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Section I 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 
(Sort) 

Receiving 
(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 ISO 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. 
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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 stopping 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 program. 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 I 
VI 

Process 
Pr 

Value 2 = 
V2 = 

Result 
R 

Branching 
-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, anyone 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 stepson 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 
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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 failure 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 o 

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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Section II Machine Functions 
1. Accumulator 
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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 
accumulator is a group of~electronic tubes in which all computation occurs. 
It may be thought of as having 22 -columns, as follows: 

M Section 

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 I 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 II 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 I 
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 II 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 II of the A section. 

Paragraphs Band C below explain how card-read fields and constants enter 
columns 10-1 of the accumulator~ Paragraph 0 explains the relation of 
storage to the accumulator. 

B. ENTERING CARD-READ FIELDS INTO THE ACCUMULATOR 

On the input-output connection panel, form 51-1351, are 12 accumulator inputs, 
lines I-IS, A-T, e-x. They are numbered AI-AI2. 
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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. In 
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 
accumulator through accumulator inputs. 
wiring, see page 27. 

a program must be wired to the 
For a complete explanation of this 

C. ENTERING CONSTANTS INTO THE ACCUMULATOR 

On the constant-program panel, form Sl-1352, lines 51-55, A-p are the hubs 
through which constant values are wired into the accumulator. The horiZontal 
ntimbers 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. 

15 



ACC!UMVA.llrO It 

10 • • 7 , • • , 2 1 10 • • 7 • • 4 

10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

'0 0 0 0 0 0 0 0 0 0 0 0 0 {) 0 0 0 
A A 12 

'0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

...... 
0-

2 
0 

, 0 0 0 0 0 0 0 0 0 
S 

• 0 0 0 0 0 0 0 0 0 

10 0 0 0 0 0 0 0 0 

• 0 0 0 0 0 0 0 0 0 

• 
0 

0 

0 

0 

0 

1 
0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

1 

01 

0' 

O' 

01 

O' 
"­

"-

.5,. .. ~",~ It 

.... 
" "-~., . 

.... ...... 

. . . 
... 

" 
10 • 
0 0 

0 0 

0 0 

0 0 

0 0 

(!OA,.V1!4 N:J 

~ ... ..... 

"-
"-

' ... , 

• 7 , 
0 0 0 

0 0 0 
S 

0 0 0 

0 0 0 

0 0 0 

"-

• 
0 

0 

0 

0 

0 

.. 
. 4: .. 

, , 
"-

" 'T", , 
• 2 

0 0 0 01 

0 0 0 0' 
12 

0 0 0 O' 

0 0 0 07 

0 0 0 o. 



~ 

" , <>---<>--¢----< <>--0-0--0 
<>--0-0--0 J <>--0-0--0 

<>--0-0--0 <>--0-0--0 , <>---<>---<>--0 ~ 1 <>--0-0--0 
~ 

" • <>--0-0--0 <>--0-0--0 <>-<>--<>--0 <>--0-0--0 0---<>-0---<> <>--0-0--0 • 0---<>-<>--<> 0----<>----<>-0 <>---<>---<>--0 

" 
ACCUMULATOR COLUMNS 'CCU.ULATJ COLU •• , ==l ' <>---<>--¢----< <>--0-0--0 <>--0-0--0 0---<>-<>--<> 0---<>-<>--<> <>--0-0--0 , <>---<>--¢----< 0----<>----<>-0 0---<>-<>--<> 

10 • 8 7 6 5 4 3 2 
" ,~ 

1 
0---<>-<>--<> <>-<>--<>--0 I 0---<>-<>--<> <>-<>--<>--0 <>--0-0--0 , <>--<>-0--0 0----<>----<>-0 0---<>-<>--<> ~ 

" ,~ 0----<>----<>-0 ~I 0---<>-<>--<> <>-<>--<>--0 <>--0-0--0 , <>--0-0--0 ~ <>--0-0--0 ~ -

Since it is possible that a particular digital value, "5" 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 accumulato.r input 1. The decimal point in 
the card falls between columns 32 and 33. It would be placed as follows: 

Accumulator columns (AI) 
Card columns 

In this case the decimal point falls between 
Price therefore has a 3/2 decimal location. 
decimal locations as related to elements and 
and 38. 

F. OPERATION OF THE ACCUMULATOR 

accumulator columns 3 and 2. 
A complete explanation of 
storage is found on pages 29 

As an example of how the accumulator operates, assume that it is to add 
50837 (VI) and 28Q 906 (V2). The result is to have only 2 places following 
the decimal. VI and V2 are in accumulator inputs as follows: 

Accumulator columns: 10 9 8 7 6 5 
VI: 5 8 3 
V2: 2 

4 3 2 
7 
8 9 0 

1 

6 

Decimal location 
7/6 
4/3 

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

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

V2 is then entered. and added to VI. 

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

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

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 c~lumn 1 of the A 
section. As a value is shifted to align with a decimal location, it 
always moves to the left. If both VI 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 VI has a 3/2 decimal location and V2 has a 1/0 decimal 
location. When VI 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 digjts of VI 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 colwnn 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 VI and the result. 

G. DROPPING DIGITS 

As mentioned on page 14, ~ result may never have a significant digit in 
column II 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 handling this result would be: 
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Accumulator Columns 

M Section 

11 10 9 8 7 6 5 4 3 2 1 11 10 
7 0 0 6 
9 7 o 0 

6 4 1 6 

A Section 

9 8 7 6 5 
4 1 6 9 7 
6 4 1 6 9 
9 7 9 3 5 

4 3 
9 3 
7 9 
9 7 

2 1 
5 9 
3 5 
0 0 

Storage decimal 
location of result 
5/4 . 
4/3 
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 adj usted 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 
acc umulator. 

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 t6 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-I 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 Nl, N2v .•• 
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 a.lso 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 VI or V2 of a program step. In fact, the same 
element may be both VI 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 oneapplicat ion element NI might contain two columns, while on 
another it mi~ht 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. In 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 ass igning element numbers to card fields, it makes no difference which 
field is assigned to which element. Card fields usually begin with element 
Nl 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 payroll 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 71-75 might be "gross pay" in a daily summary card, and "deduction 
amount" in a deduction card. In 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 
5 

VI 
N3 (hours) 

Pr 
x 

V2 
N2 (rate) 

= R 
= 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 calIon 
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-D. There is a pair of interconnected hubs for each element. 

" ttttttfttttttttttttttttt "g' "g' "I" "I" "g' "go .g. "g' "g' t "g' "g' ? " [lEMENT DESIGNATORS ELEMENT DESIGNATORS 

> .. 0 0 0 0 " 0 0 0 0 0 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
O"'NUSO 

0 0 0 0 0 
MINUS 

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 fi-eld 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 Fl 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. 

8-5 Card sensing 

On the input-output panel, each card column is represented by nine hubs (lines 
16-33, A-u). 

- - - ~ -. , , · . . , . , " n " u .. " " u .. " " " " " " " " " " " " " " " " " " " " .. " " " .. .. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
• 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

u '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

.. '0 0 a ° 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 " 0 0 0 0 0 .. '0 · 0 0 0 0 0 0 0 
CARD SENSING 

0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o ) 
CAItO SENSING .. '0 • 0 0 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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• 0 
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" .0 0 • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

'0 0 
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The first 6 hubs (1,3,5,7,9,0) represent the positions in the card. The next 
hub (O/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. In 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. In 
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: 

SE"'~IN" CARt> 
.,.,.,.1'OMO ..5 .. N5''''''' 
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~7-o- - - - - -"- - - ~- - - - -- - _ J 
r----~-O- __ - - - - - ..,. __ - - - - _~ _______ +-_-Io __ -..I 

.r='--O-o 
1..-----9",-0 

L--__ --=e---i}f __ -< ______ _ 

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 ° 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 CIO, 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 anyone of several other purposes. 

B-7 Negative control 

In line 38, A-I 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. 

H tttttttttttttttttttttttt 'g' -g' 'r" -i' 'g' "to + -r" "I" "1, "1, + 
" ElEMENT OESIGNATORS 

'0 
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" 0 0 0 0 0 0 0 0 0 0 0 
O.'NI,IS° 
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0 0 0 0 0 

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 9 

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 us ing 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 N2negative; therefore 
some other C-l ine would 'be used for the negat ive 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. 

00000000 , 
" 0 00000000 

" 0 , 00000000 
CARD SENSING 

!Wo. SEl. I --- 00000000 

30 00 0 a 0 0 0 0 0 0 0 0 0 0 0 
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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 j 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 negativ& 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. 

8-8 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 Nl to 
accumulator input AI, 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 Nl. 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 
accumulator 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 9nly 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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" '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .. '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .. '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
CARD SENSING 

" '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 l n '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

" .~o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

" ,I I I I I I I I I I " I I I I I I I I Inn I 
" 

.. .. .. Sr.-51 .. " .. .. .. .. .. .. " .. " " .. .. .. " .. .. • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

" , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ) 
" '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

" , 0 0 0 0 0 0 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0 
CARD- SENSING 

" '0 0 0 0 '-'- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

" '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

" ~O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

" 'r I I IilJ I I I I I I " I I I I I I I I I I I .. 0 
F2 rr~ 0 0 

r'HO TRANSfER lII(ts 

~ 0 0 0 o 0 0 r?s {;, r?1 f?a F?9 0 gl 0 F~l f~4 " .. " n. '" f12 til Fl' "" '" ...... 
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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 Sl-1370, is a section 
entitled "Accumulator Inputs". There is a box for each of the 10 co,lumns in 
each accumulator input. In the lower half of the box is written the card 
column which is wired to the column. In 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: 

ACCUMULATOR INPUTS 
IN~~~A~~~I!. TRANSFER LIf.E ('1.'1. [TCd 

ACCUMULATOR INPUTS 
TOP LINE. TRANSFER LINE CFI, F2. ETC., 

IOTTOM LINE. CAaD COLU., INDICATE: 

SYM. 
ACCUMULATED COLUMNS 

10 9 8 7 6 5 4 3 2 I 

AI 
,. ,., ,. 
'" '17 !Jf8 "1f. 

A2 
II:.. ~ 

110 .2.1 32 '3 

BOTTOM LINE. CARD COLUMNS 

SYM. 
ACCUMULATOR COLUMNS 

10 9 8 7 6 5 4 3 2 t 

,./ F- IF. £0/ AI 
[If, '17 I If' IJ9. 

A2 I'J F;J F3 IF.2 F.'l '';1 .. .1 

II!!! -.: I ..... 
A3 "'.a .ro S; 

[rei .r/ .r:I 1"0 lou :12 ;23 

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 
Nl 
N2 
N3 

Example 1 

1/0 
4/3 
2/1 

Example 2 
1/0 
4/3 
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 
accumulator input, and the results would always be the same. 

ACCUMULATOR INPUTS 
TOP LINE. TRANSFER LINE (Fl. F2. ETC.) 

INDICATE: 
BOTTOM L I HE • CARD COLUMNS 

ACCUMULATOR COLUMNS 
SYM. 

10 9 8 7 6 5 4 3 2 1 

11':1 F:l 1~.2 F:l.. 
AI 

:/0 ~I .'12 %3 
F:l F;Z Fa IF.:l 

A2 
:lO.l.t ,1,% ;u 

:z 1'.:1. IE2 F:l.. 
A3 

:Ie. ';'1 1:/.2 :13 

A4 
',2 &:1. .1':2 1#"2 

ole I.tl 13.1 I.", 
A5 

IF~ &:> F F 

l.te .1 1.;12 1.'13 
F:I. r&2 '" IF.a 

A6 
.ttl !AI .u l.u 

11'.3 "'.2 IF.;I 1'2-
A7 

!ole :II .u .1.5 

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: 

'31 fll '39 '40 '41 '.2 '43 '44 '4~ U6 '41 '41 
000000000000 l~ 

! ~ ~ ~ ~ 'g ~ ~ .. ~ ';; "bO "61 ~2 36 

If~' "~4 1f~5 ~' Ng N~a N~'" ~o ~I Ng ~l N~' 31 

C N2$ 1f2S ~7 1f2. N2' IU~ ItJI N~2 tOJ Itl. IQ$ IU6 
00000000000038 
, DECIMAL LaCHORS 
00000000000019 
M U H 7 ~ " ~o ~l W 

:j I" I . I:JJ 'Js:l1 ' I ' l· r " 
...... 

~ F~7 fll fH 'co '4' ,,, ,.1 FU "5 '46 f., ':: 

'1:r:'~ooo':::';;N6°"61Ng 36 

Nil In. MIS HI6 "" Nil NI9 NtO Nll fI2~ N21 N24-
oooooooooooro )I 

~ N~~ N~' ";1 ";80E~gM:f Lg~A;i2R N~J ~ ~5 "t,~ 38 

~ ~ ~ ~JL ~ g ~ ~ 5~O S~I S~2 39 

: I I" I . I :JJ '1:1 I ' I ' I ·1 .. 

30 



C. CONSTANTS 

C-l 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 • 

..... -
" , I I I I r I I I I II r I I I I I I 1 I I I I I ,1 I r r r 1 I 1 I I 1 1 > .. 

CONSTANT DIGITS CONSTANT DIGITS 

" 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o '\0 0 0 0 0 -0 0 0 0 

" 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

" , I I I I I I I I I I I I r I I I r I 1 I I 1 I I ,I I I r r I r I I I I 1 .. 
CONSTANT DIGits CONSTANT DIGITS 

" 0 0 0 0 0 0 0 0 0 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

.. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

" , 1 1 ! 1 I 1 I I I I I I I I 1 1 1 1 I 1 I 1 I 1 ,I 1 1 1 1 1 1 I 1 1 I 1 .. 
CONSTANT DIGITS CONSTAtoIT DIGITS .. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

.. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ..... .-..c.. 
" , 0---<>-0---<> <>---<>---<>--< 

<>---<>---<>--< J. ~ ~ ~ ,~ <>---<>---<>--oJ <>--<>--<>--0 0---<>--0---<> 'r 
" , 0---<>-0---<> <>---<>---<>--- 0---<>---<>---< 0---0---<>-0 0---<>-0---<> <>--<>--<>-0 , 0---<>-0-0 o---o--o-----c ~ <>-<>-<>--0 , 

,ceUMOL"1 COLUMNS ,ceUMUL"l COLUMNS 
" ,~ <>---<>---<>--< 0---<>---<>---< 0---0---<>-0 <>-<>---<>--<> <>-<>-0--<> ,~ ~~~ 0---<>---0----0 

10 9 8 7 6 5 4 3 2 1 ~ ,. ,~ <>---<>---<>--< 0--<>-<>--0 0--<>-<>--0 0--<>-<>--0 0---0---<>-0 , 0---<>--0--<> <>--<>--<>-0 0---<>---<>---< ~ 

" .~ ~ 0---<>---<>--<> 0---<>---<>--<> <>-<>-0--<> 0--<>-<>--0 .~ <>---<>---<>-0 0--<>-<>--0 ~) 

-

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 4l-42i 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 t 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 int-o the accumulator column in the 90-
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column punching code. To make a 5, one of tbe 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 1 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. 

• <>--<>-<>-0 

• , <>--<>-<>-0 

C-3 Decimal locations 

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

Constant 
Value 

2000 
.016 

10.36 
1,000,000 

Constant 
Digits Required 

1 
2 
2 
1 

Accumulator Columns 

10 9 8 7 6 5 4 3 2 1 
2 - - -

- 1 6 
1 - 3 6 

1 - - - - - -

Decimal 
Location 

1/0 
4/3 
3/2 
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 const9nt values, it is usual to begin with 
N36 and work backwards as additional constants are needed. Since card-read 
fields usually begin with Nl, 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, zero would be 
either N24 or N12, while the rounding 5 would be N23 or NIl. 

D. PROGRAM CHARTS 

D-l Table of factors 

Probably the first step in using the program charts for a program is to 
assign element numbers, using program chart 51-1369. At the top of this 
chart is a Table of Factors. 

PROGRAM CHART NO. UNIVAC 60 &. 120 ~&u.d. 
APPll CAT ION: PUNCHED-CARD ELECTRONIC COMPUTERS TABULATING MACHINES 

TA BL E OF FACTORS 

YM f." C""D CARD FIELD TitLE OR CONSTANT VALUE sv. ItGN 
CAIID 

CARD FIELD TITLE OR CONSTANT VALUE sv. 51GN 
CARD CARD FIELD TITLE OR CONSTANT VALUE ... ... ... 

NI .,3 N25 

N2 NI4 N26 

N3 NI5 N27 

N4 .16 N28 

N5 NI7 
~ N29 

N6 NI8 N30 

N7 NI9 N.I 

N8 N20 N32 

N9 N21 N33 . 
N\() .22 N34 

NI N23 N35 

N12 N24 N36 

CARD OEseR IPTION -

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 ± • 
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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 t~ard Description". In 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 ~e 
indicated. For constant values, the actual value should be entered. 

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

PROGRAM CHARr NO. UNIVAC 60 &. 120 ~"&uuL 
APPll CAT ION: PUNCHED-CARD ELECTRONIC COMPUTERS TABULATING MACHINES 

'iN .IN C'U'O ... 
NIIT 

N21t-

N3 :t 
N4 

N5 

N6 

N7 

N8 

N9 

NIO 

NI 

NI2 

HBLE OF FACTORS 

CARD FIELD TITLE OR CONSTANT VALUE SYM 51GI 
... 

CARD F I ELO TITLE OR CONSTANT VALUE 
CUD .. SYM SIGIII '0 . CARD F;. flO TITLE OR CONSTANT VALUE 

I rLOCI< N". (I!. .. , - ua\ N13 N25 

I"RA.,.." (~ftL~. ",",- ,..,01 N14 N26 

N" .D.< I,. , .• ..-"._:1 NI5 N27 

N16 N28 

NI7 N29 

N18 N30 

NI9 ,31 

N20 N32 

N21 N33 

N22 N34 

N23 N35 .,. DDS"" 
N24 N36 I.f- Ill. ,.,.,,., 

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 51-1370. 
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.: 
UNIVAC 60 &. 120 

PUNCHED-CARD ELECTRONIC COMPUTERS APPLICATION: 

ELE .. 

DElIG 

NI 

N2 

N3 

N4 

N5 

N6 

N7 

N8 

N9 

NIO 

NIl 

NI2 

NI3 

NI4 

NI5 

NI6 

NI7 

NI8 

ELEMENTS 
CONSTANT FACTORS, INDICATE DECIMAL LOCATI~N. NEGATIVE CONTROL AND VALUE IN DESIRED ACCUIIULATOR CaUlMNS. 
CUD FACTORSt INDICATE nANSFU LINE (F1ElO .. FI, '2, EfCs CONTROL .. CI. C2. ETC.J DECIMAL LOCATION. NEGATIVE 

CONTROL AND TRANSFER LINE. INDICATE c. ... ItO COLUMNS IN ACC .... ULATOR INPUTS ON RIGHT. 

TO NEG. CONT. DEC ACCUMULATOR COLUMNS ILEM. TO NEG. CONT. DEC ACCUMULATED COLUMNS 

COL POS LTI~~ LOC 10 9 8 7 6 5 4 3 2 1 DESIG COL "OSZ,ft,tE LOC 10 9 8 7 6 5 4 3 

NI9 

N20 

N21 

N22 

N23 

N24 

N25 

N26 

N27 

N28 

N29 

N3J 

N31 

N32 

N33 

N34 

N35 

N36 -

2 I 

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 
accumulator columns. 

Accumulator Columns: Enter the card colamns 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. 

ELE.MENTS 
CONSTANT fACTORS: INDICATE DECIMAL LOCATION, NEGATIVE CONTROL AND VALUE IN DESIRED ACCUMULATOR COLUMNS. 
CAitO FACTORS: INOleATE TRANSFER UN£ (FIELo .. FI, FI, ETC, CONTROL .. Cl, Cl, ETC.) DECIMAL LOCATION, NEGATIVE CONTROL AND 

TRANSFER LINE. If\lOIC"'T~ CARD COLUMNS IN ACCUMULATOR.lNPUTS ON RIGHT. 

ELE". To 
NEG. CONT. DEC ACCUMULATOR COLUMNS ELEN. NEG. CONT. o,e ACCUMULA lOR COLUMNS 

Tu 
ESIG COL. PO, '" 'DC 10 9 8 7 6 5 4 3 2 1 

DES. G COL. pos. L~:: Loe 10 9 8 7 6 5 4 3 2 1 LIMr 

Nl IFI Yo I'lL 1'{7 I.f~ V9 N19 

N2 IF% Y/J 120 2.' :1:1. :1.3 
N20 

N3 
IF~ $"0 0 d ~ Sb :1"1 ~.2 N21 

N4 N22 

N5 N23 

N6 N24 

N7 N25 

N8 N26 

N9 N27 

1110· N28 

NIl N29 

N12 N30 

N13 N31 

N14 N32 

N15 N33 ) 
N16 N34 

N17 N35 'f3 0 0 S-
N18 N36 '6 0 .0 0 0 

E. SUMMARY 

1) There is a maximum of 36 elements available, numbered NI-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 either VI 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 includ~ 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-I 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 51-S6 or Sl-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 va1ue 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, Sl is cleared. $7.50 is then 
multiplied by .02, and .150 is placed in Sl. 
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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 fhe right. Such digits will have no 
bearing on any further computation. For example, as the result of a 
mul tiplicatioD, 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 
10 9 8 7 6 5 4 3 2 1 

1 8 5 4 6 3 1 2 
1 8 5 4 6 3 1 

1 8 5 4 6 3 
I 8 5 4 6 

1 8 5 4 
I 8 5 

Decimal Location 

6/5 
5/4 
4/3 
3/2 
2/1 
1/0 

Through use of program selects, it is possible to change the decimal location 
of a storage unit during the program. This is covered 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 
col umns as des ired may be wired to punch from each unit 7 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. 

, . 
o 0 

, . 
o 0 

, . 
o 0 

, . 
o 0 

S OUTPUT SIGN 10 
TO 0 0 a 0 
o 51 S2 53 S4 

7 6 ~ 4 3 
o 0 0 0 0 

10 7 6 
o 0 0 

, . 
o 0 

o 0 0 

s 
0000000000 

I S 
a 0 0 0 0 0---0--0---0 

2 
ROO a 0 
",S5 56 57 58 

o a 0 a 0 
S 3 

000 
S 

o 0 0 

4 
a 0 a o------o----{)---o 

o 0 0 0 0 0 a 0 0 0 0 0 0 0--0--0--0 
BUSES 

oooooooooo~ 

o 0 0 0 a 0 0 a 0 0 a 0-------0------
S 6 

00000000 

STORAGE au TPUTS 
a 0 0 0 0 0 0 0 a 0 0 0 a 0-------0------

Go 0 0 0 
"59 SIO 511512 

~ 

~ 

SUSES 

~ 

0 0 

00-000 

ooaoooo 010 0 0 0 0 0 

o 0 a 0 0 0 

0 0 0 

00:1000 

0 

0 0 0 0 0 000000 0 0 0 
S 1 S 

0 0 0 0 0 0' 0 0 0 0 0 0 0 
STORAGE OUTPUTS 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 

0 0 
8 

0 0 

, 
a 1 ~. 

o a g 58 

0 0' '" 

0 0' ., 
0000000 a 0 0 0 0 0 0 0 0 q 51 

o 0 

S 
o 

9 
o 0 0 0 a a 0 0 a 0 0 0--0----0---0 

S 10 
o 0 0 a 0 0 0 a 0 0 0 0 0-----0--0-----

0----0--0-----000000000000000000000 164 

0000000 00000000 
S II S 12 

000 o 0 0 0 0 0 0 0 0 0'> 66 

o 0 a 0 0 0 0 0 0 0 0 0 0 0) 67 

o 0 0 0 a 0 a 0 0 a 0 0 0 0 0 0 0 09 66 

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 lor position, 
wired to any position. 

but 
In 

as 
the 

a 1 in a storage unit would be 
of output punching, 
a zero in column 54 

in the case of input, any position can be 
case of over-capacity punching, for example, 
wired to a zero in the card. As an example 
of labor from S2 to card columns 54-58 with the wiring 

as negative sign would be: 
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8-2 Y-wiring of storage output 

Y-wiring of output punching should not be done. Due to the voltage of the 
wiring of one storage column or output 
positions will not always result in 
storage columns or signs to one card 

computer during a set operation, the 
sign to two or more card columns 
correct punching. The wiring of 

or 
two 
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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 contains a 
value when setting occurs. If all other storage columns or sign~ 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 th~ 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 51-1369 is a form for indicating output 
punching from storage: 

- ~ 

NEG. OUTPUT PUNCH I KG DEC SET SET 
1<-" 1'.'" S •• CARD F I ELO TI TLE 

COL ... 10 • • LDC I • • 7 • • • I 

51 51 

52 S2 

53 53 

54 54-

55 jss 
56 ~6 
57 57 

58 58 

59 59 

SID SIC 

511 511 

SIZ , S12 

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

Card Field Title: This space is provided for a description 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 iI'Itermediate storages. Such 
storages usually receive several values during a program, and nothing would 
be gained by writing each description in this space. However t 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. 

Output Punching: The 10 columns in a storage unit are listed here. Beneath 
each column is w.ritten the card column into which that storage colwnn 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: 

'YO 
NEG. OUTPUT PUNCHING D.t 

CARD FIELD TITLE c •• ... I. I • 7 • • , I LOt 

51 

52 
LA80R. i.:rf 0 sy ~s :TI. S S8 % 

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 colwnns 50-52, the output punching would appear 
as follows: 

'YO CARD FIELD TITLE 
I NEG. OUTPUT PUNCHING ~::~ 

COL .. os I. I • 7 • • • , Z I 

51 IH(J"R~ ISDlo I I I J Iso 1~/1S..l1 I I%~ 

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 
sections. 

D. SUMMARY 

1) The Univac 60 has 60 colUJiins of storage; the Univac 120 has 120 columns. 
of storage. The colwnns are divided in units of 10 colwnns 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) In general, no Y-wiring should be done from storage, either the punching 
of two unit"s in the same card coltmlns. 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 maximtml ntmlber of steps avaUable 
is 40, though this may be expanded through use of selectors to reuse program 
steps. 

) 

A-I 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 t 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 
(VI) 

Process 
(Pr) 

Value 2 
(V2) 

43 

= 
= 

Result 
(R) 

Branching ± 
(-Br +Br) 



A-2 Process 

There are four processes on the compute~ anyone 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 VI, and which as V2. 

VI Pr V2 = R 

Amount + Rounding 5 ;:; Rounded amount 
Sl 02.375) + N35 (.005) ;:; S2 (12.38) 

Rounding 5 + Amount ;:; Rounded amount or 
N35 <. 005) + Sl 02.375) = S2 02.38) 

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

VI 

Gross Pay 
S4 006.95) 

Pr V2 = 
Non-taxable pay = 
S3 (52.00) = 

R 

Taxable pay 
Sl (54.95) 

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

VI Pr V2 - . R 

Hours x Rate = Labor amount 
N3 0.5) x N2 0.345) = S5 (2.0175) 

Rate x Hours = Labor amount or 
N2 0.345) x N3 0.5) = S5 (2.0175) 

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

VI Pr V2 = R 
Total Pay . Total Hours = Average rate -;-

S4 (94.25) . S2 (48.0) = Sl O. %35) 

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 t~", 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: +, -, XI 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 st.ep 2 addition: 
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" '~~ 0 0 
sn, 3 4 

+ 0 0 0 

-0 % 0 

• 0 0 0 

000000 000000 
8 9 \I 12 11 14 U II 19 20 11 U U If 

00 000000 000000 

0000000000000 
PROCESS 

0000000000000000000 

A-3 Value 1, value 2, and result 

'0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ST£I' 16 27 28 29 30 JL 12 U 14 35 36 31 » )9 " 

+0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

00000000000000 0 
PROCESS 

xO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

+0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Value 1 and value 2 of a program step may be either an element or a storage. 
If desired, both VI 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 VI of each of the 40 
possible steps, line 19 for V2, and line 20 for R. The VI, 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 
1. 
2. 

VI 
N3 
Sl 

V2 
N2 
N35 

R 
$1 
S2 

" -1' iJ -I' -} -I' -I' .!- ,I, -I" -(·F'-F-r" -I" ,I" -I" -It!' -l -I' 1· -I- -!- ,I,; ;I~ -I" -I" -I" -I" -I" -I" -I" -I" -I,:~}::r{u -I" -I" ~- .g. -I' -I' -I' -I" ,In -g' 
" .. ::10. 0 

0 0 0 0 0. 0 0 0 0 0 0 b 0 0 
oj ~l 0 

0 . 
~ 

0 ... 0 0 0 0 0 0 0 0 0 0 0 . 0 0 

o !II '0 ,,! !~ 0 '~! 
0---0 - , . . 

o ~ 0 o ~ 
19 10 " " .. "'. " " " " .. " u " .. " .. " .. " .. RESTART 

" V2 III a 0 0 0 0 0.0 0 0 0 o 0 0 0 0 0 0 ",0 0 0 0 0 0 0 . 0 0 ~O 0 0 0 0 o 20 08 o 0 

_r . 0 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 0 .. 0 0 . 0 0 
o t.~~II.I~I,I" 0 . 0 0 0 0 

- ~ SET STORAGE 
o 10 09 ~ 0---0 " 0 0 

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 £rom the plus 
side if value which is placed in storage as the result of the step is plus, 
from the minus s ide' 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. For example, both plus and minus 
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. However, one brancaing, 
such as plus branching of step 3~ may not be wired to two steps - such as 
both step 4 and step 16. 

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 stepi 
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 l~ 2i 3 f 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: 

, , , 
. 

~ 
. . 

0 0 0 

From 

Start 
Step 1, +Branching 

-Branching 
Step 2, +Branching 
Step 3, -Branching 
Step 4, +Branching 

-Branching 

, , 

" " .- " " " " " " 0 0 0 0 0 0 0 0 0 0 0 0 

. 
" 23. <'4' S/(P <'6 " 0 o 0 + 0 0 0 

'" 

To 

Step 1 
Step 2 
Step 3 
Step 4 

.. Step 4 
Step 5 
Step 5 

18 29 " " " o 0 0 0 0 

. 
" " " " " 0 0 0 0 0 0 0 0 05 0 o~o 0!S 0 ~ 

. 
~ 

o our 

, ~~~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0 0 0 0 0 0 0 o 0 0 0 0 0 0 0 0 0=0 0= 0 0= 0 <: o~ 0 IN 

BRANC H SR ANCH 

I I I I I I I I I I I I 
0 I I 1 1 I 1 "I I I I I I ? I I I 1 I I I I I o~ 0 

:~ : 0p 0p On QOUT 

1 " I 6 6 0-0 0- 0 == ol 0 '" 

: s~ 1 t 1 I 1 I ! 111 I 11 J LlIlJ I ! ! Ll111!11Jlll1tllll 1 t 1 11 t 
. 
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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 VI, and balances to zero. 

Program SteE Check 

Addition: VI + V2 = R R - V2 - VI = 0 
Nl + N2 = Sl Sl - N2 - Nl = 0 

5 + 8 = 13 13 - 8 - 5 = 0 

Subtraction: VI - V2 = R R + V2 - VI = 0 
Nl - N2 = Sl Sl + N2 - Nl = 0 
12 - 4 = 8 8 + 4 - 12 = 0 

Mul t iplicat ion: VI x V2 = R R + V2 - VI = 0 
Nl x N2 = Sl Sl + N2 - Nl = 0 

3 x 6 = 18 18 + 6 - 3 = 0 

Division: VI + V2 = R R x V2 - VI = 0 
Nl + N2 = Sl Sl x N2 - Nl = 0 
21 + 7 = 3 3 x 7 - 21 = 0 

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 VI 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 SteE 3 Proof 

VI + V2 = R R - V2 - VI = 0 
Nl + Sl = Sl Sl - Sl - Nl = 0 

1st trial 5 + 0 = 5 5 5 5 1 0 
2nd trial 5 + 0 = 5 5 - 5 - 5 t- O 

As indicated in the above example, no matter what the value of 51 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 ealculation. 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 Dot 
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 

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

is possible, 
to require 
In such a 
of the 

B. PROGRAM CHARTS 

Program chart SI-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 goo 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. 

VALUE 2 
DESCRIPTION 

RESUL T 51 S2 53 54 55 56 57 58 59 510 511 512 NEXT STEP 

DESCRIPTION 

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 +j if always 
minus, write -. If it may be either plus or minus, write t. In 
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 (NI-N36) or storage number (51-512) 
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, +. 

Sl-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 loeation. 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 n?thing else should be put in the 
storage. As soon as a value is no longer needed, a line should be draw~ 
across the storage on the step in which it becomes free. 

Next Step: In 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. 
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3) There are 4 processes: additions subtraction, multiplication, ~nd division. 

49 

512 NEXT STEP 

- + 
~ .:l.. 

- .y 



4) The computer considers the signs of both values and determines the sign 
of the result in accordance with algebraic laws. 

5) VI 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 
si~Jn 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-I 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 w 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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From To 
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 

. . , . , , , . . . , . . , " . . . . . . . . 
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A-3 Program Charts 

On program chart Sl-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: 

FROM TO 

START L"' .... 
SET I In..D 
SET 2 

It!u •• 

SORT I Is.. . • 10 

SORT 2 tn..D 
CLEAR Ir ..... 

: 
P.S. I 

P.S.II 

P.S.1I1 

P. S.W 
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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 If 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 no~-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 Z 

D-I 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, al~ 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 iti determined by the programmer. Any 
storage may be associated with either set 1 or set 2. 
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0-2 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. In 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 otner 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 inadvisaple 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 

DEC SET SET 
LOC , 2 CLUJ! '" 

S 1 

X 52 

X s3 

X s4 

:x s5 

s6 

57 

ix s8 ~ 

59 

1')( 
510 

[x sll 

Ix 512 
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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, q-v. A wire is taken from the center 
hub t 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: 

~1~ 
0--<> " RESTART 
o 0 " 
~ " '+0 
o 0 " 
~ " 

,n " 0 .. " ." ~" 0+0 
o 0 " TOP 50111 

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 20 
For example, suppose 52, 53 and 55 were wired to set Iv while 55 and 56 were 
wired to set 20 The connection panel would be wired as follows: 

~ 

~ 
0' t 0---<> " RESTAIH 
o. 

Ig ~ " sn 

::j 0-0 " H+O 
• 0 o 0 " 

0" 
IS~I 

" 0+0 . 0" o 0 " 5[" SUI1 ,(1' S('" -

Because 55 connects set 1 and set 2v S2, S3 y S5 and 56 will all be set on both 
set 1 and set 2. 

D-5 5kip 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. 
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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. 

~ REP 
0--0 0 I~ 

SKIP 
0----0 0 17 

SET HOLD 
0---0 0 18 

0--0----<> " SEC REP 

v 

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-l Purpose 

When a so~t 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 
proqram. For example, it maybe 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 I 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 
trip for instance, only one sort instruction would be needed. Both 

. and 35 could be wired to sort 1, and sort 1 would be wired to trip. 
it would be equally possible to use the two sort instructions. 

F. CLEAR 

F-l Purpose 

place, 
steps 15 
However, 

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 sueh cases there is a possibility of punching infor­
mation from a preceding card into a following card. For example, assume that 
shtft premium is computed in storage 55. It is possible to skip the steps in­
volving computation of shift premium for first shift employees, so for these 
men 55 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 55 and be punched 
into the card for the first shift man. By always clearing 55 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: 

VI 
Zero-(N36) 

F-4 When to clear 

Pr -+ 
V2 

Zero-(N36) 
= 
= 

R 
Zero (55) 

A clear instruction clears storage units, but does not clear the punching 
dies associated with the storage. Therefore, if clearing is t~ 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: 

DEC sCr SET 
LOC , 21 CLr.1I ... 

51 

52 

)C 53 

54 

J( 55 

)(. 56 

57 

sa 

Ie 59 

X. 
510 

511 

Ix 512 

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 fdr the storage unit 
to the clear hub beneath it. The wiring for the example given above would be: 

~g~~J!J!g~~I(0lc l3 

~---=-~2 
CLEAR STOAAGE 

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-l 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 0 ~ 0 or N 70 has occurred. 
In fact 0 7 0 is frequently used as an error indicating step. For example. 
if the computer determines that a card is out of sort, a 0 :: 0 step may be used 
arbitrarily to indicate the fact. 

o 7 0 and N 7 0 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. In all cases either the 0 7 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. . 
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H-2 Use 

As mentioned earlier, 0 +- 0 or N +. 0, 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). In 
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 + O. For example:· . 

Step 
40 

VI 
N36(zero) 

Pr V2 
N36(zero) 

= R 
51 (error step) 

Next Step 
= 

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

It is preferable to wire to a 0 + 0 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 51-1369, 0 + 0 and N+-O are located in the lower right 
corner. A check is placed in the proper box to indicate the desired result. 
Of course, if the program is to continue with no indication that the condition 
has existed, 'nothing is checked. 

0+0 N + 0 

C STOP 1-
SORT )( -

H-4 Wiring 

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

o:-1r" 
010 OtllT/, 21 

, .. -
Oil ~22 ro+o 
OI~I' ~OI'~' .u 

The branching of a program step may not be wired directly to a 0 + 0 or.N • 0 
s.top, 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 particu!ar 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 51-1369 in the lower right corner . 

, ..... 
RESTART 

STEP Ix 
j 

PROGR ..... I 

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

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 s~me 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. Through 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 : 0 or 0 ~ 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 TIO, 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: 

(e) 

rr---3---0"$ NOf(-Se.LEU· (el 

L ____ --7oft~---------(~ C COMMOI'( (A) 

/yFJ 0 5 ~."'U.T (<r) 

<.L) 

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 (8) 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 '~" 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). In 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 coi 1. 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, T5, 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 TI would be to Tl-l, Tl-2, Tl-3, 
or Tl-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 t~ 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-selectj 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 I, 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" rejers 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 sa,me 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. Anyone 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-I, 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 Tl, 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 
Sl-1369, in the box for the plus branching of step 1, the common of Tl-l 
would be entered: 

5, sa 5. SlO 511 512 ,NEXT STEP 

- ± 
~~". I-I 
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On the selector control chart, Sl-1370, selector Tl is located at the top 
of the right column. 

ELfC un p ICIl UP 
SELECT COMMON NON-SE'lEer ... SI 'II •••• D ee ... v •• 

T •• LINE .MDI CATE DELAY CO." ,., 
'"'0 

Sr ... ~ T SR. .,.~ I Sr.,,. .:1.7 

""'t.2 
""1:3 e·, (J1aTIl" CA •• ) 

""i':4 
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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-l 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 Internal 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 t'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, 
until the program select "in" has been impulsed again. The corresponding 
selector, of course, returns to noh-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 employeefs 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 whos.e 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: 

57 - gross pay 
53 - exempt income 
N32 - 18% 
N36 - zero 

Taxable income will be placed in 52, withholding tax in 51, and the choice 
of 18% or zero will be made through T8. 

t STEP c ... IIDI----==-=-=-'-'VA'='LU:.=:E...o.1_-,-,--~PRO. VALUE 2 RESULT 51 I ~1 53 15 • 
fila, NO. DESCRIPTION SiGN nil! CESSI--~=OE=SC=Rl-'-'PT='O~N -"-----,,-,,."""T. -"'-+---O~£S-CR---" P:"-'T""'ON~--r-Is,,,"""T. --In .. If, 1~.2 
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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. 

69 

:1.7 ii' 
- :1.8 

:?I! 



.... , 
'0 
on · -0 

· -I · --

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: 

D. SELECTOR HOLD 

D-l Purpose 

, 
" 0 

" 0 , 

.... 
0"" , 
00 , 
0,," . 
00 . 

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 ~re 
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 fori 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 uporr the control hole in the 
first card. 

A selector hold is used in this case to remember whether a 0 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 ret,ail customer. 

D-3 Wiring 

Assume that selector T4 is to be the controlling selector, T5 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 I 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 T5 is select. At the beginning of a run, both T4 and T5 are non-select; 
therefore until a card with a 0 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. T5 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, T5 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 T5. 

F. ADVITIONAL EXAMPLES OF THE USE OF SELECTORS 

F-I 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 
I 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: 

. , " . , . . , . 
ST~P , , 

~ 
, . ~ . . " " " " " " " " " " " " " " " +0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

00' 

: ~i i l iii t iii i ttl iii iii iii i 
2~ +0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

~ H 21 U 2g ~ II ~ n u » 
+0 0 0 0 0 0 0 0 0 a 0 
00' 

-0 a 0 0 0 0 0 0 0 0 0 

"I I I I I I I IT 1 I I 
L'i Ll 'i -.llJ I ~1 

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. The selector 
associated with the code punched in the card will be seiect, all others will 
be non-select. If, for example, the code punched in column 46 is 3, the plus 
branching of step 2 would flow as follows: 

Plus branching of step 2 to common of T2 
Common of T2 to non-select of 12 
Non-select of T2 to common of T4 
Common of T4 to non-select of T4 
Non-select of T4 to common of T6 
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 Of 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: 

• eDt r C H ~ • It 0 , Q • S 1 U V W • - • • > 
Sll:!' i 1 • 5 , 1 • , 10 11 U 11 14 15 II 17 11 11 10 21 n n 2. SHP 21 21 21 2\l 30 ,31 32 3l II 35 

I +0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 +0 0 0 0 0 0 0 0 0 0 0 - -2 ~O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

: "I I IJ I I J I I I I IT I I I I I I I I I I I 

-It + 0 0 0 0 0 If' 0 0 q 0 0 0 0 0 

21 1110 OliO 0 l~...!!_ .. o 0 ~ 0 0lSO 0 

" '0 0 0 0 ~.!~, .~t!~ 0 0 0,0 

2' sO 0 0 o. ~ ... '~".-~ 0 0 0 0 j...:-------4"""'--f-----'---"---++ snle: TORS 
J9 .. 0 0 0 0 0 0 0 0 0 0' 0 0 0 0 

m ,rn -
JQ. cO 0 0 0 0 0 0 0 0 0 0 0 0 0 

,- Ii " 
11 sO 0 0 ci 0 0 0 0 0 0 0 0 0 0 

12 b;;; ~ ~ 0 ~ ~ ~ ... i '?IAII~'lJ: I 
u ~ 11., ~ ~ ~ ~ ~ I ~ II~ICT~ ':CI :" 

II ~ 0 0":'. si:. .• 00 0----0; 
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On the selector chart, the above would be entered as follows: 

SELfC TRFR P I.CK UP 
SELECT COMMON NON. SELECT TOR LINE I'OSITION A"OCOt.UMN 

I NOI CATE DEL,!IY CON T 

2.:.!.. 
1·2 
~ 

1·3 
~ 

2 ca ,/",. C_ T 3-1 ' ... 6". STEP :z. Co ... Til 
3·1 <- .. 5£ .... T!I. STEI' 3 
Sj 'lAt, SrEP 3'" .~.. 'T II 5r,," /2-
~ e3 
3·3 

'3:4 
4 e., 3/,,, C.H'~-:' ! N.S. T!l. - -

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 seleetor T5. To accomplish this, the wiring would be: 

" " " " " ~ " " " " " .. " " " .. " .. " ~; REP. 
'0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-0 0 " 
, 0 0 0 

.. "'OP r 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-0 0 " n ,I I I I I I I I I I I I I I SET HOLO 
.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-0' 0 " " CARD SENSING 

flHD lItANSfU liNES '" 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <>--<>--<> " " ~ g 0 0 0 ~ 0 0 0 f~O' r~1 f~2 ~, f~4 ;;~ SEC REP 

" " " " " " • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 '" 
'0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ol~ " , , , 

~ J . , . ~ I C~NTR~l I) 14 " " .~o 0 0 0 0 0 0 0 0 0 0 0 0 O· 0 0 0 0 0 0 °IEE " " 0 0 0 0 0 0 ~U"~fEl! 0 lIN~S , I I I I I I I I I I I r I I r I I I I I I 2.,-0-
" 
" 

Note that the common of column 44 is not wired. In order for the current which 
is emitted from the pick-up of selector 15 to reach control eommon 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 eolwnn 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 "3w 
could be wired through another C-line to pick up a different selector. With 
this wiring a "2" and a "4" would pick up seleetors, but the "It' and "3" 
would not. 

This wiring is not eonfined to numeric combinations~ If necessarv. for examDle. 
the u5" 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 tbrough the selectors 
to be minus. 

Assume that column 89 has negative controls as follows: 

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

On the selector chart, this would be entered as follows: 

[LEe TRfJl: P I Cit UP 
SELECT COMMON NON. SELECT TOR liNE 'OSI TI 011 liND COLU .... 

IIilDICIoTf DELAT COli, 

1.1 

IJ:z 
'1:3 
't:4 

2 c.,. ·'I.q (H~) ~''''V3 II!!:"~ ... _". "'2- -
~ 

3·2 

S:3 
S:4 

4 II! of 3/t<! (II,", M ... u," I ELI'''. 1>.". N- -
5.1 

Js:2 
's.3 
~ 

6 ec. S"Ar" ('U\ ... N II'L"". "1>£ N~ --
In the element section at the top of the same program chart, the negative 
controls would be indicated as: 

.-. 
CONSTANT FACTORSI I 
CARD 'ACTOR' I IHOle 

TRAMS 

EL,£". NE'G. CONT. DEC 
TO 

[SIG COL. POS T" LOC 

'" 
HI FI 
H2 F4 ';.; .~ ~ 
N3 ~~ 

.. ~ 
,F3 r e,c. 

N4 PI 
N5 ('. [;"1 FS l~'1 ~ 
N6 
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The constant-program panel wiring for this would be: 

" _0 0 0 0 ~! 0 0 0 0 0 0 0 

21 Co '""O_" ......... '-+'" I 0 0:
1

0 0 ~ 0 0 nO 0 

0;' 0 0 0 0 I~ 0 0 0 0 

o 0 0 
SELECTORS 

000000000 , 
o 0 o 0 0 0 

" 

Ii) liS 

00000000000 

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, 52, 53 and 55 
were to beset on set 1; 55 and 56 on set 2. Assuming that set 1 occurs in a 
card punched with a 7 in column 45, 55 could be routed through selector Tl-3 
as fOllows: 

SELEC TRFR PICK UP 
SELECT COMMON NON~SElECT TOR LINE pOSITrONAPlDCOLUillN 

I,NOICATE DEL"T CONT 

1.1 

W 
C I o/YS" W .<'£1" Sn· SS .5ET l. ...,-j 

Therefore, on the connection panel the wiring would be: 

SUP 

22 + 0 

~, ~ ~ ~ 10' RESTNIT 

o 0 0 o,..~ STC:~ ~ ~ 
o 0 0 o~ 0 0 0 ..... fLT 0:=0- 20 r-- .--... 1'1+0 

':: ~ 0 0 0 
r~ ~ ~ 

o~ 5~ 011 0+0 

o 0 0 0 0 Slit ..-:;" su. Ol~nll ~OI'~T t! 

o TI. 0 

o r 0 

o ... 0 

000000 o~o 0 It ,.,. 
o 0 0 o 0 0 

0000 00000 
I T~~ 

00000000000 . 
o 0 0 0 0 

o 0 , o 0 0 0 
n. 

o 0 0 0 
U " ~ " • v y " ~o UI W 

~~ 
CLEAR STORAGE 

78 



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. 5ince 
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 52, 53 and 54, while 
in another card 53, 57 and 512 must be cleared. Note that 53 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 se~ond 
type of card can be identified because P5 2 is impulsed during its program. 

On the selector chart this would be shown as: 

SELi:.C TRFR P I Cit "'UP 
SELECT TOR LINE ,"OSI TION AND C=OLUNN COt-WON NON. SEL"Eer 

I ItDI CAlE DEL "'Y CON T 

1-1 ~7 SI.'L [CL""" .:Ir .... AGt! .s;z s"l 
~ PS:t ,,,,p [rR"H~'_E.4" " STEP 19 
~ 
~ 

The connection panel wiring for this would be: 

• Q 

,m 
, +0 

~ 

]) 1. 1~.6 II 20 U n 2. 
o 0 0 0 0 0 ·0 0 0 

S'f~ " +0 0 

'" 
" " " '" 0 0 0 0 " " " " " " .. 

0 0 0 0 0 0 0 o ~ 0 o~o O~O~~OOUT I 
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o F'2 0 0 a o 0 0 0 0 

121 1 
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'" '" '" o 0 0 0 0 0 00000 21 . " " 
,"0000 000000 Q 0 0 o 0 0 0 0 0 " 0 0 0 0 0 0 0 " 000002. 

HI 000000 

'" . 
JO 0 0 0 0 o 0 

11 0 0 0 0 

- . 
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<0, '" 

o 0 0 

'" o 0 0 0 o 0 0 0 0 

" o 0 0 0 " o 0 

o 0 

o 0 0 ". 
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.. 
o 0 0 0 0 

'" o 0 0 0 0 

0 

'" 

SElECTORS 
0 0 0 

'" 0 0 0 0 0 0 

0 0 0 0 

0 0 

.. 
0 0 0 

0 0 
m 

0 0 

T U9 

o 0 0 0 .. 
o 0 0 0 

53 will be cleared whenever clear is impulsed. 52 and 54 can be cleared only 
when the selector is non-select, while 57 and 512 can be cleared only when 
the selector is select. 

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

50metimes additional steps are needed for a program, more than the complement 
which is on the computer. Through use of a program select, it is possibie to 
reuse program steps. 

o .. 

o " 

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: 

79 



VALUE 2 I RESULT ~ S2 53 I " " "I'}~ Y .. 59 
510 S 11 512 NOCl STEP I I"'" " ... VALUE 1 PRO. 

5'5" nil, ~3 ~:1 -1iII0. NO. $IG \'1'11 cESS SlCiJI STili 

l 
[ 

l 
I 

8 

9 

10 

11 

ST£P C ~RD 

010,010. 

8 

9 

-
r J.I. rAe l-t 57 -t- J+ou~ It Iftf ~ Z lIouR.s -t- Si 8 - 'i 

1,vf'W L _1~. '''-,' to s +- Z£.RJL I-t- H3 .NE.W 5. HOuR' -""- ,n (j) - 10 

2 i..A!3oK. 1+ S17 _T LA~ + 5.2 1kJ/<L l: LAeoR + S, 10 - II 

NEW Z- /..14/3011 1+ 5/ + ZERO 1- 3 IN" .. ~ L" noR. + 58' Vm 

In combining steps 8 with 10, and 9 with 11, the following similarities 
would exist: 

VALUE 1 PRO. VALUE 2 RESUL T 50 " " " " " 58 " 510 

- 1:1. 

51 , 51' NEXT STEP 

'-'l~ DESCRIP":"ION "ON "" eE: SS DESCRIPTION 51101<1 ". OESCRIPTION 51 GN SYM + 

NEW l:. 

-t- ~~~ +.s / 8 9 
+ 51 + Ze5rO + NJj -

By impulsing a program select following the first time through step 9, the 
four points of difference (VI 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. Assuming that PS 1 picks up selector T5, this would be 
entered on the program and selector charts as follows: 

-
ST£!' ('ARO VALU E 1 PRO. VALUE 2 RESUL T 51 52 " " 55 56 ,,; .!.z 59 50D SO, NEXT STEP 
''', ,", 

8 

9 

512 
OEseR I PT I ON "'" ". CESS DESCRIPTION SIGN ". DESCRIPTION 51 Gill S YW II/J 

r /louRS /1.. A "'oR. -t-~$'-M Jtp IK:;, / LARolil 
eOM 

L He"/{,,, /1 A f'k1R t +- r- NE + 51 8' -
I N~", :>. /.I" 'lIS kAAOA NEW~ HouRS / LA,.O R 

""'I [-ij) !@ --t-- 5/ -r- ZJi,!?Q -t-- A/3 -t- s-

FROM TO 

5T ART 

SET 1 ..... 
SET 2 

KHEe: TRF R PICK uP 
SELECT COMMON NON. SELECT 'OR LIN E p" SIT I 0'" .,.. 0 CO l U ~ N 

'''I)lrAIf DtlAY (ONT 

SORT t 

SORT 2 

CLEAR 

5-1 S8 VI STep 8 57 Is:;;- P51 5'- V $.-.. " ~ N'-I 
~ 58 R :"I'-"P '/ 57 
~ ~uP /0 + i3R. 5T,P ? P~I 

P. S. I 
SrEP 8 

P. S. II 

P .S.1I1 

P, S. IV 

1"(1t..--. .c.:_ ........ +':_ro. ....... - ...... ,..~\." ........ ""' ....... ,.. Q "W'l.r1 0 .. It ...... TT-nl11r\("O "' .... +'ho "1"\. ..... eooln ...... + C";""£)' n..f T~ l.JJ~ .J.~J." L L.J.UH:; ldl.LVUHU J;) I"C;Pi.:) v auu / loUt:; vo.Luv,;:) VU .... Ul.;; uvu.=';'\,.;.L\,...oV"" .:;:J.I.'-Av v ..... ..LV 

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-l and T5-3 are identical, 
it would be possible to wire both VI of step 8 and R of step 9 to the common 
of T5-l, thus saving one pole of the selector. The selector would then read: 

SELEC TRFR P I Cit UP 
SELECT COMMON NON· SELECT 

POSI TI ON AND COLU"" 
TOR LINE I NOI CATE OElAY CON T 

5·1 51? ;':1' !~:" ; ~7 

1""5.2 P.51 .s.:t I Vll ~reP 'if NY 
"5:3 5TI!P ~o I i- ~" S",P 'i PSI 

f-s.4 

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 picks 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: 

o 'I.. 0' .. 
o aHa 0 ~ 0 t,-

0000 o~o 
t----+-f-----t-+ SELECTORS +-t-----it-tt-l 

fJ7 F3I n, "0 ,.- "2 ff) , ... '45'" 141 F •• 
eoo 0- 0 0 0'0 0 '000 35 

~ 0 ~ ':; ''g ~ 'g ; ';; "60 ~I"g l' 
III MI4 105 NUi flU 10. "" 1120 NZI 1U2 Jt23 112. 
000000000000 J1 

1115 IIH 1It7 112. III' 113(1 lUI Jd2 "" 11)4 IUS N!I 

o 0 

" o 0 0 0 , 
000000 

" 0 ~Io 
000 0:0 " o 0 0 0 

000 

Z. lIS 0 00 0000000000 000000000000 II 
Til , 11l 1 Tn Tl1 I 1"::-t-+-l1-::-.."....... DECIMAl LOCATOas 

000 ~ 0 0 0 0 0 ~ 0 ~ 0 ~ g 1 : : ~ ~ ~ : ~ ~ ~ H 

)1 so , , , 
n 0 0 0 

U 0 0 0 , , , 

00 QO 0000000 

b ~ ~ C~IIT.~L ?RAN~HR 0 ll"PS' g ~ ~ I ~ II ~j 
~ f ~ I ? SE~lCT1r '*Cl' ~II' ~. ~ ~ - I~ I ~ It U 

I: I I" I . I . I ' I '1:1: I ,1 ' I . : .. 
-

00-0-000 0--0----.> 
JIROG.SEL.II I'tIOG.SEL.ln JIROG. 

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 input 
(j 

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. 

34 0 0 0 0 
FlF2F3F4 
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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 tnrough the closed sensing switch of position I, and into 
accumulator column I, posi tion 1. 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 
accumulator column 1, position 9. Therefore, the 1 in column 8 would actually 
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 associated with the element. 
Therefore, if only one position in the two fields is identical, all columns in 
both fields will be sensed simultaneously. To avoid this, the common of each 
column must be wired through a selector. 

As an example of the necessary wiring, assume that a 0 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-IO 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 
a 1,3 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 TIl, a 3 
picks up T13, and a 5 picks up TI5. The plus branching of step 5 could be 
wired to the common of Tll-2, the non-select of Tll-2 to the common of T13-2, 
and the non-select of Tl3-2 to the common of T15-2. The select of Tl1-2, 
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 TIl, 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: 

Control Hole 
1 
3 
5 

21 00 0 0 0 0 0 0 0 0 0 0 0 0 a 0 a 

:2 ~O 0 0 a 0 0 0 0 0 a 0 0 0 0 a 0 

:: 'r r b r r I I I I r I I I r I I 
q _9 M Sl Q 53 ~ 55 51 "W ~ 
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• <>--<>---

" 
, <>--<>--- H 

On the constant-program panel each control transfer line is to pick up its 
corresponding selector, as well as selector T16. 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 TIl and T16, 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 step 20. 
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G. SUMMARY 

1) A selector is a two way switch permitting the rerouting of almost any 
pulse on the 60 or 120. 

2) The pulse to be changed is wired to the common of the selector. The 
common is internally connected to the non-select side unless the selector 
is picked up. When it is picked up, the common is internally connected to 
the select side. 

3) A selector may be picked up by card control, a program select, or 
selector hold. 

4) Unless selector hold is wired, a .selector picked up ei thet by card control 
or a program select will return to non-select at "trip time. 

5) The maximum number of selectors available on the 60 or 120 is 36, 16 
single-pole and 20 4-pole selectors. 

6) There are four program selects on the 60 or 120. They are used when a 
selector is to change from non-select to select due t.o a factor discovered 
during the program rather than a condition which can be pre coded in a card. 

7) A program select is impulsed only from the plus or minus branching of a 
step, or from the exit of an operational function. However, the selector 
associated with it can be used to reroute almost any pulse on the computer. 

8) Selector hold is a means of keeping a selector select from card to card. 
It should be wired through a controlling selector. 

9) The pick-up of the selector which controls selector hold must be in a 
different card from the pick-up~f the selector which is being controlled. 

10) The card controlled pick-up of a selector may be delayed so that the 
selector will not be picked up until the following card. 

11) Several selectors may be associated in a "chain" so that one pulse may bE! 
routed to one of several places instead of only two, as is the case when only 
one selector is used. 

12) Program steps may be reused through use of program selects. 
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7. Reproduce 

A. GENERAL 

Reproduce is a function of the 120 which allows the transposition of information 
within a card, or the reproduction of information from one card to another. 
Since reproduce does not involve the use of the calculating section of the 60 
or 120, alphabetic as well as numeric information may be reproduced. The repro­
duction may be within the same card - that is, transposing from one group of 
card columns to another group; it may also be from one card. into succeeding 
cards, e'i ther in the same card columns or different columns,: Reproducing may 
be done at the same time that other values are being calcu~ated and punched. 

However, fields to be reproduced may not be Y-wired for r~producing and input 
for calculating, nor may output storages be wired into the same columns into 
which information .is being reproduced, even though the output punching and 
reproducing occurs in different cards. 

There is a function called secondary reproduce. This permits the picking up 
of information for reproducing from an additional card without the clearing 
of the first information picked up. 

Reproduction is done on a position for po~ition basis. This means that it is 
possible to reproduce any position as any other position. It is more usual, 
of course, to reproduce a position as the same position in another column. 
The basic wiring for reproducing is done on the input-output panel. However, 
if reproducing is to be done in a separate operation, with no calculation nec­
eSSary, it is still necessary to use a constant-program panel. This is due to 
the fact that start and trip are on this pan~l. The only wiring necessary 
would be a connection between start and trip. 

B. CARD COLUMN WIRING 

The columns which are to be reproduced are wired from the card sensing section 
(lines 16-21, 25-30, A-u) to the columns in which they are to punch (lines 36-41, 
45-50, A-u). The zeros mayor may not be wired, according to the application. 
however, they must be wired if the information is alphabetic. 

There are certain restrictions as to the number of card columns which may be 
reproduced. In checking to see whether a particular application exceeds the 
limits, multiply the number of numeric columns to be reproduced by 2.5 and the 
number of alphabetic columns to be reproduced by 3.5. Multiply the number of 
columns to be punched from storage by 1.5. The sum of the results of these three 
multiplications may not exceed 200. 
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As is the case when using the card sensing columns as elements, the commons of the 
columns to be reproduced (lines 22-24, 31-33. A-u) must be impulsed. This is 
done by wiring reproduce hubs (lines 43-44, 52-53. A-u) to the commons. Since 
reproduce hubs are connected to each other, it makes no difference which hubs 
are wired to the commons. It is important to remember that if zero is to be 
reproduced, the corresponding zero common hub must also be connected with 
reproduce. 

It is possible to take a single wire from an R hub to the common of one of the 
columns to be reproduc.ed, and then jack the other commons in the same way that 
they are jacked when an F-line is wired to one of the commons (page 24). 
However, no more than 10 commons may be associated with one wire from the R 
hubsj for each additional 10 columns another wire must be brought up from an 
R hUb. 

If the reproduction is to be transposition within a card, no additional connections 
are needed in these two sections. If. however, the information is to be repro­
duced from one card into following cards, connections must be made to prevent the 

'clearing of the punching dies until the next card from which information is to be 
picked up. This is done by wiring the H or "hold" hubs beneath the columns into 
which the information is to punch (lines 42 and 51. A-u) to the reproduce hubs. 

Two examples are shown below. The first transposes columns 1-3 to 4-6 in the 
same card -- therefore the hold is not wired. The second shows the reproduction 
of columns 7-9 into columns 7-9 of following cards: 
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The above wiring would be shown on the selector program chart beneath the 
element section. 

rr 
FROM COLUMN , :2 3 FROM COLUMN 

1=0 COL~ Ai S , 1'0 COLUMN 

CONTRO~ ~ RR CONTROL 
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The R under "control" indicates that the columns are to be reproduced as opposed 
to secondary reproduce. The H following the R indicates that the hold hubs are 
to be wired. 

Y-wiring is possible when reproducing. A card sensing column may be reproduced 
into as many punching columns as necessary, without restriction. Reproducing 
from two or more sensing columns into one punching column is possible if all the 
columns are identical, or if all except one are blank. 

Through use of selectors it is possible to reproduce into the same columns one 
or the other of two fields, both of which are punched in the same card. If the 
information is numeric, the same rules apply as in the Y-wiring of input to the 
accumulator input columns (page 82); that is, each 9 position and the common of 
each sensing column must be wired through a selector. If the information is 
alphabetic, the 0, 1, 3, 5, 7, and 9 positions in each column as well as each 
common and zero common must be routed through selectors. 

C. CONTROL OF REPRODUCE 

C-l Reproducing into the same card. 

Reproducing may occur automatically, so that every card will reproduce, or it 
may be controlled through a control hole. The automatic reproduction of every 
card would be used mainly for transposition punching within the same card, while 
punching into a following card would involve some type of control. 

When reproducing, any information previously set up is cleared from the punching 
dies at the beginning of the card cycle on which calculation takes place. 
Following the clearing, the new information to be reproduced is set into the 
punching dies. For transposition reproducing, the setting of new information may 
be either automatic in every card or controlled by a control hole. The control 
hole will permit the setting of new reproduce information only in those cards 
containing the control hole. However, by wiring through a selector, it is 
possible to reproduce in all cards except those containing the control punching. 
Examples of each type follow. 

On the input-output connection panel, the control of reproducing is located in 
line 16, v-x. To obtain automatic reproduction, the only connection required is: 

0----% .. 
SKIP 

0--0 0 17 

SETHOlO 
0---0 0 II 

C>-----O----o 19 
SEC. REP 
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To reproduce whenever a control hole is'present, either the single hub or the 
two joined hubs may be wired to the common of the column in which the control; 
hole is located. The control position is wired to either the single or double 
hub, whichever is not wired to the common. Although it makes no difference 
whether the common is wired to the single or double hub, for ease of explanation 
it will be assumed that the single hub is always wired to the common. The 
following example shows the use of a 0 in 45 to cause reproducing • 

.. .. 
0 0 

0 0 

0 0 

0 0 

0 0 

0 0 0 .. 
0 0 0 

If a position other than zero is used as a reproduce control hole, no other 
positions in that column may be used for any other type of control, with the 
exception of certain additional reproduce functions listed in the following 
paragraphs. The reason for this is that the reproduce hub wired into the common 
of the column carries a different voltage from that used when a control common 
or element designatot (through an F-line) is wired to the common; attempting to 
use the other positions for other purposes will result in blown fuses. 

It is possible, however, to wire the reproduce control through a selector, 
thereby wiring the common of the column toa control common so that the other 
positions may be used to pick up other selectors. Assuming that a 3 in 45 is 
to pick up selector T2, the wiring would be as follows: 
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On the selector chart this would be entered: 
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To reproduce except when a control hole is present, the reproduce function must 
be wired through a selector. Using a 1 in 45 to pick up selector T2, the wiring 
would be as follows. 
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-

In this example the 1 in 45 is used to pick up selector T2 with normal selector 
pick-up wiring. A reproduce hub is wired through a control transfer line to 
the common of T2, and from the non-select of T2 through a control transfer 
line to the other reproduce hub. As long as selector T2 is not picked up, 
the wiring is effectively the same as that shown in the first example - the 
two reproduce hubs are connected. However, when selector T2 is picked up the 
connection is broken, and reproducing will not take place. 

On program chart 51-1369 the reproduce controls are located in the lower right 
corner. The above three examples would be indicated here as follows: 

1. Automatic 

REPRODucE CONTROLS 

COL. pos·. 

REP Au TO. 

1t 'P 
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2. Reproduce when control hole is present 

REPRODUCE CONTROLS 

COL. POS. 

REP 'IS" 3 
SKIP 

3. Reproduce except when control hole is present 

REPRODUCE CONTROLS 

COL. POS. 

REP ""Ta- ,." .... , 
,~ 

SKIP 

C-2 Reproducing into following cards 

Reproducing into following cards will always involve the use of control, 
usually a position in a card although a program select may be used. When 
a program select is used to control the reproduce operation, the program 
select must be impulsed no later than the branching of the second step of the 
pro~ram. If it is impulsed any later, the previous information will not clear. 

In reproducing into following cards, the H (hold) hubs in lines 42 and 51, A-u, 
must be wired in those columns in which the reproduce information is to be 
held from card to card. The wiring of these hubs prevents the clearing of 
these columns at the beginning of the calculating cycle (see page 89) unless 
the reproduce hubs in line 16, v-x, are connected, either through a control 
hole or a selector. When these hubs are connected, the following occurs: 

1. Clearing of punching dies wired for reproducing. 

2. Set up of new reproducing information from the card being sensed. This 
new information will be punched into the card being sensed and all following 
cards until reproduce is impulsed once more. With automatic reproduction, 
of course, the reproduce hubs are impulsed on every card; therefore informa­
tion cannot be held from card to card. 

The wiring of a control position to impulse the reproduce function for follow­
ing cards is exactly the same as that given in example 2 above. The'only 
additional wiring needed is the wiring .of the H (hold) hubs to the columns 
into which reproducing will take place. 

The wiring of a program select to impulse reproducing is as follows: Assume 
that whenever PS 2 is impulsed at the minus branching of step 1, the reproduce 
function is also to be impulsed. 
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On the program charts this would be indicated as: 

REPRODUCE CONTROLS 

COl. POS. 

REP -r,.~-;:. 2, (!-I3, 

5K IP 

SET 
HOLD 

SEC 
REP 

Note that the above wiring could also be used for transposition reproducing. 

D. SKIP CONTROL 

There are many times when it is desirable not to punch in the card from which 
reproduce information is picked up. Even though the reproducing is to be in 
identical columns of following cards, it is preferable not to overpunch the 
original card because of the possibility of "half-moon chips". These are caused 
by minute differences in the positioning of the card in the punching section 
when originally punched and when overpunched. If the punching in the following 
cards is to be in different columns from the original card, it is usually pre­
ferable not to punch the information a second time in the original card, partic­
ularly if the fields are overlapping. Therefore, a "skip" control may be wired 
in conjunction with a reproduce control. 

When the skip control is wired, it prevents all punching in the card in which 
the control is sensed -- not only reproduce punching, but also output punching 
from storages. It is usually controlled by a control hole in the card, though 
it may be controlled by a program select. It may be controlled from the same 
control hole as that governing the reproduce operation; .n this case skip will 
occur in the .card from which new reproduce information is picked up. However 
it may also be operated from a separate .control hole so that skipping would 
occur in cards other than these causing reproducing. This would be particularly 
useful in a billing application where all the cards used in writing an invoice 
are placed in the 60 or 120 by customer number in sequence for the invoice 
writing. The order number could be picked up for reproducing from the first 
card .for each customer, a card with information about the order. Punching would 
be skipped in the following name and address cards, yet the order number would 
be punched in all detail c~rds. 
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Although skip cycle prevents all punching, both reproduce and that set from 
storage, it does not clear reproduce information. Reproduce information will 
be punched in any following card which does not contain a skip control until 
it is cleared by a reproduce control. However, any values set from storage in 
a card containing a skip control will be cleared, unless set hold is also 
wired (see below). 

The wiring of skip is done on the input-output panel on the line beneath the 
wiring for reproducing. Three examples follow: 

1. This shows the wiring of the skip control from the same position as that 
used for reproducing. 

2. This shows the wiring of the skip control from a separate position in the 
same column as the reproduce control. 

3. This shows the wiring of the skip control from a different column from that 
used for the reproduce control. 

Notice that the hub to the right of the double skip hub is used when skip control 
is in a separate column. It could also be used to impulse a zero common if the 
zero is used for skip while one of the other digits in the same column is used 
for reproducing. If this hub is wired to the common of a column, no position 
in that column may be used for selector pick-up or any control function other 
than those associated with reproduce. 

The above three examples would be indicated in the program chart as follows: 

~REPRODUCE CONTROLS ~ REPRODUCE CONTROLS < REPRODUCE CONTROLS 

COL. POS. COL. P05. COL. POS. 

REP 'ls- I REP 'Is- f 
REP 'Is- f 

SKIP liS" I SKIP 'IS- s- SKIP W .3 • 

The skip control is not necessarily associated with reproduce. By wIrIng the 
skip control as in example 3, with no reproduce wiring at all, whenever a 3 in 
44 is punched in the card no punching at all will occur. This is true since 
skip always eliminates all punching, both reproduce and output from storage. 
If information is set into the punching dieS from storage on a card with a skip 
control, at trip time these dies will be cleared without punching. 

94 



Skip may be controlled by a program select as well as by card control. In this 
case the wiring may all be done on the constant-program panel. On the constant­
program panel in line. 25, w-x, are two hubs labeled "skip". These correspond 
to the double hub and the single hub labeled "skip" on the input-output panel. 
These hubs must be wired through a Selector, for if they are wired together 
directly, skipping will occur in all cards. 

Assume that if PS 4 is impulsed, no punching is to occur in that card. PS 4 will 
pick up T24. The wiring would be: 

o 0--0--0---0 
PROG. SEL.III 

( 0 

0 , 
f-
~ 

0 

0 

0 

0 

0 0 

0 0 

" 0 0 

0 0 
SElECTOfi 

On the program charts this would be shown as: 

i~ Til'. PICK UP 
SELECT CO ... ON 

LUtE ~:.: t~;: ":0 AC::~::" 
_ •••• 0. 

24 p~., Ski' Ski' 

0 

0 

• 
0 

0 010 0 0 0 0 o-r,;'L .. 
~ 0 0 0 OoP 0 oJor .. 

" 0 0 0 0 0 0 0 o 0- 0 " 
0 0 0 o ~ 0 0 0 0 0 .. 

NON. SELECT J 
J 

It makes no difference, of course, which hub is wired to the common and which 
is wired to the select side. 

E. SET HOLD 

Set hold provides a means of holding information set from storage in the punching 
dies even though skip cycle has been impulsed and therefore no information is 
punched in the card. It is very seldom used without skip cycle, although skip 
cycle is frequently used without set hold. 

Set hold and reproduce are two completely separate functions, since set hold 
affects only information set from storage. Therefore if both control holes are 
punched in the same card, reproduce information will clear at the beginning of 
the calculating cycle and the new information will be set up at the end of the 
cycle, just as if the set hold were not punched. 

On the input-output panel, the control for set hold is located in line 18, v-x, 
directly beneath the skip controls. To make set hold operative whenever skip 
cycle is operative, it is merely necessary to wire the double set hold hub to 
the single set hold hub~ No other wiring is necessary, except the normal skip 
cycle wiring. 
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«45 REP 
000--00 Ii 

SKIP ( 
REPRODUCE CONTROLS 

COL. POS. 

REP 

SK IP /.IS- <t 
C 

SET 
HOLD liS- 9 
SEC 
REP 

It is possible to wire the computer so that set hold will occur only on certain 
cards when skip cycle is impulsed. If the control positions have different 
commons, the wiring would be: 

REPRODUCE CONTROLS 

COL. POS. 

REP 

SKIP 'lS- I 
SET 
HOLD 'IS- o 
SEC 
REP 

C; :::;;: = . 

In this case, set hold would operate only when both 0 and 1 in column 45 are 
punched. If either is punched separately, set hold will not operate. 

If the positions used as skip and set hold have the same common, the wiring is 
slightly different. This is due to the fact that there is an internal connec~ 
tion between the double hubs of skip and the single hub of set hold: 

REP 
0----0" 0 16 

~SKIPo 17 

SET H 
0----<> 

o---o----<l " SEC. REP 

To complete the circuits correctly, therefore, the following wiring would be used: 

, 
REPRODUCE CONTROLS 

COL. pos. 

REP 

C SKIP '1:;- , 
SET 

'-IS- "7 HOLD 

SEC 
REp· 

Either the double skip hub or the single set hold hub is wired to the commoni 
the skip control is wired to the single skip hub, and the set hold control is 
wired to the double set hold hUb. 
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It is possible, through use of a selector, to perform ~et hold without skip cycle. 
To do so, the single hub of skip cycle is wired to the double hub of set hold 
through the select side of a selector. The selector may be picked up either by 
a control hole in the card or by a program select. If it is picked up by a 
control hole, a delayed control common is wired to the common of the column in 
which the control hole is punched. If the selector is picked up by a program 
select, the program select may not be impulsed during the program until a period 
of time has passed equal to 18 addition or subtraction steps or 6 multiplication 
or division steps. Assume a 0 in 45 is to operate set hold: 

>;; " REP 
0 0-0 0 " 

0 0 
~p. 

" 
0 o d!:-T~OlDo 

" 
0 o ";[ to;po " 
0 o 0- t<>-' ,. 
O,? ~ <>--< " 
0" .~ ~ " 0"' 

I I 10-~ " .. 
............ .. " o-J. ~ " 0 0 

" I 
flHO TRANSFE~ u,.rs 

0 0 0-~ " 0 0 0 0 0 0 0 0 0 0 0 f?2 {t) F? F?S " " " c. c. c. c" .. 0 0 

---~ " 
0 o ~ " 

" I 
, , ; i 1 "- ~ ~ ;Ig " " .. " .. DHAYEO 
0 0 0 0 0 0 0 0 O~· " 

o 0 ~ 
,. 

--
On the selector chart this would be entered: 

-
REPROOUCE CONTROLS 

< COL. POS. 

REP 

SKI P 

sn 
1:>10 HOLD C, 

~ 
SEC 
REP 

F. SECONDARY REPRODUCE 

o 0 13 0l~ a 0 0 0 0 

o 0 0 0 0 

o~o 0000000 

11 0 ~ a 0 a a I~ 

r---+-tJ--t----+-+ SElECTORS --' 

o TIl 0 0 ~ 0 0 Til a 0 I; 0 0 0 0 0 

00" d 0110 .. 
a a 0 0 0 

]0 co 

" 0 

" o 0 0 0 0 

NON- SELECT 

[ ::: 0 

Secondary reproduce is a means of picking up additional information to be re­
produced from cards other than those containing a reproduce control. It is 
operated by a control hole. The same card may not contain a control hole for 
both reproduce and secondary reproduce. 

The sensing of a secondary reproduce control does not clear any values, either 
reproduce or secondary reproduce. If H (hold) connections are made to the columns 
in which secondary reproduce information is to be punched, this information will 
r~main set up until the next sensing of a reproduce control, which clears both 
reproduce and secondary reproduce columns. If the H connections are not made, 
the secondary ~eproduce information will be punched only in the card from which 
it is sensed. 
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The sensing-punching portion of secondary reproduce connections are similar to 
those for reproduce, except that the secondary reproduce hubs (lines 36-53, v-x) 
are used instead of the hubs beneath each punching column. 

" " .. " " .. .. .. 1;....-18 ........ 19 :::1 " 0 0 0 0 0 0 0 0 0 

< 0 0 0 0 0 0 0 0 0 .. 
0 0 0 0 0 0 0 0 0 o 0----<>--- " CARD SENSING 
0 0 0 0 0 0 0 0 0 0 ~ 

.. 
0 0 0 0 0 0 0 0 0 0 

~ " 
0 0 0 0 0 0 0 0 0 ...... 0 .. 
0 0 0 0 0 0 0 0 

o _ 
..... 0 ~ " 

d I I I ? I I I I L J I <>-<>-- " 
6 <>-<>-- " FROM COLUMN ., Iwelr I I 

TO COLUMN In ~,If' I I 
CAR\> PUNCHING s .. 0 0 o 0 0 0 0 0 0 0 0 O~ -~, CONTROL isH \sHIsH I I 
0 0 0 0 0 0 0 0 0 0 0 o. 0 >->--<' 0 " 
0 0 0 0 0 0 0 0 0 o I' 0 0 -~~ .. 

>- >-<: .. 
11111111111 1 )- )- , .. 
0 0 0 0 0 0 0 0 0 >- 0 )- )- . .. 
" " .. " " " .. " .. " , 
0 0 0 0 0 0 0 0 0 0 ~ )- p .. 
0 0 0 0 0 0 0 0 0 0 /-< )-~ " 
0 0 0 0 0 0 0 0 0 0 >--< )-0 .. 

CARD PUNCHING U 

0 0 0 0 0 0 0 0 0 0 /-< >--' .. , 
0 0 0 0 0 0 0 0 0 ..... - 0 >--< ~ " 
0 0 0 0 0 0 0 0 0--...... Q.. H h- " 

>--< ~ " 1111111111111 >-->--< " ----
Note that both the hold and commons of the columns are wired to secondary reproduce 
hubs. On the program chart, in the "control" section, S is used to represent 
secondary reproduce. 

The control hole for secondary reproduce is wired on the input-output panel be­
neath the control hole for set hold. A control common is.wiredto the common of 
the column, and the position is wired to one of the three secondary reproduce hubs • 

.-. 
REPRODUCE CONTROLS 

COL. pas. 

REP 

SKIP 

SET 
HOl.D 

SEC 
'Is- .3 RE' 

Since a control common is wired to the common of the column in which the secondary 
reproduce control is punched, it is possible to use other positions in that 
column for selector pick-up. It is not possible, however, for a skip control 
to be punched in that column without use of a selector. 

It is possible for a secondary reproduce control to be punched in more than one 
card of a group. It is important to remember when doing this that a secondary 
reproduce control does not clear; therefore, if other information is punched in 
the same columns, it will pile up in the punching dies. However, if two fields 
are to be secondary reproduced, with one blank in one card while the other is 
blank in the other, there will be no difficulty. 
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Skip cycle and set hold may be used in conjunction with secondary reproduce. 
The set hold wiring is identical to that explained earlier. 

If the control holes for secondary reproduce and skip cycle have separate 
commons, the wiring is as shown below. 

REPRODUCE CONTROLS 

COL. POS. 

REP 

SK IP 'tli 7 
SET 
HOLD 

SEC 
'1S ~ AEP 

If the same position is to control both secondary reproduce and skip, this wiring 
must be done through selectors • 

" l ~o 0 0 0 0 0 0 0 0 i?l 0 0 r?4 fI F2 " " " " " " " ". '" '" 
I / 

"lizt:. , , , . . 
~ " 

, 
0 0 0 0 0 0 0 0 

. .. " '" 0 0 0--<> 0 

~ 
o--';:P • 
~LDC 

o 0 ~~ 
0 0 ~. m 

n fn-n .. CONTRO 
0 o .-0-

COMMO 
0 

:L~ '?~ 

" 
" .. " , ,," 0 0 

s .. J~ 
, 
o 0 

" t9 NSO I~ 0 a 

" 
" 

co of o· 0 ~ 0 

llsaaoooo 

" 
" 
" 

0000000 

o 0 0 0 ~i 

000000 

II Ii I) 14 l~ 16 

C~N'~~' ?R"N?ftR 0 ,,~?s 
SH£CTOR 

0000000 
9 '11 11 IJ 14 I~ l~ 

On the selector chart this would be entered: 

~ REPRODUCE CONTROLS 

COL. POS. 
S[l.E< TRFR PICK UP 

SElECT COM\tON NON. SELECT I'OSI TlON "NO COLUMN TOA LINE INDICATe: OELAYCOMT 

REP 

SK IP 
T ,-

"<I. ,.s-
SET 
HOL 0 

~ ..!.:..1. C!l (! 3 

...u 3/.,s- ell lOS" -

..g C-I 

1.4 

SEC -n-I 
AEP Ii, '.3 

If the secondary reproduce and skip cycle control holes have the same common, 
the skip cycle control must be used to pick up a selector through which the skip 
hubs are joined. The secondary reproduce control, however, may be wired directly. 

p " " " " " .. " 
., 

" 
., REP 

0 0 0 0 0 0 0 0 0 0 0 0--0 0 " 
) 0 0 0 0 0 0 0 0 0 0 o~ ~P ~ " 

SET H LO 

( A~D 0 0 0 0 0 0 0 0 0 0 0 0--0 0 " SENSING 

" 0 0 0 0 0 0 0 0 0 0 0 
SEC P 

0 0 0 0 0 0 0 0 0 0 o 0 0--0 

~ 
" 

0 0 0 0 0 0 0 0 0 0 o ~o ~ " 
0 0 0 0 0 0 0 0 0 0 o 0 ~ " 
? 1 1 r r I r I I I I It ~ " b 

W " " '" " ., " .. .. .. .. " ~ " 0 0 0 0 0 0 0 0 0 0 0 0 

f-;;-t-OSEl~CT~RS 0 

~ I 0 
o 0 0 ~ 0 0 0 0 .. 

1 0\0 o 0 0 0 0 
17 ,8 ~ I 6 " " .. .. " ~~~ ~ ~~.r.L 0 

'" 
0 0 0 0 0 0 

~ 1 oJ. 0 
0 0 0 0 0 0 ~ 0 0 0 0 

J9 Sl " " " " " " " '" '" '" -
f~' 0 0 F~7 0 89 f~O 0 0 0 0 0 0 0 oJ" no n. '" '" '" '" ... 

~ CDt g I ~ ~ ~ " .. .. 
:; I ~ ~ :; J " 0 0 0 0 0 

CON T~Ol 'RA~S" RUNt S 
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G. SUMMARY 

1) Up to 80 columns of numeric information or 57 columns of alphabetic informa­
tion may be reproduced. These totals will be reduced if informatlon is also punched 
from storage. 

2) Information may be reproduced into the same columns or different columns, 
in the same card or any number of following cards. 

3) Reproducing may be done into the same cards in which calculated values are 
also punched. 

4) A card field may not be Y-wired for accumulator input and reproducing, nor 
for storage outp~t and reproducing. 

5) Any position may be reproduced as any position. 

6) For transposition punching within the same card the reproducing may occur 
automatically on every card, whenever a control hole is present, or when a 
control hole is absent. 

7) Reproducing In~o rOll0wing cards always involves Lne use ur either a control 
hole or a program select to control the reproduction. 

8) Through use of a skip control the computer is prevented from punching all 
information,both reproduced and calculated. Skipping may occur either in the 
card from which new reproduce information is picked up, or any other card. 

9) A skip cycle does not clear reprodu~e values, although values set in the 
punching dies from storage will clear. 

10) The skip function may be controlled either by card control or by a program 
select. 

ll) Unless the reproduce and skip control are zero positions, no other control 
hole punched in the same column may be used except through selectors. 

12) Set hold provides a means of holding information set from storage from card 
to card. It usually operates in association with skip control. 

13) A set hold control hole does not affect a reproduce control. 

14) Secondary reproduce is a means of picking up additional information for 
reproducing without clearing that set up·originally. 

15) Reproduce and secondary reproduce control holes may not be punched in the 
same card. 

16) Secondary reproduce clears neither the columns wired for reproduce nor 
those wired for secondary reproduce. 

17) Skip cycle and set hold may be used in conjunction with secondary reproduce. 
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Section III Programming Techniques 

1. Transfer into storage 

2. Accumulation 

3. Rounding 

A. Half-cent rounding of multiplication 
B. Rounding of division - "rounding up" 
C. Negative rounding 
D. Progressive rounding 

4. Range testing 

A. Determining if one number is greater than another 
B. Determining into which group a number falls 
C. Determining amounts at various ranges 

5. Use of an element as the result of a step 

6. Testing designating information (sequence check) 

A. Determining if two numbers are identical 
B. Identification of first card of a group 
C. Identification of blank summary cards 
D. Designations of more than seven digits 
E. Reuse of designation storage 
F. Use of an element as result of a testing step 
G. Use of N -;- 0 and 0 -;- 0 as the second step of a testing routine 

7. Placing more than one value in a storage 
A. Entering two elements in storage 
B. Combining values from two storages in one storage 
C. Separation of two values in the same storage - three steps 
D. Separation of two values in the same storage - two steps 

8. Crossfooting 

9. Wiring alpha into the accumulator 

10. Wiring constants through input 

11. Wiring a card column as an element and to pick up selectors 

12. Card position selection 

13. Making an element zero or a significant value 

14. Conversion of codes to constants 

15. Overlapping card fields 

16. Wiring more than one program on a panel 

17. Verification 

18. Card code checking 

A. Description 
B. All cards present, in order, with no duplications 
C. All cards present, in order, with duplications except the last 
D. Last card must be present, others mayor may not be present, all 

cards in order, no duplication 

E. Last card must be present, others mayor may not be present, all 
cards in order, duplications except the last 

101 

103 

103 

104 
104 
106 
106 
108 

111 
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117 
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Section III Programming Techniques (continued) 

19. Accumulating positive and negative values in one storage 

20. Square root 

21. Obtaining a product of more than ten digits 

22. Fractional twelfths 
A. Converting dozens to units 
B. Converting units to dozens 

23. Program se.lect loop 
A. General 
B. Using three poles of a selector for each loop 
C. Using two poles of a selector for each loop 

24. Punching zeros from storage 
A. Zeros from designating fields 
B. Punching preceding zeros 
C. Punching preceding and trailing zeros 
D. Punching trailing zeros 

25. Techniques for conserving functions 
A. Elements 
B. Storages 
C. Steps 
D. Selectors 
E. Program selects 

26. Approaching a program 
A. General understanding of problem 
B. Detailed analysis of problem 

B-1 Card forms 
B-2 Method of computation 

C. Preliminary program flow chart 
D. Final programming 
E. Planning chart 
F. Example 
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1. Transfer into storage 

The only processes available for a program step are the four arithmetic 
operations, yet the only way in which a value can be placed in storage is 
through a program step. Therefore, the method of transferring the value in 
one storage to another storage is by adding zero to it and placing the result 
in the desired storage. This is also the method used for storing an element 
sensed from a card to be used during the program for a following card. 

One reason for the transfer of a value from one storage to another storage is 
a program in which both detail information and the summary information accumu­
lated from it are to be punched in the same card columns. The two values must 
be handled in separate storages; yet because a backfeed would occur, the two 
storages cannot be wired to the same card columns for punching. As part of the 
summary routine, therefore, the accumulated value is transferred to the storage 
from which the detail information is punched. 

Assume that on step 27 the accumulated labor total, usually indicated on a 
program chart as ~ or "sum of", from storage 511 is to be transferred to 
storage 55. The program step would read: 

..... 
5T[P "M VALUE 1 IPRO. VALUE 2 RESULT 51 52 S3 54 ss so 5, 58 I Sg "' , ", OEseR I PT I ON SIGN SV,,! ICESS DESCRIPTION SI.eN SYN OEseRI PTION SI GN SV", ¥.l 
27 r. i-AI30R. h Is"l .... ZI'RO 1+ IIV34 r: J./HJOlt frRIIN'iF"R) 1 .... lss ~ 

A second frequent use of transfer is during accumulation from card to card. 
This is discussed below. 

2. Accumulation 

1 

51. 

Frequently during a program, detail information is accumulated to be punched in 
summary cards. The detail information may be either an element in the detail 
cards, or a value which is computed during the program for the detail card. 

The first step in planning an accumulation routine is to select a storage in 
which the value will be accumulated. This storage unit must be clear when the 
accumulation occurs for the first card of each group, or the preceding total 
will be added to the new total. This is done by manually clearing the computer 
before the program starts, and programming the clearing of the storage unit at 
the end of the routine for each summary card. 

Accumulation requires two steps for each value accumulated. During the' first 
step the new detail information is added to the accumulated tot31. Since the 
same storage unit may not be used as both a value and the result in the same 
step, the new total must be placed temporarily in some other storage. On the 
second step of the routine, the new total is transferred to the original accu­
mulating storage. 

103 

;h 5" NEXT STEP 

i-

1.<'8 



As an example, assume that labor is computed in 55, and as the accumulating 
storage 511 has been selected. 51 is used as a working storage. The steps 
required to accumulate labor would be: 

Note the use of the symbol .t to represent "sum of". 

Assume that in the first two cards of a group labor is calculated as $9.45 and 
$8.73. When the first card comes in, 511 is clear. The accumulation would take 
place as follows: 

10) 0.00. + 9.45 = 9.45} Card #1 11) 9.45+ 0.00 = 9.45 

10) 
II) 

9.45 + 8.73 =18.l8} 
18.18 + 0.00 =18.18 Card #2 

The labor amount in the first card of the group should not be transferred direct­
ly into 511. To do so would require a step such as 55 + N36 = 511, which would 
mean an extra program step. There would also have to be some means of identify~ 
ing the first card so that all succeeding cards in the group could be prevented 
from going through this step. If any of the other cards did go through it, the 
accumulated total would be replaced with the labor amount in that card. 

3. Rounding 

A. HALF-CENT ROUNDING OF MULTIPLICATION 

The majority of multiplications should be rounded. On the 60 and 120, this 
requires one step in addition to the multiplication. 

For multiplications with a dollar and cent result, the usual rounding is halt­
cent. In other words, a 5 is added to the digit to the right of the final penny. 
If this digit is less than 5, nothing will be added to the last penny. If it 
is 5 or more, there will be a carry-over of 1 to the last penny. For example: 

4.233 
+ .005 

4.238 or 4.23 

4.236 
+ .005 

A <) A 1 
'::I:.'~~ or 4.24 

In many multiplications such as this, the result is computed to more than three 
places following the decimal. For example, if V2 with 3 places following the 
decimal is multiplied by VI with 2 places following the decimal, the result is 
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computed t05 places. If this is to be rounded to two places, no digit past 
the third digit can have any possible bearing on the rounded result. Therefore 
in such a case the result of the multiplication can be placed in a 4/3 storage, 
dropping off the unused digits to the right. For example: 

1. 275 
x 9.25 

6375 
2550 

11475 
11.79375 or 11.793 

11. 793 
+ .005 

11. 798 or 11. 79 

The general rule for determining the decimal location of the result storage is 
that there must be one more place following the decimal than is to be used in 
the rounded result; there need be no more. Into the last position the rounding 
value is added; the result of this step should be placed in a storage which will 
drop off the extra digit, a 3/2 if the original result is placed in a 4/3. 

Frequently, Sl is assigned a 4/3 decimal, and the results of all multiplications 
are placed in it. From Sl they are rounded into their final storages. A typical 
multiplication and rounding would be: 

C jI.~D V4LUE 1 PRO. V4LUE 2 RESUL T 0/3 
52 53 54 " 56 57 " " 510 "I 

NO. DESCRIPTION ,,~ ". CESS DESCRIPTION Sl~" ". DESCRIPTION 51 GN ". 3k 

Ho.,,< 11- In x 7<A.,.£ 1+ Nil l..A1JQR (Nk) '+ SI J 

J. .. Boll (loll?) l:t S/ + . ooS It lOS LAlltlR .{fv) -t 5.:1. fi) 

Note the use of (NR) following the result of the multiplication, indicating that 
the result is not rounded. On the following step the symbol (RD) indicates that 
the result has been rounded. Once this symbol has been used for a result, it 
is not necessary to continue using it in later steps when the value is called 
upon. However, (NR) should always be used until the result has been rounded. 

Note also the use of N35 as .005. Since the majority of 60 and 120 programs 
include multiplications which must be rounded, element N35 is usually designa­
ted as the rounding factor. 

Although a value which is being rounded is usually placed in a storage which 
will drop off the digit to which the rounding factor has been add~d, this is 
not absolutely necessary. If the value is not to be used in further computa­
tion, the last digit can be dropped off when wiring from storage for punching. 
However, if the value is to be used further, the last digit must be dropped off 
when rounding or the computation will be distorted by the amount of the addi­
tional 5 in the last digit. It is preferable always to drop off the digit 
if possible. 
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B. ROUNDING OF DIVISION - "ROUNDING UP" 

Division mayor may not be rounded, depending upon the use to which the 
quotient is put. An average hourly rate, which is the result of dividing 
total pay by total hours, is frequently carried out far enough so that there 
is no need to round. On the other hand, the division of total quantity by 
pack to determine the number of cartons would be rounded to the nearest carton. 

In the last example, a value of 9 rathel than 5 would probably be used as the 
rounding factor. Any decimal remainder would require an additional carton, 
so the result of the division would be placed in a 2/1 storage. A.9 would be 
added to the storage, and the final answer would be placed in a 1/0 storage. 

For example, if an item is packed three to a carton, and 16 have been ordered, 
the computation would be: 

16 + 3 = 5.3 5.3 
+ .9 

6.2 or 6. 

c. NEGATIVE ROUNDING 

If the result of a step can be minus, this must be taken into account when 
rounding. If the same rounding step is used as with positive results, the 
following would occur: 

- 4.233 
+ + .005 

- 4~228 or - 4.22 

- 4.236 
+ + .005 

- 4.231 or - 4.23 

Both of these results are incorrect. The first should be - 4.23 and the second 
should be - 4.24. If the result of a step is minus, either a - .005 should be 
gdded, or a + .005 should be subtracted. 

With the subtraction of a + .005, the two above examples would be computed as 
follows: 

- 4.233 - 4.236 
- + .005 - + .005 

- 4.238 or - 4.23 - 4.241 or - 4.24 
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If one of the elements to be used in the multiplication is a card-read field 
which would have a negative control, this negative control may be used both 
to make the element minus and the .005 minus. To do this, the negative 
control is wired to the pick-up of a four-pole selector, and both element 
designators are wired to minus hubs through the selector. This is the same 
type of wiring that is explained on page 77. For example, suppose that 
quantity, element N2 which may be plus or minus, is to be multiplied by price, 
element N3. N35 is the .005 rounding factor. The element chart would be 
entered as follows: 

..... - -. 
ELiM NEG.CONT. DEC ACCUMULATOR COLUMNS ELEW. NEG~ CONT. DEC ACCUMULATED COLUMNS ~ 

DESle 
TO 

TIl, LO OESIG 
TO 

'" LOC COL P05 \oIlilR 10 9 8 7 6 5 4 3 2 1 COL POS ... 10 9 8 7 6 5 4 3 2 1 

Nl H19 ~ 

N2 F:z. I~Q " 11'- 21, :I, .30.J .l:t 33 H2O , 
N3 F3 "6 :JlI LJs .3, .31 .3f' .3'1 H21 > .... ... . -0:::110 ± i j if OJ IjJ 31=1 £fEB fIB ~ m+-} 

The two steps required for multiplication and rounding would be: 

STt~ eo,. VALUE 1 PRO. VALUE 2 I RESULT . SIs>I::J.Jtl 531541551561571581 59151°15111512 N~T STEP ... ... DESCRIPTION " .. n. CESS DESCRIPTION 515101 SYM I DES~R1PTION "G' H' '113 ~ ,. -± 

5 iQt.oANT,TY 
T 
- ff:J. X 'P"'<!.E + H31AMO 'NT (~tfd I! ~,Isl 1 1 I 1 1 1 1 1 1 .1 I, 1 {. 1 

6 A,.,o",.,r (,.lId 
... 

+ 
of- N.ulIlHQ~'" r (RD) I!: 5:lL I®I 1 1 1 I I 1 1 1 1 17171 - 51 .oos 

The wiring for elements N2 and N35 would be: 

...... A - -
n '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0' n 

" '0 o d [0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O' " A 11 • 12 

" .0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O' " 

" ",0 0 0 0 '~O 0 0 0 0 0 0 0 0 o? 
" ,< Tll '" 

" '0" 0 0 o 0 0 0 0 0 0 0 0 0> ,. 
" " .~ .. b 0 0 0 0 0 0 o 0 0 . . 

SELECTORS ~ ---' ,. 
'0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0' " " 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

" '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o. " 
'n '" 0) " ,0 0 0 0 0 0 0 0 0 0 0 0 

" 
, , . " ." " " " . ~ 

. .. " .. H .. " " .. .. .. REP 
'0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ()--<) 0 " 

.. .. 
" .0 .. 0 0 0 0 0 0 0 0 0 0 0 

" .0 0 0 0 0 0 0 0 0 0 0 0 
SKIP 

" 0 0 0 0 0 ()--<) 0 

" '0 0 0 0 0 0 0 0 
SET HOLD 

" 0 0 0 0 0 0 0 0 0 ()--<) 0 
CARD SENSING 

;. , . ~ .. " .. " .. ?.I ~ " .. ;;1 " 0 0 0 0 ~NTR 0 0 0 

~ 
PiCK "' '" n, 0 0 0 0 0 0 0 0 0 0 ~ i , . . .. " .. " " " " " " , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <l 0 0--<>---<> " SEC. REP 

.. 
iG.SEL 0..--0--0--, 

HOLD 

" '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0--<>-- " 
" '0 0 0 0 o .. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o~ " 
" "'0 0 0 0 o II. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O~ " 
" ,I I I ! I I1.!1...I I I I I I I I I ! I I 1:= " 
" " .. " .. " " " " " " " " " " " .. .. .. .. " .. .. 

~ 0----'0-" '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 " 
" '0 0 0 io 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0----0-- " 
" .. . 0 0 0 0 0 0 0 , 0 0 0 0 0 0 0 0 0 0 0 o 0----0-- " CUD SENSING 

" '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o~ " 

~ Ii . ~) '" m '13 f:M us '36 '" 'n ". '" " 0 0 0 0 . 0 0 0 0 0 
fEll LIN(S 

HI 112 113 .. 
I'~ " -1'. fk'-r~ _t '.g. 1" -I" o 0 0 0 

" 
Nil M14 1115 -.. o 0 0 0 

~ 0 0 
SIGNATORs.. J, ItU JUI tn7 ... .. I.,V o V' v 0 0 0 0 0 

D 

" , I I I I I I I I r I 0 0 0 0 
51 .$2 " " 

" :jI"1'I, DIGITS 

" 0 0 0 0 0 0 0 0 0 0 

" '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0----0-- " .. · . 0 0 0 0 0 o • 0 

H ,. . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o~ H 

" =0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o =- " 
" , I I I I I I I I I I ,~ .. 

DIGITS 

" ,I -! I I I I I I I I I I I I I I I I I I I I::: " .. .. 
.. · 0 0 0 0 0 0 0 0 0 .. · 0 0 0 0 • 0 o ~ . 

~ ~ t 0 0 
flHD nANSHR LINn 

0 " g ,t:;7 '~I ,~ ,~o '31. U2 r~) ,'I. F~! ,'f,. '?7 ,\'. ,~, ' .. '~I ,'12 ,'13 ,? ,'15 ,'?, ,'17 ,'1. ., ,I I I I ttl I I I .. ) 

, 
~I~ " .. " " .. " " J~ I " .. " ~ .. .. " .. ~I~ " " .. 0 0 0 0 0 0 0 C~"TI~L ~' •• ~H' 0 l'''~S 0 0 0 0 0 0 0 " 

.. 0 D 0_ • 0 0 0 0 " 0 
[C 

" 0 0 0 0 0 0 0 0 0 0 

~ --- " , <>-<>--<>-0 

~J.~ 
0----<>--0--<> ~ 

" • <>-<>--<>-0 
0--0--0-0 ~ 

.. 
• 0--0--<>--0 ri 1 ~ I. 2 . .. , 0-<>--<>---0 l<>--<>~ 0----<>--0--<> 

H 
• <>--<>-0-0 io-o <>-<>-0--<> <>--<>---0-0 

'"""'" -
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STEP 

NO, 

5 

6 

7 

k STEP 

.0 • 

~ 
5 

6 

CA"O 

.0. 

There are times when this method is not practical. For example, there may be 
other multiplications which must be rounded, yet they are not to be rounded 
negatively dependent upon the control hole which makes the .005 negative. In 
such instances it is preferable to subtract +.005 rather than adding -.005, 
since the use of -.005 would involve setting up an additional constant. If 
sufficient steps are available, the negative rounding should be done in a 
separate step. 

VALUE 1 PRO. VALUE 2 RESUL T Vb ~b 53 54 ss 56 57 58 59 510 511 512 NEXT ST.EP 

OESCRIP,!ON ,,~ "" CESS DESCRIPTION SIGH "" DESCRIPTION SI GN SVM .+ 

I (;)uAN,.,.,.V ! N~ X I-P"'ICI' '+ f43 AMOvNr (NR) 
-r s 7 (, - 51 

CARli 

.0. 

AHOVNY (11R.) i+ 51 + • DOS' i+ N3r A, "WNr (liD) +- 5.2 /{;l -
AMOUNT (/'Ie) - .!il - • OOS + NlJ A,.,oulY' (f(1J) - 5;1. (i) ~ 

However, this is an excellent place to combine steps through use of a program 
select. 

- - ..... 

8 
-

VALUE 1 PRO. VALUE 2 RESULT 5 I 52 53 54 50 56 5, 58 59 S 10 511 512 NEXT STEP 

DESCRIPTION ,,~ "" CESS DESCRIPTION SlUt ". DESCRIPTION SI GN SVM W" *.. 
IQ, 'ANT'j"'~Y~ ! N.t )( 'PRleE + IN3 AHou",,,, (HR) ! 51 S PSI 

AMOUNT (1'1/1.) 
T 
- 51 

eo.., 
,.2- .oos- + illS' AMOUNT (RD) :!: 5.2 I© 7 

FROM TO 

START 

SET , 
1'''-' TRfR PICK UP 

SELECT COMMON NON_ SELECT post TION AND COllH"'1 TOR L I HE 1"0 I C A T[ D[t.V CON T SET 2 

..!.:..!. SORT 1 

~ ,.3 
1.4 

SORT 2 

CLEAR 
2 P.s I - Po •. $-r&.P " 

.,. 
P ,5. I Srep 6 
P. S. II 

P .5.111 ) 

P.S.IV 

D. PROGRESSIVE ROUNDING 

There is a technique called »progressive rounding", frequentl~ used in an 
application involving labor tickets, or when a number of detail cards should 
come out to a predetermined total. Assume an application where in each job 
ticket an hourly rate is multiplied by hours. A multiplication of total hours 
by hourly rate might result in an answer which differs from the accumulated 
total of the job tickets by a penny or two, due to the rounding of each job 
ticket. This variance may be over or under, and over a period of time should 
balance out. However, the problem can be avoided by progressive rounding. 

As an example of what can happen if the individual tickets are not rounded 
progressively: 
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Hours Rate Amount (NR) Rounding Full Amount Amount (RD) 

(a) 2.5 x 1.255 = 3.1375 + .005 = 3.1425 3.14 
3.2 x 1.255 = 4.0160 + .005 = 4.0210 4.02 
2.3 x 1. 255 = 2.8865 + .005 = 2.8915 2.89 
8.0 10.0400 10.05 

(b) 8.0 x 1. 255 = 10.0400 + .005 = 10.04 

In the above example the employee gains a penny. 

(a) 1.7 x 1. 255 = 2.1335 + .005 = 2.1385 2.13 
.8 x 1.255 = 1.0040 + .005 = 1.0090 1.00 

1.9 x 1.255 = 2.3845 + .005 = 2.3895 2.38 
.8 x 1. 255 = 1. 0040 + .005 = 1.0090 1.00 

..bJl x 1. 255 = 3.5140 + .005 = 3.5190 3.51 
8.0 10.0400 10.02 

(b) 8.0 x 1. 255 = 10.0400 + .005 = 10.04 

In the above example the employee loses 2 cents. 

The principle of progressive rounding is to add the rounding .005 only once, 
as is done in the (b) portion of the two examples. The .005 is added only on 
the first card. Thereafter the remaining decimals are used for rounding, 
rather than .005. To do this it is necessary to retain all digits which have 
been computed following the decimal. The multiplication of a two decimal value 
times a three decimal value will require a 6/5 storage for the result of the 
multiplication. It is also necessary to assign another storage with a 6/5 
decimal location in which the rounding factor will be stored. A third storage 
with a 6/5 decimal location is used as a wotking storage. 

Assume the following factors: 

Element or Storage 

N2 
N3 
N35 
N36 
Sl 
S2 
S4 
SlO 

Decimal Location 

2/1 
4/3 
4/3 
4/3 
5/4 
5/4 
3/2 
5/4 
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Description 

Hours 
Rate 
.005 
0.000 
Working 
Working 
Labor 
Rounding Factor 



ST[p ,,~ .,. .,. 
1 

2 

3 

4 

5 

6 

7 

The program steps required would be: 

..... 
VALUE 1 PRO. VALUE 2 RESULT 5. 53 55 Sf 57 sa •• .11 'IZ NEXT STEP 

bESCRIPTION " ... ". CESS DESCRIPTION Sl8N ". DESCRIPTION SIGIIIS., .. ]~ .y., I~ W - + 

.oos- + IN~'" + l. ",IPtl .... .413 Pn ,N:D.'N' FAC!'r". .... .sHJ f3J - "f 

lin ••• " + IAI.:l. X 'RA'r£ t- /II; LAB .. R /NI?) 1- .s/ I{ - S-

i.AA,R (N~1 SI 1+ RO'UN:tllN& FA!! TOle. .,. SI~ J.A".R IRJJ ·XX_XXXX) +- .li::l S - , 
J.IIB.R 01]), n. xx .. ,,) + I~:> .... Z .... o 1- N3< 1. ,Bo. (RJ - xx. Xl< \ 1- s'! ia;) 
,-",.GR IplI. ,t>. _ X • v .. \ + l.s, - L.ABoR (R]) - XX, )( x) + S .. 7i?OLJN:IIIN'- FAQ'rOR -f- .,s,. ii7J 

Step 3: Only the first detail card of a group goes through this step, where 
.005 is stored as a rounding factor. 

- 7 

- 11 

Step 4: The multiplication takes place, with the result placed in a storage 
with a decimal location equivalent to the sum of the decimals of the two values •. 

Step 5: The rounding factor is added to the result, and placed in a storage 
with a decimal location the same as that in which the result of the multiplica­
tion is stored. The purpose is to retain the remaining decimal values so that 
they can be used as the next rounding factor. Tbe maximum size or tbe value, 
including all decimals, is indicated by xts. 

Step 6: The rounded labor is placed in its final storage, with the remaining 
decimals dropped off. 

Step 7: The actual labor is subtracted from the labor with the full rounded 
value. The result is the rounding factor to be used in the next card. 

Using the above examples with this program, rounding will take place as follows. 

Hours 

2.5 
3.2 
2.3 
8.0 

1.7 
.8 

1.9 
.8 

2.8 
8.0 

Rate 

x 1. 255 = 
x 1. 255 = 
x 1.255 = 

x 1.255 = 
x 1.255 = 
x 1. 255 = 
x 1. 255 = 
x 1. 255 = 

Amount (NR) 

3.1375 
4.0160 
2.8865 

10.0400 

2.1335 
1.0040 
2.3845 
1.0040 
3.5140 

10.0400 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

Rounding 

.005 

.0025 

.0085 

.005 

.0085 

.0025 

.0070 

.0010 

= 
= 
= 

= 
= 
= 
= 

Full Amount Amount (RD) 

3.1425 
4.0185 
2.8950 

2.1385 
1.0125 
2.3870 
1.0ll0 
3.5150 

3.14 
4.01 
2.89 

10.04 

2.13 
1.01 
2.38 
1. 01 
3.51 

10.04 

Note that this method of rounding requires three additional program steps, as 
well as the additional storages with high decimal locations. 
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The firs t example on preceding page would be computed as follows: , 

.... 
L"" ''''' 

CALCULATION 
Mo, Ito. 1"/'1 52 s-/ 54 'JI 510 s; 511 VALU E 1 '" VALUE 2 ,. 51 53 

''''cus . 65'3211096 6 5 .. 3 2 1 • , ., 1 0 87 6 5 4 , 21 0 • 65.321 1 6 5 .. 3 2 T • 
1 3 .oos- Iv ... 0.000 ...... 
2 LoI{ ~.~ W.2 )( . :1.s-S" WJ 
3 i .... 3.IJ7S" .. ,00 . .- 0"" 4, ./1I.2S" ~.:ll-lo 0.000 10" 
5 '7 .t / "JJ" - .3.14 "" 6 

7 1/ J.:t in X 1.2:-"-
8S" '1.01,o ~I + ,00.2 S'" S/O I 

91. 'I.Oilr' S2. + 0.000 ~JI: 
10 7 ".0' g..- .,. - 4.t>, [<<I 

11 

12 1..,. 2 • .'J Nfl X 1.2rr ~] 
13LL l,fUs-: + ,OOgS liD 
14 :.'['15"0 2.± "dJJ:tO. it.1J 
15 7 2. ns-o 5.2. - 2. 'Of 5V 
16 

4. Range testing 

A. DETERMINING IF ONE NUMBER IS GREATER THAN ANOTHER 

The problem frequently arises of determining whether one number is larger than 
another number. For example, in computing social security an employee's FICA 
deductions must stop when his gross earnings to date reach $4200.00, at which 
time his FICA to date is $84.00. In computing utility bills, the rate may 
decrease at certain specified consumption amounts. To handle problems such as 
this the computer must be able to compare numbers. 

Since the only processes available are the arithmetic functions, the means of 
doing this is through subtraction. The actual value of the result is usually 
unimportant - the sign of the result will indicate which number is larger. 

512 , ., 

For example, in comparing an employee's FICA to date with $84.00, there are three 
possible results: it is less than $84.00, equal to $84.00, or greater than 
$84.00. Either value can be subtracted from the other. The programmer can de­
termine whether there is a preference as to which is subtracted from which by 
trying examples. If FICA to date is subtracted from $84.00, the possibilities 
are as follows: 

Constant: 
FICA to date: 

84.00 
-83.99 
+ .01 

84.00 
-84.00 
+ 0.00 

111 

84.00 
-84.01 

.01 

NEXT 

STEP 

-- "'-
- s-
- , 
- 7 

- I 

- s-
- t::c 
- 7 

- '" 
-s-- ... 

- 2 
- 1i' 



When an employee has paid $84.00, social security no longer should be deducted; 
if the program is properly designed, $84.00 will be the maximum FICA to date. 
Eliminating the last possibility above, this subtraction has not solved the 
problem of differentiating between those employees for whom an FICA deduction 
is required, and those for whom it is not. If the subtraction is reversed, 
the possibilities are: 

FICA to date: 
Constant: 

83.99 
-84.00 

.01 

84.00 
-84.00 
+ 0.00 

84.01 
-84.00 
+ .01 

In this case as soon as the result of the subtraction is plus, the employee 
has reached $84.00. 

By using a constant of 83.99 instead of 84.00 the first form of the equation 
would be satisfactory. 

Constant: 
FICA to date: 

83.99 
-83.99 
+ 0.00 

83.99 
-84.00 

.01 

83.99 
-84.01 

.02 

This is not the preferable method, since more wires are required to wire a 
constant of 83.99 than 84.00. 

Assuming that FICA to date is located in storage SlO, and $84.00 is a constant 
wired as N33, the step to test for an FICA deduction would be: 

VALUE PRO. VALUE 2 RESULT ~J I SZIS1 541551"151 IS' 5'I SIO IS" Is" ":,:t ST~" J 
stu ,"II. ~3 I I I I to IYII CESS 

1121 IF/ell To l>AT£' I I I I 

Note the use of "Test t" as the result of the step. The best possible descrip­
tion of what has been accomplished by the step should be entered here. The 
plus and minus branchings of the step will then go to the proper routine for 
handling the condition. 

B. DETERMINING INTO WHICH GROUP A NUMBER FALLS 

Sometimes 
example. 
invoice. 
range is 

several determinations must be made instead of one as in the above 
Frequently a discount rate is based upon the total amount of the 
In such a case successive subtractions must be made until the proper 

found. 
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Fot ex'bmpie, assume the following discount rates: 

Amount of Invoice 

Under $100.00 
100.00 - 499.99 
500.00 and over 

Discount Rate 

.01 

.02 

Since the discount rate applies to the entire amount of the invoice, the portion 
of the total at each rate is unimportant. The subtraction must be stated so 
that $100 falls in tlw ,~Ql;:dJsy,9unt class, and $500 falls in the .02 discount 
class. Thereforethe'best'methodwould be: 

+ $100 or over 
Amount of Invoice - $,100 = Test - under $100 

Using the following elements, with total amount in storage 52, the program 
would be: 

N31 .02 
N32 .01 
N33 500. 
N34 100. 
N35 .005 
N36 0.00 

,. Ao. 

8 
S:l $'1>0 11- I.m 

IrE; 1" too Ofr. o'4l!R. "f- '5, g: r,'TA A ..... , 'N'" + - ,sT - ",,1>£" "" 9 
T" ...... "'" o,,,,,r + So "roo I+-- 11'111 

ITJ;:~ .. s-oo oR. ovefIL 
ST -,ac. .... ,t) !: Sf. ~. 

10 
U.TIl'" AI ""Nr + S2 .'J( .O, + 1f3 1)t><'''''-Nr .(1'IR) + 5f /0 

11 T.rA .... "fi"""'T i+ 5:1. lC. .02 + /fl/ J),-""ouNT (,.,IV +- .s " 12 
7)/s<"o, 'NT (/1111.) 

, 
.In »,~,,'ouNr (~1» ~ '.,.. .5, + oos" + .,.. S, 

If there ar~ several ranges into which an amount may fall, it is well to test 
for the mQst frequently occuring range first. In the above example, if more 
invoices wer~.()ver $50() than under $100, ,a, step would be saved on the majority 
of the 'ca'rdst! the first test were made 'ior.$500 instead of $JOO. . . . '., 

, . 

c. DETERMININGAMQUNTS AT VARIOUS RANGES' 

~. ,'; 

Incomp'tit{~~' utilU:ybi11s , such as electricity, there is usual,ly, 'a ,sliding , 
1~te SCaf:!j:~ePcendent upon consumption. For example, assume a rat,e"scheifule ~~,." , 
such,as this: 

Kilowatt Hours 

IsJ; 
Next 
~ext 
Oyer 

50 
60 

'100, 
200 

113 

Rate 

.045 

.037 . 
• 027 
• DIet 

13 ? 
/0 1/ 

- 1:1. 

- J;2. 

- 1.3 



It would be desirable to do the range testing in such a way that the consump­
tion in the final rate bracket is computed at the same time that the bracket 
is determined. This value can then be multiplied by the corresponding rate. 
To determine the total amount of the bill, the result of this multiplication 
is added to a constant value which is the charge for the consumption in the 
first brackets. For example, if consumption is 175, 75 hours are charged at 
.027 or $2.03. The first 50 hours cost $2.25 and the next 50 cost $1.85, so 
the constant value would be $4.10. The total amount of the bill is $6.13. 

If the range testing is begun at the highest breaking point, 200, and the 
breaking point is subtracted from total consumption, the desired results will 
be obtained. A plus answer indicates that the range has been found, a minus 
answer indicates that further testing is needed. In the following example a 
number within each range is used to show the steps through which it would go: 

Breaking Point Total Consumption 

235 175 65 30 --
(l) 200 235 175 65 30 

-200 -200 -200 -200 
+ 35 - 25 -135 -170 

(2) 100 175 65 30 
-100 -100 -100 
+ 75 - 35 - 70 

(3) 50 65 30 
- 50 - 50 
+ 15 - 20 

Three steps are required to test for four ranges. When a result is plus, the 
range has been found, and the consumption within that range has been placed in 
storage. For a consumption of less than 50, indicated by a minus answer on 
the last step, the total consumption is used. 

If total consumption equals one of the breaking points, the result will be a 
plus zero. When this is multiplied by the rate for this bracket, the/result 
will again be zero. When this is added to the constant value repre'senting the 
first brackets, the correct answer will be obtained. For example: 

50 
-50 
+ 0 

o x .037 = 0 

o + 1. 85 = $1. 85 

114 



The program to do the range testing and calculation of the bill, assuming that 
total consumption is in storage 52, would be: 

-
TABLE OF FACTORS 

YM .aN Co"IIl CARD FIELD TITLE OR CONSTANT VALUE ,YO '". CARD FIELD TITLE OR CONSTANT VALUE ,Y. 'UGN 
C"'''II CARD FIUD TITLE OR CONSTANT VALUE ... SIGN NO. ... 

Nl N13 N25 I~ ,t . .2s" 
N2 N14 N26 1+ '1.10 
N3 N15 N27 11- (..8'0 
N4 N16 N28 + ,O'lr 
N5 N17 N29 I ... 031 
N6 N18 N30 + 0:J.1 
N7 N19 ,31 I ... .O/ll 

N8 N20 N32 + so 
N9 N21 N33 ... fIJI> 

NKJ N22 N34 oi- I.:too 
.1 N23 N35 + ,ODS 

N12 N24 N36 + 7Uo 

CARD OEseR IPT ION 

STr, " .. VALUE 1 PRO. VALUE 2 RESULT " 52 " ~ ~ 
58 57 " 110. NO. OEseR I PT I ON .. .. ". CESS DESCRIPTION SIGIt H. DESCRIPTION 51G\!! 'I'M "13 y. "1. 

1 

2 

3 T:.~ .. , I ... 1.52 - 200 ... fR, I T,a .. ~ :;:R .. ::: 3n~ ~ .51 :3 
4 fr~~ .. "', I." - 'DD I ... I.m I T •• _ ! ~D..~- ;Z,~D 

'~A 
-fools "I 

5 rr",.,.". Oft .. I .. 1 ... 2 - ,,"0 "l- I ... · r.,,~ ~ '!'!:. '~. .... -: oSl S" 

6 I"AM.. "YE" ,Ie,,' 1+ S 'It <>,It ; ... """ A .. A .. M'P' (NRI 1+.5 " 7 IA. M_ (i-nll I ... s"" + 1..10 + """ I "' ... AL. ..... "'u ... · (HR) .,.. 5Y 7 
8 IpD"s .I>n - ",,<> I ... oS l'. ,02'1 ..... 3 A .... " .. r (NPI +- 's3 8 
9 IA" ...... (Nt>' I ... Is~ + '-t.IO I ... 11:1 IT~ ....... ANI"''''' (NR\ "t- :>'1 q 
10 I ... _~~. ""'" - , .. " I ... )( ,0:17 1-'" IN" A ... "lJ .. '- (Nil' +S3 1/00 
11 IA .... UNT iNR'\ I.,. I~~ .. + '::I,. iU'"'. 1+ IH20 I TnT'A&' ANoUNT (/lid of. ~., III 
12 Ir~ ..... ace T ..... ....., 1+ I ... ,. II. O,,~ + u.l"'A~"L A ... AO' .... I ... ,." 1+ I.~ II. 
13 h-"''''AL A .. ~ ... (N"l I+- I", .1l0" 1+ ~l. IY""'A~ A ... "U ..... 'It,,] I ....... ['i.i 

Note that the rounding step, step 13, may be avoided for those consumptions 
of 50 or more. This can be accomplished by adding the rounding 5 to the 
constant value. Elements N25, N26, and N27 would therefore be as follows: 

N25: 
N26: 
N27: 

2.255 
4.105 
6.805 

se 510 '" 

Steps 7, 9, and 11 would have S~, the total amount storage with a 3/2 decimal 
location, as the result of the step. Step 13, however would still-be included 
in the program lor the rounding of those consumptions under 50. 

A series of steps such as this is an excellent place to combine steps through. 
use of program selects. Steps 6, 8, 10 and 12 could be stated as one step, as 
could steps 7, 9 and 11. The program for this is shown on the following page. 
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STE, ,,~ 

NO. NO. 

1 

2 

3 

4 

5 

6 

7 

8 

-VALUE 1 PRO. VALUE 2 RESULT 5, 52 53 .. S. S. 57 51 5. SIO III lIZ NEXT STEP 

DESCRIPTION " .. n' CESS DESCRIPTION II'", ". DESCRIPTION 'ICON IVIII o/.J YD Y() VfJ ¥L - + 

ITa ... ~ON cu .. PT"'ON 1+ ~:l - ,,,,, -+ N' 
1Ti!!§'Y ... o'¥tt'" aDo 

- Las rwA .. lad !H 3 'If P.s1 
I .... A¥ •. eo .. '". oar. ON j" - Un + 11113 

.. /tJO- 200 

"'" 
!: SI Iv S- 'AU Ta.,... - L;.~~ _"M 

I .. lu:! IT ..... !: S"C. !GO + s, , 
'r~~. ~'N 'dPM" 1+ 152 - "" 'A.' ""AN ,.." .r 

I"AN , .. , .~rl~ .. " 
II IR .... " I .. ~ A "_UNr . I .. RI I .. ~'!I Co -+ ,. 1':/ 

AM" ....... IN"~ I .... :>3 + , I..lo/'I.,ofil.2'/".oo I ... 1::..11 I .... ~~ .. • ......... f."" JI/ 7 -
iT,,? AM_"N, l .... ' 1+ ~ .. .. • OO~ 

., ." 1 ..... _ ...... .... .......... (It I) "i- SS Iii -

FROM TO 

s~~c TRFR PICK UP 
SELECT COMMON NON. SELECT POll TI ON .lotiO COLUMN LINE INO leA TI: 0(1.. ...... CONT START 

~ Sf V J""" <- ('u. T "'-1 SET 1 

~ 1'-$1 NSf V2 ."SI> t.. (!".. ... ~- 2. 

~ N21 " ... c-.... 1 ~~ .. T ~-;S SET 2 

1.4 (ove,. aoo) 
SORT 1 

I 2 

~ S, N' T' I - enM ..... r-
SORT 2 

~ 15 "- Ii..! 0 ". .,. -":I. e ... T" ..--2-
3.3 1v2' I",., T I_~ "n ... T T-' 
~ (,,,,. - :1.0"\ 

CLEAR 

P. s. I 
ISTEP t. 

4 P. S. II 5rE .. 

~ j --;;Ji;-:r.-, .5!L 
-

~ P.S.I!! lS.-... , 

~~ I 
53 pS 3 

i :4:"/0:) = 

In this example step 8 could be completely avoided by adding the rounding 5 to 
the constant value. N25, N26, and N27 would be as mentioned above. Instead 
of using zero, N36, to transfer the consumptions under 50, N35 (.005) would be 
used. The result of step 7 would be placed in the final result storage with 
a 3/2 decimal location. 

5. Use of an element as the result of a step 

It is possible to use an element as the result of a step, provided it is known 
that the step so wired will prove. For example, if a positive value is sub­
tracted from itself, the result is always zero. If element N36, zero, is wired 
as the result of such a step, it will prove. For example: 

NI 
5 

NI 
5 

N36 + NI 
o + 5 

N36 
o 

NI 
5 

o 
o 
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If at any time the result of the step is not the same as the element which is 
the result, the computer will hang up. For example: 

Nl - 51 = N36 
54= 0 

N36 + 51 - NI = 0 
0+ 4- 510 

Step 

Proof - Computer Hangs Up 

One use of a step such as this is a "selector delay", to allow the 20 milli­
seconds following start which is necessary before selectors may be used. The 
selector delay step may be stated as: 

N36 + N36 = N36 
o + 0 = 0 

Two other uses of an element as a result storage are in connection with verifi­
cation. Its use in connection with verification of designating information 
from card to card is found on page 123, and in connection with verification of 
a recalculated value on page 151. 

6. Testing designating information (sequence check) 

A. DETERMINING IF TWO NUMBERS ARE IDENTICAL 

Similar to range testing in principle is the programming technique of determiJl­
ing whether one number is the same as another. This technique is almost always 
used in a multiple card routine to test the designating information (clock 
number, part number, customer number, etc.) to be certain that all cards with­
in a group contain the same designation. 

To do this testing, the designation is placed in storage on the first card of 
a group. Each succeeding card of the group is tested against the storage to 
be certain that it is identical. If it is not the same, the computer is usu­
ally stopped by wiring a 0 ~ 0 step to stop. 

Throughout the following explanation it will be assumed that the designating 
information which is punched i.n the cards is element Nl, and that it will be 
stored from the first card in 512. 51 will always be used as the working 
storage in which the testing is done. Step 40 will be a 0 + 0 step to stop 
the computer. Since this testing routine is used so frequently, it is well to 
be consistent in the element and storages used. 
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To determine whether one number is the same as another y two subtraction steps 
are necessary. On the first step, one number is subtracted from the other. 
If 25 is element Nl as punched in the card the sign possibilities when sub­
tracting S12 from it would be: 

Punched: 
Stored: 

25 
-25 
+ 0 

25 
-24 
+ 1 

25 
-26 
- 1 

If the result is minus, the value which is stored must be larger than that which 
is punched. If the result is plus, the value in storage is either equal to or 
less than that which is punched. A minus result may be wired directly to step 
40 to stop the computer. The computer is usually stopped if the two values do 
not agree so that the card which is out of sort may be placed in its proper 
location. There are times, of course, when the 0 : 0 step may be wired to 
sort - particularly if the determination of whether the two values are equal 
is not for the purpose of checking the sequence of the cards. A plus result 
on the step is routed to the next step. In this step the values are reversed 
for subtraction: 

Stored: 
Punched: 

25 
-25 

24 
-25 

+ 0 - 1 

If the result of this step is minus, the value in storage is less than that 
which is punched. If the result is plus, the stored and punched values are 
equal. 

Assuming that a clock number has been stored in S12 from the first card of a 
group, the two steps required to do this testing wOJld be: 

- ..... "'-
VALUE 1 PRO. VALUE 2 RESULT 51 52 " " " " 57 so 59 Sf 0 511 Sf' NEXT STEP 

DESCRIPTION .... ... CESS DESCRIPTION SIil~N ". DESCRIPTION SI GN $YW "I ~ + 

·C,.OCk Nt!. (~H) .. INI - • (! ~oefc No. lsy.} 1+ I.SI:! 
,r;., to MAY ue "'" 

... r - ."R"'~ !"i.:; .L "70 ;J. 

J:!~..ek No.. (SY.) +~12 - CLOI!/!: Nt· (PCH) "I- MI '"fEn t g~t.?"'''- ! .:it' .2- "10 ..3 
A -- e-

Note that for ease of reference the description is followed by ttpCH" , meaning 
punched, or "ST't, meaning stored. It is possible during the first step to 
subtract either 512 from NI or Nl from 512. To be consistent, however, this 
manual will always use NI-S12 as the first step of the pair. 

B. IDENTIFICATION OF FIRST CARD OF A GROUP 

A~ ___ .~ft __ ~ _n.14_. ~+ 4~ al_a_~ __ .Q~.a~_ +A ~Aon+~¥u +ho ¥~~c+ pa?A n' a 
n~ _~"~~U"gU gU4~~g4, £~ ~~ U~"UJ~ "VVg~~U4J ~v ~U~H.A~J ."~ ~&AU. __ AU __ _ 

group when doing a checking routine like this. Not only must the designation be 
stored from that card, but the computer must not stop because the new designa­
tion is higher in value than the number in storage. 
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In some cases there is a control hole which will identify the first card, as 
in the case of a rate or pricing card, or a previous balance card. Before this 
card can be separated from the others, however, it must go through one step, 
which will act as a selector delay. Since it will do no harm to send it 
through the first step of the testing routine, this step is usually used as a 
selector delay instead of a zero + zero step. Assuming that Tl is picked up 
by a zero in column 90, which is punched only in the first card of a group, 
the routine for testing the cards and storing clock number in S12 would be: 

51£1> ,,~ VALUE 1 'RO- VALUE 2 RESUL S1 S, S3 54 SS s. 57 s. S, 

NO. ". DESCRIPTION " .. ... CESS DESCRIPTlqN SIGN ". DESCRIPTION SIGN n. ~ 
1 A., 

~L""k N" (pc! H) L"t Nl - Ic~oC!" No (ST.) 
't M,'IV Bii. oj(, f~~"" 

!: 51 1-+ .:;,~ IE"'" -. . . 
2 A,.. 

C'DI!I< No (~r) It 51J - (E ." .. 1< 
Nn. (peN) I ... INI 'TEST • ~~ .. o~ .. 

51 ~ 

3 0 C'o<!J( No. rIW + Z"RO + If)' STOllE C"ot!1c /Vo. r SI 

40 £R 
Z~Ro +!<J(, 2~RO 7- N3(, I'RRoR, .srep 1- Sf '10 --

SEL' TRFR PICK uP 
SELECT 

TOR L I HE POSI rlo/ll AND COLUM'" CO~ON NON· SELECT 
INDIC,IITf: O[L"'V CONT 

...!.:.!. O/9fJ 
Srep ..3 1- BIf. Srt!P I STEP .i. 

~ c-, 
1.3 

1.4 (RATe ~"II)) 

Step 1: All cards go through this step. Since the cards are sorted in as­
cending sequence, both cards which are equal to the stored clock number and 
the first card of a new group will branch on the plus side. Only cards of 
descending sequence, which are errors, will branch on the minus side. The 
plus branching is routed through selector Tl-l. If the card is the first of 
a group, the selector will be select and the program continues with the 
storing of the new clock number. If the selector is non-select, the next 
step is a continuation of the testing. Note that for the first card of the 
first group into the computer, S12 will be zero; therefore steps 1 and 3 
will still be followed. 

Step 2: Since it is well to keep the two basic testing steps together, this 
is used as step 2 instead of the storing of clock number. No first cards 
enter this step, so all cards with a minus branching on this step are errors. 
Cards with a plus branching are correct, and are routed to the first step of 
the detail routine. 

If there are several types of cards in this category, each type is routed 
through selectors from this step to its own routine. It is preferable to 
separate the types at the end of step 2 rather than the end of step I, when 
the first cards are separated. If they had been identified at the end of 
step 1, the first step of each routine would have been identical to step 2; 
by delaying identification until testing has been completed, several steps 
are saved. 

S 10 

Step 3: The first card of each group is sent through this standard storing 
step. It is unimportant whether 512 is cleared at the end of the group, since 
the old value is cleared when the new is entered. 
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- STEP "'. ... ... 
1 ALI. 

2 1\ .. 

3 111R ,..-

In many cases it is impossible to identify the first card ofa group by means 
of a control hole. For example, when sorting a group of labor cards there is 
no way of knowing which of the cards will be the first for a particular em­
ployee. Therefore the computer itself m~lst identify the first card. 

This is done by clearing 512 on the final card of a group. The final card is 
usually easy to identify, since one of the two fundamental reasons for check­
ing the designating information is to be certain that only cards belonging to 
the same group are summarized iDto a summary card. The other reason for 
checking is the use of iDfol1llation from a first card in the routine for suc­
ce6ding cards; 'in this case the first card can be identified and it is unnec­
essary to identify the last card. 

If 512 is cleared on the fiDal card of a group, one step ia addition to those 
listed above is required to determine the first card of a group. 5uch cards 
would branch on the minus branching of step 2: 

1) N1 - 512 ::: 51 
25 - 0::: +25 

2) 512 - Nl = 51 
o - 25 ::: -25 

Instead of seaolag ~ne minus orancnlng oI 5~ep 2 to step 40, it shuuld fiLst 
be sent to a step to determine whether 512 is clear, which would be the sub­
traction of 512 from zero. If it is clear, this card is the first of a group; 
if it is not clear, the card is an error. 

N36 - 512 ::: 51 
0-0 =+0 

The routine of four steps necessary for the testing of a clock number and 
storing it would be: 

-
VALUE 1 PRO. VALUE Z RESULT .. 52 •• 54 so 51 57 sa s. 510 ." Iv; HUT STEP 

D£SCRIPTION ... ... CESS DESCIlIPTION I •• ... DESCRI PTION .. .. .. 0 0/3 - . T 

c • ., .. " N6. (,....1 i ... - I If, ~ •. Me r.~) I ... ls/~ "r .. .n- ! :::: -, ,O"c ... , !: s, L 1 <¥D .:z. 
(',...... NA (sr) 1+ "'"" - 1 lOLA." •• f_.,\ I ... " ~.sT'! ~_.. '''t! .. ",-~ ! ,s, 1...6. 3 .s-
Z«1lfJ 1+ :"' .. It'LL_I< .. ~ (no) ls/~ 

.,. I q fflflf:l> :t $1 3 l~ ~ - 1- T~T - .all_1I.. 
4 .,. (!IOC" NtJ (~~ -I II, ..,. ZeRO .,. WJ;I 5-ro.& CC.Ot11::. No + .sl Itt; - .s-

Note that all cards could be sent through step 3, N36 - 512, as the first step 
of the program, and from the minus branching continue with the two noraal 
testing steps. However, the majority of the cards will probably be detail 
cards which are not the first of their group, and all of these cards therefore 
would be routed through an extra step. 

If alpha columns are wired as part of the designation, the test for a first 
card may change slightly when selectors are used to identify the first card. 
This will occur only when 512 is not cleared following the last card of a 
group - for example, when the first card of a group is a rate card and there 
is nosu.ary card. Alpha puaching is arbitrarily changed to a nderic value, 
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and although the alpha punching itself is in ascending sequence, the numeric 
values have no relation to each other. For example, although a tIC" follows 
an .tA" in sorting, the "C" would have a lower numeric value. 

Punched Code 

A 
C 

1, 5, 9 
0, 7 

• 
Accumulator Columns 

E§§2l 
III 

9 9 
see page 132 
for alpha wiring 

Because of this, the first card of a group may be in either ascending or de­
scending sequence. Therefore both the plus and minus branching of step 1 must 
be wired to the selector which is picked up by the control hole. They would, 
of course, be wired to separate poles, since the step to which each branching 
is wired after the first card has been separated will differ. For example: 

Sf[P CARD VALUE 1 PRO. VALUE 2 RESULT so 52 53 54 55 •• ., •• •• 5.0 
1010. NO. OEseR I P T I ON ..... ". ES, DESCRIPTION SICN ". DEseRI PTION SIGN n • ~ 

1 II, 
Cu."", No (Pc .. ) I..,. N/ - CAoc" No ~S1") ..,. 5'~ 

....... Hlty Be. O"'! I~f!"" 
're~r - ",/fRo" ,<FClO'U' !: SI .1 

2 All 
IC!L"'"'' No (S1") ..,. ,s':J (! .. ocl::. No (""'HI 

..,. O~ ..... 
~I I~ ..,. N/ r .. s~ - ".IP. ... -

3 o Ito. 0"1<. III" (pc,,) If' -t-' ZEIll .. NU Sr,oRl£ <!LC"1t: _ + ~, 

SELE TRFR P leI( UP 
SELECT COMMON NON .. SEL.ECT 

TOR 1.1 NE POSI TION ANO COLU~N 
IJloICAT[O[!..AVCONT 

F STE~ 3 - BIl. ST"" I STE.P ifo 

~ c-, (;/90 STep ~ RK, Jr"P/ 5rfi.P 02 

~ 
1.4 (flllT£' ell ... ) 

Note that if 512 is cleared at the end of the routine for a summary card, this 
problem does not occur. The first step is then the subtraction of zero from a 
punched clock number (Nl-5l2); it therefore does not matter whether the groups 
are in ascending or descending sequence. The first card of a group will al­
ways branch on the minus branching of step.2. 

C. IDENTIFICATION OF BLANK SUMMARY CARDS 

Frequently in a 60 or 120 routine a blank card into which summary information 
is to be punched is collated following a group of cards. A blank will branch 
on the minus branching of step 1, since nothing is punched as element Nl: 

Nl - 512 = Sl 
o - 25 = -25 

Therefore, if blank cards are included in the routine, a step must be included 
to determine whether the cards on the minus branching of the first step are 
summary cards or errors. These cards are routed to a step which subtracts Nl 
from zero. If the result is plus, the program continues with the routine for 
the summary card; if it is minus, it is routed to the error step. 
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ITt: .. , ... 
NO. NO. 

1 II" 

2 11,< 

31~ 
41:: 

A program for a complete test of designating information including both a 
first card without a control hole and a blank summary card follows: 

- ..... 
-.uLUE 1 po" VAlUE 2 RESULT 51 52 53 54 5. 56 ., 5. so SI. '" DESCRIPTION ... ... CESS DESCRIPTION ,tI .. ". DESCRIPTION SIGN H. ¥,1 

Il'.,.,,~ N", {"' .. ) 1+ INI - 1 (!LOtll&. No (~'1'1 ... I.,~ i T ... _ ~ ~~~! "~~¢" ..... "'!: SI ..L 

lit.,. ... AI .. rut 1+ SI - c ..... Nfl ( .... "l + 1'1 'r"ST '!: ~': ...... .p <!.~ .. -t- SI ~ 

12._ I ..... 1- - (lLM.>/C N~ (F'eH) ... I,,, T .. ~~ ! :~c ..• ~ SI ~ 
7 __ ,. 

I .... IN~' ~ .. "'(! .. fII. (n·) ... is", 1 r.'T :!: J~.",e:u of-
SI 'I -

-
5" -NEX.T STEP 

!fo - + 
.3 A. 

Af " .,., .27 

'10 .s-
5 ,4I I ........ " III ... (_wI 1+ IN • ... z •• " + IN.J 15-r-..... D."",~ Jft" 1+ oSf .. iGJ - , -

..t"'=. 

For all testing routines, steps 1, 2, 5 and 40 should be included. If there 
is a blank summary card, step 3 must be included. If the first detail card 
has no control hole, step 4 must be included. Note that when step 4 is used, 
512 must have been cleared on the preceding summary card. 

D. DESIGNATIONS OF MORE THAN SEVEN DIGITS 

The designating information sometimes exceeds seven digits, yet the storage 
in which it is to be tested has been given a 4/3 decimal location for use in 
other steps. It is important to remember that if the designation is assigned 
a 1/0 decimal and is subtracted from zero into a 4/3 storage, the computer 
will hang up because the result exceeds the capacity of the storage. In such 
a case both the designation and 512 should also be assigned a 4/3 decimal. 

E. REUSE OF DESIGNATION STORAGE 

Occasionally in a particularly complicated routine there do not seem to be 
sufficient storages. In such a case it is possible to use S12, the storage 
in which the designation is placed, as a working storage during the program. 
When this is done the testing steps are the same, except that as the final 
step for every card the designation must be replaced in S12. The first card 
of a group must still be determined as previously~out1inedt and the designa­
tion stored, preferably as the last step of the routine for the card. For 
each following card, after the testing is completed, Sl2 is available for any 
other purpose. Since the testing at the beginning of the program proved that 
the columns punched as Nl are correct for that group, the final step for these 
succeeding cards is to return to NI + N36 = S12, so that the designation will 
be available in 512 for testing the next card. 
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F. USE OF AN ELEMENT AS RESULT OF TESTING STEP 

A second method of conserving storages, and also of conserving steps, is the 
use of an element as the result of a testing step. This method should be used 
with special care by the programmer, since it is not as flexible as those 
discussed above. On page 116 the use of an element as a result for a selector 
delay step is explained. It is pointed out that if the step will prove, an 
element may be used as a result. A testing step can therefore be developed 
which combines the two basic testing steps, Nl - S12 = Sl and S12 - Nl = Sl, 
into one step: 

Nl - S12 = N36 
25 - 25 = 0 

The proof of this step would be: 

N36 + S12 - Nl = 0 
o + 25 25 = 0 

If the two values are not identical. the following would occur: 

Nl - S12 = N36 
25 - 24 = 0 

N36 + S12 - N1 = 0 
o + 24 - 25 i 0 

Step 

Proof - computer hangs up 

The above method has saved the testing storage (51), the second basic testing 
step, and the 0 : 0 error step. However, since this step cannot be directed 
to the 0 : 0 step in case of error, the 0 + 0 light will not light to indicate 
why the computer has stopped, and the test panel must be used instead. 

Note that when using this method the first card of a group should have an 
identifying code punched so that it can be prevented from entering this step; 
otherwise it would hang up the computer as shown in the second example above. 
Therefore the selector delay step of N36 + N36 = N36 (see page 116) should be 
the first step of the routine, with the first card of the group going from 
there to a step storing the identifying information (Nl + N36 = S12) while 
the remaining cards go to t~e testing step. 

If blank summary cards are included in the routine, they will not check: 

N1 - S12 = N36 
o - 24 = 0 

N36 + 512 - Nl = 0 
o + 24 - 0 1 0 
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They could, of course, be removed prior to the testing by the standard step 
of N36 - Nl = 51. However, this would require the use of 51 as a working 
storage, and one of the reasons for using this method is to eliminate the use 
of 51. If the summary cards are blank except for a control hole, they can be 
prevented from entering the step at the end of the selector delay step when 
the first card of each group is separated. 

Note that with this method 512 can still be used as a working storage as 
explained on page 122 . 

• 

G. USE OF N + 0 AND 0 -;. 0 AS THE SECOND STEP OF A TESTING ROUTINE 

On programs in which first cards of a group and summary cards may be identified 
by a control hole, the 0 + 0 step of a testing routine may be saved by using 
a division step as the second step rather than the normal subtracti~n step. 
This method involves the division of the difference between Nl and 512 by 
zero. If the two numbers are identical, the difference is zero, zero is auto­
matically given as the result of the step, and the computer is allowed to 
continue. However, if there is any digital value as the difference between 
Nl and 512, either positive or negative, the computer signals a number divided 
by zeru, which is wired to ~top. Note that neither first cards nor blank 
summary cards can be permitted to enter this step, since in both these cases 
there will be a difference between Nl and 512. 

Assuming that first cards, rate cards, may be identified by a 1 in column 45, 
which picks up T2, and all other cards are labor cards, the program would be: 

-
CARD OEseR I PT I ON 1= .e.":& 411111) 3~ "-""",, ello 

IT!!' ". NO. Ito. 

1 

2 3 

VAlUE 1 PR .. VALUE 2 RESULT " 52 S. SC 55 51 57 SI S. St. Sft .tZ NUT sn,. 
DESCRIPTION " .. ... CESS DESCRIPTION '$" IV. DESCRIPTION .tGII IV -

(!UltUC NtJ (FeN) I~ 1.0111 - t! •• t!1<. 1111> (ST) + !./~ I:D'$"F~I~ Nell!. ! 51 I .:z I~ 
i>. :t [s, f- 2~.~ ... MOl r.,,~ 2:t ~ -~~ ... ~ S:o. :z.. - ~ 

C SEL' TRFR PICK UP 
SELECT COMMON NON .. S£lECT 

TOR LINE P05ITIO ....... OCOLUMN 
INDICATED£LAYCONT 

t-!.:2 
~f-l.:1 , 

~ 1.4 

0+0 N+O 

STOP )( . 

SORT 

2 C;L ~r (br .... 1 Sr. ~ I+- "'. Sr. / ST. .z -
At the plus branching of step 1 will be first cards of a new group, correct 
detail cards, and incorrect detail cards in Which the punched clock number is 
greater than the stored clock number. The rate cards are directed immediately 
to step 3, the first step of the rate card routine, by means of selector T2. 
All other cards which braneh plus are routed to step 2. Although the cards 
branching minus must be errors since the punched clock number is less than the 
stored clock number, they are routed to step 2 so that the computer will stop 
with the N : 0 light lit. 
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Since 0 T 0 is not wired to stop or sort, all cards in which NI is equal to 
Sl2 continue with step 5, the first step of the detail card routine. Note 
that the plus branching of step 2 could be wired to the common of a selector 
to separate various types of cards. Note also that the 0 7 0 light will light 
on every correct card, since this is an automatic feature regardless of 
whether the computer is wired to stop on 0 ~ O. 

If there is any difference between NI and S12, the computer will stop with 
the N + 0 light lit. It is unnecessary to wire the minus branching of step 
2 since the only cards which do not stop the computer are those in which this 
step is 0 7 O~ the result of which is always a plus zero. 

7. Placing more than one value in a storage 

A technique to conserve storages is the use of the same storage for more than 
one value. This will usually require additional steps, but steps may be avail­
able when storages are not. 

In order to combine two values in the same storage, both must carry the same 
sign - that is, they may both be positive or both be negative, but one may 
not be positive when the other is negative. The only exception to this is 
explained on page 166. There must also be sufficient space in the ten 
digits of the storage so that certain digits can be assigned to each value 
with the knowledge that neither will exceed the allotted number of digits. 

Two values may be placed in the same storage either as elements or from other 
storages. The techniques for doing so are slightly different. 

A. ENTERING TWO ELEMENTS IN STORAGE 

If the two values are elements, and the problem is merely to accumulate these 
values from card to card for punching in a summary card, the problem is re­
latively simple. Note that in this example the two card fields are not to be 
used as individual elements during the program for the card in which they are 
punched, but merely to be accumulated for a summary card .. In such a case the 
two values may be assigned only one element number and one decimal location. 
For example, assume the following card fields in daily payroll summary cards 
which are to be accumulated for the gross pay card: 

Description 

Total Hours 
Overtime Hours 

Columns 

21-23 
28-30 

125 

Decimal 

22/23 
29/30 



ELIM 

100 .. • 
NI 

H2 

H3 

These two fields could be entered into accumulator input 2 as element N2 
as follows: 

ELEMEIITS ACCUMULATOR INPUTS 
CO"STANT ... ACTORSI INDICATE DECIMAL LoeATIOM. NEG"TIVE CON'TIIOL AND VALUE IN OUIIiED ACCUMULATOR COLUMNS. TOP LINE. TRANSFER LINE (FI,F2. ETC.I 
CAli'" ACToas, INDICATE TtI_IFlI LINE 'FULD"1. '1. nCI CONTROL. Cl. CI. ETC;.) DECIMAL LOCATION. NEGATiVe INDICATEI 

TO 

I .... 

CONTROL AND TRANSFER LINE. INDICATE CARD COLUMNS IN .c.c .... ULATOR INPUTS ON RIGHT. IOTTOM LINE • CARD COLUIilNS 

NEG.CONT. .E ACCUMULATOR COL .... NS ..EM NEG.CONT. DEC ACCUMULATED COLUMNS. ACCUMUL ATED COLUMNS 

COL ••• 
TO SYM. T., LO 

10 9 8 7 6 5 4 3 2 1 DES'. COL '05 TO' LOC 10 9 8 7 6 5 4 3 2 1 10 9 8 7 6 5 4 3 2 LI •• to 

N19 ., 
:V, I", ~" I!n In I .... 12" N20 

IF~ ".2 IC2F 
A2 

til In ~9 N21 .12 n 

The decimal location assigned is usually the correct decimal location of one 
of the two elements, preferably the one on the right. 

To accumulate the two values from ca~ to card, only two steps are reqbired 
instead of the usual four required to accumulate two values. If the two are 
to be accumulated in Sll, the necessary steps would be: 

1 

F;J. 

30 

r ISTEP cARO'I-_-=-=~YA::=L7:U E""l~----r:-:-r:=-I PRO. 
lifO. NO. DESCRIPTION SIOI nil CESS 

YALUE 2 
DESCRIPTION 

I RESULT 

SIGIIISVM ~ - + 
51 521531541 5!1l"5eJS7 r58 1 5, ISI0Ii),~512 NUT STEP 1 

DESCRIPTION 

Noua"" /.I)VRR ..... ~ ~~~T-f-1M21 ...... 1,- A&... ...... ·/_UIPO_ ...... "'" u-_ .•• T .... s.·I,u_ .. 'C'" J;~ J_ .... ", M6;:" 1 ...... 1--1-..» 
INF~ l: Nit> /47: ".. I + I SI I + I Zf!·O I + 1.n~INE'" $ HIl~ 10.7. HIM I 1- I~I t 

! ! ! ! ! ! T ! I I 1 -Tit:: 1 1 
I I II I I I T ~ T - 1171 

Using the actual values for total hours and overtime hours, the accumulation 
would take place as follows: 

N2 + Sl1 = 
9001.0 + 0.0 9001.0 S1 } 

Card #1 
Sl + N36 = 511 

9001.0 + 0.0 = 9001.0 

N2 + Sll = Sl 
8500.5 + 9001.0 = 17501.5 

Card #2 
Sl + N36 = Sll 

17501. 5 + 0.0 = 17501. 5 

The total hours are 17.5 and overtime hours are 1.5. 
explai~ed on page 128, it is possible to separate the 
individually for computation in the summary card. 

Through the technique 
two values and use them 

Note that this technique may be used when more elements are required than are 
present on the computer. ~~O separate values may be placed in storage as one 
element, using the standard storing step of the element plus zero instead of 
the accumulating steps shown above. The values may be separated either in the 
same card or some following card. 
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A similar technique for entering two card-read fields into storage, yet one 
which retains the fields as separate elements, is that of assigning the same 
decimal point to two elements but offsetting them in the accumulator input. 
Using the same two card fields as on the preceding page, they would .be entered 
as follows: 

..... 
ELEMENTS ACCUMULATOR INPUTS 

CONSTANT FACTORSt tNDICATE DECIMAL LOCATION. NEGATIYE CONTROL AND valUE IN DESIRED ACCUMULATOR COLUMNS. TOP LINE .. TRANSFER LINE (FI.F2, ETC.) 
CARD FACTO,SI INDICATE TRANSFU LINE (F'tELD.FI. Fl. ETCI CONTROL. CI. C2. ETc;:.J DECIMAL LOCATION. NEGATIVE INDICATEr 

CONTROL AND TRANSFER LINE. INDICATE CARD COLUMNS IN ACCUMULATOR INPUTS ON RIGHT. BOTTOM L I HE .. CAitO COLUMNS 

ELEII NEG.CONT. DEC ACCUMULATOR COLUMNS £lE ... NEG.CONT. ACCUMULATED COLUW.S ACCUMULATED COLUMNS DEC 

P.". TO 
TItP LO DESla TO SYM. 

COL '0' 10 9 8 7 6 5 4 3 2 I COL 'os T" LDC 10 9 8 7 6 5 4 3 2' I 10 9 8 7 6 5 4 3 2 I LI_. LI. 

!lITE" ., . 
7 

Nl NI9 AI 
N2 1.c2 0/. :1I I:u :t~ N20 

F~ F 11'.:1 
A2 

N3 
F~ 

.v, :11 ;,., . .sO N21 IJII, '" .3 .u .:1'1' .,30 -

Note that in the above case, element N2 could not be used in the card in 
which it is punched without adj ustment of the decimal point. This may be 
done ina step by dividing N2 by 1000, or by using a selector to change the 
decimal location after N2 has been combined with N3. N3, however, may be 
used without any change in decimal location. 

To place the values in the same storage unit, the following step would be used. 

" .. VALUE 1 .P.o- VALUE 2 RESULT 51 152 53 1"5'1 55 Sf 157 51 S. 0/, 5111 511 . ,. DESCRIPTION II .. .v.ICESS DESCRIPTION .. , .. " .,.. DESCRIPTION IIs.I.,. • 

1114,,0<1. 1. .. 1112.1 tJ~".T'"'' "" ....... I .... I",~I IInufl.5/o"I!."TI"~ "",,"sl+ 6,~ I 1 1 I {jJ, -

For example, with hours of 8.5 and overtime hours of .5, the step would be: 

85000.0 + .5 = 85000.5 

From this storage unit they could be accumulated in two standard accumulating 
steps, or held in storage to be separated or punched in a following card. 

B. COMBINING VALUES FROM TWO SIDRAGES IN ONE SIDRAGE. 

If the two values which are to be combined are located in storages, it is 
usually necessary to change the decimal location of one of the values. Assume 
the following: 

Withholding Tax 
~ICA 

FICA/ Withholding Tax 

10 9 8 

x 
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7 6 5 4 

x 

x x x 

3 2 1 Dec. Sym. 

x x x 3'2 S2 
x x x 3 2 S3 
x x x 3 2 S4 

1 

NEXT STEP J - + 
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" . ". 

31 

32 

33 

"" -

To combine these two values in S4 so that FICA is located in positions 8-6, 
FICA should be multiplied by 100,000 with the result placed in an inter­
mediate storage (51, for example.) The addition of Sl and S2 will then result 
in the placing of the two values side by side in 54. The constant value by 
which FICA is multiplied is determined by the number of digits it is to be 
moved to the left. 

Assuming that element N33 is a value of 100,000, the program for placing 
withholdi~g tax and FICA in the S4 would be: 

C. SEPARATION OF TI.lJO VALUES IN 1HE SAME $TORAGE - WREE STEPS. 

To separate two values which have been combined in the same storage, three 
steps are usually required. Using the example with FICA and withholding tax 
in 54, FICA can be obtained in one step by dividing the value in 54 by 100,000 
and placing the result in a storage with a 3/2 decimal location. To obtain 
withholding tax, this reBult is multiplied by 100,000, to compute the value 
which was originally added to the withholding tax. This is then subtracted 
from the value in S4, resulting in the withholding tax. 

The program for this would be: 

1'00 ........ ~ -
VALUE 1 PRO. VALUE 2 I RESUL T 

SIGN SViol ~ .r2. ~ ~ 55 56 57 sa " SID 5" 512 NEXT STEP 

DESCRIPTION ,,~ SYIoI ICESS DESCRIPTION 5'$" SUI. DESCRIPTION - + 
::-

FIC!A I .... , t'H t+OLlI, .. , 'f + 5., .,. 
O~ 000 .... INn J::1C!A "3 Ilfi) - .32. 

FIe.A 1+ 53 X , • ., eoo IN. FI~A (l<.Xx.oo.oo) + .5 ~.l. 

f' C/\ IJt«rHHe. PUt{. rAJ< 1+ : 5'1 - .rl~" (111<)<000,,00) +Isl W,THHOI..1JfN' r ...... .... 5.2 'll -
Assuming that the FICA is $1. 72, and withholding tax is $8.46 the values 
would be separated as follows: 

31) 172008.46 + 100,000 = 1.72 (FICA) 

32) 1.72 x 100,000 = 172000.00 

33) 172008.46 - 172000.00 = 8.46 (Withholding Tax) 

Note that the left of the two values can be obtained in one step. while the 
value to the right requires two additional steps. 
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If the decimal location of the storage is assigned in relation to the left 
value instead of the right value, 8/7 instead of 3/2 in this case, both values 
can still be obtained in three steps. However, to do so would require the use 
of two storages with 8/7 decimal locations, which are not as useful for other 
purposes as the 3/2 decimal locations which can be used with the other method. 

D. SEPARATION OF TWO VALUES IN THE SAME STORAGE - TWO STEPS. 

With the proper arrangement of values in storage, it is sometimes possible to 
separate them in two steps instead of three. To do this, the storage column 
preceding the right value must be blank at all times. If the right value 
contains four digits, column 5 must be blank, and the left value may be 
placed in columns 6-10. 

Assume the same arrangement of FICA and withholding tax as previously dis­
cussed. To separate FICA the step would be the same as in the previous example. 

S4 
172008.46 

= Sl 
1.72 

N33 
100,000 = 

To separate withholding tax, FICA may be dropped off to the left. To do this, 
-FICA must be transferred completely out of the A section of the accumulator 
and the 11th column of the A section must be zero. When the computer hangs 
up because of the presence of digits to the left of the 10th storage column, 
a significant digit in the 11th column is actually the cause of it. If the 
11th column of the A section is blank, digits can be present in any columns 
of the M section without hanging up the computer. 

Therefore, in the above problem, withholding tax may be transferred to a 
storage with a 9/8 decimal location. The two step program would be: 

I STEP CA~O VA.LuE 1 PRO. VALUE 2 RESULT 'f~ Y"I ",I:" qf~ 561 57 " 59 1510 1511 S \ 2 NE x T STEP 

I 
NO. NO, DESCRIPTION ,,~ "" CESS OESCRIPTION SHiH ". DESCRIPTION $1 GN SYN z% :%_ 

31 F eft I ... THHo"""N, T"JI 1+ ,)'1 7 100 00. -f. I I'll F/<!A -1+ Is) -~ I I 
32 

FII!Alworllll.l PINl M. -t .. ., + Z."RO + "J . "'hTHHO'-J)'N~ Til}' 1+ iss- I I 'li I I 

The result of step 32 would be computed in the accumulator as follows: 

M Section A Section 

The withholding tax in 55 may be used immediately in further computation, since 
FICA has been dropped off to the left. Note that if for any reason wi thholding 
tax extended into column 11 of the A section, the computer would hang up •• 
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I 

ELEN 

DES IG 

N1 

N2 

N3 

N4 

N5 

N6 

N7 

N8. 

8. Crossfooting 

Occasionally the problem arises of crossfooting a large number of small fields. 
By conventional methods, this requires one less step than the number of fields 
to be erossfooted. With 15 two-digit fields assigned as elements Nl-N15, the 
usual approach would be: 

1) Nl + N2 31 
2) Sl + N3 S2 
3) S2 + N4 Sl 

14) Sl + N15= S2 

However, by reading several of the fields as one element, it is possible to 
reduce the number of addition steps. By multiplication it is then possible 
to do the crossfooting of the final storage. 

Assume that the maximum total of the 15 two-digit fields will never exceed 
three digits - 999. In this case three tWO-digit fields can be considered one 
element - the number of digits equal to the size of the maximum total must be 
allowed for each of the individual fields. The same field assignment of 
accumulator columns should be made in each element. If the fields are punched 
from columns 11-40, they might be arranged as follows: 

ELEMENTS ACCUMULATOR INPUTS 
CONSTANT FACTORS: INDICATE DECIMAL LOCATION, NEGATIvE CONTROL AND VALUE IN OESIRED ACCUMULATOR COLUMNS.. TOP liNE. TRANSFER LINE (Ft,F2, ETC,) 
CARD fACTORS: INDICATE TRANSfER LINE (ftELO.FI. f2, ETC: CONTROL. CI, Cz. ETC.) DECIMAL LOCATION. NEGATivE INDICATE: 

CONTROL AND TRANSFER LINE. INDICATE CARD COLUMNS IN ACCUMULATOR INPUTS ON RIGHT. BOTTOM LINE. CARD COLUMNS 

NEG. CONT. DEC ACCUMUL ATOR COL UMN5 ELEN. NEG. CONT. DEC ACCUMULATED COLUMNS ACCUMULATED COLUMNS 
TO 

COL P05 

FI 

F:J. 

1='3 

,Ftf 

iF, 

TO SYM. 

'" lOC OESIG '" LOC 
1.11i£ 10 9 8 7 6 5 4 3 2 1 COL PO 5 LIIi[ 10 9 8 7 6 5 4 3 2 ·1 10 9 8 7 6 5 4 3 2 

;;, III 12 13 1'1 lIS- lIt: N19 F F F F FI 
AI 

II 12. I Iy II 
VO 17 Iii 9 dlo ;:/ P.2 N20 

f' F F.2. F. 
A2 

17 ·,1"0 Yo 23 I.?<I :lr OlL ~7 28 N21 lli :l. 

Vo 29 
F3 "3 fllF I' 

3D .3J J;Z 33 311 N22 A3 
.:III. 1;7 :lJ .?y 2S 

Yo .35 .3£ '37 :1'if IJ9 YO N23 
F "1 I='Y I",,, I"", 

A4 
N24 :19 130 3, L3;J. J.J 

Fr Fr pr F-
N25 A5 

N26 
3s ~, 37 35' 3'/ 

The accumulation of these five elements into one storage would require the 
following steps: 

1 

IFI 

/1£ 
F::l 

i.:>.z. 
'Fe 
.:>Jf 
FU 

3Y 
l'. 

Iyo 

... 

~T~p {' "~n VAlU E 1 PRO. VALUE 2 RESUL T 5, SZ 53 54 55 56 57 5, 59 510 511 512 NEXT STEP 
N'-,. NO. DESCRIPTION ,,~ "" CESS DESCRIPTION SIGN H" DESCRIPTION SIGN H. Yo M + 

1 1~'£L:p :t .. + HI + ~/E/..71S 'Is';; -r N:J. ~ ; EL ~J 1-(, 1"1- Sl I - :z. 
? I r FIEL':' J-.I..- '+ .5 +. IF, , 1>5 7 R q + IN .l: F.CLI>J 1-'1 I," S-Cl :z.. - .3 

I 3 ~ F,£ 1>.5 1-9 + SJ + FIEL :P 10 /I 12 "I- WV ~ F E'-".I 1-/.2. 1+ Sl S - "f 
4 l: FIEL ..... -,.., + .51 "I- FIEL 1>.5 I, 1</ Is- -t IlI'r ~ ~lIu.l>J 1- IS- -/- .52 -'L - ..s-
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With a card punched as follows: 

/,/ 12~~11~!5~a3"2J1"091!52a131S10200 1-- 1'-'. I'-' • ~ •• 
fz-lz-lz--li-'i-ii-ii-G-li-1z ."Ii fi-ti.-. 12--i2 Ii-Ii 12-12 '.11 .-li IZ-ll,,-ii.-G .-12 .-'i ii-. :-2-12 ii-li-rz--1'i-ii 
l :\ 1 . 10:a. r ' 
'4'4 .. 3. 14 3" 3" 3" 3. 34 .. 3" 14 34 1" 3. 3" 3. 3. 34t-_ 34343".3.3. loj. 34 34 34 3 •• 34 '. 3. 3. 3. 34 3+ 3. 3. 3. 1" 

,.. S6 56 565656565656565656 56 ~ 5, 56 56 56.5656565656565656 S6 56 56.5,565656' 56565,565656565,56565, 

~~~~~~~~~~~~~~~~~~~~.~~~~~~~~~~~.~~~~~~~~~~~~~ 
~ I ~ , .. ~ .. 1 • , In II'" " 16 15 I' 17 II Ig" 21"'" H H" ., __ ft 30 !a.·a !J 30i 3S'" J7'" :no ~ .U ... Q 1M «I 

Ii. 

~ 
; 12 -"I ~-. G -I ~ -12 -Ii-I z- -li- i 2-'2 -'2 -IiI! -11--12-12-'2-1i-1 z--ji-l i -iZ -) z -Iz--I'i-'i-ii-J ;-I~- i i-ii-ii -li-i2-"l'i-j"z--li-liTz-"j i-i z--ii- 'j i-ii-j 1 

!~~4~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4~~~ 
.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~---~~-~~-~ 
J9~?99999999991,l9999999Q91,191J99999999'9999999999 

• -41 48 49 50 51 !Il 53 M ~5 56 51 !III " 60 61 6~ ~ M 65 l1li 67 68 59 70 71 7t 73 74 75 76 77 U " ., .t H I .... 15 116 .7 • ., 90 

the calculation would be: 

........................ 
LINE n ... CALCULATION 

NO. "0. 
VALU E 1 ." VALUE 2 'w 

51 1 52 '0 53 , .... cu, 
10 • 6 S 43 2 I 10 9 87 6 5 432 I 10 87 65 43 2 I 

1 I "'0",,01/ IN' "I- SooK 0.3,{ iN. 0'. 
2 Z. /70020 "S- Ir .3 I" '009 IfJ d 
3 .3 3802205"' 'll+ ,..-,,2.,0/3 "4 
4 ~y S :?oSo 0~7 +- 19lJo:1000 Ns 
5 

To crossfoot the value in S2, S2 is multiplied by .001001001. This constant 
is composed of a 1 in the right digi t of each field. The decimal is so 
arranged that in the result the decimal point will immed~ately precede the 
total. For example: 

72052067 
.001001001 
: 72,052067 

72,D52067 
7205g067: 
721241191:119067 

The result of this multiplication is placed in a 4/3 storage, which will drop 
off all digits to the right of the desired answer. Three steps are then re­
quired to break out the total. In the first step the value is placed in a 
1/0 storage to determine the digits preceding the desired total. In the next 
step these digits are subtr~cted from the entire value. In the last step 
the desired total is multiplied by 1000 to correct the decimal point. Note 
that these steps are unnecessary if the final total is only to be punched, not 
used in further calculation. 
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" , ", 

5 

6 

7 

8 

These four steps would be entered on the program charts as follows: 

VALUE 1 PRO. VALUE 2 RESULT " S2 ~ S;~I S5 
56 57 s. 59 SIO 511 S12 NEXT STEP 

- + 
DESCRIPTION " ... SUI CESS DESCRIPTION SIGN Sf'" DESCRIPTION SIGN SVM Yo '10 'Il Yf 

I Fie 1>:; 1-/:> + .5:2 X • ()Ol 00100/ -I- NJf 'rorA -IS ("lOI xx Ie II,.) ''t- ;53 S- - l. 

lirA - r (x. r nx_ xrx' ..... 5'\ '" 2~ .. r. 4- IN~' ~ ... u"" 2''''~. /. ... .s' 6 7 

1'7:.,.., ,J,. (u", .. rr,,\ :~ - IK. .... ).~ "'''or' / •••••• o~ 5 ·r.. .. A (. ".",' + S'l 7 - It 

Ir..,. ... , (. xxx) + ,sV X /000 "'- IN3 F'NII/.. T'oT''' L ("Xl( ,) 1+ 51 I til 9 

Continuing with the sample values: 

1 1 (15 CALCULATION I 
'~:I'·: VALUE 1 I."'I~::,I VALUE 2 1, • .1 I. SI VO I S2 '/0 I .r 876543211098765432110 876543210 87654321 

S4 'I/a11 

With this example, a total of 8 steps is required to crossfoot the 15 fields 
punched in the card, wnlle it would require 14 if each field had been assigned 
a separate element number. 

9. Wiring alpha into the accumulator 

There are times when it is necessary to wire a limited amount- of alpha into 
the accumulator of the 60 or 120. The most common use of this is the test 
from card to card of a part numb'er or similar designating field containing 
one or two columns of alpha, to be certain that no cards are out of sort. 

If such a column is wired normally, position for position, the alpha will 
cause the computer to stop with the" input" light Ii t. However, by expanding 
one column of alpha into 2 1/2 or 3 accumulator columns, any possible alpha 
punching can be changed to a numeric combination which will be accepted by 
the computer. The numeric value thus created is meaningless, but it can be 
compared with a preceding card to determine whether it is identical. 
(See page 117). 

If only one column of alpha is to be wired, three accumulator columns are 
required. Assuming that the alpha is punched in column 32, the general 
principle of the wiring is: 
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Accumulator 
Acc. Column 
Pos. 

3 2 1 

1 1/32 5/32 9/32 
3 
5 
7 
9 3/32 7/32 0/32 

The above would appear on the input-output panel as follows: 

~ . . . . 
" . . , . . ~ ; ') " . . , . . . . , . 0 0 0 0 0 a a a a a a a a a a a a a a o. · a a a 0 a a a a a a a a a a a a a 0. a a a a a a. 

3 A 4 
0 0 a a a a a a a a a a a a a a a a a a a a a a. 

0 a a a a a a a a 0 a a a a a a a a a 0 a a a a' 
a 0 a a a a a a a a a ~ a a a a a a a a a o.' · a 0. a a a a a a a a a 0. 0. 0. 0. 0. a a 0. 0. 0. 0. a 0. , · 
0 0 a 0 a a 0. a a 0. 0. 0. 0. 0. 0. 0. 0. a 0 0. 0. a 0. o.' 

7 A 8 
a a 0. a a a 0. 0. 0 a 0. a 0. 0. 0. a 0. 0. 0. 0. a 0. o.' 0 

AC . AfOR INPUTS 
a a a 0. 0 0. 0. 0. 0. 0. 0. 0. 0. a 0. a a a a 0. a a a 0.' · a a 0. a a 0. a 0. a 0. 0. 0. 0. 0. 0. 0. a 0. 0. a a a a' " 
a a a a a a a 0. 0. 0. a 0. 0. a 0. a a a 0. a a a a a. u 

a a a a a a 0. 0. a 0. 0. 0. a 'b 0. a 0. 0. 0. 0. 0. 0. 0. a. " A 11 A 12 
a a a a a a a a a a 0. a 0. a a 0. 0. 0. a a 0. a a a. " 
0. a a a 0 0. a 0. a 0. 0. a a a a a a a 0. 0. a 0. 0. a' " 
a 0. a a 0 a a 0. a a 0. a 0. a 0. a a a 0. 0. 0. a 0. o.. " 
" " " " " " ~ . " " " " " " " .. .. " .. .. " REP 

• 0. 
a a a 0. 0. 0. 0. a 0. a a 0. a a a 0. a 0. Q---<) a " SKIP 

• 0 
a a 0. 0 0 a 0. 0. 0. a a a a a a 0. 0. a a Q---<) a " SET HOLD , a a 0 0 0. 0. o ~ a 0. 0. 0. 0. 0. 0. 0. a 0 a a a Q---<) 0. " CARD SENSIN 

, a a 0 a a a a ~ a 0. 0. 0. a 0. a a a 0. a a 0. ~ " !XC REP 

• a 0 0. a a a a ~ a 0. 0. 0. 0. a 0. a a a a a 0. D----O--< " 
'0. a 0 a a a a • 0. 0. 0. 0. 0. 0. 0. a a a a 0. o~ " 
,~a 0. 0. a a a a 0. a 0 a 0. 0. 0. a 0 a a a 0. o~ " 

'rl I I I I I I I I I I I I I I I I I I I::: " 
~, " 

Some sample alpha combinations would enter the computer as: 

Letter Code Col. 3 Col.2 Col. 1 

A 1,5,9 1 1 1 
J 1,3,5 2 1 
Q 3,5,7 9 2 
C 0,7 9 9 

As long as each accumulator column is wired so that all possible combinations 
of punches result in a numeric code, which is accomplished by having one of 
the two positions in each accumulator column a "9", it does not matter which 
card position is wired to which accumulator position. For example, card 
position 5 could be wired to accumulator position, 1, 3, 5, or 7; however, 
the other card position wired to the same column must be wired to accumulator 
position 9. 
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There is no alpha code which combines a zero and a 1. Therefore. it is 
possible to wire two columns of alpha in five accumulator columns instead of 
six. To do this. the zero and 1 in a ,card column must be wired to the same 
accumulator input column. With the alpha in columns 32 and 33, the wiring 
might be: 

Acc. Accumulator Column 
Pos. 5 4 3 2 1 

1 1/32 5/32 1/33 3/33 7/33 
3 0/32 0/33 
5 
7 
9 3/32 7/32 9/32 5/33 9/33 

With the above wiring. it is possible to enter into accumulator columns 5 and 
3 the following values: 1, 2, 3. 4. 9. -; but since 0 and 1 are never punched 
in the same column, a 1 and 3 combination could never occur. 

By wiring storage outputs to card punching positions in the same pattern as 
the alpha is entered, it is possible to punch the designating information. 

Whenever RlphR wiring is done, a note should be attaehedto the program chart 
giving a complete description of the wiring used. 

The use of alpha wiring changes slightly the procedure used in testing card 
sequence. This change is covered on page 120. 

10. Wiring constants through input 

Occasionally the allotment of constants ordered with the 60 or 120 may be 
insufficient for a particular problem. In such a case accumulator inputs 
may be used as constants. 

To do this. the powel' from the element designator for the constant value 
(see page 31) is transferred from the constant-program panel to the input­
output panel. This is easier to wire if it is done through an F-line rather 
than a C-line. The transfer line on the input-output panel is wired to the 
accumulator positions representing the constant value. Any accumulator input 
may be used for this purpose, For example, to create the number 20.56 as 
element N24, the following wiring would be done: 
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Element N24 may be called upon at any time during the program. It will always 
have a value of 20.56, just as if it had been wired in the constant digits 
section of the constant-program panel. 

A note should be attached to the program chart indicating the special wiring 
w.hich has been done. 

11. Wiring a card column as an element and to pick up selectors 

Occasionally a problem may arise in multiple card routines in which a card 
column is part of a field in one card, yet is a control column to pick up 
selectors in another card form. It is also possible that a column in a card 
might be used to pick up selectors yet is also needed as an element, perhaps 
so that it may be stored for punching in a later card. Both of these problems 
can be solved with the same type of wiring. 

Assume that card columns 8-14 are to be wired as element N2 in one card form, 
while column 11 is to pick up selectors in another card form. Columns 8-10 
and 12-14 are wired as normal accumulator input, with their commons wired to 
F2. Column 11, however, is wired to pick up selectors. Each position in the 
column is wired to a control t'ransfer line, with the common of the column 
wired to a control common. This would be diagrammed as follows: 
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On the constant-program panel F2 is wired to N2 in the normal way. This 
provides for using columns 8-10 and 12-14 as element N2. Each control trans­
fer line is wired to pick up a selector, also normal wiring. If the position 
involved is to be used for selection as well as being part of element N2, 
the selector must be a 4-pole selector. It is possible, however, that not 
all positions in the column are used for control purposes; these selectors 
may be single-pole selectors. 

Three poles in each 4-pole selector are available for whatever choices are to 
be made dependent upon control punching in column 11. The fourth pole is used 
to create the value which will be used as the element. To do this, the 
element designator N2 is wired to the common of one pole in each selector. 
The select side of the pole is wired to create the same constant digit as the 
position which picked up the selector - if TIl is picked up by a 1 in column 
11, the select side is wired to become a constant 1. The accumulator column 
into which the constant digit is wired is determined by its relationship to 
the rest of the value. In this example column 11 normally would be wired 
into accumulator input column 4; therefore the constant digits are all wired 
to accumulator column 4 in the constant section. 

Wiring for this would be: 
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On the selector chart, this would appear as follows: 
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Note that whether a particular card column is to be used as an element or to 
pick up selectors, the selectors corresponding to the positions in the card 
will always be picked up. Therefore, it is possible in the same card to use 
the column both as an element and to pick up selectors. An example of this 
would be a shift code which must be stored for punching in a later card, as 
well as used during the card in which it is punched to determine what shift 
premium rate must be applied. 

12. Co rd position selection 

Card pOSition selection involves the routing bf a pulse through one of 

-

-

-

several positions in a card rather than directly to its destination. It 
provides a means of selection by card positions without the use of selectors. 
With the 'exception of obtaining zero or a significant value as an element. 
(page 138), in all cases a control hole must be present in every card. If 
there is no control hole, the computer will hang up for lack of an instruction. 
Any pulse on the computer may be routed through a card position, except 
from the hubs beneath a constant digit to an accumulator column. 

As an example of card position selection, assume that start is to be routed 
to one of four steps, depending on the position punched in column 46 of the 
card: 
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Position To Step 

1 1 
3 7 
5 15 
7 24 

The wiring would be: 
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Note that the pulse which is to be selected is routed through a control 
transfer line to the common of the column, through the various positions, 
and returned to the constant-program panel through additional C-lines. 

An explanation or diagram of such wiring should be attached to the program 
charts. 

13. Making an element zero or a significant value 

It is possible to make a card-read field or a constant value either zero or 
a significant value without a selector, by using a control hole for the 
purpose. To do this the element designator is wired to the commons of the 
columns or of the CORstant digits through the control hole. If the control 
hole is present, a connection will be made so that the significant value 
will be used as the elementj if the control hole is not present, the power 
will be unable to reach the commons of the columns and the value will be zero. 

To obtain a constant value of 20.25 as element N32 whenever there is a 3 in 
column 90, the wiring would be: 
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If the 3 is not present in column 90, N32 will be zero. 
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To obtain card columns 39-41 as element N25 whenever there is a zero in 
column 45, the wiring would be: 

-0 0 0 0 0 0 0 0 0 0 0 r-r- 0 0 0 0 0 0 0 0 0 0' " 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0' " A 11 A 12 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0' u 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0' u 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0' u 

" " " " " " " " " " .. " 
, 

l::l:~_:J .. .. .. .. REP 
, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0--0 0 " SKIP 
'0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0--0 0 " SET HOLD 
.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0--0 0 " CARD SENSING 
'0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <>-:--<r-O " • SEC. REP 
, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ........... 0 0 0 o 0-0- " ..... ..... 
'0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o ~o /' ~ " 
~o 0 0 0 0 0 0 0 0 0 0 0 0 

i !-iii i~~ ~ " 
,I I I I I I I I I I I I I <>-:--<r- " 

0---<>---< " 
" " " " .. " " " " " .. " " .. .. .. .. .. .. :;I~ '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <>-:--<r- " 

i l' no '" ". ." f3.0 F3\ Fl2 '" ... .n ... '" • R ." ... ... • n . .. ... ... ... '" ... 
0 0 0 F!E3. T~"HS~ER l~N£S 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

" " " " " "' "' .. " ". 'n "" + 'I" 'i' "i' "i' .~< ,~, ,~, "g' .~. "~. "g' "~, 
0 0 0 0 0 0 0 0 0 0 0 

"" ... ... . , "" '" "" "" ." ~, '" I 0 0 0 0 0 0 0 0 0 0 0 
ELEMENT DESiGNATORS IIU 

"" ~, ~. - "* '" 0 0 0 0 0 
°IllNUSO 

0 0 0 0 0 0 0 0 0 o 0 0 0 0 0 0 0 
DECIMAL lOCATORS -

, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-0- " 
• 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o <>-:--<r- " CARD SENSING 
'0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o~ " 
, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ol~ " 
.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ol~ " 

.ftO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 °l~ " 

'I I I I r r r r r r r r r r r r I I I I r::: " 
" flfLO TRAIfSHII. LINU 

0 0 0 0 .. ". F~6 g, ,tf. F~' .'i. ." f~2 '" F~' f~5 f~' F~7 ga ft, F~O' ,'1t .., '" Fr;. ;;. F~6 '?1 . ~ 

139 

-
" 
" 
" 
" 
" 
" 
" 
" 

" .. 



If the zero is not present in column 45, N25 will be zero. 

Note that with this type of wiring, the control hole must be present in the 
card in which the significant value is to be used and not present when zero 
is used. It would be impossible to use this wiring if the value is to be 
zero when the control hole is present and significant when the control hole 
is not present. 

This wiring should be indicated by a note attached to the program chart. 

14. Conversion of codes to constants 

A code punched in a card may, in some applications, be converted directly 
to a constant value at accumulator input. For example, assume a shift code 
of 1, 2, or 3 punched in column 6. Second shift employees receive .05 
an hour shift premium, third shift employees receive .11, while first shift 
employees receive nothing. Instead of using shift code to pick up selectors 
to calIon constant values of .05 and .11, the shift code may be wired as a 
card-read element, with the punching converted to the desired values. In 
the above example, the 9 in column 6 would be wired to 5 in accumulator 
.; __ ~ ........ ~.:l .................... ':l .: ......... ..:_ ..... ...:1 +,.. 11 1\T ................... L.. ......... J.. ..... 0 _,. ......................... ,...,,.1 -C'''''_ ~ __ ,... ...... A 
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·shift employees, since 1 is punched in both first and second shift cards, 
with the 9 distinguishing the two. If shift code is to be element N4, the 
wiring would be as follows: 
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Note that in the preceding example, if N4 is called upon for first shift 
employees, it will have a value of zero, since the 1 position in column 6 
is not wired. Therefore the program step for computing shift premium in the 
problem could be N4 times total hours. 

When converting codes to constants, it may be necessary to wire the same 
position in the same accumulator column from more than one code. For example, 
assume a payroll application with quarters of an hour, or a billing appli­
cation with only quarters of a dozen required. The quarters could be punched 
in one column as follows: 

2 
5 
7 

Value 

.25 0/4) 

.50 0/2) 

.75 (3/4) 

In wIrIng this, both the 2 and the 7 must be wired to a 5 in the adjacent 
column. If they are wired to a 5 in the same accumulator input, a back feed 
will develop so that w~en a .25 is read into the accumulator, a ~5 will also 
be read; when a .75 is read, a .25 will also be read. The following diagram 
with the Y-wiring of the 5 position shows the reason: 
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To avoid this, the 5 should be wired to two different accumulator inputs. 
Since the input positions are diode protected, no back feed can develop. 
The full wiring for fourths punched in this way would be: 
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~ CO 0 0 0 0 0 0 0 0 0 0 0 0 C>--O-<l .. 

SEC REP 
o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0---0- " 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

o =- .. 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o,~ " 
I I I I I I I r I I r I I I I ! 1~ " 

" 
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Note that any value can be read into as many accumulator inputs as desired, 
as long as the card columns retain their relative location in the accumulator. 
For example, a five digit field punched in -columns 30-34 with the decimal 
between 32 and 33, could be wired to input as follows: 

0 0 0 0 0 0 0 0 0 ..... 0 0 0 0 0 0 0 0 0 0 '"""' .... ' " 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 , 

" • 11 • 12 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . " 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 , .. 
0 0 0 0 0 o n .0 0 o " 0 0 0 0 0 o " . .. .. .. " .. .. JO~JI " 0 0 ()--() 0 . '0 0 0 0 0 ~r- o 0 000 OyO o 0 

"'. '0 0 0 0 0 0 0 0 0 0 " 0 0 0 0 0 ()--(). 0 " SET HOLD 
.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ()--() 0 . 

c. SENSII.a 
, 0 0 0 0 0 .0 0 0 0 0 0 0 0 0 0 0 0--0--<0 .. 

SEC.RD' . 

'0 0 0 0 0 ...... ..... '- 0 0 0 0 0 0 0 0 0 0 0 i 0-,-<>-- .. 
'0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

:I~ 
n 

,",,0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .. 
COIIIIIOIIS 

,I ! I I I I I I I I I I I I I I I I I I I:::: 
.. .. 

It could not however, be wired as in either of the following examples: 

- - - - - ~ . ~~ -- -): : 0 I-' 0 0 0 0 0 " 0 0 0 0 0 r-' " 
0 0 0 0 0 0 0 0 0 0 0 0 , 

" • 11 • I' 0 0 0 0 0 0 0 0 0 0 <> 0 0 0 · " ~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 , .. 
o --<>Ooo..<L 0 000 0 0 0 0 0 0 0 · " 

'0 0 0 0 0 ..... ,....,.... 0 0 0 0 0 0 0 0 0 , 
" 

10 0 0 0 0 0 0 0 0 0 0 0 0 0 , 
" • 11 • 12 )0 0 0 0 0 0 0 0 0 0 0 0 0 0 . " 

)0 
0 0 0 0 0 0 0 0 0 0 0 0 0 , 

" 
0 0 0 0 0 0 0 0 0 0 o 0 0 0 . " 

MroL" J;-3 ...... 
0 0 o (; 0 ; ~ ... ~ :; ~ ~ 0--<> 0 " 

M " " » .. .. .. .. .. " .. REP 
0 0 0 0 0 0 0 0 0 0 0 C>--O 0 .. 

0 0 0 0 0 0 0 0 0 0·0 
SKIP 

0--<> 0 " 
0 0 0 0 0 0 0 0 0 0 

SET HOLD 
0 C>--O 0 " 

o ... 0 '" 0 " 0 0 0 0 0 0 0 0 C>--O 

• 0 0 0 0 o IT 0 0 0 0 0 C>--O 0 .. 
C. SENSING CA SENSING 

0 0 0 0 0 0 0 0 0 0 0 <>--<>-<> " SEC REP 
0 0 0 0 0 0 0 0 0 0 0 0-0-<> .. 

SEC REP - -'- 0 0 0 0 0 0 0 0 0 0 o 0--0--< .. '-'-- 0 0 0 0 0 0 0 0 0 0 o 0---0--< " 
0 0 0 0 0 & 0 0 0 0 0 0 0 0 0 0 

~ " 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .. 
~ I r I r r I I I I r I I I I I ~ .. 

0= " 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O~ .. 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O~ .. 
I 1 r r I r I I 1 I I 1 I I 1 I 0--0--< .. 

0--<>- " -
In the first example the field would become six digits with a zero between 
columns 31 and 32; in the second example columns 33 and 34 would be read 
into the same accumulator column. The resultant value would be a combination 
of the two, probably stoPpin9 the computer since the two digits together 
might well be an alpha combination. 

15. Overlapping card fields 

In a multiple card routine in which different card forms are used. card fields 
which are to be read as input mav overlan. For examnle. the card field being 
wired as N2 from one card may co~sist or" columns 5 to 9; the card field being 
wireil as N3, which is punched in a different card, may extent from 7 to 11. 
Through use of selectors, it is possible to differentiate between the two. 
There are two approaches to the problem, however, depending on whether the 
total number of card columns involved is ten or less, or more than ten. 
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If the total number of card columns involved does not exceed 
selector pole is required. The two card fields are wired to 

10, only one 
the same accumu-

lator input, and the element designation of the columns is controlled through 
a selector. Using the above example, the element section of the program 
chart would appear as follows. Assume the card containing element N3 is 
punched with a 0 in column 45. 

ELEMENTS ACCUMULATOR 
CONSTANT FACTORS: INDICATE DECIMAL LOCATION, NEGATIVE CONTROL AND VALUE IN DESIRED' ACCUMULATOR COLUMNS, TOP LINE. TRANSFER LINE 
CARD FACTORS: INDICATE TRANSFER LINE (FI£LD.FI, .. , [TCI CONTROL. CI. C2, ETC.) DECIMAL LOCATION. NEGATIVE INDICATE: 

A. 

INPUTS 
CFI, F2. ETC,) 

CONTROL AND TRANSFER LINE. IMblCATE CARD COLUMNS IN ... ccLNUl. ... rOR (NPUTS ON RIGHT. BOTTOM LUtE • CARD COLUMNS 

ELEM 
TO 

NEG. CONT. DEC ACCUMULATOR COLUMNS ELE ... NEG.CONT. DEC ACCUMULATED COLUMNS ACCUMULATED COLUMNS 
DES Ie;, '" LOC DESIG 

TO 

'" LOC 
SYM. 

COL POS LIN£ 10 9 8 7 6 5 4 3 2 1 COL POS 

'" 
10 9 8 7 6 5 4 3 2 1 10 9 8 7 6 5 4 3 2 

01 019 .1 
02 ,~~ Sf., .. (. 7 r , 020 

IF • F:L PI F' f:" F 
N3 F~ 

~ ., Ii' , ~O III N21 
• 2 

S" I.' 17 i 9 F 10 
N4 N22 .3 

The wiring on the input-output panel would be: 

A-. , , , , , . 0 , . , , , . >. ,-: 
.. . · , · · . · , I .. . . , . . . , , , . . . . , I , '0 0 0 0 0 0 0 0 0 0 0 0 0 <>-<>-<>-0 0 0 0 0 0 0' , 

, '0 0 0 0 0 0 0 0 0 0 0 0 0 0-0---<>---<1 
.. 0 

0 0 0 0 o· , 
• 1 • 2 4 · '0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 0 0 0 0 0 o. · 

'0 0 0 0 0 0 0 0 0 0 0 0 0 D----<>---<>--- 0 0 0 0 0 0' · BUSES · • 0 0 0 a 0 0 0 0 0 0 0 0 0 D----<>---<>--- 0 0 0 0 0 o· · · '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 010 0 0 0 D----<>---<>--- 0 0 0 0 0 0' · , • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D----<>---<>--- 0 0 0 0 0 o. , 
• 5 • • • 8 · '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <>-<>-<>-0 0 0 0 0 0 o· · ACCUMULATOR INPUTS · '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D----<>---<>--- 0 0 0 0 0 0' · 

" '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <>-<>-<>-0 ) 0 0 0 0 0 o· " 
" , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0---<>---<>-<> 0 0 0 0 0 01 " BUSES 

" 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <>-<>-<>-0 ~o 0 0 0 0 o. " • • • 10 12 

" .0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D----<>---<>--- 0 0 0 0 0 o. " .. '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 D----<>---<>--- 0 0 0 0 0 0' .. 
" '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 <>-<>-<>-0 0 o n 0 0 o. " , , · . · · , · . " " " " .. " .. " .. " " " " " " " .. " ..... .. 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-0 0 .. 

0 0 0 0 0 0 0 0 c 0 0 0 0 )0 
..,. 

" '0 0 0 0 0 0 C>-O 0 " SET HOlD .. '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-<> 0 .. 
" '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ " .0 SENSING SEC REP 

" '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o <>--<>---< ,. 

" .0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~o o~ ~~ " 
" "",0 0 0 ·0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 " 
" 'r IrH1-I rn n I b r r r r r r I r r I r > r I ~ " 
" I O~ " .. " .. .. ,. 

" " " ~ I~ 
,. 

" " .. .. " .. " .. .. .. " A .. A .. 
;; 0-0---< .. 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 " 

" '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
)0 0 o 0-0---< " 

" .0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0-0---< " 
" '0 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 a 0 0 0 0 0 0 o~ " CARD SENSING 

" .0 a a 0 a 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o~ " 
" .0 0 a 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ " 
" ,;eo 0 0 0 0 0 0 0 0 0 a 0 a 0 0 0 0 0 0 0 0 0 0 0 0 0 o <>-<>- " 
" ,I I I I I I I I I I I I I I I I r 1 I r I I I I > I I I.::- " 
" " fiELD rRANSFU liNts 

0 " ~ ~ 0 0 0 :; ,?o ~I 000 ::t. I?' '?1 :P. '?9 f~O g, g, F'1! F~S Fe;-. ,'f, ,'!. ,'!1 ,~ " n " " " " " fli F13 n. <t. 

I . · . · · , · ~'~ .. i~~~~ " " ~I~ " " " " " " .. :;I~ " .. 
H 0 0 0 a a 0 a 0 0 0 a 0 a 0 0 

( 0 0 0 0 " CONTROL TRAN.$FER ~IN£S 

- - -
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ElE .. 

DES IG 

N 1 

N2 

N3 

The selector chart and constant-program panel would be: 

,. -SELEC TRFR PICK UP 
TOR LINE "'OJ I TION AND COLUMN 

INDICArr O[LAV CON 
SELECT COfoAMON NON_ SELECT 

~ i) 

~ 
~ 11·4 

12 CI;/. 0/,/:> N3 F'/ N.J. 

..... 
" .. 
" 
" 

, 0 0 0 0 0 0 

",0 

°l~ ~ 0 

, 0 o 0 0 ~ 0 

.0 0 0 0 0 
I Z 1 ~ ~ , 
000000 

0 0 0 0 0 0 0 0 ,..: 
0 

SELECTORS 
0 0 0 0 o 0 0 0 

'" m 
0 0 0 0 0 0 0 0 0 

" " 0 0 0 0 0 0 0 0 0 

f1 ~ ~ FLO fll nz m rn fL5 
o 0 0 0 .0 0 0 0 0 

FI£tO TRAN5H~ "NfS 

: '1"~ I m 'I- ,I, {. 'g 'k' ,I" 'k' 'k' ,I" + 
ELEMENT DESIGNATORS 

~/"~O~O~O~O~O~O~O~O~O~O~O~~I~~~~O~Oj 

When the card punched with element N2 is being sensed, columns 5 and 6 are 
called on through F2. Through the non-select side of T12, F4 calls on 
columns 7 to 9. There is no possibility of also calling on columns 10 and 11. 
When the card punched wi th element N3 is being sensed, columns 10 and 11 are 
called on through F3. Through select side of T12, F4 calls on columns 7-9, 
with no possibility of also calling on columns 5 and 6. 

When the total number of card columns involved in overlapping fields exceeds 
10, the two fields must be placed in different accumulator inputs. The 
columns which overlap cannot be Y-wired, since a back feed would develop. 
Therefore, each position of the overlapping columns, as well as the commons, 
must be wired through selectors. This results in the use of five selector 
poles for each card column, plus one for the common of the value. 

For example, suppose that element Nl is punched in columns 10-16, and N2 is 
punched in 16-22. The total number of columns involved is 13, with one over­
lapping. When a 1 is present in column 90, element N2 is to be used. The 
two fields might be placed in accumulator input as follows: 

ELEMENTS ACCUMULATOR INPUTS 
CONSTANT FACTORS: INDICATE DECIMAL LOCATION,. NEGATIVE CONTROL AND VALUE I N DES I R EO ACCUMUL ATOR COLUMN S. TOP LINE. TRANSFER LINE IFI,Fl, ETC.) 
C"FlO FACTORS: INDICATE TRANSfER LINE «F IELD. F-I, F2. ETC: CONTROL. Cl. C2. ETC.) DECIMAL LOCATION. NEGAT I VE INDICATE: 

TO 

I~~ 
I=~ 

CONTROL AND TRANSFER liNE. INDICATE CARD COLUMNS IN ACCUNUlATOR INPUTS ON RIGHT. BOTTOM lINE • CARD COLUMNS 

NEG.CONT. ~ ACCUMULATOR COLUMNS ElUI. NEG. CONT. 
OEC ACCUMULATED COLUMNS ACCUMULATED COLUMNS 

TO SYM. 

'" 10 ~ 6 7 6 5 4 3 2 1 DES IG 
COL POS '" LOC 10 9 8 7 6 5 4 3 2 1 10 9 8 7 6 5 4 3 2 1 COL PQS LINr LI .. E 

1/ 1/3 1,1/ lIS" 
'7 N19 :F/II'. F F FI 1'3 

/0 I:L 5 AI 
1/3 lIS t::k III 1'1 10 1:tL ~ TI1 

iI'7 IS 1/9. [;;.0 :1.1 :1a1. N20 
1'3 i~: TIS 

A2 TIT 11"7 II'll iJ9 bo .21 1;/.1 N21 I 

On the connection panel~ each position in an overlapping card column is 
wired through a tr~sfer line to the common of a selector pole. The non­
select side of the selector is wired through a transfer line to the corres­
ponding position in accumulator input to be used when the control hole is not 
present. The select side of the selector is wired through a transfer line to 
the corresponding position in accumulator input to be used when the control 
hole is present. 
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Therefore one selector 
in an overlapping card 

are used for each position pole and three transfer lines 
column. An additional transfer line and selector pole 

are required for the commons of the overlapping columns. 

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

. , ........ 
10 9 B 7 6 5 4 1 2 1 10 9 a 7 6 6 • 3 2 I 

I 0 0 0 0 a 0 0-------0---0--

1 0 0 0 0 a 0 1 0-0----0---<) 

1. 0 ~~~~~~~~ ~o 0 0 0 0 ,-,,---~ 

6 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-------0------

10 0 a 0 0 0 

A 
o 0 0 a 0 0 0 0 A a 0

6 
0 0 0 0 o------o~ 

o 0 0 0 0 0 0 0 0 0 0 0 0 0 o----<J~ 50 0 0 0 0 0 
ACCUM LATOR INPUTS 

00000000000000 

W 90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

II L 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0---.....( ~ 

12 10 0 0 0 a 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 ~~ 
A A 10 

11 50 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 

1$ 90 0 0 0 0 0 0 0 a 0 0 0 0 a 0 0 0 0 0 0 

8 9 JO !I 

a a a 

17 10 0 0 0 0 0 a ,0 0 

Ie 50 0 0 0 0 0 0 0 0 

16 17 IS 19 20 21 22 23 24 
a a 

21 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 a 0 0 a 0 

22 01<:0 0 0 0 0 0 0 a a 0 0 0 0 0 0 0 a 0 0 0 0 a 0 0 

?99999999~~~??~~~?? 
'6 6 6 6 6 6 6 6 6 ~ ~ H J, J, ~ ~ ~ 6 6 

« q d ~ M N ~ ~ 

10 a 0 0 0 0 0 0 0 0 0 

)0 0 0 0 0 0 0 0 0 0 0 

50 0 0 0 0 0 0 0 ~ 0 0 

6 2 63 64 65 66 67 68 69 
0000000000 a a 0 

o 0 0 0 0, 0 a a a I't 0 0 

0000000000000 

21 70 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 
CARD SENSING 

29 90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 

)0 co 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0 a 

n ~o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

, , , 0' ~ 6 1 I 91 II !2 11 l' 15 16 11 .,/ 19 I" 
a 0 0 0 0 0 0 0 C~IITII~l ~'U~~HRO lIlI~S a • a 0 

" • a a a 
a """ 

a a a 0 a 0 a a 0 0 0 0 0 
SELECTORS 

" MO a a a 0 0 a a a a a a a a • 

M 
m , m 

o ~ 
~, , a a a a a a a a a 0 a 0 a 

" • a a a a a a a a a a a 0 a a , , , , 
" a a a 0 0 0 a a a ooo~:5~ g ;. " CONfliOl U4N$HR LINES 

a 

" a a " ~ a ~ a a ~ I ~ SEgfCT~ :~C~ ~:' :: ~ a , , , . , . 
" " ~ 

PftOG SEL PROG. SEL. II PROG SEl.lI! 

I r--

0 0 a 0-

a 0 
no 

a a .. 
a a 

" ~ " " a a a 

a a a 0 

" " " " 

5 , 3 2 I 

a 0 0 0 01 

o 0 0 a OJ 
4 

o 0 0 0 05 

a 0 0 a 0 7 

a 0 0 0 09 

a 0 0 0 0 1 

a 0 a 
8 

a 0 a 

a 0 a a 0' 

a 0 0 a 09 10 

o a 0 0 01 II 

a 0 0 0 01 12 

12 
o 0 0 0 o~ 13 

o 0 a 0 01 14 

o 0 0 0 09 l~ 

45 REP 
o 0 0-----0 0 

SKIP 
o 0 0---0 0 

SET HOLD 
a a 0----0 a 

o 0 0---0---0 
SEC REP 

0 0 

a a 

a a 

0 0 

" " 0 0 

a 0 

" " 
~ 

PRO(;. SEl. IV 

" i 1. :;. " ~ .. " .. L" n, m 
a 

m m n. f15 In6 m n. '" '" '" F221 F13 '" a a a a a 
f'ElD U~NSFER LINES 

" ~ til or· 1· tfttttttttttttfttt " 
ELEMENT DESIGNATORS 

" a a a 0 0 a a a a a a 
°.1*150 0 0 a 0 0 a 0 a a a 0 
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The selector chart would be filled in as follows: 

NON· SELECT 

16 ~IW //90 N2. F3 /II, > 17.1 FJO FJ¥ 1'7 ) 
~ ryO 1''-1 F IS- F'if 
~ e/'it 

F:Ja F 1£ 1=9 

~ F23 F/7 1=10 

18 (!., tho 1=2<1 F,1 1=11 -

If two columns are overlapping, 10 selector poles using 30 transfer lines 
would be needed, plus one pole for the commons. The commons would be wired 
in the same way as the commons are wired when the total number of card 
columns is ten or less. 

A note should be attached to the program chart showing the wiring of card 
positions and accumulator positions to the F-lines. 

16. Wiring more than one program on a panel 

Frequently the programs on a 60 or 120 are relatively short, leaving suffi­
cient program steps for the wiring of additional problems on the same input­
output panel. By careful programming it is often possible to develop programs 
which will require only the change of the wire from start to the fiTst step 
of the routine to make one or the other program effective. Even this may be 
made automatic, dependent upon control punching in the card. 

When combining program$, it is well to remember that it may be necessary to 
use the same storages, set instructions, clear instruction, etc. for both 
programs. It may therefore be necessary to change decimal locations and 
the st9rages associated with either set or clear. To prevent much rewiring 
when changing from one program to the other, this should probably be done 
through selectors. 

One method of controlling the selectors would be to precondition the computer 
for a run by use of a selector hold. To do this, a control hOle not present 
in the other run should be used to pick up the selector through which the 
selector hold is wired. Since proper operating procedure would involve the 
clearing of the computer before each run, the control selector for breaking 
the connection from selector hold to the pick-up of the selector would be 
unnecessary. If selector T5, picked up by a iiOn in column 45, is the one 
through which the choices will be made, the wiring would be as follows: 
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~SELE TRf"R PI CI( UP 

TOR LINE 1"0 SIT I ON ,IN I) COL.II"N SELECT COMMON NON. SELECT 
IHOIC,lTr orL,lVCONT 

F OI'4r P., T.- S...:. f·2 ~ cr 
SUo r ,..-/ 

~ 5.4 (SUE"",. ""'~ 

0 0 °i~ 0 0 0 0 0 0 0 0 0 0 '0 0 0 0 0 0 0 

" " " " 
0 ) 

0 0 0 0 0 0 0 , " '" '" ai a 0 0 0 0 0 0 0 0 0 

ol~ 
0 0 0 0 0 0 0 

0 0 
"SE~ECT~RS 0 

" o ( 0 0 0 0 0 0 

0 0 0 0 0 0 0 °T~ o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
m '" m m 

, I 
0 0 

0 

01
0 

'" '" '" 01 0 0 0 0 0 0 0 0 0 0 o 0 

I" " " 
0 0 0 0 0 0 : ( o 0 o 0 0 0 0 0 0 0 0 0 0 o 0 " 0 0 0 0 0 0 , , 

~ ; . 
~ . ; I c~~ 

11 11 14 I~ " " ~ I g " " " " " ~Ig 0 0 0 0 ~\ 9RAN~H~ °ll~fs 0 0 0 0 0 0 0 " " .. " 0 0 0 0 0 
LECTOR PIC~ "' ? ~ 0 ~r ~ ~j ~ o 0 0 0 0 0 ,~ I ~ 0 0 0 0 0 0 0 

, ". ~U1 . 11 U 14 " " " " " " " " " " ?'I~ 0 0 

" .. 
~ ~ ~ ~ 

PROG. SEL I HOG. SEL. II PROG. SEl III PROG. SU. IV HOlO-1, SELEC-TOR -

The choices would be made through the second, third, and fourth poles of the 
selector. One of the choices would be the step on which each routine starts. 

It is also possible to direct one of the routines directly to a program select, 
which would pick up the necessary selectors. In this case the wire from start 
would be manually changed before beginning each routine. 

A method of wiring which is very simple for the operator to change is to wire 
start to an unused bus beneath the accumulator column section (lines 56-60). 
The bus beneath it is wired to one step, while the bus above it is wired 
to another. For example, suppose start may be wired to either step 1 or 
step 12: 

STEP 
, + 0 

2 -0 0 0 0 0 0 0 0 0 0 a 0 a 

, "t I I I I I I I I I I rr 
: ~ . r I r I I I I I I I I 11 
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~~~ 

8 7 
0----0-----0--0 0---------0----0---0 

~~~ ._-
0----0-------0- 0-- ---0----------------0 



With this wiring, the only change necessary is the wiring of a jack in a 
position of the board which probably has very few wires. If this is not 
done, it is well to wrap the wire which is to be changed in colored tape, so 
that it can be easily identified. 

Sometimes several problems can be placed on a constant-program panel, yet 
each problem requires its own input-output panel. In such a case it is possible 
to wire the input-output panel to make the selection of the step on which each 
routine will begin. 

Suppose that there are three routines in the same constant-program panel, one 
beginning on step I, one on step 19, and one on step 31. The start hub would 
be _wired to a control transfer line, C23 for example. The entry of each step 
which begins a routine would also be wired to a control transfer line - C24, 
C25, and C26 in this case. On the input-output panels C23 would be wired to 
the control transfer line which is wired to the first step of the routine 
associated with the panel. The wiring would be; 

STEP 
, + 0 

o 0 0 0 
BRANe Ii 

20 22 2~ U 
o 0 0 0 

1111111111111111 

-
36 10 , 

o 0 0 0 

~I~ ~ ~ ~ 6 ~ g 
CONTI!!)!. TRAIISfER liNES 

o 0 0 0 
10 12 1l l~ 

oooooe 

0000000 
CARD PUNCHING 

0000000000 

-
o 0 0 
II 14 15 

000000 

00000000 

0000000 
CARD PUNCHING 

00000000 

9 11 12 11 14 15 " 11 

o t.~Nnc:,l ~IIAN~f{_ 0 lIN~S 0 

o 0 0 
10 II Il 

000000 

~I~ 
0 

" 0 

~I~ 

0 0 

STU' 1. 28 29 30 
?O 0 0 0 0 
00' 

....:: " " "1 
0 0 

0 0 0 0 

" " " 0 0 0 0 ) 

0 0 0 0 0 

~ i"n " 0 

0 0 0 0 ~ " " " " 0 0 0 0 

0 0 0 

00000000000 00 

0000000000 
CAlO PUNCHING 

0000000000 
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With this wIrIng ~he use of the proper input-output panel au~omatically 
controls the step on which the program will start. 

17. Verification 

As discussed earlier, the 60 and 120 automatically check each computation 
before continuing to the next step. Changes in voltage, intermittant failure 
of tubes, and similar sources of error are thereby prevented from affecting 
the accuracy of the computer. It may be assumed that the computation 
is correct. 

However, no machine is perfect, and it is possible for errors in sensing and 
punching to occur. This section deals with various methods of verification. 
The type which is used will depend entirely upon the problem involved. 

Balancing to established controls is a method familiar to tabulating personnel. 
Frequently the use of controls established prior to or subsequent to a computer 
run, in conjunction perhaps with crossfooting of totals from the run, will be 
sufficient verification. 

If it is necessary to rerun the cards a second time to insure accuracy, 
several methods are available. The best and most complete method is insert­
ing the cards so that the "9" edge is the leading edge. and column 1 is where 
column 90 is usually located. Although this method becomes rather compli­
cated from a wiring viewpoint, it completely changes the sensing switches 
through which each column is read, and thereby provides a complete check on 
sensing. 

When the cards are reversed in· this way, a "9" is read as a "0", a "7" as a 
"r', and so forth. Therefore both the zero common and the common of each 
column must be wired. It is also necessary to reverse the wiring in the card 
sensing section. Instead of using the 5-prong wires which are normally used 
to wire this portion of the board, each position must be wired separately. 

As an example, assume that column 1, in which the zero position acts as a 
negative control, is to be element Nl, transferred on Flo The negative con­
trol is to be transferred on Cl. The wiring would be as follows: 
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In order to check the punching, it is necessary to read as elements the values 
which have been punched on the first run. The calculation is done a second 
time, and the second result compared with the first result. This caR be done 
in one of two ways. Suppose the amount calculated on the first run is now 
element N6, and the amount as calculated the second time is in storage S3. 
The two can be compared with two steps as follows: 

RESULT 

't ,"', ... "'" -. 
.,. CIA: 

If the result is negative on either step, the two values are not identical. 
This is the same method of testing as was used in checking the designating 
information, page 117. Note that in this example the negative branching is 
wired to step 40. By doing this, the computer will stop with a zero + zero 
light lit. The operator can go through the program step by step using the 
test panel to determine the step on which the error occurred. 
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The second method of testing requires only one step for each value to be 
checked. it involves the use of zero as the result of the step. The basic 
use of this technique was covered on page 116. In this example the step 
would be: 

r ~:~:I"" VALUE 1 IPRO. VALUE 2 I RESULT 
51

1
52 

531 54 " 56 57 " S9 510 SII 

.0 •• 0", DESCRIPTION SI_ IVIlICESS DESeR-'PTION 115N .YII DESCRIPTION SIGN SYIII 

r 118 1 l.a .. ~ 1+ IMI -I AHDu/Yr l,.ls3Ir..,T' I lfa i I 

In both cases it is well to attach a list of the testing steps to the program, 
with an indication of which value is being verified. This will simplify the 
work of the operator when an error does occur. 

Another method of verification that is sometimes considered is the tipping 
over of the cards so that the zero edge is still leading, but column 1 is 
where column 45 is normally located. This method has certain disadvantages: 

1. Columns 23 and 68 are still in the same location, and therefore the 
sensing of these columns is not verified. ~ 

2. The warp of the cards may make feeding more difficult. 

3. In a multiple card routine, information which should be read from the 
first card of a group cannot be read until the last card, since the cards 
are in reverse sequence. 

4. Overlapping machine operations are difficult, since the card which would 
normally go in the tabulator or other machine first now becomes the last card 
through the computer. The next run of the cards therefore cannot begin until 
the verification run has been completed. 

Although punching could be verified by reading the cards in the normal way, 
recalculating, and checking the results in the same way as the first type 
of machine verification mentioned, this method does not provide any checking 
of sensing. If special verification boards are to be wired, it is well to 
verify as much as possible, which would include sensing. 

18. Card code checking 

A. DESCRIPTION 

In some applications it may be desirable to check card codes to ascertain 
whether certain conditions have been met - for example whether a particular 
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card is present, whether the cards are in sequence by card code within a 
particular group, or whether there are duplications. Several examples of 
this type of checking are given. For purposes of comparison it is assumed 
that there are four types of cards in each run, with each type of card 
containing a single position code. Using these examples as a basis, how­
ever, the programmer can adapt these principles to fit other proble~. 

In all. cases, two four-pole selectors are needed for each type of card. 
One program select is also required, and incorrect cards are directed to 
step 40, zero divided by zero, to stop the computer. 

Note that this cheek does not test the designating information, but merely 
the card codes. Therefore the usual steps for testing designating information 
(page 117) should be included, usually before the card code test. In the 
following examples it will be assumed that all cards enter the card code 
test as of the plus branching of step 2. In aetual programming the first 
card of a group could enter either from the select side of its selector at 
the plus branching of step 1, or following a testing step which identified 
the first card of the group and the step which stored the designating 
information. 

In the following examples, the card codes used and the steps ,to which each 
will be directed will be: 

Code (column 46) Card Sequence To Step 

1 
3 
5 
7 

1st Card 
2nd Card 
3rd Card 
4th Card 

4 
12 
21 
31 

B. ALL CARDS PRESENT, IN ORDER, WITH NO DUPLICATIONS 

The conditions of this card code check are: 

1) All cards must be present 
2) All cards must be in order 
3) There may be no duplications 

The types of cards are associated with selectors as follows: 

Card Code Picks Up Related 

1 T 11 T 1 
3 T 13 T3 
5 T 15 T5 
7 T 17 T 7 

To 

The pick-up shown above is wired directly, and therefore the selector drops 
out at the end of_the card. The related selector is picked up by PS 1 during 
the program for the card, and is held select by selector hold until the last 
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card of the 
impulsed 

group, when all selectors are returned to non-select. PS 1 is 
to the selector which in every card, and directed through selectors 

it is to of PS 1 should 
be done in each card 

pick up in the card which is present. The impulsing 
immediately before the wiring to trip. 

The first diagram below shows the wiring of the step branching, while the 
second diagram shows the method of picking up the selectors. The two diagrams 
are consolidated on the selector chart which follows: 
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B-1 First card 

Branching: When the first card of a group enters the computer, all selectors 
are non-select except the one picked up by the card code. This should be TIl. 
The plus branching of step 2 is wired through the non-select of Tl-l to the 
common of TIl-I. If TIl is non-select the card is not coded 1, and is routed 
to step 40. If TIl is select, the program continues with step 4. 

Selector pick-up: When PS 1 is impulsed, it picks up Tl through the select 
of Tll-2. Although PS 1 drops out at the trip signal for the card, Tl 
remains select because selector hold is wired to the pick-up of Tl through 
the non-select of T 7-1 and the select of Tl-2. TIl becomes non-select at 
trip time because it is card controlled. 

B-2 Second card 

Branching: When the second card enters the computer, the only selectors which 
are select are Tl and the selector picked up by the card code. This should 
be T13. The plus branching of step 2 is wired through the select of Tl-l 
and non-select of T3-l to the common of T13-l. If T13 is non-select, the 
card is not coded 3, and is routed to step 40. If T13 is select, the program 
continues with step 12. 

Selector pick-up: When PS 1 is impulsed, it picks up 13 through the non­
select of Tll-2 and the select of T13-2. It remains select after the card 
is tripped out because selector hold is wired to the pick-up of 13 through 
the non-select of T7-l and the select of 13-2. T13 drops out at trip time 
because it is card controlled. 

B-3 Third card 

Branching: When the third card. enters the computer, the only selectors which 
are select are Tl, T3, and the selector picked up by the card code. This 
should be T15. The plus branching of step 2 is wired through the select of 
Tl-l, the select of T3-l, and the non-select of T5-l to the common of T15-1. 
If T15 is non-select, the card is not coded 5, and is routed to step 40. If 
T15 is select, the program continues with step 21. 

Selector pitk-up: When PS 1 is impulsed, it picks up T5 through the non­
select of TII-2 and T13-2, and the select of T15-2. It remains select after 
the card is tripped out because selector hold is wired to the pick-up of T5 
through the non-select of T7-1 and the select of T5-2. Tl5 drops out at 
trip time because it is card controlled. 

B-4 Fourth card 

Branching: When the fourth card enters the computer, Tl, 13, T5 and the 
selector picked up by the card code are selecti the others are non-select. 
The card controlled selector should be T17. The plus branching of step 2 is 
wired through the select of Tl-l, T3-l, and T5-l to the common of T17-l. 
Note that since this is the last card, it is unnecessary to wire the branch­
ing through the non-select of T7-l. If T17 is non-select, the card is not 
coded 7, and is routed to step 40. If T17 is select, the program continues 
wi th step 31. 
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Selector pick-up: When PS I is impulsed, it picks up T7 through the non-select 
of TlI-2, TI3-2, and TI5-2. When T7 becomes select, the connection from 
selector hold through the non-select of T7-1 to the pick-up of TI, T3, and T5 
is broken. These selectors therefore return to non-select. T7 will drop out 
at the end of the card because it is picked up by a program select, and Tl7 
drops out because it is card controlled. At trip time, therefore, the computer 
is ready for the next group of cards with all selectors non-select. 

C. ALL CARDS PRESENT, IN ORDER, WITH DUPLICATIONS EXCEPT THE LAST 

The conditions of this card code check are; 

I) All cards must be present 
2) All cards must be in order 
3) There may be duplications except for the last card 

The types of cards are associated with selectors as follows: 

Card Code Picks Up Related To 

1 TIl TI 
3 Tl3 .T3 
5 TIS T5 
7 T17 T7 

The pick-up shown above is wired directly, and therefore the selector drops 
out at the end of the card. The related selector is picked up by PS 1 during 
the program for the first card of each type, but not in duplicate cards. A 
selector picked up by PS 1 is held select by selector hold until the last card 
of the group, when all selectors are returned to non-select. 

The first diagram below shows the wiring of the step branching. The second 
diagram shows the branching of PS I, which in this routine must be controlled 
through selectors. The third diagram shows the method of picking up the 
selectors. The three diagrams are consolidated on the selector chart 
which follows: 
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Branchina: When the first card of a group enters the computer, all selectors 
are non-select except the one picked up by the card code. This should be 111. 
The plus branching of step 2 is wired through the non-select of Tl-l to the 
common of TIl-I. If TIl is non-select the card is not coded 1 and is routed 
to step 40. If TIl is select, the program continues with PS 1. From PS 1 
the program is routed through the select of 111-3 to step 4. 

Selector piCk-up: When PS 1 is impulsed, it picks up Tl through the select 
of TII-4. Tl remains select aftar the card is tripped out because selector 
hold is wired to the pick-up of Tl through the non-select of T7-1 and the 
select of Tl-2. 
controlled. 

TIl becomes non-select at trip time because it is card 
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C-2 Duplicates of first card or second card 

The second card which enters the computer may be coded in one of three ways: 

1) 1 in column 46 - a duplicate of the first card. 
2) 3 in column 46 - the first card of the second type. 
3) Not 1 or 3 in column 46 - error. 

When this card enters the computer, the only selectors which are select are 
Tl and the selector picked up by the card code. This should be TIL if it 
is a duplicate, or T13 if it is the first of the second type. 

Branching: The plus branching of step 2 is wired through the select of Tl-l 
and the non-select of 13-1 to the common of Tll-2. 

1) If TIl is select, the card is a duplicate of the first type. The 
select of Tll-2 is wired to step 4. 

2) If TIl is non-select, the card may be the first card of the second type. 
The non-select of TIl ... 2 is wired to the common of T13-1. If T13 is select, 
the card is the first of the second type, and the select of T13 ... 1 is wired 
to PS 1. From PS 1 the card is routed through the non~select of Tll~ and 
the select of T13-3 to step 12. 

3) If neither TIl nor T13 is select, the card is an error: through the non­
select of Tll-2 and T13-1 it is directed to step 40. 

Selector ,pick-up: 
1) Since PS 1 is not picked up if the card isa duplicate, the selectors 
remain unchanged except that TIl drops out at trip time because it is 
card controlled. They will remain unchanged as long as cards which are 
duplicates of the first enter the computer. 

2) If the card is the first of the second type, it is directed to PS 1. 
PS 1 picks up 13 through the non-select of Tll-4 and the select of T13-4. 
13 remains select after the card is tripped out because selector hold is 
wired to the pick-up of 13 through the non-select-of T7-1 and the select 
of 13-2. T13 drops out at trip time because it is card controlled. 

3) If the card is incorrectly coded, the computer is stopped; therefore 
there is no change to the selectors. 

C-3 Duplicates of second card or.third card 

The card which enters the computer after the first card of the second type 
may be coded in three ways: 

1) 3 in column 46 - a duplicate of the second type. 
2) 5 in column 46 - the first card of the third type. 
3) Not 3 or 5 in column 46 - error. 

When this card enters the computer, the only selectors which are select 
are Tl and 13, and the selector picked up by the card code. This should 
be T13 if it is a duplicate, or T15 if it is the first card of the 
third type. 
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Branching: The plus branching of step 2 is wired through the select of 
TI-I and T3-1 and the non-select of T5-1 to the common of TI3-2. 

1) If Tl3 is select, the card is a duplicate of the second type. The 
select of T13-2 is wired to step 12. 

2) If Tl3 is non-select, the card may be the first card of the third 
type. The non-select of T13-2 is wired to the common of TIS-I. If TIS is 
select, the card is the first of the third type, and the select of T15-1 
is wired to PS 1. From PS 1 the card is routed through the non-select of 
Tll-3 and T13-3 and the select of T15-3 to step 21. 

3) If neither Tl3 nor TIS is select, the card is an errorj through the 
non-select of T13-2 and T15-1 it is directed to step 40. 

Selector pick-up: 
1) Since PS 1 is not picked up if the card is a duplicate, the selectors 
remain unchanged, except that Tl3 drops out at trip time because it is card 
controlled. They will remain unchanged as long as cards which are duplicates 
of the second enter the computer. 

2) If the card is the first of the third type, it is directed to PS 1. 
PS 1 picks up T!'i through t.hp. n0I1-8Bler.t I)f Tll-4, T13-4, and the select 
of T15-4. T5 remains select after the card is tripped out because selector 
hold is wired to the pick-up of T5 through the non-select of T7-1 and the 
select of T5-2. TIS drops out at trip time because it is card controlled. 

3) If the card is incorrectly coded the computer is stoppedj therefore 
there is no change to the selectors. 

C-4 Duplicates of third card Or fourth card 

The card which enters the computer after the first card of the third type 
may be coded in three ways: 

1) 5 in column 46 - a duplicate of the third type. 
2) 7 in column 46 - the only card of the fourth type. 
3) Not 5 or 7 in column 46 - error. 

When this card enters the computer, TI, T3, T5, and the selector picked up 
by the card code are select; the others are non-select. The card controlled 
selector should be TIS if it is a duplicate, or Tl7 if it is the fourth card. 

Branching: The plus branching of step 2 is wired through the select of TI-I, 
T3-I, and T5-1 to the common of T15-2. 

1) If TIS is select, the card is a duplicate of the third type. The select 
of T15-2 is wired to step 21. 

2) If TIS is non-select the card may be the fourth card. The non-select 
of T15-2 is wired to the common of T17-1. If Tl7 is select, the card is 
the fourth card and the select of T17-1 is wired to PS 1. From PS 1 the 
card is routed through the non-select of TII-3, T13-3, and T15-3 to step 31. 
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3) If neither T15 nor T17 is select, the card is an errori through the 
non-select of T15-2 and T17-1 it is directed to step 40. 

Selector pick-up: 
1) Since PS 1 is 
remain unchanged, 
card controlled. 
duplicates of the 

not picked up if the card is a duplicate, the selectors 
except that T15 drops out at trip time because it is 
They will remain unchanged as long as cards which are 
third enter the computer. 

2) If this is the fourth card, it is directed to PS 1. PS 1 picks up 
T7 through the non-select of Tll-4, T13-4, and T15-4. When T7 becomes 
select, the connection from selector hold through the non-select of T7-1 
to the pick-up of TI, T3 and T5 is broken. These selectors therefore 
return to non-select. T7 will drop out at the end of the card because it 
is picked up by a program select, and Ti7 drops out because it is card 
controlled. At trip time, therefore, the computer is ready for the 
next group of cards with all selectors non-select. 

3) If the card is incorrectly coded the computer is stopped; therefore 
there is no change to the selectors. 

D. LAST CARD MUST BE PRESENT, OTHERS MAY OR MAY NOT BE PRESENT, ALL .CARDS 
IN ORDER, NO DUPLICATION 

The conditions of this card code check are: 

1) The last card of each group must be present. 
2) Other cards mayor may not be present. 
3) The cards must be in order. 
4) There may be no duplication. 

The types of cards are associated with selectors as follows: 

Card Code Pick-up Related to 

1 TIl Tl 
3 TI3 T3 
5 TI5 T5 
7 T17 T7 

The pick-up shown above is wired directly, and therefore the selector drops 
out at the end of the card. The related selector is picked up by PS 1 during 
the program for the card, and held select by selector hold until the last 
card of the group, when all selectors are returned to non-select. PS 1 is 
impulsed in every card, and.directed through selectors to the selector 
which it is to pick up in the card which is present. This impulsing of 
PS 1 is done in each card immediately before the wiring to trip. 

The first diagram below shows the wiring of the step branching, while the 
second diagram shows the method of picking up the selectors. The two 
diagrams are consolidated on the selector chart which follows: 
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The principle of the loop is that as soon as a particular code has been 
accepted by the computer, only a higher code may be accepted thereafter. 
Any duplicate code or lower code will stop the computer. 

D-I First card 

Branching: When the first card of a group enters the computer, all selectors 
are non-select except the one picked up by the card code. This may be TIl, 
TI3, TI5, or TI7. The plus branching of step 2 is wired through the non­
select of T5 ... 1, T3-1, and TI ... I to the common of TIl-I. 

If TIl is select, the card is code I card, and is directed to step 4 through 
the select of TIl-I. The non-select of TII-I is wired to the common of TI3-1. 
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If T13 is select the card is a code 3 card and is directed to step 12 
through the select of Tl3-1. The non-select of T13-1 is wired to the common 
of T15-l. 

If T15 is select the card is a code 5 card and is directed to step 21 
through the select of T15-1. The non-select of T15-1 is wired to the common 
of T17-1. 

If T17 is select the card is a code 7 card, and is directed to step 31 
through the select of T17-1. If T17 is non-select, none of the codes are 
punched and the card is directed to step 40. 

Selector pick-up: PS 1 is impulsed immediately before trip. PS 1 ground 
is wired to the common of Tll-2. 

If TIl is select. Tl is picked up. It is held from card to card by selector 
hold, which is wired through the non-select of T7-1 and the select of Tl-2. 
The non-select of Tll-2 is wired to the common of T13-2. 

If T13 is select, T3 is picked up. It is held from card to card by selector 
hold, which is wired through the non-select of T7-t and the select of T3-2. 
The non-select of T13-2 is wired to the common of T15 ... 2. 

If T15 is select, T5 is picked up. It is held from card to card by selector 
hold, which is wired through the non-select of T7-1 and the select of T5-2. 
The non-select of T15-2 is wired to the common of T17-2. 

If none of the other selectors are select, T17 must be select or the 
computer would have stopped following the branching of step 2. PS 1 picks 
up T17 through the non-select of Tll-2, T13-2, T15-2, and the select of T17-2. 
When a code 7 card is the only card of the group this is of no importance, 
since its purpose is to drop out any selectors picked up in previous cards. 
When this card is tripped out, all selectors will be non-select, ready for 
the next group of cards. 

D .. 2 Second card 

Branching: When the second card of a group enters the computer, Tl, T3, or 
T5 willbes~lect, as well as the selector which is picked up by ca:rd control. 
This could be TI3.T15, or T17, but should not be TIL Since one card of 
the group has already gone through the computer, a card coded 1 would· be 
eit)ler a duplication or in descending sequence. 

The pIus b:hlnching.of step 2 is wired to the common of T5 .. 1. IfTl has been 
picked up by the preceding card, it is routed through the non ... select of 
T5~1 and 1'3-1 and the select of Tl-l to the common of T13-1. From there it is 
routed.to step 12, ,step 21, or step 31 depending on whether TI3. TI5 or T17 
is select. Ii none ot them are select, the computer is stopped on step 40. 

If T.3 hasl>een picked up by the preceding card, the plus branching of 
step 2 is .. rout~d.through the non ... select of T5 ... l and the select of T3;...1 to 
the ,common of TI5 ... 1. Unless this card is coded 5 or 7 ,picking upT15 or 
T17, the computer will stop on step 40. 

161 



If T5 has been picked up by the preceding card, the plus branching of 
step 2 is routed through the select of T5~1 to the common of T17-1. Un-
less this card is coded 7, picking up T17, the computer will stop on step 40. 

Selector piCk-Up: When PS 1 is impulsed, PS 1 ground is routed through the 
non-select of Tll-2 and the select of T13-2, T15-2 or T17-2, whichever is 
picked up by card control, to pick up the related selector. This selector 
is held by selector hold unless the card is coded 7. If T7 becomes select, 
it breaks the connection between selector hold and the selector which was 
being held select, thereby returning the selector to non~select. The 
computer is therefore ready for the' next group of cards. 

0 ... 3 Third card 

Branching: When the third card of a group enters the computer, two of the 
three selectors Tl, T3 and T5 will be select, as well as the selector which 
is picked up by card control. This could be TIS or T17, but should not be 
TIl or T13. Since two cards of the group have already gone througb the 
computer, a card coded 1 or 3 would be either a duplication or in descending 
sequence. 

The plus branching of step 2 is routed through the select of T3-1 or T5-1 
to TIS-lor T17-1. depending on whether the preceding card was coded 3 
or 5. If TIS is select the program continues with step 21j if T17 is 
select the program continues with step 31. If neither is select. the 
computer stops on step 40. 

Selector pick-up: When PS 1 is impulse~ PS 1 ground is routed through the 
non-select of Tll-2 and T13-2 and the select of T15 ... 2 or T17 ... 2 to pick up 
the related selector. If this is T5, it is held by selector hold. If it 
is T7, it breaks the connection between selector hold and the selectors 
which were being held select, thereby returning them to non-select. The 
computer is therefore ready for the next group of cards. 

0 ... 4 Fourth card 

Branching: When the fourth card of a group enters the computer, Tl, T3 and 
T5 will be select, as well as the selector which ,was picked up by card 
control. This should be T17, but not TIl, T13, or TIS. Since three cards 
of the group have already gone through the computer, a card coded 1, 3 or 
5 would be either a duplication or in descending sequence. 

The plus branching of step 2 is wired through the select of T5 .. l to the 
common,of T17-1. If T17 is select, the program continues with step 31. If 
T17 is non-select, the computer stops on step 40. 

Selector pick-up; When PS 1 is impulsed, PS 1 ground is routed through the 
non-select of Tll-2, T13-2, and T15-2 to the common of T17-2. The select 
of T17-2/picks up T7. When T7 becomes select, the connection from selector 
hold through the non-select of T7-1 to the pick-up of selectors Tl, T3, and 
T5 is broken; these selectors therefore become non-select. The computer 
is now ready for the next group of cards, with all selectors non-select 
at trip time. 
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E. LAST.CARD MUST BE PRESENT, O'lHERS MAY OR MAY NOT BE PRESENT, ALL CARDS 
IN ORDER, DUPLICATIONS EXCEPT THE LAST 

The c~nditions of this card code check are: 

1) The last card must be present. 
2) Other cards mayor may not be present. 
3) The cards must be in order. 
4) There may be duplications except the last. 

The types of cards are associated with selectors as follows: 

Card Code Picks Up Related To 

1 TIl 
3 T13 TI 
5 Tl5 T3 
7 T17 T7 

The pick-up shown above is wired directly, and therefore the selector drops 
out at the end of the card. The related selector is picked up by PS 1 
during the program for the card, and held select by selector hold until 
the last card of the group, when a~l selectors are returned to non~select. 
PS 1 is impulsed in every card, and directed through selectors to the 
selector which it is to pick up in the card which is present. The 
impulsing of PS 1 is done in each card immediately before the wiring to 
trip. 

The first diagram below shows the WIrIng of the step branching, while the 
second diagram shows the method of picking up the selectors. The two 
diagrams are consolidated on the selector chart which follows: 
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The principle of .the loop is that as soon as a particular code has been 
accepted by the computer, either duplicates or higher codes will be accepted, 
but no lower codes. 

E-l First card 

Branching: When the first card of a group enters the computer, all selectors 
are non-select except the one picked up by the card code. This may be TIl, 
T13, TIS, or T17. The plus branching of step 2 is wired through the non­
select of T3-1 and Tl-l to the common of TIl-I. As in the preceding example 
of card code testing, the branching i& routed to step 4, step 12, step 21, 
or step 31, depending on which of the card code selectors is select. If 
none are select, the card is routed to step 40. 

Selector pick-up: PS 1 is impulsed immediately before trip. PS 1 ground is 
wired to the common of T13-2. 

If the card is a code 1 card, selectors T13, TIS, and T17 are non-select; 
therefore no additional selectors are picked up. The computer will accept 
any of the four codes which may be punched in the next card. 

If the card is a code 3 card, PS 1 ground is routed through the select of 
T13-2 to pick up Tl. Tl is held select from card to card by selector hold, 
which is wired through the non-select of T7-1 and the select of Tl-2 to the 
pi'ck-up of Tl. 

If the card is a code 5 card~ PS 1 ground is routed through the non-select 
of T13-2 and the select of T15-2 to the pick-up T3. T3 is held select from 
card to card by selector hold, which is wired through the non-select of 
T7-1 and the select of T3-2 to the pick-up of T3 • 

• If the card is a code 7 card, PS 1 ground is routed through the non-select of 
T13-2 and T15-2 and the select of T17-2 to pick up T7. Since this is the 
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first card of the group and no selectors are being held from a previous card, 
this is of no importance. When this card is tripped out, all selectors will 
be non-select, ready for the next card. 

E-2 Second card 

The second card which enters the computer may be coded in one of three ways: 

1. A duplicate of the first card 
2. A higher order card 
3. A lower order card - error 

When this card enters the computer, the card code selector will become select. 
If the preceding card was coded 1, no others will be select. If the preceding 
card was coded 3, Tl will be select. If the preceding card was coded 5, T3 
will be select. 

Branching: The plus branching of step 2 is wired to the common of T3-1. 

If the preceding card was coded 1, the branching is routed through the non­
select of T3-1 and Tl-l to the common of TIl-I. It proceeds to step 4, step 
12, step 21, or step 31, depending on which of the card code selectors is 
select. 

If the preceding card was coded 3, the branching is routed through the non­
select of T3-1 and the select of Tl-l to the common of T13-1. From there it 
is routed to step 12, step 21, or step 31, depending on whether T13, T15, or 
T17 is select. If there is not a 3, 5, or 7 punched in the card, the computer 
will stop on step 40. 

If the preceding card was coded 5, the branching is routed through the select 
of T3-1 to the common of T15-1. From there it is routed to step 21 or step 
31, depending on whether T15 or T17 is select. If neither a 5 nor a 7 is 
punched in the card, the computer will stop on step 40. 

Selector pick-up: PS 1 is impulsed before trip. If the card is a code 1, 3, 
or 5 card, the same action will take place as described above in connection 
with the first card. If the card is a code 7 card, the pick-up of T7 will 
drop out any selectors which might have been picked up on the first card, 
since this action breaks the connection from selector hold to the pick-up of 
the selectors. When this card is tripped out, therefore, all selectors will 
be non-select, ready for the next group. 

E-3 Remaining cards 

In all succeeding cards the branching and selector pick-up will occur as 
described for the second card. .. 
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19. Accumulating positive and negative values In one storage 

It is possible in a program in which there are insufficient storages but 
ample steps, to accumulate two values, either of which may be positive or 
negative, in the same storage unit. The program requires additional storages 
before the values are set for punching, but these may be available at set 
time although not earlier. 

The total of neither of the fields to be accumulated may exceed four digits. 
Both may be assigned a normal negative control; in the following example, it 
is the zero position in the column to the left of the card field. If the 
fields are placed .in the extreme right in accumulator input, the value which 
will accumulate on the left side of the storage is assigned a 1/0 decimal 
location, while the value which will accumulate on the right side of the 
storage is assigned a 6/5 decimal location. The storage in which accumu­
lation takes place, as well as two working storages, are assigned 6/5 decimal 
locations. A third working storage is assigned a 1/0 decimal location. Note 
that the decimal locations of these storages may be changed from a previous 
1_0c~_~ __ ion •• ~_o 6,/5 hJv ~ele~tnr~ Dt~.~.ed "n Ai~hA? hv ~~~rl ~nn~~nl n? ~ n~nn~~m __ _ _____________ • ____ -r -----. ~J v_._ vv __ .v_ v. - t".V~.--

select. 

The element sections of the program charts, including the necessary constants, 
would be filled in as follows: 

TA BL E OF FACTORS 
CARD FIELD TITLE OR CONSTANT VALUE 'v. SIGN '" CARD F I ElO TITLE OR CONSTANT VALUE. '0. 'v. SlGIt 

CAlif> CARD FIELD TITLE OR CONSTANT VALUE ... 
N13 \ N25 

N14 ~ N26 

.9 ." " 
.15 N27 

NI, N28· 

N17 N29 

N18 .30 + :l 
N19 ,31 I ... • I 
.20 N32 + ~~--o. 

N21 N13 + /""., ..... 
N22 N34 + /Ddl>l>. oeoo 
N23 N35 

N24 N36 + 0.0 ~" 

CARD DESCRIPTIO"'! ~. J).rAIL '!/IA,"S .s: S"HHJt.RY (!IIRPS -
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The accumulation of the two values in the detail cards may be done in the 
following two steps: 

"CA. VAlUE 1 po" VALUE Z RESULT' 
~ ~ 

53 S. 55 '" 57 '" .. SID ... 
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.. DESCRIPTION ... ,y. ES! DESCRIPTIO,. 1'.11 H. D.£SCRIPTION ... H • ~ "" :J La." .. ~ t:\or" ~ ! ~" 1:.\-, ... 
.. '" N_ % Ill ... " ~v:!l. "!;'" ... I 

'ZI N~~ ~ tJr.t + 0.-.. :l ~ 5, .&. 13"r"3 '! If:! Ii,,-w ~ Orv + Ihv .:II. ! 5' (i) 

Four planning charts follow, each of which will be carried forward through­
out the program. They show the various possibilities of positive and neg­
ative combinations. The chart~ immediately following show the accumulation 
of two detail cards. The headings indicate the signs of the two values 
when the detail-accumulation has been completed. 

1. Both values are positive. 

Left value 

Card #1 
Card #2 

-1234 
+ +5678 

+4444 

167 

Right value 

+4321 
+ +5432 

+9753 

S" SIZ NEXT STEP 

+ 
:J ~ 

r... -r-.. 



-

-
1-':1"'" CALCULATION 
110. .0. VALUE 1 ... ;::. VALUE 2 

1 Is .. -I· ... 
2 l..t - u;u</, .0001> .""~::J 
3 
4 I -~/Z3.J.. 'r • .,. 1",10+- 1.n.711. 
5 :I. I tJ"""oI,. .'I3::J S + . " ... 01 .. 

2. Left value 

11111,... CALCULATION 
110. liD. VALUE 1 ... VALUE 2 ..... cus 

1 I •. ,~"01 

2 .1 1II'2S <I. ,,,,,,,,,, s , . ., .. " . 
3 
4 I 1","-'<1."" .... , 3 .. + ,,"~7r. -

-
... 51 ·5- 52'1 '53 '1. 

.32 , S" 0 

N -
I"" 

"'" 1..., 

is positive, right value is 

Left value 

Card #1 +1234 
Card #2 + +5678 

-+6912 

... 51 'is- 52 "is- 53 '10 
S S ., , . 

I,,, 

IN, 

1M. 

~·kll.lllll].1! U-lIJj III! 11.11 U 1111 

54 55 . 654321 32 , 0 

-~ 

negative. 

Right value 

+4321 
+ -5432 

-1111 

54 55 . 54321 • S • , 

R 

56 

R 

56 

E S U 

S-
5.32' 

E S U 
S. 

, " , 

.NEXT 
STEP 

tm ml 
IIIII1 Ull: 1 1IIIIIlll:&'WI'lrl~'W ~ J 

3. Left value is negative, right value is positive. 

Card #1 
Card #2 

11111,.. CALCULATION 

110. 1I0. VALUE 1 ... VALUE 2 51 
.,. Cf." ... 

I , 1""" ..... 1>, .. , ",.01. IN, 
:t 1.1 10'230: "I> 1>". _.AU~" 10" 
3 
4 " .. fl. 9rlo. 79 -~~7P: .. "'" -" 5 I" - ,. Orll3!l 10., 

~/.r 
5 .. 32' 10 • 
• 

• 

Left value 

+1234 
+ -5678 

-4444 

52 "'Is-
&5432 

~ 

53 I/O 
S ., 

4. Both values are negative. 

Card #1 
Card #2 

Left value 

-1234 
+ ..,5678 

-6912 

168 

54 , 

Right value 

-4321 
+ +5432 

+llll 

S5 
5432' s. 2 

0 

R E S I 

56 '/.r . , 

Right value 

-4321 
+ -5432 

-9753 

~-

NEXT 

STEP 

'-="rr 
~ t-& 
~ /Bt 
~ 
~ 

f-



-
IIIK I,. CALCULATION R E 5 U NEXT 
.0. MO. VALUE 1 ... VALUE 2 51 ~Ar- 52 "'s- 53 !r'o 54 55 56 ~..-

$TEP 
"'CE" ... . 1 0 • 5'32' • 1 • . • 21 •• 3 ~j:I 1 I". .""""n 1,,1 ~ -/~3". IN. -

~r-2 I ~ - ~/!HII. ft." .. ", I -_lU' .• :> ... , 
3 
4 -'HJ2Ih .. ,,,'>., l.~ ~ ... -~~71_ Lt., - l-

5 I~ 'A,q '3. "IIU l.. -."""_0.. I ... ~ 
" ~ 

In the summary card. the first step is the addition of a constant value of 
10000.10000 to the accumulating storage. This automatically makes the storage 
plus. It also places a one in the storage position to the left of any posi­
tive value. and a zero in the position to the left of any negative value. 
Note that all negative values will be in the form of a modified 9's complement 
with the final digit a lOts complement. During the following two steps the 
values are separated into different storages. The first of the two steps 
transfers the value to a 1/0 storage. which drops off the right value. leav­
ing quantity 1. The second step subtracts quantity 1 from the full value. 
leaving quantity 2. These three program steps are: 

The planning charts are: 

1. Both values are positive. 

2. Left value is positive, right value is negative • 

~ 
I--
I--

• 

. r-____ ~rr~~ ____ ~ __ ~~_r--~~r_~~~--~c_~~~_,~~R~E~S~~ 

O:~§§ EI;I# ~ tlffilllilimi. flIllillIllll~lllll.Im 
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I ...... ...... 

r 
7~ 
8 1/ 

II r 

TIP CA 

3. Left value is negative, right value is positive. 

CALCULATION RE 5 tI NEXT I 1 
VALUE I 1-1:::.\ VALUE 2 [ .. 51 "I.s- I 52 "'s- I 53 Yo I 54 I 55 56 ~, 4r '. STEP 

-T"I'" 

-~"¥"3..._ " + 
'0 .... I, .... ", •. 1... .J.. doW, ,1,1. I 

~l 
1>6 ___ 

I, + ",-ODD .... I I( II I 
.U· ... r. - 'I"rrl.. ~lI I II II I ....J 

4. Both values are negative. 

RES 

55 56;r 

The next portion of the program varies dependent upon whether two storages are 
available for punching quantities 1 and 2 or whether they must be combined into 
one storage for punching. The program as illustrated below assumes that they 
must be combined. Note that through use of program selects this program could 
be repeated for several quantities, and it may therefore be necessary to punch 
two quantities from one storage. The variation in the program if they need not 
be combined is explained in page 175. 

During the next step quantity 1 is tested to determine whether it is positive 
or negative. This is done by subtracting 10000. from the value. Since a 
positive value contains a 1 in the storage position to the left of the value, 
the sign of the result will be plus if the value is positive. This subtrac­
tion also removes the 1, leaving the true value in storage. The program 
therefore continues with the testing of quantity 2. For example: 

14444 
- 10000 

4444 

If quantity 1 is negative, there is a zero in the storage position to the 
left of the value, and the value itself is in the form of a modified 9's 
complement, with the last position a 10's complement. If the result of the 
subtraction of 10000. is negative, an additional step is required to change 
the value to its true value (comp1ementize), and add a 1 in the position to 
the left of the value, which will be used to punch a negative control in the 
card. This result may be obtained by subtracting the value from 20000. 
For example: 

1) 05556 
- 10000 

-04444 

2) 20000 
- 05556 

14444 

The two program steps required for dealing with quantity 1 are: 
VALUE 1 
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1. Both values are positive. 

55 56 '/.s-

'I-I,y" ... :.a ;WbQ; III100a iTIllJIW IIIIIlInUlllnlllFiIIlIIIl[fijiI1 

2. Left value is positive, right value is negative. 

,...~ ____ ~~~~ ____ ,-r-~77~r-~~CI __ ~~~ __ ~ __ -. __ ~ __ .-__ ~R~E7S~~~~EXT 
56 V..- I STEP . -'71· .. l 

CALCULATION I 
... ···1 VALUE 1 1-1::-.1 VALUE 2 I- 51 "/s- 52 "/s- I 53 'h I 54 S5 

•• 

tHil~; 'II-I;:. : g J;,~,;;r 1111111111 IlImD" III m III! IjjTIllFti I III! I I I til Ii CJ 

3. Left value is Jlegative, right value is positive. 

RES 

55 56 /..-

ti-;1_ I"" I If/! "" II " 1(1111111111 II "1/111111] 1IIIIIBill 

4. Both values are negative. 

e-;effil· lillIE III 1111] III! [ I filIi II !! " IE 1111/11 U B IltlmJ 

During the Jlext step quaJltity 2 is tested to determine whether it is positive 
or negative. This is done by subtracting .10000 from the value, since the 
value is in the form .xxxxx~ A positive value contains a 1 in the storage 
position immediately following the decimal location. so the sign of the result 
will be plus if the value is positive. This subtraction als.o removes the 1, 
leaving the true value in storage. The program continues with the final step, 
which combines quantity 1 and quantity 2 . 

• 11111 
- .10000 

.01111 

If quantity 2 is negative, there is a zero in the storage pOSition to the 
right of the decimal location t and the value itself is in the form of a 
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• 0 ••• 

modified 9's complement, with the last position a lOts complement. If the resuit 
of the subtraction is neg-ative, an additional step is required to ehaag-e the 
number to its true value and add a 1 in the position to the left of the value. 
The 1 will be used to punch a neg-ative eontrol in the eard. This renlt may be 
obtained by subtracting the value from .20000. For example: 

1) .08889 
- .10000 
- .01lU 

2) .20000 
-.08889 
-.11111 

The two program steps required for dealing with quantity 2 are: 

.\LUll, • 

1. Both values are positive. 

RES 

55 56 "/.s-

,;;uo LUI 111111 !I114Q4iJ~4~ II" I [(111 Ii II! ilLlllllll! 11111111 i IllId :r:-n 

2. Left value is positive, right value is negative. 

RES 

55 S6 ~r 

am I::~~;;~ 8: LA: -;:!;i el 111111111 ~~il;I:I:I;lllIllllIlIlllll! 111111111111[1111111111 lfiki J 

3. Left value is negative, right value is positive. 

[ ~::::r--vA-L-uE-,_c-A'1:,~~~:~,AT-'-~-AL-u-E-2-'1.~Jr-~s~,T,C ~h-~Ir-~S2~~.~~~I---=S3~~~O~'-I~S4~.-.-'Jr--=S5~-'--~:~6,E~~~_~~~~ 
I Ii III I I tl JJl'fklMiil Iii 111111 f] I I I! Ii I [ j IlJ I i iJ" I] rm Trot lsi J 
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4. Both values are negative. 

The final step of the program is the combination of quantity 1 and quantity 2 
into the same storage. The 1 position to the left of each value is then wired 
to punch the negative control. With the two values combined in S6, the 1 posi­
tion in storage column 10 is wired to punch a zero in column 33, while the 1 
position in storage column 5 is wired to punch a zero in column 37. Storage 
columns 9-6 are wired normally to card columns 33-36, while storage columns 
4-1 are wired normally to card columns 37-40. 

VAI,UE 2 
DESCRIPTION 

s .. CARD FIELD TITLE 

Sl 

52 

53 

54 

s5 

1. Both values are positive. 

RESULT 
DESCRIPTION 

NEG. 

2. Left value is positive, right value is negative. 

, • .,. 'YIII 

[ I I [I@ I I I I I I - III !] 

OUTPUT PUNCH' NG DEC SET SET 
LOC' t CUM ..... 

51 

S2 

s3 

54 

55 

56 

r-----~-T~~~-----._r--~L7~r_~~~r_----~~------_.------_,----_T~~ 

CJ13ti 1;;U;DWqJd.+ I oo!o;LiZ,! ti~ LJ 11111111 ! Ii ! i III! I m] lIlT! I r 111110 [J mTi I111 r;gl~i1,!JLlt1f,O 
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3. Left value is negative, right value is positive. 

RES 

55 56 :s-
5" 3 I 10 5432 , 

TIll U liD CD IIIIIII nil! f!lLl1~g;g:lill!.tl(JP[] 

4. Both values are negative. 

The entire program of 10 steps for the combining of two values,either positive 
or negative in one storage is: 

-
CARD DE"SCR 1 PT I ON ':D =" J)l!rll/' (!II/U'S oS = lS""'Hlflly (!"1t~5 

¥:.~u::: ~ DIC'C!IU T .. ., .. .. .. 
,~ 

., .. .. !Hn ." ." NEXT STEP 5TI:I' ,,~ ."Li.ii i t'KU. 

~ ~ ~ + "'. "'. OEseR I PT I ON ..... no CESS DESCRIPTION 5UU. "0 DESCRIPTION 5110111 "0 
13> I ~ "'TY I.,. Dry:!J ! .U + ~TY I !. IN:.! IlY ..... ~ ~v, Otv.:l.. ... oS, J .:2 .:L 
2..]) I N.", I. ~(lTY I ~.. Ow. ~ .sl + Lan :I. t 1m IN .. ~ r.>Pv '-I~v .:t -to 

li Itii'I Tit,. n." 
3 S Zt:I.v +'-I_~ "t I.", + ~.'nnn" 1+ 11m cJlA~ ,- .1 1+ ls~ --3 - ¥ 
4$ V, • ., Ct!. ".1 + oS Z.JIU> + IU, ~'tl + 3 'f - r 

VA,""'~ r ...... J 1+ .s ~I .s.3 ~:L :+ .:s~ s - , 5 - T oS 

6 oS (h., I + 3 - 10000 i+ 
T "ALCIC 1.1 PG,,"'TIvE, 

NlJ ~T - " ...... E I!J M'~' • :t SI L<n 7 tr_ 
7 .s :10000 At .. - IOTY J + $3 I ..... "'T'"" .. A.,. IIIH. IfIT 1+ Sl 16) - lr 

., ..... ue 13 IbS,T'Yt! + 5:1 lfi"' '} /0 8 oS !an--2. 1+ .s" - • 10000 + N31 nST - ,; •• '" 1< N_,..,T,.tt: 
9 S .:111)000 + WJO - _-'2= :L I.f- is, !e...-NTI> • • A ... Mtt:"~.,r + oS !/QJ - /a 

101.s QTY r.lTY :t + .s:z --'hY ..,.1:\. " .J/,; 1m>' - /L 

1. Both values are positive. 

rl7f1. 

5:.! OfiOlOl)J. .. OI." ,~ .. "..... .." 
6 

7 ~ 3 1 """"II, nq ..... ~ Is, 1+-10000, , .. ,,,,,, .... _..!! 
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2. Left value is positive, right value is negative. 

-
CALCULATION • LUll " ... E S NEXT 

STEP 
1110. 110. VALUE 1 ... VALUE 2 .w 51 "I.s- 52·/,s- 53 ¥o 54 55 56 ':/.r 

' .... cns 
I. e 5 • , I 10 9 87 6 5 .. 3 2: 1 e 5 .. 3 2: I 1 , 6 5 .. 3 2: I • • 6 5 .. 3 2: 1 5 .. 3 2: I -

1 I"nn"".n"""o 1s,1+ '2"'· .:I 

2 I~ "/~ .. J. A .nn lsI .nCa::l 3 7#, 

3 
4 I ""~. 0"3-'1' l5~ + S'76. W2 f-- "! .. 5 I ~ InLO".ft""" -+ - ."r"l:> 3 
6 
7 .:'! ",.11. 'O~K!t. ~, + lOa",,". 'nnno 

"''' 
, ~ 

8 ,,, I/Lq .n ..... " ,+ O.OOft ~ .. 0 f-- fL 9 i ___ 
"'0" ...... I - "'0/2. 3 0 ~ 

10! Co lu.9/2 if! - /(')0,,0. !W" • • a 
11 '8 Oo"o •. o'~lrq .. - .10"0" ,""" " o I I I f ~ 
121q . 'OA,'" lo~ - .o""o." ... q S 00 " 

, , , -!Q 
13 /tJ 1""0,, 0"00. + 00000. Jill /I 

3. Left value is negative, right value is positive. 

~::7.r-_______ C_A_LTC_UrL_ArT_'_O_N ______ '-+-__ ~~~-. __ ~~~-. __ ~ __ u--r __ ~ ____ _.---------.----R-.Ery-S-UTr• 
VALUE 1 s_~:~, VALUE 2 S'N 51 tV's 52 6/s~ 53 f'o 54 S5 S6 Vol 

NEXT 

STEP 

1 "nAn """n. lsL... I~'. IN. 

2 ... OJ ~ 3". "" ''''n 1+ -. , .. n." IN, 
3 

10 8 65" 3 2: I 10 87 5 432:' 10 8 65 .. 3 2: 1 10 87 6543 2: 1 10 8 65 .. 3 2: 1 10987 65 .. 32: 1 

Lo 

4 , o'~.,. 9.",' 79 l", -"£79. "'~ - 0 

6 

7 I. _.U~U • • " ••• Ls.. o '>Oa" "" 1/ I 

8 I .... " .... I •• A, il<JO 
9 I ... o~~, - 'r"~L is! 
10 , 10 ......... I.. - ~.ftD 10" OD 

111~ I""". ... - os: .. c-i ~~ 0000_ 

121. "DoDo. 11/ l« - • I .... w. . 0 , 1 

13 II. /'IVY</. ODDOt> ~,I+ 00000./11 ls~ 

4. Both values are negative. 

~p:: 
-:i: 

r-- l1& 
f-- I--

02-

~ f-
f--~ f--
f--~ tz l-
f-- f-.l. 
f--~ 

I 

r-~~~~==~~~~~~~~--~--~~~~~~ __ ~ __ ~~~~~~~~~~~~~~~~~~~ __ --~-~6~--~~ 
CAL C U L ~ T ION RES ~ NEXT 

~:::~-V-'-L-U-E-'~~.w~;:~~~~V~A-LU-E--2--·.-w+----5-'~€~/s---.-----S2-7~~~S--,-----S-3-~nd-.r---S-4----.----5~5-----.--~S6~~~/.S-~~~~~ 
8 !i" 3 2 1 10 8 65 .. 32 I a .. 3 2 8 5 .. 321 8 5 .. 3 1 8 5" 3 2 1 -

NO ' ... 

M~. 

8 " " ...... "",,'17 
9 r- '~"7 
10, I n.~ ... 
13 f3Dal>lJ 

If the two quantities need not be combined in one storage, steps 7, 9 and 10 
are unnecessary. Quantity 1 may be wired normally from storage 51, with the 
negative sign wired to punch a zero in column 33. Quantity 2 may be wired 
normally from storage 52, with the negative sign wired to punch a zero in 
column 37. 
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20. Square root 

The computation of square root on the 60 or 120 is an excellent example of a 
100ping or iterative routine. An approximation is made of the root, which is 
then tested to determine whether it actually is the root. If not, a new 
approximation is made and tested. The same series of steps is used to do this 
until the root is found. 

The testing of the approximation is made by dividing it into the number of 
which the root is being computed. When the quotient of the division equals the 
approximation, the root has been found: 

64 + 8 = 8 N A = Q 
N = number of which to compute root 
A = approximation 
Q = quotient 

The root may be carried to as many places as desired, within the 10 digit limit 
of storage, by the setting of the decimal locations of the storages in which 
the results of the division are placed. If the root is to be carried to 4 
places, the storages would be 5/4. 

The first approximation which is made must always be larger than the true root. 
This may be accomplished by using the number plus one divided by two: 

(N+l) = (64+1) = 32 5 
22' 

This value is. then divided into the number. 

64.0 + 32.5 = 1.9 

To determine whether this quotient is the same as the approximation, the approxi­
mation is subtracted from it. 

1.9 - 32.5 = -30.6 

As long as the result is minus, the approximation is larger than the quotient. 
When the two values are equal, a plus zero will be the result. 

Since the result in the above example is minus, a new approximation must be made. 
One which is closer to the true root may be obtained by averaging the two values: 

1.9 ; 32.5 = 17.2 

This process is repeated until the true root is found. 
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STep ... 
1 

2 

3 

4 

5 -

The program for handling the above routine on the computer follows. The 
elements used are: 

eo~ VALUE 1 .... ... DESCRIPTION ". ... CESS 

N ... IAI 1+ 

1'1+1 .a Q+A L~ + 
N ... IN. ... 

,,,,- 1+ S3 -
IO, •• 'I' ... N1" I~ 53 ~ -

Nl - Number of which to take the root 
N33- 2 
N34- 1 

VALUE 2 RESULT 
DESCRIPTION 51." ". DESeRI PTJ ON SIGN ". , ... 1Il'f "'+' ... .5. 

.:I.. i ... , ·A ..... " ...... ."ft'" ~ ,s!l 

ApPRO'" M"'''' '''N +- '!ll ~u"""P" ~ 1+ .5.3 

. A ,.,. .. "'IL ..... ........ 1+ ,s!l I T&.5T" : "~:'T' .ftA_ I ... ,s. 

Ap ........ H ..... " .. + ~.il r.I-+-A ... .51 

Step 1: Used only for the first approximation. 

5, 52 " S. 55 S6 57 S8 

.2/, 0/. -?'i 
I 

:L 

3 ., 
is 

S9 S10 

Step 2: For all loops except the first, the sum of the quotient plus the 
approximation is averaged. For the first loop, this step determines half of 
the number plus 1. In either case, the result is the new approximation. 

S11 S12 NEXT STEP 

+ 

- .:z. 
- -3 

- "I 
4- 6 

- .:l. 

Step 3: The number of which the root is being taken is divided by the approximation. 

Step 4: The approximation is subtracted from the quotient of step 3. If the 
result is minus, the two are not equal and another approximation must be made. 
If the two are equal, the square root has been found. 

Step 5: As the first step towards the new approximation, the approximation and 
quotient are added ,together. They will be averaged in the next step, which is 
step 2. 

Using 64 as the number of which the root is to be taken, the calculation would 
be as follows: 

LIN' ''''' 
CALCULATION NEXT 

,,0. liD. 
VALUE 1 

, .. 
VALUE 2 51 1/ 52 :;./ 53 ~ 

• ..... cus 
,,. 

8 6 5 .. 3 2 1 10 87 , 54321 6543211 

STEP 

, - T 
1 I. oJ H. + • ... ' 
2 I" ~ ls. 't . I ... 

I--=:- ,....a - 3 

313 ,,, l1li ... .... r - -~ 
4 ., '. - ~" .... 2,- :,- -
5S" ' .. 1s.1+ .. ....... - .2 

6 :J 3'1.11 S, .. " 7 :1 £" Lv. .. ... 3 Is~ " 8 I", 3.7 lsl - ... ~ -
~ ~ 
f-~ 
~- -

9 IS" ~ .. 1 .. 1+ ''',2.. 
'01 :z .IC.'1 .:. 3. "" 

, ,...:... ~ - ..3 
11 .3 ,,, W • .;- 0." :z , 
121", ~ ~~ - , .... " :t - fj: ~ 
13 S- 1..1 ls,,'+ ""." - 2.-
141 !l .L.r + " I.", - 3 
15.1 'II I", ... .t.'- - 'II 
161~ 7,Il 1$3 - ,.:l - or -
17 so 7 •• ... r.~ ,.. , I - .:z.. 
18 :2 ls, L 2- WI - 3 
19 :3 '" I ... "- Il ~~ i 
20 1", , ~3 - V -t ' 010 

- 1. 
- " 

177 

...... 



21. Obtaining a product of more than ten digits 

Occasionally it may be necessary on the computer to obtain a product of more 
than 10 digits. This is obviously impossible in one step, since the maximum 
result which can be placed in one storage is 10 digits. Although the first 
10 digits of a product may be obtained in one step, the remaining digits 
cannot be obtained by doing the multiplication a second time and shifting the 
first 10 digits to the left. This would place a significant digit in the 11th 
column of the A section of the accumulator. It is therefore necessary to do 
a split multiplication and add the products, as outlined below. 

The example given below is the multiplication of two 10-digit numbers to obtain 
a 20-digit product. If the two values are smaller in size, it may in certain 
cases be possible to reduce the number of steps and storages required. 

When doing the split multiplication, it is essential that none of the individual 
multiplications have a product of more than 10 digits. This can be accomplished 
by making both VI and V2 five digits in each multiplication. With a 10-digit 
multiplier and a 10-digit multiplicand, four multiplications will be required. 
"'or example: 

D C 
VI: ~ 

B A 
V2 : m14f5l6r 

Multiplication 1: A x C 
Multiplication 2: B x C 
Multiplication 3: A x D 
Multiplication 4: B x D 

1029295451 
1447028774 
0187162545 
0263121330 

The actual 20-digit product of the multiplication is 02631376720161195451. It 
may be obtained from the four products shown above in 4 groups of 5 digits: 

~ G F E 
'02631376'r20I6I1%45r 

To do this it is necessary to think of each of the four products as being divided 
into two groups of 5 digits. These groups are then added together as follOWS 
to obtain the four final product groups: 

~ 

Group E: Last 5 digits of multiplication 1 

Group F: First 5 digits of, multiplication 1, plus 
Last 5 digits of multiplication 2, plus 
Last 5 digits of multiplication 3 

Group G: Carry from group F, plus 
First 5 digits of multiplication 2, plus 
First 5 digits of multiplication 3, plus 
Last 5 digits of multiplication 4 
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Group H: Carry from group G, plus 
First 5 digits of multiplication 4 

1029295451 
1447028774 
0187162545 

0263121330 
02631376720161195451 

E 
F 
G 
H 
Product 

The following example assumes that one of the two 10-digit amounts is punched 
in card columns 21-30, and the other is punched in card columns 31-40. The 
20-digit product is to be punched in columns 46-65. 

Each of the two amounts is read into the computer as two 5-digit elements • 
. Because of the decimal locations necessary for the addition of the products 

of the multiplications, these four elements are assigned decimal locations 
as follows: 

Amount 1: First 5 digits - 5 whole numbers 

Amount 1: Last 5 digits - 5 decimal positions 

Amount 2: First 5 digits - 5 whole numbers, changed by a select()r to5 
decimal positions 

Amount 2: Last 5 digits - 5 decimal positions 

These elements may be entered in the element sections of the program charts 
as follows: 

TABLE OF FACTORS 
YM tGN C""D C."D C~RD FIEL"D TITLE OR CON.STANT VALUE SY. ... SIGN NO. CARD F I ElO TITLE OR CQNSTANT VAlUE • SYM c""o CARD F I ElO T I Tlf OR CONSTANT VALUE SiGH Ito. 

N11 ... IAw ..... wT' - H."r S" 'Dlr.,'ra .13 N25 
N21 +- 14 'r 1 - L.A~'r r :», ..... .,.. N14 ~ 

N26 
N31 +- A ....... T ~ - ""Il~T' ... '" 'T" N15 N27 
N4, f- A".UNT :l ~ La ,r<" b. ,TS N16 ' N28 
N5 N17 N29 
N6 N 18 N30 
N7 N19 N31 
N8' N20 N32 
N9 N21 N33 
N10 N22 N34 
NI N23 N35 
Nl? N24 N36 0.000 

.- ,.... 
ElEMENTS ACCUMULATOR INPUTS 

CONSTANT FACTORS: INDICATE DECIMAL LOCATION. NEGATIVE CONTROL AND VALUE IN DESIRED ACCUMULATOR COLUMNS. TOP LINE. TRANSFER LINE (F1,F2. ETed 
CARD FACTORS: INI)ICATE TRANSFER LINE (FtELO.FI. F2. ETC; CONTROL. CI. C,. ETC.I DECIMAL LOCATION. NEGATIVE INDICATE.: 

CONTROL AND TRANSFER L.INE. INDICATE CARD COLUM",S IN ACCUMULATOR INPUTS ON RIGH"T:. BOTTOM L I N£ .. CARD COLUMNS 

ELEM NEG. CONT. DEC ACCUMUL A.TOR COLUMNS ELEM. NEG. CONT. 
DEC ACCUMULATED COLUMNS ACCUMULATED COLUMNS 

TD TO SYM. 
OESIG COL POS m LOC 10 9 8 7 6 5 4 3 2 1 

D£SIG 
COL POS '" LOC 10 9 8 7 6 5 4 3 2 1 10 9 8 7 6 5 4 3 2 1 LINI!: LlNI!: 

I~ :11 1:1:1 N19 FI I.e: F I.,~ Ir, F' I..., I",., N1 I", ,~I"" ., 
~I 12" I:,.,. b" 1:1<- I'::>L 1,,7 bl< bq h" N2 F ,~ ~.1' 1:17 ~B ~9 ial2 N20 

1,0; F I.,., 

I~ 
.2 

13::/ .3 )" ... 's> ... 1""" N3 
IF' 131 . ., .",I.u N21 

N4 IPI ~ 3,137 ~i' 1.3'1 WO N22 .3 

N5 N23 
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The program is as follows: 

STEP ,,~ VALUE 1 PRO. VALUE 2 RESULT ,Yo ~ ;§. V; ,/. ~~ ". ". DESCRIPTION ,,~ ". CESS DE SCR 1 PT ION SIGN ". DESCRIPTION SIGN 5 VIII 

1 
IAHD_ItNT _i. ., 1>16: AI:> x AN, ,,..:1 - L"T S- :zu". 1+ 1,,1'1 

I," ~ F,,,~, ,so »14. 
'j)"",2>U"'" I = IT..... •. oS fi) 

2 IA ..... NT - L .• r .r »" . r :11'.2 x A"""NT :z - Fi".r so :/)1<'. 1+ IN3 ~fI'b, ~T' II. f:: :';.If,5T :s-;". + .5::> :2. 

3 I P.._ """ r I +- .s' +- M;,t>:J)"DT .:I. 1+ 05.2 :H..»"ttT 2 ... L I. + 2. .,.. 53 1.3 
4 lA, 'NT _ J;,,<r S' :/)" . I All y A"""NT ~ - .lA .... ~ :JIll. I+- IAI' 1H.,,"J)' .... r ~ . {;~: ~t:~ ';. ::~. + is.:!. '" 5 I-;q,,, '7>U" T .... + :;:z ... 2£101> 1+ 111'3/ 'PR. ",,,.r 3. +- s" .s-
6 ~""U"T 3 1+ 1:;.:1. - 1?Rt>7>U"r .3. + 5</ IF..".»"",.. 3. 1- b.s-
7 ~"""""'.:?<;:E.I ~. Is. 1rl.""""T :~. ; .... IF" • .. ~"T 1). '" 2 I. :J. ·.1 • .,. oS':! 1(7) 
8 I'M.".". 'T:J -'- ," .• 3.. t- S,2 ~ "PR • ."" .. .,. 3 1+ 5'1 15 P'tL>D"tlTS :J. .~. + S'" 
9 IAN."Alr 1- ""H or :1"'- It- IN, It IA"'a. ,r ~- F,IIST' .... ,..&. 11'3 

I-g., I.J {,'I, = F,"T S »<& .."'""... ' v: . tR$T S- .. t 15.3 'j 

10 l'P..",,, .. r I.J + s .. + :i. ... ~ .. +- ,L 'H ,",,_r " ... :i. ~ 3 .4J_ +- .~ 

~ 

ElE TAFA PICK UP 
SELECT COMMON NON_ SELECT 

TOR LINE 
PO'iITIOJrl ANCCOLUMN 
IJrlOIC.Tt:OCL."'CONT 

1.1 '0" 1)~.,.. ,-"t! .. N~ ~h--

<~ 'f'~' ~/s- 211;.... La"'-. <~.t. U. 

r-!=2 
1.4 

-, =F= ... - - - ;= i ----- ... 
T,,,I,,. ';;i::.' I ,y. CARD FIELD TITLE Nl:.ti. UU II"U I I"'UNL.M j i'tb 

CU.R ". 
" " I LOC I 2 

t' 

51 £)". ;P"lr:;, /, - ,;)0 hI ~" 1..3 bY IS % 5 1 

52 'i>.PtJb"'" 'P'r;;rrs 1/- IS' S, ls-7 'k 52 

53 ~/. 53 

54 ~ 54 

55 ?""."",.,- J)1(;;lrS /-10 'it. '17 1J{'i' I'{~ l.5"n. ,r. Lr-" ~ ';'; 55 

56 c~~ 
7;- 56 

57 57 

58 58 

59 59 

510 510 

I-
511 

-:-.---
511 

512 512 

The planning chart and values which will be used in it are: 

Amount 1: 

Amount 2: 

Result: 

~N2 
12345b7a9I' 
N3 N4 

r2131415i6i' 
S5 52 Sl 

b263i37672516i195451' 
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l" 

11 

~ 

, , 
FROM 

START 

5ET 1 

SET 2 

SORT 1 

SORT 2 

CLEAR 

P. S. I 

P. S. II 

P.S.I" 

P. S.IV 

57 S8 '. 510 '" 512 NEXT STEt> 

+ 
- ;1.. 

- .3 

- "I 
- .s-

- ~ 

- ? 

- ·If 

- P.s 

- /0 

- /I 

. , , , , 
TO REPRODUCE CONTROLS 

ST. I 
COL. pas. 

REP 

SK 'P 

SET 

~~o 
SEC 
.EP 

0' 0 N , 0 

ST.9 
STOP 

SORT 

RESTART 

STEP 

PROGRAM 



~ 

,.( STU' CALCULATION 

,,0. .0. VALUE 1 ... VALUE 2 , ..... Ut,O 51 1'1,- 52 I¥s- 53 
• ..... CUI I 54321 0 8 654321 

I ,.,qq I",,! ¥ ,~ 1M" 
2 . t.~flq. iM, X 1..2· 2 ,J, I." 
3 . /,-,,,9:1. 9",.'13'1 1.5/1+ '."U~_ ~_~~ul<, 

4 IJI~"'~ IN, lr ,rul I .. , 
5 ,..,. L. ~:r".- +- n'---
6 I.'7/. L. 2~""- - /117/ , <,u 

7 'I/I/7"',:~ 90~t: "31~ L. .. ""'''~ s..-
8 ''''''7/.0 It../ 1+ 1"71, 54 

9 I~ .",- W/V .~., ,,' .,. 
10 .. t:~, ." .... " I<~ • IL.~U~ <1-

The step by step explanation of the program is: 

~O 54 "A.- 55 Vo . '1098 65432 r 10. 54321 

R E 

~6 
8 6543 

S 

I 

U 

~ 

NEXT 
STEP 

Step 1: The last 5 digits of amount 1 are multiplied by the last 5 digits of 
amount 2. Since both of tnese elements have 5 decimal positions, the 10-digit 
product is placed in a storage with an 11/10 decimal location. The last 5 
digits of this product are also the last 5 digits of the final 20-digit product, 
and are wired for punching in columns 61-65. The first 5 digits of th~s product 
are to be added to products which will be computed in later steps. 

Step 2: The last 5 digits of amount 1, consisting of 5 decimal positions, are 
multiplied by the first 5 digits of amount 2, consisting of5 whole numbers. 
The 10-digit product is therefore placed in a 6/5 storage. 

Step 3: Product 1 is 'added to product 2. Since product 1 has an 11/10 decimal 
location while product 2 has a 6/5 decimal location, the first 5 digits of 
product 1 are added to the last 5 digits of product 2. Any carry that occurs 
will be added into the sixth digit of product 2. At the end of this step the 
original product 2 is no longer needed. 

Step 4: The first 5 digits of amount 1, consisting of 5 whole numbers, are 
multiplied by the last 5 digits of amount 2, consisting of 5 decimal positions. 
The 10-digitproduct is therefore placed in a 6/5 storage. 

Step 5: Product 3 is transferred to a 1/0 storage t~ isolate the fir~t 5 digits. 
Note that product 3 cannot be added directly to the value computed in step 3 
since both of these storages contain 10-digit numbers. It is therefore possible 
to develop a carry into the 11th column of the A section of the accumulator. 
By separating product 3 into the two 5.,..digit numbers, this problem will be avoided. 

Step 6: The first 5 digits of product 3 are subtracted from the entire value 
of product 3, isolating the last 5 digits. This value has a 6/~ decimal locatipn. 
Tne original product 3 is no longer needed. 

Step 7: The last 5 digits of product 3, isolated in step 6, are added to the 
value computed in step 3. The last 5 digits of this value are the sum of the 
first 5 digits of product 1 plus the last 5 digits of product 2. Any carry 
that develops in step 7 will be added to the first 5 digits of product 2, which 
are in positions 6-10 of the result storage. Positions 1-5 of the result storage 
contain the sixth through tenth digits of the final 20-digit product, and are 
wired to punch in columns 56-60. 
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Step 8: The value computed in step 7 is added to the first 5 digits of product 
3. The purpose of the addition is to add the first 5 digits of product 2, in­
cluding any carry from the sixth through tenth digits of the final 20-digit prod­
uct, to the first 5 digits of produc~ 3. The result is placed in a 1/0 storage, 
which provides for any carry which may occur as a result of this addition. 

PS 1: PS 1 picks up selector Tl. In pole Tl-l the decimal location of element 
N3 is changed so that it consists of 5 d~cimal positions instead of5 whole 
numbers. The purpose of this change is to obtain a 6/5 decimal location for 
the product of the final multiplication. The decimal location of 56 is changed 
so that the decimal location of the sum of the first 5 digits of products 2 and 
3 will be changed to 6/5 and align with the last 5 digits of multiplication 4. 

Step 9: The first 5 digits of amount 1, consisting of 5 whole numbers, are 
mUltiplied by the first 5 digits of amount 2, consisting of 5 decimal positions. 
The result of this multiplication is placed in a 6/5 storage. 

Step 10: Product 4 is added to the sum of the first 5 digits of the products 
of multiplications 2 and 3. Because of the decimal location, this sum is added 
to the last 5 digits of product 4. Any carry that occurs will be added to the 
first 5 digits of product 4. This storage now contains product digits 11-20 
of the final product, and is wired to punch in columns.46-55. 

22. Fractional twelfths 

If fractional twelfths are punched in a card field, it becomes necessary to 
change the twelfths to units in order to use the field in a computer program. 
It may also be necessary to conve~t units back to twelfths for punching into a 
summary card. The following examples show a method for handling each of these 
problems. 

A. CONVERTING DOZENS TO UNITS 

Assume that quantity is punched in columns 27-31, with 
as whole dozens and column 31 the fraction of a dozen. 
with standard twelfth punching - that is, 1/12 to 9/12 
10/12 is punched as 0 and 5; 11/12 is punched as 3 and 
negati ve if a zero is punched in column 27. 

columns 27-30 punched 
Column 31 is punched 

are punched as 1 to 9; 
7. The quantity is 

The most simple method of converting quantity from dozens to units is to read 
it as two elements. In the following example, the whoie dozens, columns 27-30, 
will be element N2, while the fraction of a dozen will be element N3. Element 
N2 is sensed with normal input wiring. Due to the coding of fractional dozens, 
however, column 31 is used to pick up selectors through which constant values 
are created to represent the fraction of a dozen. 
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There is only one credit position for the two elements - a zero in column 27. 
Since one credit position cannot be used to make two elements negative without 
a selector, the zero in column 27 is wired to pick up selector T9. Through 
the select of T9-1 and T9-2, N2 and N3 are wired to become minus. 

The element chart, selector chart, and program for converting dozens to units 
follow. 

CONSTANT FACTORS, 
CARD FACTORS, 

INDICATE DECIMAL lOCATION, NEGATIVE. CONTROL AND VALUE IN DESIRED "CCUNULATOR COLUMNS. 
!'NDICATE TRANSFER LINE (FIELD.F1. F2, [TC: CONTROL. Cl, C2. ETC.I DECIMAL LOCATION. NEGATIVE 
CONTROL AND TRANSFER LINE. INDICATE CARD COLUMNS IN ACCLNULATOR INPUTS ON RIGHT. 

TOP LINE. TRANSFER LINE IF1,F2, ETC., 
INDICATE; 

BOTTOM L I HE • CARD COLUMNS 

ELEN 

DESIG 

TO NEG. caNT. DECCIII-~~AC::;:C:::UM:::U;:.:LA::.T;:OR:....:;:CO::.LU:;:MN:.:S:'-...,..--1 
COL pos LT1~~ LO 10 9 8 7 6 5 4 3 2 1 

E L EM. 1'0 NEG. CONT. DEC II-~...,..::A:.:CC;::UM::U:;:L A::,:T:;,:ED:....::;CO::.LU:;M;::.N=-S .---r-I 
OESIG COL POsZ,": LOC 10 9 8 7 6 5 4 3 2 1 

SYM. 1-.-...,.;.;AC:.;Cr::UM=U~L A~T.;.:' D:.,.C::;D::,L U::;M;.,:.NS:"'-,.-l 

109876543 2 1 

Nl 

N2 F:l 1~7 " 1!V. 'I" 
N3 ~ " Vo 
N4 

N19 

~11~,~ql~o ~N~~~~-+-+-+~~~~~~~~~~~ 
~I~ ~N~2~1~*-~~~~-+-+-+-+~~~t-+-~ N22 

lSE~ HIFR PICK uP 
POSITION ANOCOLUM .. 

TOR oL INE: 110101 CA T£ or LAY co.n 
SELECT COMMON NON. SELECT 

~ M.MU" E,.u,"" N:> 

~ 0/"1 1.1, .. I .. , • -n... N. 

~ 
C'~ 

9.4 

E:2 
~ 
~ 
21.4 

22 ':J!J oh, (I." or "". E ......... AI (!." -""v 

~ ''''~UCP.MP lit ~ ~ '7 •. 
~ -r-h, . tlnM T :17-"- .... or;, If_". :,." .... :> 

~ 
e.t.3 

3.4 

C 24 ~2" Ihl I'AM. T~7.1 h<--:Y;-:; "AN. r,;z." 

~ Il"n~"""N" 11 .<.: L, .. ';::;; t?. ... r;;1.7-::J. 

~ ~~ 713, I "AM T:J 7- 1/ AU ~.?"-4 n~" Y.:'" 

~~ 25.4 

26 1".1L 31-.1 fl..... T !J.r- AU ~."1 ~':; ... r-:)'-'7 

t:..! I'nlll ........ ,. ... S~" r~v A.' 1 

~ '"- 1/ AI, Y ........ I ~A •• ~ANr. 

~ 
e:1.7 9/31 ",,"CPU ... /. ~r -".2 /i:_rY •.. ~ ..... 

rnii ".u.~ , .. y 
, <r' :;:~_.4 . /'Irh.~ ... r ~ 

28 e:l1 Qlu In. q A;s.-:;:::, ..... ? 

~ 
F!:: 
~ 
29.4 

J 
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Step 6: Whole dozens are multiplied by 12 to convert them to units. 

Step 7: The units are added to a constant value which represents the fractional 
part of a dozen. The constant value is obtained by wiring the element designa­
tor power of N3 to the common of T22. From the appropriate selector the power 
is routed to a constant digit, and from there to the accumulator column. The 
following example shows the method of wiring the constant value of 10 from the 
select of T23-1. 

2~ .. so 0 0 0 0 

" , 
21COOOOO , 
28 so 0 0 0 0 

'" 10COOOOO 

" 31500000 , 2 l , S 

" 0 a 0 a 0 

" 0 , 

., 11111 
46 00000 

~o 00000 

51 l o---o---<r---o 0---: 

~J ~ o-----o-----<r- 0---: 

1~olo-
5~ i 0---0---0----0 I 0-

~o 0 a 0 0 a a 0 a 0 a 0 a 0 a 0 0 0 0 0 0 0 0 0 u 
rn , m , ~ , m , ~ 

to a 0 0 ~ ~ 0 0 0 ~ 0 0 0 0 ~ 0 0 0 0 ~ 0 GOO 21 

so 0 0 0 I ~r. a 0 0 a 0 SEl~CT~RS 0 0 0 0 0 0 0 0 0 0 0 28 

MO 0 0 a 0 a 0 0 0 a a 0 0 0 0 0 0 0 0 0 0 0 0 a » 
Tll , III T IH , III f 139 

CO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0 0 0 W 
32 J' ]6 38 

so a 0 a 0 0 0 0 0 0 0 bOO 0 0 0 0 0 0 0 0 0 0 31 

g ~ ~ I g ~ ~ ~ ~ ~ ~ g ~~IN~ g IN~ ~ d ~ ~ ~ ~ I b ~ 6 32 

o 0 a 0 EgC1'bR l;CK aUP a 0 0 01 0 0 0 0 0 a a 0 0 0 0 0 II 
21 28 19131 » 33 ]. 35 36 n 38 39 51 ~ S3 5' 55 56 57 51 S9 SID Sll 512 

SElECTRHOLDI~3' 

f~5 ~' F~l ';: r~9 F~ 'i,' 'if F~! 't; 6' 'it '61 't: f~9 f~g '~l '~l f~3 f~4 ~' ,~e '~. '~B l~ 
HD TRPiSFEW 1'"[$ III 112 "3 M4 liS .. 6 H1 11& "9 NIO Nil N12 

000000000000 

,I I I I I I I I I I I I 
CONSTANT DIGIT 

000000000000 

000000000000 

l 0---0---0---0 0--0---0----0 0---0----0---0 

ACCUMULAT:"OiR COLUMNS s 0----0----0---- 0--0---0----0 0---0----0---0 
4 , 2 

1 0---0--0--0 0--0--0----0 ~ 

9 0----0----0---0 0---0---0--0 0---0---0---<1 

0----<>----0--0 0 0 0 0 0 0 

0----0----0---- 0 0 0 O. 0 0 0 0 52 

0----0----0---- 0 0 0 0 0 0 

1 

0----0----0--0 0 0 0 0 0 0 0 0 SS 

Total units may be used in the program for any necessary computation without the 
difficul ties which arise when twelfths are used. Since twelfths carry at 12 
rather than 10 as the computer does, addition and subtraction become almost im­
possible without this conversion. 

The use of decimal equivalents is unsatisfactory in accumulating, since several 
of the fractions do not come out evenly and therefore the total may not be a 
true total when reconverted to twelfths. 

It may be necessary to multiply the number of dozen times a price per dozen as 
well as accumulate the quantity. In this case the price should also be converted 
to a unit basis. This may be done by dividing the price by 12, and carrying the 
result to three or four places following the decimal. 
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For example, assume that the price per dozen is $2.00, and 1 1/2 dozen have been 
ordered. The quantity of 1 1/2 dozen is punched as 1.6. When converted to 
units, this becomes 18. The result of dividing $2.00 by 12 is 1.666. The 
amount would be computed as follows: 

1.666 
x 18 
13328 
1666 
29988 

2.9988 
+ .005 
3.0038 or 3.00 

Note that if accumulating is unnecessary, it would be possible to use the 
decimal equivalent of the twelfth fraction instead of converting the quantity 
to units. To do this, the quantity would be wired as one element instead of 
two as when changing it to units. Using the preceding example, element desig­
nator N2 would be wired both to columns 27-30 and the common of T22. 
The constant values would be the decimal equivalents instead of those shown 
on the selector chart. For example, instead of a constant value of 1, the 
constant would be .0833. Card columns 27-30 would be wired to accumulator 
columns 8-5, while the constant digits would be placed in accumulator columns 
4-1. Element N2 would be assigned a 5/4 decimal location. 

B. CONVERTING UNITS TO DOZENS 

It is frequently necessary to convert units back to dozens for punching in a 
summary card. If the problem involves accumulation from several cards, the 
accumulating total should be kept in the form of units until the summary card, 
when it can be reconverted to dozens. 

Three steps are required to change total units to dozens and fraction of a 
dozen. If the fraction of a dozen is to be punched in the standard twelfth 
code, two additional steps are required for this. 

The constant values and program are: 

.... -
1 ,y. SIGH 

CA~ D CARD FJELD TiTlE OR CONSTANT VALUE· ". -, 
N32 :~30 
N33 9 
N34 1:1. 
N35 

N36 
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STII:PCIIoIID 

NO. NO. 

15 

16 

f7 

18 

19 

A. 

VALUE 1 PRO. YALUE 2 I RESULT 51 " " S,fj 55. 5, 57 51 51 SIO 511 51.! NUT STEP 

DESCRIPTION .... h". CESS DESCR·IPTION SiaN IT_. OESCRIPTIOH "'" ·n. '10 y" Y. 'h - + 
.... 

1",-,.., IN "NI"''' + S.!. .... I!I 1+ NJ! . WN.Ill..£ :Jlj).Z . ... i.( 1i1.i' Ie.· /t: 

IIJ""L#' :z..... ±.5:l 1t ~ 1+ ~! WHaLE ':Pe", IN INITS. t.sl u. 117 17 

lY..rA. 'N ........ ,. t ". - 1.lu. • ""2. 'AI liN , ...... + SI P""<!T. :»oZ. !: S'I IFiJ 1S1 .. , '1 
q 

II'. 
.. MI. ~': 1):#"".,. '1l~, + SI/ 

r,o" r '1'" 4CU 
; ..... - ~~ ... II :!:s I, /9 r-' W _"L -~ .;A. - ",. " ""'Ii~ .. .. (0 .. ...., ~". ~H. ,11/1. "J.~ .... bi' !r~1 

Step 15: Total units are ~ivided by 12 and placed in a storage with a 1/0 
decimal location which drops off any remainder. The result is the number of 
whole dozens in the total. 

Step 16: 
to units. 

The number of whule uo~ens is multiplied by 12 to conve:rt 

.11)". 

Step 17: The number of whole dozens given in units is subtracted from total 
units. The result is the fraction of a dozen remaInIng. The minus branching 
of step 17 impulses PS 1 so that the process of step 18, which is a testing 
step, may be changed. 

Step 18: The fraction of a dozen is subtracted from 9 to determine whether 
the value is 9 or less, or 10 or 11. Note that if the fraction of a dozen is 
negative, it must be added rather than subtracted to obtain the same result. 
If the value is 9 or less, it is ready to be set in the punching dies. Column 
1 of storage S4 is wired normally, 1-9, to column 31. 

If the fraction is 10 or 11, one additional step is required, and the program 
is routed to step 19 rather than to set. 

Step 19: If the fraction is 10/12, a remainder of -1 is located in S3 after 
the subtraction in step 18; if the fraction is 11/12, a remainder of -2 is 
located in S3. This remainder is multiplied by 330, resulting in -330 if the 
fraction is 10/12, and -660 if the fraction is 11/12. The result is placed 
in 54, where the fraction of a dozen was located. This clears the 10 or 11 
from 54, leaving column 1 of S4 blank. The 3 positions in storage columns 2 
and 3 are wired to punch 0 and 5, the code for 10/12; the 5 positions in storage 
columns 2 and 3 are wired to punch 3 and 7, the code for 11/12. Note that 
although the 3, 5, and 7 positions of column 31 are Y-wired, it is known that 
when the setting occurs from storage column 1, columns. 2 and 3 are blank; when 
setting occurs from columns 2 and 3 column I is blank. Therefore this Y-wiring 
is permissable. The program chart and wir'ing for this are: 
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SV. CARD FIELD TITLE NEG. OUTPUT PUNCH I NG DEC SET SET 
eLUII ". Iff!)"" TO REP;WOUCE CONTROLS LOCo I , . .. 

511IJu.. "7J. no :n ::nl :J9 3a 'I" )( 51 
START COL. 

~ 5? 52 
SET I REP 

53 Iyo 53 
~? 5K IP 

54/J'O. ... '" '"1J.,,_ ~~ ~~ .. !' ~ ...... ~' . p';,.a. ~:: Z;' u 
~~ J1l = .3L ~ X 

54 SET 
SORT 1 HOLD 

55 55 SEC 
SORT 2 

.[. 
56 s6 

57 51 CLEAR 0+0 

58 58 P. S. I lkn STOP 

59 59 p. S. II SORT 

510 510 P.5,11I 
RESTART 

~H 511 P. S.I\' STEP 

512 512 PROGRAM 

51·1319 RASH 12~" 

A. GENERAL 

" ~l~ " " 11 J8 J~ r 41 " .. .. .. .. u ~I~ " " 0 0 0 C~Na~l ~fI""?Fffl 0 LtN~$ 0 0 0 0 0 0 0 

0 0 0 0 ~ ~ 0 0 0 
4l ~ " " " " " " " " H " U .. .. 

, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

o 0 :o:lr:ur~~:;O~~~':~D~~~U.~~~'.~~~O~O~O~O~O~O~O~~i5:tl~J1 o 0 0 0 Jt~ 0 0 0 0 0 0 0 a 0 

o " " 0 0 0 0 0 0 0 0. o 0 O-~O~~~O~O~O~O~O~~~~O~O~O~ 
j'III II II II I II I I I I I I III 

o 0 000 0 0 0 0 0 0 0 0 0 000 
~ n n » ~ ~ U U M U U V N " W 
OOOOOOOOOOOOOQO 

10 12 

l" 0 0 0 

00000 0 0 000 000 

000 000 0 0 0 0 0 0 000 000 ~ 
CARD PUHCIUNQ 

90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O~~~~H 

o 000 0 0 0 0 0 0 0 0 0 0 0 0 000 

00000 o 0 000 

'111111111111111111111 
! ~OUT~T ~N g ~ ~ 6 ~ ~ ~ ~ ~ ~ ~ 6 ~ ~ 6 ~ ~ ~ I 

:3 : ~ ~ 0 0 0 0SO 0 3 0 0 0 0 0 0 0 0SO °4 0' ~ 3 ~ 

~g30S?132.00 0000000000 • ...,.54 
o 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 0 0 . .,.,1':7 

00 oooooooo ..... k -

23. Program select loop 

A program select loop is a means of reusing the same step or series of steps 
several times during the same card without being limi~ed by the four program 
selects available. With four program selects it is possible to go through the 
same series of steps a maximum of five times, using different values each time. 
The case may arise, however, where more than five values should be substituted, 
or where one or two of the program selects are used for other purposes. In 
suCh cases, two program selects may be impulsed, dropped, and impulsed again 
an almost unlimited number of times. This reuse of program selects is called 
a program select loop. 
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Two of the methods used in setting up program select loops are discussed below. 
One requires three poles of a four-pole selector for each loop through the same 
step. This leaves one pole for the portion of the step which is to be changed. 
It is possible to associate more than one selector with each loop, so that more 
than one choice may be made. The other method requires only two poles of 
a four-pole selector, but also requires a single-pole selector as a control­
ling selector. 

In connection with both of these methods, it is well to have a brief review of 
certain features of selectors. If a program select has been/impulsed, a connec­
tion to ground is made from the pick-up of the selectors associated with the 
program select. This is through the program select ground hubs (constant-program 
panel, line 34, A-X). This connection, which holds the selectors on the select 
side, normally remains until trip time. 

Control commons <input-output panel lines 20-26, v-x) are also means .of allowing 
current from the pick-up of a selector to reach ground, thereby holding a selector 
on the select side. Control commons are usually used in wiring control positions 
in a card to pick up selectors. However, if the pick-up of a selector reaches a 
control common by any means, the selector will remain select until the connection 
is broken or until trip time. 

If a prugrafii select hi:i~ bee-n impulsed and the program select ground hubs are 
connected to control common hubs, the program select will be "dropped out" immed­
iately. The reason is that the power from the pick-up of the selector uses the 
way of least resistance in going to ground, which happens to be control common 
rather than program select. Referring to the diagram on page 67, coil H is no 
longer magnetized, so the connection at E is broken. The program select is 
thereby deactivated, and, through selectors, may be used to pick up a different 
selector the next time it is impulsed in the same card. 

B. USING THREE POLES OF A SELECTOR FOR EACH LOOP 

Assume that step 15 is to be repeated six times. As value 1 of step 15, six 
different elements are to be used. 

1st time through: N 27 
2nd time through: N 28 
3rd time through: N 29 
4th time through: N 30 
5th time through: N 31 
6th time through: N 32 

Using the 4th pole of four-pole selectors to make the choice, the wiring would 
be standard for the reuse of program steps. 
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The sequence by which the selectors are used is as follows: 
-

Picked up 
Selectors VI of Step 15 is wired through PS at end 

Loop 11: Select Non-Select Select N-S To step 

1 --- Tl,3,5,7,9 --- Tl-4 N27 Tl 
2 Tl T3,5,7,9 Tl-4 T3-4 N28 T3 
3 Tl,3 T5,7,9 Tl-4,3-4 T5-4 N29 T5 
4 Tl,3,5 T7,9 Tl-4,3-4,5-4 T7-4 N30 T7 
5 Tl,3,5,7 T9 Tl-4,3-4,5-4,7-4 T9-4 N3l T9 
6 Tl,3,5,7,9 --- Tl-4,3-4,5-4,7-4,9-4 --- N32 

The pi~k-up of the selectors must be done alternately by two program selects. If 
PS 1 is used to pick up selector Tl, PS 2 would be used to pick up T3. PS 1 can 
be reused for T5, PS 2 for T7, and PS 1 for T9. 

The determination of whiCh program select will be used may be made through these 
same selectors. The exit of step 14 is wired to step 15. The branching of step 
15 is wired to the common of Tl-3. Depending on which selectors have become 
select, the exit of step 15 will be routed to PS 1, PS 2, or in the case of the 
sixth loop, through the select side of T9-3 to step 16. Both PS 1 and PS 2 are 
wired to enter step. 15 •. 
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Since it is necessary to pick up each selector by a program select, and keep 
the selector picked up by a control cornmon, the pick up of each selector is wired 
to both. If the pick-up of a selector is wired through the select side of one 
of the poles of the same selector to a control common, as soon as the selector 
becomes select the current from the pick-up can reach control cornmon ground. 
The selector will remain select until trip time when the connection is automatic­
ally broken. 

This wiring would be as follows. 
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Program select ground is wired through the non-select side of the selector which 
will be picked up on the following loop. From there it is wired to the pick-up 
of the selector which is to be picked up on the current loop. That is, PS 1 
ground is wired through the non-select of T3 to the pick-up of Tl; it is also 
wired through the select ofT3 and non-select of T7 to pick up TS. PS 2 ground 
is wired through the non-select of TS to pick up T3, and through the non-select 
of T9 to pick up T7. The final selector to be picked up by each program select 
may be wired through the select side of the selector which was picked up on the 
preceding loop - that is, T9 may be picked up through the select side of T7. 
This may be shown as follows: 
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In the above example. since T7 is the last selector to be picked up by PS 2. 
the pick-up could be wired either through the non-select side of T9 or the 
select side of T5. 

To correlate all of the above wiring: 

First loop: 

1. N27 is called upon through the non-select of Tl-4. 

2. The exit of step 15 is wired to PS I through the non-select of Tl-3. 

3. TI is picked up by PS I through the non-select of T3-2. 

4. The pick-up of TI reaches control common ground and is held select through 
the select of TI-I. 

5. Because control common ground and PS I ground are wired together through 
the pick-up of TI. PS I drops out. 

6. From PS I the program returns to step 15. 

Second loop: 

I. N28 is called upon through the select of TI-4 and the non-select of T3-4. 

2. The exit of step 15 is wired to PS 2 through the select of Tl-3 and the 
non-select of T3-3. 

3. T3 is picked up by PS 2 through the non-select of T5-2. 

4. T3 is held select through the select of T3-1. 

5. PS 2 drops out. 

6. From PS 2 the program returns to step 15. 

Note: If a control common is not wired to hold TI. during this loop TI will 
become non-select. During the time that T3 is changing from non-select to 
select, the connection from PS 1 ground to the pick-up of Tl through 13-2 is 
broken. and this break is sufficient to return Tl to non-select. In order for 
the program select loop to operate correctly. a selector which has been picked 
up must remain select until the final loop has been completed. 
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Third loop: 

1. N29 is called upon through the select of Tl-4, T3-4, and the non-select of 
T5-4. 

2. The exit of step 15 is wired to PS 1 through the select of Tl-3, T3-3, and 
the non-select of T5-3. 

3. T5 is picked up by PS 1 through the select of T3-2 and the non-select of 
T7-2. 

4. T5 is held select through the select of T5-1. 

5. PS 1 drops out. 

6. From PS 1 the program returns to step 15. 

Fourth loop: 

1. N30 is called upon through the select of Tl-4, T3-4, T5-4, and the non­
select of T7-4. 

2. The exit of step IS is wired to PS 2 through the select of Tl-3, T3-3, TS-3, 
and the non-select of T7-3. 

3. T7 is picked up by PS 2 through the select of T5-2. If PS 2 were to be uSed 
again, the wiring to the pick-up of T7 would be through the select of T5-2 and 
the non-select of T9-2. 

4. T7 is held select through the select of T7-1. 

5. PS 2 drops out. 

6. From PS 2 the program returns to step 15. 

Fifth loop: 

1. N31 is called upon through ,the select of TI-4, T3-4, T5-4, T7-4, and the 
non-select of T9-4. 

2. The exit of step 15 is wired to PS 1 through the select of TI-3, T3-3, T5-3, 
T7-3, and the non-select of T9-3. 

3. T9 is picked up by PS 1 through the select of T3-2 and T7-2. If PS 1 were 
to be used again, the wiring to the pick-up of T9 would be through the select 
of T3-2, T7-2, and the non-select of Tll-2. 

4. T9 is held select through the select of T9-1. 

5. PS 1 drops out. 

6. From PS 1 the program returns to step 15. 
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Sixth loop: 

1. N32 is called upon through the select of Tl-4, T3-4, T5-4, T7-4, and T9-4. 

2. The exit of step 15 is wired to step 16 through the select of Tl-3, T3-3, 
T5-3, T7-3, and T9-3. The program select loop is complete. 

If more than one type of choice must be made by means of the program select 
loop, additional selectors may be wired for each loop. The pick-up of each 
selector used above will probably be wired to a bus, since each pick-up is 
wired both to PS ground and control common. Any additional selectors needed 
would be wired to the same bus. For example, to pick up both Tl and TIl at 
the end of the first loop, the only additional wiring necessary is the pick­
up of TIl to the bus to which the pick-up of Tl is wired. 

On the selector chart, the wiring examples used above would be entered as follows: 
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C. USING TWO POLES OF A SELECTOR FOR EACH LOOP 

A second method of wiring a program select loop is through use of a control 
selector instead of the third pole of each selector, making the tbird pole 
available for another choice. If two types of choice were to be made in the 
previous example instead of one, this method would save four selectors. Although 
it requires one controlling selector, the other method would require five 
additional selectors - one additional for each that is used in the original problem. 
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With this second method the choices to be made would be wired in the same way as 
before - that is, like the fourth poles in the above example. Both the third 
and fourth poles may be wired in this fashion. The first poles, containing the 
control common wiring to keep a selector on the select side once it has been picked 
up, are also identical. With the exception of an additional wire, the second 
poles, which indicate which selector is to be picked up, are the same. The 
difference lies in the use of T18, in this case, as a controlling selector. Tl8 
will determine whether PS I or PS 2 is to be impulsed next. 

The exit of step 15 is wired to the common of the second pole in T9. T9 is the 
last selector which is picked up, the pick-up occurring at the end of the fifth 
loop. The non-select side of T9-2 is wired to the common of T18, while the 
select side is wired to the entry of step 16. This serves the purpose of getting 
out of the loop in the same way that the select side of T9-3 did in the first 
example. The non-select of Tl8 is wired to impulse PS 1, while the select side 
impulses PS 2. A "flip-flop" will be set up so that T18 will alternate between 
non-select and select. 

The wiring discussed in the preceding paragraph would be: 
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To control the flip-flop operation of T18, the only wire needed is one from PS 1 
ground to the pick-up of T18. To explain how it operates, the wires which are 
concerned are combined on the following diagram. 
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First loop: The first time through the loop, all selectors are non-select. 
Through the non-select of T9-2 and T18, PS 1 is impulsed. PS 1 picks up T18, 
and through the non-select of T3-2 picks up Tl. As soon as Tl is picked up, 
the control common wired into Tl-l acts both to hold Tl select and to drop out 
PS 1. However, T18 is also held select because the current emitted from its 
pick-up flows through PS 1 ground and the non-select of T3-2 to the select of 
Tl-l and control common ground. 

Second loop: At the end of the second loop, T18 is select, and the exit of 
step 15 is routed through the non-select of T9-2 and the select of T18 to PS 2. 
PS 2 ground is wired through the non-select of T5-2 to the pick-up of T3. The 
control common wired into T3-1 holds T3 select and drops out PS 2. When T3 
becomes select, it is impossible for the current emitting from T18 pick-up to 
reach control common ground through the non-select of T3-2. T18 therefore 
becomes non-select. -

Third loop: At the end of the third loop, T18 is non-select, and the exit of 
step 15 is routed through the non-select of T9-2 and the non-select of T18 
to PS 1. PS 1 ground is wired through the select of T3-2 and the non-select of 
T7-2 to the pick-up of T5. It is also wired to the pick-up of T18. The control 
common in T5-l holds T5 select and drops out PS 1. Current emitting from the 
pick-up of TI8 flows throughPS 1 ground to the select of T3-2, the non-select 
of T7-2, and the select of T5-1 to control common ground, thereby keeping T18 
select. 

Fourth loop: At the end of the fourth loop, T18 is select, and the exit of 
step 15 is routed through the non-select of T9-2 and the select of T18 to PS 2. 
PS 2 ground is wired through the select of T5-2 to the pick-up of T7. The 
control common wired into T7-1 holds T7 select, and drops out PS 2. Since T7 
has become select, it is impossible for the current emitting from T18 pick-up 
to reach control common ground in T5-1, so T18 becomes non-select. 

Fifth loop: At the end of the fifth loop, T18 is non-select, and the exit of 
step 15 is routed through the non-select of T9-2 and the non-select of T18 
to PS 1. PS 1 ground is wired through the select of T3-2 and the select of 
T7-2 to the pick-up of T9. Although PS 1 is also wired to the pick-up of 
T18, this is of no significance at this point, since T9 has become select, 
and on the next loop the exit of step 15 will not be routed to T18. 

Sixth loop: At the end of the sixth loop, T9 is se.1ect. Therefore the exit 
of step 15 is routed through the select of T9-2 to the entry of step 16, 
and the loop is completed. 

The wiring for the above loop would be entered on the selector chart as follows: 
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24. Punching zeros from storage 

Storage outputs on the 60 and 120 do not have zero positions which will punch 
directly into the card. Normally this is unimportant in fields which are not 
designating, since the printing of zeros by the tabulator does not depend on 
their being punched in the card. Techniques have been developed, however, to 
punch preceding zeros, which may be of particular use in a payroll where net 
pay amount may need preceding astericks for check protection, trailing zeros, 
and both preceding and trailing zeros. 

The punching of zeros in designating fields is a more common requirement, 
since frequently summary cards are created which must be sorted with detail 
cards in which zeros are punched. The absence of zeros in such cases would 
cause the tabulator to break control where it should not do so. 

A. ZEROS FROM DESIGNATING FIELDS 

In those cases in which zeros must be punched in designating fields, the card 
from which the designating information is stored usually is punched with the 
necessary zeros. If this is not the case, technique B, page 199, technique 
C, page 203, or technique D, page 207, must be used. With the necessary zeros 
punched in the first card of a group, however, the problem is relatively simple. 
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If the number to be stored is not larger than seven digits, wIrIng similar 
to that used for alpha will permit the punching of zeros from the same storage 
in which the designating information is stored for testing. If another storage 
is available, ten columns of designating information can be handled in this 
way. The zeros are changed to numeric combinations for storage, and wired 
from the numeric combinations to punch as zeros. One storage column is re­
quired for punching zeros in two card columns. A five-digit field, which 
could have four trailing zeros, would require two additional storage columns; 
a seven-digit field could have six trailing zerQs, which would require three 
additional columns of storage. This of course would use all ten available 
columns in the storage unit. 

The basic wiring for this is as follows. A zero in one card column is wired 
to the 1 position in an accumulator input column; the zero in another card 
column is wired to the 9 in the same accumulator input column. Assuming a 
five-digit number punched in card columns 1-5, the wiring on the input-output 
panel for placing the value in storage would be: 

l~ ~ ~ 1 ~ p-' ""'t""1r?-..,i ~ ~ ~ 
2 lO 0 a 0 0 

• ~O 0 0 0 0 

10 0 0 0 a 

'0 0 0 ~ • 

o 0 0 0 

o 0 0 0 

o 0 a 0 

o 0 0 0 

10 0 a 0 0 0 0 0 0 0 0 0 0 a 

lO 0 0 Q 0 0 0 0 0 0 0 0 0 0 

• 5 , \0 0 0 0 0 0 0 0 0 0 0 0 
AC UMUlAfOR INPUTS 

00000000000000 

000000000000 

000000000000 

11 JO 0 0 0 0 0 0 0 0 0 0 0 0 0 

• 9 o 0 0 0 0 0 0 0 0 0 

,...:-~_0::........:.J0 0 0 0 0 

00 0000 

00000 

000000000 

000 0 0 0 0 p a 
CARD SENSING 

'I!::::~--"'l 0 0 0 a 0 0 0 0 a 

\ .,.,.;: 0 0 0 a 0 0 0 0 0) 

o 0 0 0 0 

~. ,I I I I r I I I I I I I I r 

To punch the value from storage 51 into columns 1-5, the wiring would be: 
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00000000 
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~~~...::O"":O:""'::"O 0 0 0 0 0 0 0 

.,,,-0000000000 

00000000000000 

11 1 1 1 1 1 1 1 1 11 
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q v q " ~ 51 ~.M ~ " ~ ~ A " ~ 
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o 0 0 0 0 

00000 000 0 
CARO PUNCHING 

o 0 0 0 O· 0 

ooooooooOC 

51 MO 0 0 0 0 0 0 0 0 0 0 0 0 0 oj 

51 7 0 0 10 0 0 

1111111111 

o 0 0 0 0 
S 

o 0 0 0 0 

o 0 0 0 0 

o 0 0 0 O~ 

Note that the only way in which this will affect the testing of designating 
information from card to card is that the number as read by the computer will 
not necessarily be in ascending sequence, due to the creation of numeric values 
from zeros. Therefore, as when alpha is wired, the first card of a group is 
recognized at more than one branching of the first step if the designating 
information is not cleared on a preceding summary card (see page 120.) 

Note, however, that if the zero wiring follows the numeric wiring instead of· 
preceding it, this problem does not occur. In the above example, the 1-9 
wiring for card columns 5-1 would be placed in storage columns 7-3, while 
the zero wiring would be placed in storage columns 2-1. Some sample values 
would enter storage as follows: 

Value as punched 

50000 
50001 
50010 
50100 

Value as stored 

5000022 
5000121 
5001029 
5010012 

If the designating field contains more than seven digits, one solution is the 
use of an additional storage which would contain the zero wIrIng. If this is 
not available, however, it is possible to reproduce the zero positions while 
reading the significant digits as an element, using them for testing, and 
punching them from storage into the card. This is possible because zero has 
a separate common from the rest of the positions in a column. The zero and 
zero common are wired as for normal reproducing, while the remaining posi­
tions make use of standard element wiring. In addition to this wiring, it 
is necessary to have a reproduce control hole in the card from which the 
zeros are to be reproduced. 

The wiring for this is as fol1o.ws: 

198 



1 I 9. 10 
o 

000 

o 0 0 0 0 

• o 0 0 0 0 

o 0 0 .. 
o 0 

000 

000 

o 0 0 0 0 0 
CUO S[HSING 

o 0 0 0 0 0 

41 q Q ~ U ~ ~ ~ ~» "~ 

n 10 0 0 0 0 0 0 0 0 0 0 0 0 

000000000000 
CARD S£HSIHG 
a 0 0 0 0 

o 0 0 

flUD TRANsru lINES 

:! ~ ~ :! '~D ,?, f?~ ~3 ft. f?S) 

, 8 9 II 12 II 14 1$ 16 
a 000 0 0 0 0 0 

CONTROL TIIAIiI,FfII lINU 

o 0 0 0 0 
II 12 II .4 1$ 

000000 

000000 

000000 
CARD PUNCHING 

I~=~:::~~::::~I 0 0 0 0 0 0 I~ .l....:-- 0 0 0 Q 0 0 

000000 

-I 1 1 I I r+-+ I I I I I 
0000000000000 

~ .1 q Q ~ u» ~ " ~ » M " ~ 

"'Joooee 000000000 

B. PUNCHING PRECEDING ZEROS 

000000000) 

• 0 OOODOO 
CAIID I'UNCHING 

00'0000 

o 0 0 

. 1 llLl11LLL 

- - -

, . 
o 0 

As mentioned on page 196, preceding zeros are sometimes required on a payroll 
application. In wri ting checks on the tabulator, it is usually necessary to 
fill in the spaces preceding the first significant digit of net amount. If 
zeros are punched in the card in these spaces, the zeros may be wired on the 
tabulator to the 37th position, which could contain asterisks. In the example 
which follows, zeros following the first significant digit are unnecessary, 
since the tabulator will print them automatically .. 

To punch the preceding zeros, it is necessary to set up a program select loop. 
Two poles of a selector are required for each possible preceding zero, so the 
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loop explained on page 193 would be the most satisfactory. Assuming that net 
pay is a six-digit field to be punched in columns 63-68, it will be necessary 
to test the net pay storage a maximum of six times, testing each digit in 
turn to determine whether it is blank. If it is, a zero is to be punched in 
the corresponding card column and the adjacent column to the right is to be 
tested. If the digit is significant, no zero is to be punched and the testing 
is completed. The program select loop would be set up exactly as shown on 
page 193, leaving poles 3 and 4 of each selector available for the zero punch­
ing routine. Assume that net pay is in storage S2, with a 3/2 decimal location. 
Step 15 involves the subtraction of a constant value from S2 to determine the 
size of the net pay amount. If net pay is $90.50, the loops will be: 

1st loop: 

2nd loop: 

3rd loop: 

90.50 
-1000.00 

909.50 

90.50 
- 100.00 

9.50 

90.50 
10.00 

+ 80.50 

Punch zero in column 63, return to step 15 

Punch zero in column 64, return to step 15 

Do not punch zero in column 65, go to step 16 

As long as the result of the subtraction is minus, a zero is to be punched 
and the loop is to return to step 15. When the result is plus, the loop has 
been completed. 

If the constant value is N34, which will successively be made 1000, 100, 10, 
1, .1, and .01 as shown below, step 15 would be: 

The changing of element N34 into the six values listed above is done through 
one pole of each selector used in the program select loop. N34 is assigned 
a 3/2 decimal location. The element designator is wired through the selectors 
to the constant digit required on each loop, as follOws: 
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R 
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Note that it would also be possible to assign each value (1000, 100, 10, etc.) 
a separate element number, and select V2 of step 15 instead of the value of 
N34. It would also be possible to wire N34 as a value of 1 in accumulator 
column 6, and change the decimal location. On the first loop the decimal 
would be 3/2, the second 4/3, the third 5/4, etc. 

The card into which net pay will punch is wired to reproduce, either by 
means of a control hole or program select. The third pole of each selector 
is used for the punching of zeros, using the reproduce function to do so. 
Reproduce power, which may come from any of the hubs in lines 43-44 and 52-
53, A-u, is wired to the common of each of the poles. The power is trans­
ferred to the constant~program panel by a control or field transfer line, 
and bused on this panel. The select side of each selector is wired through 
a control transfer line to punc~ the zero. If the first result of step 15 
is plus, the program continues with step 16 immediately, no selectors become 
select, and no zeros are punched. If the first result of step 15 is minus, 
selector Tl becomes select because PS 1 is impulsed; therefore a zer9 is 
punched-in column 63. The wiring for the third selector pole is as follows: 
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On the selector chart, the third and fourth selector poles would be entered 
as follows: 
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C. PUNCHING PRECEDING AND TRAILING ZEROS 

The following program is one for punching both preceding and trailing zeros. 
It uses a program select loop, as is the case with the program for preceding 
zeros. Since this also requires two poles of a four-pole selector for each 
zero to be punched, the same loop will be used as in the previous example. 
However, one additional loop is required, a four-pole controlling selector 
(T23) is used instead of T18, and there is a change in the exit of the loop 
due to the fact that this method requires more program steps. 

To set up the routine, one selector is required lor each zero to be punched, 
plus a four-pole controlling selector. Two program steps are necessary before 
the loop, plus two iterative steps for the loop. Four storages are needed 
in addition to the one from which the value will be punched. One of the 
storages is made negative, and the output sign is used for setting the zeros 
to be punched. The other three storages are working storages used during 
the loops. Two constants are needed for the program: 

N36 - Zero 
N34 - 10,000 

4/3 decimal location 
1/0 decimal location 

For purposes of comparison with the other method, the value in which the 
zeros are to be punched will be net pay, located in S2 with a 3/2 decimal 
location. The card columns in which it will be punched are 63-68. 

One of the two preliminary steps before entering the loop is the adjusting 
of the decimal location of net pay_ The decimal must be placed so that it 
will precede the first zero to be punched. In this case the maximum size of 
the field is six digits, so a 7/6 decimal is needed. 

To change a 3/2 decimal location to a 7/6 deCimal, the value can be divided 
by 10,000. For example: 

S2 + N34 = S4 90.507 10,000 = .009050 

The other preliminary step is making a storage minus so that the negative 
sign may be used for setting the zeros. This may be accomplished by subtrac­
ting a number from zero. Since a constant of 10,000 has been set up, this 
may be used. 

N36 - N34 = Sl Zero - 10,000 = -10,000 

Assuming that as of the end of step 14 net pay has been computed, the two 
preparatory steps would be entered on the program chart as follows: 

VALUE 1 
D-ESCRIPTION $'" nM CESS 

VALUE ~ 
DESCRIPTION 
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The first step in the looping routine is the subtraction of net pay from 
zero. The result is first placed in a storage with a 2/1 decimal location, 
so only the first digit is entered. If the first digit is zero, the result 
is plus; while if it is significant, the result is minus. From a plus branch­
ing the routine goes to a set instruction, with the negative sfgn of 51 used 
to punch a zero in column 63. With each loop, whenever the result is plus 
this same negative sign is used to punch a zero in the proper column. If 
the result is minus, the program continues with the next step. For example: 

5tep 17: N36 - 54 = 55 

a) 0 - .009050 = +.0 
b) 0 - .119050 = -.1 

Next instruction 

5et 2 
5tep 18 

Durin9 the following step the above result (+.0 or -.1) is added to net 
pay. The effect is to change the digit which has just been tested to zero. 

5tep 18: 54 + 55 = 56 

a) .009050 + .0 = .009050 
b) .119050 + (-.1) = .019050 

The program then returns to the preceding step. using S6 instead of 54. This 
time the result of the subtraction is placed in a storage with a 3/2 decimal. 

Step 17: N36 - S6 = 55 

a) 0 - .009050 = +.00 
b) 0 - .019050 = -.01 

Actually the same storage is always used for the result of this step, with 
the decimal location changed by the same selector which determines the column 
in which the zero is punched. On the following step, the net pay amount is 
again adjusted. 

Step 18: 56 + 55 = S4 

a) .009050 + .00 = .009050 
b) .019050 + (-.01) = .009050 

Note that the two steps alternate in their use of 54 and 56. This is con­
trolled through the same selector whieh governs whether the end of the loop 
is to go to PS 1 or PS 2. 

The two program steps used in the loop would be entered on the program chart 
as follows: 

t-----::-:O'=5C:-::-:' ~:':::~~;:;':~!":-'N 1'--",,-, • .-.. -1 •. ;:5~ VAlUE 2 
DESCRIPTION 
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S'. CARD FIELD TITLE NEG. OUTPUT PUNCH t NG DEC SET SET 
CUM ... FROM TO LOC , Z 

51 "0' Fe .. PUNOH'Nc;. 
I';C> ..i Y" X 51 

START 

-'4 52 52 N_ PAY ~1 1.'1 1)( 5ET 1 
53 53 

5ET 2 

~ ~"Jl 54 54 

55 ~ 
.SORT 1 

55 

56 'YL 56 
SORT 2 

57 57 CLEAR 

58 58 P.5.. I 
~ ... 

.59 59 P.S.II ~ .. 
510 510 P.S.III 

511 511 P.S.IV 

512 512 

SI-Il" "fiSH IUS. 

The selector chart, which includes the wiring for setting up the loop, as 
well as the choices made during the loop, is filled in as follows: 
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The third and fourth poles of the selectors would be wired as follows: 
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The computer sequence of steps through which a net pay amount of $90.50 
would be calculated using a planning chart is shown below: 

CALCULATION RES U L T 

VALUE 1 ..... :- VALUE 2 .- 5, , 
" 53 5. 55 56 7. 4 57 

4J21 , 
58 59 510 

10 " • ~ • , " , 

", " . ~ - ...... 
n.nno .. ,-
,MqD~ 

•. M" 'M~. 

".n~. on 
~ .. ;;;: 

- ::;;-
•. nM ro .. ~ onM 

,-

,nO"."" .n, .n. 

D. PUNCHING TRAILING ZEROS 

The program given below for punching only trailing zeros and those follow­
ing the decimal point is quite different from those previously described. 
It does not involve a program select loop, and therefore does not require 
as many selectors. It does, however, require a large number of storages 

511 

and steps on the computer. Usually there is little room for much additional 
calculation in this program. Note, however, that a program select loop 
could be set up for this program to reduce the number of steps. 

This program is similar to the program for punching both preceding and 
trailing zeros in that an artificial decimal location is created for the 
value. In this case the decimal location is immediately following the 
first digit of the value. In the example that has been used, the six-digit 
field would be given a 6/5 decimal location. Each digit is isolated in 
turn by adding the value to zero, and placing the result in storages with 
successively higher decimal locations. The isolated digit is subtracted 
from the original value so that the column from which it is isolated will 
become zero. The next digit to the right is then isolated. 

Assume that at the end of step 14 the net pay amount is in S2 with a 3/2 
decimal location. The program and planning chart are as follows: 
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STI!"CAIIO VALUE 1 PRO. VA UE 2 I RESULT I {.:..I~ y; f, ~ til.. r~,4'~q,./SIO f~ ~2'NEXT ST~P 
NO. 11°1 DESCRiPtiON s ... U" CESS DESCRIPTION s, •• SVII DESCRI PTION SIGN sVIII4'. ,. 

15 NILr II • ., 'KkKK. It,,' +- 152 J. hUH> i" I., .. NII"r PAY (X";',,, ,xl , ... ~I IT - /t! 
16 K. Xli: KKK .. Ie. + Z •• ,. +- INI4. ,or :II",r .. .=.~ II. - 17 
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23 
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27 I.c-U 71111.,r of. S7 - • '" 1>",,' • NI. 
T.. ~ IrOT •• -'sT _ ~';LC> ! Is!!' ~ l#.1 .:18 

28 rr .,L.r- i+ 5'" I II ,.,sr ~::: ... ~~teo ~ 
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30 ~ "OW ....... 1+ , .. - .", •• ,.,. ... !: :~=" 
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CALCULAT I ON . , S" , , 
VALUE 1 I":::' VALUE 2 51 5, . 53 54 55 50 57 58 59 510 511 _. 
'.00'''' .. , 

• 0"..., 
, go> ... 

••• r. 0 
, .. 

.0.0 ..... ,..., 

- I . ,r 

- , 
+ i j--.. 1 .... , - .0 

During step 15, the value is divided by 1,000 to change the decimal to 6/5. 
Steps 16-25 are used to isolate the digits in the value. A pair of steps 
is needed for each digit except the last. In each case the digit is to be 
stored for later testing. 

The first step of the pair involves the transfer of the value to a storage 
~hich will drop off all digits to the right of the one being isolated. In 
the next step this digit is subtracted from the original value to bring 
the corresponding column in the value to zero. The next pair of steps 
isolates the next digit to the right. The planning chart, lines 2-11, fol­
lows the value of $90.50 through this procedure. Note that for a value 
containing six digits,only five pairs of testing steps are needed since 
the last digit is isolated when the fifth digit is subtracted from the value. 

The means of punching zeros in this routine is the wiring of the negative 
inQication of storages to punch zeros. If a 1 is SUbtracted from the isolated 
digit, the sign of the storage will be plus if the digit is significant and 
minus if the digit is zero • 

• 09 .1 O . 
- . 01 - .:.l - .L. 

+.08 +.0 -1. 

The subtraction takes place into a different storage for each digit. 

Steps 26 an~ 27 (lines 12 and 13 on the planning chart) show the subtrac­
tion when the digit follows the actu~l decimal - in this case, the 5th and 
6th digits. Since zero is always to be punched in these columns if there 
is no significant digit present, only one step is needed for each digit. 

For the digit preceding the actual decimal, a zero is to be punched only 
if the.re is no significant digit in the card column but there is a signi­
ficant digit preceding this column in the value. Therefore the value must 
first be tested to determine the location of the first significant digit, 
and the digits following this tested for the presence of zeros. 

Steps 28-30 (lines 14-16 on the planning chart) are the steps to locate 
the first significant digit. Only three testing steps are necessary with 
four digits preceding the decimal, since any zero following the fourth 
digit also follows the decimal and has already been taken care of. 
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Program selects are impulsed at the plus branching of the test for the 
second and third digits. They are used to remember the location of the 
first significant digit and stop the testing for trailing zeros at this 
point. 

Steps 31-33 (line 17 on the planning chart) are the steps which test 
for trailing zeros. All cards except those in which none of the first 
three digits are significant begin on step 31. Each card goes through as 
many steps as necessary to test for zeros following the first significant 
digit, branching to step 34, the first step following the zero punching 
routine, when the testing is complete. 

Upon the set 1 instruction, the significant digits in net pay are punched 
from storage S2. Zeros are punched from the negative sign in those storages 
which became negative on the testing steps. 

25. Techniques for conserving functions 

The following list contains suggestions for conserving the existing com­
ponents of the 60 or 120. Many of them are quite specialized in their 
application, and therefore cannot be used in all programs. However, by 
checking this list the programmer may find a way of handling a problem 
which appears beyond the capacity of the comfuter. 

A. ELEMENTS 

1) Wire two card-read fields as one element"page 125. 

2) Wire constants through input, page 134. 

3) Convert codes to constants, page 140. 

4) Make the same element more than one constant value through selectors, 
pages 184 and 200. 

B. STORAGES 

1) S~t information in punching dies during the program, use these storages 
as intermediate storages, page 53. 

2) Change the decimal location of storage, page 81. 

3) Use an element as the result of a step, page 116. 

4) Reuse designation storage, page 122. 
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5) Place more than one value in a storage, pages 125 and 166. 

6) Reproduce zeros in designating fields of over seven digits, page 198. 

C. STEPS 

1) Reuse steps through program. selects, page 79. 

2) Change the decimal location of storage, page 81. 

3) Use an element as the result of a step, page 116. 

4) Accumulate by reading two card-read fields.as one element, page 125. 

5) Crossfooting, page 130. 

6) Program select loop, page 187. 

D. SELECTORS 

1) Pick up a selector by an even number ,page 76. 

2) Wire more than one choice to the common of a selector, page 81. 

3) Card position selection, page 137. 

4) Make an element zero or a significant value; page 138. 

E. PROGRAM SELECTS 

1) Program select loop, page 187. 

26. Approaching a program 

Many times the question is asked, "Where do you start when working on a 
program?" There is no simple, single answer to this question. As a pro­
grammer becomes more experienced, he will develop certain techniques and 
habits which he finds are easiest for him. However, the suggestions out­
lined below may be of assistance in developing a method of approach. 
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A. GENERAL UNDERSTANDING OF PROBLEM 

The first step in programming is to understand the problem as it is handled 
at present. Whether it is done manually or by tabulating, it is well to 
draw a rough flow chart of the operations •. This will frequently point out 
portions of the problem which have been omitted in the explanation. The 
programmer may also discover certain related operations which can easily 
be 'incorporated in the program but which were not originally contemplated 
as being part of it. By continually asking "Why?", it may also develop 
that certain techniques used with the previous method are actually unneces­
sary in the computing routine. They may have been included over a long 
period of time to correct conditions which no longer exist or which will 
be eliminated by the computer, or there may be an easier method on the 
computer which would be too cumbersome with the other method. 

It is well to extend the general statement of the problem in both directions, 
including the original source of the data to be processed as well as the 
use made of the results of the program. This not only helps in understanding 
the problem, but also may point out what has been omitted and would be 
desirable, as well as unnecessary computations. 

B. DETAILED ANALYSIS OF PROBLEM 

In conjunction with preparation for actual programming, the following 
points should be considered. 

B-1 Card forms 

A complete set of all card forms entering the routine should be obtained. 
Preferably they should be prepunched, but if this is impossible, sample 
entries should be filled in on the cards. This portion of the analysis 
may be done in conjunction with the step-by-step analysis which follows, 
obtaining the needed information about each card form as it appears in 
the routine. The following points should be considered: 

1) Differentiation between fields punched prior to the computing run 
and those which the computer can or should compute. 

2) Maximum size of each field. Frequently the size of a field on the 
card form is larger than any input data on an individual card, or the 
output data which must be punched in a card. 

3) Presence of over-capacity punching. , 

4) Presence of alpha in the designating field. 

5) The decimal location of each field in the card, with particular note 
of whether a price may be price each, per hundred, per thousand,. etc. 

6) All card codes which are punched, regardless of whether they have an 
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apparent bearing on the problem. This should include both the reason for 
or meaning of the hole, as well as all cards in which it is present. 

7) Blank columns or blank control positions which may be used forpuncbing 
addi tional controls if necessary. 

8) The possibility of relocating overlapping card fields. 

B-2 Method of computation 

As the programmer makes the detailed analysis of the problem, he should 
at all times be considering how it will be handled onth.e computer. At 
this point it may be possible to do a rough flow chart of the program 
itself, or at least to make notes of certain features which should be in­
cluded in the program. This step-by-step analysis is probably the most 
important feature of preliminary program planning. It is a complete analy­
sis of the method of computation of all final results. If the problem is 
at all complicated, it is well to carry sample figures through the entire 
problem to avoid any misunderstanding or omission. The step-by-step analy­
sis should re~uce any problem to a point where the basic arithmetic steps 
through which the compl.\ter.will solve the problem become apparent • 

. 
The following lists may help to serve as a check list of points to be 
considered as the problem is outlined. The first list refers to all pro­
grams, while the second list is particularly applicable to multiple card 
routines. 

All programs 

1) What percent of the total volume are exceptions to a general rule? 
Should these be separated for manual handling, or can the procedure for 
the exceptions be incorporated in the regular routine? 

2) What elements, intermediate results, and final results can be negative? 
If a value is usually positive, is there any condition under which it might 
be negative? 

3) What elements, interm~diate results, and final results might be zero? 
What effect will this have on the program? 

4) What intermediate results and final results should be rounded? When 
should they be rounded, and in what storage position? Should some type of 
rounding besides half-cent be used? 

5) By what formulae have rates and rate tables been developed? Would 
it be possible to compute certain rates instead of prepunching all of them? 

6) To how many places should each result be carried? 

Multiple card routines 

1) Does each card type have an identifying code punched? If not, can 
a code be assigned so that there will be a positive method of identifi­
cation for each card type? Can the same code be in more than one type? 

213 



2) What should the sequence of the cards be? 

3) Of which card types will there be only one for a group? Which may be 
mUltiples? 

4) Will there always be at least one card of every type in each group? 
If not, what will be t,he effect on the program? 

5) Should any of the cards be separated, either by control hole or because 
of a factor discovered during the routine? 

6) A check of the designating information in each group should usually 
be made. If it is not desired, why not? 

7) Can the first card of a group be identified by control hole for the 
designation check? 

8) Are summary cards included in the routine? If not, would they be of 
any value? 

9) Is progressive rounding a desirable feature? 

10) Is there any information which should be reproduced from card to card? 
If so, what control holes can be used? 

11) In which catds are punched the fields to be used as elements? Can the 
information be obta~ned from more than one card? 

C. PRELIMINARY PROGRAM FLOW CHART 

When the programmer has completed the above analysis, he should be ready 
to do a rough program. Before programming, it is well to do a rough flow 
chart of the problem as it will be solved by the computer. This flow 
chart differs from the one previously mentioned in that it outlines all 
the computer steps which will be, used. Each step should be shown separately. 

If the program is a multiple card routine, the first steps will almost 
invariably be a check of the designating information. When this has been 
completed, the cards should branch through selectors to their individual 
routines. The program for each card should be handled in the sequence 
in which the cards enter the routine. The preceding step-by-step an~lysis 
should indicate the program for each type of card. 

D. FINAL PROGRAMMING 

When the rough flow chart has been completed, the programmer is ready to 
use the program charts. The first step would be to enter the elements 
and constants at the top of both programming sheets. Then, beginning at 

214 



"Start", the program for each card should be entered in sequence. At 
each place where a selector is used, as much information as possible 
should be entered oil the selector chart. When an interstep function is 
used, the next step should always be entered in the appropriate box. As 
each storage is used for the first time, the decimal location should be 
entered both in the heading at the top of the program step section and 
opposite the storage in the punching section. 

Sometimes a programmer will discover that a step has been omitted from the 
routine for a card. It is usually easier to add the step at the bottom 
of the form, being sure that both the step branchings show clearly what 
has been done. Ideas for short cuts, reuse of steps, etc., may also occur. 
It is often better to complete the first program regardless of the sequence 
of the steps on the chart, and to incorporate all such changes in a final 
program. Although the first program usually should be one that would work 
if wired exactly according to the chart, the program from which the panels 
are wired should preferably have incorporated all changes in the proper 
location. 

E. PLANNING CHART 

When the program charts have been completed, it is well to use a planning 
chart with sample figures to test the program. At least one card of every 
type should be included in the sample; if certain cards may be missing, 
it is well to follow a group such as this through its routine to see what 
effect this has. In fact, the more possibilities that are tested, the more 
successful will be the use of the chart~ 

CALCUL AT I ON RES U L T 

~"-LU-'~' ~1'~::~;~~"-'U'-2-~I .. _+-~S~1~--=S2--~~S3~'-~S4~~~S~5~~=S6~'-~S7~~~S~8~--=S'--'-~S~10~~S~11--~S=12-4 

Step No.: In this box is written the step number as indicated on the pro­
gram chart. Only the steps through which a particular card is routed are 
entered. If the first card goes through only steps 1, 4, 5, 6, and 7, these 
will be the first five steps on this chart. , If an operational function is 
used, this may be treated as a step, although no values would be entered. 

Value I, Value 2: The actual numeric values of the sample are entered. 
For an operational function, these are left blank. 

~: The symbol (NI-N36 or 51-512) of the-element or storage as indicated 
on the program chart. No entry is make for an operational function. 

Process: This will be +, -, x, or +. It is left blank for an operational 
function. 

Result: It is advisable to draw a line with a colored pencil indicating 
the decimal location of each storage. The numeric value of the result is 
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then aligned around the decimal location. When the operational function of 
clear is used "0" should be written across all storages which are cleared. 

< , 

For a set instruction, "s" should be written across the storages which are set. 

Next step: In this box the next step is written under either + or -,depend­
ing on the sign of the result, never under both. If the branching is routed 
through a selector, the step to which the card is sent is written, rather 
than the selector number as is done on the program chart. 

An example of the use of this chart may be found on page 181. 

When the program charts have been completed and checked, the programmer 
should wire the two panels and check out the boards a. outlined ~nder opera~ 
tiog instructions. 

F. EXAMPLE 

On the following pages is an example of an approach to programming. The 
problem is stated more or less as the information might be given to a pro­
grammer. The first rough flow chart follows, with a few notes about the 
source of information if the entire program is done on the 120. Next are 
notes on how the program would be handled by the computer. Then come the 
card forms with pertinent notes, followed by a step-by-step analysis. The 
final portion is the program flow chart, from which the program itself will 
be worked out. 

The problem is an annual physical inventory. At present tabulating cards 
are punched for each item at each inventory location. One item may be 
stored in more than one location, so an item may have multiple item cards.· 
The cards are keypunched with part number, quantity, and descriptive infor­
mation such as tag number, bin location, etc. The cards are sorted by part 
number, and price is introduced on the MCRP. On the PMP, quantity is mUlti­
plied by price for the extension. The cards are then listed, with totals by 
part number, and the listing is sent to the Cost Department. The Cost Depart­
ment checks its ledgers to determine whether the part has been ordered dur­
ing the year. If it has been ordered, nothing further is done with it. If 
not, the most recent stock status summary report is checked to determine 
the quantity used during the preceding year. The stock status summary 
is a report which is tabulated monthly, containing among other things the 
total quantity of each item used ,since the preceding physical inventory. 
A mental or calculating machine computation is made dividing the total 
quantity on hand by the usage for the year. The result of this is the approx­
imate number of years supply on hand. For example, with 15 on hand and 3 
used this year, the available supply should last for 5 years. If the supply 
is three years or more, the value of the inventory must be written down. 
On a tabulating card is written the part number and the dollar amount of 
the write-down, which is a percentage of the total value of the part accord­
ing to the following table: 
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3 years 25% 
4 years 5~fo 
5 or more years 75% 

These cards are punched and interfiled with the inventory cards. They are 
then used to tabulate the final inventory reports. 

The first rough flow ceart might look like the sample on page 218. 

As a result of analyzing the rough flowchart, it appears that the entire 
inventory from the sorting of the inventory cards to the final tabulation 
can be handled on the 120. To do so would necessitate the following changes 
in the procedure. 

·1) Interfile master price cards with the inventory cards so that the inven­
tory cards can be priced by the 120. 

2) Interfile blank summary cards into which total quantity, net amount, 
and write-down amount will be ~unched. 

3) Have an indication of whether the part has been ordered during the year. 
Since an order card for each part has been filed following completion of monthly 
reports, these could be summarized into one card for each part. All this card 
would need is part number. 

4) Sort in the stock status summary cards for the last period of the year, 
which contain the total usage for the year. 

5) Use the summary cards for the final inventory report. (Note: there are 
other inventory reports on which the detail information is shown.) 

At this point a set of cards should be obtained. The examples shown below 
contain the portion of each type of card which has a bearing on the compu­
tation. 
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The step-by-step analysis may be handled in many ways. 
narrative method, containing notes on steps to include 
well as arithmetic computations of certain portions of 

1) Pr i ce card 

Control hole - 1/45 

The following is a 
in the program, as 
the problem. 

Always one card for each part number, always first of group 

Store part number 

Store price (adjusting price to "each" in this card would save a step on 
each inventory card) 

2) Order card 

Control hole - 3/45 
Mayor may not be present 

Store a 1 to remember that it was present? Use selector hold? 0/44 is an 
available control hole for selector hold. 

3) Usage card 

Control hole - 5/45 
Mayor may not be present 

Store quantity used. If not present, quantity used will be zero 

4) Inve~torycard 

Control hole - 7/45 
At least one always present. May be singles or multiples 

Inventory quantity x price (must be adjusted) = amount. Round to 3/2 decimal. 
Can never be negative. 
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Accumulate quantity and amount for summary card. 

5) Blank summary card 

No control holes 
Always one for each part 

Test whether the part has been ordered. If so, no further calculation. If 
not, go to next step. 

Divide total inventory by usage to equal the number of years supply. Drop 
off decimals. 

15 : 25 = 0 
15 : 15 = 1 
15 -;- 4 = 3 
15 + 2 = 7 
15 +. 0 = 0 This must be changed - test for usage before this step. 

Test to determine number of years supply. 

Eliminate under 3 
2 - 2 = +0 No further calculation 
2 - 3 = -1 Continue testing 

Three years supply 
3 - 3 = +0 25% write-down 
3 - 4 = -1 Continue testing 

Four years supply 
4 - 4 = +0 50% write-down 
4 - 5 = -1 75% write-down (direct no usage cards to this step) 

Multiply total amount by percentage - use program selects above to save 
steps - round to 3/2 decimal. 

Subtract write-down from total amount to equal net. 

At this point it is possible to draw a flow chart of the final program. From 
the chart, the actual programming is done. The program for this problem is 
found on pages 272 and 273. The flow chart appears on pages 222 and 223. 
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1. Wiring connection panels 

The actual connections to be made have been explained in previous sections. 
This section deals with suggestions for simplifying the physical wiring of 
the panels. The suggestions on the sequence of wiring the two panels are 
not to be considered fixed rules, but they may be of assistance when a 
programmer first faces the problem of wiring panels. It is important to 
develop some pattern of wiring so that entire sections of the board will 
not be omitted. 

A. INPUT-OUTPUT PANEL 

A-I Card sensing to accumulator input 

Wire each card-read field in turn as it appears on the program chart, using 
5 prong wires. Be certain that all corner cuts on the wires are facing the 
same direction in both sensing and input. Wire the field transfer lines first 
since the column numbers are covered by 5 prong wires, and it is difficult 
to locate the column numbers after the 5 prong wires have been placed. If 
there is a control hole to make an element minus, wire it at the same time 
that the element is wired. If there is any special wiring, such as alpha 
or over-capacity wiring, be certain that a complete explanation of the way 
in which it was wired is attached to the program chart. 

A-2 Selector pick-ups 

Using the selector chart, wire all control holes to the indicated control 
transfer lines, wiring a control common to the common of the column when 
each column is wired. 

A-3 Storage outputs to card punching 

Wire in turn each storage which is to punch, beginning withSl and pro­
gressing through S12. Use 5 prong wires, being certain that all corner 
cuts are facing the same direction. If a negative control hole is to be 
punched, wire it when the corresponding storage is wired. 

A-4 Reproducing 

Wire the card sensing columns to the card punching columns, using 5 prong 
wires and adding a single one for the zero positions if necessary. Wire 
the reproduce or secondary reproduce hubs, and the hold hubs if necessary. 
Wire whatever controls are indicated on the pr09ram chart--reproduce. secondar' 
reproduce, skip, and set hold. 
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B. CONSTANT-PROGRAM PANEL 

B-1 General controls 

Wire restart to step or program. Wire N r 0 and 0 r 0 if indicated. 

B-2 Element designators - card-read fields 

Wire the F-lines to the proper element designators. Wire the control 
transfer lines which make the elements minus. 

B-3 Element designators - constants 

Wire each eonstant value completely, from element designator to accumulator 
columns. before continuing to the next. When it becomes Recenary to u.$e 
a bus for positions within an accumulator column it is easier to use the 
bus with the same relative location within the group of buses as the location 
of the position iR the accumulator column section. If any constants are minus, 
be certain to wire the miDus control. 

B-4 Decimal location 

Wire the decimal location of each element and storage used duriDg the program. 
For the more frequently used decimal locations, such as 3/2 and 4/3, it is 
well to jack immediately to the bus beneath the loeation. This will keep the 
numbers on the connection pan~l in view, making it easier to find the correct 
one. 

B-5 Set storage, clear storage 

Wire both of these sections. 

B-6 BranchiDg and operational functions 

Wire the branching of the entire program, both steps and operational functions, 
in sequence, without attempting to do the equations for the steps. 

B-7 Equation 

In wiring the equations, it is easier to wire all value 1'5, then all value 
2' s and finally the results. It is also easier if the bottom row of hubs 
under "Elements" (line 17) is never wired. Placing a wire here hides the 
element or storage number. making it more difficult to' identify the number if 
used again, 

8-8 Process 

Wire all processes in sequence. 
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B-9 Selectors 

Cheek all selector poles with the selector chart to be certain that all hubs 
have been wired. Wire the pick-up of each selector from its control trans­
fer line or program select. 

C. GENERAL 

All connection panels should be clearly labeled with the program or programs 
which are wired on the panel. If more than one program is w'ired on the same 
panel and it is necessary to change any wires between programs, it is well 
to wrap the wires in masking tape so that they may be easily identified. 

2. Operation 

A. INSTALLATION OF CONNECTION PANELS 

The two connection panels are inserted behind a panel on the left front of 
the computing unit. The covering panel is raised by lifting the bar at the 
base of the panel. Both connection panels are placed with the printing 
facing the center of the computing unit. 

The constant-program panel is placed in the upper position; the input-output 
panel is placed below it. The input-output panel is locked in place by a 
bar which is located in the computer just beneath the panel. This bar must 
be raised to change the input-output panel, and while it is up the constant­
program panel cannot be changed. 

To remove a connection panel lift it slightly by the handles, then pull 
outward. To insert a connection panel place the studs which are in the 
upper corners of the panel in the hooks which are in the upper eorners of 
the housing. Press inward and downward until it is in pl'ace. 

If the connection panel cover is lifted while the computer is on, the red 
voltage light in the sensing-punching unit will light. It will remain lit 
until the cover has been closed and the clear switch is moved to the punch 
position. 

When a change is being made to a panel, the panel should be removed from the 
computer. 
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B. CONTROL PANEL 

Located on the control panel are the lights indicating to the operator the 
condition of the computer, as well as the switches used to obtain the desired 
operation. Each of these is discussed briefly below . 

B-1 Card feed 

. --; '''_ ........ 

(lIRD f tED MOTOR 

VOl TAGF 

N 0 

TtMPERATURf 

CALCUlATE 

When a misfeed occurs in the sensing and punching sections or between the 
punching section and the card receivers, the computer will stop with this 
light lit. The program which is being calculated when the misfeed occurs 
will be completed. The misfed card or cards must be removed from the 
computer before continuing the card feeding. When this has been done, the 
the program may be restarted by lifting the card feed switch. 
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B-2 Input check 

If an element containing punching which is not a numeric code is called 
upon as part of a program, the computer will stop with the input check 
light lit. Since the program cannot continue past the point at which the 
element was called upon, it is usual to eject the card by simultaneously 
raising the unit switch and the card release switch. The computer will 
cycle once and stop. The card which has just been ejected may be re­
moved and the program may be continued by raising the card feed switch 
to "start." 

B-3 Ready 

The ready light will go on when all three "on" switches have been turned on 
and the computer is being supplied with proper operating voltage. Note that 
although the ready light indicates that'the proper voltage is being supplied, 
the voltage light will remain on until the clear switch is turned to "punch". 
A warm-up period of almost two minutes is required before the computer is 
ready for operation. 

B-4 Magazine 

When the last card leaves the feeding magazine, the computer will stop with 
this light lit. The last card, however, will be computed and ejected into a 
receiving magazine. When cards are placed in the feeding magazine, the light 
will go out, and the computer may be started by raising the card feed switch. 

B-5 Receiver 

When either a receIvIng magazine or the chip pan becomes full, the computer 
will stop. The program for the card which was in the sensing chamber will 
be completed and the card ejected. No automatic feeding will take place as 
long as this light is on. When the cards have been removed from the receiver 
or the chip pan emptied, the light will go out and automatic feeding may be 
resumed. 

B-6 Card release 

The card release lever is a means of ejecting a card from the punching section 
without punching, despite the fact that information has been set in the punch­
ing dies. All punching dies will be cleared. 

The unit lever must be raised simultaneously with the card release lever. The 
card in the punching section is always ejected into the rear receiving maga­
zine, even though a sort signal may have been given to the card during its 
program. As this card moves into the receiving magazine, the following card 
moves from the sensing section to the punching section and is computed. Un­
less the card lifting lever is depressed, a card will be fed from the feeding 
magazine to the sensing section. However, automatic feeding does not take over. 

B-7 Unit 

The unit switch is a safety switch which will move either up or down. It is 
raised with the card release switch to release the card. It is also raised 
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with the clear switch to clear the punching dies. It is lowered in 
conjunction with the clear switch to clear all storages and return all 
selectors to non-select. 

B-8 Clear 

The clear switch is used to clear either the punching dies or the storages 
and to drop out selectors. It will also clear the voltage light if proper 
voltage is being received. 

When moved upward in conjunction with the unit switch it will clear the 
punching dies -of all information which has been set up, either reproduced 
or from storage. The clearing occurs on the next feeding cycle. If the 
computer has been stopped during the program for a card, the card should be 
ejected by use of the card release switch. Since this switch ejects a card 
without punching, no punching will occur in this card even though values are 
in the punching dies. 

When moved downward in conjunction with the unit switch, the clear switch 
will immediately clear all storages and restore all selectors to non-select. 

The clear switch is moved upward without the unit switch to clear the voltage 
light. The voltage light will go out, provided correct operating voltage is 
being received. 

B-9 Automatic feed 

The automatic feed has two positions, "on" and "off". When set at "on", con­
tinuous card feeding will occur upon the lifting of the card feed switch. If 
it is set at "off", the card feed switch must be lifted for .each cycle. 

B-1O Card feed 

The card feed switch is lifted to start the computer, and lowered to stop 
it. Whether the computer will feed continuously or single cycle when the 
card feed switch is raIsed is dependent upon the setting of the automatic 
feed switch. To stop the computer during a run, the switch is moved to the 
down position. The co~puter will stop when the program which is being 
followed has reached "trip." The card being computed will not be ejected, 
nor will additional cards be fed from the feeding magazine. 

B-ll Motor 

The motor switch when on allows current to flow to the sensing-punching unit. 
The power switch must also be on to obtain the current. This switch need 
not be turned on during the warm-up period of the computer, but must be 
turned on before the ready switch will light. 

B-12 0 + 0 

The 0 + 0 light will light when the computer detects a 0 + O. 
is wired to stop on this condition, the light will remain lit. 
be in the punching section when the computer stops, and may be 
the rear receiver by use of the card release switch. The card 
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will not cause the resumption of automatic feeding. After the card has been 
removed from the receiving magazine, the card feed switch may be lifted to 
resume the feeding. 

8-13 N + 0 

The N + 0 light will light when the computer detects a .number divided by zero. 
If the computer is wired to stop on this condition, the light will remain lit. 
The card will be in the punching section when the computer stops, and may be 
ejected into the rear receiver by use of the card release switch. The card 
release switch will not cause the resumption of automatic feeding. After the 
card has been removed from the receiving magazine, the card feed switch may 
be lifted to resume the feeding. 

8-14 Calculate 

The calculate light will be on during calculation, but go out during card 
feeding. If a program step fails to prove, this light will remain lit when 
the computer stops. It is a convenient check on a long or iterative program 
to prove that the computer is still operating. 

8-15 Voltage 

The voltage light will light at the start of a run, when the power switch, 
motor switch, and the switch on the computing unit have been turned on. It 
will also light at any time during a run when the proper voltage is not being 
supplied, and card feeding will stop. Unless the panel covering the connection 
panels is securely closed, the vOltage light will stay on. Automatic feeding 
cannot be obtained when the light is on. 

To turn off the voltage light, lift the clear switch without the unit switch. 
If proper voltage is being supplied, the light will go out and the card feed 
switch may be used to start feeding. If proper voltage is not being received, 
the light will remain lit. 

8-16 Temperature 

If the temperature of the computing unit becomes too high, the computer will 
stop with this light lit. The computing voltage will automatically shut off 
and the storages will clear. When the temperature is sufficiently cool the 
light will go out, the computing voltage will turn on automatically, and the 
computer may be started by raising the card feed switch. 

c. STARTING THE COMPUTER 

A brief summary of the steps required to start the computer is: 

1. Insert the two connection panels. 
2. Turn on the power switch, computer on switch, and motor switch. 
3. Wait until the ready light lights. 
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4. Lift the clear switch to clear the voltage light. 
5. Clear the computer. 
6. Insert cards in the feeding magazine. 
7. Check the lights to see that all except "ready" are out. 
8. Lift the card feed switch. 

Three switches are required to start the computer: the main power switch 
located beneath the control panel on the sensing-punching unit, the computer 
"on" switcb located beneath the test control panel on the computing unit, and 
the motor on lt switch located on the control panel on the sensing punching unit •. 
Altheugh the motor switch may be turned on at the same time as the other two. 
it is not necessary to turn it on until the end of the warm-up period. 

When the power switch and computer "on" switch have been turned on, a warm-up 
period of approximately two minutes is required before the computer is ready 
to operate. During this period the voltage light will be on. If the motor 
switch has not already been turned on, this should be done at the end of the 
two minute warm-up period. As soon as the computer is ready to operate 
after the motor switch has been turned on, the white "ready" light will light. 
The clear switch should then be moved to the punch position to turn off the 
voltage light •. As long as the voltage light is on, the computer will not 
feed automatically. 

Before starting a run, the computer should always be cleared. The punch­
ing section is cleared of all information, including reproduce information, 
by raising the clear switch to the punch position at the same time that the 
unit switch is raised. When this is done a buzzing noise may occasionaliy 
occur, which may be stopped by lifting the unit switch and the card release 
switch simultaneously. Since the card release switch will feed a card, if 
any cards are in the feeding magazine the card lifting lever should be 
used to prevent the feeding. To clear the storages and ret llrn all selectors 
to non-select, the clear switch is moved down to the calculate position at. the 
same time that the unit switch is moved down. 

When cards are placed in the feeding magazine, the white "magazine" light 
will go out. The operator should check to see that all lights on the control 
panel are out except the ready light. Automatic feeding will not occur if 
the red voltage light is on. The automatic feed should also be checked, 
since automatic feeding will not occur unless the switch is on. If auto­
matic feeding does not occur even though the lights are correct and auto­
matic feed is set on, the,operator should check the program test panel to 
see the setting of the step-read switch. Unless it is in the center position, 
automatic feeding will not occur. 

To start a program, the card feed switch is raised. 
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D. CARD CYCLES 
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On the first card cycle a. card is fed from the feeding magazine to the sensing 
section. However, no sensing or calculation occurs. 

On the second card cycle the entire card is sensed simultaneously, and the 
set up is locked in the sensing switches. A start signal is immediately 
given to begin the calculation. At the same time the card moves from the 
sensing section to the punching section, and the following card moves to the 
sensing section. 

Calculation of the first card should be completed by the time it reaches the 
punching section. If not, however, the computer will wait until calculation 
has been completed before beginning the next cycle. 

At the beginning of the third cycle, the punching section moves downward. 
This downward movement clears the set-up which was locked in the sensing 
switches. The first card is punched with the values which were set in the 
punching dies while calculation was taking place. The punching dies move 
upward, and are cleared of the values which were just punched. At the same 
time the second card is sensed and its set-up locked in the sensing switches. 
Tne conclusion of this cycle is the ejection of the first card into one of 
the two receiving magazines, while the following card is being calculated 
and moving into the punching section. 

When the computer stops because the last card has left the feeding magazine, 
this last card will be completely calculated and ejected. A "no card sensing 
switch", located in the sensing section, prevents sensing and calculation if 
a card is not in the sensing section when sensing normally occurs. Therefore, 
during the cycles in which the last card is feeding out, the computer does 
not go through the program using zeros as values. 
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E. GENERAL INSTRUCTIONS 

Instructions should be provided for the operator as to the correct procedure 
to follow in regard to the various lights. The card handling procedure for 
certain lights such as voltage, temperature, card feed, and input check may 
well be the same for all programs. However, 0 ~ 0 and N 7 0 are often inten­
tional stops, the reason for which will vary from program to program, and 
for which different procedures are required. It is important that instructions 
be available for each case, either attached to the program charts or in a 
separate list for the operator. 

Note that the chip pan on the sensing-punching unit must be emptied occasion­
ally. If it becomes full, the magazine light on the control panel will light, 
and automatic feeding will not occur until the pan has been emptied. 

The chip pan may be removed by opening the hinged panel on the lower rear 
of the sensing-punching unit. 

It is important to test a program thoroughly before using it on regular 
work, both to make certain that the problem is programmed correctly and 
that it is wired correctly. To do so, it is very useful to have a finished 
planning chart with as complete an example as possible. A test deck using 
the same values should be punched. The test deck can then be run through 
the computer and balanced to the predetermined results on the planning chart. 

If the results are not the same, or the computer hangs up on a card, it 
becomes necessary to use the program test panel, which is located on the 
left end of the computing unit. By means of this panel, each program step 
and operational function can be checked. 
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3. Testing a program 

A. PROGRAM TEST PANEL 

A-I Description 

On the panel are located neon indicator lights which are used to show the 
operation of the computer. The switches beneath the panel and the step­
advance dial are used to advance through the program. The panel itself will 
swing either to the front or to the rear of the computing unit . It is swung 

236 



to the front for ease in testing a program. This is done by pushing together 
the two knobs on the left side of the panel and pulling out. The knobs on 
the right side are used to swing the panel to the rear. 

A-2 Control switches 

1) Step-read switch 

Except when the panel is being used for testing, this switch should remain 
in the center position. Automatic feeding of the computer cannot be obtained 
if it is in the up position. 

This switch must be moved up to "step" each time before the step advance dial 
is used. If this is not done, the "check" indicator light will go out, and 
the computer will hang up. If this happens, the test must be begun again 
from ttstart". Note that particularly in a multiple-card routine, this may cause 
a distortion of some values, such as accumulating fields. In this case, it 
is necessary to trip out the card in the computer, clear, and start from the 
first card. 

This switch is moved down to the "read" position during the time that the 
test panel is being read. 

2) Clear-VI switch 

This switch automatically returns to the center position when it is not 
being held up or down. 

When this switch is moved up to ttclear" it ctears all stor~ages, SI-S12, 
regardless of whether they are wired to clear. 

This switch is moved down to VI and held down while reading value 1 of the 
program step. 

3) Start-V2 switch 

This switch automatically returns to the center position when it is not 
being held up or down. 

The switch must be moved up to "start" to begin the program, before the 
step advance dial can be used. It will bring the program through the first 
step. It may be lifted at any time during a program to return to the first 
step. However, note that the repetition of steps may in some programs 
cause a distortion of certain values. 

The switch is moved down to V2 and held down while reading value 2 of the 
program step. 

4) R switch, 

This switch automatically returns to the center position when it is not 
being held down. 

The switch is moved down to Rand neld down while reading the result of the 
program step. 
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A-3 Step advance dial 

This dial, containing the numbers 0-9 is used to advance through the program 
steps. The number "0" is equivalent to 10. The numbers do not refer to 
program step numbers, but rather to the number of steps and operational functions 
through which the program is to advance. 

If the operator desires to advance one step at a time, "1" is always dialed 
following the checking of the current step and the lifting of the step-read 
switch. 

To progress through more than one step at a time, dial the difference between 
the step number at which the computer is stopped and the desired step. For 
example, to reach the fifth step of a program from start, dial 4. The lift­
ing of the start switch brings the program to step 1, and the difference 
between 1 and 5 is 4. Note that if the particular card does not go through 
a step, step 2 for example, the number to dial would be 3. If the number 
to be dialed is over 10, it is necessary to dial more than once. Zero would 
be dialed first to progress through the first 10 steps, followed by whatever 
number is necessary to make up the remainder of the difference. . 

All steps through which the computer passes are calculated. 

A-4 Indicator lights 

The following is a diagram of the indicator lights, which will be explained 
in turn in the following sections. 

ELEMENTS STEPS 
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 

00 00000000 000 00 00000 
11 12 13 14 15 16 17 18 19 20 11 12 13 14 15 16 17 18 19· 20 

00 0000000 0 00 00 0 00 000 
21 22 23 24 25 26 27 28 29 30 21 22 23 24 25 26 27 28 29 30 

0000000000 0 00 0 0 00 0 00 
31 32 33 34 35 36 31 32 33 34 35 36 37 38 39 40 

00 0000 MINUS 0 000 0000 0 00 
STORAGE SET SORT SELECT CLEAR 

1 2 3 4 5 6 7 8 9 10 11 12 I II I II I II III IV TRIP 
000 000000000 0 00 00 00 000 

BRANCH 
CHECK + - x ..;. O+ON+O + -
0000000000 

A-5 Steps 

There is one light for each of the 40 program steps of the computer. As a 
step is being performed, the light corresponding to the step number is lit. 
If the computer stops during a program, the light corresponding to the step 
number on which it has stopped is li~. 
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A-6 Operational functions 

There is one light for each of the operational functions: 

Set 1 and set 2 
Sort 1 and sort 2 
Program selects I, 2, 3, and 4 
Clear 
Trip 

As the computer performs one of these functions, the corresponding light is 
lit. If the computer stops during an operational function, the light re­
mains lit. All lights except the program select lights go out as the program 
progresses to the next step or operational function. Program select lights 
remain lit until trip time, unless the program select is dropped out during 
the program. 

A-7 Elements 

There is one light for each of the 36 elements. These lights will light as 
the corresponding element is called on as VI or V2 of a program step. When 
the computer stops none of them will be lit, since it stops at the end of 
a step. 

When a program step is being read, the clear-VI switch and start-V2 switch 
are moved down in turn to the VI and V2 positions. If an element is being 
used as VI or V2, the corresponding light will light. The minus light, in 
the lower right corner of the section, will light if the element is minus; 
otherwise the element is plus. 

A-8 Storage 

There is one light for each of the twelve storage units. These lights will 
light as the corresponding storage is called on as VI, V2 or the result of 
a program step. When the computer stops none of them will be lit, since it 
stops at the end of a step. 

When a program step is being read, the clear-Vl switch, start-V2 switch, and 
R switch are moved down in turn to the VI, V2, and R positions. If a storage 
is being used as VI or V2, the corresponding light will light. The correspond­
ing light will also light for the storage which is being used as the result. 
If the storage is minus when called upon, the minus light in the lower right 
corner of the element section will light; otherwise the storage is plus. 

A-9 Process 

1) Check 

This light will light following each program step provided the step proves. 
If the computer stops at the end of a step which has proved, the light remains 
lit. Failure to light indicates that the step did not prove. 
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Even though a step has proved, the check light will go out if the step advance 
dial is moved without the previous lifting of the step-read switch. If this 
happens it is necessary to restart the program. 

2) +, -, x, -;-

There is one light for each of the four processes. The light indicating which 
of the processes is being used on a step will remain lit if the computer stops 
at the conclusion of a program step. 

3) 0 -;- 0, N -;- 0 

If the computer attempts to divide zero by zero or a number by zero, the 
corresponding light will light. It will remain lit if the computer stops at 
the end of a program step. 

4) Branch +, -

Either the plus or minus branching light will light at the end of each program 
step, indicating whe~her the result is positive or negative. It lights re­
gardless of whether the corresponding branching is wired on the connection panel. 

A-IO Accumulator 

In this section are located columns representing the 22 columns of the accumu­
lator. The 11 columns on the right represent the A section, while the 11 
columns on the left represent the M section. 

DECIMAL POINTERS 

00000000000 

11 10 9 8 7 6 5 4 3 2 1 11 V 10 V 9 V 8 V 7 V 6 V 5 V 4 V 3 V 2 V 1 V 
100000000000 1 0 0 0 0.0 0 0 0 0 0 0 

000000000000 000000000000 

200000000000 200000000000 

400000000000 400000000000 

600000000000 600000000000 

800000000000800000000000 
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T~e:e are six.positi~ns in each column. ~ If the value is positive, the even 
dIgIts (~ero.Is consIdered even for this purpose) 0,2, 4,6 and 8 are formed 
by the lIghtIng of the single corresponding light. The odd digits 1, 3, 5, 
7, and 9~re formed by the lighting of the preceding even digit plus the 
1 light. 

Value Lights 

° ° 1 0,1 
2 2 
3 1,2 
4 4 
5 1,4 
6 6 
7 1,6 
8 8 
9 1,8 

If the value is negative, the digits are indicated as tens complements. 

Value Lights 

° ° 1 1,8 
2 8 
3 1,6 
4 6 
5 1,4 
6 4 
7 1,2 
8 2 
9 0,1 

The accumulator light will light as VI, V2, and R enter the accumulator. 
They may be read when the clear-VI switch is lowered to read VI, when the 
start-V2 switch is lowered to read value 2, and when the R switch is lowered 
to read the result. 

A-II Decimal Pointers 

There is a light for each decimal location, 1/0 to 11/10. The light correspond­
ing to the decimal location of each element or storage will light when the 
accumulator lights light for value I, value 2, and the result. 

B. TESTING A PROGRAM 

To test a program, move the step-read switch on the program test panel up to 
the step position before feeding any cards. This will cause the computer to 
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. 
single cycle instead of feed automatically. To place the first card in a 
position so that its program can be followed, lift the card feed switch on 
the sensing-punching unit once. The computer will cycle twice. On the first 
cycle the card will move to the sensing section. On the second cycle it is 
sensed, the sensed values are locked in the sensing section, and the card 
moves to the punching section. The program test panel may now be used for 
the first card. If the program for the first card has already been checked, 
lifting the card feed switch on the sensing-punching unit once more will 
bring the second card into a reading position. 

The first step for the reading of any card is the lifting of the start-V2 
switch on the program test panel. This will bring the computer to the first 
step of the program, and must always be done whether or not the first step 
is to be read. It is possible to lift the start switch at any time during 
a program to return the first step, though if the program calls for accumu­
lating, the accumulated total would be inflated each time unless the clear 
switch is raised. The routine for the reading of each step is: 

1) Check the step light to verify the step number. 

2) Move the step-read switch to the read position. 

3) Move the clear-VI switch to VI, and hold it down. 

4) Check VI. This includes the following: 

Element or storage number 
Minus light 
Decimal location 
Value as entered into the accumulator 

5) Release the VI switch. 

6) Check the process. 

7) Move the start-V2 switch to V2 and check V2 in the same way as VI. Release 
the V2 switch. 

8) Move the R switch to R and check R in the same way as VI and V2. Release 
the R switch. 

9) Check whether the branching is + or -

10) Be certain the check light is on. 

11) Raise the step-read switch to step. 

12) Using the st.ep-advance dial, dial the next step. Since the number which 
is dialed determines how many steps the program will advance, for a complete 
testing always dial 1. 

As mentioned above, the use of a work sheet will simplify the determination of 
what the result of each step should be. If a light such as decimal location, 
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element or storage is not lit, it usually means that the wire was omitted 
when wiring the connection panel. If an element appears to be incorrect when 
read into storage, always check the punching of the card. 

When a program has been followed through completely and the trip signal is 
given, the card will be punched and tripped out. At the same time the next 
card will be fed from the sensing section to the punching section. When the 
start switch has been raised, the program for this card may be followed. 
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1. Course outline 

The following outline is a suggested method of studying the 60 and 120, 
involving both reading of the text and the programming of sample problems. 
The problems, although based to a certain extent on actual programs, are 
designed mainly to give practice in various programming techniques. 

The first problem is to be worked in sections during the study of the 
fundamental computer components. The following problems are to be pro­
grammed completely at specified points in the course. 

In programming a problem, the first step is to read the statement of the 
problem thoroughly. Next a flow chart should be drawn, outlining the steps 
of the problem as completely as possible. From this flow chart the actual 
programming may be done. 

Actual solutions to the problems are included at the end of each problem. It 
should be noted that there may be many correct solutions to one problem. In 
the "Program Comment" section following each program, some of the other pos­
sibilities are discussed, as well as some of the reasons for doing the pro­
gram as shown. 

The following is a suggested method of studying the 120. 

1) Read: Introduction~ pages 4-6 
Accumulator, pages 14-20 
Elements, pages 20-37 

2) On program charts enter the table of factors, element and accumulator 
input sections of problem 1. 

3) Read: Storage, pages 37-43 

4) On the program charts enter the card field titles, output punching, and 
decimal locations of storage in problem 1. 

5) Read: Program step, pages 43-50 
Half-cent rounding of mu! tiplication, pages 104-105 

6) On the program charts enter each step required for problem 1. Leave 
the plus branching of the last step blank. 

7) Read: Operational functions, pages 50-61 

8) On the program charts enter the operational functions of problem 1. 
Study the solution of problem 1 and the program comments. 

9) Read: Transfer into storage, page 103 
Accumulation, pages 103-104 
Range testing (except section C), pages 111-113 
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10) Program problem 2. When completed, study the solution and program 
comments. 

11) Read: Selectors (to program selects~ pages 62-66 
Testing identifying information (A-C), pages 117-122 

12) Program problem 3. When completed, study the solution and program 
comments. 

13) Read: Selectors, pages 66-86 

14) Program problem 4. When completed, study the solution and program 
comments. 

15) Read: Approaching a program, pages 211-223 
Rounding, pages 106-111 
Determining amounts at various ranges, pages 113-116 
Use of an element as the result ofa step, pages 116-117 
Testing designating information (D-G), pages 122-125 
Placing more than one value in a storage, pages 125-129 
Wiring alpha into the accumulator, pages 132-134 

16) Program problem 5. When completed, study the solution and program 
comments. 

17) Read: Reproduce, pages 87-100 
Crossfooting. pages 130-132 

18) Program problem 6. When completed, study the solution and program 
comments. 

19) Read: Wiring constants through input, pages 134-135 
Wiring a card column as an element and to pick up selectors, 

pages 135-137 
Card position selection, pages 137-138 
Making an element zero or a significant value, pages 138-140 . 
Conversion of codes to constants, pages 140-142 
Overlapping card fields, pages 142-146 
Wiring .more than one program on a panel, pages 146-149 
Verification, pages 149-151 
Fractional twelfths, pages 182-187 
Summary of programming techniques, pages 210-211 

20) Program problem 7. When completed, study the solution and program 
comments. 

21) Advanced programming techniques. 
Card code checking, pages 151-165 
Accumulating positive and negative values in one storage, 

pages 166-175 
Square root, pages 176-177 .. 
Obtaining a product of more than ten dIgIts, pages 178-182 
Program select loop, page.s 187-196 
Punching zeros from storage, pages 196-210 
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2. Sample problems 

A. PROBLEM I - INVOICING 

A-I Statement of problem: Item cards for writing invoices have been pulled 
from a tub file. The prepunched information includes quantity and price. 
After pertinent information such as customer number has been punched in the 
cards, they are sent to the computer for extension. Only item cards are put 
through the computer in this run. In each card the computer is to: 

1) Multiply quantity times price for the amount. Round the amount. 
2) Multiply the rounded amount by 3% for the sales tax. Round the sales tax. 
3) Add the amount and the sales tax to equal the total amount. 

A-2 Card form. 

/~~~~~~~~~~T'~~C~~~~ 
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A-3 Elements: 

Element Number Card Columns Description 

NI 26-30 Quantity 
N2 31-36 Price 
N34 .03 
N35 .005 

A-4 Storages: 

Number Description Decimal 

Sl Working 4/3 
S2 Amount 3/2 
S3 Sales Tax 3/2 
S4 Total Amount 3/2 
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A-5 Punch: 

Columns 

37-43 
76-81 
82-88 

Description 

Amount 
Sales Tax 
Total Amount 
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PROGRAM CHART NO. J. UNIVAC 60 &. 120 ~7I.nd. 
APPLICATION: IItVo.t!,IHr, PUNCHED-CARD ELECTRONIC COMPUTERS TABULATING MACHINES 

TABLE OF FACTORS 
YM I\iN C".O CARD FIELD TITLE OR CONSTANT VALUE ". SIGN '" CA~D FIELD TITLE OR CONSTANT YALUE ,v. CAitO CARD FIELD TITLE OR CONSTANT VALUE ... ... 51liN NO • 

Nll+ 1a.."N .... Tv I~. .. 'L_~. N13 N25 

N2· + In. ... ~ I ... .. ,- ., N14 N26 

N3 N15 N27 

N4 N16 N28 

N5 N17 N29 

N6 N18 N30 

N7 N19 ,31 

N8 N20 N32 

N9 N21 N33 

NIO N22 N34.+ .o_~ 

Nl N23 N35 ;oos-
N12 N24 N36 

CARD DESCRIPTION 

$T(~ "m VALUE 1 PRO. VALU.E 2 RESULT " ¥. iA 4i " " 57 " " S10 SI1 '"' ~rT-... ... DESCRIPTION ".,YM CESS DESCRIPTION SlGIII .,. DESeRI PTION SIGNSTM '1/ 
1 r.J. "~'TY II i'PIP. C" I ... IAI. A .... NT" fN'" I - .2. 
2 A. ,r + +- . D.". + 1.1131 A"~"Nr (1I:JV I+- ". C:i'. - 3 
3 

• 0:1 1+ .... " Aw •• M'" +- In.,, (N") I ... 1.3 - ~ 
4 ir...v / ... 1 + ''''.r I ... loW .s: ... :3 TAX r".,,) :> (fj) - S-
5 IA. I ... Is.!! T'" + :>3 ITA"f"A AHOUNT" l~' its.) 

s_ ...... + :5"ALE.3 - I 
6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

·16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

'v. CARD FIELD TITLE NEG. TPUT PUNCH I NG DEC SET SET ell .. ". FROM TO REPRODUCE CONTROLS 
LDC . 1 

~ 51 51 
START ~ COL. POS. 

52 A"Ah .. .,. 'I I'll .. /3. -¥;t 52 ST. 
I"., i61_~q :"" ill SET 1 

T.,p 
REP 

53 .~. TAX " 171 179 :"0 it! :y. X 
53 

SET 2 SKIP 

54 i r... A. 'N~ I ... iilY I .... , :". 34 )( 
54 SET 

SORT 1 HOLD 
55 55 s[c 

SORT 2 ... 
56 . s6 

57 57 CLEAR o +. 0 N -:- 0 

58 58 P.S. I STOP 

59 59 P.S.II SoRT 

510 510 P.S.III 
RESTART 

511 511 P.S.IV STEP ...x 
512 512 PROGRAM 
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SELECTOR CHAR~ NO.: I 

APPLICATION: /IYYOIt!llVtr 

UNIVAC 00 &. 120 

PUNCHED-GARD ELECTRONIC COMPUTERS 

ELEMENTS 
CO .. ,T"NT F"CTORSI INOIC ... TE OECI ..... L LOCATION. NEGATIVE CONTROL ..... 0 V"'LUE IN oUlltED ... CCUMULATOIt COLU.S. 
C ... RO F"'CTORS, IMOICATE T""NSFER LINE IFIELO.FI, Ft. ETC, CONTROL. CI. Ct. ETC;. I OECI ..... L LOC ... TlO ... MESATIVE 

CONTROL ... ND TR ... N5FEIt LINE. INDIC ... TE C"'RO COLUIIINS IN ... CClIIIULATOIt INPUTS ON RIGHT, 

ELE .. NEG. CONT. DEC ACCUMUL ATOR COLUMNS ELE ... NEG.CONT. DEC ACCUMULATED COLUMNS 
TO TO 

ESIG COL POS Til' LO 10 9 8 7 6 5 4 3 2 1 DE"G COL PO :IIIII~ LOC 10 9 8 7 6 5 4 3 LUI 

Nl FI 1, II. 1:11 13'1 ~ .19 

N2 F:l ¥~ LJ/ I •• I .. , I" .20 

N3 .21 

• 4 N22 

N5 N23 

06 N24 

N7 025 

N8 026 

N9 N27 

Nl0 N28 

NIl N29 

N12 ND 

N13 031 

N14 032 

N15 N33 

016 N34 ~ 
017 N35 'V/~ ,n 
N18 N36 

R E P R 0 D U C E 
FRoM COLUMN 1 1 1 1 1 1 1 1 1 1 1 1 1 T r 1 1 

~~7I-.L 
TABULATING MACHINES 

ACCUMULATOR INPUTS 
TOP LINE. TIt ... NSFEIt LINE IFI.FI. ETC.) 

INDIC ... TE, 
BOTTOM LINE. C ... RD COLUMNS 

ACCUMULATED COlUMNS 
SYM. 

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

I' I' I' 
.1 

II~ RofLn 12 .!JtJ. 
F. I' '" F. '" I' 

.2 
~, I~. I" l~, l.u I~ • 

.3 

.4 

.5 

.6 

.7 

AS 

A9 

.10 

.f) -~ .11 

I .. S-
.12 

TO COLUMN 1 1 1 1 1 -1111111111111111111111 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
CONTROL 1 1 1 1 1 1 III 1 1 1 1 1 1 1 1 1 III III 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

SELECTOR CONTROL CHART 
SV"'OLS I SELECTOR • • TI." Tl.2, T'.3. TI.4, T2, ETC. SELECT, •• 'EL. V ... LUE I ••• VI ELE .. ENTS ••• NI. H2. N3. ETC. 

CO_ON • CO .. IR ... NCfI ••• SR. V ... LUE I ••• VI STOR"'G£ ••• 5t, St, 53, ETC. 
NON SELECT. • N.S. PROCESS •• PRo RESULT ••• R[.S. PROGR ..... SELECTOA , .', P.S.1. P.S.t, ETC. 

SELE C TRFR PICK UP 
SELECT COMMON NON. SELECT 

saE TAFR PICK UP 
SELECT COMMON TOA LINE POIITIOII ,1,110 COLU"II TO. LINE ~::::I~: ::~ACyO~::~ 

NON. SELECT 
1I.oICATI OrLAY COli 

11.1 
~ Ii:2 

~ 
b 

m .B 
1.4 

12 2 

13.1 ~ 'i3:2 
ffi 

g 

f;t;i ~ 
3.4 

14 4 

~ g 
15·2 ~ ~ 
~ ~ 

5.4 

16 6 

17.1 ~ 1;7.2 
fJ7.3 ~ 
1-;7.;, ~ 

7·4 

18 8 

~ ~ 
~ ~ 
~ ~ 
19.4 9.4 

31.1 ~ ~ 
IJi:; ~ 
~ ~ 

2~4 

32 22 

~ ~ 
33.2 23.2 

~ ~ 
~4 ~ 

34 24 

35.1 
~ '3s:"2 

~3 ~ 
~ ~ 25.4 

36 26 

~1 ~ 37.2 
~ ~3 

~ ~ 
27. 

38 28 

~ ~1 

~ ~ 
~ ~ 39. 29.4 
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A-6 Program comments 

1. Elements 

Table of factors 
a) No card number is needed since only one type of card is involved. 
b) Both card-read fields and constant values are entered. 

Accumulator input 
a) No constants are entered in this s.ection. 
b) Show the decimal location of each card-read field. 

2. Storages 

Since Sl is a working storage, no description is entered. However, 
its decimal location must be entered. 

3. Program 

Step 2: Although a final value, amount, has been computed, it is preferable 
not to set the value until the end of the program when all values have 
been computed. Therefore the next step is step 3 rather than set 1. 

Step 3: Since the non-rounded amount which is in Sl at the beginning 
of this step is no longer needed, the result of step 3 may be placed in 
Sl. This makes it unnecessary to assign an additional storage with a 
4/3 decimal location. 

Note that if .03 were V2 instead of VI, the multiplication time on this 
step would be longer. However, since the program is so short, it will 
operate at 150 cards a minute either way. 

Step 5: At the completion of the program it is necessary to set the 
values which are to punch in the punching dies. Therefore the next step 
is "Set 1." 

Set 1: The next instruction is trip. The computer could have been routed 
to clear, but this is actually unnecessary since all storages are cleared 
on every card by the entry of new information. 
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B. PROBLEM 2 - INVOICING 

B-1 Statement of Problem: 

Item cards for writing invoices have been pulled from a tub file. The pre­
punched information includes quantity and price. Customer number is then 
punched in the cards, and they are sorted by customer number. On the 
collator a blank card is inserted following each customer which will become 
a summary card. The total amount of the invoice is to be punched in the 
summary card, as well as a discount based on the total amount, and a net 
amount. The following calculations are to be performed: 

All cards 

Determine whether the card is an item card or a summary card. This may be 
done by subtracting a field which is punched in the item card from zero. 
Note that normally the sequence of customer number would be checked; however, 
the check will be omitted for this problem. 

Item cards 

1. Store customer number so that it can be punched in the summary card. 

2. Multiply quantity times price for the amount. Round the a,mount. 

3. Accumulate the amount from card to card for the gross amount of the 
invoice. 

Summary cards 

1. Test gross amount to determine in which of the following brackets 
it falls. 

Under $ 500.00 
500.00 -

1,000.00 -
2,000.00 -

999.99 
1,999.99 
and over 

2. The total amount of the invoice is to be discounted at the following 
rates: 

Amount 
Under $500.00 

500.00 - 999.99 
1,000.00 - 1,999.99 

$2,000.00 - and over 

Discount 
.01 
.015 
.02 
.03 

For example, an invoice of $1,500.00 would be computed as $1500 x .02 = $30.QO. 
Round the amount of the discount. 

3. Subtract the discount from the gross amount to equal the net amount. 
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B-2 Card forms: 

B-3 Sense: 

Item Card: 

/~~~~~~~~~~~~~~~~~ 
12 I:! 12 '2 IZ l~ '2 1Z 12 IZ 12 IZ 12 12 l~ 12 12 IZ 12 '2 12 12 12 12 12 17. 12 12 IZ.12 [~ 12 lZllZ 12 IZ 12 I.~ 12, 12 1~IJ2 12 12 12 

" I 
~4 3. 3 .. 3. 3 •• ). 3 .. 3. 3. '. 3. ~4 34 3. 3. 3. 3 .. 3 • .1. 3. 3. 3. 3. 3. 3. 34 ~4 3. 3+: 1 .. l+ 3. 3 ... : 34 3 .. 3. 34 3~ 3+ 3. 3.: 3. 34 3+ 3. 

~ 56 5(, f6 Sf> .I{, 5" 56 56 56 5(, 5(, 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 16 56 Sb: 51> 56 56 5(, 1'6 56 56 56 56 56 5(> 51l I 56 56 56 56 .... 
I I I ~ 

N 78 78 'Ii 711 78 711 711 711 711 78 i8 71:1 7~ 7t1 78 711 78 78 78 78 7" 78. 78 78 78 78 78 7~ 'S'lK 711 7~ 78178 711 78 711 7K 711 78 711178 78 78 78 1 

~ I : l 4 ~ 6 1 • , HI 11 \2 U .4 U II 17 1& II 20 11 12 n 24 " 26 21 2fI :9: 30 U S2 ]) 'M lS 34 3. 38 lq 40 41' 42 63 44 U t:Ii 

~ t 
J~~~~~~~~~~=;:;:;~~~=;:;:;~~~=;:;:;~~~=;:;:;~~~~~~~~ 

IZ I ~ 12 12 12 I~ lZ 12 l~ IZ 12 12 J~ 12 12 12 12 12 12 12 12 12 12 '2 12 12 12 12 12 12 ]2 12 12 12 12 12 12 12 12 IZ 12 12 12 12 12 

~ . j ,1 • .1 •. '. 3. 3. 3. 34 _'. 34 14 '. 3. 34 '. 34 34 34 34 3. 34 J4 .14 34 ~4 34 34 34 34 34 34 34 34 34 34 34 34 3. 34 :l.~ 34 14 34 3~ ,~ -'4 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

<) Q Q Q <) <) Q 9 9. <) I) <) <) 9 q q 0 9 9 <) 'I <) <) Q <) Q 9 9 'I 9 <) <) q 9 <) q <) 9 <) <) 

.6 01 d ... 50 51 5~ ~1 ~. 55 ~6 ~ ~ M ~ 61 6l 6J 64 6~ 66 6~ M " 70 71 n 7! 7t 7S 76 17 78 79 8D II ~ 8J U 85 ~~ n ~_~ 

/ll~2~1~'~12~12~1~'~I';;12:1;2~1;2~12;;12~1;2~12~'2~12~1;2~1';;12~1;'~12;;12:1;2~1;2~1':;'2~1;2~1_:'~ll:;12~1:2~12:;12~1;2~ll;;12:1;2~12~'2:;12~1~2~12;;12:1;2~1;2~12 
444444444444444444444444444444444444444444444 

~ , .. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~q~~~~~.; 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
'" 

It 12 '2 12 12 I~ I~ 12 12 12 1Z 12 IZ 12 12 12 12 12 12 IZ 12 J2 12 12 1Z 1Z 12 12: 12 12 12 12 12 IZ: 12 IZ 12 IZ 12 12 12: 12 12 12 12 '" 

143434343434,.3.3.3434 .1 4 1~ '4 343.3.343.3.3 •. 34 J4 ~4 3. 3.3.3.11.343434343.134 _'4 3. 3. 3. 3. '413 .... ~ 3 •. 1+ 

1 I : 
'i6 51> St> S6 56 S6 56 56 'I> 56 )6 'b Sf> So 'i6 56 56 56 S(, 56 56 56 S6 56 56 56 56 56 1)6 56 56 56 56 56'56 Sf> 5" 5(, 56 56 561 5(, 56 56 Sf> 

, I I I 
'il 78 7H 7!j 711 78 711 711 7~ 711 78 7~ 711 711 7r: 7S.78 78 78 78 78 78 7H 78 78 78 78 78178 711 78 78 78 78;78 78 78 71\ 78 78 711,78 78 78 71! 

:, ,~ :~ ,99 ~ :1 ~: :~ ~ M 56 :, ! ~ : :1 ! :J ! :~ ! &1 68 69 70 :1 ! ;l:;' :! ;6 ; ;8 ~I ~ :1 :2 :l : :, :6::7 ~ :9 ~O 

Columns Description 

46-50 Customer Number 
26-30 Quantity 
31-36 Price 

Summary card: None 

B-4 Punch: 
Columns Description 

Item Card: 37-43 Amount 

Summary card: 46-50 Customer Number 
69-75 Gross Amount 
76-81 Discount 
82-88 Net Amount 
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PROGRAM CHART NO. :2- UNIVAC 60 &. 120 ~7&uL 
APPL I CAT ION: JIVVOIC,IIV6- PUNCHED-CARD ELECTRONIC COMPUTERS TABULATING MACHINES 

TA BL E OF FACTORS 

Y. ISII c~ ~~ CARD FIELD TITLE OR CONSTANT VALUE 'YO 'IG~ '" CARD FIELD TIllE OR CONSTANT VALUE 'YO SIGH 
cnQ CARD FIELD TITLE OR CO~STANT VALvE ". .0. 

N I (I. ,&~ fe cs. ""'<"0 NI3 N25 

N2 ·1 I~. ~P'pV r .... L' .. ·30) N14 N26 

N3 + 1'; .. ,rF fe .... '.>' ) N15 N27 

N4 N16 N28 ,03 
N5 N17 N29 + ,-O:/. 

N6 N18 NXJ + ,0 S 
N7 N19 ... 31 .... 

.&. 
N8 N20 i'oi32 :1",,0. ,0 

N9 N21 N33 ,0 

NIJ N22 N34 . ..-,,,, . 
Nl N23 N35 noS" 
N12 N24 NJ61 + .C.O=-

CARD DESCRIPTION /= Ir~!1 ~"RlJ .5;:. ~""'I-f"JI.'1 ~ .. .u> 
ST[~ ,,~ VALUE 1 PRO. VALU E 2 RESULT " " " " " " " " " '>0 511 Sit 

~~ ". .0. OEseR IPTI ON Sl~ tV", CESS DESCRIPTION $1511 "" DESCRIPTION SIGH n • '1,/3 ~ 'Y¥. 3/, 'l: 
1 1+ 101m ~"n'oHE" "' .. ,. :. .$/< ... 

I ~ 7 • 2~"o - 1Vt>. +- r . .. " -
2 

1 ('O,P. .. ~~ IN ... ZtD. I." STO .. E. ~ur. NO . [.,. 16' - .~ 

3 
~ ... Mp"V I ... IN.> X P",eE IN. A 'Nr (IV") 1+ s .,J. - ~ 

4 A ,~, ,,~ (N~) li- S, • DO .... IN.1l A. N r ffeb) S il'iJ - .r 
5 1 :l. A, 1+ls 1+ AHD ,NT S N, 5: .... ,r 1.< S· - G 
6 IN"", L A"m.,.T 1-Ls +- Zp~" 1+ INJ' NEW :t. AHO .NT +\.s3 ~ - s.:. 
7 S I r.;"o" 1+ls - SOO.OO 1+ IN.II 

lIE. ..,. ~o·oO o~ Ot.l' .. At 
,~ T "I<3>UI .1"<>0.-"-0 .;: ~ 17 , .il2. ...E. 

8 11m 
+/000·00 o~ OVl!lC 

:: 51 ~ ...LL ..'l. .5 G. .. n<-< 1+ s - /6<>n.nn 1+ I 1.t'.5T -"""..,. r. '9~ 99 
9 

S Ic .. "s .• Is. - :>DaO.Of"; I~ I TEsT" ~ :OD4:~~:OTOo;,;;,~ :t ISJ 9 LL.:> i..L3. 
10 .s a lAW X GIO '" t- ~ 3 D,.'(!OUNT (NRl S ,,, - t"L 
11 < Mr- I" W.k )( GlOSS 11- l53 1> "., ArT (N.,) It s .LL - '4 

121.< .0"' 1+ iN~1 X '''0'' .,. .U 1>"'<!O<.!NI (NR) +-1.<. - /...!;t. 

13 L< .n' 1+ 1Aa, )( (;~:> It- 3 :PIS'" 0 v AI r (/'lit) I+- 1.:3. - L<.t.. 
141.< 11)"'M .• ~? ( ... .,) 1.< ""."- 11),.,,,,,,,,,,,..- (.,..,1 -r ~ - N 
15 

CPA< , i :J),.J (!OV'" T Nt!T 1I.~ ~ 
Jl!! 

S 1+ ~ - I+- Is ... " ..... L-t_ ~ - .:L-
16 

17 

18 

19 

;>Q 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

,Y. CARD FIELD TITLE NEG. OUTPUT PUNCH 1 NG DEC SET '0 euu "" FROM TO REPRODUCE CONTROL S , co, , , 
~ 51 )( 51 

5T ART COL. POS. 

¥,. 52 
,sr. I 52 

A .. "uIUY 19 I I'D IYI • t(, '113 IX X SET 1 AfP 

531 r. .. " .. .. _, J~ 53 7:l,~ 
uP I", 17Q 71 172 11.1 .711 ...x --K. 5£T 21~ .... , 

S" I P 

54 
"'1). ""''''JA#r 17' 7. ,-t. )( )( 54 " . 77 11 fO 

55 N"..- Au" ,,,ur 31: 1)( 
SORT j 

I 
H0~ l' 

I I I Ih Ipc PV .rlA " . lc 55 H' 
SORT 2. '" 56 56 

57 57 elf AI< 
TItIP 

Q 0 '" -;- 0 

58 $8 P. S. I STOP 

59 $9 P. 5.11 SORT 

510 s10 P.S.II! '-
Rf'nART 

511 S 11 P.S IV 51 tP 
.Ji 

5121t'. 'P. .~ " UA 'A: "7 '18 
'" In :-'0 X X 

$12 PRO(;R~ 
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SELECTOR CHART NO.: ~. 

APPLICATION: INVtJltllN(,-

UN IVAC 60 &. 120 

PUNCHED-CARD ELECTRONIC COMPUTERS 

ELEMENTS 
CONSTANT FACTORS. INDICATE DECIMAL LOCATION. NEQATIVE CONTROL AND VALUE IN DESIRED ACCUMULATOR COLUMfiI •• 
CARD fACTORS. INDICATE TRANSFER LINE IFIELO.F1. n, ETCI CONTROL. CI. C2. ET~.I DECIMAL LOCATION, NEGATIVE 

CONTROL AND TRANSFER LINE. INDICATE CARD COl.UMNS IN ACCUIiIIIULATOR INPUTS ON RIGHT. 

ELEM TO 
DES IG 

NEG. CONT. OE,~'II-:-:""'-::-T.::A,:,CCrU:::M=rUL:.;A~TrOR~C.:;OL:,:UTM.::NS=r::-T~ 
COL POS lTI~'r LO 10 9 8 7 6 5 4 3 2 1 

ELEN NEG. CONT. DEC 1--...--..:A:::CC:;:UM:::::;UL::A::.T;.:ED:....:;CO;::L~U::;: ... :::S:....---.--1 

OESIG' TO COL POS Z,·:r LOC 10 9 8 7 '6 5 4 3 2 1 

Nl IFI 

N2 ~..2. 

N3 iF:l 

N4 

N5 

N6 

N7 

N8 

N9 

Nl0 

NIl 

N12 

N13 

N14 

N15 

N16 

N17 

N18 

FROM COLUMN I 
TO COLUMN I I I I 
CONTROL I I I I 

I I I I 
I I I 
I I I 

1~1~7Iw~9~ ~N~I~9~~+-+-+-~+-+-+-+-+-+-+-+-~ 
GLI.. 1,01.. ~N.:;ro~-f __ ~4-~-f __ ~+-~-+-4 __ ~+-~-+-4 

~/13~133l~I,3sL~L ~N~2~1~~~~~~-+-+-+-+-+-+-+~~--1 
N22 

N23 

N24 

N25 

N26 

N27 

N28 

N29 
.r. " 

N30 

N31 
" I 

N32 '.:l 01,., 0 no 
N33 001" 00 
N34 

N35 

N36 ¥/, In "0 0 
REPRODUCE 

I I 1[, T1 I r fT1 TTTTT 
I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I I I I I I I I I I 

SELECTOR CONTROL CHART 

---.~ """-L 
TABULATING MACHINES 

ACCUMULATOR 'NPUTS 
TOP LINE. TRANSHR LINE ,Fl.", ETC.) 

INDICATE. 
IOTTOM LINE. CARD eOLU .... S 

SYN'\-:::T"-:-1,::AC:;::C;:",,"::;L::A::-T:;:ED===CDL;::::U,"":::S:-"-:-1r.--1 

10987654321 

AI 
1~1¥,I".II"I.." 

A2 

A3 

A5 

A6 

A7 

A8 

A10 

All 

.12 

IT 
I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I 

SVMBOLS. SELECTOR ••• TI. T. TI.2. n.3. TI .•. n. ETC. 
COMMON ••• COM 
NON SELECT •• N.S. 

SELECT ••• SEL. 
BRANCH ••• BR. 
PROCESS • , PRo 

VALUE I' ••• VI 
VALUE 2 ••• V2 
RESULT ••• RES. 

ELEMENTS ••• Nt. N2. HiS. ETC. 
STORA$E ••• 51. 52. $3. ETC. 

SELEC TRFR 
TOR LINE 

12 

14 

16 

17.1 

"i7.2 c..:,-: 

~ 17.4 

18 

~ 19.2 r:::-: 
~ 
19.4 

31.1 

'3;:'-2 

~ 
~ 

32 

33.1 

~ 
~ 
~4 

34 

35.1 

IJs:2 
IJs:3 
~ 

36 

37.1 
It:': 
~ 
~ 

38 

~ 
39.2 

fJg:-: 
~ 

PICK UP 
'OIIT'OIil ANO COLUIIIIII 
INDICATr orlAY COlli 

SI-U7~ R1II8 .... lUH 

SELECT COMMON NON. SELECT 
SUE 
TO. 

..!..:..! 
J..:1 
....!.:1 

1.4 

2 

~ 

~ 
~ 3.4 

4 

.~ 

~ 
~ 
5·4 

6 

~ 
~ 
t2:2 
7.4 

8 

~ 
~ 
~ 
9·4 

~ 
~ 
~ 
21.4 

22 

~ 
23.2 

~ 
I--
23.4 

24 

F2:! 
~ 
~ 
25.4 

26 

FZ:! 
~ 
~ 
27.4 

28 

~ 
~ 
~ 
29.4 
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TRF. 
LINE 

PICK UP 
P05lTIO",IIIDCOLU"'" 
IIIOIC.lTlorL.lYC·OIIIT 

'ROGRAM SELECTOR ••• '.5.1. '.5.2. ETC. 

SELECT COMMON NON .. SELECT 



B-~ Program comments 

Step 1: Any of the three fields punched in the item card may be used as 
value 2. If the card being tested is a summary card, that field will be 
blank and the result will be a plus zero. If any number is punched, the 
result will be negative, indicating that the card is an item card. Since 
it is preferable to program the cards in the sequence in which they enter 
the computer, a negative result goes to step 2, which is the first step of 
the item card routine. A positive result goes to the first step of the 
summary card routine. 

Step 2: Customer number is stored in S12 merely because that is the usual 
storage for designating information. 

Step 3: Although quantity (with one decimal place) times price (three decimal 
places) could result in four digits following the decimal, only three places 
are significant when the result is to be rounded to two places. Therefore 
the non-rounded result can be placed in a 4/3 storage. 

Set 1: The computer should not be directed to clear following set 1. Since 
it must be directed to clear gross amount in a summary card, a clear instruc­
tion at this point would clear the accumulating gross in each card. 

Step 7: To obtain the desired results, this step could be stated one of 
two ways: 

Gross - $500.00 or 
$499.99 - Gross 

The first method is preferable since it requires fewer wires to wire the 
constant. Since no indication is given of the volume of invoices in each 
group, it does not matter whether the first test is for $500 or $2000. Any 
card with an amount under $500 is directed immediately to its multiplication 
step, while cards of $500 and over must be tested further. 

Step 8: It does not matter whether this step is a continuation of the test­
ing'or the discount computation for the first group. 

Steps 10-13: Each card will go through only one of these steps. By always 
placing the result in the same storage, only one rounding step is needed. 
The exits of all of these steps are directed to the common rounding step. 

Note that if the discount rates, which are smaller values, are V2 instead 
of VI, the time for multiplication will be greater. However, the summary 
card program is so short that it will operate at 150 cards a minute either way. 

Step 15: Following the completion of the computation, the values must be set. 
Since set 1 was used for the items card, set 2 is used for the summary card. 

Set 2: The set 2 instruction must be directed to clear. 
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Clear: It is essential to clear gross amount since the storage is used for 
accumulating values in the item cards. If it is not cleared, the gross 
amount of the previous invoice will be added to the amounts in the following 
cards. It takes no longer to clear the remaining storages as well, but this 
is not necessary. 
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c. PROBLEM 3 - LABOR EXTENSION 

C-l Statement of problem 

This problem involves the extension of a day rate payroll. An employee 
may work on several different jobs during the day, with a separate 
labor ticket prepared for each one, which must be extended. Regardless 
of the job on which he is working, he receives the same rate. Since 
he may change shifts during the week, the shift on which he works is 
punched in the cards. Shift premium is added to the man's day rate before 
the card is extended. 

At the end of the week an attendance card is punched from clock cards 
at the gate with the total number of hours worked during the week. This 
total is to be balanced to the total of the hours on the labor tickets. 

There is a master rate file containing one card for each employee, with 
the employee's day rate punched. 

The rate file, labor tickets, and attendance cards are sorted together 
in that_sequence by employee number, then placed in the computer. 

The following calculations are to be performed: 

All cards 

Test employee number to be certain that all cards within a group are the 
same. Stop the computer on an out-of-sequence card. 

Rate cards 

1. Store employee number. 

2. Store rate. 

Labor tickets 

1. Add shift premium to day rate. Shift is punched 1, 2, or 3 for 1st, 
2nd, or 3rd shift. The rates are: 

1st shift: .00 
2nd shift: .05 
3rd shift: .11 

2. Multiply rate times hours to equal labor. 

3. Accumulate labor. 

4. Accumulate hours. 

Attendance cards 

Balance total hours with accumulated hours from the labor tickets. If 
the hours are not equal, sort the card. 
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C-3 Sense: 

Columns Description 

Rate card: 90, pos. 1 Card code 
46-49 Employee number 
21-24 Rate 

Labor ticket: 90, pos. 3 Card code 
46-49 Employee number 

50 Shift 
51-54 Hours 

Attendance card: 90, pos. 5 Card code 
46-49 Employee number 
51-54 Total hours 

C-4 Punch: 

Columns Description 

Labor ticket: 55-59 Labor 

Attendance card: 55-59 Total labor 
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PR()('HIM UIAHI NO. 3 UNIVAC 60 &.120 ~~7I-d. 
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SEL.ECTOR CHART NO.: 3 

APPL.ICATION: /,,..011 E~r/E.N4/0N 
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C-5 Program comments 

1. Elements 

Although hours and total hours are punched in different types of card, the 
card columns are identical. Therefore only one element is needed. 

Since shift is used to pick up selectors, it is not read in as an element. 

2. Storages 

The s~orages in which rate is stored from the rate card and in which the adjust­
ed rate is placed must both have 4/3 decimal locations, or the last digit of 
rate will be dropped off. 

Labor and total labor cannot be Y-wired into the same card columns for ,punching. 
Therefore they are both punched from the same storage. , 
3. Program 

Step 1: A rate card will always branch on the plus side of step 1. The plus 
branching is routed to selector T2, picked up by a 1 in column 90. If the 
selector is select, the card is a rate card and is directed to step 3, the 
first step of the rate card routine. If the selector is non-select, the card 
is either a labor card or an attendance card. In either case the sequence 
check must be completed, so the cards are all sent to step 2. Any card branch-
ing on the minus side of step 1 must be an error. . 

Step 2: Any card branching on the minus side of step 2 must be an error. Any 
card branching on the plus side must be correct. The plus branching is sent 
to selector T4, picked up by a 3 in column 90. If the selector is select, the 
card is a labor card, and is directed to the first step of the labor card 
routine. If the selector is non-select, the card should be an attendance card. 
However, for positive checking it is preferable to send the non-select of T4 
to selector T6, picked up by a 5 in column 90. If the selector is select, the 
card is sent to the first step of the attendance card routine. If the selector 
is non-select, the card does not have a I, 3, or 5 punch~d, and is therefore 
an error. The computer will hang up, since there is no instruction as to the 
next step. 

Step 4: No punching is to occur in a rate card. Therefore the card does not 
go to a set instruction following the completion of its program, but dir~ctly 
to trip. 

Step 5: During this step the shift premium rate is added to day rate, with 
selectors used to determine which constant value will b~ used. Value 2 is 
wired to the common of T8, which is picked up by a 1 in column 50. T8 will 
be select if either a1 or a 2 is punched in column 50, since the punched code 
for a 2 is a combination of land 9. It is therefore necessary to wire the 
select side to T12, which is picked up by a 9. If T12 is select, the card is 
2nd shift, and N34, .05, is to be used as the shift rate. If T12 is non-select, 
only a 1 is punched in the card and N36, zero, is to be used as shift premium 
rate. Note that an element must be wired on the non-select side of T12, or 
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the computer will h·ang up because there is no V2. 

If T8 is non-select, the shift should be 3rd. However, for positive checking 
it is preferable to wire the non-select side of T8 to the common of T14. If 
there is a 3 ~unched in column 50, T14 will be select and N33, .11, will be 
used as V2. If there is not a 3 punched in column 50, the card is incorrect, 
and the computer will hang up because there is not a 1, 2, or 3 punched. 

Set 1: When the program for a labor card has been completed, the computer 
is instructed to f:et S3 on set 1. At this time the labor amount for the card 
in the computer is stored in 53. When this has been set, the next instruction 
is to trip. Clear should not be used, or the accumulating totals will be 
cleared in each labor card. 

Steps 12 and 13: These two steps are the pair used to determine whether one 
number is equal to another. A minus result on either step indicates that the 
two numbers are not equal, and the computer is directed to sort the card. 
Since the step following the sort instruction will be the same regardless of 
whether the card is sorted on step 12 or 13, sort 1 may be used for the minus 
branching of both steps. 

Sort 1: Sort 1 is wired to step 14 to complete the program. This is the same 
step to which the cards which balance are wired. 

Step 14: Step 14 is the transfer of the total labor from S4 in which it has 
been accumulating to 53. It is necessary because S4 and 53 cannot both be 
wired to columns 55-59, or a backfeed would develop. 

Set 2: Since only 53 is to be set both times a set instruction is given to 
the computer, either set 1 or set 2 could be used for the second set instruc­
tion. If set 1 is used here, however, the next instruction must be controlled 
through a selector. In a labor card the next instruction is trip, whereas in 
an attendance card the next instruction must be clear. Therefore it is easier 
to use set 2 as the second set instruction. 

Clear: The attendance card must be directed to clear both 54 and 55, in which 
labor and hours are accumUlating. Though not necessary, it does no harm to 
clear the other storages which are used. 
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D. PROBLEM 4 - ANNUAL PHYSICAL INVENTORY 

D-l Statement of problem: 

This problem is the extension of a physical inventory taken once each year. 
One part may be stored in several locations, so there may be several inven­
tory cards for one part number. The inventory is taken on pre-numbered stub 
cards, with the stub left at the location of the part. When the cards are 
received by the tabulating department, they are punched with part number, 
quantity, and certain designating information which has no bearing on this 
problem. 

A master file of cards is maintained which is punched with part number, price, 
and unit of measure. The price may be price each, price per hundred, or 
price per thousand, as indicated by the unit of measure. The problem involves 
the write-down or reduction of the inventory valuation of any part which has 
not been ordered this year and of which there is three or more years supply 
on hand. A file of cards containing only part number is maintained during the 
year, with one card for each part which has been ordered, either from an out­
side supplier or on an order to manufacture within the company. The summary 
cards from the final stock status report for the year contain the total quantity 
used during this year. By dividing this quantity used into the total inventory 
quantity, the number of years supply will be obtained. For example, if 5 
have been used this year and there are 10 on hand, there is a two year supply. 

The price cards, inventory cards, order cards, and quantity used cards are 
sorted together by part number. A blank card, which will be used as a summary 
c.ard, is collated following each part number.' 

The calculations are: .," 

All cards 

Test part number to be certain .that all cards within a group contain the 
same number. 

Price card (one for each part) 

1. Store part number. 

2. Store price. 

Order card (one mayor may not be present for each part) 

Remember whether this card was present. A 0 in column 44, which is not pre­
sent in any other card, may be used as a selector pick-up. 

Usage card (one mayor may not be present for each part) 

Store quantity used during the year. 

Inventory card (one or several for each part) 

1. Multiply quantity times price per unit for the amount. 
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2. Accumulate inventory quantity. 

3. Accumulate amount. 

Blank summary card (one for each part) 

1. If the part has been ordered during the year, no write-down is to be 
calculated. The net amount is the same as the total amount. 

2. If the part has not been ordered, test to determine whether it has been 
used during the year. If it has not been used, the division of inventory 
quantity by quantity used will result in a number divided zero, to which the 
computer will give a zero answer. This will place it in the category of no 
write-down, when actually it should be written down the maximum amount. 

3. Divide the total inventory quantity by the quantity used during the year 
to determine the number of years supply. Drop off all decimals in the quotient. 
If the number of years supply is zero, I, or 2, no write-down is to be cal­
culated, and the net amount is the same as the total amount. 

4. If the number of years supply is 3 or more, the total amount (dollar value) 
is to be multiplied by the following percentages to obtain the write-down amount. 

3 years - 25% 
4 years - 50% 
5 or more years - 75% 

The write-down amount is to be rounded. 

5. Subtract the write-down amount from the gross amount to equal the net 
amount. 

D-2 Card forms: 

/ 
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Selector pick-up 
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each 
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per thousand 

45, pOSe 5 
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Inventory card: 45, pOSe 7 
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Card code 
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PROGRAM CHART NO. J./ UN IVAC 60 &. 120.. ~7&uuL 
APPLICATION: ANNUA£.. 'P.,y .. .,eJtL INYI!NT""Y PUNCHED-CARD ELECTRONIC COMPUTERS TABULATING MACHINES 

TA B L E OF FACTORS 
YM I'. CAIO CARD F1ELD TITLE OR CONSTANT VALUE ,vo 11011 '" CARD FIELD TITLE OR CONSTANT VALUE no CA~D CARD FlfLD TITLE OR CONSTANT VALUE ". ". 111&. "0. 

Nl ... ~t -p".... 1'1'" ("OL$. -7) N13 N25 

N21+ , -Plt,e£ (. .... "-13) N14 N26 

N31+ yo D • ... y •• v v." D (,,,,,. I<" • .>A) N15 N27 

N4 ... 7 ,.. Q""", .. ",Y (CaL,. ,/I, .. " N16 N2B 

N5 N17 N29 ,7r 
N6 NIB N3D+- .st> 
N7 N19 N31 1+ .:lr 
NB N20 N32 I ... S-
N9 N21 N33 ., 
NIO N22 N34 1+ 3 
Nl N23 N35 I+- .oos-
.12 N24 N36 1+ D. ",,,, 

CARD OESCR I PT I ON /_ ·Rr~c. etlf~ 3·0,.,.e .. i!1I(116) S"'~ U. lit&" t!ll1I. 7"" "".,~"'rlllC" "'"'" .s = S""'~jIII." t!19A.1> 

"'. ,,~ VALUE 1 PRo. VALUE 2 RESULT " ~ 53 
so 55 

~ ~ 
51 S. '" V- Sit 7fT " . ... DESCRIPTION ... ". CESS DESCR IPTION 111&" ". DESCRIPTION 5"" IV. 'f: o/,,v, -v. 'A 

1 I'P ..... Nn. {""", H - 11. .... "OJ (sri + .:Jt3 TA'u !:.= ";:::8::- 'to - s, .L .3 I~~~ 
de lop ...... NI>. flrJ + !sa - 'R,ll .. _ (PCNJ TI ... , "'E~" !:: ..... !,s l..&. 'Yo I*'1 
3!. 12 .... + In, - 'P...... ..,. 1'"" .. , + If ,Tn ... '!: '!:':_. ~.5 3 "1o ~?/!. 
4 , I i?t..... NI> {1IIr..,1 IAr, I ... ZI£RO .. W.u. .57",.. PllII.... _. ... S' 6> - S-

5 , P"'''L + 1t2 4- 2 ... 0 ... W.II Is... .......... , .. _ ",",.,.. .,... s" I~ - r. .. 
6 !r Q" ..... , .. y u ..... .. IAr.:! t- Z ,.1/0 + ~JC 1.5.,., ..... 0 ..... "' ....... .,.. .1'.., t€', - T~I 

717 0." .r.~V -4- ~., )( A,....ar.:.. P.".~ .,.. ill AN,w"F" ( .. ,d Iof- .5 7 - II 

B 11 A ... ,Nr (N.I Is. • ""'~ 
.,.. IN.!! A ... " • ....... (,n,) It- ,s9 ~ - 9 

911 :£A ,+ I.SIi' + Q" ...... ,,.v .,...N NE~ I:. 4D ...... r.l''' +.5 'J - /~ 

10 17 NalN ~ c ......... ,. .. + 51 + 2 •• " It- Ilnj Nltw :l. 0"', ..... , .. " If- s. tIDl - /I 
11 7 r. A, "' .. """' ... I of. Is't N ... :£ AN"",,,, .. 1+ S N - /2 

1217 N •• ~ •. 12 .• 11 1+ ~ Me", :E _'>UNF" I ... 1~7 f.i - s'" / 
131s z,,"" It- 1f3' - IC .. ANr.ry II&E" 1+ lsMl In. ..... ! :::: .. """'> ~1.51 ~ I~ La 
141.s I. Cu .w ....... 5 ~ IOu .... ,.,~ .. , .. E .. +~ N,. Y .. ".~, .. , ........ I ~'" I/V - /.r 

15 1.5 It... \100 ....... ~ ... .,.v 12 - .1 1+ II.J~ 
liE. 1'"" 0'" ,..tel! 

, .. t' - o~ "- "'I~J 1L 3"., /e. 
16 105 N,.. V ...... '''HLY I .. 53 - " I ... AI" Ir.rs ... + ~ .... ,.." ... E: :!:Is, A. Ip-" 17 

17.$ No. V ..... .s SU_LY - 05- ... I.TEST"f r o/k MoRe 
-~ !: s '7 P.s: Iff 

lB .5 1oI.'~~.""~N ,. 
tJ"1 

It :r. AM. w ........ ,. .... ANr 1' .... , .ls, II/' - 19 TJU .N" S 

19 1.5 "'"" .. ar .............. (Nttl 1+ S 1-4- Oor 1+ AI .. k1 .. ,rl' 3>00""" ""T I'lta) + .s~ tFiJ - 130 

20 1.5 t:. .. "itT 1+ oS7 - IW ....... ·_auN A .. r I ... ~, NIt'- ""0 'N.- ... 059 '.ii: - S,,7'1z. 
21 

22 

23 

24 

25 

26 

27 

2B 

29 

3D 

31 

32 

33 

34 

35 

36 

37 

3B 

39 

4) 17 ... 0 +h ;- 2""", :1- HJ(. £'UZo ... STEP ..... .51 I(D 
svo CARD FIELD TITLE NEG. OUTPUT PUNCH I NG DEC SET SET 

CL£J\~ '" FROM TO REPRQOUCt CONTROL 5 , 1 LO' , , 
51 ~ )( 51 

START 
.5"'.~L 

COL. POS. 

52 Yo )( 52 
SET 1 -,;.,p REP 

53 53 
SET 2 SKIP 

s4 54 I!t£AR. SET 
~- ~. - .. SORT i I :~~o I I I 55 55 

~ 
SORT 2 .EP 

56 lot."".,. 2>0,"," A .. or 1:5 1'f 7, 7' 71 1J' 7'1 1'0 )( ~ 56 

57 ~z. V 57 
CLEAR ir ... P 

o .0 N .;. 0 

58 2.1 :1~ l,. ~ I X 5B 
P.S. I lsr. IE 

STOP 
X x r. G ,A .. ? .. , :1" :1S' A~ 

s9 A~ ,,, ..... IN~T' AM. " 11:1. nil" I, Ir' i lar ~ x 59 P .5.1 'l",,", l'if 
SORT 

, ...... IT: -2 
510 ~1. Ix 510 P.S.III 

RESTART J 
511 ~ )( 

511 P.S.IV STEP X 
5121> ......... OIl> , :z. 3 ., S"i. 7 Yo X Ix 512 PROGRAM 
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SELECTOR CHART NO.: ,., 
UNIVAC 60 &. 120 ~ma. B.ar.twL 

, PUNCHEO-CARO ELECTRONIC COMPUTERS 
HVEI'trO,.y 

TABULATING MACHINES 
APPL I CATION: AHrfUIU .. l'HYSleA4 

ELEMENTS ACCUMULATOR I.PUTS 
CONSUN' FACTOR'. INDICATE DECIM"L LOCATION, tlE.ATtYE CO"1'I:OL AltO VALUE IN DESlltn ACCUMULATOR COLUMNS. TOP LINE. 'UM"" Llfll ",.,a. nc.) 
(:,UO 'ACTORS I INDICATE TltA.Sf"1I LINE Itlua.". fl. [TCI CONTROL. CI, ca. lTt;.J DEC,M"L LOCATION. NEGATIVE INDICATEI 

. COfiITRDL AND TltANSFER LINE. INDICATE CARD COLUIIIINI IN ACCI,MULATOII INPUT' ON RIGHT. lOTTo.. 1.1l1li£ • CoUlD COLU.' 

ELIIll 
TO 

NEG. CONT. Ote ACCUMULATOR COLUMNS EUIil. NEG,CONT. DEC ACCI.MJLATED COLUMNS ACCUMULATED COLUMNS 
TO SYM. 

DE"O CO. "OS LTI~~ LO 10 9 8 7 6 5 4 3 2 1 OESI. co. PO TOO .OC 10 9 8 7 6 5 4 3 2 1 10 9 8 7 6 5 4 3 2 1 
" 

01 F. 1~ I 2 
-1 " 

l.r , 7 019 F F ,. F 
.1 

.:II ,~ I", I.r- " 17 02 or.: vi, ,.3 020 IF2 ItJ I" IZ. IF~ F. 

.3 ~ 
.2 

Ii' i'i 1/0 '" /:1. 1.3 ~F.1 liS" III 47 I" " .le 021 

04 11'"'1 0/, ~, 022 .3 
H j,. '716 19 .:1( 

05 023 

06 • 24 
M· 

~I , ... ... 
• 7 025 

.. 
.S 

N8 026 

09 027 
.6 

010 028 .7 

oil 029 -¥~ .7 ~ 

~ 
AS 

.12 030 
~o 

N13 031 f11 ~S" A9 

014 .32' Vo .r 
~ 

.10 
.15 N33 9, 
N16 .34 I~ .3 .11 

017 .35 'II'. ,.,,., or 
018 036 .., 

" ., 0 0 
.12 

R E P R 0 D U e E I 
FROM COLUMN I I II I I I I I I I I II III II I I I 111.1 I II I I I I II I I II I I I I I I II 1·1 I II I I 
TO CCLUMN I I I " I I I I I I I I I I II I I I I I I I I I I I I I I I I I I I I I I II I I I I I I I I I I 1 
CONTROL I I I I I I I I I I I I I I I I I I II II III I I I I I I I I I I I I II I I I I I f 

SELECTOR CONTROL CHART 
'YIIIIOlS. SELE.cTOR ••• TI .. t. '1,2. TI .. 3. TI.4. T2. ETC, SE",EeT ••• S[l.. VALUE I ••• VI ELEMENTS ••• NI, HZ. M3. ETC. 

COMMON ••• COM IRANCH ••• IR. VALUE I ••• VI STOIlA6£ ••• 5': 52. 53, ETt. 
NOH SELECT •• ",5. PROCESS •• PRo RESUL T ••• liES. PROGRAM SELECTOR ••• P.S.I. P.S.2. ETC, 

SELEe fRFIt P'ICIt UP 
NON. SELECT 

SEI.E TRFIt PlCIC UP 
SELECT COf6tON NON-SELECT' TO. LIlliE PO.t'ION AMD COI.UIII SELECT COMMON TO. LINE ~::I TI O. AIIO eOLUIIIN 

IIIDICArr IHLl'" eOIl I DICATfO Ll'COItT 

11.1 ' . ..!.:..! '1'1r Sr . ., Bil. Sp. ~ 3p ..:L m ~ ~~, 'T" _<""_ 600>1' m c., 
fu .g 

("",el< 00 .. 1>-'.4 

12 1 .. ,.7 3h" ("'" "''''') I'/~ NS r&O 2 C!2 ~"r (""_,, ,11.11" ~ 6/1. sr. ;z. ('"N. T'" 
13.1 

~ )''1S"" 
.sr. 7 N.S, T '" 

i3.Z ~ .5.,r ~ 5._ 59 S"''T" .:z. i"ij 3.3 <!!.3 , 
fu 3.4 (",,",, "D ...... ) 

14 p;, {~..,.~ N_~' VI - S .... " ('tJ .... r~ 4 C!cf .>JC,r_ Ius" "",1 _~7_ ,. IAI" 'T-:L <t>H. T3-1 

~ M 0",., P. -r.r (I,,, .... _:L-

~ ~ s ..... ;20 I ~ lilt. sr..:!' 57"_ '-'J 
C!S" :SEL- TS-' 

~ ~ (.sE.< ....... 1» 
15.4 5.4 

16 I P.:5:l {so 9' .. 1 1'1.3" 1'15 Tf'" 1'1 :l9 6 ell. y;" (,.';"11. "'RC C!o . rF I:»..,. &oK. ~4 (!Of'f, 7"-'2-
17.1 7.1 

172 ~ .;.;.:..: 
~ ~ ~ 17. 

18 8 lell 'Mv PE~ ,00) S7u s.,~. T' '3/:>-

~ ~ 
19·2 ~ -::;-:: 
~ F:1 
19.4 9.4 

31.1 21.1 

3i":2 rt:i 
~ ~ 
3i":4 izi:4 

32 22 

~ 23.1 
33.2 ~ 
33.3 1m 
33.4 ~ 

34 24 

35.1 5.1 

~ ~ f::-:'-:: ~ ~ 
35~ lfsj 

36 26 

37.1 
~ ~ 

~ ~ 
~ 3g 

27.4 

38 28 

39-1 ~ ~ 29~ 
~ ~ 
~ ~ 
$1·U70 Rft."" IU5CIi 273 



0-5 Program comments: 

1. Elements 

The decimal location of price is shown as the common of selector T6. Price 
is given as price each, per hundred, or per thousand, while quantity is always 
in units. Therefore an adjustment must be made so that the correct result 
of multiplication will be obtained. Quantity should not be changed, since a 
total quantity in units is required. 

Price may be adjusted in at least two ways. The preferable method is that of 
changing the decimal location, depending on the unit of measure. The decimal 
location is wired to the common of selector T6, picked up by a 1 in column 14. 
If the selector is select, either a 1 or 2 is punched. The select side is 
wired to the common of TS, picked up by a 9 in column 14. If the 9 is not 
present, only a 1 is punched, the unit of measure is each, and the desired 
decimal location is 3/2. If TS is select, a 2 is punched, and the unit of 
measure is per hundred. By moving the decimal location two places to the left 
of that shown on the card, the same effect will be obtained as dividing the 
price by 100; therefore the decimal location should be 5/4. 

If selector T6 is non-select, the coding in the card should be 3. For positive 
proof. however, the non-select of T6 is wired to the common of TI2. If TI2 is 
select, the price is per thousand. By moving the decimal location three places 
to the left of that in the card, the same effect will be obtained as dividing 
the price by 1000; therefore the decimal location should be 6/5. If T12 is 
non-select, there is not a 1, 2, or 3 punched and the computer will hang up 
the first time that price is used, because N2 will have no decimal location. 

A second method of adjusting price is the dividing of price by 1, 100, or 1000, 
or multiplying it by 1, .01, or .001 when it is stored. To do this, the values 
of 1, 100, and 1000 or 1, .01, and .001 would be set up as constants. The 
same selectors as above would be used to select the proper constant. The step 
would be: 

Price (N2) 7 1/100/1000 (Com. T6) = Adjusted price (511) or 
1/.01/.001 (Com. T6) x Price (N2) = Adjusted price (511) 

The constant values would be wired on the select and non-select sides of TS 
and the select of T12 instead of the decimal locations shown above. 

Note that a 1 must be used as the divisor for those parts for which the price 
is stated as each. If zero were used as a divisor, the quotient would be 
zero (N + 0 = 0.) 1 would also be used as the multiplier for a price 'stated 
as each, since zero multiplied times the price would also result in zero. 

On a long program, the method of using a division step or 
is not as satisfactory as adjusting the decimal location. 
calculating time than the addition step which can be used 
if the decimal is selected. 

2. Program 

multiplication step 
They require more 

for storing price 

Step 1: All cards go through the first step of the testing routine.- If the 
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result is minus, the card could be an error. However, it could also be a 
summary card, since part number is not punched and the subtraction of the 
stored part number from zero would result in a minus. The minus branching 
is directed to step 3 to determine whether the card is an error or a summary 
card. 

If the branching is plus, the card may be correct. Since there is a control 
hole in the first card of a group, these cards should be separated at the 
end of step 1. Therefore the plus branching is routed to the common of Tl-l. 
If the selector is select, the card is a price card and is directed to step 4, 
the first step of the price card routine. All other cards are sent to step 2 
for the completion of the testing routine. 

Step 2: Any card branching on the minus side is an error, while all cards 
branching on the plus side are in sequence. From the plus branching the 
cards go to the first step of their routines. The selector wiring will be 
discussed in connection with each type of card, beginning with the order card. 

Step 3: Errors and summary cards are directed to this step from the minus 
branching of step 1. If the result of this step is plus, there is no punched 
part number, and the card is a summary card. The selector used at. the plus 
branching will be discussed under the routine for the summary card. If the 
result is minus there is a punched part number and the card is in error. 
It is therefore directed to step 40. 

Price Card 

If selector Tl, picked up by a l.in column 45, is select, the card is a 
price card. The plus branching of step I is wired to the common of TI-l, 
and all price cards are immediately sent to step 4. 

Step 4: Part number is stored. The price card is always the first of the 
group, and the part number in all succeeding cards is compared against this 
part number. 

Step 5: The adjusted price is stored. As discussed on page 274 this is simply 
an addition step if the decimal loc.tion of price is selected. If a fixed deci~ 
mal location of 3/2 is given to price, this step would be the division of price 
by I, 100, or 1000, or the multiplication of price by 1, .01, or .001 depend­
ing on the unit. of measure. Since no punching is to occur in the price card, 
the plus branching is directed to trip. 

Order Card 

From the plus branching of step 2, all cards are directed to the common of T2, 
picked up by a 3 in column 45. If T2 is non-select the card is not an order 
card, and is routed to T4. If T2 is select, the card is an order card. 

The purpose of including the order card. IS so that during the routine for the 
summary card the computer will know whether or not the part has been ordered 
during the year. This may be done in two ways. One method is to use a program 
step to store anyone of the constant values which have been wired. Then during 
the routine for the summary card the storage in which this has been placed is 
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subtracted from zero. If the result is plus, nothing has been stored, and 
therefore there was no order card. If the result is minus, a value has been 
placed in storage, and the part was ordered during the year. Note that with 
this method the storage in which the indication is stored must be cleared at 
the end of each summary card. This method also requires the use of two steps 
and a storage, which may be avoided by using a selector hold. 

It is stated as part of the problem that a zero in column 44 is available 
in this card, and may be used as selector pick-up. The selector, once it 
has been picked up, must be held by selector hold, since otherwise it will 
return to non-select as soon as the order card is tripped out. 

The zero in 44 must pick up a four-pole selector, since one pole is used for 
selector hold wiring, while a second is used for the wiring of branching 
in the summary card. T5 is used in this example, T5 must be dropped out 
following its use in the summary card and before another order card is sensed. 
The logical place to do this is when the price card is in the computer, al­
though a program se.lect could be used for this purpose in the summary card. 

The wiring of selector hold is as follows: 
non-select of TI-2, which is picked up on a 
is wired to the common of T5-1. The select 
T5. The zero in column 44 is also wired to 

Selector hold is wired to the 
price card. The common of TI-2 
of T5-1 is wired to pick up 
pick up T5. 

Until an order card enters the computer, T5 is non-select. 
card with zero in column 44 is sensed, T5 becomes select. 

As soon as a 
The power 

emitting from the pick up of T5 passes through the select of T5 and non­
select of TI and reaches selector hold ground. T5 therefore remains select, 
even though the order card leaves the computer. It remains select until 
the next price card enters, at which time TI is picked up and the connection 
to ground is broken. 

Note that a 3 in column 45, the card code for an order card, cannot be used 
with selector hold. If the selector picked up by a 3 in 45 wer~ to remain 
select until the next price card, all cards entering the computer from the 
order card to the price card would actually be sensed as order cards. 

Since the pick-up of T5 is the means of remembering that the order card 
was present, no further steps are required for an order card once it has 
completed step 2. The select of T2, picked up by a 3 in column 45, is 
therefore wired to trip. 

Usage Card 

From the plus branching of step 2 all cards are directed to the common of 
T2, which is non-select unless an order card is sensed. The non-select of 
T2 is wired to the common of T4, picked up by a 5 in column 45, which is 
the code for a usage card. The select of T4 is wired to step 6, the first 
step of the usage card. 

Step 6: Quantity used is stored. This is the only step required on a 
usage card, ~o the plus branching is wired to tr.ip. 
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Inventory Card 

If a card which branches plus from step 2 is neither an order card nor a 
u-sage card, it should be an inventory card. For positive checking, however, 
the non-select of T4 is wired to the common of T3-1, picked up by a 7 in 
column 45. If the selector is select, the card is an inventory card and 
is wired to step 7, the first step of the inventory card routine. If the 
selector is non-select, there was not a 3, 5, or 7 punched. The computer will 
hang up for lack of a next instruction. 

Steps 7, 8: The-se are normal steps for computing and rounding the amount. 

Steps 9-12: These are normal steps for accumulating quantity and amount. 

Set 1: The only value ,to be punched in the inventory card is amount from 59., 
However, S9 must also beset on the summary card, since amount is to be puncheq 
in the same columns as in the inventory card. To prevent the setting of th,e 
additional storages which must be set in the summary card both on the summary 
card and the inventory card, 59 must be wired through a selector. T3 is con­
venient for this purpose; since it is picked up ,on an inven,tory card. The 
setting of S9 is wired to the common of T3-2, and on the select side to set 1. 
Following set 1 the inventory card is tripped out. 

Summary Card 

The summary card is identified at the plus branching of step 3. Theproblem 
states that any card which has been ordered during the year does not have any 
write-down calculation. Since this is the first calculation t.o be performed, 
cards for parts which were ordered may be routed directly to step'20, which 
transfers total amount to the storage from which it will be punched. Selector 
T5 is select if the part has been ordered. The plus branching of step 3 is 
wired to the common of T5-2" and on the select ,$ide to step 20. If the part 
has not been ordered, T5 is non-select and the program continues with step 13. 

Step 13: The quantity used storage must be tested to determine whether any 
parts have been used during the year. If none have been used, the part is to 
be written down a full 75%, which is the write-down amount fOr 5 or more years 
supply. If the branching is plus, meaning that none have been used,the card 
can be directed immediately to step 18, which multiplies the total amount by 
the write-down percent. Another possible way of handling the problem is to 
store a quantity used of .01 if the quantity used storage is zer,o. These 
cards can then follow the routine for all the other cards which were not 
ordered.' When total quantity is divided by .01, the result will be at least 
5, so the card will fall in the proper write-down cle~s. For example: 

2 +- .01 = 200 

The cards on the minus branching of step 13, indicating that Some were used 
during the year, are sent to step 14. 

Step 14: Total quantity is divided by quantity'used to determine the number of 
years supply. Note that th-e result is placed in a storage with a I/O decjmal 
to drop off any qecimals t,hat might resu:rt. This is not necessary wi th, steps 
15-17 stated in the form as shown; however, if the alternate form of the testing 
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steps is used, as mentioned below, it becomes essential. The plus branching is 
routed to the first testing step to determine the number of years supply. 

Step 15: The first testing step may be stated in one of two ways: 

1. Number of years supply minus 3 
2. 2 minus number of years supply 

In either case, the cards with less than 3 years supply are separated, in the 
first example on the minus branching and in the second example on the plus 
branching. The same principles apply in both cases, so only the first example 
will be explained. 

The cards with 0, 1 or 2 years supply, which branch minus on step 15, have no 
write-down computed. They are therefore directed to step ~o, in which total 
amount is transferred to the storage from which it is to be punched. The cards 
which branch plus on step 15, which have 3 or more years supply, are routed to 
step 16. 

Step 16: The cards with 3 or more years supply are tested. A minus branching 
indicates that there is a three years supply. PS 1 is impulsed to "remember" 
this fact, and the cards are sent from PS 1 to step 18, in which write-down 
is computed. A plus branching on step 16 indicates 4 or more years supply, and 
the cards are routed to step 17. 

Step 17: The cards with 4 or more years supply are tested. A minus branching 
indicates a four years supply. PS 2 is impulsed to "remember" this fact, and 
the cards are sent from PS 2 to step 18, in which write-down is computed. A 
plus branching indicates 5 or more years SUPplYi and these cards are sent 
directly to step 18. 

Step 18: In this step write-down amount is computed for all three percents -
25, 50 and 75. Note that it is equally correct to use one multiplication step 
for each of the three multiplications. This approach saves the 20 milliseconds 
required to impulse a program select for those parts with three or four years 
supply. However, it does require two additional program steps, which might be 
important on a longer routine. In the example PS 1, which is impulsed if there 
is a three year supply, picks up T14. PS 2, which is impulsed if there is a 
four year supply, picks up T16. If the supply is 5 or more years, no selector 
is picked up. V2 of step 18 is wired to the common of T14. If T14 is select 
N31, which is 25%, is used as V2. The non-select of T14 is wired to the common 
of T16. If T16 is select, N30, which is 50%, is used as V2. If neither T14 
nor T16 is select, there must be 5 or more years supply. Therefore N29, which 
is 75%, is wired as V2. Note that the cards from step 13 which had no quantity 
used go directly to step 18. Neither T14 nor T16 has been picked up, so 75% 
will be used as V2. 

Step 19: A normal rounding step for write-down amount. 

Step 20: All summary cards going through the computer are directed to step 20. 
Net amount must be placed in S9, since S9 is wired to the card columns in which 
net amount is to punch. If a write-down amount has been computed, this step 
will determine the net amount. If no write-down has been computed, as in the 
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case of parts which were ordered or of which there is less than three years 
supply, this step becomes a step transferring gross amount to 59 for punching. 
5ince 56, the storage in which write-down amount would have been placed, is 
clear, the step becomes gross amount minus zero equals net amount. This has 
the same effect as the more usual step of gross amount plus zero equals net 
amount. Note that since the step is available, it would be correct to direct 
cards without a write-down amount to such a step instead of to step 20. From 
step 20, all cards are directed to set 2. 

5et 2: 59 must be set on both set 1 and set 2, as explained under set 1. It 
is wired through selector T3-2, picked up when an inventory card is in 
the computer. On the non-select side of T3-2, therefore, the setting of 59 
is wired to set 2. Part number, write-down amount, and total quantity are also 
set on set 2. From set 2, the cards must be directed to clear. 

Clear: Certain storages must be cleared following set 2. They are: 

56 - Write-down amount. This is to prevent a write-down amount from a previous 
card from being punched in a card in which no write-down is computed. 

57 - Gross amount. An accumulating storage. 

58 - Total quantity. An accumulating storage. 

The other storages may be cleared at the same time, although this is not 
necessary. 
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E. PROBLEM 5 - DAILY LABOR EXTENSION AND PAYROLL SUMMARY 

E-l Statement of problem 

The problem involves the extension of a standard hour payroll. An employee 
may work on several jobs during a day, anyone of which may be either day 
work or piece work. A separate tabulating card job ticket is prepared for 
each job. These tickets contain information in addition to that discussed 
below which is pertinent to labor distributions and job costs, but is not 
mentioned in the following discussIon since it is unnecessary in the computing 
routine. 

On all cards home department, labcir cla~s (day work or piece work), and hours 
worked are entered. On a piece work card-the timekeeper also enters pieces 
produced and standard hours per 100 pieces. If an employee_worked overtime, 
even on a job which he began on his regular shift, a separate card is prepared 
for the overtime. This card contains actual hours worked on overtime. 

All cards for the day are punched and verified. They are then sorted by 
department charged (this department is not used in the computing run). The 
purpoSe of this is to punch burden percent in the cards on the MCRP, since 
burden percent varies with the department charged. Burden percent is then 
punched in each card from a master file. 

The cards are sorted by clock number and home department. On the MCRP the 
employee rate is punched in each card. This rate is used for extending 
both day work and piece work. A blank card which will be used as a summary 
card is then inserted by the collator following each employee. The cards 
are now ready for the 120. The computation is as follows: ,. 
1. The cards must be checked to be certain that all cards in a group contain 
the same department and clock number. Note that department contains one digit 
of alpha. 

I 

2. If an employee is working on day work, the computation of his labor is 
merely hours worked times rate, rounded. This computation must also be done 
when he is working on piece work, since he is guaranteed at least the amount 
of his hours worked times rate on each job. 

3. On each job ticket involving piece work, pieces produced are multiplied 
by standard hours to determine the standard hours produced. This figure, 
multiplied by rate and rounded, is the piece work pay. 

4. On all piece work cards, piece work pay must be compared with day work 
pay. The greater of the two is the labor amount to be punched in the card. 
If day work is greater, the amount of the difference, called make-up pay, 
~s well as "0" in column 90 is to be punched in the card. This is a sorting 
control used to separate cards with make-up so that they may be analyzed. 

5. Labor amount is multiplied by burden percent to obtain the burden. Burden 
is rounded. 

6. Accumulate total hours worked. This includes hours from both regular job 
tickets and overtime job tickets. 
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7. Accumulate overtime hours. This is a total of hours from overtime 
cards, not overtime premium hours (1/2 of overtime hours). 

8. Accumulate total labor (straight time pay) 

When a summary card enters the computer, all values which are to be punched 
in it have been calculated. The following information, which will be used in 
computing net pay, (problem 7), is to be punched in each card: department, 
clock number, total hours, overtime hours, straight time pay. The summary cards 
are to be sorted by the computer. 

E-2 Card Forms: 
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E-3 Sense 

Columns 

Labor Cards: 46-48 
49-52 
35-38 
39-41 

53 

54 
56-60 
61-64 
65-68 

Summary card: None 

E-4 Punch 
Columns 

Labor Cards: 69-73 
74-76 
81-85 

90 

Summary Card: 46-48 
49-52 

42 
61-64 
65-68 
69-73 

Description 

Home department (column 48 is alpha) 
Clock number 
Rate 
Burden percent 
Labor Class 5 - day work 

6 - piece work 
"Zero" if overtime card 
Pieces produced (not hundred pieces) 
Hours worked 
Standard hours per 100 pieces 

Description 

Labor 
Make-up pay 
Burden 
"Zero" if day work is greater than piece work 

Department 
Clock number 
"3" in all cards 
Total hours 
Overtime hours 
Straight time pay 
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PROGRAM CHART NO. S­ UNIVAC 60 &. 120 

APPLI CATiON' Lilli"" E}treN310N .. '?~u,,« s ...... ,.y PUNCHED-CARD ELECTRONIC COMPUT ERS 
TABULATING MACHINES 
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ElEMENTS 
COlllnNT 'ACTOIIS. INDICATl OICIMAL LOCATION. NleATI'I' CONTIOL AND VALUI IN DUIItEO ACCUMULATOR COLUfM'. 
CARD 'ACTOn. 'NDICATE TRAIlIIIPEW LINI l"IELD.". '1. ITC. CONlltOL. Ct. CI. nc.) DECIMAL LOCATION. NEenlVE 

COJITIOL AND TRANInlll LINt:. INOICATE CUD COlU.' IN ACC~LATOR I"N"urs ON RIGHT. 

ELIEM NEG;CONT. Dl ACCUMULATOR COLUMNS EUM NEG.CONT. o.e ACCUMULATED COLUMNS 
TO 

lUll TI, LO DUll 
TO .. 0 ~I·: Loe COL .. os ... 10 9 8 7 6 5 4 3 2 1 COL 10 9 8 7 6 5 4 3 

Nl I~ lv, III: rVI 1111 I~ N19 

N2 I'a 116 lrs: lSi! In N20 

N3 
lAO ~ 11, IWI I'll N21 

N4 IF\' ~ In N2'2 

N5 

"'''" 
~ N23 

N6 I"", I~ I" I" "., 1"-,, N24 

N7 N25 

N8 N26 

N9 N27 

Nl0 N26 

Nil N29 

N12 N30 

N13 N31 

N14 032 

N15 033 

N16 034' 

N17 N35 ~ " N18 N36 ~ I". '" 
, REP ROD U C E , 

2 1 

In I.~ 

I" In 

---.;lptC. &a..l 
TABULATING MACHINES 

ACCUMULATOR INPUTS 
TOP LINt. TRANI". LlNI CrI.n. lTC.) 

INDICATIE. 
to-TTOM II NI • cAltD COLU._ 

SVII·I-:::-r71::oC~CUOIJLr.;:=r0::-TErD7iCOl.r=::U,"'::.:S:"71r-:-l 
10987654321 

., 

.3 

oS 

.6 

.7 

"0 

.11 

.,2 

In ,.,. IPII~/I .. , I,., 1~1 

In: Ln 

I.n Ive :, 
~ 

~M~_ I I I I I I I I I I I I I I I I I I I I I I I II I I I I I I ITTT~rlIITII I I I I I I I I I I 
TO COLUMN I I I I I I I I I I I I I I I I 11-J I I I I I I I I I I II I I I I I I T 11111 Tll1 T I I I I I 
CONTROL I I I I I I I I I I I I I I I I I I T'J I I I I I I I I I I I TTTT TT TTT I I I I I I I 

SYMIOLS. SElECT'DR ••• Tlo I. TI.2. Tl.S. TI.4. TZ. ETC. 

SELle TRFR 
TOR LINE 

12 

14 

16 

17.1 -;;-:: 
~ 
~ 17.4 

18 

~ 19.2 
~ 

~ 
19.4 

31.1 

IJi:2 
~ 
~ 

32 

~ 
33.2 

I3J:3 
'33."4 

34 

35·1 

~2 
ffs:'3 
~4 

36 

37.1 

'37:" 
~ 
rt:' 

38 

~ 
~ 39. 
39.4 

CO_ON ••• COM 
NON SELECT •• N.S. 

PICK UP 
'OIITION AlIIIO COLU" 
'NDICATI 'fLAV COM 

51_lno ftltliH I ... 

SELECT .cOM\tON 

SELECTOR CONTROL CHART 
SIELECT • • • SEL. 
IRANCH ••• I •• 
paOCESS •• PRo 

NON. SELECT 

~ 
J:j 

..!:1 
1.4 

2 

~ 
g 

~ 3.4 

4 

~ 
~ 
~ 
5.4 

6 

Z:.!. 
~ 
~ 
7.4 

8 

~ 
~ 
~ 
9.4 

~ 
~ 
~ 
2~4 

2Z 

g.) 
~ 
~ 23.4 

24 

~ 
.~ 

~ 
25-4 

26 

~ 
~ 
&: 
27. 

28 

~ 
~ 
~ 
29.4 

285 

(!/ 

':2 

ttL 

VALUE 1 ••• 'II 
VALUE 2 ••• V2 
IIIESUL T ••• RES. 

PSI 

ELEMENTS ••• Nl, HZ. MS. ETC. 
STO.AGE ••• 11. st. 53. ETC. 
P.OGRAM SELECTOR ••• P.S.'. P.S.2. ETC. 

SELECT NON. SELECT 

lOA, ....... •.. - , .,.... ." 

.. ,,_ ...... IL S.,., 19 



E-5. PROGRAM COMMENTS: 

1. Elements: 

Department and clock number should be treated as one element. Department has 
one column of alpha, and this col.umn must be wired into the accumulator in three 
accumulator columns to prevent the stopping of the computer by an input check. 
This results in nine columns of identification. Since the designation is to 
be tested in 51, which has a 5/4 decimal location, department and clock number 
must be given a 4/3 or 5/4 decimal location so that any possible result will 
align itself in 51 without hanging up the computer. 

Although no decimal location is shown on the card form for burden percent, it 
must be assigned one at input to obtain the correct result of the multiplication. 
For example, to multiply by 75%, .75 is actually used. 

Standard hours are given per hundred pieces, while pieces produced are an actual 
count, not the number of hundreds of pieces. The most simple way of adjusting 
the values is to assign either pieces produced a decimal location of 3/2, or 
standard hours a 5/4 decimal location. 

2. Storage: 

Storage S12 is assigned a 4/3 decimal location so that department and clock 
number, with a 4/3 decimal location, may be stored in it. 

3. Program: 

Step 1: All cards are directed~o the first step of the program. Although 
one column of department is alpha, this does not affect the program since S12 
is always cleared by a preceding summary card. A summary card will always 
branch minus, along with errors. All labor cards which are correct and first 
detail cards will branch plus, but must be tested further with the values reversed. 

Step 2: When the values in step I are reversed, correct labor cards will 
branch on the plus side and are directed to the labor card routine. Both first 
detail cards and errors will branch on the minus side. These must be tested 
further to determine which they are, and are directed to step 4. 

Step 3: Cards which branched on the minus side. of step I must be errors or summary 
cards. The summary cards are separated on the plus branching of the step, while 
the errors are routed to step 40. 

Step 4: This step determines whether the cards from the minus branching of step 
2 are errors or first detail cards. Error cards are routed to step 40 to stop 
the computer, while first detail cards are sent to step 5 for the storing of 
the-new department and clock number. 

Step 5: Department and clock number are stored. The first detail cards are 
then routed to step 6, which is same step to which all other correct detail 
cards were sent. 

Steps 6 and 7: Rate is multiplied by hours worked to compute day work pay, which 
is then rounded. This must be done for piece work jobs as well as day work jobs, 
since the employee is guaranteed at least this amount for each job. The plus 
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branching step of 7 is wired to the common of Tl-l, which is picked up 
by a 5 in column 53. The 5 should be present in all cards, while in addition 
a 9 is present in piece work cards. The non-select of Tl-l is not wired, so 
the computer will stop if neither a 5 nor a6 is punched. The select of Tl-l 
is wired to the common of T2, picked up by a 9 in column 53. If the selector 
is non-select only a 5 is punched and the card is a day work card. The 
routine for computing piece work is therefore by-passed, and the program 
continues with step 13. If the selector is select, the card is a piece 
work card and the card is routed to step 8. 

Step 8: Pieces produced are multiplied by the standard hours per piece to 
obtain standard hours produced. 51 is given a 5/4 decimal location because 
of this step. The result could have four places following the decimal, and 
since it is to be used as a value in a further multiplication, all four places 
are needed to prevent the loss or gain of a penny in the multiplication. 

Steps 9 and 10: Standard hours produced are multiplied by rate to obtain 
piece work pay, which is rounded. 

Step II: Day work pay is subtracted from piece work pay to determine which 
is the greater. If the two are equal, the card will branch on the plus 
side with the piece work cards. This is the correct branching for an equal 
condition, since a zero in column 90 is to be punched only if there is 
make-up pay. The plus branching is directed to step 12, while the minus 
branching is wir~d to PS I. 

A program select should be impulsed to "remember" that day work is greater 
than piece work. PS I picks up T4. T4 is used to determine whether or not 
to set make-up pay in the punching dies. If the result of step 11 is minus, 
the amount of the make-up pay is in SIO as a minus value. The negative sign 
is wired to punch the zero in column 90. If T4 is select, SIO will be wired 
to set make.:.up pay, while on the non-select side nothing will be wired. SIO 
and the zero in column 90 will therefore be set only when day work is greater 
than piece work. 

Note that it is possible to add another step to punch the zero in 90. A 
constant value could be transferred into a storage. and wired to punch the zero. 
In such a case, however, all other piece work cards as well as day work cards 
would have to be routed to this step, adding zero instead of a constant value to 
zero. This would clear the storage if the employee made out on the job which 
is being computed while he did not make out on the preceding job. Otherwise 
the constant from the preceding card would punch in the current card, unless 
the setting of the storage is controlled by the selector controlling the setting 
of,make-up pay. 

If the day work pay is greater than piece work pay, the ~mount of the labor is 
already in Sll. The program therefore continues with step 13. 

Step 12: If piece work pay is greater than day work pay, piece work pay 
must be transferred as labor to 511. 

Steps 13 and 14: Burden is computed by multiplying labor times burden percent 
and rounding. 
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Steps 15 and 16: Hours worked are accumulated. All cards, including overtime 
cards, are routed through these st~ps since the accumulation is to be total 
hours worked. The plus branching of step 16 is routed to the common of T6. 
T6 is picked up by a zero in column 54, punched in an overtime card. If the 
selector is select the card is an overtime card and must go to steps 17 and 18 
for the accumulating of overtime hours. If it is non-select, these steps may 
be skipped and the program continues with step 19. 

Steps 17 and 18: Overtime hours are accumulated. The same element is used as 
in accumulating total hours, but the accumulation is done only on overtime cards. 

Steps 19 and 20: Labor is accumulated from all cards. The total labor for the 
day becomes the employee's straight time pay. 

Set 1: Labor, burden and make-up pay, if any, are set in the punching dies. 
The setting of l~bor, 511, is wired to the common of Tl-2, picked up by a 5 in 
column 53 which is present in all labor cards. The select is wired to set 1. 
Since labor and straight time pay are to be punched in the same card columns, 
the setting of 511 must be controlled through a selector. 

Make-up pay, 510, is wired to the common of J4, which is picked up by PS 1. 
PS 1 was impulsed when day work pay was greater than piece work pay. Although 
there is always a value in 510, it is set only when day work is greater than 
piece work. The negative sign of 510 is always present when day work is 
greater, and is used to punch the necessary control hole. 

Following set 1, the labor cards are tripped out. 

Step 21: A summary Card is identified at the plus branching of step 3, and 
is routed to step 21.. The sum of the labor is transferred to 511, which 
is wired to the columns in which straight time pay is punched. This is 
done by subtracting the sum of the labor from zero to make 511 negative. 
The negative sign of 511 is used to punch the 3 in column 42 which is to be 
punched in all summary cards. Note that it would be possible to add another 
step transferring a constant value of 3 to an available storage for punching. 
It would also be possible to transfer the .005 to a storage, and wire the 5 
to punch a 3 in column 42. 

Set 2: Department and clock number, straight time pay, total hours, and overtime 
hours, are wired to set. Straight time pay is wired to the common of TI-2, and 
on the bon-select side (no 5 is present in column 53) to set 2. It would also 
have been possible to impuls'e PS 2 during the summary card routine prior to the 
set 2 instruction, and use a selector controlled by PS 2 to govern the setting 
of 511 (select to set 2, non-select to set 1.) 

Sort 1: The sort instruction may be given any time during the summary card 
routine prior to trip. 

Clear: A clear instruction must be given to the summary card. During the 
clear in~truction, the following storages must be cleared: 
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S6 - Accumulation of labor. 

S7 - Accumulation of overtime hours 

S8 - Accumulation of hours 

S12- Department and clock number (so that 512 will be clear to identify the 
first card of the next group) 

The other storages may as well be cleared. 
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F. PROBLEM 6 - BILLING (CROSSFOOTING) 

F-l Statement of Problem 

This problem involves a crossfooting of a large number of small items, which 
is frequently found in a billing application in the clothing or shoe industries. 
Anyone item may be ordered in several sizes, and the size spread must be 
shown on the invoice. The example given is that of a shoe manufacturer. 

Detail cards punched with style number, width, and two prices are kept in a 
tub file. A card is pulled for each style and width ordered. The price at 
which the card is to be extended depends upon the customer who orders it. 

Master name, address, and shipping instruction cards are also pulled from tub 
files. There may be four or five cards in each heading set. The first card 
contains a control hole indicating the price at which the customers' item 
cards are extended. 

The master cards and detail cards are sent to a keypunch operator. An 
order card is punched with information about the order, including customer 
number and order number. This will be the first card of a group. The name 
and address cards follow the order card, with no additional punching. Into 
each detail card the punch operator punches customer number and the size 
spread - that is, in the appropriate columns she punches the quantity of that 
size ordered. If any shoes of size 12 or over are ordered, all those of size 
12 or over are punched in a second card for the same style and width. This 
is because these sizes sell at a different price from the smaller sizes. In 
actual practice, order number would be repeat-punched into the detail cards; 
however, for the purposes of this problem the order number will be reproduced 
on the computer into the detail cards from the order cards. The cards are 
now ready for the computer. The calculations are: 

All Cards 

Test customer number. 

Order Card 

Order number is to be reproduced from the order card into the detail cards. 

Name and Address Cards 

The first name card indicates the price at which the detail cards are to be 
extended. It also contains salesman number, which is to be reproduced into 
the detail cards. The remaining name and address cards are to be tripped 
through with no calculation or punching. 

Detail Cards 

Accumulate (crossfoot) the sizes punched in the card to determine total 
quantity ordered. If the shoes are size 12 or over, $1.00 is added to the 
price, A or B, which the customer is to pay. Quantity is then multiplied 
by price to determine the total amount on the cards. 
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Note: 

Although it is possible to store order number and salesman for punching, one 
of the purposes of this problem is to include the programming of the reproduce 
function. Therefore they are to be reproduced, not stored. 

F-2 Card Forms 

/~~~~~~~~~~~~~~~~ 
IZ 12 Z Z 2 12 1 12 12 12 12 12 12 12 12 12 12 12 12 12 II! 12 12 12 12 12 12 12 12 '2 1~ 12 12 12 12 12 12 12. 12 12 12 12 12 12 12 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

N~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~r 
~ I ~ 3 .. 5. 7 ~'It'lll!I!'."" 7talllOaIUHHZSIliVII2t.31S2J1.MJ'531Jl.'!I94041 U~45: 

~ 
!~~~~~;;:;;:~:;~~:;~~=;::;:~==~~==~~==~~~==~~==~~ ~ 12 '.1 12 12 12 12 12 I,! IZ 12 '2 12 IZ 12 12 12 '2 12 12 12 '2 12 12.12 12 '2 '2. '2 '2 12 12 12 '2 '2 12 12 12 12 12 '2 '2 12 12 12 '2 

~~44444444444444444444444444444444444~444444~4 
~ 
=~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I 9 " '} , 9 9 Q 9 '1 9 9 9 9 '1 '1 9 9 '1 9 9 9 0 9 '/ 9 I} 9 '1 I} 9 9 9 '1 9 '1 9 '1 9 9 9 9 1} 9 1} 9' 
••• g_.v •••••••••••••••••••••••••••••••••••••• 

~~~"~T~·~~·dh~:;~~;:~;;:;:;~~~~~~iji;Je~'T~~.~~T~T~;:~;;:;:;~;:~:;:;~~ 
~~~~~~.~~~~~~~~~~~~~~~ 2~~~~~~~~~~~~~~~~~~~~~~~ 

4~~~~~~~~~4~444444444~4444444~444444444444444~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~%~~~~~~~~~~~~~~~ • 
N~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~ W 
:: I' J. 5' 7' '101112,,14"111711 ,rotIUnM ... Ulli2tIOJI:aU34:115MUM • .o4IUU44U= 

~ t 
I II Q i IZ 1,1 IZ 12 12 12 12 12 12 12 12 12 12: IZ 12 12 12 IZ 12 12 12 12 12 12 12 12 12 12 Ii: 12 IZ 12 12 IZ 12 12 12 12 12 IZ IZ 12 IZ 12 116 

i~44444444444444~44444444444444444444444444444 
II: 
~~~~~~~~~~~%%%~%~~~~~~%~~~~~~~~~~~~~~~~~~~~~% 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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F-3 Sense 

Order Card: 

/hIZ;I~Z~IZ~·I~'~iZhIZ~I~Z.~I'~I~Z~12tl'~1~2~12~12~'2~12~1~2~12*IZ~12~12t.I~Z~12hI2~1~2~1'~1~2~IZ~IZ*I~2~1't.,~'~12RI2~1~2~12~12~12~12tl~2~IZtI2~1~2~'Z~'~2 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~J . ~ 
I ~'4 $ 6 ,., Itll1la"I'I'I'111'1':I'OU~tIlN2Ii"J7 HJ03IUU:M35MU3e".".1C3 .... U 

I 
0' 

u • 
12 12 12 lZ llZ l~ 11 12 IZ 12 12 IZ 12 12 12 12 12 12 12 ]2 lZ 12 '2 '2 ~Z IZ 12 12 12 IZ 12 12 12 '2 12 12 1'Z 12 '2 12 12112 12 12 '2 

I I I I 

~,<34 .1. 34;34 3 ... 3. 3.3.14 3 • .1.' 3. 14 3 .. 3. 3. 34 3. 3 .. 3 ... 3. J4 34 3. 34 3. 3 ... 3 .. 3. 3. 3. J4~J4 3. 3.13 .. 3 .. 3. ~4 3.134 3 .. 14 3. 
I I _. I I 

'ill I 56 56 SOl 56 56 5(, 5(, 5(, 56 56 56 56 56 S6 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56156 56 5(, 56 56156 56 56 56 
I I . I I 

1111 7g 7K 711 ' 711 78 78 78 711 78 711 78 78 78 78 78 711 78 78 78 78 78 78 78 '8 78 711 78 78 78 78 18 78 78 78 78178 78 711 78 78'78 78 78 71\. 
I : I I 

;0::7 :8 :91 : :1 5: :3 : :~ ! :, ! : ~ :1 ! :l : :5 ! :7 ! : : :, ~ ;1 :. ~ -~ ;7 ;8 ~ ! !':.: :3 ! ! ! I :, ! :~ ! 

Columns 

89, pOSe 
90, pOSe 
1- 5 
6-10 

0 
0 

Description 

Customer number 
Order number 

~ ~ 

First name card: 90, pOSe 0 
90, pOSe 
90, pOSe 
89, pOSe 

1- 5 
44-45 

Remaining masters: 90, pOSe 
90, pOS. 

1- 5 

Style cards: 90, pOSe 
89, pOSe 

18-43 } 
72-77 
46-48 
49-51 

3 
7 
3 

0 
5 

1 
9 
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Use price A; if not present, 
use price B 

Customer number 
Salesman number 

Customer number 

If card contains size 12 and 
over 

Size distribution 

Price A (0 in 46 is over-capacity) 
Price B (0 in 49 is over-capacity) 



F-4 Punch 

Style Card: 

Columns 

6-lO 
44-45 
78-80 
81-83 
84-88 
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Description 

Order number 
Salesman number 
Total quantity 
Price (0 in 81 is over-capacity) 
Amount 



PROGRMI CHART NO. , UN IVAC 60 &. 120 ~"&uuL 
APPLICATION: 13/l.&..'UG (C~O~'FOOT IN .. ) PUNCHED-CARD ELECTRONIC COMPUTERS TABULATING MACHINES 

TA BL E OF FACTORS 
m, .. C"1I0 CARD FIELD TITLE OR CONSTANT VALUE .vo C~.~ 

CAI\D FIELD TITLE OR CONSTANT VAlUE .vo tU~ CARD FlllO TITLE O~ CONSTA.NT VALUE ... SIGIt Ito • ~1Gf< "0. 

N1 + t>. O. N13 .25 

N2 .. 13 5,1U 5" .... i t. .14 ...,26 

N3 ... ~ .5 ... K, ,,:;. ., ,i N15 N27 

N4 3 S,n • • gil 9 N16 N,28 

N5 ... .3 s, .. , n, I.~ N17 .29 

.6 f- 3 S. "., IIlot ,,'- NIB .30 

N7. .,. 1.1 5.2_, a; I~ I~" '19 ,31 

N8 f- 13 S,U' II/ I"i Is- N20 N32 

N9 .,. .3 'P. .... A N21 N33 -4- .I'" 
NIO ... I .. -p.,... 11 N22 .34 I~ O"Jt,,~ '001 
N1 N23 N35 

N12 N24 .36 O,O~t> 

CARD DESCRIPTION I~ tJ~:DE~ CAe» .1 = N,.,., • • AP».e..sS C!ItR:» 3= "")""4~ .(!"'Il.J) 

Sf" " .. VALUE 1 .. .. VALUE 2 RESuLT " 52 53 5. Q. 5157 .. so '00 SII SU ~STEP 
Ito. ""0 DESCRIPTION ,,~ In" cE"ss DESCRIPTION SIGIt IYII DESCRIPTION SIGNSYII 't. ¥. "'1. VI, v. -T 

1. u. 1 t!.U', •. NO. (peH) 1+ '" - f! •• T. HO. Cnl + I 
rrl!; ..... HAY ... ", Ok,O ..... 

!~ ... - ER ...... 1: ..L If" ~~~ 
2 11!.~'r. IV •. (n) + oSI2 -la""'r.HQ (Pc.H) 1" Ir •• ~ ! ~:",. !: 51 .a AI" ~ 
3 It'd,., V.. (""-wi 1+ NI 1+ ZE,>i> + N'~ 15 ... 0.~ (!O .. T. IVI> <1-" ~ - r., 
4,3 1.5, .... , S'.s-!. t. 1+ "'2 + s,u. ,i 7 7-( of- Ii L ~/ZIU (i) +- oS l-v - .5-

5 .J 1"[ .3,~# .. (l) :n 1+ OS/2.3 11 ri ~ +W<I 1:. ~IZ"'3 Cii) .,.. 
'" - t. 

6 .3 I~ SI2.B.5 t:I) 1+ .5 ... 1+ S'2'« 9i ,~ M.J + "'~ :? 5121'-' Ci) " - 7 

7,3 :r. ~IZ~S lID 1+ s i- S,ZlU II wi. 12 .,. IN' I SIZ.ES (ij) of- S.:l. 7 
eo". - T3·" 

B J 1. SI2ES 6J :; l-t S,ZE" 1:2::10 13 l.3i +-N L ,s,ZES CS\ 4- S K - 'I 
9 .3 ~ 5 .. ES ffi + Is + oS ~,,~ '4 I~J IS' of- INK ~ .sIZE3 (i;) +-$ 9 - /t:J 
10 3 ! .s :r. ... '" 1'1$-~ )( .00/00 '00, + lOY TIITI (>(xxxxx Xxx I +.s3 N, - 1/ 
113 Ir.. .. , (Yvu"".",,,) -t Sl Z"-,,l'J + IN .. r: •• , "''--;l)f~1TJ (xxx '''>I. " - J:z.. 
12 .3 Irn.,.", ("n •. " vn) .s - F;u~~ "b" T ("",,>1,,".\ .51 Cl.JlHTIl'Y (.xxx) +~CI Id:i - 1.3 

13.3 1&". ~J .,,"/2. ... , + ~j~ Sr",,,.. ,,:AI: PAl <-£ + .53 13] - /'1/' 
14 3 IA:a.r P.,,.,, i" If (."" ~\ + 51/ AMDUNr ... SS' W - ~",. 
15 

16 

17 

18 

,. 
20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 
-- -f-~ - 1--- --

35 

36 

37 
.. -

38 

39 

40 I .... Z"t1n + ~ 7~Q, t "'3(. 1£",,,,o,, S...-OSP -I-S ~O 
.vo CARD FIELD TITLE NEG. OUTPUT PUNCH I NG D" SET SEt 

no FROM TO REPRODUCE CONTROLS 

" . I LeO , ~ (LUll 

51 Yo )( 51 
START Is", J 

COL.' POS. 
52 r X 52 

SET 1 
I£"LEAR. 

REP 
(! 1. Q. !l' 

53lP.r,<!,E ((!o<. HI- ou,"" vI I" III. ~ t. Y6 >< X 53 SK IP 

541c;,u .. NTlrv % 
SET 2 "10 £:) 

,78 79 or X )( 54 SET 

55 A.UlUur- ~ ,X 
SORT 1 HOLD 

B~i8' ., r7 tor If 55 .to 
90 7 

56 SORT 2 REP 
56 

57 57 CLEAR IrA'I" o + 0 N + 0 

5B 5B p. S. I STOP X X 
59 ' 59 P.S.II SORT 

510 510 P.S.III 
RESTART 

511 511 P. S.IV STEP X 
512 ~ 512 PROGRAM 
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SELECTOR CHART NO.: b UNIVAC 60 &. 120 

PUNCHED-CARD ELECTRONIC COMPUTERS 

~~ 
APPLICATION: DILLIN' (~RoS5F(JtJTI"'6) TABULATING MACHINES 

ELEMENTS ACCUMULATOR INPUTS 
CONSTANT FACTORSI INDICATE DECIMAL LOCATIO~. NEGATIVE CONTROL AND VALUE IN DESIRED ACCUMULATOR COLUMNS. TO" LINE. TRANSFER LINE IFI.'I. ETC.I 
CARD FACTORS, INDICATE TRANSFER LINE IFIELD.FI. F2. ETC I CONTROL. CI. C2. ETC •• ) DECIMAL LOCATION. NEGATIVE INDICATEI 

CONTROL AND TRANSFER LINE. INDICATE CARD' COLUMNS IN ACCLIIIULATOR INPUTS ON RIGHT. IOTTOM LINE. C"'O COLUMNS 

£LEM 
TO 

NEG. CONT. OEC ACCUMULATOR COLUMNS ELEM. NEG.CONT. DEC ACCUMULATED COLUMNS ACCUIhlJLATED COLU"'S 
OESIG POS LT,~'r LO OUIG 

TO 

'" 'DC 
SYM. 

CO, 10 9 8 7 6 5 4 3 2 1 C'OL .DS 

'" 
10 9 8 7 6 5 4 3 2 1 10 9 8 7 6 5 4 3 2 1 

Nl F Yo ;z. .~ ., N19 " " " I", '" S- Al 
J .:t .ll~ N2 /I" /8 /'1 N20 

.r 
P:z. 1.:>0 

N3 Yo 
A2 

/I " .20 FJ :/, I",~ "'V I-'r N21 

N4 Z :J~ ~ .. .:1'1 aO 1.31 N22 
,. , 

FY :I A3 
1 ... 1 ~;Z .t3. !.zv ~,£ 

N5 F. Yo I~; .J<I If .~, .f> N23 
""~V "" ,. IF<' F" 

N6 IF~ 1- ~ .. i3~ S-o ,/, ~.z V3. N24 
A4 

.l',i.l'l' :1r "' .. Lyo 

N7 F r.. 7 1'1. N25 .5 
3:lI.Y· .3" .1r lu -'7 

N8 Y" " 77 N26 PI 1. 
N9 ¥, ~ 

.6 
13< 39 l-ib 1~.1 ~ 14'3. I", IVt .~7 Iw N27 

NIO 
~'" .¥, W IV! .J<l I.N N28 A7 

.~ I,.~ 17., 
Nil N29 ,. ,. .. r 

AS 
N12 N30 1..- 7" 177 
.,3 N31 A9 

1'1' 1 f'.t .VJ IV2 
"4 N32 

.,5 N33 ¥. I n () 
"0 y W .$1 I .... , 

N16 034 'I;' () : I 0 a I 0 a I All 

N17 N35 

N18 036 ~ 0 01" 0 
A12 

Ii E P R 0 0 U C E 
FROM COLUMN b 171 R'I q 1,,,I,,,,Iv..l I I I I I I I I 
TO COLUMN 1 ... 1,lylqlmlvuIuA I I I I I I I I I I II I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
CONTROL ,kal I I I I I I I I I I II I I I I I I I I I I I II I I I I I J 

SELECTOR CONTROL CHART 
SYM80LSt SELECTOR •• • TIo,. T102. T103. Tl .... T2. ETC. SELECT •• ' • SEL. VALUE 1 ••• VI ELEMENTS •• • NI. H2. ",. ETC. 

CO_ON . . • COM BRANCH ••• ... VALUE I ••• V2 STORAGE ••• St, sa, SS, ETC. 
NON SELECT. • N.S~ PROCESS .. ... RESULT • ~ • RES .• PROGRAM ~Et.ECTOIt • , • ".5.1. ".5.2. ETC. 

SELE C TRFR PICk,UP 
COt.t.tON NON. SELECT 

sa, TRFR PICk u" 
SELECT c_ NON.SELECT TOR LINE PO •• TlOII AltO eOLUMIt SELECT TO. LINE 'OS."Oll"ltOCOLUIllIt 

'It.\l'c TE OrL"Y COlli UlDIC"TrOrL"YCOtlT 

11.1 ...!:..! %'1 Sr . .:J +- 0... ~T. .s .... :I. 
~ ~ I .... I". I ... ,. 
r,w CI - 1 "" ... "'.1'-J IS'~LOP"TD" ... ~ m ~ ( .... EIi:) 1.4 

12 2 &a ~'A .. f--.. .. l ,'u" In. &'r.:1. D" ... .,..., 

~ ~ '4, ~ ... 7 S., .,..<./ ST.~ 

13.2 g s ... ,_ # IU. ".7 Sr. ,t:> 
73.3 ~ 

C3 
AI ...... V ... Sr. J3 AI.1L 

~ 3.4 (S .... IA +) 

14 4 ICI{ Vq .. (3)-... '') ~"H. T3-1 N.s. r:a. -
-lH M 3,1.., 

Qu . ..,.. .... {t, .'" -.. 
~ ",q ,,, ..... ,,, Nil' 

~ ~ 
er S .... 1'S--1 

~ 5.4 (/*Jill! ") 
16 6 

17.1 7.1 

17.2 17.2 
17.' ~ 
~ '7:4 

18 8 

~ ~ 
~ ~ 
~ ~ 
19.4 9.4 

~ - ~ 
~ ~ 

~ ~ 
31.4 21.4 

32 22 

~ ~ 23.2 

~ ~ 
'33:4 ~ 

34 24 

35.1 ~1 
35.2 ~ 
35.3 ~ 
3s:4 ~ 

36 26 

37_1 
~ ~ 21-2 

F.' tv.3 
37."' ~ 

38 28 

~ ~ 39_ 
~ ~ 29_3 

~ 29.4 
S.·tHu 
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F-5 Program Comments 

1. Elements 

The maximum total quantity is three digits, as indicated on the card form. 
Since three digits must therefore be allowed for each size when it is placed in 
accumulator input, a maximum of three sizes may be combined as one element. 

2. Reproduce 

The columns which are to be reproduced are indicated beneath the element 
section on the selector chart. Order number is to be reproduced from the 
first card, so the control is indicated as RH - reproduce, hold. Salesman 
number is to be reproduced from the second card. so it is indicated as SH -
secondary reproduce, hold. 

The only control hole peculiar to the order card is a zero in column 89, which 
therefore must be used as a reproduce control. However. since it should also 
identify the card, the zero is wired to pick up a selector, Tl, rather ~han 
directly to reproduce. The two reproduce hubs are then wired by means of con­
trol transfer lines to the common and select sides of Tl-2. Whenever a zero in 
column 89 is present, the two hubs will be connected through the select of 
Tl-2; when the control hole is not present, no connection will be made. 

A zero in column 90 is present in all cards except style cards. This, there­
fore, is the control hole which should be used as a skip control. The re­
produce hole, zero in column 89, cannot be used since skipping is to occur 
in cards other than the order card. A skip control must be wired in the name 
and address cards to prevent the punching of the current order number in 
cards which are reused for many orders. 

Salesman number is to be picked up from the first master card, while the 
reproduce control is punched in the order card. Therefore, secondary re­
produce is used. Either a 3 or 7 in column 90, both of which are peculiar 
to the first name card, may be used as a secondary reproduce control. 

3. Program 

Step 1: AU cards are routed to step 1. Since there are no blank summary 
cards, all cards which branch minus are errors. Cards which branch plus are 
routed to the common of Tl-l, which is picked up by a zero in column 90, 
present in an order card. Order cards, which are the first of a group_ are 
directed to step 3, while all others are wired to step 2 for the completion 
of the testing routine. 

Step 2: The testing of customer number is completed. Any card branching 
minus is an error. The plus branching is wired to the common of 12. 12 is 
picked up by either a 3 in column 90 (first name card) or a 5 in column 90 
(all other name cards). Note that it would be possible to use two selectors, 
one picked up by a 3 and the other picked up by a 5. Nothing would be 
gained, however, since the select of both of them would be wired to trip, 
and if neither is select the wiring is to the common of a selector picked up 
by a I in column 90 (style card). 
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Although a first master card is tripped out, selector T5 will be picked up 
if a 3 in column 89 is present, indicating that price A is to be used in the 
detail cards. It will be held select by the selector hold wiring (non­
select of TI-3, through commons of Tl-3 and T5-1, and the select of T5-1.) 
Selector T5 will always be dropped out when an order card enters the computer, 
since Tl becomes select and the power emitting from the pick-up of T5 can no 
longer reach selector hold ground. The non-select of selector 12, picked up 
by a master card, is wired to the common of T4, picked up by a 1 in column 
90, present in a style card. If T4 is non-select, the computer will hang up 
for lack of a correct code. If the selector is select, the card is a style 
card. 

The first steps in a style card involve the accumulation of total quantity. 
The problem states that size 12 and over are punched in a separate card. 
Therefore, the select of T4 is wired to T3-1, which is picked up by a 9 in 
column 89, present in those cards punched with size 12 and over. If the 
selector is non-select, the program continues with step 4, which accumulates 
the sizes beginning with size 5. The select of T3-1 is wired to step 7, which 
accumulates size 12. It would, of course, be possible to route all cards 
through all the accumulating steps. 

Step 3: Customer number is stored from the order card. The card is then 
tripped out. 

Steps 4-7: (Sizes 5-11 1/2) From the non-select of T3-1, the cards which are 
punched with sizes 5-11 1/2 are routed to step 4. In steps 4-7 the sizes 
are accumulated. Although size 12 is wired as part of element N6, which is 
V2 of step 7, in these cards size 12 is never punched. At the end of step 7, 
S2 contains three totals, as follows: 

Sizes 

1) 5, 6 1/2, 8, 9 1/2, 11 
2) 5 1/2, 7, 8 1/2, 10, 11 1/2 
3) 6, 7 1/2, 9, 10 1/2 

Storage columns 

9-7 
6-4 
3-1 

The plus branching of step 7 is wired to the common of T3-2, which is 
select when a card containing sizes 12-15 is in the computer. Since step 7 
will be used for sizes 12-15 as well as 5-11 1/2, the plus branching should 
be controlled so that cards containing sizes 5-11 1/2 do not go through 
the remaining accumulating steps unnecessarily. The non-select of T3-2 
is therefore wired to step 10. 

Step 7-9: (Sizes 12-15) From the select of T3-1 the card containing sizes 
12-15 are routed to step 7. Since the storages used in accumulating are to 
be cleared on each card, storage Sl is zero. Step 7 therefore becomes zero + 
size 12. The exit of step 7 is wired to the common of T3-2, and on the select 
side to step 8, which continues the accumulation of sizes 12 1/2 - 15. At 
the end of step 9, S2 contains three totals as follows: 
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Sizes 

1) 12 1/2, 14 
2) 13, 14 1/2 
3) 12, 13 1/2, 15 

Storage columns 

9-7 
6-4 
3-1 

Step 9 is wired to step 10, as were the cards containing sizes 5 - 11 1/2. 

Step 10: The value in S2, which is either the sum (in three totals) of sizes 
5 - 11 1/2 or 12 - 15 is multiplied by .001001001. This crossfoots the three 
totals into one, with the total as the first three digits following the decimal 
point. It is therefore placed in a 4/3 storage, which will drop off all 
unnecessary places to the right. 

Step 11: This value is transferred to a 1/0 storage to obtain the digits 
preceding the decimal point. 

Step 12: The digits preceding the decimal point are subtracted from the full 
value, leaving only the total quantity. This must be placed in a 4/3 storage. 
Since the decimal location should actually follow the quantity rather than 
precede it, an additional step in which quantity is multiplied by 1000 would 
correctly adjust the decimal location. However, by making allowance for the 
unadjusted decimal point when wiring output punching, the multiplication can 
be avoided. 

Step 13: Price must be stored, since it is to be punched in each card. VI 
of step 13 is wired to the common of T5-2. T5 is select if the name card 
contained in 3 in column 89, indicating that price A is to be used. The 
select of T5-2 is wired to N9, price A, while the non-select, is wired 'to 
NlO, price B. 

V2 of step 13 is wired to the common of T3-3. 13 is select if the card con­
tains sizes 12-15, and non-select if the sizes are 5 - 11 1/2. The select 
of T3-3 is wired to N33, which will add 1.00 to the price of the shoes. The 
non-select is wired to zero, so that the price will be stored as it is 
punched in the card. 

Step 14: The adjusted price is multiplied by quantity. Quantity as stored 
is a decimal value (.xxx) although it should be a whole number (xxx.). Since 
price has two places following the decimal, the result must be placed in a 
6/5 storage. From the card form it is determined that there will be no 
more than five significant digits. Therefore the amount is placed in 
storage as .xxxxx. No rounding is necessary, since if the true value of 
quantity were used, there would be only two places following the decimal. 

Set 1: Price, quantity, and amount are set in the punching dies. Quantity 
and amount are wired to card columns making allowance for the decimal value 
of quantity. 
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Clear: If all cards go through all accumulating steps, it is not necessary 
to use clear. However, with the program as shown it is necessary. Cards 
for sizes 12 - 15 are routed from step 2 to step 7. If 51 is not cleared 
on every card, it might have the total of sizes 5 - 10 1/2 from a preceding 
card. 

Although storages 51-55 are wired to clear on every card, 512 cannot be wired 
to clear. To do so would clear the designation which has been stored from 
card to card. 
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G. PROBLEM 7 - GROSS TO NET PAYROLL 

G-l Statement of Problem 

This problem is a continuation of problem 5, involving the weekly calculation 
of net pay using the daily summary cards created in problem 5. 

The daily summary cards for each employee are sorted with the following cards: 
a previous year-to-date card, a card containing total hours worked which will 
be used as a gross pay card, a detail card for each deduction, a card into 
which deductions are summarized, and a net pay card. As a result of the 
computer run, two cards wi 11 be created to wri te the payroll register and 
payroll checks. One card will contain earning information, while the other 
will contain deduction information. The new to date values will also be 
punched in the card containing earning information. 

From the week's attendance card on which an employee punches in and out, a 
card is key-punched containing department, clock number, shift, and total 
hours for the week. This card becomes the week's gross pay card. A deck 
of cards containing department and clock number is reproduced from this 
deck, creating a deck of cards to be used as deduction summary cards. A 
second deck of cards is reproduced containing department and clock number 
which will be used as net pay cards. 

A file of cards is maintained for each standard deduction - charit-y, insur­
ance, and credit union. Each week corrections and adjustments are made to 
the file or files which are to be deducted in that payroll. Cards for 
miscellaneous deductions such as purchases are key-punched. The detail 
deduction cards ar-e then sorted together by department and clock number. 

The gross pay cards are used in two runs on the collator to separate previous 
year-to-date cards and the detail deduction cards for employees who did not 
work during the week. Since the previous year-to-date card contains name 
and tax class, these may be reproduced into the gross pay card during the run. 

All cards to be used in computing net pay are then sorted together by depart­
ment and clock number in the following sequence: 

Previous year-to-date 
Dai ly summary 
Gross pay 
Detail deduction 
Deduction summary 
Net pay 

The computation is as follows: 

All cards 

Test department and clock number. 

Programming note: Use only three steps, including the storing of department 
and clock number, for the test. 
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Previous year-to-date card 

This card is last weekts gross pay card into which were punched gross pay 
to date, FICA to date, and withholding tax to date, including the values· 
from last week's payroll. After the completion of the payroll the card 
code of "1", indicating gross pay card, was changed to "2". indicating 
year-to-date card. 

1. Store the following to date figures: FICA, withholding tax, gross pay. 

2. Store department and clock number. 

Daily summary cards 

1. Accumulate the following values: hours, overtime hours, straight time 
pay. 

Programming note: To have sufficient steps, reuse the accumulating steps 
so that only two of the forty steps are required. 

Gross pay card 

1. Balance attendance hours with the total of hours from the daily summary 
cards. Sort the gross pay cards if the hours are not equal. Use total hours 
from the summary cards for calculations in succeeding steps. 

2. Compute shift premium (hours x shift premium rate) and round. Second 
shift premium is .07, third shift is .13. 

3. Add straight time pay and shift pay to obtain a preliminary gross. 

4. Compute overtime for those employees who worked overtime. To do this, 
divide preliminary gross by total hours to obtain the average rate. Multiply 
the average rate bytheovertillle premium hours 0/2 the overtime hours) to 
obtain overtime pay. Do not round either division, but carry average rate 
to four decimal points and overtime premium hours to three decimal points. 
Round overtime pay. 

5. Add overtime pay to preliminary gross to obtain gross pay. 

6. Compute withholding tax. To do this, mUltiply tax class by $13.00 to 
obtain the exempt income. Subtract exempt income from gross pay, and 
multiply the resulting taxable income by 18%. Round withholding tax. Note 
that for some employees the exempt income will exceed gross income. 

7. Compute FICA. To do this, subtract FICA to date from $84.00, the max­
imum FICA to be deducted in one year, to determine the remaining FICA which 
must be paid. Gross pay is then multiplied by 2% and rounded, to determine 
the tentative FICA (the FICA to be deducted if the maximum has not been 
reached). The remaining FICA is compared to the tentative FICA to determine 
which is greater. If the tentative FICA is greater, the remaining FICA is 
used as the FICA for the week. 
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8. Accumulate the following to date values: gross, FICA, withholding tax. 

9. Add FICA and withholding tax to obtain the preliminary total deduction 
amount. 

10. Subtract preliminary total deduction amount from gross pay to obtain 
preliminary net pay. 

11. Punch to date values, hours and earnings information. Note that total 
hours which are punched in columns 56-60 are punched again in columns 61-64. 
This is for ease of designing the wiring units for the payroll register and 
payroll checks. 

Detail deduction cards 

1. Subtract the amount of the deduction from net pay to obtain the new net 
pay. If there is insufficient pay to cover the amount of the deduction, sort 
and trip the card immediately. 

2. Add the deduction amount to the total deduction amount to obtain the new 
total deduction amount. 

3. Since there may be more than one deduction of the same type (several 
miscellaneous deductions, or insurance from a preceding week which was not 
deducted as well as this weekt s insurance), the types of deductions must be 
accumulated. Each type of deduction must be placed in the storage from which 
it will be punched. I 

Deduction summary card 

Punch deductions, taxes, and total deductions. 

Net pay card 

Punch net pay in the same columns in which total deduction amount was punched. 

After the cards have been computed on the 120, they are sorted by card code. 
If any adjustments must be made because attendance hours did not balance 
with accumulated hours, these are taken care of. The net pay cards are 
then compared with the gross pay cards on the MCRP, reproducing net pay amount 
into the gross pay cards. The gross pay cards and deduction summary cards are 
then sorted together for tabulating the payroll register and payroll checks. 
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G-2 Card form: 

G-3 Sense: 

, , 
, "6 "IIIlrH· T. To]). FIt!1f 7.:11. No:;." YO rl!. Do <!IM_ ;a,rl!. o. 
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11\ :H 71\ 711 7~ 78 78 7~ j~ 7R 7H 7S 7~1,7S 711 71\ 7st?!! 78 78 78178 78 711 7M 781787878'78787878'78711 78 78 7H17~ 78 78 711 jS l 7s 7~ 
1 : " t 1 : I J 

~~ ~~, ~Is:q::, 5::':~:~:b:7 ~::.::, :~::'::5 !::7! ~9-:0 ;1:;;' ;.:;5;. ~7 ;8t~ ~:, :2 :1::;,:6 ~1 ;8 1:9:0 

Columns Description 

Previous year to date 42, pos. 2 
46-48 
49-52 
18-22 
23-26 
27-32 

Card code 

Daily summary 

Gross pay 

Detail deductions 

42, pOSe 3 
46-48 
49-52 
61-64 
65-68 
69-73 

42, pOSe 1 
46-48 
49-52 
33 

53 

57-60 

42, pOSe 5 
46-48 
49-52 
54 

56-60 
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Department (col. 48 is alpha.) 
Clock number 
Withholding tax to date 
FICA to date 
Gross to date 

Card code 
Department (col. 48 is alpha.) 
Clock number 
Total hours 
Overtime hours 
Straight time pay 

Card code 
Department (col. 48 is alpha.) 
Clock number 
Tax class (0 = overcapacity) 

{
I = 1st shift 

Shift 2 = 2nd shift 
3 = 3rd shift 

Attendance hours 

Card code 
Department (col. 48 is alpha.) 
Clock number 
Deduction code 

I Miscellaneous 
3 Insurance 
5 Credit union 
7 Charity 

Deduction amount 



Columns Description 

Deduction summary 42, pOSe 6 Card code 
46-48 Department (col. 48 is alpha. ) 
49-52 Clock number 

Net pay 42, pOSe 7 Card code 
46-48 Department (col. 48 is alpha.) 
49-52 Clock number 

G-4 Punch: 

Columns Description 

Previous year to date None 
Daily summary None 

Gross pay 18-22 Withholding tax to date 
23-26 FICA to date 
27-32 Gross to date 
61-64 Total hours 
65-68 Overtime hours 
69-73 Straight time pay 
74-76 Sh ift premi urn 
77-80 Overtime pay 
81-85 Gross pay 

Detail deduction None 

Deduction summary 61-64 Withholding tax 
65-68 FICA 
69-73 Credit union 
74-76 Insurance 
77-80 Charity 
81-85 Miscellaneous 
86-90 Total deductions 

Net pay 86-90 Net pay 
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PROGRAM CH"AfH NO. 7 UN IVAC 60 &. 120 ~""--
APPLICATION: Gn55 "TO NIOT ""'OtOC,.l. PUNCHED-CARD ELECTRONIC COMPUTERS TABULATING MACHINES 
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G-5 Program Comments 

Step 1: Since this is a long program and all 40 steps may be used easily, 
without a zero + zero step, this is an excellent program in which to use 
a two step test for department and clock number. The test shown as steps 1 
and 2 of the problem may be used since a card code is present in each card. 
Both the plus and minus branchings of step 1 are directed to the common of 
Tl-l, since with an alpha column in the department, the first card of a new 
group may branch either plus or minus. 

If selector 1 is select, the card is either a gross pay card or a year-to­
date card, so the select of TI-I is wjred to the common of T5-1 to determine 
whether a 9 is present as well ~s a 1. If T5 is select, the card is a 
previous year-to-date card and therefore the first of a group; the select 
of T5-1 is wired to step 3, which is the first step of the year-to-date card. 
The non-select of both TI-l and T5-1 are wired to step 2 for the completion 
of the test. Note that the point of this test is to determine whether the 
difference between Nl and S12 is zero or a number, either positive or 
negative; therefore both the minus and plus branchings Qre wired to step 2. 

Another two step test which might be used-in this problem is to follow a zero 
plus zero selector delay step with a step using N36, zero, as the result of 
a subtraction. The disadvantage is that a light will not light to show the 
cause of the computer's hanging up. The same disadvantage occurs if a normal 
testing routine of reversing the values is used, with the minus branching 
not wired. 

It would be possible to include a zero divided by zero step by reusing a 
program step. For example, two storing steps may be combined into one by use 
of a program select, or two similar steps used in different cards may be 
combined into one by card control. It would also be possible to pick up a 
program select from the minus branching of the testing steps and use the 
selector which it picks up to substitute zero for value 2 in a division 
step normally u~ed for another purpose. In this last case both 0 + 0 and 
N + 0 would be wired to stop, since there might or might not be a value in 
the storage used as value 1. 

Step 2: All cards except the previous year-to~date cards enter this step. 
If the difference between NI and S12 is zero, this step becomes zero divided 
by zero. The card is correct, and since zero divided by zero is not wired 
to stop, it is routed to the common of Tl-2. The further wiring of TI-2 
will be taken up with each type of card. If the difference between NI and 
S12 is any digital value, positive or negative, the punched departm~nt and 
clock number are not the same as those stored; this step bbcomes a number 
divided by zero. N + 0 is wired to stop the computer, and the N + 0 light 
will light indicating an error. 

Previous year to date card 

Steps 3-6: Previous year-to-date cards are routed to step 3. During steps 
3-6 department, clock number, and the three to date values are stored. Since 
it becomes necessary to use S12 as a working storage during the program for 
the gross pay card, department and clock number are stored as the last step 
of the routine. Department and clock number must be stored again as the last 
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step of the gross pay routine, and if this is also the last step of the year­
to-date card, use of a selector at the branching of the step can be avoided. 

Daily summary cards 

The plus branching of step 2 is wired to the common of Tl-2. The non-select 
of Tl-2 is wired to the common of T2. If T2, picked up by a 3 in column 42, 
is select, the card is a daily summary card. The select of T2 is wired to 
step 7. 

Steps 7-8: Steps 7 and 8 are basic accumulating steps. Since the program 
actually exceeds 40 steps, the two steps are reused twice by means of program 
selects. This in effect increases the capacity of the computer to 44 steps 
instead of 40. 

Gross pay card 

The plus branching of step 2 is wired to the common of Tl-2. If Tl-2 is 
select, the card must be a gross pay card, since the previous year-to-date 
cards, the only other cards with a 1 in column 42, have already been separated. 
The select of Tl-2 is wired to step 9. 

Steps 9 and 10: Attendance hours, which are punched in the gross pay card, 
are compared with hours accumulated from the daily summary cards. If either 
step 9 or step 10 branches minus, the hours are not the same and the card 
is wired to sort. Sort 1 is used in both cases, since the next step will be 
the same whether the card is sorted on step 9 or step 10. From both sort 1 
and the plus branching of step 10 the cards are routed to the common of Tl2 
to determine whether the employee is entitled to any shift premium. If T12, 
picked up by a 1 in column 53, is select, the emplpyee is either first or 
second shift. The select of T12 is wired to the common of T13-1 to determine 
whether a 9 is also punched. If T13 is select, the card is second shift and 
is directed to step 11 for the computation of shift premium. If T13 is non­
select, the employee is first shift and is not entitled to shift premium. 
Since the storage in which shift premium is to be placed has not been used 
since it was cleared at the end of the preceding employee, and there is 
thus no danger of a carry-over of information, the steps for the computation 
of shift premium may be completely skipped. The non-select of T13-1 is 
therefore wired to step 13. 

The non-select of T12, indicating that there is not a 1 punched in column 53, 
is wired to the common of T14, picked up by a 3 in column 53. If T14 is 
select, the employee is third shift and is routed to step 11. If T14 is 
non-select, neither a 1 nor a 3 is punched, and the computer will hang up 
for lack of an instruction. 

Step 11: Hours are multiplied by shift premium rate. Only cards punched 
with a 2 or.3 in columns 53 enter this step, and they may be differentiated 
by either a 1, 9, or 3. In this example a 9 is used. If T13-2 is select, 
the card is second shift and N34 •• 07, is used as the shift premium ratej 
If T13-2 is non-select the card is third shift and N33, .13, is used as the 
shift premium rate. 
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Step 12: Shift premium is rounded. 

Step 13: Shift premium is added to straight time pay to obtain preliminary 
gross. Cards which do not have shift premium are routed to this step so that 
straight time pay will be placed in storage as preliminary gross. Since no 
shift premium has been computed in these cards, straight time pay is added 
to zero in this step. 

Step 14: Overtime hours are subtracted from zero to determine whether the 
employee worked overtime. Since four steps are involved in the computation 
of overtime pay, it is well to omit these steps if possible. The minus 
branching, indicating that there is overtime, is wired to step 15; the plus 
branching is wired to step 19. 

Step 15: Preliminary gross is divided by total hours to determine average 
rate. Note that all pay except overtime must be included in the preliminary 
gross. Average rate is carried to four places, and need not be rounded. 

Step 16: Overtime hours are divided by 2 to obtain overtime premium hours. 
Note that it would be possible to multiply them by .5. By placing the result 
in a 4/3 storage, it becomes unnecessary to round it. Since there are 
insufficient working storages available with 4/3 decimal locations, it 
becomes necessary to use S12, in which department and clock number are 
stored. At the conclusion of the routine for the gross pay cards, they will 
be routed back to the step which stores department and clock number. 

Steps 17 and 18: Average rate is multiplied by overtime premium hours to 
obtain overtime premium pay, and rounded. 

Step 19: Overtime pay is added to preliminary gross to obtain gross pay. 
Cards which contain no overtime are routed to this step so that in all cases 
gross pay will be placed in S3. 

Set 1: At the end of step 19 gross pay, overtime pay, shift premium, 
straight time pay, overtime hours, and total hours are all computed and ready 
to punch. The only one of these values needed in further computation is 
gross pay, and the storages in which overtime hours and total hours are 
stored are needed for taxes. By going to set 1 following step 19 these values 
can be set for punching, and the storages from which they were set be freed 
for further values. All six of the storages are wired to set on set 1. The 
storage from which total deductions and net pay will be punched is to be set 
on a later set 1 instruction; since at this time it contai~s withholding tax 
to date, it must be prevented from setting. Therefore the setting of Sll is 
wired to the common of Tl-3, which is select in the gross pay card. The 
select of TI-3 is not wired, so no setting will occur. 

From set I in the gross pay card it is necessary to return to the program, 
step 20, yet in succeeding cards set 1 must be wired to another instruction. 
Therefore the exit of set 1 is wired to the common of TI-4. The select of 
TI-4 is wired to step 20. 

Step 20: There is more than one method of computing witholding tax. The 
method shown here requires four steps, but very few elements and selectors. 
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A second method, requIrIng only two or three steps but 11 constants and 6 
selectors, is shown following the program comments for this problem. Step 20 
is the computation of exempt income. Tax class (the number of dependents) 
is multiplied by $13.00 (the amount of tax exempt income for each dependent 
each week). It is unnecessary to round this since there will be only two 
significant places following the decimal point. 

Step 21: Exempt income is subtracted from gross pay to determine taxable 
income. The result of this subtraction can be either plus or minus, since 
it is possible for a man's exempt income to exceed his gross pay. If the 
result is negative, PS 3 is impulsed so that a selector may be used in the 
following step. Both PS 3 and step 21 are wired to step 22. 

Step 22: Taxable income, if a plus value, is multiplied by 18% to obtain 
the non-rounded withholding tax. If taxable income is negative, it must be 
multiplied by zero to clear the storage in which withholding tax is placed. 
Since total hours was previously located in the same storage, unless it is 
cleared the total hours figure will be used as withholding tax in later 
steps. VI of step 22 is therefore wired to the common of T16, picked up 
by PS 3. If Tl6 is select, N36, zero, is used as VI; if it is non-select 
N30, .18, is used as VI. 

Step 23: Withholding tax is rounded. If there is no withholding tax, the 
result of this step will still be zero. Withholding tax must be placed in 
the storage in which total hours were previously located, since they are to 
punch in the same columns. 

Step 24: The computation of FICA on the basis of $4200 gross to date requires 
more steps than using $84.00 FICA to date. In this problem, therefore, . 
$84.00 is used. 

Step 24 is the subtraction of FICA to date from $84.00. The result of this 
step is always plus, since FICA to date never exceeds $84.00. The value 
placed in storage is the amount of FICA required to reach $84.00. If an 
employee has already reached $84.00, the value placed in storage is zero. 

Step 25: Gross pay is multiplied by 2% to obtain the tentative FICA - that 
is, the FICA which will be deducted provided the employee has not reached 
$84.00 indud.ing the current deduction. 

Step 26: FlCA is rounded into the storage from which it will be punched. 

Step 27: The tentative FICA is subtracted from the remaining FICA to pay. 
If the result is plus, the remaining FICA is greater than the tentative 
FICA to be deducted this week. The tentative FICA is actual FICA this week, 
and the program continues with step 29. If the result is minus, the 
remaining FICA is less than the tentative FICA; therefore the remaining 
FICA must be transferred to the FICA storage. These cards are directed to 
step 28. 

311 



Step 28: Remaining FICA is transferred to the FICA storage. If an employee 
has already reached $84.00, zero will be transferred. into the storage, 
clearing it. The program continues with step 29. 

Steps 29-31: Gross to date, FICA to date, and withholding tax to date are 
up-dated with the values from the current week's payroll. 

Set 2: The last values to be punched in the gross pay card have now been 
computed. Since the storages in which the to date figures are located are 
needed for the computation of total deductions and net pay, the to date 
values may be set at this time. Set 1 has already been used in this card, 
so set 2 should be used. From set 2 the program is continued with step 32. 

Step 32: FICA and withholding tax are added together to obtain preliminary 
total deductions. 

Step 33: The preliminary total deductions are subtracted from gross pay 
to obtain a preliminary net. 

Clear: Following the completion of the gross pay card, the program must be 
routed to clear. From the following cards deductions are placed in the 
same storages that were used for earnings information. If these storages 
are not cleared before the deduction cards, the earnings information will be 
accumulated as deduction amounts when the dedUctions are accumulated and 
placed in their punching storages. Taxes, which are to punch in the 
deduction summary card, cannot be cleared at this time, yet they should be 
cleared on a later clear instruction. Therefore the clearing of S7 and 
S8 are wired to the common of T3-I, which is select in the gross pay card. 
The select of T3-1 is not wired, so S7 and S8 will not clear at this time. 

The exit of clear is wired to the common ofT3-2. In a gross pay card 
department and clock number must be replaced in S12, while this is unnecessary 
in other cards. The select of T3-2 is wired to step 6, which stores depart~ 
ment and clock number. From step 6 the card is tripped out. Note that if 
step 6 is not the last step of the previous year-to-date routine, the exit 
of the step can be wired to a selector to determine whether to trip the 
gross pay card or continue with the previous year-to-date routine. 

Detail deduction cards 

The non-select of T2 is wired to the common of T4, picked up by a 5 in column 
42. If the selector is select, the card is either a detail deduction or 
deduction summary card. The select of T4 is wired to the common of T5-2. to 
determine whether there is a 9 punched. If T5 is non-select, the card is a 
detail deduction, and is wired to step 34. 

Step 34: Deduction amount is punched in columns 56-60, no matter what the 
type of deduction may be. This amount is subtracted from net pay to obtain 
the new net pay. If the result of this step is negative, the employee had 
insufficient pay to cover the amount of the deduction. The card is therefore 
sorted, indicating that it has not been deducted, and tripped immediately. 
The net pay amount in 510 has not been changed, and this card enters no 
further calculations. Note that the detail deduction cards should be in 
sequence with the one which it is most important to deduct first, followed 
by the others in the order of their importance. 
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Step 3S: The new net pay must be transferred back to 510 so that it will be 
in 510 when the next deduction card enters the computer. 

Step 36: Deduction amount is added to total deductions to obtain the new 
total deduction amount. 

Step 37: The new total deduction amount is transferred back to SlIt so that 
it will be in 511 when the next deduction card enters the computer. 

Steps 38 and 39: Since there may be more than one deduction of the same type 
(miscellaneous, charity, insurance, or credit union), the detail deductions 
must be accumulated. The storages in which they are to be accumulated were 
cleared on the gross pay card. Steps 38 and 39 are normal accumulating 

. steps, except that the storages in which the accumulation takes place are 
selected. VI of step 38 and the result of step 39 are wired to the common 
of TIl-I. If TIl is select, the card is a miscellaneous deduction. Since 
miscellaneous deductions are to be punched in the same columns as gross pay, 
the select of TIl-1 is wired to 53. The non-select of TII-I is wired to the 
common of TIS-I. 

If TIS is select, the card is an insurance card. Since insurance is to be 
punched in the same columns as shift premium, the select of TlS-l is wired 
to 55. The non-select of TlS-l is wired to the common of TI7-1. 

If T17 is select, the card is a credit union card. Credit union is to be 
punched in the same columns as straight time pay, so the select of T17-1 
is wired to 56. The non-select of T17-1 is wired to the common of T18. 

If Tl8 is select, the card is a charity card. Charity is to be punched in 
the same columns as overtime pay, so the select of Tl8 is wired to 54. If 
Tl8 is non-select, it means that none of the four codes have been punched; 
the non-select is not wired, so the computer will hang up. 

From the plus branching of step 39, the detail deduction card is tripped 
out of the computer. 

Deduction Summary Card 

If T4 and TS are both select, the card in the computer is a deduction summary 
card. Since no further calculation is required in this card, the select of 
TS-2 is wired to set 1. 

Set 1: Set I is used in a deduction summary card because the same storages 
are to be set as were set on set I in the gross pay card, with the addition 
of 511, total deductions. The setting of 511 is wired to the common of Tl-3. 
Tl is non-select in a deduction summary card, so 511 is set in addition to the 
other storages. 

From set I it is advisable to go to clear. Set 1 can be used in the net pay 
card for setting net pay, but if this is done the other storages which set 
on set I should be clear so that the deduction amounts will not be punched 
in the net pay cards. It is also essential to clear these storages before 
the cards for the next employee enter the computer. 
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Storages 57 and 58 should be cleared although they were not cleared when 
the clear instruction was given in the gross pay card. The clearing of 
57 and 58 is wired to the common of T3-l, which is non-select on a deduction 
summary card. On the non-select side both storages are wired to clear. 

The exit of clear is wired to the common of T3-2. The non-select of T3-2 is 
wired to trip. 

Net Pay Card 

The non-select of T4 is wired to the common of T6, which is select when a 
net pay card is in the computer. The select of T6 is wired to step 40. If 
T6 is non-select, the card was not punched with a 1, 3, 5, or 7, and is 
therefore incorrect. The non-select is not wired, so the computer will 
hang up. 

Step 40: Net pay is transferred to the storage from which it will punch. 

Set 1: All storages except 511 which are wired to set on set 1 are clear. 
The setting of 511 is wired to the common of Tl-3, which is non-select. The 
non-select of Tl-3 is wired to set 1. Net pay is therefore the only value 
which will be set in a net pay card. Although it is not 'necessary to clear 
any storages following the net pay card, the exit of set 1 is wired to the 
common of Tl-4, and through the non-select side to clear, Since the program 
for this card is very short, the clear instruction will not reduce the speed 
of the computer and can do no harm. Therefore instead of wiring the exit 
of set 1 through another selector so that it will go directly to trip on a 
net pay card, the net pay card is allowed to clear. This completes the 
routine for gross to net payroll. 

Optional Method of Computing Withholding Tax 

As mentioned earlier, it is possible to compute withholding tax in two or 
three steps rather than four by the use of 11 constants and six selectors. 

The first of the steps is the multiplication of the total gross pay, regard­
less of exemptions, by 18%. This results in a non-rounded withholding tax, 
with no allowance made for exemptions. 

A constant value is created for each tax class. This value is computed by 
multiplying tax class by $13.00 to obtain the total amount of exempt income. 
This value is multiplied by 18% to determine the tax allowance for exemptions • 
• 005 is. then subtracted from the result. The minus .005 included in the 
constant value will actually round the withholding tax. Since this constant 
is subtracted in the second step of the computation from the non-rounded -
withholding tax, the subtraction of the minus .005 actually adds .005 to 
the withholding tax. 
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The computation of the constant value for tax class 3 would be: 

3 x 13.00 
.18 x 39.00 = 

= 39.00 
7.02 
7.015 7.02 - .005 = 

A list of the constant values for the first 10 exemptions is: 

Tax Class 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Constant 

-.005 
2.335 
4.675 
7.015 
9.355 

11.695 
14.035 
16.375 
18.715 
21.055 
23.395 

In the step in which the constant value is subtracted from the non-rounded 
withholding tax, the constant value which will be used is determined by 
selectors picked up by tax class. 

The program for computation of withholding tax in the above problem by this 
method would be: 

ITt;' Co\fIO VALUE 1 PRO- VALUE 2 I RESULT " 52 53 54 55 so 57 so 
110. 1110. DESCRtPTION • " .. IV" CESS DESCRIPTION steM ..... DESCRIPTION JIG" ,YIIII 

20 I I~D. SI ... ." ... 3 )( .Ii I ... ~ '" ~AV 'M"l .s :;>(') 

21 I TAW (NR) ~" - .... 6 .. .. A"~. ~_ .v.~p. 
.,... ~. l.I.rUNDL TUN'- TAr (""I 

... 
Si" ~ -

22 I Z"." 1+ lit,,", I., 2EIII.O + MOL (O'AA. .sV .,. ". ~ 
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SELECT NON. SELECT 

~ rl.J e~~ T 2'·~ V,. "'~ " (OA T""~ "--

~ (12' 

~ 
21.4 

22 

~ I~) I .... 1 •. 1'Iu· I H!. T'1- {!OH. T 2 .... -
Z3.2 

(11, I",. ~ {q. L1.-1 15 ... T "- •• I t! ... .... ~S"-~ 
~ iz3:"3 
~4 

24 

F:! Jill 
., .... ( ... A ... , I .... T " ... - 1 t!" .. T 2'1-/ 

.4 .. 10 " ....... , I .. 5 T ..... -~ 1 ~ ....... ~.,_" ~ e~ 
~~ 

25.4 

26 

~ st?>3 
N":l I".'.G .. ) AlS T • 4--1 (,I,. ...... :1. q·1 

~~ I .... A .. S') AI" or "r-t#. f'J. .. .,."9_,, ~ ('27 
?:1. 

~ 
28 CU' ~1:s3 I .. ,., I .......... S' N!: T;1.9-/ N:!? (-.aa .... ) 

~ 1133 
I".A ( .... --.;:;:) A... .,." .. -I "-,. ... T'" 

~ I., ,. 1-" ., ... \ I.... T" ".,_, AI,II (:1.1.11$'0) 

~ C!" 
29-4 

Note the inclusion of a step to clear S8 if the result of step 21 is minus, 
meaning that an employeets tax exemption exceeds his total tax. This step 
could be avoided by impulsing a program select on the minus branching of 
step 21, and using the selector it picks up to prevent the setting of S8 and 
to substitute zero whenever withholding tax is called upon. 

Withholding tax on an income of $90.00 for a man with three exemptions would 
be computed by the two methods as follows: 

4 Step 2-3 Step 

20) 3 x 13.00 39.00 20) 90.00 x .18 = 16.20 
21) 90.00 39.00 51.00 21) 16.20 - 7.015 9.18 
22) 51.00 x .18 9.180 
23) 9.180 + .005 = 9.18 
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