fication which matches the desired indentification
and to "trap” that entife unit record on the re-
volver. If a matching identification is not found
the last unit record area in the channel is "trapped”
on the revolver. With this instruction it is also
possible to search a selected channel for a unit
record area with stored identification which matches
either of 2 identifiers and to trap the entire unit
record area with matching identification on the
revolver. If neither identifier is found the last
unit record area in the channel is trapped.
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The channél search equal instruction controls switches,
which will open and close under control of the unit
record number portion of the address in the staticizer
and the comparison of the identifiers. Refer to sche-
matic drawing of the large capacity drum circuitry
(Figure 11).

Before a channel search equal instruction is given, the
partial address of drum section and channel plus a
starting unit record number is delivered to the address
register. From there it is automatically transferred
to the staticizer and the address register switch con-
nects the read-write head of the specified channel to
the associated read circuitry. Then, when the channel
search equal instruction is given, switch 1,controlled
by the field identification on the revolver, is closed,
and switch 2, controlled by the starting address, is also
closed.

When the unit record area, specified in the address,
starts to pass under the read-write head switch 4 is
opened. The opening of switch 4 prevents the continuous
recirculation of the data on the revolver. The closing
of switch 1 permits the identification data in each unit
record area to pass to the comparison circuits to be com-
pared with the identification of the desired item. The
closing of switch 2 permits the data from the unit record
area of the drum to pass to the write head of the re-
volver...thus, as the drum revolves, the data from each
successive unit record area of the channel being searched
is written on the revolver. When the identification from
a unit record area on the channel being searched matches
the desired identification in the arithmetic unit com-
parator, switches 1 and 2 are opened at the end of that
unit record area and switch 4 is closed. With the closing
of switch 4, the data of the desired unit record is
"trapped” on the revolver.

When a matching unit record is found, its location on the
channel is "remembered" until a new address is entered in
the address register. Therefore, it is possible to find

a unit record by channel search, change some of the data,
such as balances, etc., and return the changed information
to the same location on the drum by a write unit record
instruction.

If there is no matching identification in the channel
searched, switches 1 and 2 are opened at the drum index
pulse--the end of the last unit record area on the
channel--and switch 4 is closed. Thus, the last unit
record area is "trapped” on the revolver.
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If a matching unit record is found during a channel

search equal instruction with one identifier, the machine
will emit a signal which is used to direct the machine

to the next operation. If a matching record is found
during a channel search equal instruction with two identi-
fiers, the machine will emit one signal if the trapped URA
matches the first identifier or another signal if the
trapped URA matches the second identifier. The machine
can, therefore, be directed to two different operations
depending on which identifier is found. If no matching
unit record area is found during a channel search equal
instruction, a third signal will be emitted by the machine.
This signal is used to direct the machine to the next
operation desired if no matching URA is found.

Note: 1In all following examples, the address numbering
structure is shown as DS/CH/URA. This could, of course,
be DS/URA/CH, depending on the structure specified for

the particular system.

Following is a flow chart of a channel search equal
operation with one identifier: (Actual programming is
discussed in Section V.)

1. Transfer address, DS/CH (xxxx--) to ADR.

2. Channel search equal: compare input identification
with identification stored in URA. Does designation

match? |
! +
Yes No
‘ l
Desired URA is trapped
on revolver.

Desired URA is not in

the channel just searched.
Last URA is trapped on
the revolver.
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Following is a flow chart of a channel search equal
operation with two identifiers:

Transfer DS/CH (xxxx--) to ADR.

Channel search equal: compare both input identifiers
with identification stored in URA. Does URA

identification match either identifier?
i

! ] 1

Yes = 1st Yes = 2nd No #

Matches 1st identifier. M&tches 2nd identifier. Matches neither.
The URA, whose The URA, whose The last URA
identification matches, identification matches, is trapped on
is trapped on the is trapped on the the revolver.
revolver. revolver.

The maximum number of characters (excluding sign) that
can be compared during a channel search operation is

11. Occasionally, an application will require that the
identification of the items to be located by channel
search is more than 11 characters. When this occurs, it
is impossible to compare the full identification of the
desired item during a channel search equal operation.
However, it is possible to locate the desired item
through a channel search equal operation in conjunction
with programmed comparing.

Eleven characters of the item designation are compared
during a channel search equal operation. If a match is
found, the remaining characters of the designation are
then compared by programmed comparison. If the remaining
characters also match, the unit record area "trapped" on
the revolver is the desired one. If they do not match,
the channel search equal operation is resumed at the next
unit record area in that channel.

Following is a flow chart of a channel search equal oper-
ation for an item with a 14 character identification.
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(Actual programming is discussed in Section V.) The full
identification of the item is stored in its unit record
area, In addition, the unit record number of the follow-
ing unit record area on that channel is also stored.

Then, to perform the channel search, the partial address

of drum section and channel number is transferred to the
address register. The channel search equal is then started,
comparing the first 11 characters of the desired item with
the first 11 characters of the identification stored in

the URA. Since zeros or spaces are in the URA position the
channel search will start with the first unit record area
on the channel.

If a match of these 11 characters of the identification
is found, the machine will emit a signal and that unit
record area will be "trapped".on the revolver. The re-
maining three characters of the identification are then
compared. If they also match, the desired unit record
area is available on the revolver. If they do not match,
the unit record area trapped on the revolver is not the
desired one. The search of the channel must, therefore,
be continued. To do this, the unit record area number
stored in the unit record trapped on the revolver is
tested. If this is not the last unit record on the chan-
nel, the stored unit record number (the number of the
next unit record area in that channel) is added to the

- partial address and entered in the address register. The
channel search equal instruction is again called for and
the search resumes at the next unit record area. This
sequence continues until the desired item is found in the
channel, or until the entire channel has been searched
without locating the item.
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FLOW CHART OF CHANNEL SEARCH FOR ITEMS WITH
14 CHARACTER DESIGNATIONS

1. Transfer address, DS/CH (xxxx--)

2. Channel search equal: compare 1l characters
Do the 11 characters match?

; 1

Yes No

|

3. Compare remaining 3 characters
Do remaining 3 characters match?

Y ¥
Yes No

Desired URA is trapped
on revolver
4. Test stored URA #
Is this last URA on channel?

5
Ng Yes

5. Add stored URA # to
DS/CH to obtain next
starting address. Deliver
new address to ADR.

Return to Step 2 to
continue channel
search equal oper-
ation

]
Item not stored
on this channel.

Last URA is
trapped on re-
volver.

Note: Complete designation stored
in URA. URA number of fol-
lowing URA is also stored.
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Note: The channel search equal instruction with two identifiers
is usually used when periodically loading and/or making additions
to a volatile record on the large capacity drums. The identifi-
cation of the input data is used as one identifier and space codes
or zeros as the second.

As the items .are processed they are successively written in the URA's
~-00-01,02, etc.~--of the channel designated by their partial address.
The channel search equal instruction is initiated for each item,
starting with URA 00 of its designated channel, looking either for

a matching designation or the first empty URA on the channel. The
first item to be processed for a specific channel will produce a
signal indicating a match has been found and trapped on the revolver
for the second identifier--the space codes. URA 00, the first empty
URA on the channel, is trapped on the revolver. The data for that
item is then stored in URA 00. The next item for that specific chan-
nel will be stored in URA Ol since it will be trapped as the next
empty URA when processing the item; the third item will be stored in
URA 02, etc.

When an item is processed that has had previous activity--one or

more documents for the same item have already been processed and
stored-- the channel search operation will produce a signal indica-
ting that a match has been found and trapped on the revolver for the
first identifier-~the designation of the item. The data for the item
being processed is then added to the data for the item already stored
on the drum.

Following is a flow chart of this channel search equal operation.
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Transfer DS/CH to ADR (xxxx--).

Channel search equal: compare input part number

and spaces with the part numbers stored in the URA's.
Does a URA part number field match either the input part
numbeg or space codes?

| |

Matches space codes. Matches part Matches neither.
No previous activity number. Previous No empty URA on
for this part. Ist activity for this channel and no
empty URA is trapped part. Matching matching part
on the revolver. URA trapped on number. Last URA

1 revolver. trapped on revolver.
Store data 4. Add new data

to stored data
as required.
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Channel search unequal: With the channel search unequal
instruction it is possible to search a selected channel
for a unit record area with stored identification which
does not match the identifier and to trap the entire
unit record area with an unequal identification. If the
identification of all the unit record areas on the chan-
nel match the identifier, the last unit record area on
the channel is trapped on the revolver.

The channel search unequal instruction governs switches
(similar to the channel search equal instruction) which
open and close under control of the unit record number
portion of the address in the staticizer and the compar-
ison of the identifier. Refer to the schematic drawing
of the large capacity drum circuitry (Figure 11).

Before the channel search unequal instruction is given,
the partial address of drum section and channel plus a
starting unit record number is delivered to the address
register. From there it is automatically transferred

to the staticizer and the address register switch con-
nects the read-write head of the specified channel to

the associated read circuitry. Then, when the channel
search unequal instruction is given, switch 2, controlled
by the starting address, closes when this starting URA
starts to pass under the read-write head. Then switch 1,
controlled by the field identification on the revolver,
closes when the particular field is passing under the
read-write head. At the same moment, switch' 4 is opened.
The identification of each URA is then compared with the
identifier in the arithmetic unit and each successive unit
record area on the channel being searched is written on the
revolver. When the identification of a unit record area
on the channel being searched does not match the desired
identifier, switches 1 and 2 are opened at the end of that
unit record area and switch 4 is closed. With the closing of
switch 4 the data of the non-matching unit record area is
"“trapped" on the revolver.

When a non-matching unit record area is trapped on the re-
volver its location on the channel is "remembered” until a
new address is entered in the address register.

If the identification of every unit record area on the
channel searched matched the specified identifier switches 1l
and 2 are opened at the drum index pulse--the end of the last
unit record on the channel--and switch 4 is closed. Thus,
the last unit record area on the revolver is trapped.
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Two separate signals will emit; one if a non-matching

unit record was found and trapped on the revolver or a
second if all the unit record areas matched the speci-
fied identifier and the last unit record is trapped on
the revolver.

Following is a flow chart of a channel search unequal
operation:

1. Transfer address, DS/CH (xxxx--) to ADR.

2. Channel search unequal: compare specified identifier with
identification stored in URA,

I? there a non-matching URA?

]
Yes No

Non-match URA

is trapped on

revolver.
All URA's match. Last URA
is trapped on revolver.

The channel search unequal instruction is usually used in an
unloading routine for the large capacity drums. Space codes or
zeros are used as the identifier.

The starting drum section and channel number plus unit record
number 00 is delivered to the address register and the chan-
nel search unequal instruction is given, comparing the space
codes as the identifier with the identification field of the
URA's. The first URA in the channel with stored data is
trapped on the revolver. The desired information from that
URA is transferred to output. Then space codes are trans-
ferred to the revolver field and a write unit record instruc-
tion is given--clearing that URA on the drum. The channel
search unequal instruction is then given again, looking for
the next URA with stored data, etc.
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1. Transfer starting address, DS/CH (xxxx--) to ADR.

2. Channel search unequal: compare space codes with identification
stored in URA.
Is there a non-matching URA?
{

Yés N%

1st URA with stored
data trapped on re-
volver.

J. Transfer desired data from
revolver to output.

4. Transfer space codes to revolver

5. Write unit record Y
All URA's match-
6. Return to channel search no stored data in
unequal to trap next URA with this channel.

stored data.

F. Channel Overflow

In some instances, the partial addresses developed from
the designation of input data will indicate that the
number of items to be stored in one channel exceed the
number of unit record areas on that channel. When this
occurs, a programming technique of channel overflow is
used in conjunction with channel search. Then, if the
desired item is not found on the channel searched, it is
possible to direct the machine to the next channel that
should be searched to locate the item.

When channel overflow occurs, one specific unit record
area (the same one on each channel that overflows) is
used to store the overflow address; that is, the address
of the next channel to search, if the item is not located
in this channel. Usually, the last unit record area in

a channel is used to store the overflow address since,
with either the channel search equal or the channel
search unequal instruction, the last unit record area is
trapped on the revolver if the desired URA was not located
in the channel. Then, if after searching a channel the
desired item is not found, the overflow address stored

in the last URA (which is available on the revolver) is
entered in the address register and the channel search

is resumed in the overflow channel.

The following is a flow chart of a channel search equal
operation when there is the possibility of channel over-
flow. (Actual programming is discussed in Section V.)
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FLOW CHART OF CHANNEL SEARCH EQUAL WITH OVERFLOW
POSSIBILITY
1. Transfer address DS/CH (xxxx--) to ADR.

2. Channel search equal: compare one input designation with stored

designation.
D?Fs the designation match?
i ]
Yes No
Have desired item Last URA trapped
trapped on revolver on revolver

3. Deliver overflow address
(DS/CH/00) from revolver
to ADR

\ {
Return to Step 2 to initiate

channel search equal of the
overflow channel.

In this chart of a channel search operation, with the
possibility of channel overflow, the channel overflow
address is always stored in the last unit record area
of any channel that may overflow. The stored overflow
address consists of drum section (xx), channel (xx),
and unit record area 00.

First the partial address of drum section,channel and
space codes is transferred from input to the address
register. The channel search equal therefore, starts
with the first unit record on that channel. If the
desired item is located during the search, the machine
will emit a signal and the desired unit record area is
trapped on the revolver. If the item is not located,
the machine will emit another signal and the last unit
record area...the one which contains the overflow
address...is written on the revolver. The stored over-
flow address is then called for from the revolver and
entered in the address register. Channel search is
again initiated and the overflow channel is searched.
This sequence can be continued until the desired item
is located.

The following are flow charts of the programming tech-
nique for a channel search equal instruction with two
identifiers as used for a loading routine and channel
search unequal as used for an unloading routine. The
possibility of overflow is considered.
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In each case the last URA in a channel is used for the
overflow address.

Loading routine: Channel search equal with two identifiers and
automatic assigning of overflow channels:

1. Transfer DS/CH to ADR. (xxxx--)

2. Channel search equal:

and space codes with the identification stored

in the URA's.
a URAIidentification?

Does either identification match

compare input item identification

Match space codes.
No previous activity
for item. 1st empty
URA is trapped

on revolver.

3. Store data 4.

v

Match item designation.
Previous activity for
item. Matching URA
trapped on revolver.

Add new data
as required.

Matches neither.
No empty URA

& no previous
activity for
item on this
channel. Last
URA trapped

on revolver.

¥
Test o'flow address.
Has channel o'flowed

before?
4

\

Yes

Transfer o'flow 7.
address to ADR.

Return to step 2
& continue .
channel search.

10.

}

No

Transfer storage 10

to revolver o'flow
field

}

Write unit record.

Transfer storage 10
to ADR.

b

Add 1 to storage 10.

Return to step 2
& continue channel
search.
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NOTE: 1In the preceding example a portion of the channels are set
aside for overflow. The address of the first overflow channel is
stored in intermediate storage 10 before the run. During the run
the overflow channels are automatically assigned as a channel is
filled.

Unloading routine: Channel search unequal

1. Transfer starting DS/CH (xxxx--) to ADR.

2. Channel search unequal: Compare space codes with identification
stored in URA.
Is %here a non-matching URA?

\ R
Yes No
1st URA with stored All URA's match--no stored
data is trapped data in this channel
on revolver. Last, URA in channel is

trapped on revolver.

3. Transfer desired data from
revoelver to output.

4. Transfer space codes to revolver
5. Write Unit Record
Return to channel search

to trap next URA with
stored data.

/
6. Add 1 to storage 10

. 7. Transfer storage 10 to ADR
Note: In this example the channels

are sequentially unloaded. The 1
address of the starting channel Return to channel search to
is stored in intermediate unload the next channel.

storage 10 before the run.
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G. The Large Capacity Drum Connection Panel

Once a unit record of the large capacity storage drums

is written on the revolver, by a read unit record or
channel search operation, the data within that unit
record is available to the arithmetic and control section
-of the system through the 20 revolver fields, FO through
F19. Data from the system is placed on the revolver
through the revolver fields.

The standard unit record area of the large capacity
drums can be divided into these 20 possible revolver
fields by wiring the drum connection panel. One connec-
tion panel governs all the large capacity drums in a
system. That is, the field assignment, wired on the
connection panel is effective for every unit record area
called upon during a run. The field assignment can be
varied during a run by the use of "selectors". The wir-
ing of the connection panel can, of course, be changed
between runs to produce a different field assignment
arrangement for another run.

A tabulator wiring unit divides the standard unit record
area of punched cards into fields for a tabulation run.
The function of the drum connection panel is similar.

It is the means of dividing the standard unit record
character lenghth of the large capacity drums into the
20 possible revolver fields. The size of the revolver
fields may vary from 1 through 12 characters including
sign.
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Characters: (A-L; 1-30) This section of the connection panel
includes 120 double hubs, identified as CH and numbered O
through 119. These represent the characters in the unit
record area, up to the maximum of 120. (Note, double hubs...
hubs that are joined together by a straight line on the con-
nection panel are common; that is, they are internally joined
together.) Data in the unit record area, which is to be
treated as a field of information, must be in adjacent unit
record area characters. Adjacent characters are grouped into
fields by coupling (with external wires) the related charac-
ter assignment hubs. The least significant character of a
field is always represented by the left hand character within
a coupled group of character assignment hubs, the most sig-
nificant character by the right hand character.

Unit Record Field: (M-Q; 9-16) This section of the panel
includes 20 double hubs, identified as O through 19. These
represent the 20 possible revolver fields, FO through F19.
To give a group of coupled character hubs field identity,
any character of the group is wired to a unit record field
assignment hub.

Positive Sign Hubs: (C; 1-30), (F; 1-30), (I; 1-30) and

(L; 1-30) Immediately below each of the character hubs, in
the character section of the control panel, is a hub identi-
fied with a +. These are the positive sign hubs. Normally,
the least significant character location of a field stores
the sign code. When the sign is not stored, a positive sign
must be generated. This is done by wiring the positive sign
hub directly under the least significant character of the
field to a hub in the "applied plus sign" section.

Applied Plus Sign: (S-W; 9-16) This section of the connection
panel includes 20 double hubs, identified as O through 19,
These are related to the 20 possible revolver fields, FO
through F19. Whenever a sign is not stored for a field, a +
sign is generated by the wiring from the positive sign hub

of the least significant character of that field, to the
applied plus sign hub which corresponds to the revolver field
number to which the group is connected.

Selectors: (M-P; 1-6), (U-X; 1-6), (M-P; 19-24), and (U-X; 19-24).
Eight 4 pole selectors, identified as Al through A8, are included
on the large capacity drum connection panel. The pickups of these
selectors are on the computer connection panel. These selectors
are used to vary the field assignment wiring. (Note: Selectors are
explained in Section V.)
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Examples:

1. Characters O through 5 are assigned to unit record field
FO. The sign of the field is stored in character O.

2. Characters 11 through 14 are assigned to unit record
field F2. No sign is stored so the positive sign hub of
character 11 (the least significant character) is wired
to the applied plus sign of field F2 to generate a posi-
tive sign for the field.
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3. Selectors on the drum connection panel are used to vary
the character and field assignment when two or more types
of records are stored on the large capacity drum(s) for
one application and/or when two or more applications are
being processed simultaneously by the system.

In this example assume that two applications are being
processed simultaneously. The field assignments desired

are:
First Application Second Application

Field FO - Characters 0-3 Field FO - Characters 0-6
Sign - Applied plus Sign - Character O

Field F6 - Characters 13-15 Field F6 ~ Characters 9-12
Sign - Applied plus Sign - Character 9

Selector Al is non-select when a revolver field for the
first application is called for; it is select when a
revolver field for the second application is called for.

Therefore, characters O through 3 are connected to field FO,
the plus sign of character O is connected to FO applied plus
sign, and character 13 through 15 are connected to field Fé6
with the plus sign of character 13 connected to F6 applied
plus sign for the first application. For the second applica-
tion, characters O through 6 are connected to field FO and

no applied plus sign for FO is connected; and characters 9
through 12 are connected to field F6 with no connection be-
tween these characters and the applied plus sign of F6.

05 106 107
o [} o]

[e] [(

” [} [e] o o [e] [s] (e}

APPLIED PLUS SIGN
™0 o—o oo fo—o
1

o

1
' I <L oo o—o - o—o
4

moooIoo N
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FIGURE 12
DIAGRAM OF REVOLVER UNIT

RECORD AREAS AND FIELDS

PN EwASE R0 )

| SN s L, |

' 300 CHANNELS L-X S ME/ZE. J
j URA-/5 Cl/lflcn'j =
rmy

L£RASE HEAD READ HEAD WRITE HEAD

+418[712(0[-{o{8[1 [2[4 1 4[7]+|4i8]7]2(0[-0[5 t[2/A 1]H|7
f/ 2 345Jf7 rS/o///,?/JI‘(lO / 2345£7i$lolllrzfl4j

\ U Fo 1 F2
FIELODS
CHARACTERS




IV - 44

The preceding schematic drawing illustrates two revolver
unit record areas, the data written on the revolver and

the break-down of the revolver unit record area of 15
characters into revolver fields. Below is an illustration
of the drum connection panel wiring for the field assignment
of the characters.

Illustration of Connection Panel Wiring for Above Break-
Down of Revolver URA Into Fields

1 H 3 4 5 [ ? 8 L) 10 n i2 13 14 15 16 }

CHARACTERS

[

Q o—o
18 19
” I © o o o o p o o ©
w
v APPLIED PLI is SIGN
s o 2 o—o0 0—0 o—o0

Note: In accordance with the data written on the revolver
in the above schematic, these values are obtained when the
revolver fields are called:

Value Sign
FO = 02784 +
F1 = 2150 -
F2 = TH1A +

Since field F2 contains alpha information it is obvious
that it would not be used in an arithmetic process but in
the functional process of transfer. Therefore, it would
not be necessary to wire the applied + sign for F2 if the
value F2 never required shifting, since data may be stored
in the sign position of a storage unit. If the applied +
sign were not wired, the value obtained when field F2 was
called for would be:
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Value Sign
F2 = THI A

(See Section V for discussion of shifting and use of sign
position to store data.)

Points to be observed in wiring large capacity drum connection panel:

1'

2.

w

6«

One connection panel controls the field assignment of all large
capacity storage drums in the system.

Only those characters in the character section on the panel
which correspond to the fixed unit record area length of the
system are wired. For example, if the unit record area length
of the system is 50 characters, only character hubs O through 49
are used.

A desired field of information must be in adjacent characters of
the unit record area.

The first character to the left in an adjacent group of characters
is the least significant character; the last character to the
right, the most significant. If no applied plus sign is gener-
ated, the least significant character in a field holds the sign;
if an applied plus sign is generated, the least significant char-
acter is the least significant digit of the value.

Any character of the coupled character hubs may be wired to
the unit record field assignment hub.

If the sign of a field is not stored, the positive sign hub of
the least significant character must be wired to the related
field applied plus sign to generate a plus sign unless the sign
position is to be used to store alpha/numeric data which is to
be used in a transfer operation.

If the number of characters in a field of data that is to be
written on the revolver, through one of the revolver fields,
exceeds the number of characters wired to that field, the most
significant characters of that data are lost. For example, if

a result of 11 characters, 1234567890 +, were delivered to a
revolver field wired to 9 character hubs, the two most significant
characters would be lost. 3456789 + would be written on the
revolver,

. The least significant character of a field and the applied plus

sign establish the decimal relationship of the coupled characters.

a) If an applied plus sign is generated, the least significant
character holds the units position of the value; the next
character the tens position, etc.
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b) If an applied plus sign is not generated and if the sign of
the value is stored, the least significant character holds
the sign; the next character, the units position of the value;
the next, the tens position, etc.

c) If an applied plus sign is not generated and if the sign of
the value is not stored, the least significant character
holds the units position of the value (this character is in
the sign position); the next character the tens position, etc.

In a revolver field that is to be compared during a channel
search operation, the least significant character of that field
must be located at least 12 characters from the next identifier
field. For example:

Assume a unit record area of 12 characters. The least significant
character of the field to be compared during the channel search
operation must be stored in character O:

least
significant
character

\\\\\Item No. Item No*
—

x X X X X X X
charaiffg;; 1234567891011/ 01234567891011

12 characters from end of end of

the least signifi- one URA next URA

cant digit of the
next identifier field

10. If two revolver fields are to be compared during a channel search

operation, the least significant characters of the fields must

be at least 12 characters apart--that is, separated by 11 charac-
ters. (Note, if more than two fields are to be compared see
following section H.) For example:

Assume a unit record area of 30 characters. Two fields of 11
characters plus sign each are to be compared during the channel
search operation. They could be stored in the unit record area
in this fashion:
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1st Item No. . 2nd Item No.
XXXXXxXXXxXxxxx X X X X X X X X X X X ..
012345678910111213 141516 17 18 19 20 21 22 23..29
the least significant least significant characters are 0 and 12

characters are separated
by 11 characters

H. Unit Record Length

The unit record area length is the same for all large
capacity drums included in a Univac File-Computer
system. In analyzing the applications to be handled

by the system, it may be found that the unit record

area requirements for the large capacity drums vary
from one application to another. When this occurs,

the unit record length of the application which requires
the most frequent reference to the large capacity drums,
is generally chosen for the system. Programming tech-
niques can then be used to divide the unit record length
into controllable areas for the applications which re-
quire a shorter unit record length, and/or to couple
unit record areas for the applications which require a
longer unit record length.

In addition, when two or more applications are being
processed simultaneously by the system, the field assign-
ment of the unit record area characters may vary accord-
ing to the application. When this occurs, the characters
to be assigned to a specific field can be selected
through the large capacity drum connection panel selec-
tors.

a. Selection of Fields: The selectors on the drum con-
nection panel are the means of altering the revolver
character and field assignment. This selection was
illustrated in Example 3 in the preceding section.

b. Multiple Items Stored in One Unit Record Area; When
the unit record area requirements of an application are
smaller than the fixed unit record length, two of the
items can be stored in one unit record by dividing the
unit record length into controllable areas by programming.
The unit record in which the item is stored can be found
by a channel search operation (if the specific address

is not available from input) and then, the specific item
within that unit record area by programmed comparing of
the designation.

For example, assume that the fixed unit record length of

a system is 40 characters, and that a payroll application
to be processed by the system required only 20 characters
of storage:
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Employee number........ 4 characters
Earnings-to-date.......6 characters
FICA-to-date...........4 characters
FWI-to-date............ 6 characters

Two of these payroll unit records can be stored in
the fixed unit record area of 40 characters:

Description URA Characters Field Assignment
Emp. number 0 through 3 FO
Earn-to-~date 4 " 9 Fl
FICA-to-date 10 * 13 F2
FWI-to-date 14 " 19 F3
Emp. number 2 " 23 F4
Earn-to-date 24 " 29 F3
FICA-to-date 3 33 Fé6
FWT-to-date 34 " 39 F7

In order to locate the stored data for a specific
employee the employee number from the input data is
compared, during an equal channel search operation,
with the 2 stored employee numbers in each unit record
area. When one of the stored employee numbers matches
the desired employee number, that complete unit record
area is trapped on the revolver.

Note that there are 19 characters between the least
significant characters of the two stored employee
numbers (characters 1 through 19, and that the least
significant character of the last employee number in
the unit record area is 20 characters (characters 20
through 39, from the end of the unit record area.
Therefore, for the channel search operation, the least
significant characters of the employee numbers are sep-
arated by at least 11 characters. The least signifi-
cant character of the last stored employee number is at
least 12 characters from the end of the unit record
area.

When the unit record area is "trapped" on the revolver,
programmed comparing is used to determine which of the
2 groups of stored employee information is the desired
one. The first stored employee number (field FO) is
compared with the desired employee number. If they
are equal, revolver fields FO through F3 relate to the
desired employee; if they are not equal, fields F4
through F7 relate to the desired employee.
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Following is a flow chart of a channel search operation
for this example...2 items stored in one unit record
area. (Actual programming is discussed in Section V).

FLOW CHART OF CHANNEL SEARCH WHEN DATA FOR 2 ITEMS ARE STORED IN ONE
UNIT RECORD AREA: NO OVERFLOW

1. Transfer address, DS/CH (xxxx--) to ADR.

2. Equal channel search: compare input designation with both
designations (FO & F4) in URA.
Does the input designation match one of the designations in the
URA?
!

Yés No

3. Compare input designation with FO
I§¥;his the first employee stored in URA?

L
Ygs No

1st employee is the
desired one. Revolver
fields FO - F3 relate
to this employee

2nd employee is the
desired one. Revolver
fields F4 - FT relate
to this employee.

V
Employee not
stored in
this channel.

It is possible to store the information for more than 2 items in one
URA and to locate the desired item by a channel search equal instruc-

tion and programmed comparison. Following are three methods of ac-
complishing this:

Method 1. Perform 2 or, if necessary, more channel search operations of
the channel. For example, the preceding illustration showed
the data for 2 items, requiring 20 characters each, stored in
one 40 character URA. Assume that the fixed URA length is 60
characters. It is possible to store the data for 3 items in
one URA and locate the desired item by channel searching the
channel twice.



IV - 50

Description URA Characters Field Assignment
4
Emp. number 0 through 3 FO |

1. (Earn.-to-date 4 " 9 F1 | 1
FICA-to-date 10 " 13 F2
LFWT—to—date 14 " 19 F3 )
(Emp. number 20 " 23 F4

2. ‘Earn.—to—date 24 " 29 F5 2
FICA-to-date 20 "33 F6
LFWT—to--date 34 " 39 F7
(Emp. number 0 " 43 F8

3. <Earn.—to-date 44 " 49 F9 3
FICA-to-date 50 " 53 F10
|[FWI-to-date 54 " 59 Fl11

In order to locate the stored data for the specific employee,
the employee number from the input data is first compared,
during a channel search equal operation, with FO & F4. 1If a
match is found then the specific employee can then be determined
by comparison (see preceding example). If a match is not found,
the channel search equal operation is again called for, this
time comparing the input designation with F8.



iv - 51

1. Transfer address, DS/CH (xxxx--) to ADR.

2. Channel search equal: compare input designation with FO & F4.
Does the input designation match either FO or F4?

¥

Yes No

3. Compare input designation with FO
I?,this 1st employee stored?

IR
Y!s No

1st employee is the
desired one. Revolver
fields FO-F3 relate

to this employee.

2nd employee is the
desired one. Revolver
fields F4-F7 relate

to this employee

Y
4. Channel search equal:
compare input designation

with F8.
D?es input match F8?

Y K
Yes No

3rd employee is the
desired one. Revolver
fields F8 - F1l1 relate
to this employee.

|
Employee not
stored in

this channel.

The next two methods can be used if the URA length of the system is
divisible by 12, ie, 12, 24,60 & 120. Both of these methods are
most practical with the longer URA lengths -- 60 and 120.

Both methods make use of a special channel search address, "all".
This "all"” address tells the machine to ignore the revolver field
assignment, wired on the drum plugboard, and to consider each succes-
sive group of 12 characters as a field. That is, with a URA length
of 120 characters, when a channel search instruction is given, com-
paring the desired designation with "all" URA fields, the machine
ignores the wired field assignment and compares the specified desig-
nation first with characters O through 11, then with 12 through 23,
then 24 through 35, etc. through 108 through 119. These comparisons
are made for each URA on the channel. If any one of the 10 groups
of 12 characters in a URA match the desired designation, the machine
will emit a signal and that URA will be trapped on the revolver.
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Since each successive group of 12 characters are treated as a field

when using the channel search "all” address, 2 precautions should
be observed:

1. 12 characters must be allowed for each identification stored;

2. Other values, such as balances, amounts, etc. in a group of 12
characters could match the specified designation.

The following two methods illustrate the means of locating a specific
item, when more than 2 items are stored in one URA, with the channel
search "all" address.

Method 2. Store an "impossible code" within each group of 12 characters
which do not contain an identification. This "dummy" or
"impossible"” code should be one that cannot possibly be part of
the designation of the desired item. A negative code for example,
would never be part of an employee number or part number. If
a match is then found during channel search equal, it is certain
to be a valid identification.



Method 2 - URA Layout.

Channel Search
Comparisons for
each URA
in Channel

1st comparison

4

{

2nd comparison

3rd comparison

4th comparison4

S5th comparison
<

~

N

Y4

a4

J

[y
HOWOVWO~NO UL WD ~O

()

[
N
v

13

51—=F10 - Negative sign

52)
53
54

Iv - 53

Field

As

FO

Fé6

F1

F7

F2

F3

signment

- Part No.

Spaces codes

- Part No.

Space codes

Part No.

33
34 ¢ F8 - Space codes

Balance for
1st Part No.

- Negative sign

Balance for
2nd Part No.

557 F5 - Balance for

3rd Part No.

URA characters

In this example, with the
channel search equal oper-
ation and the channel
search "all” address, the
wired field assignment of
the characters is ignored
and characters 0-11, 12-23,
24-35, 36-47, and 48-59 of
each URA will be compared
with the desired part
number.

Since a negative code will
never be in a part number,
the negative signs stored
in characters 43 and 51
will prevent any possibil-
ity of an equal comparison
between the desired part
number and the values
stored in characters 36 -
47 or 48 - 59.

Therefore, if an equal
comparison is obtained it
must have been from char-
acters 0-11, 12-23 or
24-35.---the 3 stored part
numbers.
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1. Transfer address, DS/CH (xxxx--) to ADR.

2, Channel search equal:

part number.

compare "all" URA fields

with desired

D%E? 1 of the groups of 12 characters match the part number?

F
Yes

Yes

¥
No
Characters 36-47 and 48-59 cannot possibly
match. Therefore, match must be result
of characters 0-11, 12-23 or 24-35.
3. Does FO match
part number?
L
¥
No
1st part no. is
desired one. Balance
in F3 relates to
this part.
. Does F1 match
part number?
L
Yés NB
2nd part no. is
desired one. Balance
in F4 relates to
this part.
3rd part no. is
desired one.
Balance in F5
relates to this
part.
Y
Part not
stored in
this
channel.

Method 3:

Following is the third method of storing data for more
than two items in one URA and locating the desired item

by channel search.
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Method 3: URA Layout
In each URA, store the URA number of the following URA. For

example:
(0 In this example, with the
1 channel search equal
2 instruction and the channel
3 search "all" address, char-
4 ¢ FO - Part No. acters 0-11, 12-23, 24-35,
5 36-47 and 48-59 will be
1st comparison { 6 compared with the desired
7 part number.
8)
9} An equal comparison could
10 } F6 - Space codes result from any one of the
|11 5 groups of characters;
r12) from the first 3 groups if
13 the part number matched or
14 from the last 2 groups
15 if the balances stored
16 yF1 - Part No. happened to match the desired
17 part number.
2nd comparison 4 18
19 Therefore, if a match is
20) obtained, the 3 stored part
21 numbers are tested against
22 »F7 - Space codes the specified part number.
L 23 If one matches, the desired
[24) URA is available on the
25 revolver. If none of them
26 match, the stored URA number
27 (of the following URA) is
28 »F2 - Part No. added to the partial address
3rd comparison { 29 of DS and CH and the channel
30 search is resumed at the
31 next URA in that channel.
32 )
33
34 p F8 - Space codes
L35
(36
37
38
39 } F3 - Balance for
40 1st part
41
4th comparison | 42
431
44
45
46 y F4 - Balance for
L 47 2nd part
(48
49
507
51
52
53 »F5 - Balance for
54 3rd part
Sth comparison { 55
56 )

57} F8 - URA No. of

58 following URA
59

\ A URA characters
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Flow chart of Method 3:
1. Transfer address, DS/CH (xxxx--) to ADR.

2. Channel search equal: compare "all" URA fields with desired
part number.
Does 1 of the groups of 12 characters match the part number?
3
Ygs No

(Match may be result of characters
0-11, 12-23, 24-35, 36-47 or 48-59.)

3. Dées FO match
part number?
1

A
Yes No

Ist Part no. is
desired one. Balance
in F3 relates to
this part.

4. Does F1 match
part number?

Yes No

2nd part no is
desired one. Bal-
ance in F4 relates
to this part.

S. Does F2 match
part number?

i
Yes No

3rd part no.

is desired one.

F5 relates to

part.
None of the
parts match
desired part
number. False
comparison
from balances.

¥
6. Add URA no.
(F8) to
DS/CH. Deli-
ver address
(DS/CH/XX) to
ADR.

Return to step
2 to resume
channel search
in next URA.

Part not
stored in
this chan-
nel.
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ti it B a
Jtem: When the unit record area requirements for
“an application are greater than the fixed unit
record area length, two (or more) unit records can
be used for the storage of data related to one item.
The item designation and part of the data related
to that item are stored in one unit record area.
In addition, the address of the unit record area
which contains the balance of the data related to
that item is also stored.

The unit record area which contains the first por-
tion of data can be located by an equal channel
search operation and the references to and/or calcu-
lations based on that portion of the data can be
performed. Then, the stored address of the unit
record area which contains the balance of the data
related to that item can be entered in the address
register and the second portion of the data made
available on the revolver by a read unit record
instruction.

If possible, the unit record area chosen to hold the
balance of the data for an item, is located in the
same channel as the unit record area which contains
the first portion of the data. Then, it is only
necessary to store 2 characters (the unit record
number) for the address of the second unit record
area. If this is not possible, the full 6 digit
address of the unit record area which contains the
balance of the data must be stored.

The item identification must be stored in the unit
record area which contains the first portion of data
related to that item, so that the unit record area
can be located by a channel search equal operation
(if the specific address is not available from input).
It does not have to be stored in the unit record
area which contains the balance of data related to
that item since the stored address can be used to
locate the specific unit record area.

Since different data is stored in the various unit
record areas, the revolver field alignment must
either be arranged to be consistent with both types
of unit record areas (the URA which contains the
1st portion of data, and the URA which contains the
balance of data related to one item) or the fields
must be selected according to the portion of the
data being referred to.
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For example, assume that the fixed unit record
length of a system is 20 characters and that a
payroll application to be processed by the system
requires 34 characters of storage:

Employee number ........ .5 characters

Day Work Rate........... .5 characters

Average Incentive rate...5 characters

Earnings-to-date......... 6 characters
FWI-to-date......ccvuvune 6 characters
FICA-to-date........ .....4 characters
State Tax-to-date........ 3 characters

34 characters

Two unit record areas are required to store the

data for one item. In this example, assume that it
is possible to locate both unit record areas required
for an item in the same channel. Therefore, only

2 characters are required to store the address of
the next unit record area. The data could be

stored:

UNIT RECORD AREA WHICH CONTAINS| UNIT RECORD AREA WHICH CONTAINS

T POR A — _ BAIANCE OF DATA =
URA URA
Description Field Character l Character Field Description
( X0 | 0X )
X1 1X
Employee No. FO { X2 2X > FO Earn-to-date
X3 l 3X
X4 4X
L 5 | 5X )
[ X6 6X)
X7 X
X8 | 8X
Day Rate Fl q X9 I 9X ¢ F1 FWT-to-date
X10 10X
( 11 11X )
x12 | 1
X13 13X
Average F2 { X14 | 14X F2  FICA-to-date
Incentive Rate X15 15X
ar |
Address F3 X18 18X F3 State-to-date
19 I 19X
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The revolver field alignment is consistent for both
types of unit record areas. The last 15 unit record
areas on each channel (15 through 29) are used to store
the 1st portion of data; the first unit record areas

(00 through 14) are used to store the 2nd portion of
data for the related employees. The channel search is
started with URA 15, comparing field FO--thus, only the
stored employee number is compared with the desired one;
earnings-to-date, in the same relative characters in the
1st 15 unit record areas is not allowed to compare with
the desired employee number.

Following is a flow chart of a channel search operation
for this example...l item stored in 2 unit record areas.
(Actual programming is discussed in Section V.)

FLOW CHART OF CHANNEL SEARCH WHEN DATA FOR 1 ITEM IS STORED IN 2

URA'S: NO OVERFLOW

1. Add 15 to DS CH--. Deliver address (xxxx15) to ADR.

2.

Equal channel search: compare input designation with
stored designation (field FO). Does the input designation
match a stored designation? (Channel search starts with

1st URA is "trapped” on revolver. Perform
calculations requiring rates.

Add stored URA number (F3) to DSCH ——. Deliver
result (XXXXXX) to ADR.

. Read unit record. 2nd URA is written on
revolver.

Calculate taxes, etc. Bring forward
to-date amounts.

. Write unit record. Write changed to-date
amounts in 2nd URA.

v
No

1
Desired employee
not stored.
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INTRODUCTION

A program is a series of instructions which, when followed by the
machine will produce the desired computational results. These
instructions are given to the machine in a form known as a program
step. A program step will perform one complete arithmetic or opera-
tional function.

Each program step consists of five basic elements:

1. The arithmetic or operational process to be performed:
addition, subtraction, multiplication, division, transfer,
compare, left zero eliminaton, or channel search.

2. The storage location of the first value (V}) upon which the
process is to operate.

3. The storage location of the second value (Vo) upon which the
process is to operate.

4. The storage location to which the result of the process (R) is
to be delivered.

5. The next step. This function permits the joining together of
steps to form a program.

As can be seen, a program is merely a combination or series of indi-
vidual steps which direct the machine to perform the operations re-
quired to obtain a desired result or results.

There are two means of setting up a program for the Univac File-
Computer; and they may be used in combination with each other:

1. External Program: This is the type of programming used with the
Univac 60-120. All instructions are wired on a removable connec-
tion panel.

2. Internal Program: With this type of program, the instructions
are stored on the high-speed storage drum. The connection panel
is used with internal programming to determine the process and to
initiate an internal instruction; that is, to tell the control
section to look on the drum, rather than the connection panel,
for its next instruction.

Combination of internal and external program: With this type of

program, part of the instructions are wired on the connection
panel and part are stored on the high-speed storage drum.
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The basic form of a program step consists of the program elements
arranged in the following form:

Value 1 Process Value 2 = Result Next
vy (Pr) (Vo) (R) Step

There are nine processes available on the Univac File-Computer,
classified as follows:

Arithmetic:

Addition
Subtraction
Multiplication
Division

Operational:

Transfer

Compare

Equal Channel Search
Unequal Channel Search
Left Zero Elimination

The following sections deal with each element of a program step in
relation to its use with external programming only., At the end of
Section V the Control and Program Panel is shown with a numbered
guide indicating where the particular hubs are described in the
section.



VALUE 1, VALUE 2, AND RESULT

Value 1 and Value 2 are always wired to a storage location. In ex-
ternal programming, these storages may be of any of the following
types: input-output, intermediate, or large capacity drum-revolver
field. The designation used for a value is the numeric address of
the storage field:

1. Input-output 000 through 009

2. Intermediate 10 through 39
(To 59 if additional are ordered)

3. Large Capacity Drum FO through F19

Input-output storage address hubs are located on the connection panel
in lines 29, A-J; 48, A-J; and 59, A-J. Intermediate storage address
hubs are located in lines 29, K-x and 30, m-x; 48, K-x and 49 m-x;
59, K-x and 60, m-x. Large capacity drum storage field address hubs
are located in lines 30, A-T; 49, A-T; and 60, A-T. Although each
hub is a single hub, it may be reused without any danger of back
feed. Although Vy, Vo, and R each has its own set of storage hubs,
the storage hubs are actually common and may be used interchangeably.

The result of a step may be placed in one of the three types of
storage units indicated for V; and Vo. The result of a step may
also be placed in the ADR (Address register), or the CD (code
distributor register). In this case, the designation would be ADR
or CD, instead of a numeric storage designation.

The V] address hubs are located in line 31, A-x; Vo address hubs are
located in line 50, A-x; R address hubs are located in line 61, A-x.
To use a particular storage as part of a step, it is merely necessary
to wire from the value or result of the step to the storage desired.
For example, to call on storage 003 as Vj of step 2, the wiring would
be:

The shift hubs associated with each value and result are explained
in the section on Shifting.

For all processes,except transfer, the maximum size of the two values
to be operated upon is 11 digits, plus the sign of the value. In
transfer, the sign position may be used for a sign or for a numeric
or alphabetic character, making the maximum size 12 digits. In mul-
tiplication and division all digits must be numeric; with addition



and subtraction all digits should normally be numeric, although there
is a feature called "alpha add"; in all other processes the values
may be either numeric or alphabetic.

The maximum size of the result of an arithmetic process delivered

to storage on one step is 11 digits, plus the sign of the result,
although a larger answer may be developed during certain processes.
The sign of the result is delivered automatically by the arithmetic
unit. In transfer, the result may be either 11 characters plus sign
or 12 characters.

Storage fields do not have a fixed, or predetermined, decimal loca-
tion. All numbers are acted upon as if they were whole numbers.

Both values and the result of each step can be independently decimally
aligned by a feature called "shift"”. Any value or result can be
shifted either to the right or to the left a maximum of 11 digits
(except in certain cases of multiplication and division). This
feature gives the programmer complete control over the decimal align-
ment of all factors.

There must be a V] wired on every step programmed. There must be a
Vo wired on every step, except where the process is transfer, left
zero elimination, or channel search unequal.

In multiplication, Vj is the multiplicand and V2 is the multiplier.
The program is speeded up if the multiplier is the value with the
least number of digits.

In division, Vy is the dividend, Vo is the divisor.

In any arithmetic process and in the compare process, Vi and Vo may
have the same storage location. In addition, subtraction, transfer,
and left zero elimination the result may have the same storage loca-
tion as Vl or Vo,

The placing of a value into a storage unit as the result of a step
will completely replace all information previously located in that
storage unit, even though the new value is smaller than the old value,
or contains only spaces or zeros. The new value will remain in the
storage unit until replaced by other information.

If the result of an arithmetic process does not have 1l significant
digits, the remaining digits will be delivered to the result storage
as zeros. The only exception to this is a right shift in the result
(see section on shifting).
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For example, a result of: [-T-T-T-T-T-T1T2]314[5]will be delivered
to storage as [O]O[OTOTO[OTIT213T415] . The arithmetic section “packs”
zeros in the result.

In an operational process, spaces will be delivered to the result
storage as spaces; zeroS.will be delivered as zeros. The only
exception to this rule is left zero elimination (see process section
on left zero elimination).

SHIFTING

As mentioned above, the Univac File-Computer treats all values as if
they were whole numbers. Through the feature called shift, the pro-
grammer can give the proper decimal alignment to V], V2, or E.

All values are handled in storage fields of 11 digits plus the char-
acter for the sign of the value. The positions in a storage unit
are numbered from right to left as follows:

[TIT101 918716 [5 141 3] 2[ 1] SN|

The registers in the arithmetic section of the computer in which a
process occurs are also numbered in the same fashion. Without shift-
ing, the 11 digits of a storage field will enter their respective
positions in the register. The shift feature causes the value in

the storage field to enter the register in a shifted position.

The sign position, however, cannot be shifted. If the sign position
is used for a character other than the sign of the value, this fact
must be considered if any shifting is attempted.

Shifting is used unconsciously when adding or subtracting with a
pencil and paper...the values are physically aligned. For example,
to add 12.3671 and 16.8, the values are not written:

123671
16.8
123839

Rather, one of the values is written dowﬁ and the other value shifted
to the same decimal alignment. 1In this case, the second value could
be shifted 3 places to the left in order to decimally align both
values:

671

D=
Olor o
=0 W

1671
Now assume that 1 2.3 6 7 1 is Vy in intermediate storage unit 22 in
these positions: +1; and that 16.8 is Vo in

input storage unit 00l in these positions:
|Ol0!0|0|0[0i0|0[1561§I+I; and the problem is to place the result in
intermediate storage 23. If the program step is wired to add the two

values, shifting neither, an incorrect answer is obtained ...just as
with pencil and paper.



Vl Pr V2 R
22 ¥ 001 = 23

Storage Register

22 [o[ofololol1T2[3Tel 711l enters register as [olololoTol1T2[3T6[7T1]
+

oolfololofofolofofol1Te[8] enters register as Tolofofolololofol1le]8

Result ol ofoloTol1T2131813]9

enters storage 23 as [0l ololofol1]213181319]

However, if we arrange to shift Vo three places to the left, as
with pencil and paper, the correct result is obtained:

V1 Pr Vo R
22 + 001(Q3L) = 23

Note the use of (3 L) to indicate "3 shift left"

Storage ' Register

22 [olofololol112[3l6[ 7111 enters register as [olololofol1l2]3l6l711]
+

oollofofolofololojol1T6][8] enters register as [olololTolol1le[8lolo]lo0l

Result folototolol2[9[1Te6l7]1i

enters storage 23 as [0]Olololol2[9[ 1161711l

The shift operation does not change the position of the value in the
storage unit. It does change the position in which the value is
received by the register in the arithmetic section. At the end of

the program step in the last illustration, storage 00l still contains
its value as: |0|0|0|O|0|O|0|0|1|6]81

Either value of a program step or the result of a program step may
be shifted to the right or to the left a maximum of 11 digits.

For instance, in the above example, assume that only one decimal
place must be retained in the result. Two ways in which this can
be accomplished are:
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1. Shift Vo three places to the left, then shift the result

three places to the right.

2. Shift Vj three places to the right.

W vy Pr Vo =2
22+ 001(3L) = 23(3R)
Storage
22 Jofofololol172]3161711] enters register as
. .
ool [ofofolofolojojol1T648] enters register as
Result
enters storage 23 as
(2) Vl Pr V2 R
22(3R) + 001 = 23
jololojolol112{31617 |1} enters register as
jojlojojolololofol1]6/8] enters register as
Result
enters storage 23 as

Register

loJoToToTol1T2][3Te6 17Tl

oTolofofol1Tel8ToTolol

[OToToToToT2I9 116 71Tl

[-T-T-ToToToloTol 2191l

[=T-T=ToloToloTol1T2L3l

foToToJoTolofoTol1Te]8l

[oloTolololoTolol 2191l

[oToToTOTOT0TOT0T 219

Note in the first illustration above, a result is shifted as it is
received by the storage unit, not as the process is occuring in the

register.

On a left shift (Vo in the first example), zeros are "packed" to the

right of the value.

On a right shift, however, (R in the first

example, V] in the second example), spaces are entered to the left

of the number.

When digits in V] or Vo are shifted to the right or to the left
beyond the 11 positions of the register, they are dropped off.

They do not affect the result in any way.
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Each value and result of a program step has a shift hub which can be
wired. Vj shift hubs are located on the connection panel in line
32, A-x; V2 shift hubs in line 51, A-x; and R shift hubs in line
62, A-x. Close to these hubs are the ones indicating whether the
shift is to be left or right, and the number of places that the
value is to be shifted. The left shift hubs are located in lines
34, A-K and a-k; 53, A-K and a-k; 64 A-K and a-k. The right shift
hubs are located in lines 34, M-X and m-x; 53, M-X and m-x; and

64 M-X and m-x. The shift hubs for the value or result are wired
to the desired left or right shift. The shift hubs may be bussed
if necessary.

The particular rules for shifting connected with each process are
explained in the process section.

PROCESSES

Each program step has available nine arithmetic or operational
processes, any one of which may be used on any program step. One
of them must be used in every step called upon by the machine,

The four arithmetic processes are:

Addition
Subtraction
Multiplication
Division

These processes always involve two values (V] and V2), each of which
may be a maximum of 11 digits plus sign. The values are usually
numeric (see addition for the only use of alphabetic information in
an arithmetic process.)

The values and their signs are handled according to algebraic rules;
and the result of the process is delivered to storage with the sign
of the result. Since the maximum size of a storage unit is 1l digits
plus sign, this is also the maximum size of the result which may be
delivered on one arithmetic step.

The five operational processes are:

Transfer

Compare

Equal Channel Search
Unequal Channel Search
Left Zero Elimination

These processes always involve a V). Compare and channel search
equal always involve a Vo. The values may be alphabetic or numeric.
There will be a result of all operations except compare. In these
operational processes a value or a result may contain 11 digits plus
the sign of the value. Transfer may contain 12 digits of alphabetic
or numeric information,

The process hub for each step is located in line 21, A-x. This hub
is wired to the desired process, the location of which will be dis-
cussed in detail below for each process.



A, ADDITION

This process is used when adding V] and Vo together to obtain
a sum, or for combining alphabetic and numeric data for output
storage or similar purposes. The symbol used in programming
for this process is +. The addition process hubs are located
in line 23, A-x. As a sample step, assume that the problem is
to accumulate sales-to-date. The values are:

Input-output storage 00l: Sales today

Drum revolver field F5: Sales-to-date

Step 3) Pr V2 R

Vi
5 ~— 001 = T

(Sales-to-date) (Sales today) = (New sales-to-date)

The wiring on the connection panel for the above step would be:

CJ
n
°

8080

Q
20

UTPUT STORA
808080

‘mo 0O =0 wO O ~0O

| X EOIOO—EOIOO <o

WPUT
o 2o

The special rules for addition are as follows:

(1) For normal addition, both Vj and Vo must be numeric.
When the corresponding positions in both V] and Vo
are numeric, the quantities are always added.

V1 [ofofofolofofol1T37819] +

-+

Vo (=I-]-[-]-T-T-T-T-T2[3[4

R {ofolololofoloT1T4T1T2]+l




vV -10

(2) If in the corresponding positions, either Vi, Vg, or both,
are alphabetic, the character in V] will always be trans-
mitted to the result. If in the same values, certain
corresponding positions are both numeric, addition will
occur in these positions

Vi [-IRIMIX] =l =] =]-]=] -] =]+]
+

Vo [-T=T=T=T-T3T7T2I9T-T-T+

R [OTRTMIXTOl 3] 7219100 +]

(3) If an ignore code occurs in Vj, the corresponding character
of Vo will be transmitted to the result. Ignore codes
occurring in Vo are considered alphabetic and Rule (2)
applies.

vy T=T=T-T2IT Tilil=T-T-T+

+

Vo I-1-1-1-]-T-TRIXT7T4T2]+]

R [ololof2[7[of RTXT7T4]2T+]

(4) Whenever a character is transmitted to the result by rule
2 or 3, any carry into this position caused by addition
in the position to the right, will be destroyed.

vy [-T-TelBIxTiTil2T4folol+

+

Vo [=T-TiT-T-T2[4l7T8TRIMI+

R [oJo[slBIxI2T4lol2Tol0]+]

(5) Spaces are considered numeric.

(6) The left hand digit of a result must fall within the
11 digit register. If it does not, the machine will
signal an overflow condition. For example:

11 101918l 71651413121 SNl
V1 81 71410191 2f-T-T-T-T-T+1
+

Vo [GTOI2MI3IL-T-T-T-T-T+ |

R [ al7lel2l3[1]ololoToTol+ |
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The above addition developed a 1 in the twelfth pesition.
In this case, the step exit will be obtained from the

+/- overflow hub rather than the normal step exit hub,
thus indicating an overflow. By shifting V) and Vs to the
right, this could be avoided. It is not possible to shift
R to avoid this condition, since the overflow is signalled
at the time the carry occurs in the register.

Vi awr [8[7Talzlol[-T-T-T-T-T4

<+

Vo (LR [BIOT2TTT3I9L-TI=T-T=T+
=
R [1T4T7T6T2I3[1[0[ 0T0T0T+

As mentioned earlier, it is essential to align decimal
points before doing addition. The following examples
show some of the possibilities.

(8 Vi QR [F]-T-]-T6ITT6[5Jal2T-T+

+

Vo (3R) [[-T7T6l3142I5T-T-T-T+

R [oToToToT 114131919 617+

In the above example, it would also have been possible to
shift Vo two to the right and R one to the right. In this
case, the result would have been:

[=ToTororirararorgferi+

® Vv I-I-1-Tetal3f2l 9l 4f -] - +

+
Vo (I R) [-[7T6[213]7TOl 6] 6TS[-T+

R (3 R) [-[-T-ToJo[8r2[el7]olof

If in this case, V] were shifted 3 right, and Vo
4 right, the result would be:

lofol ool o 812T6T6[9T9T+



(8)

9
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The difference is due to the fact that .004 would be
dropped off in V) and .00665 in V9. The sum of the values
dropped is .01065, which affects the result to the extent
of .01. The programmer must remember not to shift digits
in either V] or V2 outside of the register if they might
have significance in the result.

The verification of an addition step by repeating the step
cannot be eliminated for addition. Therefore, even if
"no check" is wired, checking will occur.

The storage location of V] or Vo of an addition step may
be used to store the result.

A summary of the rules for alpha add is given below:

V1
Vo Numeric Alpha Ignore
Numeric Sum Alpha * Numeric *
Alpha Numeric* Alpha (Vy)| Alpha
Ignore Numeric Alpha Ignore

* A carry (borrow generated by the addition of numbers
in preceding digit position is destroyed.
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B. SUBTRACTION
This process is used when subtracting the storage wired as Vo
from the storage wired as V]. The symbol used in programming
for this process is -. The subtraction process hubs are
located in line 24, A-x. As a sample step, assume that the
problem is to subtract quantity ordered from the on-hand balance
to determine the new on-hand balance.
The values are:
Input-output storage 002: Quantity ordered
Drum revolver field F2: On-hand balance
The step would be:
Vi Pr Vo - R
Step 3 T D02 T2

(On-hand bal.)-{(Quan. ordered) = (New on-hand bal.)
The wiring on the connection panel for the above step

An overflow condition might develop for subtraction, as well as
for addition, because of the rules of algebra.

Vy [6T318Talsl3[-T-T-T-T-T+]

Vo [50O012[1T1 -1-T-T-1-]-]|

R [IT1T378T6T6T4J0OTOTOTOTOT+]

would be:
' 20 21 22 23 24 25 26 27 20 29 30 N RN
] 47 44 "‘ 50 51 52 83 34 5 56 57 58 59 60 [ 1) 62
PROCESS BUSES v
p K - of 6{010 S v2 BUSES R
x . ood folaor s ofl ojJoi1o| of o ol oJo1 0o
S EE,’ of o|lozo 000 FO | ADR. SH. 1 FO | ADR * SH.
gle ool £ ol ojloz20l of o ol olozo
3 o (6 so ootf 2 ool ®l
) — Cood 2 oE'\ 3ol o] o o 30
ET s o o o040 002 F2 3 : F2
Z] . = of oo 40| of o S © o4O
4

As in the case of addition, the step exit will come from the +/-

overflow hub rather than the normal step exit.

The same special rules apply to subtraction as were listed above

for addition, with the two following exceptions:

(1) Whenever a character is transmitted to the result due to
alphabetic information or an ignore code (See addition,
rules 2 and 3), the borrow which would normally occur
from that position is destroyed.

(2) If alphabetic characters or ignore codes appear in either
Vi or V2, the sign of Vj will be transmitted as the sign
of the result.
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C. MULTIPLICATION

This process is used when multiplying V] by Vo. The symbol used

for this process is X. The multiplication process hubs are
located in line 25, A-L and a-1. As a sample step, assume that
the problem is to multiply hours times rate to determine straight
time pay. The values are:

Input-output storage 001l: Hours
Drum revolver field F3: Hourly rate

Place straight time pay in input-output storage 003.

The step would be:

e _ — —= —_—
P¥ F3 X ool 003
(Rate) X (Hours) =  (Straight time pay)
The wiring on the connection panel for the above step
would be:
20 21 22 23 2 25 26 27 28 29 30 31 k- 7 YT 50 5 ( be s 0 o P9
PROCESS auscsA S R
° © 0 0] 0 [ o ) o10
! Eg 009 000 ooq AR SH
o Ir3 ° o ] ozo
2 €| " 001 ool ooyf
° Z S o o o cs0
[) 003 o
-] 050
-

To round the result of the multiplication requires an additional
step. This is usually done by adding .005 to the result. If a
man earned $15.2845 (unrounded), the addition of .005 would

make the rounded earnings $15,2895; if his earnings were $15.2878,
the rounded earnings would be $15.2928. If the result is to be
used in further calculation, it is important to shift the result

so as to drop off the position in which the rounding 5 has been
added.

The step to accomplish this-might be:

V1 Pr v = R
003 (1R) + 5&‘ 009 (IR)
(S.T.Pay) + (9) (Rounded S.T.Pay)

(1R) V1l [olololoiot115]21817181+1

+

This would have been
Vo |-I-[-1-1-1-1-[--1-151+] entered previously in
intermediate storage 29.

(IR) R 7= 010 2197+
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The special rules for multiplication are:

1)
(2)

Both values in multiplication must be numeric.

Unless the verification of each multiplication step is pre-
vented by the wiring of "no-check", it is impossible to use
a normal result shift in multiplication. Because of the
method of multiplication, the File-Computer would attempt
to compare the entire result as recomputed with the shifted
result; therefore the step would never check. In most
cases, however, a rounding step follows multiplication. As
long as the total number of digits in the product does not
exceed 11, the insignificant digits can be shifted off to
the right during the rounding step. However, if the total
number of digits in the result exceeds 11, a normal right
shift does not move the digits to the left of the 1llth
position; therefore, the value would lose significant digits
on the left. This is more fully explained below.

If verification of each step is prevented by the wiring of
"no-check”, result shifting can take place, subject to the
limitations in the following paragraphs.

With the possibility of an 11 digit multiplier and an 11
digit multiplicand, a 22 digit product can be developed.
The arithmetic section of the File-Computer contains 4 reg-
isters, as follows:

A B
{11710791817T61514T31 2111 I11T107918T7T6T5T4T3 2111
C D
11110797877T615T4T3I 2T 1] 11f10791817T61514]372]1]

On a multiplication step, V] (multiplicand) is placed in

the A register; Vp (multiplier) is placed in the B register;
and the product is developed in the C and D register, with
the least significant digit of the product in the 1 position
of the D register, and the other digits developing to the
left. The product is always transferred from the D register
into the result storage. With a product of more than 11
digits, the additional digits will develop in the C register.
A normal result shift will shift only the D register; there-
fore, any attempt to shift significant digits from the C
register into the D register would actually result in the
entry of spaces in the left of the D register, rather than
the digits from the C register.
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Since the maximum size of a storage field is 11 digits, no
more than 11 digits can be retained as a product. In most
cases of a product of over 11 digits, it is more important
to retain the 11 digits to the left, rather than the 11
digits to the right.

A (Vy) B (V2
-1-11 617]0 312 -l=1= Ol 1141616
C D

loIololoIoiol 2l8l273]ol [7T4T6]51515] 516 T718T4]

most significant

When the product is more than 11 digits, it is possible to
retain either the 11 most significant digits of a product

or the 11 least significant digits on one step. It is also
possible to drop off insignificant digits to the right,
thus retaining less than 11 digits in the product.

The principle involved is the shifting of V; and Vo to the
left...so that all of the desired product digits fall within
the C register. Then, by wiring the result shift to a
special shift hub known as "EX. SH.", all the digits in the
C register are shifted to their same relative position in
the D register. The EX. SH. hubs are located in line 64,

X and x.

To determine the total number of shifts required in Vi and
Vo,

a, Determine the maximum size of the product (the sum of
the number of digits in V] and V9). A convenient way
of doing this is making an X for each digit in V] and

Vo, and placing the decimal point in its proper location.
The product in the example above could be:

XXXXXXXXXXXXXXXXX
b. Determine how many digits are insignificant--how many
are to be dropped off to the right. The formula for
doing this is:

V] decimals + Vo decimals - Desired result decimals =
drop off digits.

Decimals are the number of storage positions to the
right of the decimal point.

In the example shown above, assume that it is desirable
to retain 6 digits following the decimal point.

Vy dec. + Vo dec. -~ Rdec. = Drop off digits
5 + 7 - 6 = 6
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c. The formula for computing total left shifts of V] and
Vo is:

11 - drop off digits = V] left shift + Vo left shift.

In assigning the left shifts, shift V) as many places to
the left as there are spaces to the left of the first sig-
nificant digit; then shift Vo the remaining number required.
For example:

Assume V1 = [-T-Ti[5Te[7[0T9T8T3T2l and v, = [-T-T-Ti]8ToOT1[4T6T6l2]

(a) Retaining the 11 most significant digits

TI[10]9]6]7]6]5]4[3] 2] 11 10]9]8]7 16 GIA[3[2]1] Drop off VI + Vo
o' o'olofolol27al2l3joll 71 4161515151516171814] 11 - ¢ = 5

_______.Product________JL~_Drop offj V] : 2 left shift

Vo : 3 left shift
R : EX.S

Would be computed as:

lof 28] 2]3]o] 7l 4]6[5]5][5T5] 6] 78] 4]0 0] O] O] OI

Product

(b) Retaining less than 11 digits in product

11710{9(8|7[6{5[4]3[2]|1[11]10]9]8] 7] 6[5T4[3]2]1] Drop off Vy + Vo

0} ofojolofol21812 3&9" 71 41615151515161718141 11 - 9 =2

V] : ;
‘-“———-Product—J“——————-Drop off-~ 1 : 2 left shift

Vo : 0 left shift
R : EX.S

Would be computed as:

lolololdl2|8!2I319I7I4H615I5I5Is|el7lal4loI01
Product

(c) Dropping off the maximum of 11 digits

11 ]1019|8]7]6}514]3]|2 1“11 10{9{8]{7]6]5]4]3]2]1| Drop off Vy + Vo
2 310 71 41615151515%6 11-11 = O

3
ololor2lgl2l3]

ololo 71814
1
L——-—-Product Drop Off—“J Vi : O left shift

This would be computed just as it stands Vg : gxlgft shift
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Assume V1 =T -T-T-[-T-T-T-T5T1]2TSland Vo = [-T-T-T-T-T-1-T6]0T5T5]

Retain 6 most significant digits of product

11

10{9

8]7[615]4(3[2]1]] 11]10]|9{8]|7]6{5[4[3]2[1| Drop off Vy + Vo
3 3 7

0

010

otololoiololojoll ol olo

110{3111817I5| 11-2 =9

A
l Vi : 7 left shift
. Product _ADrop! )
off Vo : 2 left shift

R: EX.S

Would be computed ass

[oTofololol 3T1lof3t1l8ll 71 510tololotolololoiol

L—-————Product———————-——J

Note that this method can be used for dropping off
digits to the right when the product is less than 11
digits, although it would be a faster machine opera-
tion to drop off insignificant digits on the next
step when rounding.

If "no check” is wired, the location of the result may be
the same as the location of V) or Vo. However, if it is
not wired the location of the result must be different from
both Vy and V5, because the check operation reaccesses the
operands from V; and Vo.

The program is speeded up if V2 is the value whose sum of the
digits is least.

The sign of the product is delivered to the result storage
according to the laws of algebra.
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D. DIVISION

This process is used when dividing V; by Vg, in order to obtain
the quotient or remainder. The division process hubs are located
in line 25, M-X and m-x. The programming symbol for this process
is « ., As a sample step, assume that the problem is to compute
an average hourly rate. The values are:

n

Input-output storage 003 Total hours 1 decimal

Input-output storage 005 Gross pay 2 decimals
Place average rate in intermediate storage 10 3 decimals

This step would be:

Sten 3 V1 Pr Vo = R
e — — —= o
P=005 2L = 003 10
(Gross Pay) (Total Hours) (Average Rate)

The connection panel wiring for the above step would be:
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The special rules for division are as follows:

%-—o

(1) Both values in division must be numeric.

(2) To determine the number of shifts necessary to obtain a

quotient with the desired number of decimals, the following
rule is used:
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If Rd - (Vld - Voq) =
+ and <12 . Vi Left Shift
+ and 212 : V) (11 Left Shift) + Vo right shift to = total
Shifts required

- : Vg Left Shift or R right Shift (only if "no-check" is
wired)

Note 1: "d" in above formula means decimals.

Note 2: V; left shift on the division process does not drop
off any digits to the left in Vj, but merely acts to increase
the number of quotient digits. Decimals refer to the number of
storage positions to the right of the decimal point.

In the sample step above, the average rate might be carried to
2, 3 or 4 decimals. Using the formula, the shifts in each case
would be computed as follows:

R dec. - Vj dec. + Vp dec. = _Shift
2 - 2 + 1 = +1. Vp left shift of 1
3 - 2 + 1 = +2. Vj left shift of 2
4 - 2 + 1 = +3. V] left shift of 3

A Vo left shift might occur as follows:

R dec. - V) dec. + Vo dec., = _Shift
1 - 3 + 1 = -1. Vg left shift of 1

(3) Either an 11 digit quotient or an 11 digit remainder can be
obtained on any one step. Any attempt to obtain a quotient
of greater than eleven digits will result in the step exit
emitting from the divide overflow hub, rather than the
normal step exit.

The values and results of the division process appear in
the computer's registers as follows:
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B
Elll@lﬂl??ﬂﬁlcllﬂﬂl[tl 11710978 7 el 5 [4]3]2]1TZ]

A Dec. l L_— B Dec.
Dividend - V; Divisor - Vo

C D
h1|10|9|8|7{6|5|4l3l2|1|5| |IllIU|9|3|7[613|4|5|2|1|i|

C Dec. D Dec.

Remainder Quotient -

Quotient decimal = Vy dec. - Vg dec. + V; left shift + Vo right shift
- Vi right shift - Vo left shift

Remainder decimal

Vl dec. + Vl left shift
- Vi right shift

As can be seen, the quotient is normally delivered as the
result. If it is desired to deliver the remainder as the
result rather than the quotient, it is necessary to give
the result a special shift instruction (Ex.SH).

This shift transfers the remainder into the D register and
the quotient into the C register.

A sample problem illustrating the use of the remainder is:
Drum Revolver Field F3 = Sales-to~date (in units)

Intermediate Storage 39 = Constant value of 12

Place sales-to-date (in dozens and fractions of
dozens) in output storage 005
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The program would be:

Step# Vy SH Pr Vo SH R SH Next Step #

15 F3 z 39 10 16
(Sales) (12) (Dozens)

16 F3 + 39 11 17
(Sales) (12) (Fractions) EX SH

17 10 2L 11 005 18
(Dozens) + (Fractions) (Dozens

& Fractions)

The registers would appear as:

Step 15
A
vl TTTT T T T Isls[+]
* B
Vo TTTTTT T T
C z D

[ofoToTofofofoloo[0]7]+] R [oTofof of of of of o of of 4] +|

To 10
Step 16 A
vil TEE T 1T 11 15154+
+ B
Vol DT T T T T 1 1124
C = D
ofofofoTofoJofofoToT7l+] R [OJoJoTOTOTOTOTOTOTOT4[+]Before R Shift
010 +] R [OJOJOTOJOJOTOJOTOTOT 7]+l After R Ex.SH
To 11
Step 17
A

v, [OT0[O]0]0TOTOT0T4T0T0] ] After 2L Shift

+
B
V2 [o]ofoJofoJofoTofoTo]71+]

R [ofofofofofoToToT4ToT7 [+

To 005
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(5)

©)
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Of course, in one step the quotient could be delivered as:

IOIOIOIOI0|Ol4|5|8|3|3|+l

which would be the decimal equivalent of 4 7/12 dozen.

The program step would be:

J1 sH Pr Vo, SH R SH

F3 Ao . 39 005

(Sales) (12) (Sales dozens and decimal
fractions)

The four left shifts of Vy are required to obtain the
four decimals in the result as determined from rule 2.

If division is made with a zero divisor (Vp), the quotient
will always be O.

Unless "no-check function" is wired, the storage location of
the result should not be the same as the location of Vj or
Vo. If "no-check" is wired, this limitation does not apply.

The sign of the quotient is determined according to the
laws of algebra., The sign of the remainder is the sign of
the dividend,
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E. TRANSFER

This process is used to transfer information from one storage to
another, or from a storage into the ADR or CD. The transfer hubs
are located in line 22, A-x. The programming symbol for this
process is T. As a sample step, assume that drum section and
channel are located in input-output storage 000, and it is desired
to transfer them to the ADR.

The program step would be:

Step 1) V1. PR Vo_ - R
000 T - ADR
(drum sect. & channel) (address register)

The connection panel wiring for this step would be:

64 65 66 67 68

BUSES

~0O =0

ADDRESS REGISTER

|
\

The rules for transfer are:

(1) The value to be transferred may be numeric, alphabetic, or
a combination of alphabetic and numeric.

(2) The sign of the value is automatically delivered as the
sign of the result.

(3) With a transfer operation, there is only one value, unless
the transfer is a masking transfer as covered in rule 6.
The value to be transferred is always wired as Vj.

(4) During transfer the value to be transferred may be shifted,
giving it a different decimal alignment or dropping off
digits to the right or to the left.

With a value in input-output storage 005 to be transferred
to intermediate storage 10, some of the results which can
be obtained are:



(a)
(b)
(c)
(d)
(e)

(5)

6)

V-25

V] storage 005 = [-[-[112[3[a]5[617I-]-1+]

Y- PR Yo, = R

005 T - 10 -{-11]2[3] 45]6]7]-|-]-]
005 (2R) T - 10 FT-T-T-TIT2 BB
005 (5R) T - 10 EEEEEEENBEOE
005 (4L) T - 10 [3T4TsTelTT-T-ToToToToT+
005 (4L) T - 10 8R) [F[-T=T=T-T-T-T-T3T4T5T+]

The transfer process does not pack zeros, A value such as:
—J-T-T-T=-TATB][-]ITO]5} will be transferred as: [-[-]-]-]- |
AIBl-]1I]0]9} Of course, if a value is shifted to the left
during a transfer process, the rule for a left shift applies;
that is zeros will be placed in the positions to the right
(See example d above).

A "masking" transfer permits the transfer of a value, while,
at the same time, any desired digits are suppressed and
replaced by ignore codes. The programming symbol for this
process is T. As a sample problem, assume that a portion

of a part number is to be transferred to the ADR. The values

are:

Input-output storage 000: Part number

Intermediate storage 20 : Word to be used in masking
part number

Intermediate storage 11 : Blank

The program could be:

L v, Pr Yo = R
000 T 20 10 (2 R)
(part number) (masking word)

— Drum Section
l Channel
vy |A|B|111|4|M|2i9i9ilixi
T )
vy [FT=TT-T-T3T9T0[07070)

R [ST-TATBIITTAATI o]



(2)

Note
caus
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V-26

Ny Pr Vo _ = R
10 + 11 ADR
(drum sect. channel) (blank storage)

Vi [-I-la{B]1]1]4ai[i|9]9]
Vo FF-FRFFFA

R [ofofTaleTiT1il4Tofol9791

that two steps were required to accomplish this, be-
e ignore codes will not be accepted by the ADR. Since
ADR will accept only the last six digits of a value,

it was not necessary to mask the five digits to the left

of t
The

(a)

(b)

(c)

he storage.
rules for masking transfer are:

V] is the value in which certain characters are to be
suppressed. It may be numeric, alphabetic, or a
combination of the two.

Vo is the value which causes the characters in Vj to
be suppressed and replaced by ignore codes. The
masking code is determined by a zero or any other
digit in V5. A zero in V, will transfer the charac-
ter in V; to the result. Any other digit in V5 will
transfer an ignore code to the result. V,, the
"masking word"”, will in most cases be stored in inter-
mediate storage as a constant.

A masking transfer does not pack zeros.
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F. COMPARE

This process is used when V; is to be compared with Vo to deter-
mine whether V) is equal to, greater than, or less than V2. By
wiring to an interstep function known as branching, the results
of the comparison are made available. The programming symbol
for the process is C. The compare hubs are located in line 26,
G-L and g-1.
For example, assume an invoicing problem with a tabulating card
input-output device, where the cards represent the items on a
customer order grouped together by customer number. The problem
is to determine when the first card of a new order enters the
machine, so that the dollar total of the preceding order can be
accumulated with orders to date in the customer's URA. The
values are:

Input-output storage 00l: Customer number

Intermediate storage 10 : Customer number (stored

from the first card of the order)
The program step would be:

Steps5) 1 Pr Vo = R Next Step
001 C 10 - BR 1

The connection panel wiring for the above is as follows:

noo12z 13 M4y 21 22 23 24 25 26 27 28 29 30 AN 3¢ @ 4 s ;& 59 60 6l 62
STEP BUSES| PROCESS BUSES vl v2 R
o010 [ ofl oflo1o0 ol o|lo1o ol olo1o
IN ouY| PRO. T + - X o 000§ FO | ADR  SH] 000 FO | aom. su. 00Q FO | ADR. SH]
czo o o3 ’ ofloz20 of ofozo o]l ojozo
g'-' oo\ Fl oy R ooff i
030 9 o u ] o030 of 0|lo1ao of ojoso
=
READ 2 < 00 002 F2 003 F2
o401 1 o Zz So] oNoso co| of[oso0 [ o040
N out Zl ool F3 \ ood F3 ood r3
os g|20—0]2 503 ol o 50 of o 5o ° 050
H ?_.m Fa oo Fe ooq F4
0 6 0}30—o0|3 [} 3ol oc|oso 3 0| o |fo s 2 0| o | o060
oo Fs Toos  Fs D00y F5 o‘
o7 oMo—o]f« ] 50 ofo7o S of offor 0 oj|o7
v + Eood 6 & oo6| ., ood e
Zz 7 z
cs8so o1 o ~oj]80 | o080 ] os ol o | os o
w [ N 007| oo F7
090f 0 o020 o z olwo | 09 o ojlJo |o of o] o9 0O
a oo8 2 r8 oosf rs oo 8
owof o o030 ° z olgo | o100 g ofco | o100 oé’o o100
2] 009 I F9 _4\;”! . oco9{ T Fy
1 “w s ™
ounol o oso0 ° olgo | oug WO lono of,0jono
BRANCEJ X 10 S Fo 10[& Fi0 19 & ro
o ojgo jong ogo o120 oj§o | onro
il 11 | \ ule R -
olc0 | o130 olq0 | 013 0O
3
lzgnz 12| & F12
o/do fouo o|do | ouno
1% g3 13 & fi3
[
lmoio 0150
2155,
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The rules governing compare are:

(1

Vi and Vo

thereof.

following

Minus < space

(2)

@3)

(4
(6))

(a) Vl
Vo
(b) V
v
Zeros and
process.

may be numeric, alphabetic, or a combination
Comparisons are made in accordance with the
sequence.

0{1<--9<A—-¢{R{+<{S—-K2Z

T[T 2]314]5]=
= =[=T=[=[1[8 100+ Vi> Vs
- -{-1A]|B|DIO{8]7]6]5]+

SrororAfclerrestarat= 22 1

spaces are considered equal by the compare
An ignore code in V; or Vo will suppress

comparison of that digit.

Vi
Vo

[oro[ ol 1[ 4[ Al 5[ 610130+ 1 =Yz

The signs of the two values are considered according
to the laws of algebra during the compare process.
This sign comparison is made first by the computer
followed by the highest order digit comparison and
proceeding to the least significant digit (not in-
cluding sign position). Any code in the sign posi-
tion is considered positive unless a negative code
appears in this position. A sign code in any other
position will follow the sequence of Rule (1).

(a) Vl
Vo
M) vy
Vo
No Result
The "next
which has

—TI12[31al576]=
ojolojojo] 11213145161 - iy Ve

T T=T-T-T=T2[5T3]4[ =
i [ I I O B 7Y 7Y Vp >V

(R) is wired on a compare step.

step" of a compare step is wired into a branch
three "out" hubs: +, -, and 0. The result of

the comparison is indicated as follows:

+ Vy
- Vl

0V

is greater than Vo
is less than Vo

is equal to Vo

Each of these hubs is wired to the next step or interstep
function desired.
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(6) Vj and Vo may be .shifted during the compare process to
aiign the decimals or to drop off digits to the right or
to the left. Comparison takes place after the shifts are
completed.

(a) V3 C Vo (2R)

Vl -——---12345+
V] is equal to Vo

Vo |-|-|~-{-1112131415]010l+
Without the shift, V; is less than Vo

(b) V; (6L) C Vy (6L)

" FIATEEPE 2R

Vy is equal to Vo

Vo IFic|ufz|alkl1]2(3]4]s]+

Without the shift, V; is less than Vo
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LEFT ZERO ELIMINATION

This process is used to replace zeros to the left of the first
significant digit in a value with space codes. The programming
symbol for the process is LZE. The hubs are located in line 26,
M-R and m-r.

With a tabulating card input-output device, it may be desirable
not to punch preceding zeros in a value. With an amount in
input-output storage 004, the program step to accomplish this
would be:

V Pr Vo = R
Step 3 ¥ T - 004

(amount) (amount)

vi |ojojojojo]o]1}2]5]5]0]+]
R [-I-I-1-1-1-1112]55]0]+

The connection panel wiring for the above step would be:

e}

21 22 23 24 25 26 27 28 29 30 3 32\ o %0 81 s 9 60 € 62

»
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80808080
20 30 2030

CHANNEL SEARCH
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3
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o=}Eo 8

ogzo

o (=]
b «n [t 3

(=] o
3o zo0

[} [

- =

[e] [s]

o [+]

U

§ofo808080fa80808080

20z

o o

. -

-] (-]

o =)

oy ;
| A o 070 [+] = o o -] [+
[ F& F6
© | © ugﬁz oo o|oso| o = o|loso| o
3 - u (2] 7
° 3 ol olcuo olosel o o|osol o
4 d 13 Fi3 ¥s ™
o | o ° wo| oloso 7] a o100
Iz Qo 01100 o o]
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o]o N <o/ 0| 0160 & A
16 T v 15| Fs
- "
O Q - o o 0170
13103 u

The rules governing left zero elimination are:

(1) Vy may be numeric, alphabetic, or a combination thereof.

(2) The process operates by shifting V] to the left until the
first significant digit is positioned in the 11lth character
position. It then shifts the value to its original position,
replacing any zeros to the left with space codes. The stor-
age location of the result may be any storage location de-
sired, thus affecting a transfer at the same time as suppres-
sing zeros.
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(3) No Vo is wired on a left zero elimination step.

(4) Both V; and R may have an external shift wired.

Vi Pr \ - R
or F —= 07 3R

vy [ofofo]of8[3]e]5[2]9]4]+]
R |-[-I-[-]-]-1-1813]6{5]+]
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CHANNEL,_SEARCH

There are two channel search processes - channel search equal

and channel search unequal. Both are used to search the channel
of the large capacity storage drum whose drum section and channel
number are in the ADR.

A channel search process is used, only when a full address (drum
section, channel and URA) is not available; it is a means of
locating the URA when only the drum section and channel are
known. The equal process hubs are located in line 26, A-C and
a-c; the unequal process hubs are located in line 26, D-F and
d-f.

EQUA SE

Channel search equal compares two identifiers with the field in
each URA in which the identifier has been stored. Either of the
two identifiers may be at input or intermediate storage, however,
they do not have to be wired to the same storage. If either of
the two identifiers match that of a URA, that URA is written on
the revolver, If neither of the two identifiers match, the last
URA on the channel is written on the revolver. The programming
symbol for this process is ECS.

The purpose of having two possible identifiers in a channel
search-equal step is the simplification of certain loading
routines., In these routines the second identifier will usually
contain only spaces or zeros. This use of channel search is
covered in section IV, 1In almost all other cases, only the
identifier from input will actually be used. However, because
of the provision for two identifiers, if only one is required
it must be wired as both Vj and Vo of a program step. This
wiring is normal wiring of Vj and Vo to the same storage.

The result of a channel search-equal step is wired to the channel
search identifier field in which the identifier has been stored.
Note that these hubs, located in line 58, 0-k, are used only dur-
ing the channel search process. The unit record area storage
fields, line 60, A-T, are used at all other times when referring
to a field on the drum revolver.

As an example of the programming required to complete an equal
channel search operation, assume the following:

Input-output storage 000: Drum section, channel
Input-output storage 00l: Complete part number

Drum field FO : Complete part number
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The two program steps required to locate the URA and write it on
the revolver (assuming there is no channel overflow)
would be:

(D _V;_ _pr Vo_ = _R_ Next step
000 T ADR 2
(drum section, channel)
(2) 00l ECS 001 CSFO ECS Out ,
(part no.) (part no.) (part no.) | Vi1 = Vo =] #
Step | Step St;;]
3 3 6

Substituting values in the above steps:

(1) vy 000) [-i-T-T-T-1]6]3[3][-]-1+
T

R (ADR) I—I—!-l—|—11|6]3|3!-|-;ﬂ

(drum sect.) (channel) (URA)

(2) ‘é& (0o1) [-J-J-TATBIITO[oT6[3[3]+]
S

Vo (0o1) [-]-]-]A]B|1]0]9]6]3]3]+]

R (csFo) [-[-[-TATBTI[OT9T6[3]3]+]

As of the beginning of step 3, all fields in the
unit record area of part no. AB109633 are available
for use.
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The connection panel wiring for step 2 would be:

There are 6 of these hubs on the connection panel.

8 9 0 2 \ 21 22 23 24 25 26 27 28 29 30 31 32\ \ 4 a9 30 51 & 7 58 89 0 6 62 \
STEP PROCESS BUSES V1 v2
o o |o] o10 s
o A I O S (R SPEA RN N I A,
010 o o:zp ™ o 20 o.\-z’;- F0 | AR, sH,
NP QuTP ele ool oo Ft og 2 re
ero el N° 54 w Ol © 030 ol ofo3o ol :
oo |o| ofseol: = sooz 2 002 F2 2 F2 °20
EMAND ’ H 2 gogx I oy n|%"° So -
joso |9l ofslofe 563 0] o|loso of ofloso
lo‘,o ° ol 6%1 Igom u/ & ool Fa
! (b L9 30__9_" B0l ojoso
EO(»O o Z\o4 .._oos FS
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The rules governing the equal channel search process are:

() V) and V2 may be numeric, alphabetic, or a combination.

V] and V2 are the locations of the input or intermediate
storage. R is the drum field to be searched, Note that
with an equal channel search process, the full designation
must be stored in the URA. With a complete address to

place in the ADR and the use of "read", the designation need
not be stored in the URA in order to locate the URA,

(2) The drum field being used during channel search is identified
as "Channel Search Identifier", During the channel search
process, the actual fields on the drum are being compared
with the input and/or intermediate storage. Once a URA has
been located and written on the revolver, the drum revolver
fields are used. There are two types of indication: CSFO
through CSF19, used only during channel search and FO through
F19, used at all other times. TIf two fields in a record are
to be searched, wire one channel search field from the R
address hub and the other from the result shift hub,

(3) The process itself is wired into an equal channel search hub.




C)

(5)

(6)

(D

(®

9
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The exit of the equal channel search step is wired to

an in hub of the CS equal branches (-X) (13-16). 1If a
URA whose identifier equals the V] or V2 value is found, it
is ‘'written on the revolver and the next step branch is
obtained from the CS Equal Out hubs V] = or V2 = (U-X)
(14-15) respectively. If no URA is found in the channel
whose identifier equals Vj or V2 then the last URA in the
channel is written on the revolver and the next step exit
is obtained from the equal CS # hub (-X) (16). This last
exit will normally be wired to the channel overflow routine
(see rule 1D .

Vi, Vo and R may be shifted to give them the same decimal
alignment, as in the compare process.

The channel search process does not consider zeros and
spaces as equals.

An ignore code in V] or V2 will not prevent comparison of
that position with the corresponding character in R.

@) Vi & vy [-|-[-]-[-[Ali]i]1]2]3]

ECS V] & V5 compare with R
() vy & Vo |-[-[-]-[-TAlili[1]2]3]
ECS

V] & Vo do not compare
R [FTT=T=T-TATBICTIT213] with R

A channel search is started at the URA designation in the
ADR. It will end at the last URA in the channel. In a
system with URA numbers from 00 to 19, if the number 13 were
entered in the ADR in the URA positions, channel search
would take place only on URA's 13 through 19. Therefore,

to search a channel completely, OO0 should be entered into
the ADR in the URA position.

If significant digits might be present in the URA positions,
ignore codes should be substituted for them before adding to
a blank storage and placing in the ADR. Shifting of V] and

R might also be used to accomplish this suppression.

When a URA is written on the revolver, the address of the
URA from which it was taken is remembered until a new address
is entered in the ADR. However, it is not possible to take
this address from the ADR and place it in storage, thereby
learning the full address of the URA.
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If a complete drum address (drum section, channel, unit
record area) is available, channel search is not used; the
interstep function of "read" is used to place the informa-
tion on the revolver instead. When channel search is used,
"read" is not used.

Channel Overflow...In many File-Computer systems, it will
be impossible to develop a full six digit address (drum
section, URA, channel) from the existing code number. How-
ever, in most cases it will be possible to develop a drum
section and channel number. Channel number should be two
digits with fairly even distribution; that is, as many 00's
as Ol's, as 02's, as 99's. This will minimize the chances
of channel overflow.

Obviously, when using this technique: there will be cases
where the number of items to be placed on a channel is
greater than the number of URA's available on that channel.
At the same time, there may be channels where the number of
items to be placed is considerably less than the URA's on
the channel. Through the programming technique of channel
overflow, the excess items from one channel can be placed
on a channel where space is available.

Assume a Univac File-Computer system with a URA of 24 digits.
There are, therefore, 25 URA's in each channel, and -each
channel can contain a maximum of 25 items. Analysis of the
digits of the item number which have been selected as drum
section and channel reveals that in drum section 02, channel
76, there would be 30 items. However, in drum section 00,
channel 55, there are only 16 items. All other channels are
within the 25 item capacity of each channel.

Channel 0276-- has five items for which there is no space;
channel 0055-- has room for nine additional items. The
excess items from 0276-- will, therefore, be stored on 0055--.
In order to do this, one URA from channel 0276-- must be used
as an "overflow address"...that is, where to look if the

item number is not found on channel 0276--. This means that
only 24 items can be stored on 0276--, and the extra six

will be stored on 0055--.

The URA in which the overflow address is stored is the last
URA on the channel, in this case URA # 24,

The reason for placing the overflow address in the last URA
on the channel is obvious when we realize that the equal
channel search process automatically places the last URA in
the channel on the revolver if a URA matching either Vj or
Vo is not found during the search. In addition the equal
channel search branch hubs notify us of the overflow condi-
tion by emitting the branch exit from the # hub.
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Any field of a URA may be used to store the overflow address.
It should, of course, be at least four digits in length.

The principle of overflow programming is as follows. If the
item number is not found during an equal channel search
operation, the last URA on the channel is written on the
revolver. This URA will contain the overflow address, if
any. On the next step, the overflow address is placed in
the ADR. The program is then routed back to the channel
search step, and the new channel is searched. This type of
program is known as a "loop"”; the machine will search as
many channels as necessary until the item is found, always
going to the new channel whose address has been found on
the channel just searched.

Assume the following:
Input storage 001: Drum section and channel (0276--)
Input storage 002: Complete item number (A502376)

Drum storage FO: Complete item number or overflow
address...(A604839, etc.) or (005500)

Program:
Step: M. Pr  _Vo_ = R Next Step
1. 001 T ADR 2
(0276~~) (0276~~)
2. 002 ECS 002 CSFO ECS Branch
(A502376) (A502376) (A604839 etc.)
Vl = V2 = #
(item no. is (item no. is (item no. is not found)
found) found)
To step 4 To step 4 To step 3
3. FO T W ceeee- ADR 2
(005500) (005500)

On step 1, the drum section and channel are placed in the
ADR. On step 2, the channel is searched for the item

number; if it is found, the program continues with step 4.
If it is not found, the last URA in the channel is written
on the revolver. On step 3, the overflow address, located
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in field FO of the overflow URA is transferred to the ADR.
The program reverts to step 2. As before, if the item is
found on the new channel, the program continues at step 4.
If it is not found, the new overflow address is transferred
to the ADR and the loop is continued.

In some cases an incorrect item number is being searched
for in a channel which does not contain overflow data in
the last URA. Because of this, it is necessary to make a
test of the last URA to determine if it is a legitimate
overflow address URA, before transferring the overflow
address to the ADR. This can be done in many ways; however,
the most usual technique is to place the overflow address
in some URA field other than the item number field. If this
is done, then the item number field will be blank if it is
an overflow URA. This field can then be tested for a blank
to determine valid overflow URA's.

Unequal Channel Search

The unequal channel search process is the exact opposite of
the equal channel search operation in that it is used to
locate all unit record areas which are unlike V] (Note: Vo
is never wired on the unequal channel search process) rather
than URA's which are like Vy as is the case in the equal
channel search process. The programming symbol for this
process is UCS.

In principle the unequal channel search allows us to locate
any URA within a channel whose identifier is not equal to
the V) value. If all the URA's within the channel have
identifiers which are equal to the V] value, then the last
URA within the channel is captured on the revolver.

In addition to being able to locate URA's whose identifier
field does not equal V; we can also locate URA's in which
all fields do not equa}'vl (only in URA's which are divisible
by 12). This is done by wiring the result of the step to

the CS ALL hub (k-58).

The primary use of the unequal channel search process and its
related branching function is in clearing or unloading drums,
for it allows us to locate all those URA's which are not
equal to a given storage (V]). If we wire V] to a blank
storage then this process will locate, within the channel
specified by the ADR, the URA's whose identifier field or

all fields are not blank and write the URA which is not blank
on the revolver. An example will serve to illustrate the

use of this process.
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Assume that we wish to locate all URA's, within the system,
which are not blank in FO and clear them so that they are
blank. Further assume that by either an input entry for
each channel, containing the DS and CH number of every chan-
nel in the system or by a progressive address total we can
obtain the drum section and channel number from 000. The
values dealt with are:

000 = Il - — I - I — | — HH||9|6H5HH+|

DS CH URA (URA # always equals 00)
1 o

CSFo= |(-|-[-T-T-IXTXTXTX[X]X]+] Item no. or blank (space)

19

The program for this operation would be:

Vi_ _PR Vo __ R _To
1. 000 T - ADR 2
(019600) (019600)
2. 19 ucs - CSFO UCS Branch
(e ) (~-XXXXXX)
Vi # vy =

clear al) take
revolver [next
fields |address

and
write then
to step |back
2 to step
1.

In step number 1 the address, (obtained from a card or from
a computer progressive total), is transferred to the ADR

and the program proceeds to step number 2. Step 2 compares
FO of every URA in the channel against a blank storage (19)
for inequality. If a URA whose FO is not blank is found,
then that URA is written on the revolver, and the exit of
the step, being wired to the UCS branch, emits from the UCS
V] # hub. This exit would then be guided to a series of
steps which clear the revolver fields with spaces (19) and
then writes the revolver fields back to the drum URA, clear-
ing the URA which caused the inequality signal. The routine
is then directed back to step 2 in order to capture any more
URA's in the channel which contain data in FO. Eventually
all URA's within the channel will be cleared and then, since
all FO's in the channel are blank (or equal to V), the exit
of the step will emit from the UCS V) = hubs, thus instruct-
ing us to place a new address in the ADR by either feeding
the next address card or increasing the address progressive
total by 1 in the 3rd position.
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The rules governing channel search~unequal are in general
the same as those given for the equal channel search process
except for the points mentioned above.
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EXIT OR OUT OF A STEP

The exit, or out of a step, is the means whereby the individual steps
are tied together to form a program. The step out hubs are located
at line 12, A-x. When the process called for has been completed, the
result entered into storage, and the step completely checked (if "no-
check” is not wired), a pulse will be emitted at the exit hub. This
pulse can be wired to the entry of the following functions:

1. The next step of the program
2. Any interstep function

3. Demand assignment

4. Output function transfer line

When the Univac File-Computer, through its self-checking features,
detects certain types of errors, the exit of the step in which the
error was detected is not emitted at the out hub of the step, but
rather at a hub indicating the type of error. (See B, following)

A discussion of the places to which an out of a step may be wired, as
well as the error hubs, follows:

A. _WIRING FROM "OUT" OF A STEP

1. The next step of the program
In many cases, the "out" of a step will be wired to the "in" of
the step immediately beneath it on the plugboard. The step in
hubs are located at line 11, A-x. That is, the out of step 3
may be wired to the in of step 4. However, the Univac File-
Computer is completely non-sequential in operation. This means
that the out of a step can be wired to the in of any of the
other 47 steps. A program could be set up to go from step 1 to
5to3todtol0to 6 to 48, etc. It would even be possible to
start at step 48 and work backwards to step 1.

As discussed under channel search, it is possible to set up a
"loop" of steps; that is to go back through a series of steps
until a certain desired result is obtained. Note that in all
cases where a loop is set up, some means must be found of
getting out of the loop, for example, the branching of a
channel search or +, -, or O branching. If this is not done,
the pragram will never continue past the loop. Another example
of a loop is the calculation of square root, which is done by
approximating the square root, testing, and making another
approximation until the root is found. To accomplish this,
the same series of steps is used several times. If step
numbers 3 through 6 were used 5 times, this would be the
equivalent of 20 steps; yet only 4 are wired on the plugboard.

The exits of several different steps can be wired to the entry
of the same step. If one program step is common to several
different routines, the exit of the last step of each routine
could be wired to the entry of the common step, saving the
necessity of repeating it for each routine.
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An interstep function

An interstep function is an operation that occurs between
program steps. It has an in and an out in the same way that
a program step does. The in is wired from the out of a pro-
gram step or another interstep function, and the out is wired
to the entry of any of the functions to which a step out is
wired. A pulse will be emitted from the out hub when the
function has been completed. (See interstep functions for a
more complete discussion.)

The interstep functions are:

. Step clear

Read unit record

Write unit record
Branching

Program selector

Channel search branching

HO 0T

Demand assignment

The out of a step may be wired to one of two types of hubs
in the demand assignment section..."test" and "in".

If it is wired to a test hub, (line 3-4, B-I) the correspond-
ing "yes" ready hub (line 6, B-I) will emit if the associated
demand input-output device is fully loaded. If the corres-
ponding demand unit is not fully loaded, the corresponding
"no" ready hub (line 5, B-I) will emit.

If the exit of a step is wired to "in" of demand (line 7, B-I)
it will cause the multiplex function to shift to the unit
demanded. When the connection has been completed, one of the
two out hubs will emit. If the last operation by this demand
unit was to transfer information into the output medium the
"output” hub (line 9, B-I) will emit. If the last operation
by this demand unit was to transfer information from the input
medium into storage the "input" hub (line 8, B-I) will emit.

Output control lines

The -out of a step may be wired to any one of the 10 output
control lines (line 2-7, e-n) which are numbered A - J. There
are 6 hubs for each line, and wiring may be to any of the 6
without danger of a "backfeed". Each of the 10 lines may
perform a special function at the input-output device to

which the multiplex function is connected at the moment. For
example, function A, when connected to the card sensing-
punching unit may sort a card; when connected to a tape unit,
function A may feed tape. Function B on the card sensing-
punching unit might trip a card, and so forth.
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ERROR HUBS

For the following reasons, the Univac File-Computer will signal
an error condition:

. Invalid address

. Parity check

. Arithmetic error

. Addition or subtraction overflow
. Division overflow

Qb LMo -

When one of these conditions exists, the following will occur:

(1) The step "out” will not emit a pulse. Instead, the corres-
ponding error hub will be energized. This hub may be wired
to program selectors, output transfer lines (to operate a
function in an input-output device), and similar functions.
However, it should not be used to start another program step.

(2) The computer will hang up at the point in the program in
which the error was detected. Before another program step
can be started, this step must be cleared. This is done by
wiring to "step clear”. It may be done by wiring directly
from the error hub to step clear, or by wiring first to a
program selector or similar function and then to step clear.
Since there are two hubs for each error, one hub may be wired
to step clear while the other is wired to a program selector
or other function.

A more detailed explanation of each of the error hubs follows:

1. Invalid address (line 3-4, a)

Invalid addresses include:

a. Alphabetic information (including ignore codes)

b. Drum section and/or URA numbers larger than the maximum
range of the system. For example, in a one drum system,
any drum section number of 03 or more would be invalid.

If an invalid address is entered into the ADR and a read,
write, or channel search operation is called for, the instruc-
tion will not be performed. No data will be read out or
altered. The invalid address error signal will emit on the
first following step with a value or result wired to one of
the revolver fields, FO through F19.

2. Parity error (line 7-8, X)

The Univac File-Computer checks each character as it is trans-
mitted into, or out of a register, to be certain that it has
not changed during transmission. If it does not check, the
step will not be completed, and the two "parity" error hubs
will emit a pulse.
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Arithmetic_error (line 3-4, X)

The File-Computer will automatically check each process. If
a process does not prove the "arith" error hubs will be ener-
gized. One of these hubs can be wired to "step repeat”,
causing the machine to repeat the step until the correct
answer is computed, provided the error is a computer error
and not a program error (i.e. R shift in multiplication when
check is made).

The machine hangs up on the step on which the error was made
until a correct answer is computed by means of step repeat
(if it was wired). 1In addition and subtraction, no result
is delivered to storage until a correct answer has been com-
puted. In multiplication and division, an incorrect answer
could be placed in storage, though it will be replaced by
the correct result computed on the step repeat.

If the "no-check” hub is wired, the machine will not verify
the results of a multiplication or division.

Addition or subtraction overflow (line 5-6, X)

This error signal will occur when a carry takes place into
the 12th position.

Division overflow (line 5-6, a

If the left shifts wired on a division step would develop
more than 11 quotient digits, the division process is not begun;
and the computer hangs up. This occurs whether or not step
repeat is wired.
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INTERSTEP FUNCTIONS

An interstep function is a function which occurs between steps of a
program. For each function used, there is an "in" hub, which is
usually wired from the out of a step or another interstep function.
When the operation has been completed, the corresponding out hub will
emit. This can be wired to another interstep function or to a pro-
gram step.

The interstep functions are:

a.
b.
c.
d.

e.
f.

Step clear

Read unit record

Write unit record
Branching

Program select

Channel search branching

Each of these is considered in detail.

A.

STEP_CLEAR (line 3-8, b)

Step clear is used to clear the step on which the File-Computer
hangs up because one of the errors listed in Section 3-B has
occurred. When one of these errors occurs the program cannot
be continued until the step has been cleared by means of step
clear.

The "in" hub is wired from the error hub. The "out" hub may be
wired to another step, a program select, or any other place to
which a step out is wired.

Note that when a pulse is emitted from step clear, there is no
indication as to which step has just been cleared. When an error
occurs, it is probably advisable not to continue the program, but
rather to stop the computer. The cause of the error can then be
determined, and the program continued.

READ UNIT RECORD (line 13-14, D-G and 13-14, e-h)

This interstep function is used to read a specific unit record
area on the large capacity drum, and write that URA in every unit
record area on the revolver. In order to use this function, a
complete address (drum section, unit record area, and channel)
must have previously been placed in the address register.

Note: Switching of the address register to the specified drum
section and channel is initiated as soon as the address in the
address register is transferred to the staticizer. This transfer
takes place automatically when the address is delivered to the
address register, unless a prior read or write unit record or
channel search operation is in process. In that case, the auto-
matic transfer is delayed until the prior instruction is com-
pleted---then the transfer takes place and the switching imme-
diately commences. It is possible, therefore, to "overlap" other
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instructions with the switching time. If the switching is not
completed when a read, write or channel search instruction is

received, the instruction will be "remembered” until switching
is completed and then will be initiated.

The "out” hub of a read function emits a pulse immediately follow-
ing the receipt of an "in" pulse. Calculations not involving a
revolver field can take place simultaneously with reading. If a
revolver field is called upon before the URA is written on the
revolver (and, therefore, available for use), an automatic inter-
lock will delay the program until the read function has been com-
pleted.

There are 8 read functions available, indicated as R1 through R8.
This makes it possible to go to 8 different places from a read
function without the use of selectors.

Assuming that a complete address is placed in the address regis-
ter from input storage 000 on step l...the programming would be:

Step Vyj_ Pr _Vo_ = _R Next Step Rl From To
1 000 T ADR R1 Step 1 Step 2

The connection panel wiring for this step would be:

CHANNEL SEARCH

ADDRESS REGISTER

(W

~ -~

Note that both channel search and read accomplish the same
purpose...the writing of a URA on the revolver so that the
fields in the URA are available for use. Unless one of the

two operations is used, it is impossible to call on the storage
fields of the large capacity drum. Read is used when a complete
address is available, channel search when an incomplete address
is to be used. Note also that a read instruction does not re-
move the fields from the large capacity drum; the URA remains

on the drum unchanged until a write instruction is given.
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WRITE UNIT RECORD (line 15-16, D-G and 15-16, e-h)

This interstep function is used to read the fields in the revolver
and write them in the URA whose address is in the ADR. Whenever
one of the large capacity drum fields (FO through F19) has been
changed during a program, a write instruction should be given to
the File-Computer so that the changed information can be placed
in its URA. During the program, changes are made only on the
revolver; therefore, unless a write instruction is given to the
File-Computer, the new information will not be placed on the
large capacity drum. If no change has been made, as for example,
in referring to a list of rates, a write instruction is unneces-
sary.

When the "in" of a write instruction receives a pulse, the fields
on the revolver will be written in the URA specified by the ad-
dress in the staticizer, usually the URA which was read last. If
two URA's are read before a write instruction is given to the
File-Computer, the write instruction will always place the infor-
mation in the last URA which was read. If, at the time the "in"
of a write instruction is impulsed, a channel search operation
had been performed and no new address transferred to the ADR,

the data from the revolver will be written in the URA located by
channel search.

The "out" of a write function emits a pulse immediately following
the receipt of an "in" pulse. Calculations not involving a
revolver field can take place simultaneously with writing. If

a drum field is called upon before writing is complete, an auto-
matic interlock will delay the step until the completion of the
writing operation.

There are 8 write instructions available, indicated as W1 through
W8. This makes it possible to go to 8 different places from a
write instruction without the use of selectors. If it is desired
to go into a write instruction from several different steps be-
cause of varying routines, yet always go to the same place follow-
ing the write instruction, only one write need be used. The "in"
would be wired from all the steps desired, while the out would

go to the one common destination. It would be equally correct

to wire each step to a separate write instruction.

Assume that the last step of a problem is to accumulate sales-to-
date, then write the information from the revolver back on the
drum, and finally inform the output device that the program has
been completed. With the detail sales information in input
storage 008, and sales-to-date in drum field F10, the program
step might be:

Step V; Pr Vo = R Next Step W4 From To

10 FloO + 008 Fl10 W4 Step 10 Transfer
line A
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The connection panel wiring for this would be:

READ WRITE
10—O|!

N OUT| diIN uT 0 21 22 23 24 s 29
20—0

PROCESS

ojs o o °

ojlco o o
3 COMPUTER
ojlpo o o o
OUTPUT
E0 O © o©
CONTROL
o o o o
LINES

There is no relationship between the read hubs and the write hubs.
In other words, when Rl is used, it does not matter whether Wl or
W8 is used for writing the information back on the drum.

Whether read or channel search is used, write is the only method
of placing the information back on the drum. A new address may
be transferred to the ADR while a read, write or channel search
operation is in process... its automatic transfer to the stati-
cizer will be delayed until the completion of the previous in-
struction.

D. _BRANCHING (line 13-16, H-P and 13-16, i-q)

Branching is the means of determining the next operation, depend-
ing on whether the result of a step is +, -, or 0. It is also
used in connection with the compare process to determine whether
V) is larger than, equal to, or less than V2 (see 'compare").

For example, one step in a payroll problem might be to subtract

an employee's non-taxable income from his gross pay. If the
remainder is plus, it should be multiplied by the tax rate; if

it is minus, no tax is to be deducted. Note that compare is not
the best process to use, since the result itself may be used in
further computation, and there is no result with a compare process.

Assume the following:

Gross pay

Input storage 007:.
Intermediate storage 12: Non-taxable income
Intermediate storage 20: 18% (Tax rate)

Place the taxable income in storage 10, withholding tax in
004.
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The steps to accomplish this might be:

Step !l. Pr Vo = R Next Step From + 0

12 007 - 12 10 BR1 12 13 15 15
(gross Pay) (non-tax inc) (tax inc)

13. 10 X 20 004 14
(tax inc) (.18) (with.tax)

14, Rounding step
15. Continue program

Note that the zero hub is wired. If the result should haYgen to
be zero, and the zero hub were not wired, the machine would hang
up... in this case, if the answer were zero, the same steps would
be skipped, as if the answer were minus.

The connection panel wiring for step 12 would be:

||\ Y ) | A

PROCESS 3 vl v2 R
(=] (<] (<] c10 o =] o010 L] o 010
PRO. T| #| =|}x 00 fo| aDn su 0od Fo | apm sy oo 0| aom su
o -2 -] o 020

ool n
ono
W FY
X “w
& 12 0 ouno
o130 o|€o Mo
—

There are 18 branches, referred to in programming as BR1 through
BR18. This means that 18 determinations of + -, or O (including
comparisons) can be made without the use of selectors.

SELECTORS
(1) Operation of selectors

Although a selector itself is not an interstep function, it
is important to explain what a selector is before explaining
the interstep function of Program Select.

A selector is a two-way, electrically operated switch which
allows the programmer to route machine functions in one of
two directions, based upon the presence or absence of con-
trol positions, negative results, or any other controllable
machine function.
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Basically, a selector functions as a relay and as such is
shown in Fig, 13,
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The iron core (a) around which the wire is coiled becomes
magnetized when current is placed in the pickup hub, and the
ground hub is wired to either computer ground, demand ground
or scan ground. Thus, when current enters the pickup, the
metal bar (b) over the iron core is drawn down to make con-
tact with the "select” bar (c), and any current entering
into the common hub will emit or come out of the select

hub. Conversely, if current does not enter the pickup hub,
the iron core will not be magnetized and the spring (d)

will keep the common bar (b) in contact with non-select

bar (e); and any current entering the common hub will be
received at the non-select hub.

In order to complete the circuit, and, therefore, make the
selector effective, it is necessary to wire the ground hub
to one of three places: computer ground, demand or scan
ground. Demand or scan ground is used when the selector
has reference to a particular input-output device. There
are 8 hubs labeled "demand ground”, each of which belongs
to its corresponding demand input-output device. There are
6 hubs labeled "scan ground". Each of these is related to
the 6 corresponding scan outs. (See following section V-8
for discussion of miltiplex control).

When the ground of a selector is wired to a demand ground
hub, the circuit will be completed only when that particular
demand input-output device is connected to the computer
through the multiplex function. For example, suppose that
selector 1 is to be energized whenever a minus condition
occurs on step 29 if demand input-output device 3 is con-
nected to the computer. The ground of selector 1 would be
wired to demand ground 3. No matter how many times step

29 has a minus result, the selector would be energized only
when demand input-output device 3 is connected to the compu-
ter.

Scan ground operates in the same fashion. It is effective
only when a scan input-output device, related to the specific
scan out, is connected to the system through the multiplex
function.

If a selector is to operate regardless of the input-output
device connection to the computer, the ground of the selector
is wired to "computer ground”. When this is done, whenever

a pulse enters the pickup, the selector will be energized.

The File-Computer has 48 selectors (lines 38-43, A-z).
These are of two types...single pole and multi-pole. The
difference is that when the pickup of a multi-pole selector
is energized, more than one common bar (b) is affected.
Thus, more than one choice may be made based upon the con-
dition causing the selector to be energized. The 48 selec-
tors are divided as follows:
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16 single-pole selectors

24 two-pole selectors

8 four-pole selectors

A selector may be diagrammed as follows:

Selector 1

PU

GD

CcG

SCAN

NS

PU 6 €6 D6 SCAN S C NS
0 0 o] 0 v} (o] 0 ]

Pickup - wired from the pulse causing the selector
to become select. (line 20, A-z)

Ground - wired to either computer ground, demand or
scan ground. (line 2, A-z)

Computer ground. (line 1, A-P & 1, g-z)
Demand ground. (line 1, Q-X)
Scan ground. (line 1, a-f)

Select - wired to hub desired when selector is on
the select side. (line 38, A-z and 41, A-z)

Common - wired from hub which is to change, dependent
upon the position of the selector. (line 39, A-z and
42, A-z)

Non-select -~ wired to hub desired when selector has
not been changed to the select side. (line 40, A-z
and 43A-z)

2. Use of selectors

Selectors may be used to alter any factor, or combination
of factors, in a program: value 1, process, value 2, re-
sult, next step, etc. There are two basic ways in which
a selector operates:

a, Altering a program dependent upon a condition recognized
at the input device.

b. Altering a program dependent upon a condition recognized
by the computer as a result of its calculations.

In the first case, the exception is pre-coded and placed in
the input device; in the second case, it is recognized that
the exception might occur as a result of the program, but it
is impossible to pre-code the input media causing the excep-
An example of each type follows:

tion.
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(a) Use of selector precoded at input device.

Assume a payroll problem with the following information
in input storage units:

~ _Storage Description
000 Day rate
001 Hours
wired through 1 -~ 1lst shift
input transfer lines 2 - 2nd shift » Shift code
3 - 3rd shift
Shift Shift rate Stored as constant in
storage
1 .00 10
2 .05 11
3 .09 12

By using selectors, only one step would be required to
add shift rate to day rate to arrive at total pay rate.
The step would be:

Step V1. Pr Vo = R

20. 000 + 10, 11 or 12 20
(day rate) (shift rate) (total rate)

In this case, value 2 is to be put through selectors
to determine whether to add the constant from storage
10, 11, or 12 to the day rate.

Assume that selector 1 will be on the select side for
2nd shift employees and that selector 2 will be on the
select side for 3rd shift employees. If neither selec-
tor 1 nor selector 2 is select, the employee must be on
the 1st shift. This may be diagrammed as follows:

NS

Selector 1 PO GD CG S

kﬁ

———se
(11 = .05)

2 at input (VoJof step 20)

Selector 2 GD CG S CJ NS

PO
L ———
/ (12 =(c.>9) (:} .00)

3 at input
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Vo of step 20, which is to be selected, is wired to the
common of selector 1. If selector 1 is on the select
side, the employee is 2nd shift. Storage 11 will be
called upon, and .05 will be added to the day rate.

If selector 1 is not on the select side, the employee
is either 3rd shift or 1lst shift. The wiring is,
therefore, to the common of selector 2 to determine his
shift. If selector 2 is on the select side, the man is
3rd shift. Storage 12 is called upon and .09 will be
added to the day rate. If a man is neither 2nd shift
nor 3rd shift, neither selector will be on the select
side, and the employee must be 1st shift. On the non-
select side of selector 2, storage 10 will be called
upon, and .00 will be added to the man's day rate.

(b) _Use of selector determined by computer.

Assume a problem where the entire 48 step capacity of
the machine has been used, but one more step is needed
when there is a minus result on step 48. The problem
is to reuse one of the existing steps to accomplish
the additional operation. The extra step appears as:

Y. RPr Vo = R _To_
002 X 003 004 OPC A

In order to make the most economical use of selectors,
search through the program for another similar step.
Assume the step most similar is:

STEP 27:

V. Pr Vo = R To
002 + 10 11 28

As can be seen by comparing the two steps, the problem is
to go through step 27 once and do the operation once;
however, when there is a minus result on step 48, repeat
step 27 changing the process from plus to multiply,

Vo from 10 to 003, result from 11 to 004, and step exit
from 28 to output control line A. In order to do this,
the machine must be told that it has been through step
27 once, and that the values should now be changed.

The means of doing this is a program select (explained
more fully below). A program select is an interstep
function which changes the selectors associated with it
from the non-select side to the select side, and keeps
them on the select side for a predetermined length of
time,

In this case, a 4-pole selector should be used, since
there are four choices to be made. Assume that imme-
diately upon a minus branching of step 48, the program
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is wired to program select 2, which is associated with
selector 6, a 4-pole selector. (Note that a selector
remains on the select side only for the duration of
the pulse at the pickup; the minus pulse itself could
not be used as a pickup since it would not last into
the next step, and the selector would immediately
revert. to the non-select side.)

A diagram of selector 6 would be:

Selector 6: PU GD CG S C NS

Jp— . . o (2)

Crs G oo D
(b)

663 V2¥27 ;B

'S f . (c)
004 R’27 11

G))
OFB'A O;}'27 ;§ 28

When selector 6 is on the non-select side, it means
that we have not gone through step 48; therefore, we
must be using step 27 for the first time. However, if
selector 6 is on the select side, it means that we have
gone through step 48, have received a minus branch, and
are using step 27 for the second time. The first time
through step 27, the process will be + , Vo will be
storage 10, R will be storage 11, and out of step 27
will be step 28. The second time through, the process
will be X, V2 will be 003, R will be 004, and out of
step 27 will be to output control line A. It was not
necessary to put Vi through the selector since the
storage location will be 002 in both cases.

A brief summary of the points to remember about selec-
tors:

1. A selector is merely a switch to redirect a pulse;
it does not emit a pulse of its own.

2. A selector will remain on the select side only as
long as a pulse is entering its pickup; when that
pulse stops, the selector will return to the non-
select side.

3. Any function of the machine can be changed through
use of selectors.
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4. If only one factor is to be changed because of a
certain condition, use a single pole selector; if
more than one is to be changed, use a multi-pole
selector. The same pulse can be used to operate
several selectors if necessary.

5. The factor which is to be changed is wired to the
common. The variables are wired to the select
and non-select sides.

F. PROGRAM SELECTS (lines 18-19, A-p)

Program selects are used to pick up selectors at a specific

time, or upon detection of a certain condition during the pro-
gram. It is a means of lengthening or "remembering” a pulse.

In the second example of the use of selectors, the minus sign

of step 48 was a momentary pulse which was no longer in existence
during the time that selector 6 should be on the select side; by
wiring to a program select, a pulse was created which would last
the required length of time.

There are 16 program selects provided, referred in programming
as PS1 through PS16. Each program select has 4 hubs:

1. In - When a pulse is received at the "in" hub, no matter how
long in duration, the out (power) hub begins to emit current.
The "in" hub is usually wired from the out of a step, the +, -
or 0 of branching, or some other similar function. It re-
sembles the "in" of a step.

14

2. Delayed out or immediate out - 10 of the program selects
are provided with delayed out hubs, PS 1 through PS 10, and
6 with immediate out, PS 11 through PS 16. The out hub is
the means of continuing the program, resembling the out of a
step. A delayed out hub will not emit until the selector or
selectors associated with the program select have changed
from the non-select to the select side, a process requiring
15 milliseconds. A delayed out hub should be used when the
associated selector is to be used immediately. An immediate
out hub will emit immediately following the pulsing of "in".
This may be used when the selector is not to have an effect
until at least 15 milliseconds have passed (check step process
times). Unless the "in" hub of the program select is split
wired or bussed, the delayed or immediate out hub must be
wired. The delayed or immediate out hub is wired to the in
of a program step, interstep function, or any other place to
which the out of a step is wired.

The delayed out of program selects 2 through 10 will emit

15 milliseconds after the related "in" has received an im-
pulse. The delayed out of program select 1 will emit 20
milliseconds after its "in" has received an impulse. Selec-
tors to be picked-up from an input code require 20 millisec-
onds to be changed from the non-select to the select side.
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If calculations or operations, selected through the selectors
picked up by the input codes, are to be made early in the
program, this program select, in conjunction with a function
delay, can be used to insure that 20 milliseconds have elapsed
before the selectors picked-up by the input codes are used.
(See function delay, part 7-C following.)

Note: Tt is not necessary to wire the delayed or immediate
outs of program selects. The pulse which impulses the

"in" of the program select can be bussed to the next oper-
ation desired. (See out expanders 7-B, following for illus-
tration.)

Out (Power) - The out (power) hub of a program select is the
hub that emits a steady pulse to hold a selector on the select
side. As soon as a pulse goes into the "in" hub, the power
hub will start to emit. It requires 15 milliseconds for the
associated selector to change to the select side: the
selector will remain select until a pulse is received by

the drop-out hub (note that this hub bears no relationship

to the immediate or delayed out). The power hub is wired

to the pickup of the selector or selectors to be associated
with the program select.

Drop out - The purpose of the drop-out hub is to end the
pulse going to the selector, and thereby allow the selector
to return to the nonselect side. As in the case of changing
a selector to the select side, it requires 15 milliseconds
to drop out the selector. The pulse used to do this may be
any pulse, thfough frequently it will be the out of a step
or some similar function.

No "out" is provided for the drop-out of a program select.
If the out of a step or an interstep function is used to
drop out the program select, some means must be found to
continue the program. This is usually done by bussing the
drop-out pulse through an out-expander or normal bus hubs.

No automatic drop-out is provided for program selects,
However, it is possible to drop out all program selects
which are emitting by wiring to "clear". When a pulse is
wired to "clear", it has the same effect as wiring to the
"drop-out" of all active program selects. This would

most frequently be done at the end of a program, so that
all selectors would be on the non-select side at the start
of a new program. "Clear" (line 18-19, Q-R and 18-19, g-1)
has no "out™ hub, so it is usually bussed in the same way
as the drop-out of a program select.

}igure 14 is a schematic diagram of the operation of a pro-
gram select. Note that electronic tubes, not relays, actually
accomplished this function: relays are used for ease of
illustration only.
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Ficure [4

SCHEMATIC _of ProgrAM SELECT AND
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When relay "a" is energized, bar "c" comes in contact with
bar "d", allowing current to reach the selector pick-up.

This keeps relay "b" energized, and holds the selector on
the select side until a drop-out pulse breaks the connection.
Once this is done, bar "c¢” will not come into contact with
"d" again until a pulse is received at the "in".

G. SELECTOR HOLD (B+) line 9, e-h

Selector hold is a constant source of power which never stops
emitting as long as the machine is on. It may be used to keep
a selector on the select side even though the pulse which was
entering the pick-up has ceased. The two most important uses
would be:

1. To "remember" a control from an input device, even
though the control is no longer present.

2. To keep selectors associated with a program select
on the select side even though a clear signal, which
would normally drop out the program select, is given.

Selector hold has no drop out of its own. Once a selector is
picked up through a selector hold connection, it will remain on
the select side until the machine is turned off, unless some
means is found of breaking the connection. This is usually done
through another selector, as well as one pole of the selector
which is to be controlled.

Assume that selector 30, a 4-pole selector, is to be held on the
select side even though a clear signal is given. Pole "a" will
be used to control the selector hold. Selector 25, a single pole
selector, will also be used as a control of selector hold. Poles
b, ¢, and d of selector 30 may be used for their normal purpose
of re-routing functions.

The connection panel wiring for this would be:

—
ECK — BUSES BUS | V1 BUSES s ¢ NS
o (o |o os [ ozso{ oo o [
] N ouT 5 o 4 ADR.  SH| 1 25\
P {0S|o o o 503 ) o0| oo s o] o
b |3 DEL. D. 26 g« 25 2 26
p {0309 o7 '2 o u ] 0270 O 0 o o© %c
04 = N OUT| 27 - 26 3 27
b~ |o o o o H o osof oo o of ofld
oeL0.0f 28 2 27 “
b z1/° ocso|l o] 503 -] \Owa{ o|ow o ol ol g
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Until selector 30 is picked up by PS 6, selector hold power can-
not flow to the pick-up of selector 30. It can only go from the
non-select side of selector 25 through the common of 25 to the
common of selector 30a. With selector 30 on the non-select side,
the current can go no further. However, as soon as PS 6 changes
selector 30 to the select side, selector hold power will flow
through the select side of 30a to the PU of selector 30. Then,
even though PS 6 is dropped out by a clear pulse, selector hold
power will keep the selector on the select side. It will remain
select until PS 7 is impulsed and picks up selector 25. Since
selector hold power will no longer be connected to the common of
selector 25 and cannot reach the pick-up of selector 30, selector
30 will revert to the non-select side. It will remain there until
PS 6 pulses the pick-up again. Note that PS 7, which is control-
ling selector 25, must be dropped out before selector hold power
can be used again to hold selector 30.

Channel Search Branching (See discussion of the channel search
processes, section V)

When either of the channel search processes are used, the "out"”
of the related program step is wired to "in" of the channel
search equal or unequal branching, as dictated by the function
used (lines 13-16, U-X and 13-15, a-d). If the out of the step
is wired to a channel search equal "in", the related =V) or =Vp
or ¥ hub will emit, depending on the comparison received from
the channel search. If the out of the step is wired to a channel
search unequal "in", the related = or # hub will emit, depending
on the comparison.
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7. OTHER FUNCTIONS

This section explains various features of the Univac File-Computer
which have not been covered in other sections. These include:

. Alternate switches
2. Out expanders
3. Function delays

4. Function sequence
5. Code distributor
6. Input control lines

7. Output control lines
8. Indicator lights
9. Unit record field assignment selector pick-up

A, TERNATE SWITCHES (line 3-5, P-U)

An alternate switch is basically a type of selector under the
control of the operator of the machine. Six of these switches
are provided. Externally mounted on the control cabinet are six
switches, each with an open and closed position. On the connec-
tion panel are three hubs for each switch...select, common, and
non-select.

The function which is to be changed is wired into the common of
the switch, the variables to the select and non-select sides,
just as in a selector. The main difference between a selector
and an alternate switch is that the operator manually determines
whether the switch is to be select or non-select; therefore, the
setting is constant for a particular program.

If there are two programs on one board which are not being handled
simultaneously, an alternate switch could be used to determine
which program is to be used at a particular time. Assume that

one program starts on step 1, the other on step 18. The input
device demand or scan out would be wired to the common of the
alternate switch, step 1 "in" could be wired to the non-select
side, step 18 "in" to the select side (step 1 could have been
wired to the select side and step 18 to the non-select side).

The step on which a program will start is, therefore, dependent

on the setting which the operator makes of the alternate switch.
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The connection panel wiring for this would be:
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OUT EXPANDERS (lines 3-5, o-v)

There are 8 out expanders on the computer plugboard. Each out
expander has 1 in hub and 2 related out hubs. When the "in" hub
is impulsed the two related "out" hubs emit. These hubs are
diode protected to prevent back circuits.

The out expanders are used when the exit of a step or function is
to be wired to 4 or more places and/or to prevent back circuits.

As an example of the use of out expanders to prevent back circuits
and also to illustrate when the delayed or immediate out of a
program select would not be wired, assume that 2 distinct con-
ditions will occur for one program and that both conditions must
impulse program select 16. However, the first condition must
impulse PS 16 from the out of program step 38 and then go to
program step 39, while the second condition must impulse PS 16
from program step 41 and then go to program step 42. The "out"

of program step 38 would be wired to the "in" of one out expander;
one of the related "outs" would be wired to the "in” of program
select 16 and the other to the "in" of program step 39. The "out”
of program step 41 would be wired to the "in" of another out ex-
pander; one of the related "outs" would be wired to the "in" of
program select 16 and the other to the "in" of program step 42.
Thus, although the "outs" of both program steps 38 and 41 are
wired to the "in" of PS 16 there will be no back circuit as to

the choice of the next step since the out expanders are diode
protected.
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Illustration of wiring:
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FUNCTION DELAY (line 3-8, c¢-d)

Function delay is for the purpose of delaying the start of an
operation until two other operations have been completed. Three
function delays are provided in the File-Computer.

Each function delay has two input hubs identified as In 1 and In
2, and one output hub. The output hub will emit only when a pulse
has been delivered to each of the input hubs. These two pulses
need not arrive simultaneously. Once a pulse has been received

at one of the input hubs, the only way of clearing it out is by
receipt of the pulse at the other input hub and the resultant
emission from the output. The output may be wired to any place

to which the exit of a step is wired.

Assume that the "input out" of demand input-output unit #1 is to
start program step 1. Program step 1 is used to transfer an
address from input storage to the ADR, and then a read unit
record instruction is to be given. The immediate out of the
read unit record is to be wired to program step 2 where value 1
and 2 are to be selected, based on input codes. There must be
at least 20 elapsed milliseconds between the start of this program
and the calling of V] and Vo of step 2 since they are selected
through selectors picked up by input controls. The function de-
lay, in conjunction with program selector 1 (20 millisecond
delayed out) can be used to insure that 20 milliseconds have
elapsed:
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Demand #1 "*input out”

r

To step 1 To P.S. 1
(20 Ms. delayed out)

Read URA

INFD 1 IN FD 2
Out FD
To Step 2

The "input out" of demand unit 1 is bussed to the in of program
step 1 and also to the in of program select 1. The out of step

1 is wired to read URA and the out of read URA to in FD 1. The
out of program select 1 is wired to the other in of the function
delay, in FD 2. The out of the function delay is wired to step 2.
Thus the in of step 2 will not be impulsed until both the out of
read URA and the 20 millisecond delayed out of program select 1
have emitted. Assuming the address is in input storage 000 the
wiring for this example would be:
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FUNCTION SEQUENCE (line 6-8, U-V)

There are 2 function sequence units on the plugboard. Each unit
consists of these 3 hubs:

Set - An input hub to which a step out or similar pulse may be
wired. A pulse delivered to this hub will be "remembered”
by the device.

Probe - An input hub to which a step out or similar pulse may be
wired. A pulse delivered to this hub will cause a pulse to
be emitted from the out hub if a pulse was previously re-
ceived by the set hub. A pulse delivered to the probe hub
is not "remembered” by the device.

Out - This hub will emit a pulse whenever the probe hub is im-
pulsed if the set hub was previously impulsed. Note, these
units are similar to the function delay. However, the pulse
to set must be received before the pulse to probe. Pulses
delivered in the reverse order would have no effect on the
device.

The function sequence units can be used effectively to route a
program to different program steps or functions when one demand
unit is referred to twice within one program. For example,
assume that demand unit 1 is to be called for from the out of
program step 10 and should start program step 11. It must also
be called for from the out of program step 20 and should then
start program step 2l.
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Illustration of the wiring: Note, out expanders are used to
prevent back circuits.
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The code distributor is a means whereby a two digit numeric code,
ranging from 00 to 49, may be used to select the storage location
to be used as Vj, Vg, or R in a program step. A one digit code,

ranging from O to 9, may be used to select the next program step

or function.

The one digit number (0-9) or two digit number (00-49), which is
to do the selecting, will be located in a storage unit. In many
cases it will be at an input storage location, though it may be
in an intermediate or drum storage location. This number is
transferred into the code distributor register, (line 68, A-H and
68, a-h). Spaces will not be accepted by the CD register. The
CD register will recognize only the last two digits of a storage
field. However, the number to be placed in the CD register must
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be located in the last two digits of the field, either originally
or by shifting. Once a value has been placed in the CD register,
it will remain there until replaced by a new value.

The first step in the use of the code distributor will always be
the transfer (or addition, if necessary to provide zeros instead
of spaces) of the storage in which the code is located into the
CD register. Assuming that the code is in input storage 009, the
step would appear as:

y; Pr Vo R
009 T - CD

The connection panel wiring would be the normal wiring for a
transfer step.

Located on the connection panel are 61 hubs related to the code
distributor. The hubs are numbered as follows:

00 through>49 - Codes for selection of Vj, Vo, and R. (line
44, A-z and 45, A-C).

O through 9 - codes for selection of next step or function
(line 18-19, T-X).

The 00-49 codes are wired to storage locations. If, for example,
it is desired to call on intermediate storage 25 if code 10 is
in the CD register, the 10 CD hub would be wired to storage 25.
As many of these hubs as desired can be wired to storage loca-
tions.

If any code greater than 49 is placed in the CD register, what-
ever storage location is wired to the>49 hub will be called upon.

The 0-9 hubs are wired to the entry of steps, interstep functions
or any other place to which step exits can be wired.

For example, if from the out of step 16, step 17 is desired when
code 3 is present, step 19 when code 5 is present, and PS 13
when code 7 is present, the wiring would be:
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Also associated with the code distributor are 4 hubs labeled CDV1
(line 30, f-i), 4 hubs labeled CDV2, (line 49, f-i), 4 hubs
labeled CDR, (line 60, f-i), and 4 hubs labeled CD pulse IN,
(line 9, U-X). These are timing hubs used to call upon the
storage desired as the value or result of a step or the next
function desired. For example, suppose that a quantity in a
card is to be added to one of several intermediate storages,
dependent upon which code is present. Assume the folowing:

Quantity ordered: Input storage 001

Code: Input storage 000
If 00 - add to intermediate storage 10
If 01 - ” (1] ” ” 1 1
If 02 - ” " ” ” 12

The two program steps required would be:

Step No. VvV Pr Vo - R Next Step
1. 000 T CD 2
(code) (CD register)
2. Cbhvl + 001 CDR 3
(prev. quan.) (quan.) (new quan.)

The CDV]1 means that at V] time of step 2, the storage location
connected to the code in the CD register will be called upon.

V] of step 2 is wired to one of the CDV]1 hubs. If code 00 is in
the CD register, storage 10 will be called upon; if code Ol is
in the CD register, storage 11 will be called upon; if code 02
is in the CD register, storage 12 will be called upon. The same
will hold true of the result.
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The connection panel wiring for step 2 would be:

20 22 22 23 24 2 &! 3 a1 32 42 43 44 45 46 47 48 49 S0 5l \ 59 ¢ 6 62 &
PROCESS \& c s BUSES v2 R
o olo1o o o ol olo1eo o10| o
1 =t x DY Fo.| ADR . s 3 00q) ADR.  SH] ADR. SH
0 ° 20 ° o (e\zo 20| o
2 h| 4 oof F
) [} 10 o o ol olos3o 30|l o
3 4 2 5 Q00 r2
o o |foso o of o ol o|lo4so o« 0| ©
4 f 2 [ 00d 3
o D o o050 o o ° = 0 o 050 o5 0 -}
5 4 Fa 6 4 ?_ow F4
o b 060 o o o 30| ofoso o6 0| o
6 s FS 1] . 00| F5
[ b o710 o o] o 50|l oflo7o o070 o
7 06 F§) 7 - L] gm Fé —
° ploofl oo o of o of oloso
8 7 007 F?
o . o o] o ol oloso
ls 7 ' ool Fs 00
[ b o0 o of_ o ol8o |omwo
8 8 o? g 020
b 0300 o o|50 wo jono
9— 910 lDL(!FW o 0100
p| > o330 o ofxo o lonzo 29]
0| & 2“ n;m o= 0 310
bl oo o o|oo a® OO 30| g
1 9 12 12(% F12 ol o120
o ono o o|8o ol2o [owo a
3
P E— o gn u._m ° oo
b o0 o o|l o wo|zo | 0150 32|
;w 1 14 gu=m A
> 3% 0 o ol o Zo| o|lowo
— 15 ~ 18] fs
L 1.0

If a code is called upon which is not wired to a storage location,
the machine will hang up.

INPUT CONTROL LINES (line 13-14, Q-T)

An input control line is a means of transferring a pulse from
the input-output device, connected to the system through the
multiplex function, to the computer connection panel.

There are 12 input control lines, identified as "a" through "1".
A pulse delivered to one of these on an input-output connection
panel will emit from the related input control line on the com-
puter connection panel when that input-output device is connected
to the system.

Normally, these control lines are used to pick-up a selector from
a condition present in the input data, such as a control position
in a punched card. The pulse to activate the pick-up of a selec-
tor comes from the input-output connection panel, through an
input control line. The input control-line on the computer con-
nection panel is wired to the pick-up of the desired selector.
(See section III, Input-Output Equipment).

A selector picked up in this manner will remain on the select
side as long as the input-output device which caused the pick-up
to be impulsed, is connected to the system. 20 milliseconds
should be allowed for the selector to change from the non-select
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to select if the desired condition is present in the input data.
The selector will drop out when the multiplex function switches
to another device.

OUTPUT CONTROL LINES (lines 3-8, e-n)

An output control line is a means of transferring a pulse from
the computer connection panel to the particular input-output unit
connected to the system through the multiplex function. There are
10 output control lines provided, indicated as A through J.

There is no internal connection or relationship between input
control lines and output control lines.

Each output control line has 6 entry hubs on the computer connec-
tion panel. This hubs are diode protected to prevent back cir-
cuits.

The pulse wired into an output control line is generally the exit
of a step or some similar function. On the input-output device
it is wired to some control function. For example, on a card
sensing-punching unit, it might be used to segregate the card,

to skip punching in the card, or to trip the card. It would be
wired directly to the function desired. For example, to trip a
card following step 29, the connection panel wiring would be:

SINGLE CARD FEED [CONTROL & PROGRAM PANEL]
INPUT - OUTPUT PANEL

ol20 Tolzo lol20 fo o dof ozof "o
2 FUNCTION DELAYS et
[+
29

TRIP | SEL 6 20 0 O O © F]°| © 2% 5o
Q82 O e} o o @ N
76 ae g O 10 o] o039 olesm
08310 o o o 31 COMPUTER _Iﬂ—r—’T
COMPUTER clboe © o o o o “lol 0320|880
08 0| 00 0--0] P OUTPUT
ouTeuT oleoc o o o o of_oFlo] omof o
080 0.-0 O0—0 3 CONTROL S N
CONTROL olffo o o o o o onloj ouo| o
0% 0| 0--0 0-—0 Su LINES
LINES

20160 Q_.Q o M o W o] Q o O 3350 Q

If it is desired to continue the program on the computer, as well
as perform the output function, the exit of the step should be
bussed to the output control line and to the next step desired.

Note, both the input and output control lines are diode protected.
The input control lines can only be used to deliver a pulse from
the input output device to the computer connection panel; the
output control lines can only be used to deliver a pulse from

the computer to the input-output device.

INDICATOR LIGHTS

There are four indicator lights on the computer display panel
which can be lit from the computer connection panel, (line 9, a-d).
An indicator light will be lit on the display panel when a pulse
is delivered to the corresponding hub on the computer panel. It
will stay lit as long as the pulse is present. It will drop out
when the pulse is no longer impulsing the related hub.
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Associated with these four lights is an indicator light switch

(line 9, i-j).
that enters one of the hubs to emit from the other.

This switch is normally closed, allowing a pulse
The switch

is opened by a manual button mounted on the computer control

cabinet.

When this button is manually depressed the indicator

switch is opened, breaking the connection between the two hubs
on the computer control panel.

Normally, these lights are utilized, in conjunction with the

indicator switch, B+ and a selector to indicate that a specific
condition has been detected by the computer.
assume that demand input-output unit 1 is a card sensing-punching

unit, and it is the only unit that goes through step 16.

For example,

If a -

result is obtained on program step 16 the machine should be

stopped and the card that caused the - condition should
Indicator light 1 should also be

diately investigated.
the operator will know the cause of machine stoppage.

Illustration of wiring:
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In the above illustration the out of step 16 is wired to the in
of Branching #9. The - out hub is wired to the in of PS 5.

(The + and o hubs would be wired to continue the normal program).
The power out of PS 5 is wired to the pick up of selector 12.

The ground of selector 12 is wired to demand ground #1. Thus,
selector 12 will be select only if a - result was obtained on
step 16.

The B+ is used to light indicator light 1 since it is a constantly
emitting pulse. It is first routed through the indicator switch,
so that the light can be manually dropped out when the card has
been investigated. The B+ is then routed through the common and
select of selector 12a to the indicator light 1 hub. The B+
pulse, then, can only get to the indicator light when selector

12 is select--- when a - result occurred on step 16.

The delayed out of PS 5 is wired to output transfer line C. On
the input-output connection panel, output transfer line C is
wired to skip the card out and to stop the machine. The delayed
out is also wired to drop out PS 5. Selector 12, however, is
maintained in the select position because B+, through the select
of selector 12a, is impulsing the pick-up.

When the machine stops, the operator will instantly know that a -
result occurred on step 16 since the indicator light 1 is lighted.
To resume operation the manual indicator switch is manually de-
pressed, thus dropping out the indicator light and also selector
12, and the start button depressed.

UNIT RECORD FIELD ASSIGNMENT SELECTOR PICK-UPS

On the connection panel for the large capacity drums there are 8
selectors. These selectors are identical in operation to the
selectors previously mentioned. The pick-up and ground hubs,
which are also identical to the pick-up and ground hubs for other
selectors, are located on the computer connection panel. The
wiring of these pick-ups and grounds is the same as that discussed
previously in this section (6 E).
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MULTIPLEX CONTROL

Since the Univac File-Computer can service more than one input device
at a time it is essential that we have some means of controlling the
connection of the input devices to the computer. This control is
provided by the function called multiplexing. As will be recalled
from Section IV (Storage) each input device enters its data into the
buffer related to the device, and then the buffer transfers this data
to its input drum track. It is from this input drum track that the
computer obtains the input data and it is to this track that the out-
put data is delivered. Tt may then be said that the multiplex func-
tion occurs between the input drum and the computer. Thus in a four
(9 device system the schematic of input control is:

FiGure 15
SCHEMATIC of INPUT CONTROL

INPUT INRUT INPUT INAUT
DE}/ICE aEgCE DEB{/CE 23 l;I‘CE

BUFFER BUFFER l &FFE}?I l BUFFER I

MULTIPLEX SWITCTH
- UNDER

TIMING SWITCH
S———(IN SYNCHRONIZATIN
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In the diagram, the computer is connected through the multiplex
switch in the storages related to input device #1, and any calcu-
lations performed at this time will be based on device #1's input
information. In summary we can say that the multiplex function
is a switching device which connects the computer to one input
device's storage information at one time.

The multiplex operation may be controlled in one of two ways; these
techniques are:

A’

a. Scan Multiplexing
b. Demand Multiplexing

SCAN MULTIPLEXING

Scan multiplexing means that the machine will successively examine
each scan input device to determine which device has information
ready to be processed (i.e.-it has finished a complete input
transfer cycle). The scan is sequential in nature in that it
first looks at the storages for scan device 1 then scan device
2 etc, The multiplexer stops and connects any device's drum
track to the computer if the device is ready. The multiplexer
remains connected to the track until the calculations for the
device are completed, and then (under program control) it moves
on to test the next device. Thus many devices may be loading
data into the input drum at.one time, while one device is being
processed by the computer. The program control for a scan
multiplex operation is illustrated by the following example:

1. There are 4 input devices to be operated on a scan mode
of operation and these devices are numbered 1,2,3 & 4.

2. Each device, when processed by the computer,is to go
through a separate series of program steps as follows:

Device In At Step Qut After Step
1 1 10
2 11 15
3 16 25
4 26 48

3. In order to have input devices operate in a scan mode we
must sacrifice one "Demand Input Unit". This unit is
used as the multiplex control for the scan devices. In
this case we will assume Demand unit eight (8) controls
input devices 1,2,3 & 4.

The following functions must be controlled by our wiring of the
various input and computer plugboards:

a. The adapter must scan the input devices in the following
sequence: 1,2,3,4, 1,2,3,4, 1..... .4, 1......4, etc.
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b. The computer must connect to the first device which
is ready, process the data through the required
steps, and then proceed scanning the next device
in sequence,

For example:

Start

A

Scan device ¥#1
|

v
Not ready Régay

Connect input track 1

Stqps 1+10
v .
Sc%p device #2
\Z
Not ready Ready

Connect input track 2

St%ps 11515

AA
<

Sc?n device #3

v v
Not ready Ready

Connect input track 3

Stéps 16»25
. ]

Sc%n device #4

v v
Not ready Ready
Connect input track 4

Steps 26 » 48

1
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The program necessary to accomplish the above is:

lHlDEMAND IN FROM |NPUTDEMAND]°UTOL°TPUT NO.| TYPE OF UNIT TO SCAN OUT ([NO
L 50, 9

302 10

FeomST416,15,25, DI #53 DI ¥ S0s n
o S04 12

13

—lj_—“—% DI ¥*8 —1\

15

oyl sjw]|w] =

SCAN OUTS 16

TO

/ IN ST#*/
Z o L] /I
3 c - 16
4z

]

This program accomplishes the following:

When the start button is pressed we Demand Unit #8 which,
since it is acting as a multiplexer for units 1 - 4, scans
unit 1. If unit 1 is ready we proceed through steps 1

thru 10. At the end of step 10 the exit of the step rede-
mands unit #8 and unit 2 is scanned. If unit 1 was not
ready the next unit (unit 2) would automatically be scanned.
After unit 4 is scanned and found not ready we obtain a
pulse from the "demand out" which is wired back to the
"demand in" to repeat the cycle beginning with unit # 1.
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The plugboard wiring to accomplish the above would be
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As can be seen by the dotted lines in the diagram, the computer
Scan-Out hubs on the multiplex adapter plugboard are internally
connected with the "Scan Out" hubs on the computer plugboard.
Thus the scan unit multiplex exits emit current when the particu-
lar device is ready to be processed and the computer is connected
to the related input track. This current comes out of the compu-
ter plugboard routine scan out assignment hubs and is directed
through external wires to the appropriate step. The completion
of a devices routine re-demands the Multiplex adapter and tells
it to test the next unit and so on. Of course if any unit in

the sequence is not ready to be processed the multiplexer auto-
matically moves on and tests the next device in sequence.

As can be seen there are only six (6) routine assignment hubs
for each multiplex adapter although each adapter can handle up
to 24 devices. This should not present a problem since it is
rare that more than 6 routines would be required in any one
processing run. However, should such a case occur, selector

techniques could be used to effectively expand the routine possi-
bilities.

SCAN GROUND

It may often be true that the input device routines overlap in
certain steps of the program. Thus some means of branching step
exits on the basis of what routine is effective at the time is
needed. Scan ground provides a means of accomplishing this in

a very direct manner. Scan ground is merely a ground function
which is controlled by the routine used. Thus, on the computer
plugboard, there is a scan ground exit hub for each scan out
hub. Their use might be best shown by an example:

Assume that in the last case we want:

Device In At Out At
No. Step_ _Step_
1 1 10
2 7 12
3 11 26
4 20 48
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As can be seen there are step overlaps between each devices
routine, these may be flow charted as:

Scan out 1 Scan out 2 Scan out 3 Scan out 4
Step 1
” 2 y
” 3
”" 4
” 5
” ' 6
T 1
Step 7
" 8
” 9
” 10
DI #g
\
Step 12
DI #g
Step 13
1
]
Step 19
] —
s
Step 20
E
1
Step 26
| l
DI #g
Step 27
[}
Step 48

DI #8
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The flow chart clearly points out that we must select the exits

of steps 10, 12, and 26 on the basis of which routine is being
processed.

The selector programming for this is:

J— o ——

PICK-UP FROM Gﬁif“o T* SELECT COMMON NON-SELECT
SH Se, | DI*8 |Faomsr#10 INST*]I
SH 56; 2 .DI *8 ] o & ,z " ” #’/3

3a E g n w # § o J
SH SGs DI *8 26 27
3b
A ——— 4 \~ /

The fact that selector hold is wired to the pickup of the three
selectors indicates that current is entering each selector pickup
at all times during the program. However, since the selector
grounds are wired to scan ground, the circuit will be completed
(and the selector transferred) only when the appropriate device
is connected to the computer through the multiplex adapter, thus
allowing the selector hold pulse to get to ground.
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The wiring for these selectors would be:
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In summary, note the following facts concerning the "Scan Multi-
plex" mode of operation.

D

2)

3)

One demand unit is required to act as a multiplex
adapter for the scan units.

Only six scan out hubs are available for all scan
units included in a system.

The demand unit appropriated to act as a multiplex

adapter for the scan units serves the following purposes:

a)

The unit

The Demand "In" hub starts the sequential scan of the
input devices when it receives a pulse.

the scan begins on is always the unit following the
last one processed by the computer.
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b) The Demand "Out" hub emits when the last scan unit
has been tested and found not ready. This pulse
is usually wired back to the Demand "In" hub to
start the scanning cycle again. It also emits when
the last scan unit has been processed.

4) Through use of "Scan Ground", selectors can be activated
to identify which routine or unit is being processed by
the computer at any time.

DEMAND PROGRAMMING

In the preceding section the "Scan Multiplex" mode of operation
was discussed. In this portion the other mode of input-output
device control available with the Univac File-Computer is
covered. It should be noted that either or both modes of con-
trol can be utilized in one program.

Scan Control is a technique whereby the input device informs the
computer that it is ready to be processed. In other words the
input device controls the computer. Obviously such an arrange-
ment is not satisfactory for programs which require activating

an input-output device on the basis of a condition arising in

the program, nor would "scan multiplexing” be of any use in hand-
ling a pure output device such as an on-line printer. It is for
these reasons that the Univac File-Computer has the capacity to
include up to 8 input-output units operating on what is known as
a "Demand” basis. The term demand means that the unit can be
directly interrogated and activated by the program itself, rather
than by automatic multiplex scanning.

Before illustrating the use of Demand controlled input-output
units, the functions of the plugboard hubs related to each demand
unit are described.
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As can be seen, there is provision for eight input-output demand
units, This is of course reduced by one for each scan adapter
included in the system.
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This true since a Demand unit's controls must be utilized to
perform the multiplex function for the scan devices. The meaning
and use of the "demand" unit hubs are as follows:

1) Test: These two common hubs are probed by a program
pulse (start, step exit, etc.) to determine if the unit's
input storage is full. This is, in effect, the same as
a scan multiplex test except that here the test is under
control of the program; in a scan multiplex operation
the test is automatic. It should be noted that entering
current in these hubs does not connect the computer to
the device. Instead it merely tests the device's input
storages to determine if the device has completed its
input transfer cycle.

2) Ready: This hub emits current after a pulse has been
delivered to the test hubs if the device has completed
the input transfer. This current is usually wired to
the "In" hub in order to connect the computer to the
device.

3) Not Ready: This hub emits current after a pulse has
been delivered to the test hubs if the device has not
completed the input transfer. This current is usually
used to test another device or to energize some program
step to be done while the device is loading.

Note: These last two hubs (Ready and Not Ready) are
analogous to the scan multiplex operation of either
connecting the device to the computer when the device

is ready, or proceeding to the next unit if the device
is not yet ready. Again the only difference lies in

the fact that in the "Demand" operation the alternatives
are under control of the programmer rather than an auto-
matic function.

4) 1In: When a pulse is delivered to this hub the computer
connects to the related device's drum input-output track,
thereby making the input-output track related to the
device available to the computer for values or results.
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5) Out Inp. After a pulse has been delivered to the "In"

6)

hub this hub will emit current if the last operation
the device accomplished was a reading function (tape
read, etc). In other words this hub tells us two
things -

a) The computer is now connected to this device's
input-output track and,

b) The last thing this device did was read, that is
accept input data.

This hub is usually wired to the in of a program step
in order to initiate the device's program routine.

It should be noted that if the device is in the process
of transferring input data, this hub will not emit un-
til the transfer is completed.

Out-Outp: This hub performs exactly the same function

as Out-Inp except that emission of current from this
hub indicates that the last input-output function that
the device performed was that of writing or recording
output data, rather than reading as in 5.

To illustrate the use of a demand unit assume the following case:

1)

2)

The system includes 4 scan units controlled by Demand
Unit #8 which are all doing a simple pre-billing and
inventory deletion program which runs from step 1 -
step 11. These scan units are all assigned to routine
#].

If the result of step 11 is negative, place the values
in intermediate storages 24 and 25 into output storages
001 and 002 of Demand unit #¥1 (a 150 CPM card punching
device), and then return to the normal scan multiplexing
operation.

Note: This might be a case of punching a below re-order

point card when the inventory on any item went below
its minimum balance.
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The operations to be performed might be flow charted as:

Start
I

In Demand
Unft #8

P

Scan Out #]

!
Demand

Unit 8 Out

Step 1
" 2
" 3

Step 11

t
BR L
|

- I +/0 j

OPC A (Trip) OPC A (Tri‘p) ‘

In Demand
Unit #1

4

Out - Out P
In P

Step 12 A
24T - =001

Step 13
25T -

}

(OPC A
Trip)

002
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The program controls for this operation would be:

— [
DEMAND IN FROM N - NO.* TO SCAN OUT
Ls-:%n-r I D7 #8 1 oL /Y ST R | N ST A2 1 So,
2 So,
SCAN OUTS 3 N7
— = 4 $9,
7 | A :
e | or#s o7 #8 8
| —
BRANCHING
OUTPUT CONTROL LINES No.l IN FROMST’EPl TO IF + [ TO IF - TO IF O
NO FROM - 1 :
Al Of,, OF 4| W7 Of2 OL OFf
—_— 5
OUT EXPANDERS
NO N ouT ouT
-Bry orc A2 o7 #f
2| %% Bre, 55803 0P A LZ#8
3

The computer plugboard Multiplex and Demand Control Wiring

would be:

-
SCAN
=20 =0 =0

]

GROUND

s
COMPUTER

Jfl 2 3 4 5 L 7 [] i 1213 1516 17
N
TART ' d \&r:r BUSES
) ol ¢ |o o o ) 1
1 " L
s o
ofz0 Tolzo folzo [0 2 /
2 FUNCTION DELAYS ¢ o 3
A EE 6 o o o A 2 READ | WRITE
29 o o . 1 10—0
ojsojfo o o o o . OE w oour| N our|
39 E 5 20—0|20—0
olcoljo o o o o R /
El F a [} o—0 6 30—0|30—0
olo o z €
EL ¢ |o ol o—o 7 4+ 0—0|t 0—0 -
ol ¢ oh .0 & ? <
| ? H off o—o { o [l 4
olro [ . /
ERS / ' = ojf o—o | o L) =
30le0 2 s / 9
=
& 3| 113912 10
“oluo S ||ge
36} 3 30 o
3 1 2
Sof1o g,
Il L 33?
“oli0
P ™ “ §o$o
s ° T 8\33‘
3 § L] wol o
o \\1‘:0.:0 AU l ‘l
3 = o o} ©
'%“ o]l o 3 0|la0omo0 15l 6
..§ - 4 oj10 o o
o|foli 0 « ofBomo L 16 s c s
a2 z Q o]l ol20 o o 10 «0 Ol
of,.0l; o s0|Zomo 1| 1l ALTERNATE wur @
a3 § ® o| olac © o »0 10 10[g
o] oli o s 0laoso 21 18| SWITCHES CONTROL | D |]
o g I s |gol ojs0 o o <o 40 vol®
ol oliorol oag §s 19 LINES a 3
Al T 50 ofso o o 40 "0 1O 2
L.
b ™

Although this example indicates the most common use of Demand
Units it should be noted that through use of the "Test in", the
"Ready" and "Not Ready" hubs a demand unit can be made to operate
just as a scan unit.,
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SUMMARY - TIMING

The time required to perform and prove a step depends on four
(4) factors:

A. Access time to storage fields.

B, Shift time

C. Loading and Unloading time of the Arithmetic Unit registers
D. Process operation time.

The sum of these four factors will determine the length of time re-
quired to perform a complete three address step.

A,

Access time

Access time is the time required to locate a specific storage
field. This must be determined for Vi, V2, and R. The average
access times are:

1. Input-output storage 2.5 milliseconds
2. Intermediate storage 2.5 milliseconds
3. High speed storage 2.5 milliseconds
4. Large capacity revolver «343 to 3.429 milliseconds

Access time to a field in the large capacity storage drum is
dependent upon the size of the unit record area. The maximum
access time is the length of time required for ome unit record
area to pass under the read or write head of the revolver. This
can be found by multiplying the unit record length by .05714
milliseconds. The average time is one-half of this amount.

Unit Record Length Maximum access Average access
12 .686 milliseconds .343 milliseconds
15 .857 " .429 "
20 1.143 " .972 "
24 1.371 " .686 "
30 1.714 " .857 "
40 2.286 " 1.143 "
50 2.857 " 1.429 "
60 3.429 " 1,715 "
75 4,286 " 2.143 "

100 5.714 "’ 2.857 "
120 6.857 " 3.429 "

B. Shift time

Shift time is .042 milliseconds for each place shifted.
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Register loading and unloading time

The time to transfer a storage to or from the Arithmetic
Unit registers is 0.504 milliseconds or the equivalent of
12 shifts (12 X .042 = ,504).

Process time

Process time is the time required by the arithmetic section to
perform and prove the process. This time is not constant for
each process. In an arithmetic process it varies with the
number and value of the digits entering the calculation. 1In
the transfer process it varies with the source and destination
of the value. In the channel search process it varies with
the ADR switching time and number of channels to be searched.

Listed below are the times of, or formulae for computing the
time of, the nine (9) processes performed by the Arithmetic
Unit. These times are measured from the "Initiate Process”
pulse to the "End Process"™ pulse, and therefore, do not in-
clude access time to storage media nor the loading and
unloading time of the Arithmetic Unit registers.

1. ADD:

(a) Alpha-Numeric: T

0.71 Milliseconds.
(b) Numeric-Including Check: T=1

7
.89 Milliseconds.

2. SUBTRACT:

0.71 Milliseconds.
1.89 Milliseconds.
2.47 Milliseconds.

(a) Alpha-Numeric:
(b) Numeric, VI-V220:
(c) Numeric, VI-V2<0:

HrHH
nun

3. MULTIPLY:
T =1.60 + 0.588 (N1) Milliseconds,
4, MULTIPLY CHECK:

T = 1.00 + 1.00 (N1) Milliseconds.
Where N1 = sum of the value of digits in the multiplier.
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10.

11.
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DIVIDE:

T =0.8 + 1.2 (1-k+n+1) + 0.588 (N2) Milliseconds.

Where: 1 = Dividend digits
k = Divisor digits
n = V1 Left shifts
l1-k+n+ 1 = Number of digits in quotient.
N2 = Sum of the value of the quotient digits

DIVIDE CHECK:
T =1.6 + 0.042 (k-n) + 0.588 (N2) Milliseconds.
MASKING TRANSFER:
T = 0.63 Milliseconds.
COMPARE:
T = 0.67 Milliseconds.
LEFT ZERO ELIMINATION:
T = 0.042 + 0 0.084n Milliseconds.
TRANSFER:
T = 0.504 Milliseconds.

CHANNEL SEARCH:

Four different factors are involved in determining channel
search time when overflew channels are not included. If
overflow channels are used, an additional factor is involved.
The factors listed do not include the placing of the address
in the ADR, since that would be done in a preceding step.

The timing of this step would be the normal timing for the
step involved, except that no access time need be allowed
for the ADR. Instead 6 right shift time is required for

ADR entry or 6 x .042 = ,252 ms.

The factors involved in channel search without overflow are:

a. Switch time: The address register switches to the
indicated drum section and channel as soon as it
receives an entry (provided that a read or write
operation is not in process). Therefore, this
time may or may not be included in channel search
time. The time required for the switching is:
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1. To a different drum 0.1 Milliseconds
2. To a different drum section

in the same drum 0.1 Milliseconds
3. To a different channel

in the same section 0.1 Milliseconds
4. To same channel in same

drum section 0.0 Milliseconds

b. Access time: The average time to find the starting
point (index point or starting address) is 17 milli-
seconds,

c. Search time: The search time is the time required to
locate the desired record. Since one complete drum
revolution is 34 milliseconds, the average search
time to a specific record is 17 milliseconds.

The time for a channel search, not including overflow, would
be the sum of switch time, access time and the search time,
For example, to locate a record in another drum would be:

0.1 + 17 + 17 = 34.1 milliseconds.

If there is a possibility of overflow channels, the time to
transfer the overflow address to the ADR need not be included
in the calculations since it will be overlapped with the time
required to locate the starting point of the next channel to
be searched,
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12. Read Unit Record

When a complete address, DS/CH/URA (xxxxxx) is transferred to the
ADR, it must be followed by a Read instruction to transfer this
record to the revolver. Three factors are involved in determining
Read time. The factors involved are:

a. Search time: 17 milliseconds (average)
b. Read time: This time is dependent on the unit record
length and may be determined by the following table:

Unit Record Length Read-write time
12 .686
15 .857
20 1.143
24 1.371
30 1.714
40 2.286
50 2.857
60 3.429
75 4,286

100 5.714
120 6.857

¢. Access time: If switching is done to another drum it is
necessary to add 17 milliseconds. This is the average
time required to locate the starting point for the new
drumo

13. Write Unit Record

The time required to transfer a unit record from the revolver
back to its drum location (or some other location if a new

address is transferred to the ADR before the write instruction
is given) involves two factors. These factors, are as follows

a, Search Time : 17 milliseconds
b. Write Time: determined by table for Read Unit record.

Whether a complete address is used to capture a unit record or
channel search is used, it is necessary to give a "write" in-
struction to transfer the record on the revolver back to the
drum. This time may be overlapped if the write command occurs
in the program at a time where additional steps, not utilizing
unit record fields, are required.



Item
No.

14,
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26,
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

Page

Description No.
Input-Output Storage V-3
Intermediate Storage V-3
Unit Record Sterage Fields y .. 3
V1 address hubs V-3
V2 address hubs V-3
V1 shift V-8
V2 shift V-8
R shift V-8
V1 left shift V-8
V1 right shift V-8
V2 left shift V-8
V2 right shift V-8
R left shift V-8
R right shift V-8
Process hubs V-8
Addition V-9
Subtraction V - 13
Multiplication V-14
Exshift V - 16
No check V - 18
Division VvV -19
Transfer V - 24
Compare V- 27
Left zero elimination V - 30
Channel Search vV - 32
Channel search identifier vy . 32
Channel search equal V- 35
Channel search unequal VY - 38
Channel search all V - 38
Step out hubs Vv - 41
Step in hubs V - 41
Demand test V - 42
Ready hub - yes V - 42
Ready hub - no VY - 42
Demand In V - 42
Demand Out V - 42
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Item

No.

37.
38.
39.
40.
41,
42,
43,
44,
45,
46’.
47,
48,
49,
50.
51,
52.
53.
54,
55.
56.
57.
58,
59.
60.
6l.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.

Description

Output Control Lines

"Invalid address

Parity error
Arithmetic error
Overflow - +/-
Overflow - =
Step repeat

Step clear

Read unit record
Write unit record
Branch

Selectors

Selector pick-up
Selector ground
Computer ground
Demand ground

Scan ground
Program select
Selector Hold (B +)
Alternate switches
Out expander
Function delay
Function sequence
Code distributor

Code distributor - Selection

Code distributor out
CDVI

Ccbv2

CDR

CD Pulse in

Input control lines
Indicator lights
Indicator switch

Field assignment selector pick-up

Scan out

e adadadadadadadadadddadaaadacdadaddadcdaca<

| I IR N NN SO N A N AN N |



68

67

49

“

47

46

39 40

38

34

33

32

30

29

24 25 26 27

23

20

18

18

17

13 1415

12

10
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Remingtan M mmc_ V _ 94 UN'VAC F".E-COMPUTER SYSTEM APPLICATION: PROGRAM NO.:
DIVISION OF SPERRY RAND CORPORATION STORAGE ASS'GNMENT CHART
LARGE CAPACITY DRUM  ,ppRESS FROM ) LARGE CAPACITY DRUM INTERMEDIATE STORAGE FIELD ASSIGNMENT
To____ FIELD ASSIGNMENT SELECTORS TRACK 10
ENTER THE STARTING ADDRESS OF AND DECIM i PICK-UP FROM GROUND An SELECT COMMON NON-SELECT SYM. DESCRIP TION 11j10 |9 81 716 S
SYM THE URA'S RELATED TO THIS 5 [4]3 TSN 1o
F O APPLICATION, I.E., 000000. lo ) :? ¢
F
ENTER THE NUMBER OF THE INPUT ENTER DESCRIPTION OF THE
F? ?EEER:‘.{E gﬂg&%“?:ﬁsw - CONTROL LINE OR PROGRAM SELECTOR = STORAGE UNIT, I.E., ROUNDING
F3 APPLICATION. L.E.. 029949 WHICH IS TO IMPULSE THE PICK UP, 5, CONSTANT 14, WORKING
e . » 1.E., 029949. I.E., IPC a, PSO 12, EIC. ” STORAGE, EIC.
F5 : : 15 N
F 6 ENTER DESCRIPTION OF THE 2 16 T
E: f’iﬁ? "o E‘-’i’EEBA‘E“Sl??EE?g : 2 :; ENTER THE VALUE, IF IT IS
y <—| | ENTER TYPE OF GROUND, I.E., SCAN = KNOWN, I.E., CONSTANT 5.
Fo 'Y i Y (  GROUND 3, DEMAND GROUND 4, CoMPUTER || L' T T
F10 ! ENTER THE CHARACTERS (  GROUND, ETC.
Fl11 ASSIGNED TO A FIELD T ] TRACK 20
F12 AND INDICATE DECIMAL ™ 20
POSITION, I.E., & f 7 INDICATE SIGN POSSIBILITIES,
F13 4b IF THEY ARE KNOWN, I.E., +,
F4 % 4e ENTER THE CHARACTER, APPLIED -, +/- ete.
F15 4 PLUS SIGN, ETC. DESIRED WHEN .
::]'; IF THE SIGN IS STORED, ENTER :: gEHELE(Slg‘uSE%I)gR 15 ON T NON-
=r THE CHARACTER; IF THE SIGN IS P , _
NOT STORED, ENTER + TO INDICATE
LF19 AN APPLIED PLUS SIGN MUST BE 5d 27
WIRED FOR THE FIEID. ba 28
zz - ENTER THE UNIT RECORD FIEID,
CHARACTER, ETC THAT IS TO
LARGE CAPACITY DRUM ApDRESS FROM & BE SELECTED. TRACK 30
FIELD ASSIGNMENT TO _ 7a
sYm DESCRIP TION S B B e L 7b 31
FoO ) | 7c 32
F1 7d -
=) . ENTER THE CHARACTER, APPLIED
i PLUS SIGN, ETC. DESIRED WHEN
F3 8b - THE SELECTOR IS ON THE SELECT
F 4 8c SIDE.
F 5 8d J ] 97
F 6 38
F7 IF TWO TYPES OF URA'S ARE STORED INTERMEDIATE STORAGE FIELD ASSIGNMENT 39
F 8 FOR ONE APPLICATION, USE THIS TO TRACK 50
F9 gg;cggogn? SECOND FIELD ASSIGN- sYMm DESCRIP TION 11f1ofo 8| 7|6 |s|afs]2]|1]|sn TRACK 40
F10 . 50 40
F12 ) 52 42
F13 53 43
Fl14 54 44
F1s 55 45
i 56 46
F17 57 47
F18 58 48
F19 59 49

SP TM-4326
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Momington Fand Univac UNIVAC FILE-COMPUTER SYSTEM APPLICATION: PROGRAM NO.:

DIVISION OF SPERRY RAND CORPORATION V-—95 PROGRAM PLANN'NG CHART

m':::ﬂj CARD VALUE 1 PRO- VALUE 2 RESULT NEXT| VALUE 1 ASSTORED VALUE 2 AS STORED UNSHIFTED RESULT STORED RESULT z
bLd NO. NO. DESCRIP TION SYM SH CESS DESCRIP TION SYM SH DESCRIP TION SYM SH STEP 11|10|9 (87 |6[B5|4[3[2|1 S tiiojo |8 |76 Bja |32 (1 f‘ 21f201918[17h8NB 4132 li Wigi8i7|e|s{a (3|21 : itjiojo(8l7 (6|5 /4/3]2 z P
1 L A 7 T - A iR
2 IF A PROBLEM INVOLVES MORE Y ENTER THE DIGITS OF THE UNSHIFTED 4 2
3| - THAN ONE INPUT DEVICE, ENTER RESULT AND ITS SIGN POSSIBILITIES 3
3 THE NUMBERS OF ALL INPUT o MAKE ENTRIES IN THE SAME MANNER AS FOR AS DETERMINED FROM V,, Vo & PROCESS. 4
S DEVICES UTILIZING THE STEP. [ VALUE 1. KEEP IN MIND THAT VALUE 2 T 5

MUST ALWAYS BE THE DIVISOR IN THE =
¢ PROCESS AND THAT VALUE 2 IS THE MULTIPLIER ENTER THE RESULT AND ITS || ¢
7 IN THE X PROCESS AND SHOULD REPRESENT THE SIGN AS IT APPEARS AFTER 7]
s VALUE WITH THE LEAST NUMBER OF DIGITS. THE RESULT SHIFT. p
9 g 9
10 f o~ e | 10
n IF THE PROBLEM INVOLVES MULTIPLE OVERFLOW DIGIT IS NEVER RESULT OF ADD OR SUBTRACT }—]—l
-— .

12 ENTRY TYPES, ENTER THE CARD OR ENTER THE DESCRIPTION OF THE RESULT, AVAILABLE FOR DELIVERY PROCESS: ONLY THE 12 DIGITS |12
r ENTRY TYPE NUMBER. SUCH AS, NEW ON HAND BALANCE OR SALES TO STORAGE. A RIGHT AT THE RIGHT ARE AVAILABLE

14 AMOUNT. USE N.R. FOR NOT ROUNDED. SHIFT OF RESULT WILL NOT FOR DELIVERY TO STORAGE

15 MAKE IT AVAILABLE.

16

17

18 P ENTER THE DESCRIPTION OF THE

19 VALUE, SUCH AS EMPLOYEE NUMBER f j

OR ON HAND BALANCE.
2 - ENTER THE SHIFT INSTRUCTION, IF ANY, !

2 SUCH AS 2L. 3R, OR EXS. WHERE UNSHIFTED ]
22 RESULT DIGITS 12 - 22 IN THE x or = T
23 PROCESSES ARE DESIRED.
24
25
ENTER THE SYMBOL OF THE STORAGE FROM
26 WHICH THE VALUE IS TO BE OBTAINED, ned
l - OR CDV; IF THE VALUE IS TO BE SELECTED , THE MOST SIGNIFICANT DIGITS ' RESULT OF MULTIPLY PROCESS:
28 BY THE CODE DISTRIBUTOR. IF THE VALUE ARE AVAILABLE FOR STORAGE THE LEAST SIGNIFICANT DIGITS
29 IS T0 BE SELECTED THROUGH USE OF DELIVERY IF THE RESULT IS Tl ARE AVAILABLE FOR STORAGE
0 SELECTORS, ENTER THE APPROPRIATE CT¥. GIVEN AN EXS SHIFT T0 TRANSFER |  DELIVERY.
n THE DIGITS TO THE RIGHT.
32 CTTTTTTTT

w
w

ENTER THE INSTRUCTION FOR WHERE THE

w
1S

PROGRAM IS TO GO NEXT, SUCH AS, 2,

ENTER SHIFT INSTRUCTION IF ANY, CDNS, CT#, EIC.

L4

SUCH AS 2L OR 3R.

w
o

w
~
—

w
(-]

ENTER WITH x AND DECIMAL POINT THE

w
0

VALUE AS IT APPEARS IN ITS STORAGE

&
(=]

BEFORE SHIFTING. ALSO INDICATE THE

41 SIGN POSSIBILITIES. _ | =
42 ’ - "
REMAINDER DIGITS AVAILABLE | QUOTIENT DIGITS AVAILABLE

43 ENTER THE ARITHMETIC OR LOGICAL FOR STORAGE DELIVERY IF THE |  FOR STORAGE DELIVERY.
44 PROCESS TO BE PERFORMED, SUCH AS RESULT IS GIVEN AN EXS SHIFT NOTE THAT THE QUOTIENT AND
5 +, -, X, +, ECS, UCS, C, T, OR LZE. TO TRANSFER THESE DIGITS TO i THE REMAINDER HAVE THE SAME
6 THE RIGHT. i RELATIVE DECIMAL POSITIONS
47 A AND SIGNS.

4
18 = RESULT OF DIVIDE PROCESS: -

SP TM-4325
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Momington FBand UWnivac

DIVISION OF SPERRY RAND CORPORATION

V- 96

UNIVAC FILE-COMPUTER SYSTEM
FUNCTION CONTROL CHART

APPLICATION:

PROGRAM NO.:

DEMAND UNITS SCAN UNITS CODE DISTRIBUTOR
NO.| TYPEOF UNIT TEST IN FROM NO F REATDE:T ouT TSEADY DEMAND IN FROM leUTDEMAN°°UT°L°TPUT No.| TYPEOF UNIT TO SCANOUT [[NO| TYPEOF UNIT To scaN ouT |INo.| TYPEOFUNIT | TO scanNouUT g?os".‘,.g";s 4:7
1 1 9 17 g';osh@élpzs j_'
5 2 10 18 SE % ters 4
3 3 1 19 NO. TO NoO. TO
« 1 VA D 4 e 6 7 1 8 ? 2l 8 @ ol 8 Q 00 26
5 5 13 21 01 27
6 6 14 22 02 28
7 7 15 23 03 29
3 8 16 24 04 30
05 31
INPUT CONTROL LINEs| [*78"7 | 17 | READ UNIT RECORD CHANNEL SEARCH EQUAL CHANNEL SEARCH UNEQUAL 06 32
NO. To NO. IN FROM ouT TO NO. OFZ':OE'; [N TOIF = Wi To IF = v2 To IF ¥ no| FRM Y. To IF = To IF &% 07 33
o SCAN OUTS 1 1 1 08 34
b NoO. To 2 2 2 09 35
- 3
c 3 s| 27 8 29 30 3| 37 34 I3 0 6
d < 19 20 . 4 " 50 7| 50
° . 15 5 ' 12 38
! 70 6 BRANCHING OUT EXPANDERS 13 39
g 7 NO.| IN FROM STEP TO IF + To IF - TOIF © NoO. IN ouTr our 14 40
h 8 1 1 15 4
i 2 2 16 42
i ERROR CHECKS WRITE UNIT RECORD 3 3 17 43
k FROM TO NO. IN FROM ouT TO 4 4 38 59 4Q 18 44
! ARITH. 1 5 5 - 19 45
+O'FLOW, 2 6 6 20 46
OUTPUT CONTROL LINES| [*o'FLow 14 3 7 7 21 47
T T Z1 2z |\ 34 |35 |36 | 37 | Z s
A ADDRESS 5 9 - 23 49
B 10 FUNCTION DELAYS 24 >49
6
C INDICATORS 7 11 no| Nt e ouT 25
D NO. FROM 8 12 1 Fusc Tiow. - .L
E 11 1 13 2 41 42 43 NoO. To NO. To
s
3 2 15' - TEP CLEAROUT 14 3 0 5
G 3 23 <4 15 ! ¢
T
H 4 froese.] 25 16 ALTERNATE SWITCHES 2 54 7| 52
! Nl e FROMzé lm ]7 | STEP REPEAT 17 No. SELECT COMMON NON-seLEcT| | 3 8
) CHECK ]8 From l Zb 18 1 4 9
2
SYMBOLS FOR PROGRAMMING: SELECTORS: Function Delay......cermeren: FD SCAN OUL cervcverrrecscesanennesscnneeesers SO 2SO ¢ 3| 45 4 46 FUNCTION SEQUENCE
Processes: ....cccoeiivccnncccnenens PR Computor Selector .......ccovcrruvunns T "Ta In FD 1 .ocooeee. -FD1,—FDI, Program Step In ... ~In ST (# 4 NO. SET PROBE ourT
Tronsfer . cerreeeracneenns T Drum Selector ............ A~ In FD 2. ~FD2,FD2, Program Step Out.. From ST {#) — =
Addition + ln'pm-Ou'el:l:J' rSelech:.ws ............. Su“' A:o OUt FDomrirrntnsssssessssssssressienniens FDO,~FDO, Ou?BExp?_lr:lders : 'gE‘:gE‘ 5 ! 55 ﬂ 55
SUBHACHON <errrrrerresererrenrrresone - Common ... ) CT( o CA (1) qroo, oo I Dranching . ey LY s 2
gl_.llhphcotlon X zelecst‘.lu.. ST (#) or SA(#) GES: B:::sh O:' _BR'_.BR"
ivision......... : on-Select. ... muiurisciesceicnns NST(# or NSA (#)  Input-Output w.coeeeeeeerceenereanceaeennne 000009 - 'LBR
Left Zero Elim.. LZE  Pick-Up.urrreme PUT(#orPUA(#H  Intermediate .. 1059 Efgﬁifgf E@% BRys
Compare ...cceeeenee ..C Program Selector ~PS$ PSS, Revolver .....cc.cveuunenea. - FoFye we.' u ," Rec d. W“’W‘ Code Distributor.......coceceeniaen. CcD ALTERNATE SWITCHES:
Channel Search = --ECS  Delay of PS ....... ..DPS§,~DPS,, Channe! Search Fields ............. CSF,™CSFy Eoval Chunnel Seare TECS) (3 n 1 o W,C —~SW,C
Channel Search %...rorrrorrror UGS Imm. of PS... IPS~IPS,, Equal Channet Search In....—ECSl 4 T A CbV, SOMMON oosses e NS T3S
SHIFTS: Power of PS ... .PSO,—PSO,, DEMAND UNITS: qua annel Searc u'; 1 1 In CD R CDR elec creesreene st 1S TSW,
- Equal Channel Search Out=V, ..ECSY, (#) S —en > Non-Select . SWNSTSW,N,
Shift 2 Lefr 2L Drop Qut of 'S - 3RO TPSDOu Test In STST (M) Equal Channel Search Out % »...ECS X (#) Dut €800 to = 49 CDop™CD > 49
.................................. T el ... v .
Shift 2 Right ... ~2R  Computer Ground CG Jest Qut Ready ... SISIR S Dnequal Channel Search In......UCSl B
Expand Prod. Shifte....ooo...onreeon.. EXS  Demand Ground... .DG,~DG, Dot ot Ready. "D (# e o | oo Out ;--BCS 4 Function Se Set Fs
Scan Ground .... .5G,—*SG, Demand On,' ......... “DO| - Pnequo Ad:nne s arc ut ..PCS Func !on s quence o F 51
Selector Hold w7 SH emand Out Input. . rogram ress Counter......... AK unction Sequence Probe - SP,
Demand Qut Output .c.ccceeerrucnnene DOO (# Address Register ......ceceeueeceeee... ADR Function Sequence Out.............. FSO,—F SO,

SP TM-4327




10.

11.

12.

13.

14.
15.
16.
17.

18.

19.

20.

21.

V- 97
FUNCTION CONTROL CHART

EXPLANATION KEY

Enter type of unit, i.e., 150 CPM, Magnetic Tape, etc.
TST - Enter source of pulse, i.e., start, step exit, etc.

TSIN - Enter step number or function to be initiated if unit is not
ready.

TSTR - Enter step number or function to be initiated if unit is ready.
DI - Enter source of pulse, i.e., start, step exit, etc.

DOI - Enter step number or function to be initiated if last operation
was the transfer of data to input.

DOO - Enter step number or function to be initiated if last operation
was the transfer of data to output.

Enter type of unit.
Enter the number of the scan out routine assigned to the unit.

IPC - Enter the number of the selector(s) to be picked up, i.e.,
PU T12, PU A8, etc.

OPC - Enter the number of the step exit or other function which
impulses the output control line.

Enter the step number or function to be initiated by the start
impulse.

Enter step number or function to be initiated by the scan out impulse.
Enter the function to be initiated if the related error occurs.

Enter source of pulse, usually B+ through a selector, i.e., ST#2, etc.
Enter source of pulse, usually B+.

Enter the destination of the pulse routed through the indicator
switch, i.e., CT*2, etc.

Enter an x if no check is to be wired.

R - Enter the step exit or out of function which is to initiate the
reading of a specific URA from the drum to the revolver.

Enter the step number or other function to be initiated immediately
following the read instruction.

W - Enter the step exit or out of function which is to initiate the
writing from the revolver to the drum.



220

23.
24.

25.
26.

27.

28.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.
40.
41.

42.

V - 98

Enter the step number or other function to be initiated immediately
following the write instruction.

Enter the error check exit(s) which are to initiate step clear.

Enter the step number or function to be initiated after step clear,
i.e., step 24, PS 5, etc.

Enter source of pulse, i.e., out of step 36, etc.
Enter the error check exit(s) which are to initiate step repeat.

ECSI - Enter the step number of the channel search equal step, i.e.,
out of step 4, etc.

ECSV) - Enter the step number or function to be initiated if a match
was found for value 1.

ECSVy - Enter the step number or function to be initiated if a match
was found for value 2.

ECS# - Enter the step number or function to be initiated if no match
was found.

UCSI - Enter the step number of the channel search unequal step.

UCS= - Enter the step number or function to be initiated if all
URA's matched.

UCS # - Enter the step number or function to be initiated if a non-
matching URA was found.

BR - Enter the number of the step exit whose result is to be tested
for +, - or O.

+BR - Enter the step number or function to be initiated if the result
is +.

-BR - Enter the step number or function to be initiated if the result
is -.

OBR - Enter the step number or function to be initiated if the result
is 0.

OE - Enter the number of the step exit or function exit which is to
be expanded.

Enter the step number or function to be initiated, (maximum of two).
Enter the step number or function to be initiated, (maximum of two).
FD1 - Enter the number of the step exit or function exit.

FD2 - Enter the number of the step exit or function exit.



43.

44.

45.

46.

47.

48.

49.

51.
52.

53.
54.
55.

V-9

FDO - Enter the step number or function to be initiated after both
FD1 and FD2 have been impulsed.

SW C - Enter the step number, function, value, etc. which is to be
selected by the manual alternate switch.

SW S - Enter the step number, function, value, etc. which is to be
chosen if the alternate switch is on the select side.

SW NS - Enter the step number, function, value, etc. which is to be
chosen if the alternate switch is on the non select side.

CD V] ~ Enter the step number(s) whose value 1 is to be chosen through
the code distributor.

CD Vo - Enter the step number(s) whose value 2 is to be chosen through
the code distributor.

CD R - Enter the step number (s) whose result is to be chosen through
the code distributor.

CD 00 through 49 - Enter the address of the storage unit to be
called for if the related value is in the code distributor.

CD P - Enter the number of the step exit or function.

CDP O through 9 - Enter the step number or function to be initiated
if the related value is in the code distributor.

FSS - Enter the number of the step exit or function exit.
FSP - Enter the number of the step exit or function exit.

FSO - Enter the step number or function to be initiated after the
FSS and then the FSP have been impulsed.
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Pomington Rand ¥UWnivac UNIVAC FILE-COMPUTER SYSTEM APPLICATION: PROGRAM NO.
PIVISION OF SPERRY RANG CORFORATION i COMPUTER SELECTOR CONTROL CHART
PICK-UP FROM GRT°:N° T# SELECT COMMON NON-SELECT PICK-UP FROM GR%ND T# SELECT COMMON NON-SELECT PROGRAM SELECTS
1 25 PS# IN FROM DELAY OUT TO D. O. FROM POWER TO
2 26 1
30 270 2
% ENTER THE NUMBER OF THE 276 3
4o INPUT CONTROL LINE OR - 28a 4
- 5 PROGRAM SELECTOR WHICH > 28b ENTER THE NUMBER OF THE STEP
Sa IS TO IMPULSE THE PICK UP, 29a EXIT OR FUNCTION WHICH IMPULSES
5b I.E., IPC a, PSO 12, ETC. 29 THE PS IN.
6a 30a 8 )\
&b 30b 9 + ; l
6c 30c 10 A
6d 30d Ps# IN FROM IMMEDIATE ouT TO D. O. FROM POWER O
7 31 11
8 ENTER THE TYPE OF GROUND 32 12
22 I.E., SCAN GROUND #1, DEMAND . 33a 13
#4, COMPUTER GROUND, ETC.
9b GROUND 4. ' 33b 14 A *
10a 340 15
10b 34b 16
1a 35a
11b 35h REMARKS: ENTER SELECTOR(S) TO BE
) PICKED UP, I.E., PU T8,
120 3a ENTER STEP NUMBER OR FUNCTION PU A6. ETC. '
12 36b TO BE INITIATED. NOTE, PS 1 )
12 ENTER THE ADDRESS OF THE VALUE, 36c IS A 20 ms. DELAYED OUT; PS 2
124 —-— THE STEP NUMBER, THE FUNCTION, 53 THROUGH 10 ARE 15 ms. DELAYED
13 ETC. DESIRED WHEN THE SELECTOR 37 OUTS; PS 11 THROUGH PS 16 ARE
T IS ON THE SELECT SIDE. % IMMEDIATE OUTS.
15a 39%a
155 3%
16a 40a ENTER THE NUMBER OF THE STEP
16b 40b EXIT OR FUNCTION WHICH IMPULSES
— THE DROP OUT.
ENTER THE VALUE, RESULT, STEP
17b ~~—r NUMBER, FUNCTION, ETC. THAT IS >
18a TO BE SELECTED.
18b X765
18¢c 42¢
18d 42d
19 43
20 H .
2la ENTER THE ADDRESS OF THE VALLE,
P - THE STEP NUMBER, THE FUNCTION, |——fF——p=
Ton — ETC. DESIRED WHEN THE SELECTOR
. IS ON THE NON-SELECT SIDE.
23a 47a
23b 47b
24a 48q
24b 48b
24c 48c
24d 48d

SP TM-4328
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VI -1

Problem Approach

Every problem applied to a Univac File-Computer consists of several
areas of interest. Tn other words, all the aspects of the system
must be controlled through the program by analysis of the problem.
These areas of interest or break-up of the overall problem can be
stated as:

1) Analyze the problem.

a) What end results are required?

b) When and on what schedule must the results be obtained?

¢) What is the source data?

d) What is the source media?

e) What reference file information is needed?

f) What calculations are necessary to transform the source
and reference data into the desired end results.

2) Specify the System Required.

After the problem has been analyzed and the questions mentioned
above are answered the following questions should be consid-
ered:

a) What type of input devices are required?
b) Is more than one input device needed?
c) What information is to be stored on drums?
d) 1Is external tape storage needed?
e) Is stored instruction programming needed?
Note: This question can be better answered after
the problem has been flow charted.

Note: After specifying a system in this way, subsequent pro-
gramming may require a change in the original specifi-
cations. However, it is necessary to have a general
idea of what equipment is needed before starting the
flow programming.

3) After completing 2) and preparing tentative machine specifica-
tions the entire application should be analyzed in detail.
This may be best accomplished by:

a) Referring to the information obtained when analyzing the
problems, prepare a rough flow chart indicating what runs
are to be made by the computer.



VI -2

After these general flow charts are completed, a schedule of computer
runs such as the following might be prepared:

Uwivac. FiLe (omMpuTeR — APPLICATION SCHEDULE

The card forms and unit record areas referred to would, of course, be
tentatively designed through the operations described in 1) and 2).

It is obvious that this format of scheduling computer runs would not
be necessary where only one or two runs are required; however, in
more complex applications involving many runs of various frequency
such a schedule provides an excellent check point for scheduling the
work in the best fashion. The elapsed time column must necessarily
remain blank until the next step of the procedure is completed.

4) Program Flow Charting.

After we have completed the preceding steps the following
information should be available for each scheduled computer
run;

a) Input media and data description.

b) Output media and data description.

c) Reference or drum URA data description.

d) Calculation formulae necessary to transform the
input data to the output or reference results.

Having this information the next step is to flow chart the necessary
program.

The flow chart breaks down the step by step operation of the computer.
This type of chart is an invaluable aid to the programmer since it
exposes all the potential flaws in his logic. It forces him to think
logically, in the manner in which the computer will operate. It must
be remembered that the computer does not "think" by itself; it merely
performs mathematical processing of data in a logical fashion as set
forth by the programmer. Without such charts it is easy for the pro-
grammer to lose the thread of alternatives which are presented to the
machine, and thereby miss important steps in the logical sequence.

5 T
Zz‘ Desceiprion  |lowmwe :vwfm ’/;’:;; %’BED Euaneo| 7 QIR Qrror Meoia | LRA'S
/ Ayndykaﬁéua/ Wd) Tovnd| 1- NocrH
Qidiibidirn | 204 v #4 q0-Cov. | Qaky | 2 hnd 3:00m Midly ladPwmA | T
2\ oy G | M | |V (abowed| v (Wbl b |Tot- TR | Cadrmg | T
B4cC qaw|/2 Yem Béc
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It is not necessary to be mechanically technical in these charts.

It is better to prepare it in everyday terminology. Writing the
actual program after having charted the steps in this logical fashion
is simple and virtually all errors can be avoided.

5) After the program flow chart has been completed it is pos-
sible to proceed to the next step of "timing"” the program.
Form SPTM-4329 is used for this purpose.

Permington FRand Univac
DIVISION OF SPERRY RAND CORPORATION

UNIVAC FILE-COMPUTER
PROGRAM TIMING (IN MILLISECONDS)

AVERAGE

R L IR S I W AL S LT B i 4
/ | 2lo0 50| | 75 4125| 1100 4?25
! ! | : 2R Sw,7ew /NG i/0 2;} 1/
: | [ | Alwp Tins /8 :37 /:roo /8 !37
2 | /gl 7189] 3ie0| su3 7127 s00 | 7127
[ I | I D ' -._4__§\‘5J

The entries made refer to Problem I calculations in part.
Symbols should be entered in the description column to
cross-reference the volume % figure used for the calculations
performed to obtain the result. This will also prove of
value when changing or altering a program. The % volume
figure should also include provision for iterative processes
where a step is performed more than once for the routine.

The various program step times can be obtained from the time
summary section of this manual, however, care should be exer-
cised in accurately applying these times since program tech-
niques of simultaneous operations often eliminate process
times from the total elapsed time total. The timing is done
directly from the program flow chart and should include all
interstep functions (ADR switching, Read, Write etc.) as

well as the step process and access times. Note that the
total times computed in this step should be entered on the
application schedule.

6) After the program flow charts and their related timing
charts have been completed it is possible to chart the com-
puter usage against available time to determine how the pro-
gram sequence can be best arranged in light of input receipt
time and desired output time in order to produce the most
satisfactory results. This is done most easily by means of
a Gantt chart such as:
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UNIVAC FILE - COMPUTER - DAILY USAGE

Program
No. 9-10 | 10-11 11-12 | 12-1 1-2 | 2-3 | 3-4 | 4-5
! ||
2

3

Run 1
Run 2
Run 3

7)

s .

The above elapsed time usage report would indicate the
following daily schedule:

Starts | Ends I Total Time

3:00 PM 11:00 AM 4 hours

11:00 AM 1:20 PM 2 hours 20 min.
2:00 PM 3:00 PM 1 hour

The preparation of this chart enables us to get a clear
picture of the time end results will be available, and also
forces us to time our preparatory work to fit in with the
scheduled computer usage.

The information provided by the preceding six (6) steps is
sufficient to allow us to determine the feasibility of our
applications, and in addition it gives us an excellent basis
for creation of the detailed program.

As mentioned before, if we are complete enough in preparing
our program flow chart we will have little or no difficulty
in transforming the flow chart to a detailed program.
Complete examples of this entire process are shown in the
examples covered in this section.
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Illustrative Problems:

The following sample problems and their solutions are designed to

be used as practice problems in programming the Univac File-Computer.
They are presented in a sequence of ascending complexity, and each
problem employs one or more machine features or program techniques
not utilized in the preceding problems.

Each problem consists of 7 parts, these are:

D
2)
3)
4)
5)
6)
7)

Statement of problem

Machine specifications and comments
General procedure flow chart
Input-Output data format and explanation
Drum stored data

Program flow chart and comments

Program planning sheets

A list of the training problems is as follows:

I Billing and Inventory Control,

An off-line, punched card, single input device problem.

II Billing and Inventory Control,

An off-line, punched card, single input device problem,
including back-ordered item control.

IIT Multi-Card Inventory and Sales Problem.

An off-line, single input device, punched card problem.

IV Incentive Payroll - Daily Job Card Calculation and Summariza-
tion by Employee.

Involves two types of URA's (operation standards,
and employee)

v Weekly Payroll,

Gross to net calculations.
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PROBLEM 1
1. Statement of Problem

This problem involves the continuous daily processing of approx-—
imately 7500 order item cards. These cards are produced from
the customers order by means of a Card-0O-Matic punch and are
then placed into the UFC operation in order receipt sequence.

As far as the computing operation is concerned the only signifi-
cant data in these cards is the quantity ordered and the item
number. The item number is so designed as to be the complete
drum address of the item's URA. There are approximately 10,000
inventoried items. The operations to be performed by the compu-
ter are:

a) Reduction of the drum balance on hand figure for the
item by the quantity ordered. (For purposes of simplicity
we will assume that the balance on hand will never
become negative. We will also assume that every order
can be shipped i.e. - No backorder conditions will
arise.)

b) Quantity ordered is to be multiplied by the sales price
obtained from the item URA and the result, sales amount,
is to be rounded with .005 and punched into the card.

¢) Quantity ordered is to be multiplied by the cost price
obtained from the item URA and the result, cost amount,
is to be rounded with .005 and punched into the card.
It should be noted that normally an application such as this could
also include customer name cards which would be used with the com-
puted item cards to produce the invoice. Consideration of these
name cards has not been included in this problem in the interests of
simplicity.
2. Machine Specifications
1 -~ 150 CPM Input-Output Card Sensing Punching Unit
2 - Large Capacity Drums with 24 digit URA length.

1 - Arithmetic and Control Unit (External Program)
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3 GenNERAL Procepure Flow CHART

CUITOMER
ORDER
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MASTER 1T = e e e SELECT PROPER |TEM
E CARD FIE ' CARD -0O- 1 MASTER CARD FEoM

MATIC FILE, AND CREATE A
REPRODUCED |TEM CARD,
ENTERING ORDER NO.

AND QUANTITY.
Jo CompPuTRD /50 2. PLACE REFRODUCED ITEM
5 CWG ES ITEM AR cPMm " CABRS IN MNOCPM INPUT
INPUT
ARITHMETIC & CONTROL

1) PEDUCE DRUM INVENTORY BRLANCE
BY GUANTITY ORGERED
2) EXTEND QUANTITY ORCEEED BY
SALES AND coST PRICES
1
]

!
—_———l

UP TO VP TO
7500 7500
INVENTORY INVENTORY
ITEMS ITEMS
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4. Input-Output Data and Definition

The input source media are punched cards which appear as follows:

*?‘?'T_ETG"GWF7?T{TZTTETG_GT?TZTTEFM 12 02 12 1z 12 12 tz 1z &3 12 \z 12 1z iz 1z 1z 12 iz 1z 1z 12 12 13 12 12 1z |

34 34034 34034 34134 34 34 3434 334 34 34 34 33J34 34 §4 ;4 34 ;4‘34 34 34 34 34 34 34 34 34 34|34 34 34 uiu ;4 34 34 33 34034 34 Py
bS5

cH [U ORDERED I [
— e e
x| S6 S} 56 S6f56 S6fS6 Se S6 SefS6 56 S6 S6 56 S6]56 56 56 S6 56 S6fs6 S6 56 56 S6 S6 56 56 56 S6|%6 S6 S6 Sel%6 S6 |56 56 Se 56:56 56 |56
«
|

78 78 7175 78 78|78 78 78 78}78 78 238 78 78178 T& 728 78 78178 78 78 78 73 78 78 78 78 78{78 73% 73878 78|78 735 78478 78 |78
3 a|s 6|7 8 9 toftt 12 13 14 15 16117 18 19 20 21 22J23 24 25 26 27 28 29 30 3y 32§33 34 35 2637 38§39 40 41 42'4! 44 Jas
9 99 919 949 9 9 99 9 9 9 9 ofo 9 9 9 9 949 9 9 9 9 9 9 9 9 949 9 9 949 919 9 9 949 9 P9

REMINGTON RAND

Printed in U.S.A
<
©
-3
©°
©
©
L)
©
°
©
o
o
©°
-3
o
o
o
°
o
>
o
;)
o
°
©
©
<
L]
°
-3
©°
=)

Definitions:
Input
1. Item Number - This is the inventory number for the item
ordered. It is also the actual large capac-
ity drum address of the item's stored data.
2. Order number - This is the customers order number. This
information is not required in the calcula-
tion.

3. Quantity Ordered - This field contains the quantity of the
’ item ordered by the customer.

Output
4, Cost Amount - This field is the output resulting from
multiplying quantity ordered by the drum
stored cost price.
5. Sales Amount - This field is the output resulting from

multiplying quantity ordered by the drum
stored sales price.
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The above input and output data will be assigned to input-output
storage as follows:

INPUT - 000
002

Item Number (Drum Address)
Quantity Ordered

OUTPUT - 003 - Cost Amount
004 - Sales Amount

Note: The two fields of input are assigned to even input storage
units so that the "even" input transfer may be used. This will
transfer the data to input storage in one drum revolution.

5. Drum Stored Data and Definition

a)v Drum Unit Records for 10,000 items, Drum locations 000000 -

039924,
UNIT RECORD AREA - FIELD ASSIGNMENT
SYM. DESCRIPTION DIGITS SIGN
FO Item Number XXXXXX o +
Fl Balance on Hand XXXXXXX . +
F2 Cost Price XX ¢ XXX +
F3 Selling Price xx.xx§ +
F4 Constant 5 .005 +

b) Definitions

FO - Item Number - Actual drum address of the inventory item.
Since the input media contains the item address there is
no need for this information in this program.

F1 - Balance On Hand - This represents the quantity of the item
on hand and available for shipment. The statement of the
problem precludes the possibility of this balance ever
becoming negative.

F2 - Cost Price - Cost price per each item sold.

F3 - Selling Price - Sales price per each item sold.

F4 - Constant 5 - Since the problem requires rounding of the
cost and sales amounts to the nearest penny we need this
constant. We have placed the constant in the unit record

area for two reasons:

1) We have the necessary space to include this
digit in the 24 digit URA chosen.

2) Access time to this URA field will be faster
than to an input-output or intermediate storage.

For purposes of this problem, assume the above data has been loaded
onto the drums,
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Nomington Fand UWnivac

UNIVAC FILE-COMPUTER SYSTEM

APPLICATION:

.B/LL//\/C-; =2 //\/(/ENTO@YPROGRAM NO.: A

DIVISION OF SPERRY RAND CORPORATION VI - 11
150 CPM INPUT-OUTPUT CHART
INPUT-OUTPUT STORAGE FIELD ASSIGNMENT
DEMAND UNIT NO. OR SCAN UNIT NO. INPUT-OUTPUT SELECTORS
INPUT FIELD ASSIGNMENT PICK UP s# SELECT COMMON NON-SELECT
SYM. DESCRIPTION B B A T S B i T T T N, sé'ff la
000 | JTEM NUMBER. (PRUM ADPPRESS) /2|34 |s5|6 [+ 1b
001 lc
02| QUANTITY OPDERED /112113114045 16 2a
003 2b
004 2c
005 3a
006 3b
007 3c
008 4
009 5a
5b
OUTPUT FIELD ASSIGNMENT 5c
SYM. DESCRIPTION = 5 5 C‘ARD 7COLU:4NS A;JD D‘ECIMA;.S 5 : - él‘ss 6a
000 6b
001 6c
002 7a
003 CosT  AMOUNT 33|34 |35 |36[37 35 + 7b
04 |  SAMES AMOLNT 39|40 |41 |42[43 |44 + 7e
005 8a
006 8b
007 8c
008 9a
009 9b
9¢
INPUT CONTROL LINES OUTPUT CONTROL LINES 10a
SYM. FROM SYM. TO 10b
a A TP 10c
b B
c C INPUT TRANSFER PROGRAM SELECTS
d D IN (from) FVEN NO. IN FROM POWER OUT TO
° £ NO  (to) 1
; F EVEN (to) /N 2
[*] G ALL (to)
h H
i |
i J
k
|
REMARKS:

SPTM 4330




v y I UNIVAC FILE-COMPUTER SYSTEM aPPLICATION:  Briiin b IMENTDRY  procraMNO. L
DIVISION OF SPERRY RAND CORPORATION VI - 12 STORAGE ASSIGNMENT CHART
LARGE CAPACITY DRUM ,ppress From 40 0000 LARGE CAPACITY DRUM INTERMEDIATE STORAGE FIELD ASSIGNMENT
FIELD ASSIGNMENT TO 0392'5_ FIELD ASSIGNMENT SELECTORS TRACK 10
SYM DESCRIP TION 775 ‘;HABR“E,TE: “;‘D D A sn] |[PIck-UP FROM GR%ND An SELECT COMMON NON-SELECT SYM DESCRIP TION 11{1ole |8] 7|6 |s SN
Fo|/rem NuMBER 51432/ 0+ la 10
F 1| BALANCE on HAND 2\iliolels| 7|6 [+ b n
F2|lasT FRICE 17|76, 15114 3|+ le 12 ) B
F3|SeLunG FRICE 22|21\ 70/9\/18+ 1d 13
Fa| CoNSTANT 5 vilks 20 14
F5 b 15
Fé 2 16
F7 2d 17
F 8 3a 18
F9 3b 19
F10 3¢
F1l 3d TRACK 20
F12 4a 20
F13 4b 21
Fl4 4c 22
F15 4d 23
Fl6 5a 24
F17 5b 25
F18 5S¢ 26
F19 o 5d 27
6a 28
6b 29
6
LARGE CAPACITY DRUM ApDRESS FROM 6d TRACK 30
FIELD ASSIGNMENT TO _ 7a 30
SYM DESCRIP TION o 5 gHABRA(%TEGR AI;D (zECIaMALZ 5 = 7b 3]
EO 7c 32
F 7d - 33
F 2 8a 34
F 3 8b 35 )
F 4 8c 36
F s 8d 37
Fé 38 - B
F7 INTERMEDIATE STORAGE FIELD ASSIGNMENT 39
F8 TRACK 50
F9 SYM DESCRIP TION 15t10j9o {81 7!le!ls|a) 3|2 SN TRACK 40
F10 50 40
F1 51 41
F12 52 | 42
F13 53 43
Fl4 54 44
F15 55 45
Fl6 56 46
F17 57 e
Fi8 58 48
F19 59 49

SP TM-4326




Memingtorn Fand Univac UNIVAC FILE-COMPUTER SYSTEM APPLICATION: ____ BILLING F INVENTORY pROGRAM NO.: g

DIVISION OF SPERRY RAND CORPORATION VI - 13 PROGRAM PLANNING CHART
FTEFlﬂ:uur CARD VALUE 1 PRO- VALUE 2 ] RESULT MExT] VALUE 1 As STORED VALUE 2 AS STORED UNSHIFTED RESULT STORED RESULT z
NO. NO. NO. DESCRIP TION S5YM SH CEss DESCRIPTION SYM SH DESCRIPTION SYM SH STEP 11109 (B8 [7|6[5|4|3]2)1 : 1f10)]o |8 |7 | 6] Bla a2}t : 22 |21|20 (191817 6\15 4f1gpe |i wie|s|7(e|s[a 321 ?l t1ffojo|8j7 |6 |B|4|8]|2 : P
1/ 1 Vitem no. (Dawm Aooeesd| bo0 T /fem Ab. ADP, £ XXX+ X[ XXX H XD XX 1
2 ! \Barans ou Hano | Fi — | Boantty Orpered (002 New BIANE oV HavD| Fo 3 XX XX x|+ ¥xIx|xixix|# ¥ x| XXX+ XIXIXIXXe 3] 2
3|/ !\ Quantity Orpeveo | 002 X Casr Feice Fz (osT AMaNT MR | 003 4 XXX XX H XXX XD+ X 3| X | XIxH 3
A1) 1 ) | Cast Amoont MR 003 + .005 A " g eop |oo3| | 5 xXIxix(x(xdxdl+ 5]+ x| sdx | xbel -+ X bl x e 4
5|7 |/ Luontity Oepbevep 002 X | SeLunNG PiceE F3z JALES NL | Dol XXX XA XXX XD XXX H XXX X X 5
61 7 | 4 SALES Amount v.e|ood + 005 Eif t " ron 004 W, X X[ x| + 514 XBXIX XXX+ XXX 6
7 7
8 8
9 9L
10 10
11 11
12 12
13 13
14 14
15 15
16 16
17 17
18 18
19 19
20 = 20|
21 21
22 | 22
23 23
24 24
25 25
26 26
27 27
28 B ! 28
29 29
30 ; 30
31 i 37"
32 I 32
33 33
34 34
35 15
36 36
37 37
38 ! 38
39 i 39
40 T 40
41 ! 4]
42 |
43 u ::f
44 44
43 45
46 m
47 47
48 48

SP TM-4325




Pomington Pand UWnivac VI - 14 UNIVAC FILE-COMPUTER SYSTEM APPLICATION: Brltins & I nvenToRy PROGRAMNO.: L
GIVISIon o STEREY Ramp CORPORATION FUNCTION CONTROL CHART
DEMAND UNITS SCAN UNITS CODE DISTRIBUTOR
e = = Ar—y—
No.| TYPEOFUNIT | TESTIN FROM [ (oopetiol Lkl - B DEMAND IN FROM NPT AN OU L N no.[ TypEOFuUNIT | TOo'scaNouT |[NO{ TYPEOFUNIT | TOo scaNouT [NO./ TYPEOFUNIT | TO scAN ouT ;':",‘.‘:.é’,‘.
1| /750CPMm S7ReT oy | 1N STH 1 ! 9 7 SFotns
2 2 10 18 g';os%gnps
3 3 11 19 NO. TO NO. To
P 4 12 20 00 26
s 5 13 21 o1 27
6 6 14 7] 02 28
7 7 15 <] 03 29
8 8 16 24 04 30
05 31
INPUT CONTROL LINES | [ | o7 #/ ] READ UNIT RECORD CHANNEL SEARCH EQUAL CHANNEL SEARCH UNEQUAL 06 32
no.| To No. IN FROM ouT TO NO. OE':';""E”; T TO1F = VI TOo IF = v2 TOIF % nof FROM OV TOIF = TO IF % 07 33
a SCAN OUTS V| S7#/ 72 1 1 08 34
b No. To 2 2 2 09 35
¢ 3 3 3 10 36
d 4 4 4 1 37
e 5 12 38
f 3 BRANCHING OUT EXPANDERS 13 39
7 No.| IN FROM STEP TO IF + TO IF - To IF © NO. IN ouT ouT 14 40
8 ! 1 Wy orPCA DT #/ 15 4
i 2 2 16 42
i ERROR CHECKS WRITE UNIT RECORD 3 3 17 43
k FROM TO NO. IN FROM ouUT TO 4 4 18 44
! ARITH. | STLP REPERT V| ST#H 6 O£, 5 5 19 45
to'FLowW ST 2 6 6 20 46
OUTPUT CONTROL LINES| |*O'FLOW 3 7 7 21 47
NO FROM PARITY | S7 a2 4 8 8 22 48
A O[/ ADDRESS | S 790 5 9 23 49
8 6 10 FUNCTION DELAYS 24 >49
Cc INDICATORS 7 n NO | IN 1 IN 2 ouTr 25
FROMOU TO
b NO- FROM 8 12 Fﬁc:::nuo.l;q: i
E 1 13 2 NO. To NO. TO
STEP CLEAR
F 2 IN ouUT ‘4 3 0 s
G 3 15 1 6
H 4 P ROG.SEL. 16 ALTERNATE SWITCHES 2 7
I 15%4?:[(:}-1 FRom J:ro STEP REPEAT ‘7 NO. SELECT COMMON NON-SELECT 3 8
’ SHECcK Trom | ARITH. £ERROR 18 n y >
2
SYMBOLS FOR PROGRAMMING: SELECTORS: Function Delay....ersvrov ED o SE0n QU o 1504 3 FUNCTION SEQUENCE
P . . . LT n - rogram Step in . . 4 .
T PR Gomputor Selector ... AR In FD 2 FD2,~FD2, Program Step Out... From ST (#) i B TRose ovT
. + Input-Output Selectors s Out FD. FDO,"FDO, IOutBExp%qders OE.“gs. 5 1
Subtraction ... — o ) eerereesneesnenannsnenans CT(# or CA (# n Dranching.... —BRy,
M?Jlt'i':fit;g?ion . X Select...... ST (# or SA (gf)) STORAGES: + Branch Out .. +BR‘:SR" 6 2
DiviSion.e.rro e O NST(# or NSA () Input-OuUtpUt wecrevrcreerserssreer 000009 - Branch Qut . BRus
Left Zero Elim ™ LZE  PickeUp o PUT(#Mor PUA(# Intermediate . 1059 & Branch Out ... it Ny
Compare .C Program Selector .P$S PSS, Revolver ....ccccccceeennn. .Fo—Fys we‘o Unf' Record.-. w‘_,w' ALTERNATE SWITCHES:
Channel Search = ..ccoonvirerreenne. ECS Delay of PS ccorecreceesrnencerennnns DPS,~DPS,, Channel Search Fields ..cccc.c.... CSF,—CSF,s "", nit Record... Ecsi’ cDV . .
Channel Search % ..o UCS  Imm. of PS IPS—IPS,, Equal Channel Search Csl In CD Vy oo cov, Common SWE TSW.C
SHIETS: Power of P «oororororierern PS0,~P S0y DEMAND UNITS: Equal Channel Search Qui=v, ..ECSV, (%) in CD R CDR Select WS TISWS
HIFTS: MR Equal Channel Search Out=V, ..ECSV, (#) - Non-Select.....ccccerivmumiirieicernicenens SWNSSW,N
Drop Out of PS. --PSDO,~P5DO0,, Out CD 00 10 > 49 oo CDy— CD > 49 : o
Shift 2 Left ovrmmrerrsreoeresrere 2L Ground of Sel ..... GT(m Test In...cvee IST (9 Equal Channel Search Out ¥ ...ECS Y (%) In CD Pulse In..... .CDP
Shift 2 Right ... 2R Computer Ground .CG Test Out Ready . TSTR (M Unequal Channel Search In.......UCSI (#) Out CD Pulse Ot woomrrvrorrrsoorrn CDP,--CDP,
Expand Prode Shifteeoorveviens.. EXS Demand Ground..... -.DG,~DG, Test Out Not Re TSTN (#) Unequal Channel Search Out =..UCS = (#) -
Scan Ground ..... 7 SG,—SG, Demand In ........ Di (#) Unequal Channel Search OutX..UCS X (#) Function Sequence Set ........... FSS,—FSS,
Selector Hold .. SH Demand Out Input... .DOI (# Program Address Counter.......... Function Sequence Probe .. . -
"""""""""""" Demand Out Output ...... ....DOO (# Address Register ...cecerieaennnns Function Sequence Out..............

SP TM-4327
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UNIVAC FILE-COMPUTER SYSTEM

APPLICATION: BII(//VG' f(z./\/l/fﬂﬂ)f/ROGRAM NO. j

VI - 15
DIVISION OF SPERRY RAND CORPORATION COMPUTER SELECTOR CONTROL CHART (/%,7- User n Thes PPoEAe'M)
Pick-up FRoM[ SROUND| 14 SELECT COMMON NON-SELECT Pick-uP FrRom |SROUND| 14 SELECT COMMON NON-SELECT PROGRAM SELECTS

1 25 PS# IN FROM DELAY OUT TO D. 0. FROM POWER TO
2 26 1
3a 27a 2
3b 27b 3
4a 28a 4
4b 28b 5
Sa 29a 6
5b 29b 7
6a 30a 8
6b 30k 9
6c 30c 10
6d 30d PS# IN FROM® IMMEDIATE OUT TO D. O. FROM POWER TO
7 31 11
8 32 12
9a 33a 13
9b 33b 14
10a 34a 15
10b 34b 16
11a 35a

11b 35b REMARKS:
12a 36a

12b 36b

12¢ 36¢c

12d 36d

13 37

14 38

15a 3%a

15b 39b

16a 40a

16b 40b

17a 4la

17b 41b

18a 42a

18b 42b

18¢c 42¢

18d 42d

119 43

20 44

21a 45a

21b 45b

22a 46a

22b 46b

23a 47a

23b 47b

24a 480

24b 48b

24c 48¢c

24d 48d

SP TM-4328
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3. PROBLEM 1T
1. Statement of Problem

This problem is a further extension of problem I in that considera-
tion has been given to back-ordered quantities. The problem again
involves continuous daily processing of 7500 order item cards
against a drum stored inventory file of 10,000 items. The cards are
created from the customers order by means of a Card-O-Matic punch
and fed into the 150 CPM sensing punching unit of the UFC. The
computer is to perform the following operations:

a) Reduce the quantity on hand (drum) by the quantity ordered.
If the result is negative, then the result equals the quan-
tity to be back~ordered. Punch the quantity back-ordered.
In addition the quantity on hand should be changed to
equal zero when a back-order occurs. The quantity shipped
is determined by reducing the quantity ordered by the
quantity back-ordered (if any).

b) Quantity shipped is to be extended by the cost and selling
prices to obtain cost and sales amounts.

c) When a back-order occurs a one (1) should be added to a
number of back-orders count maintained on the drum by item.

d) Gross profit is to be calculated and punched as well as )
added to the gross profit total on the drum. Gross profit
equals sales amount less cost amount.

The item number is again the complete drum URA address of the item's
unit record area., Assume that the cost price is never more than the
sales price., Further conditions of the problem are:

1) Assume the item unit record areas are already on the drum.

2) Assume all intermediate storages are clear (i.e. spaces).

2. Machine Specifications
1 - 150 CPM Input-Output Card Sensing Punching Unit

2 - Large Capacity Drums with a 30 digit URA length
1 - Arithmetic and Control Unit (External Program)
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3 Gewverar Procepure Flow CHAeT

CUSTOMER
ORDER
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ITEM CARDS|

rorep | ____ | /50 2. PLACE REPRODUCED ITEM
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INFUT
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2) “ BACK-ORPER QUANTITY
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- 6000 6000
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Input-Output Data and Definition

12 17 12 12 12 12 12 12 17 12 12 12 12 12 12 7 12 1z 12 1z 1z 1z 1z 1z 1z 1z 12 12 12 1z 1z iz 12 12 iz 12 12
=M No.  [ORDER. NO.
;333133334¢4404 3¢ 34 34 34 4 34 34 34 34 34 34 34 34 34 34 4 34 34 34 34 34
N URA
z 56 56156 S6]%6 S6] % S6 56 56 56 56§56 56 356 S6156 56 56 56 56 56 56 56 56 56 %6 % 56 S6 S6 56 56 56 56 56056 6 56 S56)56 $6 56 S6}%
78 78§78 78{78 78|78 78 78 78 78 78|78 7s 78 78|78 78 78 73 7 73 78 78 78 78 78 78 78 73 78 78 78 V8 78 78 T8]78 78 73 78§78
1 2 3 4 s [ ] 7 s 9 10 1t 12013 14 1S 16]17 18 19 20 21 22 23 24 23 26 17 28 29 30 31 32 33 34 35 38|37 38 30 4041 42 43 44 |45
99999999999999‘?99‘7999999999‘99999999999997999‘)9
§ JTEM QORDER CARD !
201212 12 12 12 37 12 12 12 1z 17 12 17 12 12 1z 12 12 12 12 12 1z 1z iz 1z iz 13 1z 1z 1 iz 1z 13 13 17 13 17 12 17 13 17 15 13 12 12
g [ 2Bass SALES cooT ]
;1434!4!4!4!434!41414!4!434!43434!434!4;434!41414349 34 33 34034 34034 34 34 34034 34834 3¢ 34 34] 34 34034 34
& o FPROLIT AMOUNT
< 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 5656 56 56 56)56 5656 56 56 56)56 56[56 56 56 56§ 36 56§56 56
g 78 78 78 78 78 78 78 73 78 78 78 78 78 78 73 78 73 78 78 73 73 78 78 Vg 78|78 78 T3 7878 78|78 78 78 7s!78 738}78 78 78 & 78 78}78 s
g\) 9 9 9 9 9 .9 9 9 9 9 9 9 9 ¢ 9 9 9 9 ¢ 9 9 9 919 9 9 99 99 9§ 9 9349 919 9 9 949 9 {9 9
E 46 47 40 49 30 31 32 53 54 35 36 57 58 359 60 €1 82 63 64 65 66 67 88 69 70l 7VT VR 73 741 7S 76| 77 78 79 eof 81 @ 83 04 85 8 87 sejss 90
Data Definition
Input v

1. Item Number - This is the inventory number for the
item ordered. It is also the specific
large capacity drum address for the
item's URA.

2. Order Number - This is the customer's order number.

This information is not required in
the computations.

3. Quantity Ordered - This field contains the quantity of the
item ordered by the customer

Output

4. Quantity Back Ordered - This field represents that portion of
the quantity ordered which cannot be
filled from the on hand balance.

5. Quantity Shipped - This field represents the portion of
quantity ordered, which can be shipped
from the balance on hand.

6. Gross Profit - The gross profit realized on the sale
of this item: the difference between
sales amount and cost amount.

7. Sales Amount - The dollar amount rounded to two (2) .
decimal places resulting from the
extension of quantity shipped by sales
price.

8. Cost Amount - Same as 7 except substitute cost price

for sales price.
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The above input and output data is
as follows:

INPUT

OUTPUT - 002 - Quantity Shipped

assigned to input-output storage

- 000 - Item Number (Drum address)
002 - Quantity Ordered

004 - Quantity Back Ordered
006 - Cost Amount

007 - Gross Profit Amount
008 - Sales Amount

5. Drum Stored Data

a) Drum unit records for 10,000 items, Drum locations

000000-049919.

UNIT RECORD AREA - FIELD ASSIGNMENT

SYM. DESCRIPTION

FO Sales Price

F1 Cost Price

F2 On Hand Balance

F3 Number of Back Orders

F4 Gross Profit to Date

F5 Constant 1

Fb6 Constant 5

b) Definitions

FO - Sales'Price -
Fl - Cost Price -
F2 - On Hand Balance -
F3 - Number of Back Orders
F4 -

Gross Profit to Date

DIGITS SIGN
XX ¢ XXX +
XX o XXX +
XXXXXX o +
XXXX, +
XXXXXX o XX +
1. +
.005 +

Sales Price for each unit sold.
Cost Price for each unit sold.

Quantity of the item on hand and
available for shipment on customer
orders.

- A statistical total kept to keep
track of the number of times
the item was not available to
fill a customers order.

- A cumulative total of the real-
ized gross profit on shipments
of the item to date (i.e. since
beginning of the accounting
period).
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FS - Constant 1 - This constant is required to
enable us to add a one (1) to F3
when a back-order occurs. It is
kept in the unit record area
rather than intermediate storage
since we have space in the URA
and the field access time to a
30 digit URA is faster than to an
intermediate storage.

F6 - Constant 5 - Required to round the cost and
sales amounts.

For the purpose of this problem we will assume the above data has
been loaded on the drums.
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é. FProeram FiLow CHarT
ITART
) 1
Lemanp UNMT #/ Tf 1P
REGDY
ﬁ!/M»p OU7 =N 4/
1 ocooT~=40R WeITE

READ I
8 A -002=pk

+ =}
3 E 1-:=004

'

! 4 T -=F

5 5+€=5

6 Ooz-004=002
LBr

i
>

o

+A

' R
7 Fo x 00z =008 )3 JOT =007

8 008 +F = o008(ie)

4 F X 002 =006

10 006 + £, = o006 (1g)

11 008 - 006 =07

12 co1 +Fy = Fy
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Pomington Fand UUnivac - UNIVAC FILE-COMPUTER SYSTEM APPLICATION: Brddsng &'INvENToRY pROGRAM NO.: __ZZ
DIVISION OF SPERRY RAND CORPORATION
150 CPM INPUT-OUTPUT CHART
INPUT-OUTPUT STORAGE FIELD ASSIGNMENT
DEMAND UNIT NO. OR SCAN UNIT NO. INPUT-OUTPUT SELECTORS
INPUT FIELD ASSIGNMENT PICK UP S# SELECTY COMMON NON-SELECT
000 | /7647 NbmBerR (D€LA ADORESS) /| R|3 |4 |5|6 ]+ 1b
001 ’ lc
002 | QUANTITY ORDERED /3|14 |/5|76] + 2
003 2b
004 2c
005 3a
006 3b
007 3c
008 4
009 S5a
5b
OUTPUT FIELD ASSIGNMENT - Sc
SYM. DESCRIPTION - - 5 c:nofm.u:ms A:D D‘ECIMASLS 5 ; - éll'?: 6a
000 6b
001 6c
002 | PUANTITY OSHIPPED 4/ |42 |43 |4-4L] + 7a
003 ‘ ‘ 7b
004 | QUANTITY BARCK ORIERED 37|38|39 |40 + 7e
005 ) 8a
06| Cos7T ArsovnT 83 |8« |85|e6 |87 |85 | + 8b
07 | G Ross FCoFIT Arrounr 7/ 72|73\ 7+\75 | 76| + 8c
008 | S BLLS Arrouen7 77178 |79 |Bo 8/ |82 + 9a
009 9b
9¢
INPUT CONTROL LINES OUTPUT CONTROL LINES 10a
SYM. FROM SYM. To 10b
a A TR~ |10
b B
c C INPUT TRANSFER PROGRAM SELECTS
d D IN (from) EVEN NO. IN FROM POWER OUT TO -
e E NO  (to) 1
i F EVEN (to0) /N 2
9 G ALL (to)
h H
i |
i J
k
I

REMARKS:

SP TM 4330
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m o t m 7 zﬂ ° UN'VAC FllE-COMPUTER SYSTEM APPLICATION: 5/41//‘/(7 é/f/V//[A/fo/P)/f;ROGRAM NO.: Z

DIVISION OF SPERRY RAND CORPORATION VI -23 STORAGE ASS‘GNMENT CHART
LARGE CAPACITY DRUM Appress FROM 20200 & LARGE CAPACITY DRUM INTERMEDIATE STORAGE FIELD ASSIGNMENT
FIELD ASSIGNMENT ToQ% 99/9 FIELD ASSIGNMENT SELECTORS TRACK 10
SYM DESCRIP TION T 7o ‘;"‘“‘“‘C,TE? “;‘° :Ec‘;““z- rTsn] |P'EK-UP FROM GR?%ND An SELECT COMMON NON-SELECT SYM. DESCRIP TION 11j1o|eo |8]| 7|6 | 5|4
Fol| JAles Aercs £33\ 2)/ |0+ la 10 CLEAR (58908 ConES) == l=l=l=l= ===
F1| Cosr FPescsE 9187 6|5 |+ 1b 1
F2| ON HOIND BRLANCE A I 1A 1c 12
F 3| NomBeR o5 Forw’ OCPERS V9 g\ 17\76] + 1d 13
F4| GOoss Fror/rm To DPR7E 27\26\25\2#\ 238|222 1\20| + 2a 14
Fs| Covs7any / , 28] + b 15
Fo| Consrars e9| + 2 16
F7 2d 17
F8 3a 18
F9 3b 19
F10 3c
F11 3d TRACK 20
F12 4a 20
|F13 ' 4b 21
Fl4 ' de 22
F15 , 4d i 23
F16 ‘ 5a 24
F17 5b 25
F18 5¢ 26
F19 5d 27
6a 28
6b | 29
[
LARGE CAPACITY DRUM ApDRESS FROM - 6d TRACK 30
FIELD ASSIGNMENT TO B 7a 30
SYM DESCRIP TION T g”‘:‘%"‘i: “";D EECI;‘ME TR 7b 31
FO 7c 32
F 1 7d 33
F 2 8a 34
F 3 1 8b 35
F 4 8c 36
Fs 8d 37
F é 38
F7 INTERMEDIATE STORAGE FIELD ASSIGNMENT 39
F 8 TRACK 50
9 SYM DESCRIP TION 11f10/9 |8 | 7|65 |43 2|1]|sN TRACK 40
F10 50 40
F11 51 41
F12 52 42
F13 53 43
Fl4 54 44
F1s 55 45
F16 56 46
F17 57 47
Fi8 ) | 58 48
F19 59 49

SP TM-4326
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Mm NRand Univac UNIVAC FILE-COMPUTER SYSTEM APPLICATION: Briiins & Zneenrory PROGRAM NO.: ___-Z_

DIVISION OF SPERRY RAND CORPORATION VI - 24 PROGRAM PLANNING CHART
STEFISS:JTT CARD VALUE 1 PRO- VALUE 2 RESULT NExT| VALUE 1 AS STORED VALUE 2 AS STORED UNSHIFTED RESULT STORED RESULT E
NO. NO. NO. DESCRIPTION SYM SH CESs DESCRIPTION SYM SH DESCRIPTION SYM SH STEP 11h10j9 (B |76 |B[4|3|2]1 : 1110]9 |8 |7 |6] Bi4 |32 |1 ﬁz 21[20[tof1g|17hefiB 4figpp2|(1 10i9/8|7[e|B|a|3(2]1 a 11fiol9|8|7 (s |5|4|8!2 (1 z P
V| /| 1 | 17Em No (Peom Ao 000 7 Z7EM N Zoel | £/ XX XIX[X[X]+ XIXIXIXIXIX + XIXIXIXIX X ] 1
21/ |/ ON HAND BRLANCE | Fa — | Quanriry ofoeReD| 002 Off YoV YL BAANCE | £ Ze, XIXIXIX XX+ XIX|X[¥]+ XIXIX[XIXIXE XIXIXIXIX X 2
31/ |/ Bfo Qry FZ 7 Bk ORIER gry |oo4 + X|XIX[X[+ X[ XIX|X[+ X[ XXX 3
17 7 SPACE CoDES /0 7 CLepeFD W BRL | F2 C 2 ol o ol o o 4 ol I A ot e .1 B
s/ |7 No. oF BAKPIERS | F3 —+ CoNSTANT / F5 No. oF LR’ 0e22s| F 3 6 XXX X+ /1 H XIXIXIX + XXX X[+ 5
6/ |/ QUANTITY ORPERED | 00R — | BAckorpeR Q7Y 004 QPuUaNTI7 Y SHPPED | 002 86, XIXI XX+ X [X[X[Xp+ X XIXDG+ XIX| XXt 6
AV, TALES PR/cE £ X QTY. SH1PPED |02 SBLES Amr. (NME)| ovs 8 XIXIXXIX -+ XIXIX|X) XIXIXIXIX XX+ XIXXXIX X 7
8|/ / SHLES AT M) | pog + | Cons7anr 5 V3 SwgLESs Am7 (Pod) (oo8 |1R| 9 XIXIXIALXIX X 51+ XIXIXIXUXIXIX [+ XXX XX [Xit] 8
9|/ / Cosr Pres F7 X PTY. SHIPPED 002 Cosr Am7. (VB |0o¢ 70 X XX A[X [+ XI¥|X (¥} + XXX XX XX |- )(XX)Q(X X 9
101/ / Cosr Porcs (N E) | 0oé + CONSTANT S~ Fé Cos7 M (RLD) (006 /R // XX X [X[X XX 4+ St XIXIX XXX+ YIX X[ XX [X{H10
nli/ |7/ SLEs AmoonT | po8 — Cos7 AmounT 006 G ROSS ARpri Amil 007 /z X XX XIX|X |+ XIXIXIXIXX |+ XIXIXIXIX X+ XXX)& XHW
127 |/ G@pss FRoFi7 AmT 007 + G055 FRoF/ 7T T2 | Fa Goss FIROFIT 77D. | F4 W X |XIXI XXX X XXX XXX X+ XIXIXIX XXX+ XIXIXIXIXIXOX X ] 12
131/ |/ SPAcCE Cooe /0 T Clene GRoss ARor17 | 007 W ==l = - = ==t ===l = === F e B
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Pomington Fand Vnivac

VI -

DIVISION OF SPERRY RAND CORPORATION

UNIVAC FILE-COMPUTER SYSTEM

25

FUNCTION CONTROL CHART

APPLICATION: BL LG ;?{me.r/vfa,e/

L

PROGRAM NO.:

DEMAND UNITS SCAN UNITS CODE DISTRIBUTOR
No.| TYPEOFUNIT | TEST IN FrROM ST READT T READY DEMAND IN FROM NEOTEAND OUT 10 r NO.| TYPEOFUNIT | TO SCANOUT [[NOf TYPEOFUNIT | TO SCANOUT [INO.| TYPEOFUNIT | TO SCAN OUT s
1| /30 cPm 57407 § 0L, AN ST#/ 1 9 17 SRt ens
- 2 10 18 SEsTERS
3 3 n 19 NO. TO NoO. To
4 4 12 2 00 26
s 5 13 21 01 27
6 6 14 »n 02 28
7 7 15 2 03 29
8 8 16 24 04 30
05 31
INPUT CONTROL LINES| [P | Dzas/ READ UNIT RECORD CHANNEL SEARCH EQUAL CHANNEL SEARCH UNEQUAL 06 32
No. To No.|  IN FROM ouT To No R e ToIF=wI To IF = v2 ToIF % Nof FROMOouT.. To iF= Yo IF % 07 33
a SCAN OUTS V | STEP =/ ITERP L2 1 1 08 34
b No. To 2 2 2 09 35
3 3 3 10 36
4 4 4 11 37
e 5 12 38
¥ 6 BRANCHING OUT EXPANDERS 13 39
a 7 NO.| IN FROM STEP TO IF + TOo IF - TOIF © NO. IN ouTr ouT 14 40
h 8 V\S7# 2 TrER JTEPH 3 | STEP A7 1 e OPC 4 2 #/ 15 41
i 2| S7T#E STEPHY TTEP#/3 2 16 42
i ERROR CHECKS WRITE UNIT RECORD 3 3 17 43
k FROM To NoO. IN FROM ouT TO 4 4 18 44
! ARITH. | 5720 ROEPERT \ \oTH#s2, sTeys| O£, > 5 19 45
to'FLoW 57 o 2 6 6 20 46
OUTPUT CONTROL LINES| |[*O'FLOowW 3 7 7 21 47
NO FROM PARITY | S7T 0.0 4 8 8 22 48
A O[/ ADDRESS | §77 5.0 5 9 23 49
8 6 10 FUNCTION DELAYS 24 a9
C INDICATORS 7 1 NO. N1 IN 2 our 25
D NO. FROM 8 12 1 !;zc::z?nuo*l;: F
E 1 13 2 NO. TO NO. To
STEP CLEAR
F 2 ~ Y 14 3 0 5
G 3 15 1 6
CLEA
H 4 FroesEL. | 16 ALTERNATE SWITCHES 2 7
! NDrcm From l*ro STEP REPEAT 17 NOo.|  sELECT COMMON NON-SELECT 3 8
] ngCK lFNROM ]ﬁp/f//. f}(’/?ﬁ/? 18 1 . 5
2
SYMBOLS FOR PROGRAMMING: SELECTORS: Function Delay.......orroro. FD T Y 50,50, 8 FUNCTION SEQUENCE
ProcesSes: ..oeervemvureseresuenninns PR Computor Selector .......cceeueveunnne T.~T In FD 1 FD].:FDL Program Step In .. e In ST (#) 4 NO. SET PRO BE ouT
Transfer.. Drum Selector .............. ..A:—'A.“ g‘urEg ;gé _.’,::%20’ g"’gé“m S':P Out. F'°231E- (# 5 ]
gd:"'on' ------ ---él_;'(s#;o CA ! i Inu'Ewu):\‘::?:iln;rs mgs:"BR.a
ubtraction ... .o or #) e s mme s T R T e e 1
Mplf:p.olicaﬁon . ST (#) or SA ((#)) STORAGES: + grancl’: 8u1 ...:ggc:gsu 6 2
Division........... NST(#or NSA(#)  Input-Output .. 000009 -t i AR —BR"
Left Zero Elim. PUT(®M or PUA (¥ Intermediate .. 10759 ?2 o’:rifn" ;' d OR —.h 1
Compare .....cu.... - PS—PSie Revolver ........... .FoFy Weif Unit Record w'_,w° Code Distributor...ccciuceeeniiiinnnnnnne cD ALTERNATE SWITCHES:
Channel Search = Delay of PS ..DPS,~DPS,q Channel Search CSF,—CSFys Equal Channel Search e ® In CD Vi ooverveesceeisssies s cov, c SW.C —SW.C
Channe! Search X%... Imm. of PS... L IPSH—IPS, qua annel Search In............ InCDV, CcDhyv, OMMON Leveienieiersnrevenrrieessssassen f _’SW,
Power of PS PSO,—PSO D ) . Equal Channel Search Out=V, ..ECSY, (#) In CD Select .SW,S —SW,S
SHIFTS: .- ) 16 EMAND UNITS: Eaqual Channel Search Out=V ECSV. (#) NCD R e CDR Non-Select SW,NS—SW. N
. Drop QOut of PS.. ...PSDO,—PSDO,, Test In TST (1 Eq | Ch 13 h Out & 2 "ECS ;(#) Out CD 00 to > 49.. mCDoo_'CD > 49 o eleCt i 1 6 Ny
Sh_nh 2 L‘eh..‘ Ground of Sel ... CT(® Tes* T TETam Uqua l ézne 'egrc hul “-.UCS| o In CD Pulse I ~Cpp
Shift 2 Right. Computer Ground . .CG Te ‘ O“' Nei RY ad .MTSTN (# Unequal Channel search On‘U S = (# Qut CD Pulse Out ......... ...CDP,4--CDPy
Expand Prod. Demand Ground.. ..DG,—DG, Des : | oF Re . “eq'“'l hunne Semch ut =..UCS = {#) ion S Se -
Scan Ground ...... 5G,—S5G, Demun [ P DI (#) Unequal Channel Search Out %..UCS X (#) Funct!on equence Set ...FSS,AFSS,
Selector Hold wevvvevceevvernvnnnn . SH emand Out Input.... -DO1 (# Program Address Counter.......... PAK Function Sequence Probe ...FSP, ”FSP,
Demand Out Output .oocvceennennne. DOO (# Address Register ....cceeuvivncnneee ADR Function Sequence Out.............. FSO,—FSO,

SP TM-4327
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mm.’.m M ull.m UNIVAC FILE-COMPUTER SYSTEM APPLICATION: 3//[//\/{ / PROGRAM NO. /A
DIVISION OF SPERRY RAND CORPORATION VI - 26 COMPUTER SELECTOR CONTROL CHART /A/I/[/Vfdt’/ (/(/Zr USEDL 1/ TS FAAeBlém)
PICK-UP FROM| GROUND] 74 SELECT COMMON NON-SELECT PIcK-UP FRom [SROUNDI T SELECT COMMON NON-SELECT PROGRAM SELECTS
1 25 ps# IN FROM DELAY OUT TO D. O. FROM POWER TO
2 26 1
3a 27q 2
3b 276 3
4a 28a 4
4b 28b 5
Sa 29a 6
5b 29 7
6a 30a 8
6b 30b 9
6¢c 30c 10
6d 304 PS# IN FROM IMMEDIATE OUT TO D. O. FROM POWER TO
7 31 11
8 32 12
9a 33a 13
9b 33b 14
100 340 15
10b 34b 16
e 350
11b 35b REMARKS:
12a 36a
12b 36b
12¢ 36c
124 36d
13 37
14 38
150 39
15b 3%
16a 40a
16b 40b
17a 4la
17b 41b
18¢ 420
18b 42b
18¢ 42¢
18d 42d
19 43
20 44
2le 45a
21b 45b
22a 460
22b 46b
230 470
23b 47b
24a 48a
24b 48b
24c 48¢c
24d 48d

SP TM-4328
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Program Comments

Step 2) Although a minus result may occur on this step the actual
numeric result will be stored in F2 as a positive number
since we have an applied plus sign in F2,

Step 8) & 10)

The sales and cost amounts must be shifted 1 position to the
right in order to drop off the trailing decimal in the rounded
result, If this is not done it is possible to get an incor-
rect gross profit figure in step 11, (Incorrect in the sense
that the punched gross profit plus the punched cost amount

may not equal the punched sales amount).



4. PROBLEM III
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1. Statement of Problem

This problem is a further refinement of problems I and II in that it
includes provision for other types of transactions which can affect
a finished stock inventory item i.e.:

0 o

Customer Order Cards

Stock Receipt Cards

Stock Order Cards

Cards representing customer orders which have been previously

back-ordered.

The inclusion of these new transactions makes this problem more
comprehensive in scope than the prior inventory cases. The calcula-
tions required, by card, are as follows:

a. Customer Order Cards

1)
(2)

(3)
4)

Reduce drum on hand balance by quantity ordered

If the result of (1) is minus:

(a) Increase the drum quantity back-ordered by
the quantity back-ordered on this transaction.

(b) Reduce the drum on hand balance to zero.

(c) Place the quantity back-ordered in storage
for punching.

(d) Reduce quantity ordered by quantity back-
ordered to obtain quantity shipped.

If the result of (1) was plus or zero:

(a) Quantity shipped equals quantity ordered.
On all items, quantity shipped times sales price
equals sales amount, round to two decimals.

b. Stock Receipt Cards

(1)
(2)

(3)

Note:

Increase on hand balance by the quantity received.
Reduce drum quantity on order by the quantity
ordered.

Punch the difference between quantity ordered and
quantity received in the card as the stock overage
or shortage. Also punch a zero (0) in column 18
if the difference represents a shortage,

Assume that each receipt card represents the
completion of & stock order.

¢. Stock Order Card

(1)

Increase the drum on order balance by the
quantity ordered.
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d. Back-Order Card - Prior day transactions.

(1) Treat the same as a customer order card, except
(2) Reduce the drum quantity back-ordered total by
the quantity ordered field.

Note: Quantity ordered in this card, represents the
quantity back-ordered in a customer's order
at some previous time.

The problem involves 7500 cards a day entered at random to apply
against 10,000 items. The arrangement of the items on the drums
creates over-flow channels on approximately 10% of the channels

used in the system. O0f the 7500 transactions there are approximately
7000 customer order cards, 215 receipt cards, 215 stock order cards
and 70 prior day back-order cards.

Machine Specifications
1 - 150 CPM -~ Card Sensing Punching Unit

2 - Large Capacity Drums with a 30 digit URA length
1 - Arithmetic and Control Unit (external programming)
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3 GenveeaL Procepves Fiow CHART

\]

FeOM
-%“-m“ SreceooM FILE
USTO, RECEIPT PrRIOE WY
5 ozo'é'gé 3% I anc:g; ‘a/o CA/DS
—T _/
)
CABD-O-MATIC
(CREATE mran% Y
OIZDER CARDS)
[caep-0-r1a7ic
Y (CREATE STOcK
ORDEP CARDS) Y
KEY FUvcH
QUANTITY
[PECEIVED
R
CREPS
A
] =T
CARDS
. . —y J -l
4
ABITHMETIC & CONTRDL. 150 <PM
PEOCESS CUSTOMER INPUT
ORpER CARDS , STocK DEVICE
oRpDER <CARDS,
ZECEIPT ARDS .o PRI
DAY BHCK-OLTER CAEDS | ]
ACAINST THE pewl . ORDER Back-0RCER ock OLOERY
STORED INVENTORY [TEMS Nor B/6) cA ReErr <Y,
: / {
TO TO PRODUCTION
OP TO JLLING PEOCEDRES
6000 PROCEPORES
INVENTOEY TRANSPOSE B/O
I TEMS 1 BEFROPUCE  ouANTITY FEOM
NALS | ——|PRIE- DAY | 3034 1o 8-12.
BlocARRs| Also PUNCH A
l & IN cauMp FO.
s/o ’ ‘

OPTO

)

/NVEN%
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4. Input-Output Data and Definition

The source media consists of 90 column punched cards, entered in
random sequence, and punched in the following form:

REMINGTON RAND

Printed in U.S.A.

@ o SHOPTAGE

12 17 17 12 iz 13 12 17 12 12 12 1z iz G2 1z 12 12 13 iz Iz iz 12 1z 12 12 1z 1z 1z 12 1z 12 1z 12 12 1z iz 12 12 1z 12 17 iz 1z 12 12
—‘—ﬁfﬂ_L it 2 2. 2 2 2 2 2 ‘
I NO. LUANTITY ] Ty

1

7 Jalds 33T 3¢ 3% 34|34 34 3¢ 33 3alis s 35 34 3 34034 34 34 34 34 3 34]3s 33 33 33 Ta)3e 33 34 4035 T )
R ORDERED iiﬁmv m-’lﬂ% ﬁm%

e B atldd NN |
56 56] 56 56| 56 6 S6[ %6 56 56 56 56|56 56 56 56 56§ 56 56 56 56 56|56 56 6 % 56 56 6|56 56 36 56 6] 56 %6 56 56 56| %6 56 6 6] 56 %6
-1

s
78 78] 78 78] 78 78 78|78 78 78 78 78}78 78 8 73 78|78 78 78 78 78] 78 78 78 78 73 78 78|78 JsTg 78 7Tg| 78 78 78 73 78|78 78 Tp Ted7s T
v 2| s a]s € 7} e 3 10 11 s2f13 14 13 16 17] 10 19 20 21 22|23 24 25 26 27 28 20{30 31 32 33 34 35 36 37 38 3ef 40 &1 42 asbaa a3
9.909 9lo 9 909 9 9 9 9lo 9 9 9 9l9 9 9 9 9f9 9 9 9 9 9 989 9 9 9 989 9 9 9 9o o 9 9)g o

12 1z iz 12 12 12 17 1z 12 12 12 12 1z 1z 1z 1z 1z 1z 1z 12 12 12 1z 1z 1z 1z 1z 1z 12 1z 12 12 1z 1z 12 1z 12 12]1

~

34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34 34

56 56 56 56 $6 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 356 56 56 56 56 56 56 56 56 56 56 56 56 56

73 78 78 78 78 78 78 78 78 7s 78 73 78 78 78 78 78 78 78 78 73 78 78 73 73 73 78 73 73 78 78 78 78 78 T3 78 78 78 V3 Vg Vg Vs

ORITR.OL.S

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 99 99 9 99 9999 9999 9% 9 9 9
.52 353 54 335 356 37 S8 30 60 61 62 63 64 €5 66 67 65 89 70 71 7T I3 74 75 76 77 76 79 60 61 82 83 84 83 8¢ w7 &4 03] 0

o

Definitions
Input
(1) All Cards - Drum section and channel number of
the item's large capacity drum URA.
(2) All Cards - Complete part number (cols. 1-7) of

the item.

(3) Customer Order Card - Quantity of the item which the
customer has ordered.

Stock Receipt - Quantity of the item which was
ordered to be produced for stock.

Stock Order Card - Quantity of the item which is now
being ordered to be produced for
stock.

Back Order Cards - Quantity of the item which was back-
ordered on a customers order prior
to this time. This quantity is to
be re-tested against the inventory
balance to determine if it can now
be shipped.




(4)

9)

(10)

Output

(5)

(6)

(N

(8)

Stock Receipt Card

All Other Cards

Order No.

Customer Order Card
Stock Receipt Card
Stock Order Card
Back Order Card

Stock Receipt Card

All Other Cards

Customer Order Card

Back Order Cards

All Other Cards

Customer Order Card
and Back-Order Card

All Other Cards
Customer Order and

Back-Order Cards

All Other Cards
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Quantity received by the stockroom
for the complete production order.
This may or may not agree with the
quantity ordered (3).

- Blank

Stock order number, Stock Receipt
number and Customers order number
not required in the calculation.

- 0 in column 90
-1 in column 90
- 3in column 90
-~ 5 in column 90

- Difference between (3) and (4)

represents a production shortage
or overage, a O in column 18
should be punched if the quantity
represents a shortage.

- Blank

That portion of the quantity ordered

which cannot be shipped out of stock.

Same as for the customer order card
except that this represents the

second (or third etc.) time the item

has been back-ordered.

- Blank

which can be shipped from stock.

- Blank

- Result of quantity shipped multi-

plied by the sales price and
rounded to two decimal places.

- Blank

That portion of the quantity ordered
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The above input-output is assigned to the input-output storages as
follows: ‘

INPUT STORAGES

Sym. Description

000 Part No.

002 Quantity Received
004 Quantity Ordered

OUTPUT STORAGES

Sym. Description

002 Overage or Shortage
004 Quantity Shipped

006 Sales Amount

008 Quantity Back-ordered

5. Drum Stored Date and Definition

a, Drum unit record areas for 10,000 items, Drum locations
000000 to 054919.

UNIT RECORD AREA - FIELD ASSIGNMENT

Sym. Description Digits Sign
FO Part No. XXXXXXX +/=
Fl Balance on Hand XXXXXX +
F2 Balance on Order XXXXXX o +
F3 Unfilled Back-Order Qty. to Date XXXXX o +
F4 Sales Price XX o XXX +

b. Definitions

Item URA's

FO - Part Number - Complete part number of the
item, corresponds to field
(2) in the input cards.

F1 - Balance on Hand -~ Quantity of the item which
is on hand and available for
shipment.

F2 - Balance on Order - Quantity of the item which

has been ordered and will
eventually be received in

the stock room. This is work
in process for a fabricated
item or the quantity ordered,
but not yet received from
vendors for purchased items.
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F3 - Unfilled Back-Order -
Quantity to Date

F4 — Sales Price -

Overflow URA's - Unit Record
is required.

FO -

F1 -
F2 -
F3 -
F4 -

34

This is the total of the quantity
backordered to date.

Unit sales price for the item.

#19 in channels where overflow
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