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Section | Introduction

The Univac 60 and 120 are electronic computers designed to operate with 90-

column punched cards. The two computers are identical, except that the
Univac 120 has more input and storage capacity than the Univac 60.

The computer consists of two units - the card sensing-punching unit, and the
electronic computing unit. The two units are joined together by electrical
cables. Two removable connection panels govern the routine by which the
punched cards will be processed. The input-output panel indicates the
columns to be sensed and punched; the constant-program panel contains the
program which is to be followed - that is, the series of steps through

which the computer must go to obtain the desired results. The two connection
panels are both inserted in the electronic computing unit; they may be easily
removed and others containing a different program inserted, or a panel may

be rewired by the operator to handle another program.

The card sensing-punching unit is the portion of the computer through which
the cards are fed. The sections of the sensing-punching unit through which
a card passes may be diagrammed as follows:

Feeding Sensing Punching

Receiving Receiving
(Sort) (Normal)

The card is stationary both while values are being sensed in the sensing
station and punched in the punching station. The full ninety columns in
the card may be sensed simultaneously and used in calculation without
being entered in the storage units of the computer. Information punched
into the card may be either results calculated by the computer or informa-
tion reproduced from the same or a preceding card.

The card sensing-punching unit operates at a maximum speed of 150 cards a
minute. If, however, due to a particularly long program or one that repeats
steps many times, the computer requires more time than this to finish the
calculation of a card, the sensing-punching unit will automatically wait
until the calculation has been completed before punching the card.



The sensing-punching unit contains a control panel with six switches and
eight lights. The switches are used for such operations as turning the
computer on, starting and stepping it. The lights are indications to the
operator as to the functioning of the computer.

The electronic computing unit handles the computations necessary to com-
plete a pregram. A program is the series of arithmetic steps through
which the computer solves a problem. The maximum number of program steps
available on the computer is 40, although this number may be effectively
increased by various programming techniques. The computer is basically a
"three address" computer - during one step two values are called upon, and
the result of the operation upon them is placed in storage. The basic

form of a program step, together with the symbols which will be used
throughout the manual, is:

Step Number Value 1 Process Value 2 = Result Brahching
V1 Pr V2 = R -Br, +Br

It is the programmer's responsibility to reduce the problem to a series
of steps in this form.

There are four processes available, any one of which may be used on any of
the 40 program steps. They are the arithmetic functions of addition, sub-
traction, multiplication, and division. There are also certain operational

functions used in programming, such as start, but these may not be used as
the process of a step.

The values in a program step may be of three types: a card-read field, a
constant value, or the result of a previous step. Since the sensed set-up
is locked in sensing switches during the entire program for that card, any
field of the card which has been wired may be called upon at any time.
Constant values are wired on the constant-program panel, and are also
available at any time. Both card-read fields and constant values are re-
ferred to as elements. The maximum number of elements available on the
computer is 36. Each element may have a maximum of 10 digits plus sign.
The result of a previous step may be used as a value in any following step
until the result is cleared, either by the entry of new information into the
storage unit or by a clear instruction from the computer.

The result of a program step is placed in a storage unit. There are six
storages on the Univac 60, and 12 storages on the Univac 120. Each
storage contains 10 columns plus sign. When a result is placed in a
storage, it will remain there until cleared as mentioned in the preceding
paragraph. The result may be used as necessary in succeeding steps
either during the program for the card which is sensed or that of any

following cards. It may also be punched into the card which is sensed,
or any following cards.

Program steps on the computer are completely non-sequential. It is
possible to wire from one program step to any of the other steps, or to
any operational function. For example, step 5 could be wired to step
6, to step 39, to step 2, or to clear. This wiring is done on a basis



of whether the result of the step which has just been completed is plus
or minus - that is, if the result of step 5 is plus the program could
continue with step 6, while if it is minus it could continue with step
2. This is known as the plus or minus branching of a step.

The computation of every program step on the computer is automatically
checked before the computer continues to the next step. If it does not
check, the computer will repeat the step or the program, until the result
does check, or until the cause of the faiiure is corrected.

Although the computer is basically a numeric computer, it is possible to
reproduce both alphabetic and numeric information. The reproducing may
be in the same card columns as the original information, or may be to any
other columns of the card. It may be done into the same card that is
sensed, or any following card or cards.

The computer may be used to summarize information which has been calculated
and/or accumulated from the preceding cards. Designating information may
be punched into the summary cards from storage units, and reproduced into
the summary cards from preceding cards.

The following sections of the manual deal with the various features of the
computer, programming techniques, operating instructions, and sample problems.
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1. Accumulator

A. DESCRIPTION OF THE ACCUMULATOR

Before discussing the features of the computer from a programming view-
point it is well to have an understanding of the accumulator. The
accunmulator is a group of electronic tubes in which all computation occurs.
It may be thought of as having 22 -columns, as follows:

M Section
P — N —
1[2]3[4[5]6|7l8]9]10]11
A Section
s — _
11UO|9|8|7I6|5|4|3|2[1

~T
Available for values and results

Each column is made up of the necessary electronic tubes to create any
numeric digit from 0 to 9.

Although all 22 columns may be used during calculation, value 1 and value 2
of a program step must be placed in the accumulator in columns 10-1 of the

A section., When the result of a step is placed in storage, no significant
digit may be located in column 11 of the A section. If this happens, the
computer will "hang up", stopping on the step in which this occurs. However,
it is possible to drop off any number of digits to the right of column 1

of the A section without hanging up the computer. These digits will be
placed in the M section, beginning in the 11th column. The use of the M
section and column 11 of the A section during computation is automatic with
the computer, and need not concern the programmer. It is his responsibility,
however, to be certain that no result being placed in storage could have a
significant digit in column 11 of the A section.

Paragraphs B and C below explain how card-read fields and constants enter
columns 10-1 of the accumulator. Paragraph D explains the relation of
storage to the accumulator.

B. ENTERING CARD-READ FIELDS INTO THE ACCUMULATOR

On the input-output connection panel; form S1-1351, are 12 accumulator inputs,
lines 1-15, A-T, e-x. They are numbered Al-Al12.
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Within each accumulator input are 10 columns of 5 positions each. The

column numbers 10-1 correspond to the 10 available columns of the accumulator,
while the 5 positions refer to numeric values entering the accumulator
columns, coded in the 90-column punching code. Accumulator inputs are the
means of wiring card-read fields into the accumulator so that they may be

used as values in program steps.

Column 1 of all 12 accumulator inputs is wired to column 1 of the accumulator;
column 2 of all 12 is wired to column 2 of the accumulator and so forth. 1In
actuality, the five positions in an accumulator input column are connected

to the accumulator column through a decoding section, which changes the
punched code into a code compatible with the accumulator. The accumulator
inputs are all diode protected, which means that there is no danger of a
backfeed - for example, calling on all card columns wired into accumulator
column 1 when only that wired through column 1 of A2 is desired. The diagram
on page 16 indicates the internal wiring of all 12 accumulator inputs to the
accumulator.

All card fields to be used as values in a program must be wired to the
accumulator through accumulator inputs. For a complete explanation of this
wiring, see page 27.

C. ENTERING CONSTANTS INTO THE ACCUMULATOR

On the constant-program panel, form S1-1352, lines 51-55, A-p are the hubs
through which constant values are wired into the accumulator. The horizontal
numbers 10-1, between lines 53 and 54, refer to the 10 available columns of
the accumulator. The vertical numbers 1, 3, 5, 7, 9 are the actual values

to be entered into a particular accumulator column. They are wired in the
90-column punching code - that is, a 2 would be created by wiring a 1 and a 9.
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Since it is possible that a particular digital value, "3" for example, might

be used in the same accumulator column as part of more than one constant

value, there are four hubs available for each position within each accumulator
column. All twenty hubs within an accumulator column are wired to the corres-
ponding accumulator column - that is, all twenty hubs in accumulator column 1
are wired to accumulator column 1. A backfeed does not occur because the
constant digits from which the accumulator columns are wired are neon-protected.
The diagram on page 16 indicates the internal wiring of the constant accumulator
columns to accumulator columns.

A complete explanation of constants is found on page 31.

D. STORAGE AS RELATED TO THE ACCUMULATOR

Storage as related to the accumulator differs from card-read fields and
constant values. A number is not only called upon to enter the accumulator
from storage to be used as value 1 or value 2 of a program step, but the
results of program steps are taken from the accumulator and placed in storage.

Each storage unit has 10 columns, numbered 10-1. As indicated in the diagram
on page 16, column 1 of each storage unit is internally wired to column 1 of
the accumulator, column 2 of each storage unit is wired to column 2 of the
accumulator, and so forth,

As explained below, the programmer has control over the accumulator columns

in which a value from storage will be placed through assignment of a decimal
location to each storage. No wiring of storage columns to the accumulator

is ever done by the programmer - this is all internal wiring. The only wiring
of storage columns with which the programmer is concerned is that of storage
outputs to punching columns in the card. This is covered on page 39.

E. DECIMAL LOCATIONS

Every card-read field, constant value, and storage used during a program
must be assigned a decimal location., The decimal location is wired on the
constant-program connection panel and is fixed for a particular program,
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except as it may be altered through use of selectors. If the decimal
location is not wired, the computer will hang up on the first step in which
the element or storage is called upon.

Decimal locations are assigned with reference to the accumulator. For example,
assume that a five-digit price, punched in card columns 30-34, is to be entered
into accumulator columns 5-1 of accumulator input 1. The decimal point in

the card falls between columns 32 and 33. It would be placed as follows:

Accumulator columns (Al) 101918{7{615 (4 13 |2 |1

Card columns 3013113203334

In this case the decimal point falls between accumulator columns 3 and 2.
Price therefore has a 3/2 decimal location. A complete explanation of
decimal locations as related to elements and storage is found on pages 29
and 38.

F. OPERATION OF THE ACCUMULATOR

As an example of how the accumulator operates, assume that it is to add
5.837 (VI) and 28,906 (V2). The result is to have only 2 places following
the decimal. V1 and V2 are in accumulator inputs as follows:

Accumulator columns: |10191817{6151413 2=.1_ Decimal location
V1. 5181317 7/6
V2. 218l9j0l6| 4/3

Before V1 is called upon, the accumulator and the result storage are cleared.
V1 then is entered into the accumulator according to its decimal location.

101918]17]615141312]1

5481317

The V2 decimal location is entered, and V1 is shifted so that the decimals
of V1 and V2 are aligned.

10l 9l 8[7l6]5]4]3]2]1]

V2 is then entered, and added to V1.

10[9]8]7]6][5[4]3]2]1
3|al7[4]3

The decimal of the result storage is entered, and the result is shifted so
that the two decimals are aligned.

10/9] 8] 7l6] 514]3[2]1
314[714

The result is placed in the result storage and the step is checked.
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M Section
o

P N
1121314]5]6]718]9]10]11

A Section
e

o ~N
11 @19|8|7l6|5|4|3|2|1/

Available for values and results

Referring to the above diagram notice that there is a connection between
column 11 of the A section and column 1 of the M section. There is also
a connection between column 11 of the M section and column 1 of the A
section. As a value is shifted to align with a decimal location, it
always moves to the left. If both V1 and V2 have the same decimal loca-
tion, value 1 shifts entirely around the 22 columns of the accumulator to
align itself with the decimal location of value 2.

Assume that V1 has a 3/2 decimal location and V2 has a 1/0 decimal

location. When V1 aligns with the decimal location of V2, it shifts 20
places to the left so that its decimal location aligns with the 1/0

decimal location of V2. The last two digits of V1 are therefore in columns
11 and 10 of the M section. If the result is to be placed in a 3/2 storage,
the result is shifted two places to the left. The digits which were in
columns 11 and 10 of the M section will move to columns 2 and 1 of the A
section, and therefore be available. If the result is placed in a 2/1
storage, the result shifts one place to the left, bringing one digit into
column 1 of the A section and leaving one digit in column 11 of the M
section. This last digit is not placed in storage, and is thereby dropped off.

If a"decimal location is not assigned to an element or a storage unit the
computer hangs up, since it is searching for a decimal position with which
to align and cannot find one.

Faster operation is obtained from the computer if the decimal location of V2
is different from the decimal location of V1 and the result.

G. DROPPING DIGITS

As mentioned on page 14, a result may never have a significant digit in
column 11 of the A section, or the computer will hang up. However, it is
possible to compute an answer of more than 10 digits. For example, when
multiplying a 7-digit value times a 6-digit value, a 13-digit answer may
be the result. The result of multiplying 843.0925 times 761.124 is 641697.
9359700. Some of possibilities for handiing this result would be:
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Accumulator Columns

M Section A Section
= — A Storage decimal
11110]918]7]6{5(4]3{2]181111019(81716151413 gﬂ1 location of result
7100 6 [4]1]6]9[709]3(5(9] 5/4
917100 614]1{619[74913]5 4/3
6l4]1 16 19]74913]5[9/7]0]0O 8/7 - computer hangs up

As can be seen, by dropping off digits to the right when placing the result
in storage, the answer can be adjusted so that the computer will not hang up.
The digits which are dropped off are actually computed, but are lost when the
result is stored.

H. SUMMARY

1) The accumulator has 22 columns, of which the last 10 are available to
the programmer.

2) Accumulator inputs for card-read fields, accumulator columns for constant
digits, and storages are all internally wired to the last 10 columns of the
accunulator.

3) A decimal location must be assigned to every card-read field, constant
value, and storage used during a program. This is done with reference to the
accumulator columns. If it is not done, the computer will hang up.

4) A result of more than 10 digits may be computed, though only 10 may be
stored. Excess digits above the limit of 10 may be dropped off to the right,

but not to the left. The computer will hang up if a result which has a
significant digit in column 11 of the A section is placed in storage.

2. Elements

A. GENERAL

A-1 Description of an element

An element is either a card-read field or a constant which is used as a value
in a program step. The maximum number of elements available on the 60 or 120
is 36. For convenience, they are referred to in programming as N1, N2, ...
N36. Each element may contain a maximum of 10 digits plus sign, due to the
fact that only 10 digits of the accumulator are available to the programmer.
It may, however, contain fewer digits - even no digits, as in the case of
zero, which is usually required as a constant value.
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A-2 Decimal location

As mentioned in the section on the accumulator, every element which is used
must have a decimal location, even though the element is a whole number. The
constant value of zero must also have a decimal location. Without one, the
machine will hang up on the first step in which the element is called upon.

A-3 Sign

Any element with the exception of zero may be always plus, always minus, or
either plus or minus dependent upon a control hole punched in the card or

a determination made during the program. Zero is always plus. An element
will always be considered plus by the computer unless it is wired to be
minus. If an element is always to be minus, this may be wired on the
constant-program panel with no need for control wiring from the card,

A-4 Use as a value

An element may be either V1 or V2 of a program step. In fact, the same
element may be both V1 and V2 if desired. Since the sensed information is
locked in the sensing switches throughout a program, a card-read element
may be called upon as often as necessary during a program. In effect,
therefore, there are 90 columns of input storage. Constant elements, which
are wired on the constant-program panel, may also be called upon whenever
needed.

B. CARD-READ FIELDS

B-1 Columns of input

The Univac 60 may have a maximum of 60 columns of information wired as card-
read input, while the 120 may have 120 columns of card-read input. The
input columns may be divided among the elements as required by the applica-
tion - on one application element N1 might contain two columns, while on
another it might contain eight.

The number of input columns in each element is determined by the size of the
card field which is wired to the element. 1In general each card column will
require one column of input, though if the card field has over-capacity
punching an additional column of input is needed. Since each card column is
wired to input by individual positions, other types of special wiring are
possible which would cause a variation between card columns and input columns.
An example of this is wiring alpha into the accumulator, page 132.

B-2 Assignment of element numbers

In assigning element numbers to card fields, it makes no difference which
field is assigned to which element. Card fields usually begin with element
N1 for the first field required in a problem, and continue through as many
as needed.
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In a multiple card routine (for example, a payrocll application where several
cards are required to compute one man's pay), the same card columns may have
different titles in different card forms. Columns 50-53 might be "hours
today"” in a daily summary card and "total hours" in an attendance card;
columns T71-75 might be "gross pay" in a daily summary card, and "deduction
amount"” in a deduction card. 1In cases like this, only one element number

is assigned, since the element number refers to the card columns wired
rather than the description of the field.

B-3 Element designators

Throughout a program, whenever a particular card field is required, the columns
within that field are called upon by the element number to which they have

been wired. For example, suppose that columns 20-23, "rate", are wired as
element N2; and columns 50-52, "hours", are wired as element N3. On step 5

of the program, hours are to be multiplied by rate. The program step would

be:

Step V1 Pr V2 = R
5 N3 (hours) X N2 (rate) = Sl (labor)

Although three columns are in the hours field and four columns in the rate
field, only one wire on the constant-program panel is required to call on
each field at the proper time, rather than a wire for each column or for
each position. :

This is accomplished as follows:

On the constant-program panel are hubs called "element designators" (lines
36-37, A-1). There is a pair of interconnected hubs for each element.
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When an element is called upon to be used as a value, the corresponding
element designator hubs emit power. The power is transferred to the input-
output panel to energize the card columns associated with the element which
has been called upon. This is done through field transfer lines or "F-lines".

B-4 Field transfer lines

There are 48 field transfer lines on the computer, located on the constant-
program panel in line 35, and on the input-output panel in line 34. They
are numbered F1 to F48. They are all identical, though not connected, and
are merely a means of transferring a pulse from one connection panel to the
other. Any field transfer line may be used to transfer any element, though
for  simplicity in wiring, the F-line corresponding to the element number is
usually used. For example, power from element designator N2 would be trans-
ferred through F2; from N3 through F3. This would be wired on the constant-
program panel as shown at the top of the next page.
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A pulse entering an F-line hub on the constant-program panel will come out of
the corresponding F-line hub on the input-output panel. This in turn is wired
to energize all of the columns which are associated with the element.

B-5 Card sensing

On the input-output panel, each card column is represented by nine hubs (lines
16-33, A-u).
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The first 6 hubs (1,3,5,7,9,0) represent the positions in the card. The next
hub (0/C), is the zero common, while the last two, which are joined together
and may therefore be used interchangeably, are the common hubs for positions
1 through 9. 1In order to use a card column, power must flow through the
common of the column, or the zero-common if zero is the position being used.
Therefore the F-line which is transferring power from the element designator
on the constant-program panel is wired to the commons of all columns which are
to become that element. If a zero is to be used, either as over-capacity,
negative control, or for any other purpose associated with that element, the
zero common of that particular column must also be wired from the F-line. 1In
the example given on page 22, columns 20-23 are rate, N2; columns 50-52 are
hours, N3. The commons of these columns would be wired as follows, assuming
that a zero in column 50 is to make element N3 minus:
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Each card column has six sensing switches, They may be diagrammed as follows:

SENSING caArD EXTERNAL AeeunULATOR INTYERNAL
SWITCHES SENSING wiRE S INPU T WIRES
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— 00— — = — A"~ — P ——a o > SeerioN
l—~9 00— - - - - = P m—-—-—- ° ——
— e
Y —o
e x___.,< _______ POWER (FRoM ELEMENT DESIGNATOR)

When a position is punched in a card column, the corresponding sensing switch
closes. For example, if a 4 were punched in the above column, the 3 and 9
switches would close. All closed sensing switches will remain closed until
the trip signal is given. Whenever the element is called upon, power will
flow from the element designator to the F-line, through the F-line to the
common of the column, and out the corresponding positions which are punched.
These in turn are wired by the programmer to the desired accumulator input
(see page 27.) From the accumulator input the pulses are sent through the
decoding section to the accumulator.

Among the functions of the decoding section is an alpha check. If any combin-
ation of punching other than a numeric code enters the decoding section, the
computer will stop and the "Input check" light will light on the front of the
sensing-punching unit. Since it is at this point that the alpha check is
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made, a field which is wired may have alpha punched; if the field is not
called on during the program for that particular card, the computer will not
stop. This is of significance when certain card columns are used in computa-
tion during a detail card routine, yet in preceding heading cards the same
card columns are punched with alpha. Note also that certain alpha combin-
ations such as 0 and 7 will not stop the computer, but will read as a 7.
There are no zeros in the accumulator inputs, and in this case the remaining
punching is correct numeric punching.

When zero is not being used, the zero common is not wired. There is no way
of wiring zero as such into the accumulator. When zero is part of a value,
as in $2.00 for example, the computer treats the absence of a significant
digit as zero; therefore unless zero is being used as over-capacity or some
other type of special wiring, it makes no difference whether or not it

is punched.

B-6 Control transfer lines

Identical in circuitry to the F-lines are control transfer lines, or C-lines,

In fact, the two may be used interchangeably if necessary. There are 48 C-lines,
numbered from Cl to C53, omitting C10, C20, C30, C40, and C50. On the input-
output panel they are located in line 35, and on the constant-program panel
in line 32, They are usually used to transfer a control position from one
panel to the other.
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The control positions may be used for negative control, selector pick-up,
or any one of several other purposes,

B-7 Negative control

In line 38, A-1 of the constant-program panel are the hubs for making an
element negative. Although not shown as such, any hub will actually serve
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equally well for making any element negative.

|

0—=0

ELEMENT  DESIGNATORS . ELEMENT  DESIGNATORS
o © 0o o o 0o 0 0 0 0 0o 0 o
MiNUS,

T S L L AT T8 [RFE R IT T

o

» o o o o o o o o o o o o o o o
i

o ——
——

If an element is to be negative at all times, the only wiring necessary is

to connect the element designator to the "minus" hub beneath it. Whenever

a pulse is emitted from the element designator, the power will flow not only
through the F-line to the card columns involved, but also into the "minus™ hub,
The columns will therefore be read as negative values.

When an element is to be negative dependent upon a control hole, the F-line
carrying power from the element designator to the input-output panel is wired
to the common associated with the control position. The position is then
wired to a C-line, which is wired to the minus hub on the constant-program
panel. Whenever the control hole is present, power flows through to make

the element negative; otherwise it will not.

The same C-line number may be used for transferring a negative control as the
element number and F-line number (C2 for N2). This, however, is not as usual
a practice as that of using the same F-line number as element number. When
wiring selector pick-ups, the wiring is easier if the pick-up is transferred
on the same C-line number as the number of the selector. If C2 is used to
pick up selector 2, it cannot also be used to make N2 negative; therefore
some other C-line would be used for the negative control,

The following example shows the wiring to make element N4 negative at all
times, and N3 negative dependent upon a zero in column 50,
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Any position in a card may be used to make an element negative. For the 60
or 120, however, the most convenient position is zero, usually in the card
column to the extreme left of the field, as in the example shown on the
preceding page. If a zero in a column which does not belong to the card
field is used as negative control, the F-line is wired to the zero-common
of the column in which the control is punched.

If a position other than zero is used as negative control, it will probably
be in a control column rather than the card field. If this is done, the
F-line of the element is wired to the common of the column, and the position
is wired to a C-line in the same way that the zero was wired. However, no
other position in that column except zero, which has a separate common, may
be used either for negative: control or for selector pick-up unless selectors
are used to do so. (See page 77). The reason is that the F-line of more
than one element would be wired to the common of the column. If this were
done, when calling on either one of the elements, the power would backfeed
through the common of the control column, and both elements would be called
on simultaneously. The result would be a combination of the two values.
Since the common of a column containing selector pick-ups is wired to hubs
other than F-lines, both negative control and selector pick-ups in the same
column will cause incorrect operation.

It is also impossible to use one control hole to make more than one element
negative without use of selectors. The necessary Y-wiring to accomplish this
would result in the same type of backfeed discussed above, with both elements
being called on simultaneously.

B-8 Accumulator inputs

Accumulator inputs, as mentioned on page 14, are located on the input-output
panel in lines 1-15. All card-read fields which are used as elements must
be wired to this section.

Each accumulator input contains 10 columns of 5 positions each. Column 1 of
all 12 accumulator inputs is wired to column 1 of the accumulator, column 2
of all 12 is wired to column 2, and so forth, with protection so that there
will be no backfeed. Because of this "Y-wiring"™, it does not matter to which
accumulator input an element is wired. Most programmers assign element N1 to
accumulator input Al, N2 to A2, and so forth. The elements are usually
placed in the columns to the right of the accumulator input. For normal
wiring, each position in a card sensing column is wired to its corresponding
position in the accumulator input. For example, the first illustration at
the top of the next page shows the wiring of the rate and hours fields which
have been mentioned above, as well as clock number, element N1, which is
punched in columns 46-49,

Since there are only 12 accumulator inputs, yet 36 possible elements, more
than one element may be placed in one accumulator input. The only limitation

as to the number of elements in one input is that the total number of

accunulator columns to which the elements are wired may not exceed 10. Of

course only the columns wired to the element being called upon at a particular
moment will be active, since they are the only ones through which power is flowing
The second illustration on the next page shows how to combine rate and hours

in the same accumulator input.

.
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Notice that there are still three available accumulator columns, 8-10, which
could be used for another 3-digit field.

"Y-wiring" is possible between card columns and accumulator inputs. One
card column may be wired to two or more accumulator columns with no restriction,
As an example of this type of wiring, see page 141.

There are limitations on the Y-wiring of two or more card columns to the same
column in the same accumulator input. This is possible without use of selectors
only if all columns are identical, or if all except one of the columns are

known to be blank. If two columns punched with different values are wired to
the same accumulator input column, a backfeed might develop, resulting in the
reading of both columns when either is called upon. Note that the purpose of
having the 12 accumulator input sections is to avoid this type of backfeed.

The use of selectors to prevent the backfeed is explained on page 82.

In the upper right corner of the selector chart, form S1-1370, is a section
entitled "Accumulator Inputs". There is a box for each of the 10 columns in
each accumulator input. 1In the lower half of the box is written the card
column which is wired to the column. 1In the upper half of the box is
written the F-line with which it is associated. The way in which the above
wiring would be entered is:

&m&v\
ACCUMULATOR INPUTS = > o)
TOP LINE « TRANSFER LINE (F1,F2, ETC.) ACCUMULATOR l NPUTS
INDICATE: TOP LINE . TRANSFER LINE (F1, F2,L ETC.)
BOTTOM LINE . CARD COLUMNS INDICATE:
™ ACCUMULATED COLUMNS LA “Nic'c:x:;z;w"s
‘[ro] o]sl7Te[s]a[3]2]1 SYM. oL
1019 8|7}1615]4 3] 2 1
a TR 7R —=
ALz T A1 el FLLF
" Falralr. 46 (47 | %849
§ 20 1122 A2 F3|F3|F3 |FR F2 | FRFa
i A3 E 50 |57 452 Q042 122123
{ J0|S1.s2 ~

Incidentally, constant values are not entered in this section of the program
chart,

B-9 Decimal locations

Notice that the decimal location of each field is entered in the accumulator
input section. Throughout the program the decimal locations of these fields
would be referred to as:

Element Example 1 Example 2
N1 1/0 1/0
N2 4/3 4/3
N3 2/1 6/5

One accumulator input will have as many decimal locations as there are elements
wired into it, since the decimal location refers to the element, not the
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accumulator input. The decimal location of an element is determined by
placing the mark between the card columns where it is located in the card,
then checking the accumulator columns between which it falls. Since the
decimal locations in the computer are automatically aligned during computa-
tion, the accumulator columns into which an element is wired are of little
importance as long as the decimal location is correctly indicated. For
example, element N2 could be placed in seven different locations within an
accunulator input, and the results would always be the same.

ACCUMULATOR INPUTS

TOP LINE - TRANSFER LINE (F1, F2, ETC.)

INDICATE:
BOTTOM LINE - CARD COLUMNS

ACCUMULATOR COLUMNS

1olo |8|7[6]|5]a4|3[2]!

F2 | F2|r2 [F2
Q0,21|2223
F2|F2 |F2|F3
Aol 22|23
F2lr2 F2/P2
ROMR | 122 123
F2E2|F2IFa
0421 122 123
F2lF2lFa F

0421 |R2/23
Ex[EalF2 Fa

LOAR 22123

Al

A2

A3

A4

AS

A6

A7

Decimal locations are wired on the constant-program panel in lines 36-41, m-x.
A wire is taken from the element number to the decimal position. Usually it
will be necessary to use the buses in lines 42-50 for additional hubs to
which to wire the most frequently used decimal locations., As is the case
with any bus, these are completely neutral and any bus may be used to expand
any decimal location,

The wiring of the decimal locations for the elements previously used as ex-
amples would be:
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O O 0 O O O 0eg0 O
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NS M N5 N6 N7 Ng NS P NIO NI N
0 O O Oon0 O O O o
NS N6 N7 N8 NIIPNZ0 N2l N2z |N23 Nae
olo o o o o o o oo o
N7 N8 N29 NI N3 M wy e fwas e
o o o o oo o

{ »?ns s TR

o o o o o o ] o © 36
M3 e ms w7 oms Ms o fne w2 wes fwee
o o o o
N5 N26 war
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N8 N29 N0 N3 N32 QN33 N4 N3s [mae
DECIMAL Locuons ° ° °1°
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C. CONSTANTS

C-1 Constant digits

A maximum of 108 digits of constants is available on the 60 or 120. Although
constants are assigned element numbers, and therefore are included in the 36
elements available, they do not reduce the 60 or 120 columns of input. A
constant value may contain as many as 10 constant digits, or as few as none,
Zeros are not considered digits; therefore although a constant value of zero
would require an element number, usually N36, and a decimal location, it does
not require any constant digits.

C-2 Wiring of constant digits

Constants are wired on the constant-program panel, lines 39-55, A-p.

N, e
3
0
CONSTANT  DIGITS CONSTANT  DIGITS
il o o ] o o o o o o o o o o o o o o o o o o o o o o ) o .o o o o o o o =] o
« © 0 0 0 0 0 0 0O 0 o 0 0 O 0 0 0 0 0 0 0 0 0o 0 o oooooooooooo’
s
.
NS'ANT DIGITS CONSTANT DIGITS
0 oooooooooooooooooooooooo © o 0 0 0 0 0 0 6 0 0 O
. ©o 0o 0 0 0 0o 0 00 0 0O OO0 0 0 0 0 0 0 0 0 0 0 © 0 0o 0o 0o 06 0 6 06 00 0
)
“
CONSTANT  DIGITS CONSTANT DIGITS
% o o o o o o o o o o o o o o o o o o o o o © o o] o o o o o o o o o o o o
5 o o o o o o o o o ° o o o o o © =] o o o o o o o o o o o o o o o o ] o o N A !
s1 1 O—O0—0—0 O—O0—0—0 O—0——O0—0 O0—O0—0—0 O0—O—O0—0 0—0——0—0 i O—0—0—0 oO—0—0—0 O0—0—0—0 o0—0—0—0
30 = 0—0—0—0 o—0 3 © | 0-——0—0—0 0—0—0—0
ACCUMULATOR COLUMNS ACCUMULATOR coumus
53 5 O—O0—0—0 O—O0—0—0 5 0—0—0—0 -0—o0 O—0—0—0 O0—O0—0—0
10 9 8 7 6 5 4 3 2 1
54 7 O——O0—0—0 O—O—O0—0 O0—0—0—0 O——O——0—0 O—0—0—0 o0—O0—0—0 7 0—O0—0—0 o0—0—0—=0 O0—O0—0——0 O0—O0—0—0
g e

The hubs in lines 39-40, 43-44, and 47-48 are the commons. They correspond
to the commons of the card sensing columns, page 23, and in order to
activate the hubs beneath each common (lines 41-42, 45-46, and 49-50),

power must flow through the commons. As in the case of card-read fields, the
source of this power is an element designator. However, since constants are
wired on the same panel as the element designators, no F-lines are needed.
The element designators are wired directly to the commons of the constant
digits which make up that element. If more than one constant digit is re-
quired in an element, the commons are joined together in the same way that
the commons of card sensing columns are wired. When power enters the

common of a constant digit, it will come out of the two hubs beneath that
common, These hubs are then wired to the value desired.

In lines 51-55 are 10 sections entitled "Accumulator Columns". These
accumulator columns are wired internally to the corresponding columns of

the accumulator. Within each accumulator column are 5 rows of hubs, labeled
1,3,5,7,9. Constant digits are wired into the accumulator column in the 90-
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column punching code. To make a 5, one of the two hubs beneath the common
would be wired to a 5 in the accumulator column desired; to make a 6, the other
hub would be wired to a 9. Either hub can be wired to either position,

In creating odd digits, which require only one hub, the other hub can be used
to create another digit in the same element. For example, a constant value

of .015 would require only one constant digit: the zero is not wired; both

1 and 5 are odd digits, so one hub of the constant digit would be wired to

a 1l in accumulator column 2, the other to a 5 in accumulator column 1. This

in effect increases the number of constant digits on the computer by one-half
of the number of odd digits used in constant values. Note, however, that a hub
may be borrowed only within the same element number or constant value. If a

constant value of a .1 and a constant value of a .05 are needed, two constant
digits are required.

The following example shows the wiring of N33 as 320, N34 as .15, and N35
as ,005, .

feg
ACCUMULATOR |COLUMNS t ]

4 3 2 1

°o—0 0—0 | 0—0—o0—0

C-3 Decimal locations

When determining the accumulator columns in which to wire constant digits,
zercs must be allowed for even though they are not wired. For example:

Constant Constant Accumulator Columns Decimal
Value Digits Required 1o[9[elTl6 51431211 Location
2000 1 21-1-|- 1/0
.016 2 -|{1[6 4/3
10.36 2 11-1316 3/2
1,000,000 1 1{-|-{-1-]-1|- 1/0

As in the case of card-read fields, constant digits may be wired into any
accumulator columns, provided the decimal location is properly assigned with
relation to the value.

A constant value of zero must be assigned a decimal location, It is usually
assigned 4/3, although it makes little difference to the operation of the
computer what location is assigned.

32



C-4 Assignment of element numbers

In assigning element numbers to constgnt values, it is usual to begin with
N36 and work backwards as additional constants are needed. Since card-read
fields usually begin with N1, a low element number usually refers to a
card-read field while a high number refers to a constant.

There are two constants which are almost always required in a program -
zero and a "rounding 5" (.005). The use of these two constants will be ex-
plained later. Because they are used so frequently, most programmers are
in the habit of assigning zero as element N36, and .005 as element N35. If
the computer does not have a full complement of elements, zeroc would be
either N24 or N12, while the rounding 5 would be N23 or NI11.

D. PROGRAM CHARTS

D-1 Table of factors

Probably the first step in using the program charts for a program is to
assign element numbers, using program chart S1-1369. At the top of this
chart is a Table of Factors.

PROGRAM CHART NO. UNIVAC 60 & 120 Mm M
APPLICAT tON: PUNCHED-CARD ELECTRONIC COMPUTERS TABULATING MACHINES
TABLE OF FACTORS
IS YM Js1anC4 20| CARD FIELD TITLE OR CONSTANT VALUE SYM [sionf Ve CARD FIELD TITLE OR CONSTANT VALUE SYM [sion| A% CARD FIELD TITLE OR CONSTANT VALUE
N1 NT3 N25
N2 N14] N26
N3 N1S N27
N4 N16 N28
NS N17 . N29
NG N18 N30
N7 N19 N31
N8 N20 N32
N9 N21 N33 P
N10 N22 N34
N1 N23 N35
N12! N24 N36
CARD DESCRIPTION
— —~—— B e I e Sl S e a7 g e e

Both card read fields and constant values are entered here as follows:

Sym: The 36 possible elements which may be assigned.

Sign: The sign of the field or constant value, If the element is always

plus, enter a +. If it is always minus, enter a -. If it may be either
plus or minus, enter t .,
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Card No.: In a multiple card routine, each type of card should be assigned
a card number, This may either correspond to a code punched in the card,

or merely be an arbitrary numbering system., In either case, the code should
be noted beneath the table of factors in "Card Description”., 1In the card
number space next to each card-read field on the program chart should be
noted the card number of the card or cards in which this field is punched.
Card number is not needed for a constant value.

Card field title or constant value: In the case of a card-read field, the
title should be written. If the same card columns are used for more than
one purpose, each title should be shown. The card columns may also be
indicated. For constant values, the actual value should be entered.

The method of entering the elements previously used as examples is shown below:

PROGRAM CHART NO. UNIVAC 60 & 120 Rm'u'mytan naui
e e PUNCHED-CARD ELECTRONIC COMPUTERS TABULATING MAGHINES
TABLE OF FACTORS
[PYMpren|LS) CARD FIELD TITLE OR CONSTANT VALUE sYM [sienf©\ ) CARD FIELD TITLE OR CONSTANT VALUE sy fsian| A% CARD FiELD TITLE OR CONSTANT VALUE
My Crock  Na. (Cens He-H9) N3 N25
Ny Raxre (Cors. 20-23) N14 N6
Mt Houvrs (€ors. s0-52) N15 N2T
N4 N16 8
hiz N17 e
N6 N18 N30
N7 N19 N31
N8 N20 N2
N9 N21 N33
b N2z N34
N1
N2 e NS4+ | oos
N24 [E P
———

D-2 Accumulator inputs

Following the assignment of element numbers, the card-read fields should be
entered in the accumulator input section of the selector chart, form S1-1370.
The use of this section has been explained previously on page 27, Constants
are not entered here.

D-3 Elements

To the left of the accumulator input section is a section entitled "Elements".
Both card-read fields and constant values are entered here.
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SELECTOR CHART NO.: UN'VAC m & 120
APPL ICATION: PUNCHED-CARD ELECTRONIC COMPUTERS
ELEMENTS

T e Tt S B s i e
ELEM To NEG. CONT. I“C ACCUMUL ATOR COLUMNS ELEM.| NEG.CONT. bEC ACCUMULATED COLUMNS
pes e cofros|thl N0l 9|8 |7 ]6[s[a]3]a]1r] [oese i rosinrloclfiofo s8] 765 a3 ]2]t )
N1 N19
N2 N20
N3 nN21
N4 N22
NS N23
i N24
N7 N25
N8 N26
N9 N27
N10 N28
N1 N29
N12 N30
N13 N31 2
N14 N32 5
N15 N33
N16 N34
N17 N35
N18 i N36
W——g- — Se——

Element Designator: This is a list of the 36 elements.

To: Enter the F-line which is assigned to the element. No F-line is needed
for constants,

Negative Control: If an element may be negative, the position in the card
which makes it negative is recorded here, If it is always to be negative,
write "Always" across these columns,

(a) Column - The column in which the negative control is punched.
(b) Position - The position which represents the negative control.

(¢c) Transfer line - The control transfer line which transfers the
negative control from the input-output panel to the constant-
program panel.

Decimal Location: The decimal location of the element, given in terms of
accunulator columns,

Accumulator Columns: Enter the card columns beneath the accumulator columns
to which they will be wired, and the decimal location., For card-read fields
this will be a copy of the accumulator input section without the F-lines,
except that the card columns are arranged by element number instead of
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accumulator input. In the case of constants, the actual constant value is
entered. In most cases zeros are written, even though they are not wired.

The following sample shows how the card fields previously used would be entered,
using the case of two elements in the same accumulator input.

ELEMENTS

CONSTANT FACTORS: INDICATE DECIMAL LOCATION, NEGATIVE CONTROL AND VALUE IN DESIRED ACCUMULATOR COLUMNS.

O S Eh LINE. INBICATE CamD. coLitmns. (N ALCUMILATOR  1NEUTS. oN Braiy. o MAL LOGATION, NEGATIVE CoNTROL ‘AND
ELEM. To NEG. CONT.|pgc ACCUMULAYTOR COLUMNS ELEM. T0 NEG. CONT. DEC ACCUMULATOR COLUMNS
pesic cocfrosyititocol o |87 ]es]al3]2] pESIG, cocfros.irltocfiol o8| 765 (a|3]2]1
N % g6i97]99199| [M° )
2 |Fa s aoat|2a2s| ["° |
M3 fes|solo leal% so|s/52 N2t
N4 N22 ]
NS ) | [n23 \
N6 N24
N7 N25
N8 N26
N9 N27
N1O N28
NIt N29
N12 N30
N13 N3t
N14 N32
N1S N33
N16 N34 g
N7 N35 VA olols
N18 N36 Y chololo

E. SUMMARY

1) There is a maximum of 36 elements available, numbered N1-N36., An element
is either a card-read field or a constant value.

2) An element may range in size from zero to 10 digits.

3) Every element must have a decimal location.

4) Any element may be either plus or minus. Unless otherwise indicated, an
element will be considered plus by the computer.

5) An element may be éither V1 and/or V2 of a program step.

6) Both card-read fields and constant values are available at any time during
the program for a card, without being placed in storage.
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7) The Univac 60 has 60 columns of card-read input available; the Univac 120
has 120 columns of card-read input available, This does not includé constant
digits.

8) The maximum number of constant digits available is 108, though this may be
increased when odd digits are part of a constant value,

9) An alpha input'check is made when an element is called upon; the presence
of a code which is not numeric will stop the computer,

10) Zeros are not wired into the accumulator; therefore either a zero or a
blank will be treated the same.

11) The 1 through 9 positions in one column may be used to make only one
element negative without use of selectors. Zero is the preferable negative
control,

3. Storage
A. GENERAL

A-1 Storage capacity

The Univac 60 has 60 columns of storage, the Univac 120 has 120 columns of
storage. These storage columns are divided into units of 10 columns each,
numbered S1-S6 or S1-S12, Each storage unit also carries a sign, plus

or minus.

A-2 Use of storage as a value or result

The result of a program step is placed in storage. When this has been done,
this result may be used as a value in a succeeding program step, and/or be
punched in the card that is in the computer or any succeeding card.

Although a storage unit may be used as either a value or a result in a program
step, the same unit cannot be both a value and the result in the same program
step. This is due to the automatic self-checking feature of the computer,

For an example of what would happen if this were done, see page 47,

Whenever the result of a step is zero, the sign of that result will be plus,
even though it should theoretically carry no sign. The computer automatically
makes zero a plus value,

The storage which is used as the result of a step is always cleared at the
beginning of the step, before computation occurs, For example, suppose
storage S1 contains a value of 524,294 at the end of step 5. During step
6, $7.50 is to be multiplied by .02, and the result placed in S1. As soon
as a pulse is received at the "in" of step 6, S1 is cleared. $7.50 is then
multiplied by .02, and .150 is placed in S1.
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A-3 Clearing storage

Once a value has been placed in storage, it will remain there until one of
four things occurs:

1. A new result is entered.

2. A clear signal is given to the unit, either during the program
or manually,

3. The power is turned off,

4., The temperature of the computer becomes too high,
Therefore a value in storage may be used as often as needed during a program;
it may even be punched into a card and still be available for further use. It

may be used on as many succeeding cards as necessary.

A-4 Decimal locations

Every storage unit which is used must have a decimal setting, or the computer
will hang up during the program step which first calls for the storage unit,

When a result has been computed, its decimal location is aligned with that of
the storage unit in which it is to be placed; if none has been assigned, the
computer keeps searching for one,

It is a responsibility of the programmer to be certain that no result will be
aligned around a decimal location so that any digit of the result extends into
column 11 of the A section of the accumulator. To do so will cause the com-
puter to hang up (see accumulator, page 19).

However, digits may be dropped off to the right. Such digits will have no
bearing on any further computation. For example, as the result of a
multiplication, a value of 185.46312 is computed. This value could be
placed in a storage unit as follows, depending upon the decimal location
of the storage.

Accumulator Columns Decimal Location
10{9]8]7]/6{5/4[3]2]|1

118]54]613]1] 2 6/5
1|8|5]4l6[3]1 5/4
1/ 8]5]4]6]3 4/3
1[s]5]4]6 3/2
1[8]5]4 2/1
1/8]5 1/0

Through use of program selects, it is possible to change the decimal location
of a storage unit during the program. This is tovered on page 81.
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B. PUNCHING FROM STORAGE

B-1 Wiring for punching

It is possible to punch from any or all storages on the computer. As many
columns as desired may be wired to punch from each unit, and may punch in
any card columns,

On the input-output panel the storage outputs for punching are located in
lines 54-68, A-T and e-x. There are 10 columns of 5 positions each in
each unit.
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oSt 2 s s
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Note that there are no zero positions in storage output, so therefore the com-
puter normally does not punch zeros. Through special programming techniques,
however, it is possible to punch zeros if they are necessary (see page 196).

In lines 54-56, a-d, is a box entitled "output sign". If the storage is
negative when the value is set in the punching dies, a pulse will be emitted
from the sign box. This pulse may be wired to any position in the card,
including a zero, as a negative indication.

Storage outputs are wired to the card punching section, lines 36-41, 45-50,
A-u,
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Lines 42-44 and 51-53 are used in reproducing. Normally the wiring is
position for position, but as in the case of input, any position can be
wired to any position., In the case of over-capacity punching, for example,
a 1 in a storage unit would be wired to a zero in the card. As an example
of output punching, the wiring of labor from S2 to card columns 54-58 with
a zero in column 54 as negative sign would be:
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B-2 Y-wiring of storage output

Y-wiring of output punching should not be done. Due to the voltage of the
computer during a set operation, the wiring of one storage column or output
sign to two or more card columns or positions will not always result in
correct punching. The wiring of two storage columns or signs to one card
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column or position may result in damage to the punch magnets. However, this
type of wiring is possible when only one storage unit or sign cortains a
value when setting occurs. If all other storage columns or signs wired to
the same card column or position are known to be blank, Y-wiring may be done.

One of the most frequent reasons for the punching of two storages into the
same card columns is that information accumulated for a summary card must

be punched in the same card columns as the detail information. Of course

in a case such as this, the Y-wiring of the two storages to the same card
column would also result in a backfeed - when the detail information is being
set in the punching dies, the wires to the summary storage would permit that
information to be set at the same time, with a meaningless result. To avoid
this problem, the usual solution is to transfer the summary information to
the detail storage as part of the summary card routine (see page 103).

C. PROGRAM CHARTS

At the bottom of program chart S1-1369 is a form for indicating output
punching from storage:

— . e g A A

svm CARD FIELD TITLE u:E'Go', ST °U:PU7. '”:‘C"""'G T ooy il s:' eweans v
st S1
s2 ) ‘ 52
s3 s3 {
s4 sS4~
sS | IsS
s6 56
s7 s7
s8 s8
s9 . s9
510 )
st s
s12 : s12

) )

Sym: This is a list of the 12 storage units.

Card Field Title: This space is provided for a deseription of the field to
be punched. It is usual practice to write only the titles of fields to be
punched, not those used as "working" or intermediate storages. Such
storages usually receive several values during a program, and nothing would
be gained by writing each description in this space. However, the word
"working" or "intermediate" might be written here.

Negative - Column, Position: If a control hole is to be punched in the card
indicating that the value in the storage is negative when it is punched,
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the column and position into which the control is punched are indicated here.

Qutput Punching: The 10 columns in a storage unit are listed here., Beneath
each column is written the card column into which that storage column is to
punch. In doing this, it is well to indicate the decimal location of the
storage unit first, and then to align the card columns around the decimal
point. The method of entering the example given in the wiring section

would be:

e % P

NEG. OUTPUT PUNCHING oEC

Y™ CARD FIELD TITLE cotlros| 70 [ 9 [ 8 1 7 e[ s a3 2] |0

st

2tagor 4lo sylssivel sAs2l% s

A value may be punched from a storage with a decimal location which is not
the same as that of the value. For example, "hours" with one place follow-
ing the decimal, may be placed in a storage with a 4/3 decimal location,

If it is to be punched in columns 50-52, the output punching would appear
as follows:

SYM CARD FIELD TITLE

NEG. OUTPUT PUNCHING ° “‘?
7

cotlPos) 16 ] 9 | 8 e s a3 2] Jroc

I/\’\—-MA P e —— . _ — < —
A

S| Hovrs 50| © sols7hs2 A

S— e =

Decimal Location: The decimal location of any storage which is used during
a problem should be indicated here. It is well to assign a decimal location
the first time a storage is used, and to check all succeeding entries into
the unit against the decimal location. This is to make certain that digits
which should be retained are not dropping off to the right, and that the
size of the value does not exceed the capacity of the unit.

The columns headed Set 1, Set 2, and Clear will be covered in their respective
sectiens,

D. SUMMARY
1) The Univac 60 has 60 columns of storage; the Univac 120 has 120 columns
of storage. The columns are divided in units of 10 columns each, plus a

sign for each unit,
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2) The wiring of a storage as the result of a step automatically clears that
storage at the beginning of the program step.

3) One storage unit may be used as either a value or result, but not both in
the same step.

4) Whenever the result of a step is zero, the sign of the storage unit in
which it is placed will be plus.

5) A storage unit may be cleared only by entering a new value, delivering
a clear signal, turning off the power, or if the temperature becomes too high.

6) Every storage unit must have a decimal location.

7) Digits may be dropped off the right of a storage unit, but attempting to
store a value with a significant digit in the 11th column of the A section
of the accumulator causes the computer to hang up.

8) The computer does not normally punch zeros from storage,

9) 1In general, no Y-wiring should be done from storage, either the punching
of two units in the same card columns_or the punching of the same unit in
two different locations,

4. Program step
A. GENERAL

A program step is the fundamental method of directing the computer through the
routine necessary to solve a problem. The maximum number of steps available
is 40, though this may be expanded through use of selectors to reuse program
steps.

A-1 Sequence of program steps

The 60 and 120 are completely non-sequential. Though the program steps are
listed 1 through 40 on the program chart, this does not mean that a program
must go from step 1 to step 2 to step 3, etc. The sequence of the steps is
completely under the control of the programmer. The "exit" or branching of
each step is wired to the next step desired, which may be the next numerical
step, several steps further down, or even a step with a number lower than the
one which has just been completed. It is possible to reuse steps, or to set
up a "loop", which involves going through the same series of steps until the
desired result is obtained.

The basic form of a program step is:

Step Number Value 1  Process Value 2
(V1) (Pr) (v2)

Result Branching +
(R) (-Br +Br)
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A-2 Process

There are four processes on the computer, any one of which may be used on any
step. They are the four arithmetic operations of addition, subtraction,
multiplication and division. The computer considers the signs of both
values when doing a computation, and delivers the sign to the result storage
unit in accordance with algebraic rules.

When doing addition, it makes no difference to the computer which factor is
assigned as V1, and which as V2,

V1 Pr V2 = R
Amount + Rounding 35 = Rounded amount
S1 (12.375) + N35 (.005) = S2 (12.38)
or Rounding 5 + Amount = Rounded amount
N35 (.005) + S1 (12.375) = S2 (12.38)

In subtraction, the value to be subtracted is V2, the value from which it is
subtracted is V1.

V1 Pr V2 = R
Gross Pay - Non-taxable pay = Taxable pay
S4 (106.95) - S3 (52,00) = S1 (54.93)

In multiplication, the smaller value should preferably be V1, the larger value
V2. This increases the speed of multiplication; however, the correct result
will be obtained either way.

V1 Pr ‘ V2 = R
Hours X Rate = Labor amount
N3 (1.5) X N2 (1,.345) = S5 (2,0175)
or Rate X Hours = Labor amount
N2 (1,345) X N3 (1.5) = S5 (2,0175)

In division, the value which is to be divided is V1, the value by which it
is divided is V2,

V1 Pr V2 = R
Total Pay + Total Hours = Average rate
S4 (94.25) + - S2 (48.0) = S1 (1.9635)

The wiring of the process is done on the constant-program panel, lines 21-25,
A-p. In line 21 is a row of hubs labeled "P", one for each of the 40 steps.
Each emits a pulse at the process time for the corresponding step. This hub is
wired to one of the four hubs beneath it: +, -, X, or +. Actually any of the
40 hubs in the +, -, x and + rows would serve equally well for any program
step, but for ease of wiring and checking, it is well to use an arithmetic hub
directly beneath the process hub for the step being wired. For example, assume
that step 1 is multiplication, and step 2 addition:
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A-3 Value 1, value 2, and result

Value 1 and value 2 of a program step may be either an element or a storage.
If desired, both V1 and V2 may be the same element or storage. The result
of a program step is placed in a storage. It should not be an element,
except as described on page 116, The same storage may not be used as both
a value and the result in the same program step (see page 47).

The values and results of program steps are wired on the constant-program
panel in lines 18-20, A-p. Line 18 contains a hub for V1 of each of the 40
possible steps, line 19 for V2, and line 20 for R. The V1, V2, and R hubs
emit a pulse in turn for the program step being calculated. These hubs are
wired to the proper element, lines 16-17, A-R and a-r or storage, lines 16-17,
S-X, and s-x. In many cases, of course, the buses above the elements and
storages will be used. There is no danger of a back feed in this section,

As an example of wiring, assume the following:

step V1 v2 R
1, N3 N2 S1
2. S1 N35 S2

LEMENT ELEMENTS "

v

o o o O o o o O o O o & o o o o o o o Q@ o vio 0o o o o o o o o o o o o o o o 10 o7 o0—o0 "
s z\""r—-r—r—?—ﬂ-—r)-w—nﬂv—ﬂ—mr—v—r oy 0] 2 2 2 2 STEP 26 27 28 29 30 3 32 33 3 35 3 3 38 39 40 RESTART

1 Vi L el O o O o o9 O o o o o O o o o o _ O o o o o o ¥2 0 0O o o o o o o o o o __0o O o 0O ] 20 o8 Cz ’O‘ 19

— EQURTION EQUATION SET STORAGE !

(K4 © 0 0 0 0 O 040 O O 0 0O O o 0 o o ojJo o o o 0 0 0 0 0 0 0 0 0O 0 0 0 O 0 O O 30 09 o—o 2

2 g—-—————-— N+O

A-4 Branching

The branching of a program step is the means of associating program steps to
form a complete program. For each program step there are two possibilities -
plus branching and minus branching. The branching will come from the plus
side if value which is placed in storage as the result of the step is plus,
from the minus side if the value is minus. It will always come from the plus
hub if the result is zero,

The branching is wired to the entry of the next step or operational function
desired, If there is a possibility that the result can be either plus or
minus, both branchings must be wired, However, if it is known that the
result can be only plus or only minus, it is not necessary to wire the other
branching., If a branching should occur which is not wired, the computer will
hang up for lack of an instruction as to the next step.
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Both plus and minus branchings may be wired to the same next step or operation,
or they may be wired to different ones.
branching of step 3 might be wired to step 4, or plus branching might be wired

to step 4 while minus branching is wired to step 16.

For example, both plus and minus

However, one branching,

such as plus branching of step 3, may not be wired to two steps - such as

both step 4 and step 1

6.

As many steps or operational functions as desired may be wired to the entry

of a step.

For example the entry of step 21 might come from minus branching

of step 3, plus and minus branching of step 10, and sort 1.

The various operational functions which may be wired from the exit of a step,
and to the entry of a step are (see page 50 for explanation of each function):

Set 1 and Set 2
Sort 1 and Sort 2

Clear

Program Selects 1, 2, 3, 4

"Start" is wired to the entry of a step or operational function, and "trip"
is wired from the exit or branching of a step or operational function.

Step branching is wired on the constant-program panel in lines 1-4, A-p.
Line 1 contains one hub for each step, which emits a pulse if the sign of
the result storage on that step is plus; line 2 emits a pulse if the sign
is minus; lines 3 and 4 are the entry hubs for each step.

As an example of wiring, assume the following:

From To
Start Step 1
Step 1, +Branching Step 2
-Branching Step 3
Step 2, +Branching Step 4
Step 3, -Branching " Step 4
Step 4, +Branching Step 5
-Branching - Step 5
0 S e Ao O P T, BN
:é&%::iiififi‘iffii:ff’ff? O It f & . ke
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A-5 Proof

Every program step on the 60 or 120 goes through a proof of computation before
continuing to the next step. This is automatic, cannot be disabled, and is
not wired by the programmer. The proof of a step is part of the step, and
does not reduce the maximum of 40 available steps. In doing the checking, the
computer reverses the indicated process, subtracts V1, and balances to zero,

Program Step Check
Addition: Vi+V2 = R R-V2 -Vl = 0
N1 + N2 = Sl S1 -N2 -N1 = O
5+ 8 = 13 13- 8- 5 = 0
Subtraction: Vi -V2 = R R+V2 -Vl = 0
Nl - N2 = S1 S1+ N2 -N1 = O
12 - 4 = 8 8+ 4-12 = 0
Multiplication: Vl xV2 = R R+V2 -Vl = 0
N1 x N2 = Sl S1 +N2 -N1 = 0
3 x 6 = 18 188+ 6 - 3 = 0
Division: Vi +V2 = R RxV2 -Vl = 0O
N1 + N2 = S1 S1 xN2 -N1 = O
21 -+ 7 = 3 3 x 7-21 = O

The result used in proof is actually obtained from the accumulator, so even
though decimal positions are "dropped off" on the right into the M section,
these positions will be considered when proving the step. In division, where
the result of the division step may not come out evenly, the remainder is
added to the result of multiplication before subtracting V1 and balancing to
Zero,

This method of proof is the reason that it is impossible to use the same
storage unit as both a value in a step and the result of the same step.
Assuming that the computer is wired to repeat the step in case the proof is
not zero, this is what would happen:

Program Step 3 Proof

Vi +V2 = R R-V2 -Vl = 0

Nl +S1 = S1 S1 -S1 -N1 = O
Ist trial 5+ 0 = 5 5- 5-5#0
2nd trial 5+ 0 = 5 5- 5- 5 # 0

As indicated in the above example, no matter what the value of S1 before step
3, it is automatically cleared at the beginning of step 3 because Sl is wired
as the result storage.

If at any time the proof of a step does not equal zero, the computer will
repeat the calculation. Under control of the programmer, either the step
will be repeated, or the computer will return to the first step of the pro-
gram, and recalculate the entire program. Generally the computer is wired
for step repeat (see page 60). Whichever it may be, the computer will not
continue past a step until the step checks out to zero. If a tube is fail-
ing intermittantly, the computer may slow down due to the fact that steps
are being repeated frequently; eventually it will probably stop.
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A-6 Speed

The base speed of the sensing-punching unit is 150 cards a minute, Probably

a majority of the programs will operate at this speed. However, it is possible,
due to particularly long or iterative programs, for the calculation to require
more time for calculation than that allowed at 150 cards a minute. In such a
case, the sensing-punching unit will automatically wait for the end of the
calculation before punching and continuing with the next card.

B. PROGRAM CHARTS

Program chart S1-1369 contains a list of 40 steps where the actual program
steps are listed. Most programmers find that it is well to flow chart the
problem before beginning. to work with this section, in order to have a good
idea of the steps through which the program must go. When this section has
been completed, a final flow chart may be drawn, for ease of explanation to

some one else as well as simplifying the change of a program should it become
necessary.

—_—— o~ o~

e - .. . A e
Teploakn VALUE 1 PRO. VALUE 2

RESULT st |s2]|s3|safss| se|s7|ss]se |stofsitfs
ston]svm DESCRIPTION s1on s vu

2[NEXT STEP

No. DESCRIPTION stonf sym JCESS DESCRIPTION

z
[N BN IR )

Step No.: A list of the 40 possible steps.

Card No.: In a multiple card routine, list the card numbers of the cards
which go through this step. The numbers of the cards will be the same as
those used in the table of factors (see page 34).

Value 1, Value 2, Result:

(a) Description - Write the title in the case of a card-read field.
For a constant value, write the actual value of the constant. In the
case of a storage, write the description of the value which is in
storage at the time, Certain standard descriptions which are used
in the various programming techniques will be shown in connection
with the techniques,

(b) Sign - If the value or result is always plus, write +; if always
minus, write -, If it may be either plus or minus, write *. 1In
determining whether a result may be plus or minus, remember to take
the signs of value 1 and value 2 into consideration, as well as
the process.,
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(c) Sym - Write the element number (N1-N36) or storage number (S1-S12)
which is to be used as the value or result,

Process: Write the symbol for the arithmetic process to be used on this
step: +, -, X, +

S1-S12: This section is for the assistance of the programmer to help him
remember which storages contain values and which are free. In the space
directly beneath the storage number, enter the decimal location. As a
storage is used, the step number on which it is used should be written in
the space where the step and storage meet. If the value is to be punched,
it should be circled to indicate that nothing else should be put in the
storage. As soon as a value is no longer needed, a line should be drawn
across the storage on the step in which it becomes free.

Next Step: 1In these boxes is written the next step or operational function.
If there is a possibility that a result can be either plus or minus, both
boxes must be filled for that step, even though the same number is written

in both, If there is only one possible sign for a result, a small dash should
be written in the box which is not to be wired. Frequently in programming
when a result can be either plus or minus, it is necessary to follow one of
the two branches through a series of steps, then return to pick up the other
side. By putting a dash where it is unnecessary to wire the branching, the
programmer can tell at a glance that he has considered the possibility of this
branching, and knows that it will not occur. However, if there are any blank
spaces when a program has been completed, the programmer knows that the condi-
tion may exist, yet he has forgotten to wire it.

Two sample steps for which the wiring has been shown in the previous sections
are entered below on a program chart,

.
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C. SUMMARY

1) The maximum number of steps available is 40,
2) The 60 or 120 is a non-sequential computer with regard to program steps.

3) There are 4 processes: addition, subtraction, multiplication, and division,
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4) The computer considers the signs of both values and determines the sign
of the result in accordance with algebraic laws.

5) V1 and V2 of a program step may be either an element or a storage; the
result is placed in a storage.

6) The branching of a step may be either plus or minus, depending on the
sign of the result storage,.

7) The branchings of as many steps or operational functions as desired may
be wired to the entry of a step, but a particular plus or minus branching
may be wired to only one step or operational function,

8) Every step of a program goes through an automatic proof where it must
balance to zero.

9) The base speed of the 60 or 120 is 150 cards a minute, but if calculation
cannot be completed at that speed, the computer will automatically wait for
the completion of calculation before punching.

5. Operational functions

A. GENERAL

A-1 Description of operational functions

An operational function is an instruction delivered to the computer which
does not require a program step. It is similar to a program step in that,
with the exception of "start" and "trip", it has an entry and an exit, and
the computer does not continue with the program until the function has been
completed. Again with the exception of start and trip, it is possible to

go into an operational function at any time during a program, and to go from
one operational function to another.

A-2 Wiring of operational functions

The operational functions, with the exception of start, are wired on the
constant-program panel in lines 1-4, q-w. Start is located in line

5,A. Lines 2 and 4 are "in" hubs, while lines 1 and 3 are "out" hubs,

The "in" hubs may be wired either from the branching of a step or the "out"
of another operational function. The out of as many steps or operational
functions as needed may be wired to the entry of one operational function
through use of buses, However, the out of an operational function may be
wired to only one place, except through use of selectors, As an example

of wiring, assume the following:
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Start Step 1
Step 15, -Branching Sort 1
Sort 1 Step 16
Step 28, +Branching Set 1
Set 1 Trip
Step 35, -Branching Sort 2
Sort 2 Trip
Step 38, +Branching Set 2
Set 2 Clear
Clear Trip

T T90% | T THos

Y

A-3 Program Charts

On program chart S1-1369, the operational functions are located on the bottom
to the right of the output storage sections. When the "in" of an operational
function is wired from the branching of a step, the name of the function is
written in the box for the plus and/or minus branching of the step following
which the operation is to take place. The "out" of the function is written
in the box labeled "to" following the name of the function, The wiring

shown above would be entered as follows:

et et S TR o
FROM To f

START

SET 1

SET 2

SORT Moo 10
SORT 2

ICLEAR

P.s. |

P.S. 11

P.S.1N

-
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B. START

Start is the impulse which begins a program. A pulse is automatically emitted
from start when the card feed switch is raised if a card has entered the sensing
station. Start is also internally wired from trip, so that when the program

for a card has been completed, a pulse will be emitted from start to begin the
program for the next card.

Start is usually wired to the first step of a program. As mentioned earlier,
this is not necessarily step number 1, since the computer is nonsequential.

In a multiple card routine all cards must go through the same first step

(see page 137 for the single exception.) Start cannot be wired to the common

of a selector picked up by card control in that card (see page 62), since
sufficient time must be allowed for the selector to change from the nom-select
to the select position before using it. However, it is possible to wire through
selectors from the branching of the first step; therefore, following the first
step, each type of card may be directed to its own routine.

C. TRIP

All cards must be wired to trip. Upon this signal the card in the punching
section is punched and ejected, and the card in the sensing section is sensed
and moves to the punching section. A new card is fed from the feeding
magazine to the sensing section. Trip is internally wired to start, so that
the program will begin for the card which has just been sensed, As many
steps or operational functions as necessary may be wired to trip. Note that
trip is not listed with the other operational functions on the program

chart, since it is possible to go only to start from trip.

D. SET 1 AND SET 2

D-1 Purpose

A set instruction transfers the values in the storages associated with set 1
or set 2 into the punch magnets in the punching code. It does not actually
punch the holes, but merely sets the dies preparatory to punching, which
takes place when the trip signal is given, When the card has been punched
at trip time, all punching dies set from storage are cleared, The value
will remain in the storage, and may be used in further computation, The
columns into which the values will be punched are determined by the wiring
on the input-output panel.

There are two set instructions - set 1 and set 2. Each instruction has

separate storages associated with it, determined by the programmer. Any
storage may be associated with either set 1 or set 2.

52



D-2 Use of two set instructions

There are at least two ways of using the two set instructions. The most fre-
quent is during a multiple card routine, where certain values are to be punched
in detail cards, and others in summary cards. The storages from which the
values are to be punched in the detail cards would be associated with set 1,
while the summary values would be associated with set 2.

A second use of the two set instructions is during a program in which more
storages are needed than the available 6 or 12. 1In such a case it is often
possible to set values which have been completely computed in the punching
dies part way through the program, and then use the storages from which they
were set for computing other values. Note that when doing this, the storages
may be used to compute the other values, but may not be used for punching the
second values. They are available for use only as intermediate storage. It
is inadvisable to go to the same set instruction twice without going to trip,
except through use of selectors, since additional information would be set in
the same dies. Therefore the second set instruction would be used to set the
additional values computed after use of the first set instruction.

A set instruction does not clear the value from the storage unit from which
the value is set. It is therefore possible to set a value from a storage
unit and still use the value in further computation.

D-3 Program chart

The entry and exit of the set instructions are entered on the program chart
as shown in section A of operational functions., In addition to this, set
must also be associated with certain storages. This is done to the left of
the operational section of the program chart. In the column beneath set 1,
check the storages to be associated with set 1; in the column beneath set 2,
check the storages to be associated with set 2. For example:

A
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D-4 Wiring

On the constant-program panel the set instruction on which a particular storage
is to be set is wired in lines 18-23, gq-v. A wire is taken from the center
hub, which bears the number of the storage, to the left for set 1 and to the
right for set 2. The example given above would be wired as follows:
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The same storage unit may not be set on both set 1 and set 2 without use of
selectors (see page 78). To do so would make a connection which would set
all storages associated with either set instruction on both set 1 and set 2.
For example, suppose S2, S3 and S5 were wired to set 1, while S5 and S6 were
wired to set 2, The connection panel would be wired as follows:

° o—o 1
RESTART
os o o 19
STORAGE | |3 ™
05

Because S5 connects set 1 and set 2, S2, S3, S5 and S6 will all be set on both
set 1 and set 2,

D-3 Skip control

It is possible to set information in the punching dies, yet not punch anything
in the card. This is done through use of a skip control. The skip control
prevents all punching in the card, and the set information will clear. It
must be controlled through a selector, or skipping would occur in all cards.
On the constant-program panel the skip hubs are located in line 25, w-x.

o o o 2
SKiP
olo o 2
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To obtain the skip operation, it is merely necessary to connect the two hubs.
This is done through the select side of a selector controlled by a program
select (see page 66). There are also skip hubs located on the input-output
panel, whereby the skip operation can be obtained through card control (line
17, v-x). The use of these hubs is covered in the section on reproducing,
page 93.
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D-6 Set hold

It is also possible to hold information which has been set in the card from
one card to the next, through use of "set hold"., This operation is usually
used in conjunction with a skip instruction and with reproducing, although
not necessarily., The hubs are located in the input-output panel in line
18, v-x, directly beneath the skip hubs (see above). Their use is covered
in the reproduce section, page 95,

E. SORT 1 AND SORT 2

E-1 Purpose

When a sort instruction is delivered to the computer during a program, the
card which is being computed at the time it is delivered will be sorted into
the front receiving magazine instead of falling into the rear receiving
magazine as it normally would. The sorting may be done for any desired
reason, either based on type of card or something determined during the
program. For example, it may be an advantage to have master cards or
summary cards separated to avoid a later sorting operation. In a payroll
program, it might be desirable to sort the card if a man has insufficient
pay to cover his fixed deductions.

A sort instruction may be delivered to the computer at any time during a
program, and it will be remembered until the card is fed into the receiving
magazine by a trip instruction,

E~2 Use of two sort instructions

There are two sort instructions - sort 1 and sort 2. However, there is only
one sort receiving magazine. Wiring to either sort 1 or sort 2 produces the
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same result - the card will fall in the front receiving magazine. The purpose
of two sort instructions is that there may be two reasons for sorting cards
during the same program and it is necessary to go to two different steps
following the sort operation. For example, assume a payroll program. On

step 15 a minus branching means that the hours total from all of an employee's
job tickets do not balance with the total from his attendance card. This

card is to be sorted, and the program to continue with step 16.

On step 35 a minus branching means that there is insufficient pay to cover
fixed deductions. This card is to be sorted, and tripped immediately. On
the program chart this would be entered as shown in the example on page 51.

Note that if in.both of these cases the card were to go to the same place,
trip for instance, only one sort instruction would be needed. Both steps 15
and 35 could be wired to sort 1, and sort 1 would be wired to trip. However,
it would be equally possible to use the two sort instructions.

F. CLEAR
F-1 Purpose

Clear is an instruction to return to zero the specific storages associated
with clear. All other storage units will retain their values. The storages
which are to be cleared are wired for each program.

As mentioned earlier, a storage unit will retain whatever value is put in it
until a new value is placed there, or until an instruction to clear is deliv-
ered to it. For many programs clear instructions are not needed, since the
entry of new information completely replaces the previous information.

F-2 Use

There are at least two specific instances when clear should be used. One is
during the accumulation of information from detail cards to be punched in
summary cards. Whenever this is done, the storage unit in which the accumula-
tion is taking place must be cleared when the accumulated value has been set
for punching. Without this clearing, the total from the preceding group of
cards will be added to the next group.

There are also times when an entry may be made into a storage on one card, yet
not made on another. In such cases there is a possibility of punching infor-
mation from a preceding card into a following card. For example, assume that
shift premium is computed in storage S5. It is possible to skip the steps in-
volving computation of shift premium for first shift employees, so for these
men S5 is not used. However, if a second shift man precedes a first shift man,
the shift premium for the second shift man will remain in S5 and be punched
into the card for the first shift man. By always clearing S5 at the comple-
tion of a program, this is avoided.
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Of course, there are other ways of handling this problem. If shift is calcu-
lated by multiplying hours times shift rate, a shift rate of zero could be
used for first shift men. The result of this multiplication is zero, which
would clear S5. It is also possible, through use of selectors, to prevent
setting S5 on first shift men.

F-3 Clearing step

Although the clear instruction is usually used to clear storages, it is possible
to clear a storage by use of a step which will place zero in the storage. The
usual step used for this purpose is:

R

V1 Pr V2 R
Zero (S5)

Zero (N36) + Zero (N36)

nou

F-4 When to clear

A clear instruction clears storage units, but does not clear the punching
dies associated with the storage. Therefore, if clearing is to be done at
the end of a program it is usual to set information in punching dies (set 1
or set 2), then go to clear.

Note that it is also possible to go to clear at the beginning of a program,
thereby clearing the information from the preceding card.

F-5 Program chart

The entry and exit of the clear instruction are entered as shown in section A
of operational functions, page 51. However, clear must also be associated
with particular storages. To the left of the operational section of the pro-
gram chart, in the storage section, is a column headed "Clear". In this
column, check the storages which are to be cleared during a clear operation.
The others, of course, will not be cleared. For example:

anic SET|SET v
roc| 1 2 |crearfsvu

s8
x [°h

If different storages must be cleared on different cards it is possible to wire
the storages through selectors (see page 79).
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F-6 Wiring

The wiring to clear storage is located on the constant-program panel in lines
33-34, m-x. It is only necessary to wire from the hub for the storage unit
to the clear hub beneath it. The wiring for the example given above would be:
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G. PROGRAM SELECTS

Since program selects involve the use of selectors, they will be discussed on
page 66, following the explanation of selectors.

H. N+0; 0+0

H-1 Description

These two functions of the 60 and 120 are different from the operational
functions previously discussed. They cannot be wired from the branching of

a step ‘or operational function, nor can they be wired to a step or operational
function in the same way as is done with the other functions.

Arithmetically, when a number is divided by zero the result is infinity. To

prevent the computer from attempting to compute infinity, if such a condition
exists the 60 or 120 will automatically give zero as the answer. If zero is

divided by zero, the answer is indeterminate. If this condition exists in a

step, the computer will also give zero as the answer.

It may be important to the programmer to know that O =+ 0 or N + 0 has occurred.
In fact O + 0 is frequently used as an error indicating step. For example,

if the computer determines that a card is out of sort, a O + O step may be used
arbitrarily to indicate the fact.

0+ 0 and N+ O may be wired to stop or to sort, although they need not be
wired to either - if they are not wired the program will continue with zero
as the result of the step. 1In all cases either the 0 + 0 or N+ 0 light will
light.

If the condition is wired to stop, the computer will stop on the step on which
it occurs. The test panel will indicate which step this is. If the condition
is wired to sort, the program for the card on which it occurs will stop, the
card will be tripped out and fall into the front receiving magazine, and the

computer will begin the program for the next card.

58



H-2 Use

As mentioned earlier, 0 + 0 or N+ O, usually 0 + 0, is frequently used as

an error indicating step for errors such as a card out of sort, or failure

to balance between a total accumulated from a group of detail cards and a
predetermined total. The type of error referred to here is often discovered
by the computer as the result of a testing step where one value is subtracted
from another, and a minus branching indicates an error (see page 117). 1In
such a case the minus branching would be wired to a 0 + 0 step. Frequently,
as a programmer begins a program, he designates the last step of the program
as 0 + 0. For example:

Step V1 Pr '’ = R Next Step
40 N36 (zero) + N36 (zero) = S1 (error step)

Note that a result storage must be indicated, although it is not necessary to
wire the branching. O + 0 is wired to stop the computer. 1In this case, when-
ever the error occurs for which the test is made, the computer will stop on
step 40 and the O -+ O light will light.

It is preferable to wire to a O + O step to indicate an error of this type
instead of not wiring the branching of the step which indicates the error,
thereby causing the machine to hang up. The use of 0 + 0 gives a positive
means of identifying the reason for which the computer stops.

H-3 Program chart

On program chart S1-1369, O + 0 and N + O are located in the lower right
corner. A check is placed in the proper box to indicate the desired result.
O0f course, if the program is to continue with no indication that the condition
has existed, 'nothing is checked.

STOP x
SORT X

H-4 Wiring

On the constant-program panel, N + O and 0 + 0 are located in lines 20-23, w-x.
The wiring for the above is:

The branching of a program step may not be wired directly to a 0+0 or N +0
stop, but must be wired to a 0+ 0 or N+ O step to stop the computer.
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I RESTART

Restart is not an operational function in the same sense as those discussed
earlier, since it has no entry or exit. However, it is a function which
should be wired on every program.

As discussed on page 47, every program step goes through a proof of calcu-
lation and balances to zero before continuing to the next step. Restart is
the function which directs the computer to repeat either the step or the pro-
gram if this proof does not balance to zero.

Step repeat is usually wired rather than program repeat. It must always be
wired if the program involves accumulating, and almost always during a multiple
card routine. With step repeat wired, the computer repeats the step which did
not balance to zero, attempting to make it balance. With intermittent tube
failure this may gradually slow a program, until eventually the computer

will stop.

Although program repeat may be wired, there is no advantage to doing so. The
program has already been checked as far as the particular step which did not
check out, and repeating the entire program adds time to the checking operation.
If the program involves accumulating, when the accumulating steps are repeated
the values from the card in the computer are added into the total again, re-
sulting in an incorrect total.

Restart is entered on program chart S1-1369 in the lower right corner.

q RESTART

STEP x

PROGRAM

On the constant-program panel, restart is wired in lines 18-19, w-x.
For example:

START
o
st e

o—o0
N+O

IsToe soat

J. SUMMARY

1) Operational functions occur between program steps. With certain exceptions
they have both an entry and an exit.
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2) Start has only an exit, which is wired to the first step of the program.
Start may not be wired to the common of a selector picked up by a control
position in the same card. All cards must be wired from start.

3) Trip has only an entry, and all cards must be wired to it at the conclu-
sion of their program. It is internally wired to start.

4) a. A set instruction sets the values in the storages associated with
the set instruction in the punching dies, but does not punch the values.

b. There are two set instructions, set 1 and set 2, each of which
may have any storages associated with it.

c. Setting information does not clear the storages from which it
is set.

d. The same storage should not be set on both set 1 and set 2 with-
out use of selectors, unless all of the same storages are to set on both
set 1 and set 2.

e. Throﬁgh use of a skip control, information set in punching dies
may be prevented from punching. However, the punching dies will be cleared
at trip time.

f. Through use of set hold, information set from storage may be held
for punching in following cards, even though skip is used.

5) A sort instruction causes the card for which it is received to fall in
the front receiving magazine rather than the rear receiving magazine. Al-
though there are two instructions, sort 1 and sort 2, both cause the card to
fall in the same pocket.

6) A clear instruction clears all storages associated with it, but no other
storages. Clear does not clear values which have been previously set in
punching dies associated with the storage.

7) Program selects are covered on page 66.

8) N+ 0 and 0+ 0 have no entry or exit. If either of these conditions
occurs on a program step, zero will be given as the result and a corresponding
light will light. Either N+ O or O + 0 may be wired to stop the computer, to
sort the card, or the computer may continue the program with a zero result.

9) The computer may be wired to repeat the program or the step if a step does
not check. Step repeat is usually wired. ‘
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6. Selectors

A. GENERAL

A selector is a two-way electrically operated switch which allows the programmer
to route machine functions in two or more directions. The routing may be based
upon the presence or absence of control positions punched in the card, or the
plus or minus branching of a step. Any pulse in the computer can be routed
through a selector, except the wiring of constant digits to the accumulator
columns, and start to a selector picked up by a control hole in the same card.
The maximum number of selectors available on the 60 or 120 is 36, referred to

as Tl through T39 (there are no selectors numbered T10, T20, or T30).

A selector has no power of its own - it is merely a means of changing the
direction of a pulse dependent upon a predetermined condition. In a schematic
diagram, a selector may be shown as follows:

©
NS Non-sereeT (E)
®)
© ¢ common (A)
M——QS Servser (G)
CurrenT
oy w)
———————————— -o-——-v
RV 6]
Piex-uP =
(x) GROUND
(w)

The pulse about which a choice is to be made is wired to the "common" of the
selector. Normally, the pulse will come out of the "non-select" side of the
selector. On the diagram, notice that a pulse entering the common (A) will
flow through the bar (B) which is held in place by a spring (C) against a
contact (D). Flowing through this contact, the current will emit from the
non-select side of the selector (E). As long as nothing disturbs this arrange-
ment, wiring into the common of a selector and out of the non-select side will
have the same effect as wiring directly. For example, if the plus branching
of step 1 is wired to the common, and the non-select is wired to step 2,

as long as the contact at "D" remains unbroken the plus branching of

step 1 will always go to step 2.
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If, however, the bar (B) is pulled down to the other contact (F), any pulse
entering the common will be emitted from the select side (G). 1In the above
example this would be wired to another step, step 27 for example. Therefore,
normally the plus branching of step 1 would go to step 2; due to a special cir-
cumstance, however, the plus branching of step 1 would go to step 27. Note
that it is impossible to go to both step 2 and step 27 simultaneously, since
the contact will be made either at point D or point F, but cannot possibly

be made at both at the same time.

The means of bringing the '‘bar into contact with point F is by allowing current
(H) to reach ground (K). This is done by wiring (J) the pick-up of the selector
(I) to ground on the connection panel. Whenever this circuit is complete,

the coil (L) is magnetized, overpowering the spring and bringing the bar to
point F. As long as the circuit is complete, the selector will remain on the
select side. As soon as it is broken, however, the spring will pull the bar
back to point D; any pulse entering the common will once more come out of the
non-select side.

There are two types of selectors on the 60 and 120 - single-pole and four-pole.
A pole refers to the common, non-select and select portion of a selector.

There are 16 single-pole and 20 four-pole selectors. The diagram above is a
single-pole selector. A four-pole selector differs from this in that there
are four commons, four non-selects, and four selects. There is, however,

only one pick-up.

The purpose of a four-pole selector is to enable the programmer to make more
than one choice based upon the condition at the pick-up. When the coil (L)
is magnetized, four bars instead of one are moved; each bar makes contact
with its own F point. The circuitry for each pole of a four-pole selector
is completely separate; the only relationship is that all four are moved by
the same coil. Therefore, all four poles are always in the same position -
either select or non-select.

Single-pole selectors are the even numbered selectors, T2, T4, T6, etc. Four-
pole selectors are the odd numbered selectors, Tl, T3, T3, etc. The individ-
ual poles within a four-pole selector are numbered 1, 2, 3, 4; therefore, a
specific reference to a pole within selector Tl would be to T1-1, T1-2, T1-3,
or T1-4. Any pole of a four-pole selector may be used for any choice; only

as many poles need be wired as there are choices to be made.

Although almost any pulse in the 60 or 120 may be wired through the common,
select, and non-select portion of a selecter, there are only three methods

of controlling the pick-up of a selector - card control, program select,
and selector hold.

B. CARD CONTROL

B-1 Pick-up of selectors

The pick-up of a selector may be wired through a control hole in the card. If
this is done, as long as a card containing the control hole is being sensed,
the selector which is being controlled will be on the select side. This means
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that from the branching of the first step for that card, allowing time for
the bar to move from point D to point F, until the trip signal is delivered,
any pulse put into the common will come out of the select side. At trip
time, however, the connection from the pick-up of the selector through the
control hole to ground is broken, since the control hole is no longer locked
in the sensing section. The selector then reverts to the non-select side.
If the following card does not have the same control hole, the selector
remains non-select; if it does have the same hole, it is "picked up" - that
is, returned to the select side.

For example, suppose that all cards in a group of detail cards are punched
with a 3 in column 90, and summary cards do not have a 3 in column 90. From
a plus branching of step 1, detail cards are to continue with step 2, while
summary cards continue with step 27. The pick-up of the selector - that is,
the condition which determines whether the selector will be select or non-
select - is a 3 in column 90. The common of the selector - the pulse about
which a choice is to be made - is the plus branching of step 1. The word
"common" refers to the fact the plus branching of step 1 is common to or re-
lated to both step 2 and step 27. The non-select side of the selector would
be wired to step 27, since the selector is in this position when the 3 in 90
is not present. The select side of the selector would be wired to step 2.
The presence of a 3 in column 90 will move the selector to the select side;
this indicates a detail card, and detail cards will go from the plus branching
of step 1 to step 2.

Selectors are wired on the constant-program connection panel. The control
hole which is to be sensed is wired on the input-output connection panel.
Therefore, a transfer line must be used to transfer the pick-up of the selec-
tor from one panel to the other. For this purpose, C-lines are usually used.
Each control hole used for selector pick-up must be wired to a separate C-line.
However, if one control hole is to pick up several selectors, the pick-ups of
all the selectors involved may be bused to the one C-line on the constant-
program panel. For ease of wiring, it is usual to use the same C-line number
for transferring the pick-up as the number of the selector which it is to pick
up - control transfer line Cl to pick up selector Tl, C8 to pick up T8. How-
ever, since all C-lines are identical in circuitry, any C-line may pick up

any selector.

B-2 Wiring

On the input-output panel in lines 20-26, v-x, are hubs called "control commons."
These hubs are a direct connection to ground, although the connection is always
broken momentarily at trip time. Any one of them may be wired to the common or
zero common of the column in which the control hole to pick up a selector is
located. The control hole itself is wired to a C-line. On the constant-program
panel, the selectors are located in lines 26-31. The selector pick-ups are
located in line 33, A-1, with C-lines directly above them in line 32. Using the
example mentioned above, assuming the selector to be picked up by a 3 in column
90 is T1, the wiring would be: .
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Whenever the 3 in column 90 is present, the current emitted from the pick-up
can reach control common ground, and the selector will be on the select side.
If the control hole is not present, the current cannot reach ground; therefore
the circuit is incomplete and the selector will remain non-select.

B-3 Program charts

The program charts for the above would be filled in as follows. On the chart

51-1369, in the box for the plus branching of step 1, the common of T1-1
would be entered:

A et W\"v—_
CARD DESQ

$7 | S8 | S9 |S10]S11|S12INEXT STEP
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On the selector control chart, S1-1370, selector Tl is located at the top
of the right column.

TR st 1eon an ) cotuun SELECT COMMON NON- SELECT
LINEjinpicate LAY com

A | Sres 2 + BR v | Srep a7
o]

(PsTaic. carD)

Selector: Indicated here are the selector numbers, with the poles of the
four-pole selectors shown separately.

Transfer Line: Enter here the control transfer line used to transfer the
control hole from the input output panel to the constant-program panel.
Note that since there is only one pick-up for a four-pole selector, only
one C-line is used.

Pick-Up: Enter here the position in the column which is to pick up the
selector. Although it is not necessary, many programmers also indicate
the reason for which the selector is picked up; it simplifies finding the
proper selector if additional choices are made later in the program based
upon the same control hole.

Select, Common, Non-Select: In this section the choice to be made is
written. Further examples of sample entries will be shown throughout the
rest of this section.

C. PROGRAM SELECTS

C-1 Purpose

As mentioned earlier there are times when a selector is needed or would
facilitate programming, yet the condition requiring the selector cannot be
precoded in the cards. In such cases, a program select is used. A program
select is an operational function of the 60 and 120, having an "in" and an
"out™ in the same way as "clear”, "set" and "sort". Its purpose is to pro-
vide a connection to ground to which the pick-up of a selector can be wired
so that at a particular point in a program the corresponding selector will
change from non-select to select.

A program select is usually impulsed at the plus or minus branching of a step.
It may also be impulsed from the exit of any of the operational functions.

The length of any of these pulses is very brief and a selector will remain
select only as long as the circuit from its pick-up to ground is unbroken.

A program select has the effect of lengthening these pulses until the end of
the program, so that a selector will remain select from the time of the pulse
which is to pick it up until trip time.
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C-2 1Internal wiring

There are actually three parts to a program select - "in", "out™, and "ground".
The "in" is wired from the branching of a step or from the out of another op-
erational function. The "out"™ is wired to the entry of another step, or to
another operational function to continue the program. The "ground" is wired
to the pick-up of the selector which the program select is to control. As in
the case of a selector controlled by card control, any desired pulse except
constant digits to accumulator columns may be routed through a selector con-
trolled by a program select.
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When a pulse enters the "in" of a program select (A), current flows through
a coil (B) for the duration of the 20 millisecond delay, magnetizing it. A
pulse is then emitted from the "out" hub (C), which is wired to the next
step so that the program can continue. Coil B is no longer magnetized.
While coil B is magnetized during the 20 millisecond delay, bar D is pulled
down and contacts point E. Current then can flow from the pick-up of the
selector (F) through the program select ground hubs (G), magnetizing coil H
as it reaches ground (I). This will continue until the connection to ground
is broken at point J by the pulse which magnetizes coil K at trip time.
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Whenever the "in" of a program select is wired, the "out" must also be wired
or the circuit which originally pulls bar D to contact point E will not be
completed, and the program select will not become effective.

The purpose of the 20 millisecond delay is to allow time for the selector
associated with the program select to change from non-select to select.

If at any time after a program select has been impulsed, the connection be-

tween program select ground and the pick-up of the selector is broken, the

program select is "dropped out™. This means that coil (H) in the preceding

diagram is no longer magnetized. The program select ground hubs cannot get

through to ground even though the pick-up and ground hubs are connected again,
" _ 1t

until the program select "in" has been impulsed again. The corresponding
selector, of course, returns to non-select.

C-3 Example of use

As an example of the use of a program select, suppose that to compute with-
holding tax on a payroll program, exempt income is subtracted from gross pay
to determine taxable income in step 25. On step 26 taxable income is to be
multiplied by 18%. It is possible that an employee's exemption would exceed
his gross pay, so that he would have no tax. The storage unit in which with-
holding tax is to be placed has previously been used for an intermediate
result during the program. Therefore instead of omitting step 26 for those
employees with no tax, it is important to clear the storage in which with-
holding tax will be placed or the intermediate result will be used as the
withholding tax. A simple way of doing this is to multiply taxable income
by zero instead of 18% for these employees whose exempt income exceeds ¢gross
pay. During step 26, therefore, taxable income is multiplied by either 18%
or zero, depending on whether the result of step 25 is plus or minus.

Assume the following elements and storages:

S7 - gross pay

S3 - exempt income
N32 - 18%

N36 - zero

Taxable income will be placed in S2, withholding tax in S1, and the choice
of 18% or zero will be made through T8.
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If step 25 has a minus branching, gross pay is less than the exemption. By
going into a program select at this point, the computer will "remember"
during step 26 that the branching of step 25 was minus. As soon as the PS 1
instruction is given to the computer, selector T8, which is associated with
PS 1, will change to the select side. To continue the program, the "from"

of PS 1 is wired to step 26, indicated in the operational function section of
the program chart. The use of selector T8 occurs at V2 time of step 26, so
in step 26 V2 is indicated as the common of T8. On the selector chart; T8 is
indicated as follows:

Transfer Line: There is none, since program selects do not have to be
transferred from one panel to another.

Pick-Up: This indicates that the ground of PS 1 is wired to selector T8.

Select, Common, Non-Select: V2 of step 26 is wired to the common of T8. If
the branching of step 25 is minus, PS 1 is impulsed, which picks up T8. There-
fore, N36, zero, will be used as V2 of step 26. If the branching of step 25 is
plus, PS 1 is not impulsed and T8 remains on the non-select side. Therefore
N32, 18%, will be used as V2 of step 26.

Note that in this particular case, instead of using a program select it would
have been possible to use an additional step to accomplish the same purpose.
In other words, step 27 could have been a separate clearing step. In this
case, the three steps used would have been:
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The advantage of using a program select in this case is that it saves a step,
which may be very important in a long routine. Its use does require 20 milli-
seconds of time, however, which the second method does not require.
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C-4 Connection panel wiring

There are four program selects, referred to as PS 1, PS 2, PS 3, PS 4. There-
fore selectors may be picked up during a program for four different reasons.
Each program select may be used to pick up as many selectors as needed - that
is, if several choices must be made because of one condition which exists, a
program select may be wired to the pick-up of several selectors. When a pro-
gram select is impulsed, all selectors associated with it will become select.
At trip time, all selectors associated with all program selects will become
non-select. They will not become select until the program select with which
they are associated is impulsed again. ‘

On the constant-program panel the "in" and "out" hubs of the four program
selects are located with the "in" and "out" hubs of the other operational

functions in lines 1-4, q-w. The wiring of the above problem in this section
would be:
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The ground hubs for the program selects are located in line 34, A-X. The
pick-up wiring for the above problem would be:
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D. SELECTOR HOLD

D-1 Purpose

The selector hold is a means of retaining a selector on the select side from
card to card. Without use of selector hold, a selector picked up by card
control returns to non-select at trip time because the sensing switches are
unlocked; a selector picked up by a program select returns to non-select
because trip is internally wired to drop out program selects.

Selector hold is a direct connection to ground. Therefore if selector hold is
wired directly to the pick-up, the selector will always be select. Selector hold
should usually be wired through a controlling selector, which will determine

when the connection will be made between the pick-up of the selector and

selector hold.
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D-2 Example of use

The use of selector hold therefore requires two selectors - a single-pole
selector which is used as a controlling selector, and a four-pole selector
through which the pulse which is to be changed is routed. As an example,
assume an invoicing operation. The cards for each invoice are in sequence,
with name and address cards first, followed by detail cards, followed by a
summary card. The first name card contains a control hole indicating whether
the customer is a retail store or a wholesaler - if a zero is punched in
column 45, the customer is retail, otherwise he is wholesale. A retail price
(N8) and a wholesale price (N9) are punched in each detail card. The problem
is to select the proper price, dependent upon the control hole in the

first card.

A selector hold is used in this case to remember whether a O in column 45 is
present in the first name card. If it is present, and a selector is picked

up because of it, that selector must return to non-select when the summary

card enters the computer; unless this is done, the selector will remain

select for the following customer, regardless of whether he is a retail customer.

D-3 Wiring

Assume that selector T4 is to be the controlling selector, TS5 the one through
which the selection of price is to be made. On step 13 price will be used as
value 2. During the routine for the summary card, which has no control holes,
PS 1 will be impulsed to indicate that the card in the computer is a summary card.

Selectors T4 and T5 would be wired as follows:
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Selector hold can be connected with the pick-up of T5 only when T4 is non-select
and TS is select. At the beginning of a run, both T4 and T5 are non-select;
therefore until a card with a O in 45 comes into the computer, V2 of step .13
will be N9, the wholesale price. When a 0/45 enters the sensing section, T5
becomes select, and selector hold is connected to the pick-up of T5. Even
though the 0/45 card is tripped out of the computer, T5 remains select because
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the selector hold is wired to the pick-up. For the following cards, therefore,
N8, which is retail price, will be used as V2 of step 13. T35 will remain
select until PS 1, which is wired to the pick-up of T4, causes T4 to become
select. This, of course, will happen on a summary card. As soon as the
connection between selector hold and the pick-up of T5 is broken, TS5 becomes
non-select. It will remain non-select until another 0/45 card picks it up.

It would, of course, be possible to make two more choices dependent upon the
0/45 control hole by using poles 3 and 4 of selector T5.

D-4 Program chart

The selector chart for entering the above wiring is as follows:
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Both the controlling selector and the selector to be controlled may be picked
up by either card control or a program select. However, the same program
select cannot pick up both selectors, nor can a control hole picking up the
selector to be controlled, T5, be punched in the same card with a control hole
picking up the controlling selector, T4.

E. DELAYED PICK-UP

It is possible to delay the pick-up of a selector by a control hole until trip
time of the card in which it is punched. By doing this, the selector will not
become select for the program of the card being sensed, but will become select
for succeeding cards. To make it effective, however, it must be wired in con-
junction with selector hold.

On the input-output connection panel in lines 27-33, v-x, are hubs labeled
"delayed control commons". These are direct connections to ground as are
control commons. However, the connection is made only at trip time. As in
the case of control commons, they are wired to the common or zero common of
the column in which the control hole is located.
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Selectors associated with delayed control commons become select at trip time,
when delayed control commons become effective. However, since the sensing
switches become unlocked at trip time, a means must be found of continuing the
pulse. Even though delayed control commons remain effective until the sixth
or seventh step of the following card, without the sensing of the control hole
the selectors return to non-select. The normal means of doing this is through
selector hold. The wiring is exactly the same as that shown in the section on
the selector hold, except that column 45 would be wired to a delayed control
common rather than a control common. The only difference in the program charts
would be that the word "delay" would be written after the 0/45 for the pick

up of T3,

F. ADDITIONAL EXAMPLES OF THE USE OF SELECTORS

F-1 Differentiating between several codes

Frequently in a multiple card routine, it is necessary to pick up several
different selectors, dependent upon the code punched in the card. For example,
in a payroll program following the plus branching of step 2, cards are to be
sent to different steps as follows, depending on the code punched in column 46.

Code Type of Card To Step No. Selector No.
0 Rate 3 T2

1 Previous year to date 7 T4

3 Gross pay 12 T6

5 Deduction card 34 T8

To do a positive distribution to the proper step requires four selectors, with
each selector picked up by one of the control holes. The plus branching of
step 2 is wired to the common of the first selector. The selectors are wired
in series, with the non-select side of each wired to the common of the next
selector. The select side of each is wired to the step to which the program
is to go if the control hole is present.
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A diagram of the connection panel would look like this:
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On the selector chart, the above would be indicated as follows:
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The plus branching of step 2 is indicated as the common of T2.
associated with the code punched in the card will be select,

be non-select. If, for example, the code
branching of step 2 would flow as follows:

Plus branching of step 2 to common of T2
Common of T2 to non-select of T2
Non-select of T2 to common of T4

Common of T4 to non-select of T4
Non-select of T4 to common of Té6

Common of T6 to select of T6

Select of T6 to step 12
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Note that it would be possible to use only three selectors by wiring the non-
select of T6 to step 34, assuming that if the code is not 0, 1 or 3 it must be
5. It is preferable, however, to use T8 and thereby make a positive check.

If a card is not coded or a card punched 7 or 9 were to be placed in the deck
by mistake, the plus branching of step 2 would end on the non-select side of
T8. Since this is not wired, the computer will hang up and the card which is
in error can be removed. Otherwise all errors will go to step 34.

F-2 Differentiating between odd and even codes

In the Remington Rand punching code an even number is punched as an odd number
plus the number 9. In the sensing section of the computer, punched positions
which are to be used to control selectors are not decoded into their numeric
value. Therefore a selector picked up by an odd number will also be picked up
by the corresponding even number. For example, a selector picked up by a 1
will also be picked up by a 2. In order to differentiate between a 1 and a 2,
therefore, it is necessary to test for a 9 as well as the 1. To do this the
select side of the selector picked up by a 1 is wired to the common of a selec-
tor picked up by a 9. If the selector is non-select, the code is a 1; if it is
select, the code is a 2.

Suppose that in the preceding example the card codes were as follows:

Codes Type of Card To_Step No.
1 Rate 3
2 Previous year to date 7

-3 Gross Pay 12
4 Deduction 34

A diagram of the connection panel would look like this:
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On the selector chart, the above would be entered as follows:
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In this example, if there is a 1 present, the plus branching of step 2
continues to T3-1 to differentiate between a 1 and a 2. If there is no
1, it continues to T4 to determine if there is a 3. If there is a 3,
differentiation is made between a 3 and a 4 in T3-2. If neither a 1 nor
a 3 is punched, the computer will hang up.

F-3 Pick-up of a selector by an even number.

Occasionally it is possible to save selectors by wiring two positions in a card
to pick up one selector instead of wiring each position to a separate selector.
For example, suppose that both a 1 and a 2 are punched in column 44, but only
the 2 is to pick up selector T5. To accomplish this, the wiring would be:
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Note that the common of column 44 is not wired. In order for the current which
is emitted from the pick-up of selector T5 to reach control common ground, both
the 1 and the 9 must be present. If either is punched without the other, the
circuit will not be completed. If the common of the column were wired, the
presence of either control hole would pick up the selector.

More than one selector can be picked up in this way from control punching in
the same column. For example, with the ™9™ position wired to control common,
the "1" could be wired through a C-line to pick up one selector while the “3"
could be wired through another C-line to pick up a different selector. With
this wiring a “2" and a "4" would pick up selectors, but the "1" and "3"
wauld not.

This wiring is not confined to numeric combinations, If necessary, for example,
the "“5" could be wired to the control common and the "3" wired to the pick-up of
a selector. The presence of both would cause the selector to become select,
whereas either one alone would not.
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F-4 Wiring more than one position in a column as minus.

It was mentioned on page 27 that more than one position in the same column

may not be used as minus positions without the use of selectors. When wiring
several positions in a column for negative control using selectors, each
position is wired as the pick-up of a different selector, using normal wiring
for this purpose. The element designators are then wired through the selectors
to be minus.

Assume that column 89 has negative controls as follows:

Position Element Selector
1 N2. T2
3 N5 T4
5 N3 T6

On the selector chart, this would be entered as follows:
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In the element section at the top of the same program chart, the negative
controls would be indicated as:
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The constant-program panel wiring for this would be:
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F-5 Setting the same storage on both set 1 and set 2.

As mentioned on page 54, it is impossible to set the same storage on both
set 1 and set 2 without setting all other storages associated with set 1 and
set 2 whenever either is called upon.

To avoid this, the storage which is to be set on both set instructions should
be wired through a selector. In the example given on page 54, S2, S3 and S5
were to be set on set 1; S5 and S6 on set 2. Assuming that set 1 occurs in a
card punched with a 7 in column 45, S5 could be routed through selector T1-3
as follows:
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Therefore, on the connection panel the wiring would be:
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With this wiring there is no time at which set 1 power and set 2 power
are connected.

F-6 Using "clear" more than once.

Occasionally it is necessary to use the operational function of clear more than
once, clearing certain storages at one time and others at another time. Since
there is only one clear instruction, a selector must be used to prevent clearing
all storages which have been wired whenever a clear instruction is given,

Suppose that in one type of card it is necessary to clear S2, S3 and 54, while
in another card S3, S7 and S12 must be cleared. Note that S3 is to be cleared
in both cards. From the first clear instruction the program is to continue
with step 19, while from the second clear the program goes to trip. The second
type of card can be identified because PS 2 is impulsed during its program.

On the selector chart this would be shown as:
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The connection panel wiring for this would be:
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S3 will be cleared whenever clear is impulsed. S2 and S4 can be cleared only
when the selector is non-select, while S7 and S12 can be cleared only when
the selector is select.

F-7 Reusing steps through use of a program select.

Sometimes additional steps are needed for a program, more than the complement
which is on the computer. Through use of a program select, it is possible to
reuse program steps.

To do so, it is advisable to use program steps which are similar. For example,
suppose that there are two sets of accumulating steps (see page 103). They are:
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e OO
RESULT sy [s2[s3]|safss|se|.s s9 [S10]s11[S12NEXT STEP
e i —— AR A R Rl
— = =
8 S Hours + [S7] + | Hours + (N New 2 Hours +isi] 8 -1 2
° New 2 Hoves +isil+]Zego + N3 New 2 Hours + |57 @ - 1/o
0] 15 ragor + s3] +]Lacer + |sa|New 5 kagor + [sils0 -lu
I New 3 _LAGOR + 51| +1ZeRo0 + W3 New I LasBoR + |58 D - /2
In combining steps 8 with 10, and 9 with 11, the following similarities
would exist:
srtPAcARu - ﬁLUE 1 | XX Vm 2 RESULT J 50 ]s2]sa|salss] sefs7[ss[se[stofstifsrzfnexT sTep j
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e e e r“tz——#rﬁ-
8 + New S +|si|8 -19 ‘]
9 INew & +|SI|+]Zero + |N3 il |

By impulsing a program select following the first time through step 9, the
four points of difference (V1 and V2 of step 8, R and plus branching of step 9)

can be routed through a selector.

The first time through steps 8 and 9 the

factors which were in the original steps 8 and 9 would be called upon; the
second time through steps 8 and 9 the values from the original steps 10 and 11

would be called upon.

entered on the program and selector charts as follows:

Assuming that PS 1 picks up selector T5, this would be

{4,

e e, e e e J e ——
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SORT 1 5 5-1 sg Vi svee 8 57
5-2 Psi s2 Vi srep ¥ NY
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5.3 58 R sree 9 37
CLEAR 5-4 OTE /0 + Br, sreP 9 Ps/
P.S. 1
Sree 8
P.S. It
P.S.1H w
P.S.IV
The first time through steps 8 and O the values on the non-select side of T5
are called upon. From the plus branching of step 9 PS 1 is impulsed, which
changes T5 to the select side. From PS 1 the program returns to step 8. This

time the values on the select side are called upon, with. the plus branching of

step 9 going

to step 10.
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Since both the non-select and the select side of T5-1 and T5-3 are identical,
it would be possible to wire both V1 of step 8 and R of step 9 to the common
of T5-1, thus saving one pole of the selector. The selector would then read:

P s P S WS
SeLec] TRFR PICK UP l COMMON NON-SELECT
von [ Line [1231 508 R EOTU8Y SELECT

Vi, sTeEr® §
5.1 58 R, sYee 9 S7
5.2 P51 sa ya_ sree ¢ NY
5-3 Sree s0 + Br. _srep 7| PS/
5.4 |
| i

As many pulses as necessary may be wired to the common of a selector, pro-
vided the select and non-select sides are to be identical in all cases.

F-8 Changing the decimal location of storage

It is possible to change the decimal location of a storage unit during the
program by impulsing a program select. This in turn picgs up the §elector
through which the decimal location is wired. If the decimal location of S3
is to be 3/2 for steps 1-15, and 6/5 for the remaining steps, the program
select would be impulsed at the end of step 15. Assuming that PS 2 picks
up T8, the wiring would be:
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There are two completely different purposes in changing the decimal location
of a storage during the program. One is merely the necessity of a particular
decimal location when the storage into which the result of a step will be
placed has already been assigned a different decimal for use earlier in the
problem. For example, a division to determine average rate might require a
5/4 decimal, yet all available storages have previously been assigned 4/3 or
3/2 decimal locations, and none can be changed.

The second use of the changing of a decimal location is to change the decimal
location of a value in storage without the use of a step. When the decimal
location is changed after a value has been placed in the storage, the value
remains in the same storage columns although the decimal location changes.

For example, if the number .123 is in a 4/3 storage, when the decimal is changed
to 1/0, the value becomes 123. This has the effect of multiplying the number

by 1000. If the decimal location were changed from 4/3 to 6/5, the value would
become .00123, in effect dividing the value by 100.
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F-9 Y-wiring of accumulator inmput
C

On a Univac 60 it may be necessary to Y-wire more than one element to the same
accumulator input columns due to the fact that there are only 60 columns of
accumulator input available. To do this requires the use of selectors - one
pole for each 9 position and one pole for the common of each column. The
selectors which are being used may be picked up either by a program select or
by card control.

Assume that element N5, punched in card columns 6-8, and element N9, punched in
columns 17-19, are both to be wired to accumulator input A6, columns 3-1. If
elements N5 and N9 are both punched in the same card, a program select would be
used to control the selectors. All reference to one of the elements, N5 for
example, should be completed before the other, N9, is called upon. When the
last reference to N5 has been made, the program select would be impulsed to
change the selector so that N9 may be called upon.

If N5 and N9 are punched in different cards, the use of a selector is unnecessary
if columns 17-19 (N9) are blank when columns 6-8 (N5) are called on, and columns
6-8 are blank when columns 17-19 are called on. If this is not the case, how-
ever, selectors must be used.

The reason for the selection of the 9 position and the commons is related to the

sensing switch. The following sensing switch diagram shows what would happen
if the 9 position is not selected, and column 8 is punched with a 1 while column

19 is punched with a 2.
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In the above example, power would emit from element designator N5 and be

transferred on F5 to ‘the common of column 8.

Internally the power would flow

from the common through the closed sensing switch of position 1, and into
Because of the Y-wire it would continue to
position 1 of column 19, across the closed sensing switch of position 1,
through the closed sensing switch of the 9 position in column 19 and into
Therefore, the 1 in column 8 would actually

accumulator column 1, position 1.

accumulator column 1, position 9.
be sensed as a 2.

Note that if only a 1 were punched in both columns there
would be no difficulty in these two columns.

However, a back feed could develop through the common of the columns. If the
commons associated with an element are wired together as they normally are,

power would flow across the closed sensing

switches where the same digit is

punched as in columns 8 and 19 above, from one common into the common of the

next column, thereby impulsing all columns
Therefore, if only one position in the two
both fields will be sensed simultaneously.

column must be wired through a selector.

associated with the element.
fields is identical, all columns in
To avoid this, the common of each

As an example of the necessary wiring, assume that a O is punched in column 45
when element N9, columns 17-19, is to be used; at other times N5, columns 6-8,

is to be used.

The wiring would be:
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Note that in the above example three selector poles could be saved by referring
to both card fields by the same element number, N5 for example. In this case
the N5 element designator would be wired to the common of three selector poles.
The transfer lines for the commons of columns 6-8 would be wired to the non-
select of these poles, and the transfer lines for the commons of columns 17-19
would be wired to the select of the same poles.

F-10 _Wiring selector pick-up through constants

It is possible to use constant digits to act as a one-way bus in selector pick-
up. The purpose of this wiring is to pick up one selector from several control
holes, while at the same time to pick up a separate selector for each control
hole. In many cases this will save several selector poles, and may permit the
use of single-pole selectors instead of four-pole selectors.

For example, assume a multiple card routine in which there are cards punched with
al, 3 or 5 in column 90, as well as blanks. As of the plus branching of step
5, all cards with a 1, 3 or 5 in column 90 are to go to step 6, while cards
without punching are to go to step 20. Suppose that a 1 picks up Tl1l, a 3
picks up Ti3, and a 5 picks up Ti5. The plus branching of step 5 could be
wired to the common of T11-2, the non-select of T11-2 to the common of T13-2,
and the non-select of T13-2Z to the common of T15-2. The select of T11-2,
T13-2, and T15-2 would all be wired to step 6, while the non-select of T15-2
would be wired to step 20. However, with the wiring shown below, this choice
could be made in one pole of another selector, while T11, T13, and T15 are
used for other choices.
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To accomplish this, the wiring on the input-output panel is normal. The control
holes are wired to control transfer lines as follows:
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On the constant-program panel each control transfer line is to pick up its
corresponding selector, as well as selector Tl6. If this is wired through a
normal bus, a back feed will develop whereby the presence of any control hole
will pick up all four selectors. To avoid this, each control transfer line
is wired to a constant digit. One of the hubs beneath the constant digit is
wired to pick up the related selector, while the other is wired to pick up
T16. Since a back feed cannot develop through the constant digits, a 1 in
column 90 will pick up only Tl11 and Tl6, a 3 in 90 will pick up T13 and T16,
and a 5 in 90 will pick up T15 and T16. The wiring is as follows:
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In the above example, the plus branching of step 5 would be wired to the common
of T16. The select of T16 would be wired to step 6, while the non-select would
be wired to <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>