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The principal change is the addition of a section on Series
50 operation, and changing the machine number from
602-A to 602.
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IBM 602 CALCULATING PUNCH




THE IBM 602 Calculating Punch, Models 1 and 2,
reads factors punched in IBM cards and performs the
mathematical operations of addition, subtraction,
multiplication, and division. The results of these cal-
culations can then be punched into the same cards
from which the factors were read or into trailer
cards. The standard machine can multiply a 22-digit
multiplicand by an 8-digit multiplier to obtain a 30-
digit product. A 15-digit dividend can be divided
by an 8-digit divisor to obtain and punch an 8-digit
quotient. It is possible to expand both the multiplier
and the quotient beyond the eight digits by additional
calculations. Group multiplication can be performed
with either the multiplier or multiplicand as the group
factor. Many other group operations can be per-
formed such as the accumulation of factors from a
group of cards and the punching of summarized or
calculated results in the last card of a group.

The 602 can test for plus or minus amounts in
the counters as the result of a calculation and recog-
nize zero balances. These decisions may be used to
alter the type of calculations that will be performed
or even to eliminate certain calculations.

Punched results from any operation may be veri-
fied on a separate run of the cards through the ma-
chine. Programming can cause an error to stop the
machine, or to punch a 12 for all correct cards and
an 11 for all error cards.

To describe the operation of the 602 Calculating

IBM 602 Calculating Punch

Punch, this manual is divided into nine sections:

1. Operation Principles

3]

Single-Card Operations

Seiection

Multiple-Card Operations

Checking Operations

Typical Applications

Operating Suggestions

Series 50, 602 Operations, Models 50 and 51
Appendix

oo N w ko

The functions of the machine are illustrated with
planning charts and wiring diagrams. The control
panel hubs are explained as they are first introduced.
Ready reference to the function of each control panel
hub may be found in the index.

The sections are arranged in order of complexity,
and each is explained in terms of knowledge of fea-
tures already covered in preceding sections. To learn
machine operation, therefore, most effective results
will be obtained by reading the sections in order.

Section 8 describes the capacity of the BM 602
Caiculating Punch, Models 50 and 51, and should be
carefully studied if a problem is to be planned and
wired on a Series 50 model.

The typical applications section shows complete
wiring for each example and illustrates the combined
use of many of the features that have been individu-
ally explained on preceding pages.



Operating Principles

ALL OPERATIONS of the 602 are performed in
steps or operating cycles which occur at the rate of
200 per minute or 12,000 per hour. The number of
cycles required for a card depends on the size of
factors and the type of problem.

The 602 consists of three basic parts: storage units,
counters (arithmetic unit), and the program unit.

Storage Units

The storage units in this machine, of electro-me-
chanical design, store numerical factors as they are
read from the card for temporary storage during
calculation, and also serve as output for punching the
results. In the standard machine there are six 12-
position storage units divided into a right and left
section. These two sections in each storage unit
can be used to hold separate factors. Factors can
be read out of either section of the unit indepen-
dently, but information to be read must be entered
into both sides at the same time. If two factors
are not read in at the same time, one would be
erased whenever the storage unit was instructed to
accept the next. All storage units may be used as
working storage during calculation; however, only
two of the six storage units may be used as output
for punching results.

Counters

All addition, subtraction, multiplication, or divi-
sion is done in a counter. There are six independent
counters in the 602 composed of electro-mechanical
type counters. Three of the counters are 6-position
counters; the other three are 4-position counters.
These counters may be operated separately, or they
may be coupled together to perform as larger-capa-
city counters. It is possible to combine all the counters
together, thus making the maximum-size counter on
the standard 602 thirty positions. Two additional
counters can be obtained at the option of the cus-
tomer.

Electro-mechanical counters of the 602 can also
be used as storage units because information can enter
them directly from the cards and be held during
all or part of the calculation. Factors or results can
remain in some of the counters while operations are
performed in other counters.
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Program Unit

The program unit of this machine provides a series
of 12 sequential steps which are used to instruct the
machine to calculate a given set of factors. Each
program step on the machine is equivalent to one ma-
chine cycle except when a multiply or divide com-
mand is given. These arithmetic instructions cause
as many machine cycles to occur on a single program
step as are necessary to develop a product or a quo-
tient,

The program unit is designed to permit the steps
to be taken in ascending sequence or to skip steps
when it is desirable to eliminate program steps for
certain codes in the cards or according to the sign of
a counter.

Not all of the steps may be necessary to complete
a given problem; consequently, the series of steps may
be ended by control panel wiring.

Operating Principles, Series 50

All operations of the 602 Calculating Punches,
Series 50, are performed in steps or operating cycles
which occur at the rate of 150 per minute or 9,000
per hour.

A 602 Model 50 or 51 is equipped with counters
1, 2, 3, and 6, storage units 1, 2, 4, and 7, and pro-
gram steps 1 through 6. Each of these units operates
just as it does in the standard 602. A Model 51 in-
corporates the above units in the machine without the
divide feature. A Model 50 incorporates the above
units and includes the divide feature.

The wiring principles for the Series 50 Calculating
Punches are identical to those illustrated for the
standard 602. Planning a problem for a Series 50 602
simply requires programming the problem with the
counters, storage units and program steps listed above.

CARD FEEDING AND PUNCHING

THE FEED schematic diagram of operation (Figure 1)
shows the path of the card through the machine. An
understanding of the general way in which the ma-
chine feeds, reads, calculates, and punches is neces-
sary for analyzing and wiring a problem for the
602.



The feeding of cards, face down, 9 edge first is
started by depressing the start key. This action moves
the first card into the machine and past the 20 con-
trol brushes. At this station control X’s or digits may
be read. At this point a card lever senses the first
card and feeding stops until all commands wired in
the panel are executed. No actual results are calcu-
lated because no factors have been read in. The steps
just described are called a run-in reset; their purpose
is to clear out all units which are used with this con-
trol panel prior to the calculation of the first card.
The first card then moves past the reading brushes
where factors are read for making the calculation.
The second card is at the control brushes one machine
cycle later. Therefore, digits can be read from the
control brushes and entered into either storage or the
counters. (The choice of reading or control brushes
for picking up control punching is an important
one.)

The cards continue to feed in a semicircular path.
If no previous card is being punched, the card passes
directly to the punch bed and is then skipped into
position for punching the first column of the first
result field. In this case the card is in position for
punching by the time the machine has reached the
second or third calculating cycle. However, punch-
ing of one card may continue through the reading
and calculation of the succeeding card. When this
condition occurs, the second card will be delayed in

Control Brushes

7 Hopper

Stacker

Figure 1. Feed Schematic

the punch entry station until the first card that is
being punched is ejected. The reading of a third
card cannot take place until the first card punched
has been ejected and the following card is in the
punching rack. (The read cycle is automatically de-
layed until the punch entry station is empty.)

There can never be more than three cards in the
feed unit: one in the punch bed, a second card wait-
ing in the punch magazine, and a third between the
two sets of reading brushes.

The instruction to punch may be given on any pro-
gram step or on the following read cycle, and punch-
ing will begin when the card reaches the first
column wired to punch. If the first column to be
punched is reached before the instruction to punch
is received, the card waits at that column until punch
is impulsed. The time necessary to complete punch-
ing depends upon the number of columns to be
punched. Punching proceeds at an approximate rate
of four columns per cycle.

For example, if a punch storage unit is wired to
punch columns $1-58 on program step 3 and the
card is not delayed in the punch magazine, it will
probably have reached column 51 by the time pro-
gram 3 occurs and punch is impulsed. Punching actu-
ally begins at the start of program 4, and since eight
columns are to be punched, punching is completed
by the end of program 5, two cycles later.

If punching is still taking place in the previous
card, the card in the punch magazine waits to be fed
until this punching is completed. In this case the
punch instruction given on program 3 waits until the
card reaches column 51 before it is executed.

The variable time relation between simultaneous
punching and calculating requires careful considera-
tion, particularly in the control of selectors, because
the rate of punching rarely has a definite time rela-
tionship to calculate program steps.

The 602 uses the serial method of punching. The
card feeds lengthwise, one column at a time, and is
positioned under the punching unit. As each col-
umn is positioned under the punches, an emitter
which moves in step with the card columns sends
an impulse through control panel wires to test for
the digit stored in a storage unit or relay network
for X’s or 12’s.

The impulse which controls the punch magnets in
each column is directed from one storage position to
the next by means of the column emitter. A sche-
matic diagram of this principle appears in Figure 2.

OPERATING PRINCIPLES 7
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Figure 2. Punch Schematic

A wire from the column emitter on the control panel
carries an impulse to a punch exit hub of the storage
unit position which is to be punched. This impulse
is directed to one of the ten digit punch magnets, de-
pending on the digit value held in that storage posi-
tion. The activation of a punch-unit magnet causes
a corresponding hole to be punched in the card. The
card automatically moves on to the next column,
where the process is repeated. The first column after
a punching field should be wired to skip. These skip
hubs are entries to a magnet which moves the card
rack to the next skip-stop insert.

The 602 has a built-in interlock to prevent the
punch storage units from reading in a new value
while punching is going on. As soon as the storage
unit receives an impulse to punch, an interlock relay
is picked up and held until the units position of the
storage unit has been punched. Therefore, the ma-
chine waits until the punching from the storage unit
is completed before reading in a new value. Punch-
ing from the units position of the storage unit signals
completion of punching. Thus, whenever punch is
impulsed, the units position of all punch storage units
used must be wired to punch.

An understanding of the flow of information be-
tween the various machine components and the man-
ner in which these units operate facilitates planning a
problem on the 602. A schematic diagram of oper-
ations, Figure 3, shows the entry of information

8 IBM 602

from the card (input), the flow of information in
making a calculation, and the punching of results

~ (output). The diagram is made from sections of the

control panel rearranged to show the flow of a calcu-
lation.

Factors are read from the card by wiring from the
reading hubs, which are exits for the reading brushes.
These factors may be entered into any of the six
counter groups or into storage units. Some of the
units are assigned a specific function: storage unit 1R
is always used for entry of a multiplier or divisor;
units 6L, 6R, 7L and 7R must always be used for
punching a result; counter 1-2-3 must always be
used for entering a dividend.

Counters and storage units also have exits from
which information is transferred to storage units or
other counters. Entry into and exit from any type
of unit cannot be made on the same step. Multipli-
cation and division are performed by a special system
of repeated transfers between storage units and
counters, as explained under “Multiplication and Divi-
sion.”

Results developed directly in the counter, or pre-
viously developed and stored in another storage unit,
can be transferred to storage unit 6 or 7 for punch-
ing. Results to be punched may be entered into these
units at one time and punched from them at another
time. These units have special exits provided for wir-
ing to the punching hubs.

Punching hubs may be thought of as inlets for
punching results in any of the 80 columns of the
cards. Successive results punched while other calcu-
lations are being performed must be punched in logi-
cal sequence from left to right and the cards must
be designed with this sequence in mind.

OPERATING KEYS, LIGHTS, AND SWITCHES

Main Line Switch. The main line switch is located
to the right of the feed hopper on the right side of
the machine. When the switch is on, power is sup-
plied to the calculating punch. An unlabeled light
signals that the machine is ready to operate.

Start Key. Depressing this key feeds the cards and
starts calculation.

Stop Key. Depressing this key stops the machine
immediately, even though the machine may be in the
middle of a calculation. The machine may be re-
started by depressing the start key and the calcula-
tion will continue.
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Figure 3. Machine Flow Schematic

Reset Key. Depressing this key turns off the com-
pare light.

Unlabeled Light. This light glows as soon as
main line switch is turned on. It turns off as cards
pass through the machine and turns on when the ma-
chine stops.

Compare Light. This light signals an error de-
tected during a checking operation and must be
turned off by depressing the reset key. This light also
indicates errors in control panel wiring, card feed
failure, or punch jams. See “Operating Suggestions.”

the

OPERATION

To PREPARE this machine for operation, insert a
properly wired control panel in the rack at the lower
right of the machine. When the lower front cover
is opened, the rack tilts forward and upward for con-
venient insertion of the panel. Wires must not be
permitted to fall between the panel and the rack or
to interfere with the operating mechanism at the
sides for closing the front cover.

An adjustable skip bar (Figure 4) must be inserted
in the machine immediately behind the punch bed
located under the upper right cover of the machine.
This skip bar contains 80 positions, one for each col-
umn of the card, in which a small insert is placed for
the first column of each field to be punched after a
skip. The small notch under the triangular head of
the insert faces toward the back of the bar. The skip
bar is most easily removed by pushing it up and
slightly to the right with the thumb and the fore-
finger. The card rack holding the skip bar should be
all the way to the left before the skip bar is removed.

Skip Stop Inserts

Figure 4. Adjustable Skip Bar

OPERATING PRINCIPLES 9



SINGLE SKIP sTOP inserts cannot be placed in adja-
cent positions. Use a special DOUBLE skIp sToP insert
for this purpose. .

For operations requ1rmg no punchmg, a Sklp bar
without inserts must be used.

Normally, the cards run out of the hopper auto-
matically. If the machine stops for any reason, cards
in the machine can be run out by opening the con-
trol panel cover. The cards are ejected into the stacker
without calculation or punching. Before the control
panel cover is opened, cards in the hopper should be
removed, or they also will run through the machine
and be ejected into the stacker.

PLANNING THE OPERATION

A PROBLEM to be calculated on the 602 should
first be developed on a planning chart (Figure 5) to
determine the most logical arrangement of steps to
be taken by the machine. With this form the prob-
lem can be developed by entering the actual figures
for the test problem and the functional commands
used to accomplish the result. Notes on selectors,
negative balance testing, and so on, should all be indi-
cated on the planning chart.

A column is provided in the chart for each of the
operating features shown in the schematic diagram,

. except card reading and punching. A line is pro-

vided for each of the program steps which the ma-
chine can take in performing a calculation. In
the example, these lines are filled in for the steps
used to perform the simple crossfooting operation,
A+ B=T. The first step is the reading of the
card. Factor A is read into counter 6, and factor B
is read into storage unit 2R. Following the reading
cycle is the first of a series of program steps used in a
calculation. On the first of these (program step 1),
factor B is read out from 2R to counter 6, where it
is added to produce the total T. On the final step, the
result T is read out of counter 6 to storage unit 6R
for punching, and the punching unit is controlled to
start punching immediately as indicated by the word
“punch” followed by an arrow. During the final pro-
gram step of the calculation, the machine is controlled
to take no further steps for the first card, but to pro-
ceed with reading the next card on the next cycle.
The principal operation controls are located in the
lower left section of the control panel, and, in Fig-
ure j, this section has been superimposed over the
planning chart to facilitate association between the op-
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erating features shown on the planning chart and the
control hubs on the control panel. Each program step
on the planning chart corresponds to the same set of
program hubs on the control panel, as shown by the
light connecting lines.

The nine read cycles hubs are control impulses
which are active during the read cycle shown on the
planning chart. Program exits, numbered 1 to 12 on
the control panel, emit controlling impulses during
each of the program steps shown vertically on the
planning chart. Each program step has four exit
hubs. They may be used to control counters to add,
subtract, multiply, divide, read out, and reset. They
may also be used to control read-in and read-out of
storage units. The last program step of a given prob-
lem must always be used to signal the machine that
the problem has been completed and that a new card
can be read on the next cycle.

CONTROL PANEL

THE cOMPLETE control panel is shown in Figure 6.
Letters down the side and numbers across the top of
the panel diagram facilitate reference to specific hubs.

Some hubs are entries and some are exits. Exit

hubs are always connected to entry hubs either di-
rectly or by selection. The wiring may be changed
to suit each new application. Wiring for reading
from the cards, transferring from one unit to an-
other, and punching are all accomplished on the right
side of the panel. The left panel is used for control-
ling counters, storage units, selectors, and the func-
tions required to complete a calculation.

All hubs performing similar functions are grouped
together and labeled with their general title.

Hubs that are connected by vertical, diagonal or
horizontal lines are alike or common. Their purpose
is to eliminate the need for split wires.

Shaded hubs on this diagram are not features of
the standard machine.

The control panel is explained in detail in a series
of diagrams illustrating the many types of calcula-
tions which can be performed by the machine. As
various operating features are used for the first time,
their control hubs are explained with the wiring of
that feature. After the first problem, the planning
chart and the left side of the panel are explained to-
gether because of their close association. As each
line of the chart is explained, the corresponding wir-
ing on the left panel is likewise explained.
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Single-Card Operations

CROSSFOOTING
A+B=T

THE NUMBER of factors that may be crossfooted is
limited by the number of factors which may be stored
in the machine from the cards. On the 602 this would
represent 102 digits, the sum of the 72 storage posi-
tions plus the 30 counter positions.

This example shows a simple crossfooting operation
in which factor A is added to factor B to give a total
T, and a date is emitted on all cards.

Control Panel Hubs

Reading (N-Q, 25-44). These hubs are exits from
the 80 columns of the card as the card passes the read-
ing brushes.

Counter Entry (J-M, 24-44). These hubs are en-
tries to the 30 counter positions (standard) grouped
as three 4-position and three 6-position counters num-
bered 1 through 6. For each position there is a com-
mon pair of entry hubs. Each counter must be con-
trolled to add or subtract in order to make the cor-
responding entries accept impulses.

Counter Exit (V-Y, 25-44). These hubs are exits
when the counter is controlled to read out to transfer
information to other counters or to storage units.

Storage Entry (R-U, 21-44). These hubs are en-
tries to the storage units. The storage unit may store
either factors or results in the machine. The entry
hubs accept information when they are controlled
to receive information either from the card, from a
counter, or from another storage unit. They accept
and hold information like a counter but they do not
add. A storage unit is cleared by its entry control;
entry of a new factor or a result clears any previous
information from the unit before the new informa-
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tion is accepted. The basic machine is equipped with
siX storage units, numbered 1, 2, 3, 4, 6, and 7. Each
storage unit has 12 positions, divided (except unit 1)
into left and right groups of six positions each. Stor-
age unit 1R has a special use for multiplication and
division in addition to its normal use as a storage unit,
and is divided into four left-hand positions and eight
right-hand positions. The eight right-hand positions
must be used to store the multiplier and the divisor.
For entry, all 12 positions of a storage unit operate
together; therefore, entry into the left and right sides
of the units, if both sides are used, must be made at
the same time.

Storage Entries 6 and 7 (T, 21-44). These entries
are used primarily to hold results for punching.
Although these are the only storage units from which
information can be punched, they are like all other
storage units in that they may also hold information
to be transferred for calculation.

Storage Transfer Exit (D-I, 21-44). These hubs
are exits for the storage units when information is to
be read out for transfer from a storage unit to a
counter, or from one storage unit to another. At exit
time, the left and right sections of storage transfer
exits can be controlled to read out as independent
units. This independent read-out allows the transfer
of six digits or less at a time. A transfer can be made
only when the particular half of the storage unit is
controlled to read out.

Storage Punch Exit (GG, 21-44). These hubs are
exits for storage units 6 and 7 when the machine is
instructed to punch. They are the only storage units
that can be used for punching results in the card.
Although the hubs are labeled exits on the control
panel, they are exits only in the sense that results
stored are punched from these units. Because the



units position of the storage unit signals the comple-
tion of punching, this position must be wired to
punch. Storage units 6 and 7 should not be impulsed
to read out and punch simultaneously.

Punch Emitter (HH, 21-32). These hubs are en-
tries to the punch magnets at punch time only. They
cannot be used to enter factors into storage or
counters. An impulse from the column emitter wired
from PUNCHING (card columns) to the punch emitter
causes the corresponding hole to be punched in the
column of the card. If the same digit is to be used
in more than one column of the card, the emitter
position may be split-wired to any number of punch
positions. Care must be taken that two emitter posi-
tions are not connected to each other to cause an un-
wanted double punch. ‘

X Emitter (AA-CC, 21-22). Six common exit
hubs emit X impulses for punching. They are similar
to the 11 impulse in the punch emitter.

Skip (AA-CC, 23-24). These hubs are entries to
the skip magnet which moves the card rack to the
next skip stop insert, or into the stacker when there
is no other stop. The column following the last one
punched must be wired to sktp. When column 80 is
punched, skre must be wired from column 1. Fail-
ure to impulse the skip hub stops the card rack in the
column following the last punched position.

Read Cycles (Q, 1-9). These hubs emit impulses
on each card feed cycle and are used to control
counters or storage units to accept information from
the card.

Program Exits (R-W, 1-12). These hubs emit
impulses during all calculating cycles except card
read. They occur one after another and control the
machine as it performs a specific part of a calculation.
During a program step, the four exit hubs are active.
Each hub is independent. The machine can take 12
successive program steps and then be instructed to
repeat, or the succession of steps may be ended at any
time by wiring one of the exits of the last required
program to the read hub. This stops the program-
ming operation and causes a new card to feed.

Read (Q, 13-15). These three common hubs are
entry hubs to stop the succession of program steps
and cause a new card to feed. The new card feeds
immediately following the program step in which
the read hub receives an impulse. This hub accepts
any impulse on program cycles but only an X impulse

on the card read cycle. It may be necessary to wire
the X impulse through a column split to prevent the
program impulse from feeding back to any other
control panel hub.

Storage Read-in (FF, 1-16). This pair of common
hubs for each storage unit is used to control entry
of information. Impulsing read-in resets the unit and
controls all 12 positions of the storage unit to receive
any digits reaching the entries on a read or program
cycle. If read-in is impulsed, all storage entry posi-
tions not receiving an impulse are reset to zero.

Storage Read-out (GG-HH, 1-16). There are two
separate read-out controls, one for each half of the
storage unit. Impulsing either the left or right section
causes the corresponding exits to emit. A storage unit
may be impulsed to read out any number of times
and the factor remains intact in storage until an
instruction to read in is given. Impulsing storage
read-out does ot make the storage punch exits active.
Storage punch exits are active only when storage unit
6 or 7 receives an impulse to punch.

Storage Punch (GG-HH, 17-19). These hubs are
the independent controls for punching results from
storage units 6 and 7. All 12 positions of the unit are
controlled simultaneously. Any positions from the
storage unit can be punched as long as the units posi-
tion is also punched. The same impulse which is
used for controlling read-in to the punch storage
unit can be used to start punching. If punching is to
take place at a later time than entry into the unit,
different impulses would control read-in and punch.
When the punch controls receive an impulse, punch-
ing starts on the following cycle and proceeds at the
rate of four columns per machine cycle. Punching
must be completed before the information can be
transferred to another unit for calculation.

Counter Controls (X-EE, 1-15). Each of the six
counter groups can be controlled to add, subtract,
read out, and reset. Multiple hubs are provided for
ease in wiring to control two or more counters simul-
taneously, or for controlling other operations simul-
taneously with counter operation. A counter cannot
perform two opposing functions at the same time.
Obviously, it cannot add and subtract at the same
time; similarly, it cannot add or subtract and read
out at the same time. However, it can both read out
and reset at the same time. When a counter is con-
trolled to add or subtract, the counter-entry hubs in
the right-hand panel receive impulses wired to them;
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when a counter is controlled to read out, the counter
exit hubs emit impulses. Counters should not be con-
trolled to reset on a multiply or divide step.

Internally, positive amounts are entered into the
counter as complement figures, and negative amounts
are entered as true figures. The result is always read
out of the counter as the complement of the amount
indicated in the counter. Thus, a positive amount
is entered into the counter as a complement number
and upon read-out is again inverted to a true number;
conversely, a negative amount is entered into the
counter as a true number and is converted to the com-
plement on the read-out operation.

At the left of the counter controls are the counter
coupling hubs. Because all counters on the 602 re-
set to 9%, the coupling hubs must be wired for cor-
rect addition or subtraction whenever a counter group
is either used independently or coupled with another
group. Failure to wire the coupling hubs causes each
positive number entered in the counter to be one
position less than the actual value. The c1 (carry
impulse) hub emits whenever the high-order position
of the counter rolls from nine back to zero. The
carry impulse must be connected back to the units
position of the counter. The carry entry provides an
inlet to the units position.

Two or all six counter groups can be coupled
together to form a larger counter. When counters
are coupled together, the c1 of the counter containing
the units position is wired to the c of the counter
containing the high-order position in order to increase
the capacity of the low-order counter by the number
of positions in the high-order counter. The cr of the
counter containing the high-order position is then
wired to the ¢ of the counter containing the units
position to complete the carry-back.

Counters may be coupled in any order for addi-
tion or subtraction, but adjacent counters must be
coupled during a multiplication or division operation.
Be careful when coupling three or more counters,
since the positions of the c1 and ¢ hubs alternate from
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one counter to the next. For example, the c1 of
counter 1 is located over the c of counter 2. Thus,
the same pattern for coupling counter 1-2-3 cannot
be used for coupling counter 4-5-6. Figure 7 shows
counters 2 and 3 coupled for a 10-position counter.
Counter § is wired for independent operation.

Planning Chart and Control Wiring

To add factor A, punched 16784 in columns 40-44,
to factor B, punched 321 in columns 45-47, requires
a read cycle to enter the data to counter and storage
and two program steps to complete the calculation
and punch the total, 17105, in columns 48-52.
Figure 8 shows the planning chart and control panel
diagram. This example also includes emitting a date
into columns 15-19.

1. To read in the factors A and B for calculation,
A is entered into counter entry 6, and B is entered
into storage entry 2R; each is entered from the
proper reading brushes.

2. Each of the units used is told to read in as the
card passes the reading brushes by a READ cycLEs
impulse wired to read into counter 6 plus and to read
into storage 2.

3. Factor B is read out from storage transfer exit
unit 2R to counter entry 6 where it will add to A.
This same wiring would apply for A minus B, except
that factor B would be read into counter 6 minus,
with corresponding changes in counter control wiring.

4. Program 1 instructs storage unit 2R to read
out and to add the factor B in counter 6. At the end
of this program step, counter 6 contains the result T.

5. The answer T is transferred from the counter
to storage unit 6R, from which it is wired to punch
in columns 48-52. An insert, represented by a small
block triangle on the control panel diagram, is placed
in the skip bar for the first column to be punched
and a skip is wired to the column following the
result T

6. Program 2 exits provide the impulses to instruct
the machine to read out the result T from the counter
into storage unit 6R and tell the machine to punch,
to reset the counter, and to signal the end of the
program for the card by impulsing rReaD. This
impulse tells the machine to feed the next card.

7. The date “02-19,” which is common to all
cards, is wired from the punch emitter to punch in
columns 15-19. An insert is placed in the skip bar
for the first column to be punched and a skip is
wired to the column following the date.
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Figure 8. Crossfooting

A+ B

BALANCE CONVERSION
A+B—C==T
WHENEVER a negative factor is included in a cross-
footing operation, it is always possible for the result

to be negative. The machine punches negative results
in complement form unless balance conversion is

=T

wired. This problem demonstrates the method for
converting complements to true figures and for
punching X identification for either positive or nega-
tive balances by using the balance conversion unit.

Balance Test (DD-FF, 17-24). The high-order

position of a counter exit, when wired to storage
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punch entry, may be used to control the balance test
unit, provided there is one more position in the
counter group than there are digits in the result. If
the result in the counter is negative, the high-order
counter position to the left of the significant values
is a nine; if the result is positive, it will be a zero.
The nine is used as a signal that the result is a com-
plement and should be converted.

There are four independent balance test units, each
consisting of a balance test hub for entry of the
9 or 0, a first column storage hub for entry of the
first position of the result, and a first column punch
hub for exit of the first column of the result to be
punched. If a 9 is recognized at the balance test hub,
the conversion unit is energized, and when first
column storage and first column punch are properly
wired, the unit converts to complement form what-
ever is punched from that storage unit until another
9 or 0 from the high-order position of a result
reaches a balance test hub (from the same or another
storage exit) or a new card feeds. The actual conver-
sion of the complement number held in a punch
storage unit is accomplished by a relay which reverses
the connections between the positions of the storage
unit and the punch magnets so that the result is
punched in true form.

X Punch over Units Position

Figure 9 shows the control panel wired for conver-
sion of a complement answer with an X punch over
the units position of the field to signify a negative
balance. Refer to this figure in order to follow the
actual operation of the balance conversion unit.
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Figure 9. X Punching over Units Position

16 IBM 602

Counter 1 has developed a four-position negative
result. Either the fifth or sixth position of the counter
may be wired to any free position of storage. entry.

1. The corresponding position of the storage
punch exit is wired to balance test.

2. This position always contains either a zero if
the result is positive or a nine if the result is negative,
When the card is positioned at the first column of the
field to be punched (column 5), the impulse from
the column emitter is carried by control panel wiring
from the PUNCHING column to 1ST COL. PUNCH.

3. This impulse picks up a relay network which
directs it out to BALANCE TEST. It is carried to the
test position of the storage punch exit by control
panel wiring. If the storage wheel stands at 9, the
impulse is directed to the pickup of the internal
punch-balance relay. As soon as the balance test has
been completed, the impulse from PUNCHING is
switched from BALANCE TEST to 1ST COL. STOR.

4. From here it goes by way of control panel wir-
ing to the storage position containing the highest-
order digit of the quantity to be punched. Punching
proceeds normally if the punch-balance relay has not
been picked up. If it has, the 9’s complement of each
number in the storage unit is punched. Once this
punch-balance relay has been picked up, it holds
until another impulse from PUNCHING is entered into
another of the first column punch hubs of the
balance conversion unit, or until a new card feeds.
Therefore, if several fields are to be punched, and
one of them is tested for possible conversion, the next
value to be punched must also be tested, even though
the value will always be a positive number. If the
test is not made, the remaining values punched on
that same card will be converted if the previous
value was converted.

5. Conversion alone is not enough. The result
must be identified as negative either by X or D
punching. For X identification there are four punch-
X units Jocated to the right of the balance test. Fach
unit has a hub (X column storage) for entry of the
result digit from the storage punch exit and two
exits: one (punch X+) which punches an X for a
positive balance, and another (punch X—) which
punches an X for a ncgative balance. The X may be
punched over any column of the result or outside
the result field. If the X is to be punched over the
result, the punch exit for the column over which it is
to be punched is wired to X column storage. Then,



either punch X— or punch X+ is wired to the
proper column to punch an X over a negative or
positive result, respectively.

6. If the X is to be punched outside the result
field, X column storage is wired from skrp. The
punch X— or punch X+ is wired to the column
to be punched or skipped.

X Punch over High-Order Position

It is possible to punch an X over the first column
of the field (Figure 10) provided the balance test
takes place first. The wiring of the punching
impulse directly to the balance conversion unit and
then through the punch X+ or punch X— unit to
the storage exit insures that the punch balance relay
is controlled as a result of the balance test before the
circuit is made through the punch X unit.

This means that the first column to be punched
must be wired directly from the first column punch.

The punch X unit may be used whenever it is
necessary to punch both a digit and an X in the
same column even if the X indicates some condition
other than a positive or negative result. For example,
to punch an X in column 61 as well as a digit from
storage 6, the X-- hub is wired from column 61 and
X column storage to the storage punch exit.

The timing of the punch X4 or punch X— pro-
hibits punching from an X prior to the punching of
the first field. An X from the emitter, properly
selected, could be used.
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Figure 10. X Punching over High-Order Position

Planning Chart and Control Wiring

Planning and wiring are shown in Figure 11. An
explanation of the planning chart is, in effect, an
explanation of the program wiring on the left side of
the control panel and, because of their close associa-
tion, they may be described together.

Read Cycle. A is added in coupled counters 2 and
3. B and C are entered into storage units 2 and 3.
It would also be possible to plan the problem so that
all three factors were entered into three sets of storage
units. In this case, it would take additional time to
complete the problem, since one cycle would be used
in moving the first factor from storage to a counter.
Although no time would be lost in entering all three
factors into three sets of counters, it would use
counter capacity unnecessarily and require that they
be reset after use.

Program 1. B is read out of 2L and 2R and added
into counter 2-3.

Program 2. C is read out of 3L and 3R and sub-
tracted in counter 2-3.

Program 3. The result =T is read out of counter
2-3 and read into storage unit 6 where it is held for
punching. The counters reset at the same time. The
total is ready to punch as soon as it enters storage
unit 6; therefore, program 3 also impulses storage
unit 6 to punch. Since program step 3 is the last step
required for this calculation, a step 3 exit is wired
to READ.

Right-Hand Panel Wiring

1. A is wired to counter 2-3, B to storage unit 2,
and C to storage unit 3.

2. B and C are wired to read out of storage exits
2 and 3 into counter 2-3. Split wires are avoided by
wiring C through the common hubs of 2L and 2R.

3. The result is wired from counter exits 2-3 to
6L and 6R for punching.

4. The left-hand position of counter 2 is wired to
6L so that it will be available from the storage exit
to be used as a signal for balance conversion. It may
be wired to any of the remaining hubs in 6L.

5. The storage exit corresponding to the left-hand
position of counter 2 (complement 9) may be wired
to any one of the four balance test units as a pickup
for that unit. The first column of the result is wired
to 1sT coL. sTOR. and from 1ST COL. PUNCH to punch
in column 73. A 9 in counter 2 will convert to posi-
tive form the complement result in storage unit 6.

6. An X is to be punched over the units position
of the result for all negative amounts. The units
position is wired from storage punch exit 6 to X
column storage, and punch X— is wired to column
80. Punch X— emits an X for all minus balances,
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. . .. . . .. . .
and combines with the digits wired into X column 7. The remaining part of the result is wired to
storage to punch both the units digit of the field as punch. Whenever column 80 is wired to punch, the
well as the X punch. skip must be wired to column 1.
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Figure 11. Balance Conversion
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COUNTER TRANSFER OF NEGATIVE NUMBERS In the following example, one more program step
A—B—C--D—E would be needed to crossfoot all four factors in a
- single counter.

IN crossFOOTING more than three factors, fewer When there is a possibility of a negative total in
program steps may be used by wiring simultaneous the counter to be transferred, the receiving counter
crossfooting in two or more counters, and trans- must be wired for the full capacity, as shown in the
ferring the results from one counter into another. problem and solution in Figure 12. When a 4-position
b E] STORAGE UNIT ] COUNTER STORAGE UNITS .
I . h PUNCH UINIT
82|8s OPERATION DIVR.-MULT DIVIDEND | 1 i 1 ' “UNITS POSITION MUST B WIRED T0 PUNCH
2EH 1 R T2 13 4 M50, 6 el o ® “ogo® oL 1 6 = o R 4
R b B 5 ; 5 : :
READ LYol oo i D : ; : ;
ovele + A E < P i I . /895 ! 282 ! ! ! :
oplelsirzisigtelelel [ [ T[T 13T TE LT[ TTY TTTTL TTT IO IO TT LTI T T LT PP TOT T T LR ET T T [T [
H H T 1 11 !
. -B i +D P RO | RO : ! : g
¢ ' . L '
olol¢trlzgelgaisley [ [T 1 TTRTTTTTT1T ||lHiH]HH|||'|H|| [T HH]:HH]HIHHHH
= _ RO ! ' ! H 1 ! |
2 +HCD) RE - ! i ] | |
oodtglsr | [T T [TTT L Dol T LTI T T LTI T P L E LT T e T
RQ | ! Lo | ! ; "PUNCH }
3 RE | i R ! ] i » E !
T 1 T T T T 1 T T T T T T T T T T TT T T 7
T A T T T T T T T T T T LT T T T T T A TT T T [T T
i 2 3 4 3 6 7 8 9 10 1 12 13 14 )5 16 7 8 19 220 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 45 41 42 4 44
\ RSt ~-CO SELECTORS-- .
COUNTER 1 COUNTER 2 Al | © 0j0To © o 0,070 © o o;clo cTo =
T | | 4
Read GA) w37z 00672 (-Q) <325 999674 Ll | % ois o'l o ene oo o oo o s o one
Program 1 (-B)  -1895 998104  (+D)  +282 000282 | { N . .
o oto (o] o] o] o] o] ] (o] o] o0 o =] o [e L o3 < <
4477 004476 -43 999956 | . STORAGE TRANSFER i1 - TS -
carry 1 : o
+004477 I i
Program 2 ~_43 1999956 00— RO &RE
’ R4 004433
L carry 1 |
o e ,
T i
H If the high-order position of counter 1 is not wired, (TRY A
L the result would be: 7 ’ i 7 T 9T g
£ I BENESENE SEEEEE
C K o O | D S ¢ [eR e} © < o
é End-of
® Program 1 004477v 999956 t ° 9 ° 0.0 2 %1 9)9,° ? ¢ o ¢ ¢ 0
: 2 [ 99956 ROSRE |, 5° LU os LeliNre sl Ll )]
104433 LRI, S WA R § A D \N G RUmmmmin s i 2o 4
The carry would affect the high-order position of N o ° ° 3"0 © ¢ © 305 © o0 o o “;
the counter rather than the units position. There- ° o 6 0 o o o o o o o 6 o6 .06 o o0 o
fore the total is incorrect. Ki1or12 s 50 53, 2
i} € o= l [oRe]
READ CYCLES —————%HOP STOP?(AREADW P Tim sTOP| 61 A 65 B C D 30
°c o o o o oho—o—o ! oy 6co o o olo o |of\R o—0jo o 0o 0 0 0o 0o o o o o o o o >
. émsxwm MPROGR}MW//////WI/ASKIP" 2 MPLY i DIVISOR-MULTIPLIER %2 STORAGE ENNRY
(e} Ie) o [e] [e} o] oTo o o o o] o R e} o C e} c o o o] ¢} o] <o G Qi | C o3
10 3L R 4 : P
ONO 0 ©0 072 ¢ s © o o o;0 0 0o o o olo o o o ¢ c'¢c & 5 5 5 a
| 7R
o¢Cc © © cZc ¢ T Ate 2~ 2 A
8R
oTO e} o o} o] o u ) o o o ~ 5 a
n o N. 8.4
ONoO © © 07 O0—0—¥ © 0 040 o 9 3 |
3 4 H
cco © © © Wi ¢ o ¢io & 5 o
e e . et g
12 | 8 ‘
cNO ©O 0o © Y < [ s 0 <L cg o ¢
oCco o O o z ¢ ¢o]cTec ¢ ¢ ¢ |
BUS 2 | 7 ! 8 !
o o% (44 s ONO ©0 O O|ONO 0 © ojOoNo o o o, ,2N¢ o o ¢
o o o o Ogl#)( "EB '1(1 oCo o [} o 0C0O o o] o'occCo c o] C){SC: el < C
f : p 41 s P UN CHIN G 20000000044 | S 500000040t 6000050000000 10 0
O OO0 cc o o c z o ¢ @
151 COL PUN CH#w21 ¥ U N U g X = iy 0
o 0 e} oo [o) DD o o} ol o} o c ) o
15T COL STOR PUNCH | x+ 55 60
o o © o o ©° EE o © < c < c ¢ ¢
BAL TEST X coL|sTor 8¢
7 720 o o ocjo o ¥ o o c o ¢ ¢ ¢
R Dama® UN CHoy ¢ RAGE PUNCH EXIT 7
Z P éo o GG o o © ¢ © fjo ¢ ©c ¢ 0 ©o © ¢© ¢ ¢ ¢ ¢
ié Zo—8— —7—6-PUNCH EMITTER —1—0—11—12+ 8
H S0 o e 2 o ¢ 2 ¢ & c ¢ ¢ ©,0 ¢ & ¢ 3 t % ¢ & ¢ o &

Figure 12. Counter Transfer of Negative Numbers
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counter containing a negative balance is transferred
to a 6-position counter, the high-order position of the
smaller counter must be split-wired to all remaining
positions of the larger counter. If the sign of the
transferred total is to be changed, the factors must
be subtracted in the receiving counter.

MULTIPLICATION
AXB=P

THE 602 offers considerable flexibility for multi-
plication. The punch, equipped with wheel-type
counters, refers to mathematical tables built into its
electrical circuits. (See “Method of Multiplication.”)
Factors are read from the card: the multiplicand into
storage or a counter and the multiplier into the multi-
plier storage unit IR. In this unit, the multiplier
factor is retained so that each digit in the factor can
be referred to the necessary mathematical table. The
component resulting from multiplication by this digit
is entered into a group of wheel counters to be
accumulated. Then the next digit in the multiplier
is applied to the multiplicand by means of built-in
circuit tables. Each of the components resulting as a
product of those multiplications is added to the
accumulated total in the counters.

This process continues until every possible position
in the multiplier has been processed through the
multiplication table circuits, and the counter stands
with the accumulated product of the multiplication.
The entire multiplication is completed by a single
program step, although the number of cycles in this
one program step depends on the number of digits in
the multiplier. Therefore, the factor with the smaller
number of digits should be used as the multiplier,
because the speed of the machine when multiplying
is about 1.4 cycles per multiplier digit.

It is possible to develop a 30-digit product because
there are 30 counter positions. This may be done by
multiplying an 8-digit multiplier by a 22-digit multi-
plicand, or by expanding the multiplier beyond the
8-digit capacity of the multiplier unit by treating the
multiplier in parts.

Figure 13 illustrates the use of a §-position multi-
plier with one decimal position and a §-digit multi-
plicand with three decimal positions.

Control Panel Hubs

Multiply (FR, 13-15). Three common entry hubs
receive impulses from program exits to cause the
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machine to multiply. On the same program step on
which the multiply hub is impulsed, two other com-
mands must be given. One of these is to identify the
multiplicand by a read-out instruction to the storage
unit or the counter; the other is to instruct the
counter which develops the product to add if a plus
product is to be developed, or to subtract, if a nega-
tive product is to be developed. Failure to read out
the multiplicand or to impulse the product counter
develops a zero answer. If the multiplicand is stored
in a counter rather than in a storage unit, the multi-
plicand counter can only be controlled to read out
on the multiply step. If it is controlled to read out
and reset, the multiplicand would reset on the first of
several multiplication cycles and, thus, develop an
erroneous product.

If the product is too large for a single counter, any
number of adjoining counters may be coupled. They
must be adjoining because of the shifting of com-
ponents as the multiplier moves from one digit to
another.

No other function should be performed on the
same program step with multiplication. This includes
crossfooting, punching, and negative balance testing.
For example, if crossfooting were attempted on the
same program cycle with multiplication, the cross-
footing factor would be treated as a multiplicand
because of the read-out instruction, and an unwanted
product would be developed in the counter which
was adding or subtracting.

Multiply hubs should not be wired from two suc-
cessive program steps; one cycle must intervene to
allow time for the repetitive action of multiply cir-
cuits to stop.

Reset to 5 (Half-Adjustment) (A-C, 23-24). If
some of the decimals in a product are to be dropped,
the last position retained may be adjusted to the
nearest whole number. This is done by adding five
to the first dropped position. The machine accom-
plishes this by resetting the counter position repre-
senting the first dropped decimal to five instead of
zero. Hubs labeled “reset to §” are exits which may
be wired for this purpose to any of the 30 counter
positions. Because all machine commands are also
executed on the run-in reset, the counter position
which has been wired from reset-to-§5 will stand with
a five before the first card calculates a result. ‘This
means that a sum developed on program § may be
read out and reset on program 6 for punching, but
program 6 of the run-in reset has entered the half-
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Figure 13. Multiplication

AXB=P
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adjusted figure for the first card before the sum
has been developed. Other digits entered into that
position on the actual calculating cycles will add to
the five and adjust the position to the left.

The reset-to-5 impulse has the same timing as an
X impulse. When a factor is entered into two
counters by wiring from one counter entry to
another, only one of the products may need to be
adjusted. The reset-to-5 impulse must be stopped
from getting to the second counter by entering that
position of the second counter through a column split
device, which filters out the reset-to-5, or X, impulse.
See “Operating Suggestions.”

Column Splits (O-Q, 21-22). There are two inde-
pendent column split units which have the function
of separating 0-9 impulses from X impulses. Each
unit has a C (common) hub, a 0-9 hub, and an
X hub. If a card column from the reading brushes
is entered in C, only digits from 0 through 9 are
available at the 0-9 hub, and only X impulses at the
X hub.

Planning Chart and Control Wiring

Read Cycle (Card 1). Factor A is entered into the
multiplier unit 1R and B into storage unit 2. Factor
B could have been entered into any other storage unit
or counter not needed for developing the product.
Ro, rE and § (half-adjust) are explained below.

Program 1. The three multiply instructions are
wired on this program step. Factor B, the multi-
plicand, is read out of storage 2R, coupled counters
5 and 6 are impulsed to add to develop a positive
product, and the machine is told to multiply by
impulsing the multiply hub.

Read Cycle (Cards 2 and 3). Advantage may be
taken of the fact that counters 5 and 6 do not add
or subtract on the read cycle. For example, these
counters can be reset on the read cycle, thus saving a
program. If counters § and 6 were impulsed to add
or subtract at read time, it would be necessary to take
another program to clear these counters, because a
counter cannot read in and out at the same time. The
reset-to-5 occurs at the time the counter resets, and,
since in this case the counter is reset on a read cycle,
the reset to 5 also occurs at that time. When the
product is developed in the counter group on pro-
gram 1, it is adjusted to the nearest whole number.

Storage unit 6 is impulsed to read in and punch
on the read cycle. The punching of the first card
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starts on program 1 of card 2, and because multi-
plication may take several cycles, and four columns
may be punched on each cycle, there is no loss of
time for punching in this problem.

Punching of the result for card 2 starts as program
1 of card 3 is being executed, and so on.

Right-Hand Panel Wiring

1. A is read into the multiplier unit and B into
storage unit 2R.

2. The multiplicand B is read out of storage 2R
into counter 5-6 where the product is developed.

3. Two of the four decimal positions in the prod-
uct are to be retained. Reset to § is therefore wired
to the first position dropped, which in this case is
the tens position.

4. The product, with two positions dropped, is
wired to storage unit 6 for punching.

5. The product is read from storage punch exit 6
to punch. A skip is wired to the column following
the last column punched.

MULTIPLICATION AND CROSSFOOTING
WITH DECIMAL ALIGNMENT

(AXB)+C-+D=R

MuLTirLicaTION and crossfooting may be combined
in one operation. This problem demonstrates the
calculation of A X B added to two crossfooting
factors, C and D, with decimal alignment (Figure
14). Although only two crossfooting factors are
demonstrated, additional factors can be crossfooted
using the same wiring principles.

Planning Chart and Control Wiring

Read. A, B, and C are entered into storage units
1, 2, and 3, respectively. D is added in counters
5 and 6, which are coupled. Since the product of
A X Bis not to be punched, time is saved by adding
D into the same counters in which the product is
developed.

Program 1. The multiplicand is read out of 2L and
2R into counter 5-6, where a positive product is
developed. The multiply hub is impulsed. At the
conclusion of the multiplication, the counters contain
A X B + D.

Program 2. Factor C is read out of 3L into counter
5-6 and added to A X B + D.

Program 3. Counter 5-6 cannot read out and reset
on the read cycle because it is impulsed to add on
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Figure 14. Multiplication and Crossfooting
(AXB)+C+D=R
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that cycle. Counters cannot read in and out at the
same time. Therefore, program 3 is used to read out
and reset the counter and to transfer the result to
6R for punching. The proper position in counter 6
is reset to § to adjust the product. Program 3 is the
last program used, and is wired to READ.

Right-Hand Panel Wiring

1. A, B, C, and D are wired to their respective
storage units or counters. Since D is wired directly
to the counter that will contain the result, it must be
properly positioned. D has no decimal places. The
product will have six decimals. Therefore, D, with no
decimals, is placed to the left of the decimal point or
seven positions from the right of the counter.

2. The multiplicand in 2L and 2R is read into
counter 5-6. Decimals do not have to be considered
when wiring a multiplicand from any unit to the
counter in which the product is developed. The mul-
tiplicand need not be wired to the units position of
the counter, but in most cases it is desirable to do so.
Offsetting the multiplicand or the multiplier in
storage will increase the product by the correspond-
ing number of positions.

Factor C, with one decimal, is wired from storage
transfer exit 3L to counter §5-6, with its decimal
properly positioned.

Of the six decimals in the product, five are to be
dropped. Reset to § will therefore be wired to the
highest order position dropped, or position 5.

3. With five places dropped, the result is read out
of counter exits 5-6 into storage entry 6R.

4. The result is punched from storage punch exit
6R. Skip is wired to column 1.

DIVISION

A+—-B=Q
Division in the 602 Model 1 requires entering the
dividend into coupled counters 1, 2, and 3 and the
divisor into storage unit 1R. The 602 uses built-in
divisor look-up tables to accomplish division. See
“Method of Division.”

Each digit in the divisor is considered separately,
and the dividend is reduced by repeated subtractions
until the remainder is less than the divisor. A count
of the number of subtractions necessary to make this

reduction is made in counters 4, §, or 6, and becomes
the quotient.

24 IBM 602

Since storage units 1R and counters 1, 2, and 3
must be used in a divide operation, capacity of the
602-A is limited to a maximum 15-position dividend,
a maximum 8-position divisor, and the development
of an 8-position quotient. Expansion of the quotient
and the divisor is possible by special wiring.

If the division involves decimals, care must be
taken to position the dividend properly in the divi-
dend counters. This may be best compared with the
long division procedure. For example, to divide 45.76
by 3.51 and develop an adjusted quotient of 13.04
requires that three zeros be added to the dividend.
Because the last position of the quotient was five or
greater, the tens position was increased one and the
third decimal position dropped.

13.037 adjusted quotient = 13.04

3.51\/45.76 000
351

10 66
10 53
T13 00
10 53
2470
2 457
13

This same procedure must be followed if these
numbers are to be divided on the 602. The factor
45.76 would become 4576000 in counter 1-2-3 by
shifting the units position of the factor over into the
fourth position of the counter.

A rapid determination of the position of the divi-
dend in the counter when dividing with decimals
may be made by applying the following rule. The
number of decimals in the divisor plus the number of
decimals desired in the quotient determines the num-
ber of decimal positions in the dividend counter. If
the quotient is to be half-adjusted, another decimal
position must be added. In this problem (Figure 15)
there are two decimals in the divisor and two in the
quotient. Since the quotient is to be rounded, the
number of places in the dividend is five. Notice that
the dividend 45.76 was entered as 4576000 before the
long division was started.

Once the divisor and dividend are properly posi-
tioned, four simultaneous instructions from a single
program step accomplish this division. These are:
(1) impulse the divide hub, (2) read out the divisor,
(3) impulse the dividend counter to subtract, and
(4) add into the counter designated for the quotient.

Divide (S, 13-15). Three common entry hubs
receive impulses from program exits to cause the



machine to divide. Impulsing this hub begins the
comparison of the highest-order divisor digit and the
highest-order dividend digit to determine a quotient
digit. On the same program step on which the divide
hub is impulsed, three other commands must be given
to complete the division. One of these is a read-out

instruction to the divisor unit 1R; another is a minus
command to the dividend counter 1-2-3. These two
instructions allow the product of each quotient digit
times the divisor to reduce the dividend progressively
to zero. A fourth instruction on this program step
is to add into the counter which develops the quotient.
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Figure 15. Division
A-+-B=0Q
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This allows each quotient digit resulting from the
internal division comparison to add as it develops
from left to right. Failure to wire any one of these
steps develops a quotient of zero.

Divide hubs should not be wired from two suc-
cessive steps because the repetitive use of divide cir-
cuits requires an intervening program step.

Quotient (], 23-24). The quotient is developed
one position at a time as the internal test compares
the size of the dividend with the size of the divisor.
This single quotient position is available from two
common quotient hubs and is normally wired to the
units position of a counter. Even though only a
single position is wired, a multiple-position quotient
would be developed because of the internal shift that
occurs as the divide cycles are taken.

Planning Chart and Conirol Wiring
Read. The dividend A is added into the dividend

counter 1-2-3. The divisor is entered in 1R.

Program 1. Division is accomplished by impulsing
the divide switch, by reading out the divisor from
1R, by subtracting the dividend, and by adding the
quotient into counter 6. When the dividend has been
reduced to zero or to a point where the remainder is
plus and less than the divisor, the dividing operation
is completed.

Program 2. The remainder, if any, in the dividend
must be cleared (counter 1-2-3 wired to reset). The
quotient in counter 6 is read out into storage unit 7
and punched. Counter 6 is also reset on this pro-
gram, with reset-to-§ wired to the units position of
counter 6 for adjusting the quotient on the following
card. The last program used is wired to READ.

Right-Hand Panel Wiring

1. The dividend is positioned in counter 1-2-3
for five decimal places. The divisor is entered in 1R.

2. The divisor is read out of 1R to subtract from
the dividend.

3. The quotient exit is wired to the units position
of counter 6, where the quotient digit adds as it
develops from left to right.

4. The units position of counter 6 is reset to § to
half-adjust the quotient.

5. The quotient is wired out of counter 6 to
storage 7 for punching.

6. The quotient is wired to punch and skip is
wired to column 1.
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SIMULTANEOUS DIVISION AND
MULTIPLICATION

(A=B)X C=R

IT 15 possible to obtain the result of (A = B) X
C = R on the same program step (Figure 16). This
operation is sometimes referred to as quotient multi-
plication. As explained under “Method of Division,”
dividing is accomplished by a succession of multiplica-
tion cycles during which each quotient digit as it is
developed is multiplied by the whole divisor, and the
result subtracted from the dividend. At the same
time that this operation is being performed, a third
factor may be multiplied by the quotient and the
result obtained without loss of time.

To punch the quotient as well as the product of
Q X C, either counter 4 or counter 6 may be used
for developing the quotient, and the other two may
be coupled together for developing the quotient
product.

Whenever the quotient is punched, it may be half-
adjusted normally. However, factor C is multiplied
by the true quotient of A <+ B, and not by the
adjusted quotient. For example, a quotient of .348
may be adjusted and punched as .35, but .348 (not
.35) would be multiplied by C to develop R.

Planning Chart and Control Wiring

Read. The divisor B is entered into the divisor
unit 1R, factor A is entered into the dividend
counter, and factor C is entered into storage unit 2R.

Program 1. B is read out of 1R, and counter
1-2-3 is wired to subtract. Since the quotient is not
to be punched, QuoT is not wired to a counter. The
result of (A + B) X C is developed by impulsing
DIVIDE, reading C out of 2R, and adding in counter
5-6.

Program 2. Counter 1-2-3 is reset to clear the divi-
dend remainder. R is read out of counter 5-6 to
storage unit 7 for punching. The counter is reset to §.

Right-Hand Panel Wiring

1. Since there are no decimals in the divisor and
three decimals are desired in the unadjusted quotient,
three decimal positions are allowed in the dividend
counter. Therefore, the decimal point is placed
between the third and fourth positions of the divi-
dend counter. The dividend A with two decimals is
wired to the dividend counter to line up with the



decimal point already established. B is wired to the
multiplier and C to storage unit 2R.

2. The divisor exit is wired to the dividend
counter without consideration for the decimal point.

3. Factor C is wired out of 2R to counter 5-6
where the result of (A < B) X C is developed.

4. Since the quotient has three decimals and C has

none, there will be three decimal positions in the
product. The units position of counter 6 is reset to §,
thus adjusting the result.

5. The result is wired out of counter exits 5-6 to
storage unit 7. The units position is dropped.

6. The result is wired to punch in columns 74-80,
and skip is wired to column 1.
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SELECTION

THE coNcEPT of selection adds a great deal of flexi-
bility to 602 operation. By the correct and resource-
ful use of selectors, the machine can be made to per-
form many complex operations not otherwise possible.
Understanding the principles of selection makes it
possible to solve problems with the least amount of
time and effort.

Selectors have two main uses: they allow isolation
of certain impulses at chosen times and they allow for
branching to alternative conditions in a problem.
Along with these two main functions, selectors also
allow the machine to remember distinguishing
punches or problem conditions for a given length of
time.

To get an understanding of 602 selectors, three
main questions must be answered:

1. How do 602 selectors operate?
2. When can selectors be used?

3. How are they wired to perform their functions?

A selector can be compared to a switch with two
separate circuits. Each circuit, called a position of the
selector, contains a normal condition (N) or an al-
ternative transferred condition (T'). Several different
signals from the cards or internal machine circuits
can be used to transfer a selector. When a selector has
been switched from its normal to its transferred con-
dition, it is said to be “picked up.” An impulse en-
tered at the common (C) of a selector in this picked-
up condition is available from the transferred (T)
hub; with the selector in the normal or dropped-out
condition, the impulse is available from the normal
(N) hub. The time at which a selector picks up and
the length of time it remains picked up depend on the
type of selector and the type of pickup impulse used.

The selectors in the 602 can be used during any
of the major machine functions of reading, calculat-
ing, and punching. The first two in the following list
are used to perform alternative selection, where either
the normal or transferred hubs are used as entries or
exits from the selector. The last two are used for iso-
lation; an impulse entered at the common gets
through only when the selector is in a predetermined
condition, either normal or transferred (Figure 17).

1. Direct an impulse to one or the other of two
alternate entries.
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2. Select an impulse from one or the other of two
alternate sources.

3. Allow an impulse to-get through only at certain- -

times.

4. Prevent an impulse from getting through at
certain times.

There are two types of selectors on the 602: pilot
selectors and co-selectors. Each can be used indepen-
dently or in conjunction with one another.

PUO (o] (0] O
Out In <4 Out
Vi
Out. In Out
N f 0)( o /
Lo

In J/Out 4

1 2 3 4

Figure 17

Control Panel Hubs

Pilot Selectors (B-N, 1-7). Seven two-position
latch type pilot selectors are on the standard machine.
The two positions in each selector are vertically ar-
ranged. Each position has a C (common), an N
(normal), and a T (transferred) hub operated by
two relays, the control relay and the transfer relay.
Generally, once the transfer relay is impulsed, an ad-
ditional hold circuit keeps the selector transferred
until the end of that cycle.

Latch-type pilot selectors can be picked up and re-
main transferred for the duration of the particular
machine cycle in which they were picked up, or they
can be picked up and remain transferred until a
separate signal instructs the selector to return to its
normal position. Therefore, latch-type pilot selectors
can be used to control selection on the same cycle
only, or to control selection on the same and/or later
operations.

Each selector has three pickup hubs: X, D, and I

I (Immediate) Pickup. 'This is a direct entry to the
transfer relay to pick up the selector (provided the
selector has not previously been impulsed at the x or
D pU). It accepts any impulse and causes the selector
to transfer immediately, as the name implies, but does



not latch it; the selector drops out (returns to nor-
mal) automatically at the end of the cycle during
which it was impulsed.

D (Digit) Pickup. This hub is an entry that ac-
cepts any impulse to pick up the selector. Once the
selector is picked up, the selector is latched until im-
pulsed to drop out.

Digit-type impulses (9-11) latch the selector in a
transferred position one cycle later, and the selector
remains transferred until it is dropped out by another
impulse.

Control impulses (program exits, program couple,
all cycles, or read cycles) latch the selector on the
same cycle and the selector remains transferred until
it is dropped out by another impulse.

X or Balance Pickup. This hub is an entry for
X-timed or negative balance impulses. The action is
the same as if it were impulsed at the D PU, in that the
selector transfers on the following cycle and remains
transferred until dropped out.

Drop-out (F, 1-7). This is an entry to unlatch

the selector an ulsed from any of the

following sources:

1. Read Drop-out Impulses (G, 1-7) emit on all
read cycles and drop out the selector at the end
of the next read cycle after the selector was
impulsed to pick up.

2. Punch DO Impulses (A-C, 21-22) emit at the
conclusion of punching and drop out the se-
lector at the end of the cycle following the
completion of punching.

3. DI (B, 18-20), or digit impulses 9-1 from a
counter or storage unit, drop out the selector
on the end of the cycle during which drop-out
is impulsed. Normally, these impulses would
be wired through a selector before impulsing
drop-out. The digit impulse must come before
any possible impulse which is to be used to pick
up the control selector again. It may come in
some program before the read cycle on which
the dropped-out selector is to be picked up
again. Read cycles, all cycles, program exit, and
couple impulses are not suitable for selector
drop-out.

Although drop-out is not necessary when selectors

are picked up immediately, it is advisable to drop out
all selectors used because they may be in a latched
position at the start of the operation.

Couple Exit (N, 1-7). This hub emits an impulse
when the selector control relay is latched by impuls-
ing the x or p pu. This impulse may be used to pick
up other selectors which will then transfer and drop
out at the same time as the “master” pilot selector.
The couple exit does not emit when the 1 PU is im-
pulsed because this pickup does not latch the selector
control relay.

Punch Control Exit (E, 1-7). If a selector is trans-
ferred, this hub emits an impulse just before the card
is moved into punching position. It is normally used
to control another selector during punching.

Co-Selectors (A-C, 25-44, Z-BB, 25-44). The
standard machine has eight §-position selectors. Their
pickup hubs (O-P, 1-8) are diagonally arranged for
convenience in jackplugging and are like the I pickup
of pilot selectors in that they accept any impulse to
transfer the selector immediately. Co-selectors may be
used independently or in conjunction with pilot se-
lectors to expand the number of operating positions.
If a co-selector is used in conjunction with a pilot
selector, it should be picked up by the couple exit
of the pilot selector. The co-selector then transfers
and drops out exactly like the pilot selector. If a co-
selector is picked up from any impulse other than a
couple exit, it is transferred immediately and held for
the remainder of the cycle.

Every selection problem involves either the control
of a machine function (multiplication, read-in, reset,
and so on) or the flow of information between the
card and the various machine units and/or between
one machine unit and another. The control may be in
the form of a distinguishing punch in the card if
more than one card is involved, or from conditions in
the calculation such as a negative condition in a
counter.

The following planning charts and control panel
diagrams illustrate only the basic principles of se-
lectors and selector networks on the 602 to control
machine functions. The elements such as program
steps, selectors, and brush positions used in these ex-
amples have been arbitrarily chosen and are not in-
tended to limit application of these principles to other
units.
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Figure 18. Field Selection on Read Cycle

Field Selection on the Read Cycle

This example (Figure 18) recognizes a distin-
guishing X punch to control the reading of either
of two flelds (columns 30-34 from the X21 card,
or columns 42-46 of Nx cards) into storage 2R.

This type of selection requires that the distinguish-
ing punch be read ahead of time, at the control
brushes, in order to transfer the selector for the en-
tire reading of the card at the reading brushes.

Control Reading (A, 1-20). 'There are 20 control
reading brushes on the standard machine. They are
some times referred to as the upper brushes, and are
located just ahead of the 80 card reading brushes.
They should be set by a customer engineer to read
any 20 of the 80 card columns. Once they are set,
the punched positions in the columns which they
read are available from the corresponding 20 hubs
on the panel. Control brushes normally are used to
recognize distinguishing punches X-9 in the card in
order to control functions occurring on the read cycle
of the control card, or to control the calculation (pro-
gram 2 on) of the preceding card.

Figure 19 illustrates schematically the pickup and
transfer of a pilot selector from the control brushes.

1. Control brush 6 is set to read column 21.

2. The couple exit of pilot selector 3 is wired to
the pickup of co-selector 3. The couple exit emits as
the pilot selector transfers and is used to expand the
number of positions in the selector. Co-selector 3
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picks up and drops out like pilot selector 3.

3. Card columns 30-34 of the X21 card are wired
to the transferred side of the co-selector; card col-
umns 42-46 of the NX card are wired to the normal
side. The common side of the selector is wired to
storage entry 2R.

4. The latch-type pilot selector must be dropped
out from a read drop-out impulse which will emit on
the next read cycle.

Selection: Machine Function on a Read Cycle
This example (Figure 20) shows a counter con-
trolled by a distinguishing X to add or subtract on
the read cycle.
A pilot selector

picked up from the
control brushes

Reading Brushes

will transfer for pro-
gram 2 of the pre-
ceding card and re-
main transferred
through the calcula-
tion of that card,

(cnd until after the
control card has been
read by the reading
brushes.

Figure 19, Pilot Selector Picked up from Control Read
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Figure 20. Selection : Machine Funciion on Read Cycle

1. Control brush 2 is set to read the column with
the distinguishing punch.

2. A read cycles impulse is controlled through a
selector to cause counter 2 to add Nx cards and to
subtract X cards. Pilotselector 2 is transferred through
the entire read cycle of the control-X card; hence,
any machine function like storage RI or counter RE,
that occurs on the read cycle of a particular type of
card, may be selected through a pilot selector picked
up from the control brushes.

3. Read drop-out is wired to drop out pilot se-
lector 2.

Selection: Program Exit from a Distinguishing
Punch

A distinguishing punch in a card may be used to
select a program exit impulse. This example (Figure
21) illustrates the use of a pilot selector to control
program 3 to add in counter 5 only on X cards and
to read into storage 4 on program 6 only on NX cards.
Since the calculating cycles of a particular type of
card are to be controlled, the distinguishing punch
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Figure 21. Selection: Program Exit from Distinguishing
Punch

Reading Brushes

Figure 22. Pilot Selector Picked up from Read Brush

reading brushes

card,

brushes.
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A pilot selector
picked up from the

and remain trans-
ferred until the fo!-
lowing card has been
read by the reading

will transfer for pro-
gram 1 of the same
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must be recognized from the reading brushes. The
schematic in Figure 22
picked up from the reading brushes. Smce digit im-
pulses transfer a pilot selector one cycle later, and it
remains transferred until it is dropped out, the se-
lector is controlled during all the calculating cycles
of the control card and the reading of the card behind
1t.

illustrates a mlnr select

tor

1. Pilot selector 4 is wired from the column con-
taining the distinguishing digit at the reading brushes.

2. Program exit 3 is wired through the transferred
side of pilot selector 4 to cause counter 5 to add for
X cards.

3. Program exit & is wired through the normal
side of the selector to storage 4 read-in on Nx cards.

4. Read drop-out impulses the selector to drop out
at the end of the next read cycle.

Selection: Expanding Number of Impulses

One of the basic uses of selectors is to allow an im-
pulse to get through only at certain times. Creating
additional program exits or read cycles impulses in-
volves isolating an impulse so that it will be available
at one particular time only. This example (Figure 23)
shows how a co-selector can be wired to provide five
additional program exits for program 6, how two rows

of program exits may be coupled to serve as one, and
how the number of read cycles impulses may be
increased.

Couple (S, 10-12). Each of the 12 program steps
has a corresponding couple exit which emits slightly
before the program exit. For this reason they are
used to pick up selectors that are to be used in select-
ing control impulses (left side of control panel) in-
cluding program exits. The program exits may also be
used to pick up selectors, but only for selecting func-
tions that occur after the program impulse starts.

Another use for the program couple is to join two
or more program units together to expand the capa-
city of the program exits from four to as many more
as desired. If the couple for program step 9 is wired
to the couple of program step 10, the exits for pro-
gram 9 have been expanded from four to eight and
operate simultaneously. In such a case, both program
step 9 and program step 10 are recognized by the ma-
chine as program 9. Program steps to be coupled for
purposes of expansion must be adjacent. If they are
not adjacent, such as 2 and §, the program steps in
between will be nullified and the exits for these pro-
gram steps will not function.

Read Couple (O-P, 15). Two common read
couple hubs emit impulses that are normally used to
pick up selectors on the read cycle. If a rp cpL and
a PROGRAM COUPLE both pick up the same co-selector,
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the read cycle and the program cycle occur simul- 3. Factor C is transferred from storage transfer

taneously and intervening programs are skipped. exit 3R to the divisor unit 1R, replacing factor A.
1. The couple exit of program 6 picks up co- 4. Reset to § is wired through the normal side of
selector 1. : co-selector 1 to the third position of counter 6 to ad-
2. ALL cycLEs wired into the common side is just the product.
available out of the transferred side as program 6 5. The adjusted product P is transferred from
exits. counter 6 to the dividend counter 1-2-3 where it is

3. The couple exit of program 9 is wired to the
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program 11, and so on.

4. Read couple picks up co-selector 2.

5. Co-selector 2 is transferred during the entire
read cycle. Therefore, an ALL cYCLES entered into the o
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Only the right-hand panel wiring is shown.
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Figure 24. Selection: Reset to Five
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properly positioned in order to develop a two-decimal reset from reaching the units position at any other

adjusted quotient. The number of decimal positions time.

in the dividend counter is determined by adding the
two decimals in the divisor plus the two decimals de-
sired in the quotient, plus one more position for half-
adjustment.

10. The adjusted quotient is transferred from
counter 6 to storage 7R for punching.

11. Storage punch exits 6 and 7 are wired to the

roper columns for punching P and Q, respectively.
6. The adjusted product with two positions PrOP p 8 p y

dropped is wired to storage 6 for punching. Selection: Emitted Factors

7. The divisor is read out of storage transfer exit

' 1 Constant factors are often involved in problems.
IR into the dividend counter.

Flexibility in card design as well as problem planning

LRI m T
SROSIENIREENE0EN

LRI S YAt R § A D N G sl s Hosmsiamsassrts 10
o 0O 0 ¢ 0 0 © 0 ¢ 0 0o 0 ©

8. The quotient hub is wired to the units position can be achieved by the use of emitted information.
of counter 6. Either the emitter or the digit selectors wired as an
9. The quotient is half-adjusted by wiring a reset- emitter can be used as a source of manufactured im-
to-5 through the transferred side of co-selector 1 to pulses (Figure 25).
the units position of counter 6. The co-selector is Emitter (F-N, 20). Digit emitter hubs 1 through
transferred by a program 2 couple exit to prevent the 9 automatically emit corresponding digit impulses on
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Figure 25. Selection: Emitted Factors
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3. Storage unit 3R receives a seven on the read
cycle of a no-digit 3 in the column read by control

brush 7.

every machine cycle. If a problem takes 15 cycles to
complete, digit impulses 1 through 9 will emit fifteen
times. They may be used at will to enter counters or
storage units but, because of their repetitive nature,
selection is usually required. This emitter cannot be
used to punch emitted data. Only the punch emitter
can be wired to PUNCHING.

Digit Impulse (DI) (B, 18-20). These hubs emit
digit impulses 9 through X on every machine cycle.
When a b1 is wired to ¢ of a digit selector, the selector
becomes an emitter.

Digit Selectors (C-N, 18-19). There are two digit
selectors, each having 0-9, X, and C hubs. C is the
common hub and, when it is wired from reading or
control brushes, counters, or storage units, specific
punches can be selected. (There is no digit impulse
available from zero from counter or storage exits.)
When c is wired from b1, the selector becomes an
emitter.

Selection: Skipping Programs

The normal sequence of program steps can be al-
tered as the result of a decision made by the machine,
transmitted through a selector. Whenever the se-
quence of program steps is altered, it is called branch-
ing or program skipping (Figure 26).

Branching can be the result of control instructions
punched in the card or of a decision made during
calculation. If branching is the result of the presence
or absence of a control punch, pilot selectors must be
used to transfer the circuits to the alternative opera-
tion during the entire calculating time. If branching
is the result of a positive or negative balance in a
counter, pilot selectors or co-selectors picked up im-
mediately can be used to transfer to the alternative

1. Emitted factor 225 is entered into 1R on a read
cycle and program 3.

2. A minus ten is entered in counter 3 on program
5 through co-selector 3.

operation.

Program Skip (R, 1-12). Each program step has
a corresponding skip entry hub located directly above
the program couple hubs. When a program skip entry
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Figure 26. Selection: Program Skipping

SINGLE-CARD OPERATIONS 35



hub is impulsed, programs precedmg it are sklpped

program is

W iaen a Py 51‘ LXL 10

and the corresponding program exit hubs are inactive.

skipped, the cycle is eliminated,

The program exit may be used to impulse a skip
entry, but the program couple cannot be used.

Depending upon the problem, certain programs
may be skipped immediately after the card is read,
or from one program to another within a problem.

Figure 26 illustrates the wiring to skip programs
under various conditions.

1. Programs 1 and 2 may be skipped on Nx cards
by wiring a read cycles impulse through the normal
side of a selector, picked up from a control brush to
program skip 3.

2. Program 6 only may be skipped on X cards
by wiring a program § exit, through the transferred

side of a selector picked up from the reading brush,
to program skip entry 7.

3. Programs may be skipped from one program
to another by wiring an NB impulse to program skip
entry. If counter 3 is negative at the end of program
4, a skip is made to program 11.

4. An X wired directly from a reading brush to
program skip entry 9 will skip programs 1 through 8.

Selection: Punching

Punching in different fields of a card, or selecting
information to be punched, may be controlled either
from distinguishing punching in the card or by means
of some condition developed during the calculation.
These two situations present different timing prob-
lems in the wiring necessary to control the selectors. Tt
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Figure 27. Selection: Punching from Distinguishing Punch
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should be recalled that punching continues while the
following card is being read and calculated. How-
ever, programming cannot be completed on one card
until the preceding card has been completely punched,
since this would involve reading a new result into a
punch storage unit before the units position of the
previous result had been punched in the preceding
card. An automatic interlock prevents this. Because
of the overlapping of the punching of one card with
the reading and calculation of the next, the switching
of punch circuits, if controlled directly from card
reading or calculation, might occur during the punch
operation. This would produce incorrect results.

Figures 27 and 28 illustrate the proper control of
selectors during punching.

FROM A DISTINGUISHING PUNCH

Figure 27 is an example of punch selection as a re-
sult of a distinguishing punch in the card. The result
stored in storage punch exit 6 must punch in field A
on NX cards and in field B on X cards.

The control punch read from the reading brushes
must control a selector all during the punching opera-
tion, no matter how long that may take. Two selectors
are required to accomplish this. One selector is used to
recognize the controlling x punch from the card. A
second pilot selector, picked up by the punch control
exit of the first pilot selector, will be latched through-
out the entire punching of the card if it is dropped
out by a punch drop-out impulse. The first pilot se-
lector can be dropped out by a read drop-out.

This wiring insures that the selector switching the
punching circuits will be controlled by information
read from that same card, and also that the selectors
remain transferred for the duration of punching.

1. The controlling X in column 21 picks up pilot
selector 3. This pilot selector will be transferred dur-
ing the entire calculation of the X21 card.

2. The punch control exit of pilot selector 3 emits
just before the X21 card is moved into punching po-
sition and can be wired to the D pickup of pilot se-
lector 4 to latch this selector.

3. The punch po impulse drops out pilot selector
4 immediately after punching is completed. This
means that pilot selector 4 is transferred during the
entire punching of the X271 card, regardless of how
long the punching may take.

4. Pilot selector 3 can be dropped out from a read
drop-out.

5. The couple exit of pilot selector 4 picks up co-
selectors § and 6 to expand the number of available
positions.

6. The result from storage punch exit 6 is wired

through the co-selectors to punch in field A on Nx21
cards and field B in X21 cards.

7. A skip insert is placed in the first position of
each field to be punched (columns 26 and 54). Since
only one field or the other is punched in any one card,
it is necessary to bypass one of the inserts on every
card. If a skip impulse is wired to the punching posi-
tion where the insert is placed, skipping takes prece-
dence. Therefore, the high-order position is selected
through the normal side of the co-selector to reach
column 26 on Nx cards. A skip impulse is wired
through the transferred side to reach column 26 on X
cards. This prevents punching in columns 26 through
32 on X cards. The same wiring principle is followed
for the X field.

8. The columns following each field punched (col-
umns 33 and 61) are wired to skip.

FROM CALCULATION

»

Figure 28 shows the selector wiring for punching
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Figure 28. Selection: From Calculation
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was developed on program §5. The condition may be
the presence of specific digits, as well as the condition
in a counter. In either case, the condition is discovered
on one of the calculation steps. In general, the prob-
lem is the same as in Figure 27: the punching of one
card continues on into the reading and calculation of
the next card. In this example, punch selection is to
be controlled from a program step, but to a certain
extent care must be taken to tie the punching of a
card with its own program time. A single selector
should be used. It can be picked up from the specified
condition (negative balance or presence of a certain
digit) on a particular program step. The selector
should be wired for punch drop-out so that it re-
mains transferred during punching of the entire card.
In addition, to prevent picking up the selector from
one set of calculations before punching in the previous
card is completed, punch interlock must be impulsed
on the program step on which the condition is recog-
nized.

Punch Interlock (K, 23-24). This is an entry hub
for a program exit to suspend calculation until punch-
ing is completed. For example, when one card is being
punched, ordinarily another card is being calculated.
If punch selection is controlled by a condition arising
during a calculation, such as a negative balance, then
the selection for the card being punched could be dis-
turbed by the calculation of the following card. By
impulsing punch interlock from the same program on
which the test is made to pick up a selector, that pro-
gram is delayed and its exit does not emit until the
one card has been punched and the next card is fed
into punching position.

1. The negative balance test exit of counter 6 is
wired through pilot selector 2 and picked up on pro-
gram couple 5 to isolate a negative condition on that
program only.

2. The negative test impulse picks up pilot selector
4 at the X or balance pickup to latch the selector.

3. Pilot selector 4 is wired for punch drop-out
so that it will be transferred until punching is com-
plete.

4, An X from the emitter is wired through the
transferred side of pilot selector 4 to punch in column
42 in all cards for which a negative balance was de-
veloped on program 5.

5. Program exit § impulses punch interlock, which
prevents the occurrence of program § and the result-
ing negative balance test before the card has been
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punched. If punch interlock were not wired, an X
would be punched in one card as a result of a nega-

tive balance condition developed from the next card.

Selection: Negative Balance

One of the most common types of selection is based
on the ability of the 602 to recognize a positive or
negative result in a counter. Many conditions can be
detected. A zero balance can be identified, a negative
number can be recognized, or numbers can be checked
to determine if they are above or below a determined
limit. This example (Figure 29) illustrates the selec-
tion of the factor to be added depending upon
whether the balance in the counter is either positive
or negative: A — B= =T 4 (C or D). A zero
balance in a counter is recognized as a positive bal-
ance.

Negative Balance (NB) (X-EE, 15). Each coun-
ter has an N8B hub which emits an X-timed impulse
at the end of the cycle during which the counter
turns negative. Testing for plus or minus balances
may be done on any program step except those used
for multiplication or division.

NB is normally wired to the X or balance pickup
of a pilot selector in order to have the selector reflect
the balance in the counter. If the selector is trans-
ferred, the counter is negative; if it is normal, the
counter is positive.

The planning chart should be analyzed to see how
often a counter may turn negative in order to be sure
that the selector through which the negative balance
test is made reflects the condition of the counter only
on a specific program. For example, a counter may
be negative on program 1, turn positive on program
2, and negative again on program 3. If NB is wired
directly to the X or balance pickup of the selector,
the selector is picked up on program 1 and will latch
and remain transferred for the entire problem. Thus,
the pilot selector would not always reflect the true
position of the counter on program 3.

NB should never be wired to the I pickup of a
pilot selector, or to a co-selector pickup directly. Such
wiring would cause the selectors to transfer at the
end of a cycle during which the counter went nega-
tive and drop out immediately thereafter. The selec-
tors would hold only for the duration of an X
impulse.

The following is a description of first the planning
chart and then the right-hand panel wiring.



Read Cycle. Factors A, B, C, and D are entered
into their respective counter and storage units.

Program 1. Factor B is read out of storage 2L and
subtracted in counter 2. If at the end of this program
step the result is negative, the NB test exit emits to
pick up pilot selector 2.

Program 2. 'The program exit impulse is selected
to read out of either 2R or 3L and to add in counter
2.

Program 3. Counter 2 is read out, storage unit 6
is impulsed to read in, the counter is reset, and storage
6 is told to punch.

1. NB test exit will emit if counter 2 is minus and
will pick up pilot selector 3.

2. Program exit 2 is wired through the selector to
read out storage 2R (C) if counter 2 was plus and to
read out storage 3L (D) if counter 2 was minus.

-

3. Storage transfer exits 3L and 2R are wired to
counter entry 2. The storage transfer exits need not
be selected since these exits do not emit unless their
read-out hub is impulsed. Therefore, only one selector
position is required to wire this problem.

4. Pilot selector 3 is dropped by a read drop-out
so that the selector will remain transferred from
program 2 on and until the next card has been read.

Selection: Zero Balance
Zero balances are recognized by counters in the
602 as plus balances. Therefore, it would not be pos-
sible to distinguish between zero balances and plus
balances by means of the negative balance test shot.
Various methods for detecting zero balances have
been devised.
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Figure 29. Selection: Negative Balance
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For example, two program steps can be used to test
the signs of a counter. If the amount standing in a
counter on the first step tests positive, that amount
may be all zeros or a true positive amount. If a one is
subtracted in the counter on the next step, the counter
could only turn minus if the previous amount was a
zero balance. The rule, then, may be stated as follows:
a plus on the first test followed by a minus on the sec-
ond test indicates that a zero balance was in the coun-
ter prior to the tests. A selector network can establish
this sequence of signs.

For example:

ZERO  POSITIVE NEGATIVE
BALANCE BALANCE BALANCE
Balance in the counter 0000 0001 —0000
Program 1 NB test -Balance -+Balance —Balance
Program 2 NB test —0001 0000 —0002
—Balance --Balance —Balance

Figure 30 shows the selector network set up to
recognize either a zero balance, a positive balance, or
a negative balance.

1. The negative balance test impulse is selected on
the program steps on which the test is made to pre-
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Figure 30. Selection: Zero Balance
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vent either pilot selector from transferring from a
negative condition prior to the test.

2. Pilot selector 2 will be normal for zero balances
or plus balances, and transferred for minus balances.

3. Pilot selector 4 will be normal for positive bal-
ances, and transferred for zero balances.

Any impulse wired through the selectors in the
manner shown reflects one of these three conditions.
If the original amount was in storage, as well as the
counter used for testing the balance, the selected pro-
gram exit could not be used to read out the proper
balance or to direct the machine to do any of the
possible commands required.

A second method of recognizing a zero balance
uses two internal connections which exist whenever
a counter zero balances. There is a common connec-
tion between cr1 and ¢ and a common connection be-
tween c and NB. Each of these methods is illustrated
under “Typical Applications.”

Selection: Sign Control

In multiplication or division, the sign of the result
for two factors is determined by the rule that like
signs produce a positive result and unlike signs pro-
duce a negative result. The result will be negative
only when there is an odd number of minus signs.
Many formulas, especially in the engineering field,
contain positive or negative factors whose signs must
be recognized by the machine before the correct re-
sult of multiplication or division can be obtained. The
sign of a factor in terms of machine operation is the
distinguishing punch (digit or X) which identifies
an amount as positive or negative.

On the 602, a selector network can be used to
determine the sign of the result from the signs of
the factors indicated in the card. The signs may be
designated by X or digit punches. This example
(Figure 31) shows three different selector networks
for sign determination. The test could be from im-
pulses such as a program exit, punch control exit, or
all cycles, depending on the problem.

Figure 31A provides a test impulse for both posi-
tive and negative results.

Figure 31B provides a test impulse for negative re-
sults only.

Figure 31C provides a test impulse for punch se-
lection of negative result.



i 2 3 4 S & 7 & 2 e o2 13 e
KieN Al [S!G'\ B[TROLREAD!NGM——
c 5 o ¢ ¢ o

/////////M////’YOW\CE rlCr(L,r////// AP I POL IO
< o O e o

D:iGIT pICHJF‘
O ¢ o o o e} & o Q [} o 0 0 (o}
IMMEDIATE PICKUP
o o o o ©° o o o o} o o o o o]
PUNCH CONTROL EXIT

P T S S
o 0 o o c ¢ o o o ©° ]
4 IREADiRO OUT IMPULSE
LA;AY_—\
| oo IMPULSE FOR
° {0 o s > POSITIVE RESULT]
s ONo 2o _olIMPULSE FOR
e \ NEGATIVE RESULT
L oco \ o < ¢ ocC0o
E
<T: oTo o\ o o o oTo o o o o
o TEST lMPULSE
R o ONO o 0 o} <
@OCO c © [¢] o o o oCo o ¢ ¢ o}
h i COUPLE EXIT 10
1 2 3 4 S 6 7 8 9 10 112 13 04
: CONTRGL READING
- S'GN A ? S'GN B o nl ’\:M. KEADING

‘V///I//AVW/////JWBALANCErKKUPW////////////I//M////M////
<] o © ¢ o 0 ©o 0 0o o 92 ¢
DIGIT PICKUP
0O ©o 0 ¢ © ¢ 0 0 ¢ O ©& O O ¢©
IMMEDIATE PICKUP
© 0 0o 0o 0 0 0 0 0O 0 0 O O 0o
PUNCH CONTROL EXIT—

o o0 o © o Q o} [o 2] [+ o ©° o e}
DROP OUT

Q o} el =] o o] o el o o] o ]
P [ RE]\DDROPOUTIMPULSE
s 5 — N
Loy s 10
) 6 ¢ o o oto
2 c ° o o o o o
s ¢ o © & oNo o o o ¢
3
L o e} <] < oCo o o] < o
E
[ !
[ A IMPULSE FOR o0 00
9 oNg o o NEGATIVE RESULT| ¢ o o
[+ [} o] e} o [s] ocCco el ] o] Q
COUPLE EXIT 10
i 2 3 4 5 6 7 8 k4 i0 ihoi2 i3 4
s CONTROL READING
o] o [¢] c o] (e o o]
,SIGNAV/Axga.!SIGNBIICKuP
S = 5% o o
Z o 8 o o 5 o0 o o
é DIGIT PICKUP
7
7
. .
Z 7
7 7
Z
.
7 -1
o <] e} ] o} o CDCIO‘O el
é 2
O——O——O—O‘—(}—O—C——C—"‘——O—O—GICIG < <
T 3
o] Q o] o o o] o 030 ] o
S )
o ¢ ¢ o o o nfcuaogc o
T
o o =] c < < Q csol ¢
¢ Te ?
© o o o oTo 0 0 ¢ © 2 ¢ capcéalc 9

Figure 31. Selection: Sign Control
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Multiple-Card Operations

MANY 602 applications involve the processing of
multiple cards for the completion of a single problem
in an application. This processing of multiple cards
can be a group operation or a summarizing operation.

GROUP MULTIPLICATION OR DIVISION

THis type of operation is performed wherever the
two factors of a multiplication or division calculation
are in different cards and one of those factors is a
constant and the other is a variable.

In a group payroll, for example, if a rate is based
on the work done by the group, it is the multiplier
for calculating the earnings for each man in the
group. That rate can be punched into a master card
and used as a group multiplier. The rate can be en-
tered into a storage unit from the master card. As
each earnings card is calculated, the rate is read out
of the storage unit to be used as the multiplier in the
multiplication.

Each time a new master card is read, the new rate
replaces the previous one in the storage unit and is
used for multiplying the following cards. If the cal-
culation is a division operation, the group factor
(either the divisor or the dividend) is stored and used
in the same way.

In a group multiplication or division, either the
master cards or the detail cards must be identified by
a control punch to distinguish between them.

In addition to the usual machine commands for
multiplication and division, multiple-card operations
require use of additional instructions. These are:

1. Store the group factor for use with the succes-
sive cards of that group. Each time a new group
card is read, the new constant replaces the pre-
vious one in storage.

2. Prevent punching in the group card.
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3. Suspend programming for the group card.

This example illustrates a planning chart and con-
trol panel diagram for a group multiplication in
which the multiplier is the group factor stored in an
X card (Figure 32).

Skip out (W, 13-15). When a card being read is
to be skipped out without punching, as in the case
of an X master card, a skip-out hub may be impulsed
from any impulse on the read cycle. If all the pro-
gram and punch impulses are suspended, the card is
ejected immediately into the stacker. If the programs
for the problem are not suspended for an X card,
the card skips to column 80 and waits there until
completion of the program cycles before passing to
the stacker. If the punch impulses are not suspended
for an X card, either by selection or program skip-
ping, the card skips to column 80, where it remains
until the control panel is removed or until the main
line switch is turned off. The primary function of
skip-out, therefore, is to skip the card to column 80.
If read cycles is wired to punch, it must be selected
through a pilot selector. If a program exit is wired
to punch and the program is skipped, no selection is
necessary.

Planning Chart and Control Wiring

Read X Card. A, the group factor, is entered into
the multiplier for X cards only. This is done by se-
lecting the read cycles impulse to 1R through pilot
selector 1, picked up by an X from the control read-
ing brushes. When a pilot selector is picked up from
a card at the control read station and is wired for read
drop-out, it remains transferred until the same card
passes the 80 reading brushes, or, in other words,
through the following read cycle.

It is unnecessary to take program 1 on the X card.



All that need be done is to read the group factor A
and then eject the card. Programming is eliminated
by wiring the master card X from read brushes to
READ. The X master card is skipped to column 80
by split-wiring the X from the read brushes to skIp
out. The X impulse is tested through two column

splits to eliminate interference from digits punched
in the same column.

Whether the card is ejected
after reaching column 80 will depend upon how the
punch impulse is controlled. Whenever PUNCH re-
ceives an impulse, it must punch before the card will

into the stacker or not
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Figure 32. Group Multiplication
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be ejected. In this problem, X master cards are to be
ejected without punching and Nx cards are to punch
before being ejected. In order to keep the read cycles
impulse from reaching the punch hub on X cards, it
is selected through N of pilot selector 2, picked up
from the read brushes. When a pilot selector is
picked up from a card at the read brushes and is
wired for read drop-out, it remains transferred for
all the calculations and the punching of the card, as
well as through the read cycle of the following card.
The punch hub in this problem will be impulsed for
NX cards only.

Read NX Card. B is entered into storage unit 2.
This factor is punched in Nx cards only, and the read
cycles impulse that controls its entry can be wired
directly. Even if this field were punched on the X
card, it would be cleared upon entry of B from the
NX card.

Program 1. The multiplicand in storage unit 2R
is read out to be multiplied by A. Counter 2 is im-
pulsed to add to develop the product. Program 1,
being the last program used, is wired to READ.

Read NX Card. Counter 2 is cleared on every read
cycle. The product for each Nx card is read into stor-
age entry 7 for punching. The read cycle is con-
trolled so that it never reaches the punch switch on X
cards. Storage control read-in 7 is wired directly
from read cycles because nothing is read into it from
the X card.

Right-Hand Panel Wiring

1. A is wired to the multiplier and B to storage
entry 2R. The X in column 9 of the master card is
wired as previously explained under “Read X Card.”

2. The multiplicand is read out of 2R into counter
2 to develop the product.

3. The product is wired to storage entry 7R where
it is held for punching.

4. The product is wired from storage exit 7R to
ounch.

GROUP MULTIPLICATION WITH DECIMAL
ACCUMULATION

IN GrouP multiplication, the half-adjustment, if in-
troduced for each card, would show a discrepancy in
the group total of as much as half a cent for each
card. By accumulating the decimals for each card and
introducing the half-correction once for each group,
there will be no discrepancy in the group total. Fig-
ure 33 demonstrates this method of decimal accumu-
lation.

Time Rate Individually Actual Accumulated Decimal
Adjusted Caleulation Decimals Accumulated
Adjusiment
holf adjustment] 05
. + :
25 125 313 31252 < 10 313
25 125 313 3125 0is 32
25 125 313 35 | 1o 313
05 125 63 0625 5 062
Totsl 80 10.02 10.000 s 1000
Daily 8.0 1.25 10.00 10.000

Figure 33. Principle of Decimal Accumulation
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Figure 34. Group Multiplication
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In the previous illustration of group multiplication,
the product was not half-adjusted. Provision can be
made for decimal accumulation with a few changes in
the planning. Figure 34 shows the same planning
chart with decimal accumulation. Only those steps
which adjust the total are explained.

Read Cycle X Card. For decimal accumulation,
counter 3 will be reset on the X card only by wiring
a read cycles impulse through the transferred hubs
of a pilot selector picked up from the control brush.
This will introduce a 5 into the high-order counter

position to adjust the group total.

Program 1. The multiplicand in storage unit 2R
is read out into counter 2-3 to develop the product
of three decimal positions, of which two will be
punched and one dropped. Since the dropped deci-
mal position must accumulate for all Nx cards, it is
wired to the left-hand position of counter 2. Counter
2 develops the adjusted product and is cleared for
each card.

Read Cycle NX Card. The product, less the deci-
mal position in counter 3, is wired to storage entry
7R for punching.

SUMMARY PUNCHING
A XB=P; P1+P2...:2P

THE UsE of calculating machines is greatly expanded
when the factors of each card of a group, or the cal-
culated results for each card of a group, are accumu-
lated and summarized. Summary punching, then, is
a second type of 602 multiple-card operation; it is
the accumulation of information from each card of
a group and recording that information into a sepa-
rate summary card. In the same operation, a calcu-
lation can be made in each detail card as well as in
the summary card.

Figure 35 shows the sequence of cards to be proc-
essed through the calculator. In this example, each
detail card is a Nx item card which is extended and
punched. The extended amounts are accumulated and
punched into the X summary card.

The series of planning charts with explanations show
the accumulation of the total item amount in counter
2 and the machine commands for each type of card
as it moves through the machine. Careful analysis of
the charts illustrates the importance of noting the
movement of a card past the various stations so that

selectors will be transferred at the correct time to
control operation of calculation or punching.

Hopper Stop (Q. 10-12). In some applications,
such as group multiplication or summary punching,
it is desirable to stop the machine when the last card
is fed to the control brushes so that additional cards
can be placed in the hopper before restarting and thus
prevent a break in sequence. When the hopper stop
is wired from ALL cYCLES, no further feeding takes
place after the last card is sensed at the control

unless the start key is depressed.

Right-Hand Panel Wiring

1. The quantity A is entered into the multiplier
unit 1R, and unit price B into storage entry 2R.

2. The multiplicand B is read out of 2R into
counter 6 to develop the product. A reset-to-5 is en-
tered in the units position of the counter for half-
adjustment.

3. The item amount P is read into storage entry
6R for punching and into counter entry 2 for accu-
mulation.

4. The sum of the item amounts 3P is entered into
storage 7 for punching.

5. Item amount P is wired to punch in all NX item
cards in columns 44-49 from storage unit 6 and the
SP from storage 7 in columns 52-56. Since a result
must punch in a different field on each type of card,
the high-order position in storage must be selected in
each result. The high-order position of storage 6
must be impulsed to punch; it is wired to the normal
side of pilot selector 6, a skip impulse is wired to
through the transferred side, and the common to
column 44, the first column to be punched.

Since this is punch selection, pilot selector 6 must
be controlled to pick up and hold throughout the
punching of X cards. This is done by wiring the
punch control exit of pilot selector § to the p pu of
pilot selector 6. Pilot selector 6 is dropped out by a
punch drop-out impulse.

6. The high-order position of storage 7 must punch
in column §2 of X cards only; it is wired to the trans-
ferred side of pilot selector 6, a skip impulse is wired
through the normal side, and the common is wired
to column $§2.

7. ALL cYcLEs is wired to hopper stop to prevent
a break in sequence as the hopper empties.
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'NX CARD OF A GROUP

ITEM CARD 1 Read Cycle: Factors A (500) and B (1465) are read into their Program 1. Multiply hub is impulsed, the multiplicand is
ITEM QTY UNIT 'TE'? respective storage units. Counter 6, which will be used to develop read out of 2R, and counters 5 and 6 are impulsed to add to de-
NO PRICE AM the product (732.50),is read out and reset and a 5 is positioned for velop item amount. Since this is the only program step required
half-adjustment. Counter 2, which will accumulate the total of to complete the calculation on the detail card, programming is
475 A | B = 73P " item amounts, is read out and reset prior to the addition of the first suspended after this step by wiring a program 1 exit to read, and
500 1.465 2.5 product of the group. the next card feeds.
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ITEM QTY UNIT ITEM quantity A and storage entry 2 to accept unit priceB. The preced-~ side of a pilot selector picked up by the distinguishing X summary
NO = PRICE AMI ing card is now in the punch bed. Counters 5 and 6, which contain card at the reading brushes. The reading brushes must be used
681 A X B = P the product (732.50) of the preceding card are read into storage in order to transfer the selector during the following read cycle.
350 1.725 £03.75 for punching in columns 44-49 and into counter 2 to develop the sum Program 1: A and B are multiplied. and the product is devel-
l 72 ° of the item amounts. Since counter 2 adds the item amount of the oped in counters 5 and 6
Reap Crend | ' \ 1RO i ' ' \RI i
AL NX Cao, ’3_ 1#2P L ! 8 ] ' L P i
Exeeer s 350 L 3eson T T sy T TT T Dlrlsf T T T T T T T T I [T
] ' 1 1 i i i H ,
Mucripry : : LA P L 40 : 5 : !
[ERERRRERAREI LT T T goslAslell TTT T T T T T T T T T T T T T
-—
{TEM CARD 3 ;
ITEM UNIT ITEM i
NG QrY PRICE AMT ALL NX CARDS EXCEPT THE_FIRST
749 A X B = P {Same steps as for preceding section)
225 l 5.455 1227.38
N T
feas A legp ) L 4 iy ’ ' AL |
Oyecs ! 602751 ! | AE ' ; . ! e ; ! i,
- T ™ T T E
vX 225 I TTTTT lsileel T TT 1 T T4 TT sy T4 T gl T T T[T [T (T gl T[T
1 1 N 1 1 H H H H
' ! ' H ' i i ' 1
Hariry N Nkl AN N R S S N -
EERERERRRSRRNAN NIRRT Y77’ NENE RN RRN RR R A LARST N0 RRRRNRERANN] DARENHARARIERUNRRERIEI

X SUMMARY CARD

Read Cycle: The adjusted product (1227. 38) is read out of
counters 5 and 6 into storage 7 for punching into the last NX card

Sensing the X in the summary card at the read brushes signals
the end of a group, stops programming because no calculation is

l\ Ip of the group, now in the punch bed. This new product is also added required for this card, and picks up a pilot selector to control
S 2563.63 to the sum of the item amounts in counter 2. punching of the accumulated total into the summary card.
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1 umas 52-57 of the X card, which is now in the punch bed. multiplying.
A X B = P The read cycles impulse to control the counter and storage unit Program 1: This program develops the product for the first
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Figure 35A. Summary Punching Planning Chart
46 IBM 602



"
v

4 9 16 11 12 13 4 15

~-- CONTROL READING - ~=-=15 -

|
I
|
|

o o o ¢ 2 2 ¢

WWWMXO
> o0 o o

5
-5
R

N

LANCE PICKUP
o o 5 ¢C

DIGIT PICKUP
o 0o o o o © o0 o ©

o

23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44

RESET CO SELECTORS

ro o;oioooo,oroooo|o'{oo o o0jo0fTo o0 0 O
10 i i

!

o

i 5
i

IMMEATIATE PICKUP

o o o o o < el o
— PUN{H INTROL EXIT
o o o o M

DROP

©c o o o 0o o
READ ROP OUT IMPULSE
o———o—o——o—-o———o—o—o—o—o——o——o 20

'l
cTo © O © 0O o 0 0 o o0 o0 o030

O‘I'o

o
z
o
o
o
o
IS
o

o
o
o
o
=]

o
-t
)
[}
O
QMMM

“\\\F\@"‘*O"“""’"‘V‘ =4 O F — T ARSI

M#;
7
!PCHINT T 7
i o—o S Z
1O Z
z ’
E ° é
RP [ 1
) L
c wnrens 2610
H o

3 40

c o

K

6
o o
0

o

TlM stoR & 65 70 75
o—0 ‘l o O ©° o o o (SR o o ©° o o

*~—rmy o,
o G
oNnel-nola

on
~

p O
«

e

P-4Z0ON nm-lzcon&%\“\\\‘@&\\\\\\\\\\ S

fa)
~

O0—0—0—0—0
— IST COL PUNCH Z

° e

[} /ISTCOLSTOR

ofo éo o o o
s, BAL TEST

N

DIVISOR-MULTIPLIE
o o o o

v >TORAGE ENTRYW

Y

- xx\\\\\w&\\\\\\\\\\\\w N

S ere S 5 P
P17 T P
6 6leé o6 st
|
II I °© Q9 Q9 9
[ i
o | ) J)é |
CO SELECTORS
O C o o

cjoTo

w“uy

o no
N

o ln?(Nx CARD)A] 30
a> V

70
o © o o©

M
o
R
0
>
el
K

||

o

o
I

o
o
SN

PUNCH EXIT
Jo o o

Figure 35B. Summary Punching

SUMMARY PUNCHING
AXB=P;ZPXC=R;P—R=S

THE PREVIOUS example of summary punching may
be expanded to include a calculation on the X sum-
mary card. In this problem (Figure 36) each detail
card represents an invoice item which is extended and
punched. The extended amounts are accumulated
and the gross total is multiplied by a discount rate in
the X summary card to calculate the discount amount.
The discount amount is then subtracted from the
gross total to obtain net invoice total. Gross, discount,
and net amount are punched in the summary card;
individual item amounts are punched in the detail
cards. The problem may be stated as follows:

Quantity (A) X unit price (B) =Item amount (P)
Sum of item amts. X disc. rate (C% ) =disc. amt. (R)

Sum of item amts. —disc. amt. (R) —net invoice amt. (S)

Planning Chart and Control Wiring

Read, NX Card. The multiplier unit 1R is im-
pulsed to accept quantity A, and storage entry 2 to
accept unit price B.

Program 1, NX Card. The multiply switch is im-
pulsed. B is read out of 2R on Nx cards only, by
wiring program 1 exit through the normal side of
pilot selector 2, picked up by an X from the reading
station. Counter §-6 is impulsed to add to develop
the item amount.
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Figure 36. Summary Punching
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Program 2, NX Card. The item amount P is read
out of counter §-6 into storage unit 6 for punching.
It is also added in counter 1-2 where the sum of the
item amounts for Nx cards will accumulate. Counter
5-6 is wired to adjust the next result. The program
2 couple exit is wired to the immediate pickup of pilot
selector 6 and an all cycles impulse is wired through
the transferred side of the selector to expand program
2 exits. Storage unit 6 is impulsed to punch on pro-
gram 2 on NX cards only, by wiring the selected all
cycles impulse through the normal side of co-selector
8, which is controlled from an X at the reading sta-
tion. REap is impulsed by wiring a program 2 exit
through the normal side of co-selector 8.

Read, X Card. The multiplier unit is impulsed to
read in C. The sum of the P’s from the preceding
NX cards is read out of counter 1-2 and entered into
storage unit 7. This is accomplished by wiring read
cycles impulses through the upper and lower positions
of pilot selector 1, picked up by an X from control
reading. Storage unit 7 is impulsed to punch on pro-
gram 2. If it were impulsed on the read cycle, the
punching would be effective for the last Nx card.

Program 1, X Card. The sum of the P’s is multi-
plied by the discount rate (C) to obtain discount
amount (R). This is accomplished by impulsing the
multiply hub, by reading out the sum of the P’s in
counter 1-2 through pilot selector 2, and by impuls-
ing counter 5-6 to add.

Program 2, X Card. The discount amount (R) is
read out of counter 5-6 and subtracted from the sum
of the P’s in counter 1-2 to obtain the net (S). The
subtract impulse is wired through the transferred
side of pilot selector 2, picked up from the reading
station. At the same time, R is read into storage
unit 6. Storage unit 6 is impulsed to punch discount
amount on program 3, following the punching of
net amount. Counter 5-6 is reset, and the reset to §
is properly wired to adjust the item amount (P) on
the next card. Storage unit 7 is impulsed to punch
on program 2 on X cards only, through the trans-
ferred side of co-selector 8.

Program 3, X Card. The net (S) is read out of
counter 1-2 into storage unit 7 for punching. Counter
1-2 is also reset. Storage unit 6 is wired to punch
the discount amount. Since this is the last program
used, READ is impulsed.

Right-Hand Panel Wiring

1. Pilot selector 1 is used to select read cycles im-
pulses and must, therefore, be picked up from control
reading. Pilot selector 2 is used to select program exits
and must, therefore, be picked up from the reading
station. Both selectors are dropped out normally by
read drop-out impulses.

2. Quantity and discount are wired to the multi-
plier through co-selector $, so that quantity will enter
the unit on NxX cards and discount will enter the
unit on the X cards. Co-selector 5 is picked up from
the couple exit of pilot selector 1 and will hold up
through the read cycle of the X card. Unit price is
wired to storage entry 2R.

3. The multiplicand B (unit price) is wired out of
storage exit 2 R into counter 6 entry where the prod-
uct is developed.

4, Reset to § is wired through the normal side
of co-selector 1 to the units position of counter 6 to
adjust item amount on Nx cards, and through the
transferred side to the hundreds position of counter
6 to adjust discount amount on X cards. There are
three decimals in the item amount P, one of which is
dropped, and five decimals in the discount amount R,
three of which are dropped.

Co-selector 1 is picked up from the couple exit
of pilot selector 1 and will hold throughout the cal-
culation of the last Nx card of the group.

5. Adjusted item amount P, on NX cards, and ad-
justed discount amount R, on X cards, enter both
counter 1-2 and storage unit 6R simultaneously.
Ordinarily, direct wiring from counter exit §-6 to
counter 1-2 and storage entry 6 would suffice. The
need for selection arises from the fact that one deci-
mal is dropped when reading out P from counter 5-6,
and three decimals when reading out R. P is selected
on Nx cards through the normal side of co-selectors
7 and 8, and R is selected on X cards through the
transferred side of these same selectors. The selectors
are picked up from the couple exit of pilot selector 2
controlled from the reading brush X.

6. The sum of the item amounts is wired out of
counter 2 exit to storage entry 7R on the read cycle
of the X card. The sum of the item amounts is also
wired from counter 2 exit to counter 6 entry to de-
velop the discount amount. The net (difference be-
tween discount amount and the sum of the item
amounts) is also developed in counter 2. It is wired
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out of counter 2 exit to storage entry 7R.

7. X cards require three program steps while NX
cards-require only two. To avoid taking program 3
on NX cards, program 2 exit is wired through the
normal side of co-selector 8 to READ. Storage unit 6
must be impulsed to punch on program 2 on Nx
cards only, and storage unit 7 to punch on program
2 on X cards only. Therefore, a program 2 impulse
(an all cycles selected on program 2) is wired through
the normal and transferred sides of another position
of co-selector 8 to punch 6 and 7, respectively.

8. Item amount (P) on Nx cards and discount
amount (R) on X cards are wired out of storage
punch exit to punch in columns 75-80.

50 IBM 602

9. Both the sum of the P’s and S are wired out of
storage punch exit 7, to punch the sum of the P’s
in-columns 47-52 and S in columns 60-65 of X cards-
only. These two fields are punched for X cards and
skipped for Nx cards by wiring the high-order posi-
tion of storage punch exit 7 through the transferred
side of co-selector 6, a skip impulse through the nor-
mal side, and the first column to be punched in each
field to the common.

Since this is punch selection, co-selector 6 must be
controlled to pick up and hold throughout the punch-
ing of X cards. This is done by wiring the couple
exit of pilot selector 3 to pick up co-selector 6. Pilot
selector 3 is transferred for punch selection.



VERIFICATION OF BASIC MULTIPLICATION
(BXA)—P—1

THE aNaLysIs and wiring principles for basic multi-
plication have been illustrated and explained in a pre-
vious problem. The same problem (Figure 37) now
is reconsidered from the standpoint of verification of
the punched product.

In multiplication, two fields are read from the card,
one as a multiplier and the other as a multiplicand.
The product is calculated by the machine and
punched in a product field.

Checking Operations

In verification of basic multiplication, all three
fields (A, B, and P) must be read on the reading
cycle, a second calculation of B X A must be per-
formed, and the first product must be subtracted
from the second. If the result is a positive figure, the
punched product could be correct. If the result is
negative, an error is indicated. Because the first test
does not establish definite proof in the case of a posi-
tive result, another test is made by subtracting 1 from
the result (B X A) —P. The result of the second
test must be minus, because if it is plus, an error is
indicated. Consider these examples:

CORRECT

second multiplication

—4 punched product of 2 X 2
-+0 first test -} (right)

—1 second test — (right)
PUNCHED PRODUCT TOO LOW PUNCHED PRODUCT TOO HIGH
2 X2 = +4 second multiplication 2X 2= +4 second multiplication
—2 punched product of 2 X 2 —5 punched product of 2 X 2
-+2 first test + (right) —1 first test — (wrong)
—1 —1
—+1 second test -+ (wrong) —2 second test — (wrong)
VERIFICATION PRODUCT TOO LOW VERIFICATION PRODUCT TOO HIGH
2X2=-43 second multiplication 2X2=+4s second multiplication
—4 punched product of 2 X 2 —4 punched product of 2 X 2
—1 first test — (wrong) +1 first test -+ (right)
— —1
—z second test — (wrong) +o second test -+ (wrong)

The rule may be stated as follows:
Plus on the first test, minus on the second test — the answer is right.
Plus on the first test, plus on the second test — the answer is wrong.
Minus on the first test — the answer is wrong.
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plus and the second test 111nus.
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Note that the punched product is always correct
firs s

It is wrong if both tests are minus.or if both tests
are plus. It is not possible to have a minus test fol-
lowed by a plus test.

The machine can be controlled to indicate an error
card by one of the three methods: first, to punch in
any column of the card a 12 for correct cards and
an X for error cards; second, to eject the error card
into the stacker and stop the machine; or, third, to
stop the machine while the error card is still in the
card bed. When the machine stops for error cards,
the comparing light signals the error.

Zero Check Control and NB Check (L-Q, 23-24;
V, 21-24). These are always used together and have
the function of checking multiplying, dividing, or
crossfooting operations either on the same run or on
a second run of the cards through the machine. Most
verifying operations are done on a second run be-
cause the punched result as well as the calculated re-
sult can be checked.

The ru (pickup) hubs of the zero check control
unit are normally wired from the program exit that
controls the second test. When this unit is so con-
trolled, it will do one of three things according to
the way it is wired: punch a signal for correct and
incorrect cards, stop after the error card is in the
stacker, or stop immediately upon detection of an
error.

The unit may be used only once for each card. To
verify more than one answer in a card, if the an-
swers are independent, selectors may be used to rec-
ognize the plus-minus sequence of signs and to con-
trol the punching of a verification signal. The zero
check control unit can be used for the last answer
verified.

If the card is to be punched, the punch hubs must
be impulsed from the program on which the test for
error is made, which makes available out of the 11 or
12 hubs an 11 punch for error cards and a 12 punch
for correct cards. The 11 or 12 exit is wired directly
to the punching column.

If the machine is to be stopped, one of the com-
mon exit hubs is wired to sTop. When the exit is
wired to sToP, the machine will stop after the error
card is punched and stacked, and the error signal will
light. Before the machine can be started again, the
reset key must be depressed. I sToP cannot be wired
if the machine is instructed to punch the X or 12
code.
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The stop hubs may be used to stop the machine
even though the zero check control unit is not used.

‘For-example, a program exit wired to M sTop will

stop the machine on that particular stop.

The NB check unit (V, 21-24) is normally con-
trolled from the counter nB hubs. If both NB check
and zero check control pickup are impulsed at the
same time, no error is indicated. If zero check pickup
and NB check fail to receive an impulse, no error is
indicated. If either of them receives an impulse and
the other does not, an error is indicated.

Two tests are made for every card. The method
of wiring each test depends upon the type of calcula-
tion being performed. In the case of multiplication,
a minus on the first test indicates an error. A plus
on the first test may or may not be wrong, so a sec-
ond test is made by subtracting a one from the result.
If the new result is plus, an error is indicated. If it is
negative on the second test and was not negative on
the first test, it is correct. In the case of division, the
first and second test must have opposite signs, as ex-
plained in detail under “Division Checking.”

Planning Chart and Control Wiring

Read. B is read into the multiplier, A into storage
unit 2R and the punched product (P:) into storage
unit 3. In verification of multiplication, it is good
practice to reverse the multiplier and the multipli-
cand.

Program 1. The multiply switch is impulsed, A is
read out of 2R and the product is developed in
counter 5-6. This counter now contains the product
of the second calculation.

Program 2. P is subtracted from P,. At the end
of program 2 counter 5-6 contains the difference be-
tween the products of the first and second calcula-
tions. If the result is negative an error is indicated.

Program 3. Although the result may be plus on
the first test, it could still be wrong, as in the case of
(2 X'2) —3. A second test is made by subtracting
one from the units position of the punched product.
If the new result is plus, an error is indicated. Pro-
gram 3 is wired to READ, to stop further program-
ming. The 11 or 12 is punched in the card on this
cycle.

Read Cycle. Counter 5-6 is reset.

Right-Hand Panel Wiring

1. A is entered into storage unit 2R, B into the
multiplier, and P into 3L-3R.
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(BXA) —P—1
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ate the result of B X A on program 1.

A 1s wired out of 2R and entered into counter

P is wired out of 3L-3R and entered into counter
5-6 where it is subtracted on program 2. It is offset
two positions to line up with the decimal in the prod-
uct of B X A. Reset to § is wired to the tens posi-
tion of the counter.

3. The NB of counter § (high-order counter in
the group) is wired to NB CHECK through the trans-
ferred side of co-selector 5, picked up on program 2.
If the result of (B X A) — P is negative on program
2, it is wrong. NB cHEck will, therefore, be ener-
gized, but the zero check control unit will not, be-
cause program 2 is not wired to its pickup. This in-
dicates an error on the first test. The unequal con-
dition between the two test units, together with the
impulse received at PUNCH, sets up a condition in
the zero check control that will not be disturbed by
the second test, and an X will punch in the card.

If the balance is positive on the first test, NB CHECK
would not receive an impulse. Since the zero check
control unit is not picked up, further checking is de-
layed until the second test one cycle later.

4. The digit 1 from the emitter, controlled through
co-selector 6, is subtracted on program 3 in the hun-
dreds position of the counter, representing the units
position of the punched result as shown below:

ORIGINAL VERIFICATION
Reset to § 5 Reset to § 5
.5 X 135 =.0675 .5 X.13§ —+ .0675
Punched result .07 0725
Punched result — .07
First Test -+ .0025
—_ 1

Second Test 999925 (right)

If the 1 in the above example had been subtracted
from either of the dropped decimal positions, it would
have resulted in a positive balance. It must be sub-
tracted from the units position of the punched re-
sult.

5. The NB of counter § is wired to NB CHECK
through the transferred side of co-selector 6, picked
up on program 3. If, on program 3, the result of
(B X A) —P —1 is negative, NB CHECK is impulsed
and, since the zero check control (Pu and PUNCH)
is impulsed on the same cycle, the card is treated as
correct and is punched with a 12. If the result is
positive, NB is not impulsed, but the zero check con-
trol is. The 11 or 12 hubs will emit an X impulse.
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s
out of 11 and 12 would be re-

VERIFICATION OF BASIC DIVISION
—(AXB)+ A= (.5XB)

Basic division is checked by making two tests (Fig-
ure 38). The first test is made after the dividend is
added to the minus product of the quotient times the
divisor. This difference may be plus or minus. The
second test consists of subtracting half the divisor if
the result is positive, or adding half the divisor if the
result is negative. If both tests are negative or if both
tests are positive, the result is wrong as shown in the

following examples.

ORIGINAL CHECK
2 (right) —(2X3)=—6 quotient times divisor
3Vé -+6 dividend
-+0 first test
— (5 X3)=—15 half the divisor
—1.5 second test (right)
ORIGINAL CHECK
2.5 or 3 (right) —(3X2)=—¢6 quotient times divisor
2V/5 +5 dividend
—1 first test
d-(s X2)y=+41 half the divisor
-+0 second test (right)
ORIGINAL CHECK
3 (wrong) —(3X3)=—9 quotient times divisor
EAVA —+6 dividend
—3 first test
+(5 X 3) =15 half the divisor
—1.5 second test (wrong)
ORIGINAL . CHECK
1 (wrong) —(1X3)=—3 quotient times divisor
3Vé +-6 dividened
-+3 first test
—(5X3)=—1Ls half the divisor
1.5 second test (wrong)

The rule may be stated as follows:

Unlike signs on the two tests, the answer is right.
Like signs on the two tests, the answer is wrong.
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Figure 38. Verification of Basic Division

—(QXB)+A=x(5XDB)
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X2; X5; Tenths (T, 13-15) (U, 13-15). Multi-
plication by 2 or by § may be done by wiring a pro-
gram exit to the X2 hubs or to the X5 hubs and
by reading out the multiplicand in the usual manner.
The multiply hub must not be impulsed for this type
of multiplication. The tenths hubs are standard only
on dividing machines. They can be impulsed from a
program exit, only in conjunction with X5 or X2
multiplication, to cause the product to shift one posi-
tion to the right. They are most frequently used with
X5 multiplication as a quick method of obtaining
half of some factor, since .5 times a factor is the same
as dividing by 2.

Planning Chart and Control Wiring

Read. The quotient Q is entered into the multiplier
unit, the divisor B into storage unit 2R, and the divi-
dend A into storage unit 3R.

Program 1. B is minus-multiplied by Q, by read-
ing B out of 2R, subtracting in counter 5-6, and im-
pulsing the multiply switch. The minus product is
developed in counter §-6.

Program 2. A is read out of 3R and added to the
minus product of Q X B. The result may be plus
or minus, and a determination of its sign is made on
this cycle. Co-selector 5 is picked up from the couple
exit of program 2. NB of counter § is wired to the
common of co-selector 5§ and out of the transferred
hub to pick up pilot selector 1. If the result in counter
§ is negative at the end of program 2, pilot selector 1
is transferred and holds through the following read
cycle.

Program 3. At the completion of program 2, the
balance in counter 5-6 could be either plus or minus.
If the balance is plus, half the divisor should be sub-
tracted from it, and if it is minus, half the divisor

should be added to it.

One-half the divisor is obtained by wiring program
3 to the X hubs and also to the tenths hubs, re-
sulting in a multiplication by .5. Program 3 is also
wired to the common of pilot selector 1, picked up by
NB of counter § on program 2. It is also wired from
the normal hub of that selector to subtract in counter
5-6 and from the transferred hub to add in counter
5-6. Thus, if the balance standing in counter 5-6
at the end of program 2 is positive, half of the divisor
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is subtracted from it, and if the balance is negative,

half of the divisor is added to it.

The balance at the end of this cycle will be tested
on the next program since testing cannot be done on
a program used for multiplication or division.

Program 4. Co-selector 6 is picked up from the
couple exit of program 4. NB of counter § (normal
of co-selector §) is wired through the transferred hub
of co-selector 6 to NB CHECK. Program 4 is also wired
through the normal hub of pilot selector 1 to zero
check control pickup. If both the first and second
tests show positive results, NB CHECK receives no im-
pulse. The zero check control unit receives an im-
pulse from program 4 on the second test through
the normal hub of selector 1. Whenever one of these
units is controlled and the other is not, an error con-
dition is signaled and an X (11) will punch in the
card. If both the first and second tests show negative
results, the zero check control unit does not receive
an impulse because program 4 cannot get through
pilot selector 1. The NB CHECK receives an impulse
from the NB counter § through the normal hub of
co-selector 5 and the transferred hub of co-selector 6.
In this instance, NB CHECK receives an impulse and
zero check control does not. Therefore, an error is
indicated. These conditions represent a plus-to-plus,
or a minus-to-minus, test, either of which shows the
card to be wrong.

If the result of the first test is plus, program 4
picks up the zero check unit. If the result of the
second test is minus, the NB of counter § energizes
the NB cHECK. Both units are controlled, indicating
a correct result, and a 12 will be emitted from the 11
or 12 hubs. If the result of the first test is minus,
the zero check unit is not controlled. If the result of
the second test is plus, NB CHECK is not impulsed. In
this instance, neither unit is controlled, indicating
that the card is correct. These conditions represent a
plus-to-minus, or minus-to-plus, test, either of which
shows the card to be correct.

Program 4 impulses the punch hubs so that the 11
or 12 may be punched in the card. The machine can
be made to stop for all errors by substituting for
PUNCH and 11 or 12 a wire from EXIT to STOP or to
IM sTOP. Program 4 is wired to read to stop further
programming.

Read Cycle. Counter §5-6 is reset.



Right-Hand Panel Wiring

1. The dividend A is wired to storage unit 3R. The
divisor B is wired to storage unit 2R, and Q, the
quotient, is wired to the multiplier.

2. B is read out of 2R into counter 6, offset one
position, where it is minus-multiplied by Q, and plus-
or minus-multiplied by .5. If B were not offset, the
decimal resulting from multiplying the divisor by .§
would be ignored.

3. A is wired from storage unit 3 to counter en-
tries 5-6, offset one position. Co-selector § is picked
up on program 2. NB of counter § is wired through
the transferred hub of co-selector § to pick up pilot
selector 1. This selector is used to select program 3
to the plus or minus hubs of counter 5-6, depending
upon the balance in the counter after the first test;
also to select program 4 to the pickup of the zero
check control unit.

4. Co-selector 6 is picked up on program 4. NB
of counter § is wired from the normal of co-selector
s through the transferred side of co-selector 6 to en-
ergize NB check.

5. Zero check control is picked up only if the
first test is positive by wiring program 4 through the
normal side of pilot selector 1. The punch hub is
wired directly from program 4, since either an 11 or
a 12 must always be punched.

6. The 11 or 12 hub is wired to column 35. All
correct cards will be punched with a 12 and all error
cards with an X.

Alternate Method
The formula —(Q X B) + A — B is required for

verification of basic division when the punched quo-
tient was not half adjusted during the first run. The
planning chart and wiring diagram are essentially the
same except that on program 3 the whole divisor (B)
is always subtracted instead of = .5 X B. Error con-
ditions are recognized on each test as follows:

Minus on the first test; or plus on the first test and
plus on the second test.

When the divisor is zero and, consequently, the
quotient is, the rule for testing would not apply, since
both tests would indicate a plus result as follows:

ORIGINAL CHECK
0 (right) —(0X0)= o0
Vs +6 dividend
-+6 first test
— (s XB)y=-—0 half the divisor

-+6 second test (wrong)

It may be seen from the above example that a zero
divisor and a correct zero quotient would be signaled
as an error. In all such cases, the wiring for any of
the formulas given above would, therefore, stop the
machine or punch an X. This error condition may be
eliminated by subtracting the divisor and the quo-
tient in any available counter and by testing the
counter for a negative balance. If the counter is
negative, indicating either a significant divisor, a
significant quotient, or both, the regular checking
circuit is allowed to function through the transferred
side of a pilot selector. If the counter is positive (a
zero balance is positive), the pilot selector is normal,
and the regular checking circuit is eliminated.

A planning chart and the selector wiring are illus-
trated in Figure 39.

1. NB of counter 2 is wired to the balance pickup
of pilot selector 4 through the transferred side of co-
selector 5. If counter 2 is negative on program 2,
pilot selector 4 will transfer on the next machine cycle
and remain transferred for the remainder of the prob-
lem.

2. Program 4 is tested through the transferred
side of pilot selector 4 and the normal side of pilot
selector 1 before reaching the pickup of zero check
control. If significant digits are punched in either the
quotient or the divisor, program exit 4 will pass
through the transferred side of pilot selector 4 and
normal division checking will take place. If zeros are
punched in the quotient and the divisor, pilot selec-
tor 4 will be normal and program 4 exit will be elimi-
nated. Since NB check will not be impulsed (plus on
second test), both zero check control and NB check
will be normal and the result is proved correct.
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Figure 39. Verification of Division, Divisor Zero
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SUCCESSIVE CALCULATION, PUNCHING
INTERMEDIATE RESULTS

AXB=P;P+-C=R

THE 602 may perform many successive multiply-
ing or dividing operations or combinations of both.
This problem (Figure 40) demonstrates two such suc-
cessive calculations, involving both multiplication and
division. The product of the first calculation is
punched and used as the dividend for the succeeding
operation, the quotient of which is also punched.

In series operations of this type, punching may be
intermediate; that is, punching of a result may begin
as soon as it is obtained, or any time during the re-
maining part of the problem. This has the advantage
of freeing counters for other uses, thus increasing the
calculating capacity of the machine considerably.
This type of punching also enables the machine to
punch beyond the 24-position capacity of the two
punch storage units, for, once they have finished

Typical Applications

punching one set of results, they are ready to accept
another set. Theoretically, all 80 columns of the card
could be punched in this manner, if the factors to be
calculated were entered from a preceding card.

Punching need not be intermediate if the result
to be punched does not exceed 24 columns (punch
storage capacity) for then it may take place at the
conclusion of the problem. Counter capacity, card
design and speed are the major considerations when
deciding which of the two methods is to be used. Usu-
ally, when a large portion of the card is to be punched,
several results are represented, each of which may be
obtained successively. Punching results as they occur,
in most cases, can be done during the cycles for a
succeeding calculation. Whichever method is used,
punching should be so controlled that little or no time
is lost. With the knowledge that the machine can
punch four columns for every cycle taken, and that
punching of one card may take place during the cal-
culation of another, a proper determination can be
made as to which method is the faster.
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Figure 40. Successive Calculation: Punching Intermediate Results
AXB=P;P+—-C=R
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Planning Chart and Control Wiring

D~ iz voad in 11 1 {3
Read. A is read into the multiplier, B is stored in

storage unit 2, and C is stored in storage unit 3.

Program 1. B is read out of 2R and multiplied by
A. The product is developed in counter 5-6 which is
impulsed to add.

Program 2 (Exits 2 and 3). C is read out of
storage unit 3 and entered into the divisor unit 1R.
The product of A X B is read out of counter 5-6
and entered into storage unit 6R to start punching
immediately. At the same time, the product is also
added into the dividend counter 1-2-3 in preparation
for the division operation. Counters 1, 2 and 3 are
coupled to act as one group. Counter §-6 is reset
during this program, with the proper position in that
group being reset to 5 for half-adjustment of the
quotient. The exits for program 2 are expanded by
coupling program 2 with program 3. Co-selector 1 is
picked up on this program in order to select the
reset-to-$ impulse.

Program 3 (Exits 4 and 5). Program 3 is expanded
by coupling step 4 with step 5. The divide hub is
impulsed, the divisor C is read out of IR, and the
product of the divisor times each quotient digit is
subtracted in the dividend counters. The quotient is
added in counter 5-6. Because program 3 is the last
program used in the problem, it is wired to READ.

Read. All counters can be cleared on the read cycle.
The quotient in counter 5-6 is read out and entered
in storage unit 7 for punching. The proper position
of counter 6 is wired to reset to § for half-adjustment
of the product.

Punching in this problem is intermediate. The
product of A X B is punched as soon as it is avail-
able. While it is punching, the machine is dividing
P by C. Punching of the quotient takes place during
the multiplication of the following card. Note that
counter $5-6 is used to develop first the product and
later the quotient. This action is made possible by
the successive punch feature of the machine, allowing
the same counter to be used repeatedly to develop
different results at different times.

Both P and R could have been punched from the
same storage punch exit, in this problem, without
loss of time for punching. Because division takes
place on program 3, several cycles occur, allowing

ample time for punching P before R is to be read into
the unit. By the same reasoning, program 1 is made
up of several multiply cycles, aliowing ample time
for R to punch before P of the next card is read into
the unit.

Right-Hand Panel Wiring

1. A is wired to the multiplier, B to storage unit
2R, and C to storage unit 3R.

2. B is read out of 2R into counter group 5-6,
where the product develops.

3. Of the five decimals obtained in the product
P, only two are needed. The high-order position
dropped will be reset to § when the counters reset.
The quotient R will also be half-adjusted, but in a
different position of the same counter. The reset to §
is selected through co-selector 1 so that the third
position of counter 6 will reset to 5 for the product P
and the first position of counter 6 will reset to § for
the quotient R. Co-selector 1 is transferred on pro-
gram 2, so the selector will be normal when the
counters reset on the read cycle.

4. The product of A X B, with three positions
dropped, is wired to storage unit 6R for punching.

5. The product is punched as soon as it is available
from storage unit 6.

6. Two decimals are desired in the quotient. Two
decimals in the divisor, when added to the extra posi-
tion necessary for half-adjusting the quotient, places
the decimal point in the fifth position of the dividend.
Factor P, with only two decimals, is wired to the
dividend counter to line up with the decimal point.

7. 'The divisor is read out of 1R and entered into
the dividend counter without regard to decimal
position.

8. The quotient is developed in counter 6, so the
QuoT is wired to the units position of that counter.

9. Reset to § for the quotient is wired to the units
position of counter 6 through the transferred side of
co-selector 1, which is transferred when the counters
reset on program 2.

10. Quotient R in counter 6, with one position
dropped, is read into storage unit 7R for punching.

11. The quotient is punched from storage unit 7.
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SIMULTANEOUS MULTIPLICATION,
ONE MULTIPLIER AND SEVERAL MULTIPLICANDS

AXB=P; AXC=Ps;;AXD=P;

SEVERAL multiplicands can be multiplied by one
multiplier to develop as many products simultaneously
as the counter capacity will allow. In this problem
(Figure 41), three 6-position multiplicands are mul-
tiplied by a 4-position multiplier to develop three
10-position products.

Planning Chart and Control Wiring

Read. The multiplier A is entered into the multi-
plier counter and multiplicands B, C, and D into
storage units 2, 3, and 4, respectively.

Program 1. Factors B, C, and D are read out of
storage units 2R, 3R, and 4R into the counters in
such a way that P will develop in counter 1 and part
of counter 2, P, will develop in counters 4, 3, and
part of counter 2, and Ps will develop in counter §-6.
Counters 1, 2, 3, and 4, are coupled to act together
as a single unit to develop products P: and P..
Counters 5 and 6 are coupled to develop P:. The
multiplier switch is impulsed.

Program 2. Counter 1-2-3-4 reads out products
P, and P: and enters them into storage units 6 and 7
for punching. This counter is also reset at this time.
Although Ps in counter 5-6 is ready for punching at
this time, 20 of the 24 storage punch positions are
needed for Pi and P.. Therefore, P; will be trans-
ferred to storage unit 6 on the next cycle. Since
program 2 is the last program used, it is wired to
READ.

62 IBM 602

Read. The product of A X D (Ps) is read out of
counter 5-6 into storage unit 6 for punching. These
counters are also reset at this time. It is on this cycle
that P starts to punch. Punching is almost con-
tinuous in this problem. There is a slight delay in
reading Ps into storage unit 6 because of the 10-
column field to be punched for P: which requires
more than one cycle. An internal interlock holds the
reading of P until the units digit of 6R is punched.
The punching of P; from storage unit 7 will start
during the read cycle of the following card and con-
tinue during the multiplication. The punching of
Ps from storage unit 6 will start and be completed
during the multiplication of the following card. No
loss of time will result from punching P and Ps.

Right-Hand Panel Wiring

1. The multiplier A is entered into 1R. The mul-
tiplicands B, C, and D are entered into storage units
2, 3, and 4.

2. Storage exits 2R, 3R, and 4R are wired to the
counters in such a way that the product of A X B
(P.) will develop in the first ten positions of the
counter, the product of A X C (P:) will develop in
the next ten positions, and the product of A X D
(Ps) will develop in the last ten positions.

3. The products P, and Ps are wired to storage
unit 6 for punching. The product P: is wired to
storage unit 7.

4. Three 10-position products are punched from
storage punch exits 6 and 7.
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Figure 41. Simultaneous Multiplication: One Multiplier, Several Multiplicands
AXB=P; AXC=P;; AXD=P;
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SUCCESSIVE CALCULATION,
DEPENDENT FACTORS AND PRODUCTS
AXB=P:;;C XD=Py;EXF=—P:
G X H=P.

IN A SINGLE run of the cards through the machine
the 602 may perform a series of different multiplica-
tion operations, each with a different multiplier and
multiplicand; a series of different division operations
each with a different dividend and divisor; or a series
of different multiplication and division operations
combined, each with different factors. The number
of such calculations depends upon the size of the fac-
tors used and the ability of the machine to store them
on the read cycle.

This problem (Figure 42) shows how four dif-
ferent sets of products are developed, from four
different multipliers and four different multiplicands
punched in the same card. Only the planning chart
and control wiring are explained.

Read. The multiplier A for the first calculation is
read into 1R, and the multiplicand B into 2L. The
read cycles impulse to 1R is wired through a row of
bus hubs since 1R is to be impulsed at other times for
other multipliers. The remaining multipliers C, E,
and G are stored in units 2R, 3R, and 4R. The
remaining multiplicands D, F, and H are stored in
units 3L, 4L, and counter 2, respectively. These units
are also impulsed on the read cycle.

Program 1. B is read out of 2L and the product of
A X B is developed in counter 4-5-6. The exit for
this program is wired to the multiply hubs through
the second row of bus hubs, into which other impulses
directed to the multiply hubs will be wired.

Program 2. The product, P, is read out of counter
4-5-6 and entered into storage unit 6 for punching,
which will begin on the next cycle. The counter is
also reset, with the reset to § properly wired to adjust
the next product, C X D. The entry and punch of
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storage unit 6 are impulsed through the third row of
bus hubs.

At the same time that P: is read out to punch,
factor C is read out of 2R and entered into 1R,
which is impulsed through the first row of bus hubs.

The couple exit of program 2 is wired to the pickup
of co-selector 2 to select the reset-to-5 wiring as
explained under wiring for the right panel.

Program 3. Multiplication of C X D takes place
by reading out D from 3L and developing P: in
counter 4-5-6. Program 3 reaches the multiply hubs
through the second row of bus hubs.

Program 4. The product P; is read out of counter
4-5-6 and entered into storage unit 6 for punching,
which begins on the next cycle. This counter is also
reset, with the reset to 5 properly wired to adjust the
next product, E X F. The entry and punch of
storage unit 6 are impulsed through the third row of
bus hubs. At the same time that P. is read out to
punch, factor E is read out of 3R and entered into
IR which is impulsed through the first row of bus
hubs. The couple exit of program 4 is wired to the
pickup of co-selector 1, to select reset-to-$§ wiring as
explained under wiring for the right panel.

Program 5. Multiplication of E X F takes place
by reading out F from 4L and developing Ps in
counter 4-5-6. Program 5 reaches the multiply hubs
through the second row of bus hubs.

Program 6. The product Ps is read out of counter
4-5-6 and entered into storage unit 7 for punching,
which begins on the next cycle. The counter is also
reset on this cycle without half-adjustment. Program
6 is wired directly to storage unit 7 entry and punch.
At the same time that Ps is read out to PUNCH, factor
G is read out of 4R and entered into 1R, which is
impulsed through the first row of bus hubs.

Program 7. The multiplication of G X H takes
place by reading out H from counter 2 and develop-
ing P, in counter 4-5-6. Program 7 reaches the mul-
tiply hubs through the second row of bus hubs.
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MULTIPLIER EXPANSION

THE MULTIPLIER may be expanded beyond the 8-
digit capacity of the multiplier unit 1R by calculating
the multiplication in parts (Figure 43). For example,
the calculation of:

123,456,789,123 X 1,111,111,111 = 137,174,210,122,949,245,653
may be accomplished as follows:

(1) 123,456,789,123 X 11 ==155,802,468,035,3
(2) 123,456,789,123 X 11,111,111 = 1,371,742,087,649,245,653

137,174,210,122,949,245,653

Note from the above example that a 10-digit multi-
plier is treated in two parts: (1) The multiplicand is
multiplied by the two high-order digits of the multi-
plier and the result is shifted to the left the number
of positions in the remaining part of the multiplier,
or eight positions. (2) The multiplicand is multi-
plied by the remaining eight positions of the multi-
plier.

There is no set rule for the way the multiplier must
be split, when it exceeds eight positions. The best
approach to solving this type of problem is to do it on
paper first and then apply the same procedure to the
machine wiring.

Planning Chart and Controi Wiring

Read. The two high-order digits of a 10-digit
multiplier are read into 1R and the remaining eight
digits into storage unit 2. The multiplicand is
entered into storage unit 3.

Program 1. The multiplicand is multiplied by 11
(tenth and ninth positions of the multiplier) and the
product is developed with its units position shifted
eight places to the left in the products counter. The
number of places to be shifted should equal the num-
ber of positions in the remaining part of the multi-
plier.

Counters 2, 3, 4, 5, and 6 are coupled and impulsed
to add to develop the product. Storage units 3L and
3R are read out and the multiply hub is impulsed.

Program 2. The remaining part of the multiplier
is read out of 2L and 2R and entered into 1R.

Program 3. The multiplicand is multiplied by the
remaining eight positions of the multiplier and the
product is developed normally in counter 2-3-4-5-6,
adding to the first product already standing in this
counter. Counter 2-3-4-5-6 is impulsed to add to
develop the product. Storage units 3L and 3R are
read out and the multiply hub is impulsed. The
couple of program 3 is wired to the pickup of co-

selectors 1, 2, and 3, to select the multiplicand as
explained under wiring for the right panel. Since
this is the last program used, it is wired to READ.

Read. The product of the multiplicand times the
10-digit multiplier stands in counters 2 through 6.
It is read out into storage units 6 and 7 for punching.
The counters are reset.

Right-Hand Panel Wiring

1. The first two positions of the multiplier are
wired into 1R through the common hubs of 2R exit
to avoid split wires. The remaining eight positions
of the multiplier are entered into storage unit 2. The
multiplicand is entered into storage unit 3.

2. The 12-position multiplicand is wired to the
common of co-selectors 1, 2, and 3. The selectors are
picked up on program 3 so that the multiplicand
enters the product counters starting with the ninth
position for the first multiplication (selectors nor-
mal), and with the units position for the second
multiplication (selectors transferred).

3. The whole product is wired out of counter
exits 2 through 6 to storage entries 6 and 7 for
punching.

4. The product is wired out of storage punch exit
6 and 7 to punch.

QUOTIENT EXPANSION

A MaxiMuM of eight quotient digits may be calcu-
lated in a single dividing operation. The quotient
may be expanded, however, to as many more digits
as desired, by treating the problem in parts.

The following example (Figure 44) shows how a
14-digit dividend can be divided by a 2-digit divisor
to obtain a 13-digit quotient (adjusted). This prob-
lem cannot be calculated in a single dividing opera-
tion even though the dividend counter is large enough
to accommodate the 14-digit dividend.

The rule stated under “Size of Factors in Division”
is that the dividend must never be larger than the
number of significant digits in the divisor, plus
seven. It follows, therefore, that with a divisor with
two significant digits the dividend is limited to nine
digits, and, if the divisor has one significant digit, the
dividend is limited to eight digits. The dividend in
this example, therefore, must be handled in parts
with eight digits to the left in the first dividing
operation, and six digits to the right in the second
operation, as follows:
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12345678912345 — 12 = 1028806576028.7
(Carried out one extra place for Y2 correction)

FIRST DIVIDING SECOND DIVIDING

OPERATION OPERATION
$10628806 576028.7
128012345678 12\/%912345.0
12 &
Test begins 34 Previous 91
here 24 Remainder 84
165 72
2 7
96 34
56 24
78 105
72 96
U6 Remainder 90
84

Planning Chart and Control Wiring

Read. The 14-digit dividend is split into two parts.
The eight high-order positions are added in the divi-
dend counter and the remaining six positions are
entered into storage unit 2. The divisor is entered
into 1R.

Program 1. The first part of the dividend is divided
by 12 and the quotient is developed in counter 5-6.
The divide hub is impulsed, the divisor is read out,
the dividend counter subtracts, and counter 5-6 adds
the quotient.

Program 2 (Exits 2 and 3). The remainder stand-
ing in the dividend counter must be retained so that
it can be placed beside the second part of the dividend
before proceeding with the next divide operation.
The remainder in the dividend counter is read out
and entered into storage unit 3. The dividend counter
is also reset. At the same time, the quotient for the
first part of the problem is read into storage unit 6
for punching. The RESET To 5 is wired to the units
position of counter 6 to adjust the quotient.

Program 3 (Exit 4). The second part of the origi-
nal dividend is read out of storage unit 2R and added
into the dividend counter, offset one position for
half-adjustment. The remainder from the previous
dividing operation is read out of 31, and placed to the
left of the second part of the dividend. The machine
is ready to divide the second part of the dividend
by 12.

Program 4 (Exit 5). The second part of the origi-
nal dividend and the remainder from the first divid-
ing operation are divided by 12, and the second part
of the quotient is developed in counter §-6. The
divide hub is impulsed, the divisor is read out, the
dividend counter subtracts, and counter 5-6 adds.
This part of the quotient is adjusted.

Program 5 (Exit 6). The dividend is reset. The
second part of the quotient is read out of counter
5-6, with one position dropped, to storage unit 7 for
punching. The first part of the quotient is punched
while the second part is being calculated. The last
program is always wired to READ.

Right-Hand Panel Wiring

1. The divisor is wired to 1R. The first part of
the dividend is wired to the dividend counter and the
second part to storage entry 2R.

2. Co-selector 1 is picked up from program 2.
Its function is to select the reset to 5 so that jt will
enter the units position of the quotient counter to
correct the second part of the quotient only.

3. The second part of the dividend is wired out of
2R into the dividend counter, offset one position.

4. The divisor exit is wired to the dividend, as for
all dividing operations.

5. The remainder from the first division is wired
out of 3L to the left of the second part of the
dividend.

6. The remainder from the first division is wired
out of counter 3 to 3L entry.

7. The first part of the quotient is wired to
Storage entry 6, and the second part of the quotient
is wired to storage entry 7. Only the exact number
of positions left to be punched are wired out of the
quotient counter the second time. If more positions
are wired, unwanted zeros would separate the first
and second parts of the quotient and make the answer
wrong.

8. The first eight positions of the quotient are
punched out of storage punch exit 6, and the last six
positions are punched out of storage punch exit 7.

DIVISOR LARGER THAN EIGHT DIGITS

THis problem illustrates a method of dividing when
the divisor field is greater than the divisor unit 1R.
The divisor field contains 12 positions. A dividend
field of 19 digits is used and the division is carried
out to compute and punch a quotient of 14 digits,
by use of quotient expansion. Eight quotient digits
are computed on the first division step and seven on
the second, half-correcting and dropping the units
position.

Within the counter capacity of the machine, dif-
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ferent sizes of divisor and dividend fields can be used
to compute quotients of various size by properly
positioning the factors according to the rules stated
in the following paragraphs. Only the control panel

wiring is shown in Figure 45.

Read. The dividend is entered in counter 1-2-3-4.
Whenever a divisor is expanded beyond the normal
eight positions, the dividend counter must be ex-
panded the same number of positions, regardless of

the size of the dividend field in the card. Therefore,
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Figure 45. Divisor Larger than Eight Digits



since there are four extra places in the divisor in this
problem, the dividend counter must be expanded
four places also. If a divisor field had a maximum of
ten places, the dividend counter would have to be
expanded two places, making the units position of
the dividend counter fall in the third place of counter
four.

In this example, the divisor is entered in storage
units 1R and 2L. When a divisor field is larger than
eight positions, the high-order positions must enter
the divisor unit 1R; the extra positions can be wired
to any other storage unit (including 1L). To per-
form the division operation, at least one significant
digit must be in the divisor unit 1R. Therefore, a
12-digit divisor field must be punched with at least
five significant digits.

Program 1. The first part of the quotient is com-
puted and developed in counter 5-6. The divide hub
is impulsed, the divisor is read out, the dividend
counter subtracts, and the quotient counter adds.
The whole 12-position divisor is wired from storage
to the dividend counter, with the units position of
the divisor wired to the units position of the dividend
counter.

Program 2. The first part of the quotient, Qx, is
entered in storage unit 6 for punching. The re-
mainder (maximum of twelve digits) in the dividend
counter is entered in storage unit 3. The dividend
and quotient counters are both impulsed to read out
and reset, with the reset to 5 wired to the units posi-
tion of counter 6 to half-adjust the second part of the
quotient.

Program 3. The remainder is entered in the divi-
dend counter for the second part of the division. It is
entered to the left in the dividend counter in order
to carry the division out to the maximum number
of places and compute a 7-digit quotient.

Program 4. The second part of the quotient is
computed and developed in counter 5-6.

Program 5. The second part of the quotient, Q-,
is entered in storage unit 7 for punching. The quo-
tient counter is read out and reset, and the dividend
counter is reset.

PROGRAM EXTENSION

ALTHOUGH the control panel provides for only 12
program exits, once a read cycle is taken by the
machine, programming continues until READ is

impulsed. In all problems illustrated heretofore, pro-
gramming is stopped at the end of the problem by
impulsing READ on the last program taken. The prob-
lems illustrated do not require more than 12 pro-
grams and READ is impulsed on the first round of
programs.

If READ is not impulsed, programming continues
indefinitely and program exits 1 to 12 become pro-
gram exits 13 to 24 on the second round, 25 to 36
on the third round, and so on. It thus becomes pos-
sible to extend programs beyond 12 by conirolling
the impulse wired to READ.

Program 1 exits are always active on a repeated
round and, therefore, cannot be skipped after the
first round of programs, but program 1 exits on
repeated rounds cannot be initiated unless program
12 exits are active on the preceding round. In other
words, in all problems requiring extension of pro-
grams, program exit 12 cannot be skipped.

Program exits used on more than one round of
programs may need to be selected to determine their
identity. For example, program 1 exits on the first
round become program 13 exits on the second
round. Selection of program 1 exits is necessary,
therefore, to distinguish between program 1 on the
first round and program 13 on the second round.
This selection is necessary only if the functions to be
performed on these programs differ. If functions are
to be identical, as illustrated in the square root prob-
lem, selection is not necessary.

Figure 46A illustrates 2 method of extending pro-
grams up to 23; program exits 1 through 11 are used
on both rounds to perform different functions, and
program 12 is used only on the first round.

Figure 46B illustrates a method of extending pro-
grams up to 35. Program exits 1 through 11 are
used on the first round as programs 1-11, on the
second round as programs 13-23, and on the third
round as programs 25-35; program 12 exits are used
only on the first two rounds, as program 12 on the
first and as program 24 on the second. As in Figure
43, co-selector positions are necessary to identify pro-
grams (1, 2, 3, and so on) on the first round; in
addition, co-selector positions (transferred for the
third round) are required to distinguish between pro-
grams 13 and 25, 14 and 26, 15 and 27, and so on.
Five pilot selectors are required to control the co-
selectors for the three rounds.

The co-selectors used (9-12) in both figures are
not standard; any co-selectors available can be used.
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Control Panel Wiring, Figure 46A
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pilot selector 1. Since the selector is Wired for normal
drop-out, the selector transfers on program 12 and
remains transferred for the remainder of the problem.

2. When pilot selector 1 is transferred, couple exit
of pilot selector 1 emits an impulse which is used, in
turn, to pick up co-selectors.

3. Co-selector 11 is used to distinguish between
programs 1 and 13. Impulses are emitted on both
programs from program 1 exits. When the exits are
wired to the common hubs of co-selector 11, the
normal hubs provide exits for program 1 and the
transferred hubs provide exits for program 13.

4. Co-selector 10 is used to distinguish between
programs 11 and 23. Impulses are emitted on both
programs from program exits 11. When these exits
are wired to the common hubs of co-selector 10, the
normal hubs provide exits for program 11 and the
transferred hubs provide exits for program 23.

5. Program 23 exit wired to READ.

Any selection required for program exits 2 through
10 is accomplished in a manner similar to that shown
for program exits 1 and 11.
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Control Panel Wiring, Figure 46B
1 e} ._}.

1. On the first round of programs all selectors are
normal, and program 1 exits pass through the normal
side of co-selector 12.

2. On program 12 of the first round, program
couple 12, wired to the D pickup of pilot selector 1,
transfers the selector immediately, and the selector
remains transferred for the remainder of the problem.

3. On program 13, program couple 1 passes
through the transferred side of pilot selector 1 and
transfers pilot selector 2 and co-selector 12 imme-
diately. Both selectors remain transferred for the
remainder of the problem. Program 1 exits (pro-
gram 13) pass through the transferred side of co-
selector 12 and the normal side of co-selector 11.

4. On program 24, program couple 12 passes
through the transferred side of pilot selector 2 and
immediately transfers pilot selector 3, which remains
transferred for the remainder of the problem.

5. On program 25, program couple 1 passes
through the transferred side of pilot selector 3 and
transfers pilot selector 4 and co-selector 11 imme-
diately. Both selectors remain transferred for the
remainder of the problem. Program 1 exits (program
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25) pass through the transferred sides of co-selectors
12 and 11.

6. Asin the wiring for program 1 exits, program
11 exits are identified as program 11, 23, or 35 by
wiring through co-selectors 10 and 9.

7. Program 25 is the last program taken. It is
wired to REaD and also to the immediate pickup of
pilot selector 5. The digit impulse passing through
the transferred side of this selector drops out pilot
When pilot selectors are used to
select program couple 1, normal read drop-out cannot
be used. This is because program couple 1 originates
slightly before drop-out time and is active while the
selector drops. Program couple 1, therefore, would
pass partly through the transferred side of the selec-
tor and partly through the normal side. This timing
interference would cause erroneous results. Thus, it is
necessary to drop out selectors 1 and 3 at the end of
the last program taken. Program exits cannot be used
to drop out pilot selectors because the early portion
of the program cycle would burn the selector points.

Wiring for selection of any other program exits is
the same as that shown for program exits 1 and 11.

selectors 1 and 3.

CROSSFOOTING, TWELFTHS

In THIis problem (Figure 47) eight fields, each
punched with dozens and fractional dozens no higher
than 9/12, are crossfooted. The dozens and twelfths
are crossfooted separately; the sum of the twelfths is
converted to whole dozens and fractional dozens, and
the grand total of the whole dozens and the remain-
ing twelfths is punched. Fractional dozens are
punched in one column with 10/12 designated by an
X punch and 11/12 by a 12 punch.

The same wiring principle can be followed when
more fields are to be crossfooted or when twelfths are
to be accumulated from a series of detail cards to be
punched on an X summary card.

Planning Chart and Control Wiring

Read. The whole dozens in field A are added in
counter §. The partial dozens (s) are added in
counter 1-2-3, where the partial dozens from all fields
are accumulated to become the dividend later in the
problem. The partial dozens (4) are also entered into
counter 4 where they are subtracted. Counter 4 will
be used later as a testing counter to determine whether
or not any dividend has been accumulated. The
whole dozens and the partial dozens of field B are

added separately in counter 6. The whole and partial
dozens of fields C, D, E, F, G, and H are entered in
storage units 2L, 2R, 3L, 3R, 4L, and 4R, respectively.
A 12 is entered into the divisor from the emitter.

Program 1. The whole dozens (C) and the partial
dozens (c) are read out of 2L. The whole dozens are
added in counter 1-2-3 and subtracted in counter 4.
Both the whole and partial dozens (D, d) are read
out of 2R and added in counter 6.

Program 2. The whole and partial dozens (E, e)
are read out of 3L. The whole dozens are added in
counter §; the partial dozens are added in counter
1-2-3 and subtracted in counter 4. Both the whole
and partial dozens (F, f) are read out of 3R and
added in counter 6.

Program 3. The whole and partial dozens (G, g)
are read out of 4L. The whole dozens are added in
counter §; the partial dozens are added in counter
1-2-3 and subtracted in counter 4. The whole and
partial dozens (H, b) are read out of 4R and added
in counter 6.

Program 4. The sum of fields B, D, F, and H is
read out of counter 6. The whole dozens are added
in counter §5; the partial dozens for these fields are
added in counter 1-2-3 and subtracted in counter 4.
Counter 6 is reset. Pilot selector 1 is picked up with
the NB (negative balance) of counter 4. If counter 4
is plus at this time, there are no partial dozens and it
is unnecessary to divide on program §. Program 6,
which controls reading out the remainder, may there-
fore be skipped. If counter 4 goes negative on the
read cycle, or on program 1, 2, or 3, division is neces-
sary on program J.

Program 5. If counter 4 is negative on program §,
the total of the partial dozens is divided by 12 to
convert it to whole dozens and twelfths, by impuls-
ing divide through the transferred side of pilot selec-
tor 1. Unit 1R is impulsed to read out only if counter
4 is negative by wiring through the transferred side
of pilot selector 1. The one-position quotient develops
in counter § and adds to the whole dozens already
standing in the counter. The dividend is positioned
so that only whole numbers (no decimais) are com-
puted when dividing. The remainder standing in
counter 1-2-3 is the number of twelfths to be
punched in the result field.

If counter 4 is positive, program 6 is skipped by
wiring a program § exit to the program 7 skip,
through the normal side of pilot selector 1.
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Program 6. If the remainder in counter 1-2-3 is
any digit from 1 through 9, it is punched directly in
the twelfths column of the total field. However, if
the remainder is 10, it must be converted to an X
punch, and, if it is 11, it must be converted to a 12
punch. In order to control the punching of the
proper designation, pilot selectors 6 and 7 are picked
up by the tens and units positions of the remainder in
counter 1-2-3. Counter 1-2-3 is impulsed to read out.

Program 7 (Exits 7 and 8). The total of the whole

dozens is read out of counter § to storage unit 6 for
punching. Counter § is reset. The fractional dozen
is read out of the dividend counter into storage unit 7
for punching only if it is 9 or less. Storage unit 7 is
controlled to read in for digits 1-9 only, by wiring a
program exit through the normal side of pilot selector
6. Counter 1-2-3 is reset. Counter 4 is reset. Since

this is the last program used, READ is impulsed.

Right-Hand Panel Wiring

1. The whole dozens in field A are wired to
counter §, while the partial dozens (4) are entered
in counter 1-2-3 and counter 4. Counters 1-2-3
and 4 are laced together so that any amounts enter-
ing one counter will enter the other also. After all
the fields are crossfooted, the total whole dozens will
be in counter §, and the total partial dozens in
counters 1-2-3 and 4. The partial dozens are entered
in the extreme right of counter 1-2-3, since no deci-
mals will be desired when dividing by 12. Field B is
wired to counter 6, the partial dozens to the right
and the whole dozens to the left. The accumulated
partial dozens will not exceed two positions, and the
accumulated whole dozens will not exceed three posi-
tions. Field C is entered in 2L, D in 2R, E in 3L,
Fin 3R, Gin 4L, and H in 4R.

2. A 12 is wired from the digit emitter to the
divisor storage unit through the transferred side of
co-selector 1, which is picked up by the read couple.

3. The whole dozens (C) are transferred from
storage 2L to counter § to be added to the whole
dozens in field A, and the partial dozens (c) are
transferred to counters 1-2-3 and 4 to be accumu-
lated with the partial dozens {4). By wiring through
the common hubs of the storage transfer exits, factors
E from 3L and G from 4L are transferred to counter
5 and e and g are transferred to counters 1-2-3 and 4.

4. The whole and partial dozens of field D are
transferred from 2R to counter 6 and are positioned
to add with factors B and 2. By wiring through the

common hubs of the storage transfer exits, factors
F-f from 3R and H-h from 4R are transferred to
counter 6.

5. The quotient is wired to the units position of
counter § and through the common hubs of storage
transfer exits 4L, 3L, and 2L.

6. The divisor is wired to the dividend counter
through the common hubs of counter 6 exit and
counter 4 entry.

7. The remainder, standing in the dividend
counter after the division, can be any number from
1 to 11. Remainders of 1 to 9 are punched from
storage unit 7; a remainder of 10 is designated by an
X punch and a remainder of 11 by a 12 punch. To
control the punching of the digits 1-9, the X, or the
12, pilot selectors 6 and 7 are picked up by the tens
and units positions of counter exits 1-2-3. Counter
exits do not emit zero impulses and the selection of
fractional dozens is controlled as follows: for digits
from 01 to 09, pilot selector 6 does not transfer (zero
in the tens position) and digits 1 through 9 are
punched through the normal side of selector 6. For
10/12 pilot selector 6 transfers but pilot selector 7
does not. The X from the punch emitter is wired
through the normal side of selector 7 and the trans-
ferred side of the selector 6. For 11/12 both selectors
6 and 7 pick up. The 12 from the punch emitter is
punched through the transferred sides of both selec-
tors. The selectors are dropped out by the punch
drop-out impulse.

8. Because an X is punched for 10/12, a 12 for
11/12 and 1-9 for other twelfths, punch selection is
required. This is accomplished through pilot selec-
tors 6 and 7 which are picked up from counter exit
1-2-3 whenever there are fractional twelfths remain-
ing in the dividend counter. Since pilot selectors 6
and 7 are picked up during calculation and not from
punch control exit, punch interlock is also necessary.
Punch interlock is impulsed from program exit 6,
the program on which the punching selectors are
picked up.

9. The whole dozens from the left of counter 6
are wired to counter §, and the partial dozens, from
the right of counter 6, are wired to counters 1-2-3
and 4. This wiring transfers factors B, D, F, and H
to factors A, C, E, and G.

10. The total whole dozens are wired from counter
exit 5 to storage punch entry 6 and from storage
punch exit 6 to columns 66-68.
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MULTIPLICATION, TWELFTHS

As DESCRIBED in the previous problem, when twelfths
are punched in a single column of the card, 10/12 is
identified by an X punch, 11/12 by a 12 punch, and
the remaining twelfths are punched with the digits 1
through 9. This problem shows how the X and 12
punches are entered in the machine as 10 and 11, the
twelfths are changed to their decimal equivalents,
and the extension of unit price times dozens is com-
puted (Figure 48).

Planning Chart and Control Wiring

Read. The partial dozens are entered in storage
unit 1R (through pilot selectors 1 and 2) and the
whole dozens are entered in 3R. The unit price is
entered in 2R. The decimal equivalent of 1/12
(.083333) is entered into storage unit 2L from the
digit emitter. Co-selector 1 is picked up at this time

from read couple to select “1”” impulses from the digit
emitter.

Program 1. The decimal equivalent of 1/12 is
multiplied by the partial dozens by impulsing mul-
tiply, reading out of 2L, and adding in counter 5-6.
This converts the number of 12ths punched in the
card to its decimal equivalent.

Program 2. The unit price is read out of 2R and
entered into the multiplier. The whole dozens are
read out of 3R and added to the decimal equivalent
of the partial dozens standing in counter 5-6.

Program 3. The dozens are multiplied by the unit
price by impulsing multiply, reading out of counter
5-6, and adding in counter 2-3-4. Since this is the
last program used, READ is impulsed.

Read. The product is read out of counter 2-3-4
to storage unit 7 for punching. Counters 2-3-4 and
5-6 are reset.

Right-Hand Panel Wiring

1. The unit price is entered into storage unit 2R
and the whole dozens are entered into storage unit
3R. The decimal equivalent of 1/12 (.083333) is
entered into 2L from the digit emitter directly, since
2L is impulsed to read only on the read cycle.

2. The partial dozens are entered to 1R through
pilot selectors 1 and 2 and the common hubs of
storage transfer exit 2R to eliminate split wires. To
control the reading of the fractional twelfths into
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IR, the control brush reading the fractions is wired
to the X pickup of pilot selector 1 and the digit
pickup of pilot selector 2. The pilot selectors cannot
transfer with a 12 punch; therefore, the selectors
would be controlled as follows:

Pilot selector 1 picked up for 10/12 only.
Pilot selector 2 picked up for 1/12 through
10/12.

Pilot selectors 1 and 2 remain normal for 11/12.

The upper positions of pilot selectors 1 and 2 are
used to control the entry of the digit 1 on the read
cycle into the tens positions of 1R for 10/12 or 11/12.
For 11/12,a 1 from the digit emitter is wired through
the normal side of both selectors; for 10/12, a 1 is
wired through the transferred side of pilot selector
1 only.

The lower position of pilot selector 2 is used to
control the entry into the units position of 1R which
must be wired with the digit punched in the card for
twelfths of 1-9, a 1 for 11/12, or nothing for 10/12.
To enter the digit from the card, the column is wired
through the transferred side of pilot selector 2; for
11/12, a 1 is wired through the normal side of the
same selector.

3. The reset to 5 is wired to the sixth position of
counter 2-3-4 to adjust the product which is carried
to eight places.

4. Co-selector 1 is picked up on the read cycle to
control the entry of the digit 1 from the digit emit-
ter into storage unit 1R.

5. The decimal equivalent of 1/12 (.083333) is
wired from 2L to counter 5-6 for the conversion of
the partial dozen to its decimal equivalent.

6. The whole dozens are transferred from 3R to
counter 5-6, offset six positions, to add to the con-
verted partial dozens.

7. The price per dozen is transferred from 2R to
the multiplier storage unit.

8. The sum of the whole and partial dozens is
wired from counter 5-6 to counter 2-3-4 entries for
the multiplication of unit price times quantity. The
multiplicand consists of three whole numbers and
six decimals.

9. The product is wired from counter 2-3-4 exits,
with six decimals dropped, to storage unit 7, and is
punched in columns 74-80.



543 STORAGE UNIT COUNTER STORAGE UNITS
LG | OPERATIO PUNCH UNITS
3§ & OPERATION DIVR—MULT. DIVIDEND 2 j = o :‘ 3 « : @ UNITS POSITION MUST 3¢ WIRED 70 PUNCH
2|55 * R H | \ oL . eR . T, T
T : = i i
READ Fertial |l Unit ! Whole : ; | !
CYCLE Dogens 083333 Frrce Dogens i ! :
3 i | ] [ | ;
H L . i
T T
i : : ! } :
1 \Mult RO H 1 ! '
1 H 1 ! 1
: : A ! ! .
Unit : ' ! | 1
Ini ! | . 1
2 bl ! KO ! N \ | H
Fricé€ i i | j 1
1 1 i}
Ll v T T
] H ¢
| ' ' . | 1
3 MM/?‘ [ Il ] \ i ]
1 1 ' ' !
i i ' ' |
] T T T T
} ! i ! ) ﬁ%dicf
i
Read R0 P;‘ka,? ! ' ] )
IR AT’ i i ! . P“”G/’
T T T T T T 1 ¢
EENR RN 1 1 1 ! |
il el H H ! : :
L O A I ! i ! . !
1 2 3 4 H 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 37 40 41 42 43 44
CONTROL READING RESET CO SELECTORS
© o o c o o —%—o —s—e e  0T0 0 0o 0;0T0 0o o 0078 0 o 0O
FX OR BALANCE PICKUP TO 1 . 2 l
© o o o o o ©° = 00 o0 ONo o c
DIGIT PICKU®? i
o o o o O =] o] ‘toCo .—“'—. oCo o

IMMEDIATE PICKUP

C
ORAGElTRANSFER EXIT
/ ?;'UT.IN.IERI
)

o © o O O o o o O
PUNCH CONTROL EXIT
P
1
L
o
T
s
F
@ I
oTexl Py ?
! |
g oN o O ONGC [+] o 0 ©° o] ? %
s 7
Y ocC o 0 ocCo o o 0 o 6 ?
1 coum EXIT 10 AREAD[NGWMW 204
Z o o o o o ©O o 0o o o o o o
mco SELECTOR Pummmmmmwmc 3TUNIT PRICE 40
Qo o ©
'<11 OR 12 60
P o—o o o
c TIM STOP; 61 80
o Q o—ofo o o o
mml. DIVISOR-KULTI SR s
o R ojo © o o

3L

o o Og
o §o o
“ §

CO SELECTORS
oTo © © oloTo o o oloTo c o olaTe 9 0o ©
6 7 8
N oNO O © o|ONo o o oloNo o o 2 0No o 0 ©
? ecco © o ojoco o o olocCco o 0o oioco 9 o o
P ﬂIWﬂSWWWPUNCHINGMW S UTHRIRARIREHIHIIA 2 O Y,
o o o o o Z =d ] e o [=} o o o ©° o} o] o] ] 2 ] [l ] é
1srcouu~cnmwucn X = v ;2 25 35 0 7
o o o o °1° o DD o o0 o ©o o © © © ¢ ¢ 92 2 3 9 ¢ o© é
Z1STCOLSTOR |  PUNCH | X+ 4 45 s5 60
o o o o olo o EE o 0Zo o c o o c © o c o k=) 2 2 o © /
J BALTEST X COL|STOR 61 €5 75 c 80
oBoho o o c o F o o o o o c © ° ?RODUVTA 7
YurraP UNC 2 STORAG DXL i
8 o o GG o ¢c 0 0o 0 6 0O O © -]
\ Zo—a— —7—6-PUNCH EMITTER—1—0— 11— f
0 4o o HH c ¢ 0 o © o o © © o ¢ 3 2 0 O o0 o i
Figure 48. Multiplication, Twelfths
TYPICAL APPLICATIONS 77



Fgg STORAGE UNIT | COUNTER STORAGE UNITS
213 | OPERATION , SUNCH UNITS
§§ Sg DIVR-MLLT. pymBND 1 i a ! . . « *UNITS POSITION MUST 8E WIRED 10 PUNCH
£3|£5 1L ® 1 21 3 4 15 1 6 L= * 1 oLt er L m .
T T T - 1
T : e T § ‘ :
READ 7y i n H : i
oae |4 | & O AD | HEHA 46 FA Ity |k bl M oitrPlq iR
HH - : ’ : :
g
Frogram : ! ) ! : i H H
+ —

V| s |RO| RO [RAIT BT+ R HE & RO i RO | RO | PO . ;
/&2 : ; HENR i ! ' !
Frogram | 1! REE i ' i 1

+ 1
A T !
2 | Ewite /.M AV O | P 20 T P : ! V.3 RO « RO RO H rRO
3e4 IR T i H i :
i H
Frogram AN AP I PSP i ! : ‘
3\ Euts 2L AT AR LEg A ! ! ! :
5 + H I i 1 @ i | |
T T T T
Frogran X ‘= Fy ": H ! ! ) |
4 | Exid el | Y L ! ! ' ' '
] 1
6 alie v ! ! L :
" ]
o I H N ] 1

5 7205';-”’ FYry N ! I : H

* ul,ea 4 ! i : :
. 4 T T T
1 1 |
Frogram R L ' - i Tofal
8| Ex it ! ! ! : ] ; 1 h
3 4iiNR H : ! ' ; IPw:c
+ T + t
' ' ] t 4 ! '
7 ? ' TN i : | Loy
'
T T + H 1 ) |
1 2 3 4 5 6 7 8 9 W 1 12 13 14 s 6 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 44 42 43 44
5 CONTROL READING is rPUNCH RESET————— 0 SELECTORS
o o o o o o o [} e} o] =] el o =] o o o o o] o o oTo o o o 10 To [¢] o ©
PUIIRITIIIG X OR BALANCE PICKUP % 01GI1T 1Mp1 DO 2 3 | .

o o o Q o [} o] o] o o o o o o o [e] 0/0‘0—0 o o ONO o o o {ONO e} o o
DiGIT PICKUP 7 imp |
ooooooooooooooooogoco ooocooo/e-Lo\coooo

IMMEDIATEPICKUP FER EXIT
o =] o o o o o o o o o0 o (<] Q0 0Zoxo0 l
PUNCH CONTROL ixn Z I I piv/idolr IMUIL I I 2 i I
o o o o ODRgPOUY © 0 0o 0o 0o o0 o oéooc 3 ¢ |
L
© 0 0 0 0 0o 0 o o o © 0 o o o oPoiofo F ' ’ o
[ READ DROP OUT IMPULSE ('3 2 I I L | R l’
|I_ 0—0—0—0—0—0—0_0—0—0—0—0—-0—0—0—0_0, 220 0 G " $
1 5 1 3 oL 6R ]
T
?oro G © 6 © 0 0 0T0o 0 0 0 0 0 0 0 030{0]|o o \n o ‘40 oo %155 o o o
S 4 St SR e sl
S ONo 0o o o o © 0o OoNo o o 0 0 o0 o ofo:ogo o o [ : o
E MS
IE. ©Co 0 © o 0 0 © 0Co © 0 0o 0 o o oéosolo ': J
T
$ oTo =] o] o [+ e} [+ oTo o o © o o o O(‘;O 60:0 L K
R rjiic
goNo © © 0 0 0 0o OoNO O 0 © 0 0 0 0507080 z t
s ®
% ocCo o o o] =] ] =] co el o] o © o o 0%080 o L M (]
— COUPI.E EXIT 10 é 9 £ C
é o o o o o oZosolo L] Nl H
%vwmmco SELECTOR Puwmmwm CO SELECTORS —4— x — E
é 4 070 0o o 0¢ o |o g
é ONo o o oo o |* $
¢ |
é 0Co o o oilo o |@ f
SN oo
é oZo o R
Z
Z oZo o s
7
g o © 7
.
Z S o U
2 s N B 7 CHECK
o—0—u}— 00
| w
! |
H x Q ?
PIOLTT
i Y e} 3 ’
i CO SELECTORS
N z oTo o o 0 oTo o Q ol]oTo o o o : oTo o} c )
" 5 6 7 | 8
; g ’AA s ]ONO o o o ONO o o o oNo <} (o] O;ONO 0 < o
Z
% |
C g X 88 'l( oCco o o o ocCco o] 0 oliocCo e] o o [eN alie] c el
o Z » vwmmazmsmlmPUN:HINGWMW//W/WJM/M/W/
N g cc @ © 0 0 0 0 0 0 00 0 0 o0 0 o ©c o o 0o o é
I 1ST COU PUN CHZ4 P UNCH I X— ) 21 25 30 35 o
R o o o!o- o DD o © 06 0 0 0 0 0c 0 0 06 0 o0 0 o0 o ¢ o o = g
PUNCH | x+ 4 45 s0 55 s 7
o o o EE o] o o o o Q o] o =] [} o o c ¢ o e} o /
61 ) 65 ﬁ
X COL|STOR 70 75 80 7
7 o 0o o FF, © 0 0 0 0 0o 0 0 0 ¢ o o o o o Q—o—. ‘//,
7 7 STORAGEPUNCHEX!T 7 4
é 70 o oo © o o o o o o c o o o |
7 g-v——a— —7—6- PUNCHEMITTER—!—U—-H—nj s
é 40 c HH o o < o o c o o Q o jo =} o o (<} o o J

78 IBM 602

Figure 49. Eighteen-Field Crossfooting



EIGHTEEN-FIELD CROSSFOOTING

Because there are 18 separate units in the machine,
18 fields can easily be crossfooted, as illustrated in
Figure 49. With small fields, like those shown, it
would actually be possible to store more than one
field in each unit and, thus, crossfoot more than 18
fields; with large fields, however, fewer than 18 fields
can be crossfooted. Thus, the number of fields that
can be crossfooted depends on the size of the fields
as well as the total number of digits that must be
stored and accumulated.

Planning Chart and Control Wiring

Read. Factors A through R enter all 18 units,
which are impulsed on the read cycle. Independent
read cycles impulses are wired to counters 1, 2, and 6
because these counters are impulsed to read, add, read
out, and reset independently.

Program 1 (Exits 1 and 2). In order to expand
the exit capacity of program 1, it is coupled with
program 2. A, B, I, ], K, and L are read out of storage
units 1, 2, and 3 and added into counters 1 through 6.

Program 2 (Exits 3 and 4). M,N,O,P,Q,and R
are read out of storage units 4, 6, and 7 and added
into counters 1 through 6. Program 2 exits are ex-
panded by coupling program 3 with program 4.
Program 3 (Exit 5). The totals in counters 3, 4,
and § are read out and added in counters 2, 1, and 6,
respectively. Counters 3, 4, and § are reset.
Program 4 (Exit 6). The total in counter 1 is
read out and added into counter 2. Counter 1 is reset.
Program 5 (Exit 7). The total in counter 6 is
read out and added in counter 2. Counter 6 is reset.
Program 6 (Exit 8). The grand total in counter
2 is read out into storage unit 7 for punching. Coun-
ter 2 is also reset. READ is wired from this program
which is the last one used for the problem.

Right-Hand Panel Wiring

1. Factors A through R are wired from the read-
ing hubs to counters and storage entry as shown.

2. Read-out for storage units 1L, 1R, 2L, 2R, 3L,
3R is wired to counters 1 through 6, respectively.
Read-out for storage units 4L, 4R, 6L, 6R, 7L, and
7R is wired through the common hubs of storage
units 1L, 1R, 2L, 2R, 3L, and 3R (to avoid split

wires) to the same set of counters.

3. The sum of factors E, I, and O is read out of
counter 3 into counter 2. The sum of factors F, ] and
P is read out of counter 4 into counter 1. The sum of
factors G, L, and Q is read out of counter § into
counter 6. The sum of factors A, C, F, J, M, and P
is read out of counter 1 into counter 2. The sum of
factors G, H, K, L, and Q is read out of counter 6
into counter 2. Counter 2 now contains the sum of
the factors, and is wired to read into storage unit 7
for punching.

4. The total is punched from storage punch exit 7.

SIGN CONTROL, THREE FACTORS
+AX =B= =P X =C= =R

IN ANY EQUATION involving sign control, an even
number of minus signs in the factors will result in a
positive answer, and an odd number of minus signs
will result in a negative answer. For example,

+AX —BX +C=—R
—AX 4+BX—C=+R
—A X —BX —-C=—R

One minus sign

Two minus signs

Three minus signs
When there are no minus signs for the factors, the
resuit is always positive.

The signs (X’s or D’s) are read at the reading sta-
tion and wired to pick up pilot selectors which are
used later in the problem for the selection of the sign
of the product. The determination of the signs to be
punched is ascertained by the position of the selectors
at punching time.

In this problem (Figure 50), two results are calcu-
lated and punched: P, the result of A X B, and R,
the result of P X C.

Pianning Chart and Conirol Wiring

Read. A is read into the multiplier and B and C
into storage units 2 and 3, respectively. The sign of
each factor is wired to pick up a pilot selector, as ex-
plained under “Right-Hand Panel Wiring.”

Program 1. The multiply hub is impulsed, B is
read out of 2R, and counter §-6 is impulsed to add to
develop the product P of A X B.

Program 2. P is read out of counter §-6 into
storage unit 6 for punching. C is read out of 3R into
the multiplier storage unit.

Program 3. The multiply hub is impulsed, P is
read out of counter 5-6, and counter 1-2 is impulsed
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Figure 50. Sign Control: Three Factors
+*AX*B=*+PX *+C==R
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to add to develop the product of P X C (R). Since

this is the last program used, READ is impulsed.

Read. R is read out of counters 1 and 2 into
storage unit 7 for punching. Counters 1-2 and 5-6
are reset. All counters can be reset on the read cycle
because they are not being impulsed to add at this
time.

Right-Hand Panel Wiring

1. A, B, and C are wired to storage units 1R, 2R,
and 3R, respectively. Columns 8, 11, and 14, which
contain the signs of A, B, and C, are wired from read-
ing brushes to the X pickup of pilot selectors 1, 2, and
3. These selectors are dropped out normally by a
read drop-out impulse.

2. B is wired from 2R to counter 6, where the
product of A X B is developed. Of the three decimal
places in the product P, one is dropped, so reset to §
is wired to the units position of counter 6. C is wired
from 3R to the multiplier storage unit 1R. Of the
four decimal places in the product R, two are
dropped, so reset to § is wired to the tens position of
counter 2.

3. The adjusted product of A X B (P) is wired
from counter 5-6 to storage unit 6 for punching,
and to counter 1-2 to be multiplied by C. The ad-
justed product of P X C (R) is wired from counter
1-2 to storage unit 7 for punching.

4. Pilot selector 4 is used to select the X punching
when P is minus, and pilot selector § is used to select
the X punching when R is minus. Since this is punch
selection, these selectors are picked up by the punch
control exit, just before punching starts, and are
dropped out by punch drop-out impulses after punch-
ing is completed.

A punch control exit emits an impulse only if its
selector is transferred. The punch control exit impulse
of pilot selector 1 (A minus) is wired through the
normal side of pilot selector 2 (B plus); the punch
control exit impulse of pilot selector 2 (B minus)
is wired through the normal side of pilot selector 1
(A plus). If an impulse is available from the com-
mon hub of either selector, pilot selector 4 is picked
up, indicating that P is minus.

The impulse for minus P is also wired through the
normal side of pilot selector 3 (C plus) to pick up
pilot selector §, indicating that R is minus. The punch
control exit of pilot selector 3 (C minus) is wired

through the lower positions of pilot selectors 1 and 2
in such a way that pilot selector § is picked up (R
minus) if the signs of A and B are alike.

5. 'The result P is read out of storage punch exit 6
and punched in columns 65-72 with its sign in col-
umn 65. The digit and the X are punched in column
65 through the transferred side of pilot selector 4,
which is picked up when P is minus. The X impulse
is obtained through X column storage. The digit
alone is punched in column 65 through the normal
side of pilot selector 4 when P is plus.

6. The result R is read out of storage punch exit
7 and punched in columns 73-80 with its sign in col-
umn 73. The digit and the X are punched in column
73 through the transferred side of pilot selector 5,
which is picked up when R is minus. The X impulse
is obtained through X column storage. The digit alone
is punched in column 73 through the normal side of
pilot selector 5 when R is plus.

PAYROLL, HOURS AND PIECES TO GROSS

SoMmE payroll applications require the calculation of
piecework earnings as well as hourly earnings to ob-
tain gross pay. This problem demonstrates the calcu-
lation and punching of piecework earnings, regular
earnings, premium earnings, and gross pay from a
card containing number of pieces, piecework rate,
hourly rate, and total number of hours worked (Fig-
ure 51). The problem may be stated as follows:

Piecework rate )X Pieces = Piecework Earnings

Hourly Rate X Hours = Regular Earnings

Hours X .5 = 4 Overtime Hours

Hourly Rate X Y Overtime Hours — Premium
Earnings

Piecework Earnings + Regular Earnings + Premium
Earnings = Gross Pay.

Calculation of net pay from gross pay is demon-
strated in another problem.

Planning Chart and Control Wiring

The preparation of the planning chart for prob-
lems of this type is facilitated if a typical example is
carried through the complete operation using actual
figures. The half-adjustment (reset to §) is indicated
on the read cycle line by the figure § encircled and
properly positioned in counters 2-3 and 4-5. Actually,
this adjustment does not occur on the read cycle. In
this problem, the reset to § occurs on program 8 for
counter 2-3 and program § for counter 4-5. For the
first card, however, the reset to § occurs on the
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Figure 51. Payroll, Hours and Pieces to Gross



dummy programs preceding the read cycle. It is
shown here encircled merely to assist in the manual
computation of the problem as the program steps are
developed.

Read. The number of pieces produced is entered
into 1R, piecework rate into 2L, hourly rate into 2R,
and total hours worked into 3L and counter 1.

Program 1. Piecework rate is multiplied by num-
ber of pieces, by impulsing the multiply hub, reading
out 2L, and adding in counter 2-3 where the piece-
work earnings are developed.

Program 2 (Exits 2 and 3). The piecework earn-
ings amount is read out of counter 2-3 into storage
unit 6R where it will be held for punching until the
last program. Although it is the first result calculated,
it is not the first field to be punched, so it must be
stored until after the punching of regular earnings.
Counter 2-3 is not reset on this program as it is used
to develop gross pay.

Hourly rate is read out of 2R and entered into the
multiplier 1R. A 4 from the digit emitter (40.00
hour work week) is subtracted from total hours
worked in counter 1. The remainder standing in that
counter represents overtime hours. Co-selector 1 is
picked up from the couple hubs of this program. The
selector is used to select 40.00 hours from the digit
emitter and to control the NB of counter 1 so that
pilot selector 1 is picked up.

Program 3 (Exit 4). Total hours are multiplied
by hourly rate to obtain regular earnings by impulsing
the multiply hub, reading out of 3L, and adding in
counter 4-5. This program is also wired through the
controlled side of pilot selector 1 (picked up from
the NB of counter 1) to the skip of program § so that
program 4 is skipped when there are no overtime
hours.

Program 4 (Exit 5). The overtime hours in coun-
ter 1 are multiplied by 5 to develop half the overtime
hours in counter 6. This is accomplished by wiring
program 4 (exit §) to X § hours. Multiplying by $
is the same as dividing by 2 when the decimal point
in the result is offset one position. In this example,
half the overtime hours is not adjusted. Circum-
stances in a given case would determine whether the
adjustment is necessary.

Program 5 (Exit 6). Regular earnings amount is
read out of counter 4-5 and added to piecework
earnings in counter 2-3. It is also entered into storage
unit 7 from which it is punched on the following

cycle. Counter 4-5 is reset on this program, with
the reset to 5 properly wired to adjust regular earn-
ings on the following card. Counter 1 is reset on this
program, with the reset to § properly wired to adjust
premium earnings later in the problem. Co-selector 2
is picked up from the program couple to select a reset
to 5 (wiring 8).

Program 6 (Exit 7). Half the overtime hours is
multiplied by the rate by impulsing the multiply
switch, reading out of counter 6 (units position
dropped), and adding in counter 1 to develop
premium earnings.

Program 7 (Exit 8). Premium earnings amount
is read out of counter 1 and added into counter 2-3.
The total represents gross pay. Co-selector § is picked
up from the couple hubs of this program (wiring
10).

Program 8 (Exits 9 and 10). Counter 6 is reset.
Gross pay is read out of counter 2-3 and entered into
storage unit 7 for punching. Counter 2-3 is reset with
the reset to § properly wired to adjust piecework
earnings on the following card. Premium earnings
amount is read out of counter 1 and entered into
storage unit 7 for punching. Counter 1 is reset on this
program. Program 8 (exit 10) is wired to the punch
of 6 so that piecework earnings, stored in this unit
on program 2, may be punched. The last program is
always wired to read.

Right-Hand Panel Wiring

1. Hourly rate is wired to 2R, total hours to 3L
and counter 1, piecework rate to 2L, and the number
of pieces to 1R.

2. Piecework rate is wired out of 2L into coun-
ters 2 and 3 to develop piecework earnings.

3. Hourly rate is read out of 2R into the multi-
plier 1R.

4. Total hours is wired out of 3L into counter § to
develop regular earnings.

5. Reset to 5 is wired to the tens position of coun-
ter § to half-adjust regular earnings.

6. Co-selector 1 is picked up on program 2. The
digit 4 from the emitter is wired through the con-
trolled side of the selector to the thousands position
of counter 1, as explained under program 2.

The N8B of counter 1 is wired through the trans-
ferred side of co-selector 1 to the pickup of pilot
selector 1.
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7. Program 3 (exit 4) is wired through the trans-
ferred side of pilot selector 1 to the skip entry of
program $, thus skipping program 4 when counter
1 is negative.

8. Co-selector 2 is picked up on program § (exit
6 couple). Reset to 5 is wired through its transferred
side to the tens position of counter 1, by way of the
common exits of counter 6 to avoid split wires. The
reset to § is selected in order to adjust only the pre-
mium earnings.

9. Overtime hours are wired out of counter 1 exit
to counter 6 entry to develop half the overtime hours.

10. Premium earnings amount, with two places
dropped, is wired out of counter 1 exit to 7L for
punching. It is also wired through the transferred
side of co-selector § to counter 2-3 entries, shifted
three positions to the left to line up with the decimal
for the total already standing in those counters. To
avoid split wires, the two right-hand positions of co-
selector § common are wired, through the fourth and
fifth common hubs of 2L exit, to counter 2-3. The
field is wired through the selector to prevent pre-
mium earnings from also reading into 7R, and gross
pay into 7L, on program 8.

11. Adjusted piecework earnings amount is wired
out of counter exits 2-3 to 6R for punching.

12. Adjusted gross pay is wired out of counter
exits 2-3 to 7R for punching.

13. Adjusted regular earnings amount is wired
out of counter 4-5 to 7R for punching, and to coun-
ter 2-3 to be added to piecework earnings.

14. One-half the overtime hours with one deci-
mal dropped is wired out of counter 6 exit to coun-
ter 1 to develop premium earnings.

15. Piecework earnings amount is wired from
storage punch exit 6 to punch in columns 35-39.

16. Premium earnings amount is wired out of
storage punch exit 7 to punch in columns 47-50.

17. Regular earnings and gross pay are split-wired
out of storage punch exit 7 to punch in columns 26-
30 and 55-59, respectively. Skip is wired after cach
field punched.

PAYROLL, GROSS TO FIRST NET

PayroLL applications on the 602 vary considerably,
depending upon the industry, location, and tax rates
in effect. (The rates used in this problem are not
necessarily those currently in effect.) This problem
(Figure $2) describes one method of computing:
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Withholding tax (18% of taxable earnings).

State Unemployment Insurance Tax (2% of
gross earnings up to $3,000),

Federal Insurance Contribution Act (2% % of
gross earnings up to $4,200).

Net Pay (gross earnings minus the three taxes
above).

The following factors are prepunched in the card:
Gross Earnings (current period).
Earnings-to-Date (end of previous period).

Tax Allowance.
The tax allowance punched in the card is 18% of
the exemption amount. The exemption amount and
the tax allowance for each dependent are as follows:

EXEMPTION TAX
PAY PERIOD AMOUNT ALLOWANCE
Weekly $13.00 $ 2.34
Bi-weekly 26.00 4.68
Semi-monthly 28.00 5.04
Monthly 56.00 10.08

In cases where the tax allowance exceeds the tax
computation, the withholding tax is not deducted.

The payroll cards are punched X in 78 when earn-
ings are $3,000 or over, and X in 76 when earnings
are $4,200 or over. Sur tax is not calculated for
X 78 cards; Fica tax is not calculated for X 76 cards.
Provision is also made to punch either or both X’s
when the limits are exceeded during the current
period.

The method illustrated can be adapted to varying
tax rates with little change in control panel wiring.

Figures for a typical case (gross earnings $175.85,
earnings to date $2,900, and tax allowance $5.04)
are used to develop the planning chart and assist with
the understanding of the problem.

Planning Chart and Control Wiring

Read Cycle. Since withholding tax is the first
calculation to be made, withholding tax rate of .180
is entered in the multiplier storage unit from the digit
emitter.

Earnings to date are subtracted in counter 1 and
counter 2 from the taxable limits of $3,000 and
$4,200, respectively. For the first card to be calcu-
lated these limits are entered on the last “dummy”
run-in cycle; for all other cards they are entered on
the last program of the preceding card.

Counter 1 is used for two purposes:

1. To determine the taxable balance for the year

subject to suI tax — $100 in this example,
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2. As a testing counter to determine whether the
current gross earnings ($175.85) is greater
than the taxable balance ($100). This condi-
tion will be tested on a later program when the
gross is deducted from the balance now in the
counter. At that time, if the result in this
counter is plus, the sul tax is computed on the
gross earnings; if the result is minus, the sur
tax is computed on the taxable balance, and an
X is punched in column 78 because the $3,000
limit has been exceeded.

Counter 2 is used for two purposes:

1. To determine the taxable balance for the year
subject to Fica tax — $1,300.00 in this ex-
ample.

2. As a testing counter to determine whether the
current gross earnings ($175.85) is greater than
the taxable balance ($1,300). This condition
will be tested on a later program when the
gross is deducted from the balance now in the
counter. At that time, if the result in this coun-
ter is plus, the Fica tax will be computed on the
gross earnings; if the result is minus, the Fica
tax will be computed on the taxable balance,
and an X will be punched in column 76 be-
cause the $4,200 limit has been exceeded.

Counter §5-6 is used to compute the withholding
tax and as a testing counter to determine whether the
tax allowance is greater than 18% of the gross earn-
ings. It also is used later to compute sur and Fica
taxes. On the read cycle the tax allowance is sub-
tracted in counter 5-6 from the half-adjustment en-
tered in the counter on the last “dummy” run-in
cycle for the first card, and on the last program cycle
of each preceding card. This reset to 5 is necessary
to adjust the withholding tax.

Gross earnings ($175.85) is entered in storage unit
2R and is used as explained in programs 1, 2, 3, 4,
and 6.

Program (Exit 1). Withholding tax is computed
in counter 5-6 by impulsing multiply, reading out
2R, and adding in counter 5-6. A plus result in this
counter represents the withholding tax on the taxable
earnings. A minus result indicates that the tax allow-
ance is greater than 18% of the gross earnings. On
a later program this counter will be impulsed to read
out only if the result is plus.

Program 2 (Exit 2). Counter §-6 is tested to de-
termine the above condition. The sur taxable balance
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is read out of counter 1 and stored in 3L. The Fica
taxable balance is read out of counter 2 and stored
in 4L. This transfer from counters to storage units is
necessary because the taxable balances may have to
serve as multiplicands based on minus conditions
detected in counter 1-2. Gross is read out of counter
2R and added in counter 3-4 which is used to develop
the net pay.

Program 3 (Exits 3 and 4). The sur rate (.020)
is entered in the multiplier storage unit from the digit
emitter. Gross is read out of 2R and subtracted in
counter 1 and counter 2. Fach counter is tested as
explained under “Read.” If counter 5-6 is plus, the
withholding tax is subtracted from gross in counter
3-4 and entered in 6R for punching. If counter §5-6
is minus, the amount is not read out, and zeros will
punch in the sur field. Counter 5-6 is reset to 5 in the
third position to half-adjust the sur calculation to
follow.

Program 4 (Exit 5). 1f the $3,000 su1 limit was
reached in a previous pay period, the card was
punched X in column 78 at that time, and suIl tax
is not to be computed. Therefore, program 4 is
skipped for all X78 cards. Sur tax is to be computed
on NX78 cards only. In this case the tax is developed
in counter 5-6 by impulsing multiply, adding in
counter §5-6, and reading out of 2R or 3L. The gross
in 2R is read out if counter 1 was plus on program
3; the taxable balance in 3L is read out if counter
1 was minus on program 3.

Program 5 (Exits 6 and 7). The Fica tax rate
(-0225) is entered from the digit emitter in the mul-
tiplier storage unit. Counter 1-2 is reset. The sur tax
is read out of counter 5-6, subtracted in counter 3-4,
and entered in 6R for punching. If program 4 was
skipped because of an X in 78, zeros will punch in the
sul field. Counter 5-6 is reset to § in the fourth posi-
tion to half-adjust the Fica calculation to follow.

Program 6 (Exit 8). If the $4,200 rFica limit
was reached in a previous pay period, the card was
punched X in column 76 at that time, and the Fica
tax is not to be computed. Therefore, program 6 is
skipped for all X76 cards. Fica tax is to be computed
on NX76 cards only. In this case the tax is developed
in counter 5-6 by impulsing multiply, adding coun-
ter 5-6, and reading out of 2R or 4L. The gross in
2R is read out if counter 2 was plus on program 3;
the taxable balance in 4L is read out if counter 2 was
minus on program 3.



Program 7 (Exits 9 and 10). The Fica tax is read
out of counter 5-6, subtracted in counter 3-4, and
entered in 6R for punching. If program 6 was skipped
because of an X in 76, zeros punch in the Fica field.
The $3,000 and $4,200 taxable limits are entered in
counters 1 and 2, respectively, from the digit emitter,
and counter 5-6 is reset to § in preparation for the
next card. This completes the problem, and program
7 is wired to READ.

Read Cycle. Counter 3-4 is impulsed to read out
and reset, and the net amount is transferred to 7R
for punching.

Right-Hand Panel Wiring

1. Gross earnings are wired to storage unit 2R.
The earnings-to-date field is wired through the nor-
mal side of co-selector § to counter 1-2. The pur-
pose of the co-selector is to prevent the net from
reaching this counter on the read cycle. Tax allow-
ance is wired to counter 6, offset three positions, to
line up with the decimal point.

The X in column 76, which indicates that the earn-
ings to date have previously exceeded the $4,200
FICA limit, is wired to the X pickup of pilot selector
5. This selector is used to skip program 6 whenever
the $4,200 Fica limit has previously been exceeded.

The X in column 78, which indicates that the earn-
ings to date have previously exceeded the $3,000 sur
limit, is wired to the X pickup of pilot selector 4.
This selector is used to skip program 4 whenever
the $3,000 sur limit has previously been exceeded.

2. The withholding tax, sur, and Fica rates are
entered into the multiplier unit from the emitter. The
withholding tax rate enters on the read cycle through
the transferred side of co-selector 2, the sul rate on
program 3 through the normal side of co-selectors 2
and 4, and the Fica rate on program 5 through the
transferred side of co-selector 4 and the normal side
of co-selector 2.

3. Reset to § is wired to the third position of
counter 6 to adjust the withholding tax.

4. On NX78 cards, if counter 1 is negative at the
end of program 3, sul is computed on the taxable
balance for the year. If it is positive, the sur compu-
tation is based on the current gross. On NX76 cards,
if counter 2 is negative at the end of program 3,
FICA is computed on the taxable balance for the year.
If it is positive, the Fica computation is based on the
current gross. To determine the negative or positive

condition of counter 1-2, the NB hubs of these coun-
ters are wired through the transferred side of co-
selector 1 to the balance pickups of pilot selectors 3
and 2, respectively. The purpose of the pilot se-
lectors is to punch an X in column 76 when counter
2 is negative and in column 78 when counter 1 is
negative. When the counters are positive, skip im-
pulses reach columns 76 and 78. The selectors also
serve to select either the gross or the sur taxable
balance on program 4, and the gross or the rica
taxable balance on program 6.

5. If counter 5-6 is negative at the end of pro-
gram 2, the tax allowance is greater than the tax
computation, and no withholding tax is to be de-
ducted. The nB hub of counter § is wired through
the transferred side of pilot selector 7 to the balance
pickup of pilot selector 6. Pilot selector 7 is controlled
on program 2. If the withholding tax counter 5-6 is
plus, it is controlied to read out for punching on
program 3, through the normal side of pilot selector 6.

6. The sur taxable balance is stored in 3L on pro-
gram 2. The sur tax is developed in counter 5-6 by
reading out 3L (taxable balance) if counter 1 is minus
or 2R (gross) if counter 1 is plus.

The Fica tax is developed in counter §-6 by read-
ing out 4L (taxable balance) if counter 2 is minus,
or 2R (gross) if counter 2 is plus.

7. Storage exit 2R is wired to counter -6 entries
to allow the withholding tax to be computed.

8. Gross is wired to counter 3-4 through the
transferred side of co-selector 8. The co-selector is
picked up on program 2. The selector is needed to
prevent the gross from entering counter 3-4 on pro-
gram 3.

9. The gross from 2R enters counter 1-2 through
the normal side of co-selector 8 and the transferred
side of co-selector 5. Co-selector 5 is picked up on
program 3.

10. The sur tax limit is entered into counter 1, and
the Fica tax limit into counter 2 on program 7.
Both limits come from the emitter and are controlled
through the transferred side of co-selector 3.

11. The withholding tax is wired from counter
5-6 to counter 3-4 where it is subtracted from the
gross on program 3.

12. The withholding tax, sur tax and Fica tax
are wired out of counter 5-6, with three positions
dropped, to 6R for punching. Net pay is wired out
of counter 3-4 to 7R for punching. When the Fica
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tax is exceeded, an X is punched in column 76. When
the sur tax is exceeded, an X is punched in column
78.

13. Since the X punching in columns 76 and 78
depends upon a condition arising during calculation
(program 3), punch interlock must be impulsed on
the same program on which the test is made. An all-
cycles impulse reaches punch interlock on program
3, through the transferred side of co-selector 1.

PAYROLL, HOURS TO NET

THE PREVIOUS problem (gross to first net) illustrates
the method of calculating net pay when gross earn-
ings are punched in the card. This problem (Figure
53) goes further in that the gross earnings, as well
as net earnings-to-date, must be calculated. Specifi-
cally, the employee’s earnings summary card is
punched with rate, premium hours, total hours, tax
allowance, miscellaneous deductions, and previous
earnings-to-date. Calculations to be performed and
punched are premium earnings, gross earnings, FICA,
withholding tax, net pay, and new earnings-to-date.
The punching of new earnings-to-date eliminates the
necessity of summarizing previous earnings-to-date
summary cards with current gross earnings.

The punching of the X when earnings-to-date ex-
ceed $4,200 is controlled in the same manner as il-
lustrated in the previous problem. The Fica tax is
also computed in the same manner; ie., 2.25% of
gross earnings, if earnings-to-date do not exceed
$4,200, or a special computation when the $4,200 is
exceeded during the current period. The withholding
tax allowance ($7.02) is punched in the card and
represents the tax deduction for three people at the
weekly rate of $2.34 per person (13.00 X 18%).

Planning Chart and Control Wiring

Read. Read cycles impulses are wired to storage
units 1, 2, 3, and 4 and to the minus of counters 2
and 5-6. Rate is entered in the multiplier, premium
hours and total hours in storage unit 2, tax allowance
and miscellaneous deductions in storage unit 3, and
previous earnings-to-date in storage unit 4. Previous
earnings-to-date are also subtracted in counters 2 and
5-6. These two counter groups contain the $4,200
FIca limit.

Program 1. The multiply hub is impulsed, and
regular earnings (rate X total hours) and premium
earnings (rate X premium hours) are computed
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simultaneously. Premium hours are read out of 2L
to develop premium earnings in counter 1 which is
impulsed to add. Total hours are read out of 2R to
develop regular earnings in counter 3-4 which is im-
pulsed to add. Both amounts are adjusted by a reset
to 5 previously entered in the tens position of the
counters.

Program 2. Adjusted premium earnings are read
out of counter 1 to storage unit 6 for punching and to
counter 3-4 to add to regular earnings. The result
then standing in counter 3-4 is gross earnings.
Counter 1 is reset on this program.

Program 3. Gross earnings amount is read out of
counter 3-4 to storage unit 7 for punching, to counter
1, where it is added, and to counter 5-6 where it is
subtracted from the remaining Fica taxable amount
(difference between $4,200 and previous earnings-to-
date). If the balance in counter §-6 is positive, the
full gross amount is taxable. If counter 5-6 is nega-
tive, the difference standing in counter 2 is the Frca
taxable balance.

To determine the positive or negative condition of
counter §-6 on program 3, the NB of counter § is
wired through the transferred side of pilot selector
3 to the balance pickup of pilot selector 1. Pilot se-
lector 3 is picked up through its immediate pickup.
Thus, pilot selector 1 transfers on program 3, provided
counter 5-6 is negative. Pilot selector 3 is dropped
out normally, and pilot selector 1 is dropped out from
a punch drop-out impulse.

When a pilot selector is transferred through its
immediate pickup, the selector holds for the re-
mainder of the cycle and drops out automatically.
Although drop-out is not necessary, when selectors
are picked up immediately, it is advisable to drop out
all selectors used. This is because pilot selectors picked
up with X or D do not drop out when the last card
is calculated and, consequently, they remain in a
latched position for the next operation until drop-out
is impulsed.

The purpose of pilot selector 1 is to control the
reading from counter §-6 to counter 2, as explained
under program 4, and to select the X if counter §<6
is negative or to skip if the counter is positive. Since
this is punch selection controlled during calculation,
punch drop-out and punch interlock are neces-
sary. Punch interlock is impulsed on program 3.

Program 3 exits are expanded by wiring couple 3
with couple 4. Pilot selector 3 is picked up on pro-
gram 3 couple to control the NB of counter .
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Program 4. 1f the total in counter 5-6 is positive,
it is read out and subtracted in counter 2. Program
exit 4 is wired through the normal side of pilot selector
1 to the read-out of counter 5-6. Counter 2 is wired
to subtract, and 2.25% Fica tax rate is read into the
multiplier unit. Counter 5-6 is reset.

If counter 5-6 is negative, the $4,200 tax limit has
been exceeded, and an X is punched in column 41
through the transferred side of pilot selector 1. A
skip is wired through the normal side. The X is
used to suppress programs 4 and 5§ (Fica calculations)
for subsequent wecks. Co-selectors 2 and 8 are picked
up from program-4 couple for selection described

under “Right-Hand Panel Wiring.”

Program 5. The Fica taxable amount in counter 2
is multiplied by 2.25% by reading out of counter 2
and impulsing the multiply hub. The product is de-
veloped in counter 5-6. This program is suppressed
for X41 cards.

Program 6. The Fica tax is read out of counter
5-6 for all Nx41 cards into counter 1, to be sub-
tracted from the gross, and into storage unit 7 to be
punched. Counter 5-6 is reset. Co-selector 3 and
pilot selector 4 are picked up from program 6 couple.
Pilot selector 4 is used for expanding program 6 exits.
Withholding tax rate of 189% is entered into the mul-
tiplier unit.

Program 7. The gross in counter 3-4 is read out
and multiplied by 18%. The product is developed
in counter 5-6. One of the exits of program 7 is
used to pick up co-selector 5 along with program 3.
Although a selector is normally picked up from a
program couple, picking up one selector from two
program couples would couple the two programs and
nullify those in between.

Program 8. The following operations take place on
this program step:

1. The tax exemption amount is read out of 3L
and subtracted from the gross X 18% in
counter §-6. A test is made at this time to de-
termine the positive or negative condition of
counter 5. Any plus amount left in the counter
represents the withholding tax. If the counter
is negative, no withholding tax is required.

2. Previous earnings are read out of 4L and added
to the gross in counter 3-4 to obtain year-to-
date earnings.

3. Counter 2 is reset.
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4. Miscellaneous deductions read out of 3R and
subtract from the gross in counter 1.

Pilot selector § is picked up from program 8 couple.
The selector is used for expanding program exits and
for controlling the NB of counter 5. To determine
the positive or negative position of counter § on pro-
gram 8, the NB of counter § is wired through the
transferred side of pilot selector 5 to the balance
pickup of pilot selector 2. Pilot selector § is picked
up through its immediate pickup.

Program 9. If counter 5-6 is plus, the withhold-
ing tax is read out to storage unit 7 for punching and
to counter 1 to be subtracted from the gross. The
read-out of counter 5-6 is controlled through the nor-
mal side of pilot selector 2. Counter 5-6 is reset. Co-
selector 7 is picked up from program 9 couple.

Program 10. The following operations take place
on this program step:

1. Net pay is read out of counter 1 to storage unit
6 for punching. The counter is reset.

2. The $4,200 Fica limit is added into counters 2
and 5-6 from the digit emitter.

3. The year-to-date earnings in counter 3-4 is read
out to storage unit 7 for punching.

4. The last program in a problem is always wired
to read.

Co-selectors 1 and 6 are picked up from program
10 couple. The exits of program 10 are expanded by
joining couple exits 11 and 12.

Right-Hand Panel Wiring

1. Rate is wired to the multiplier (1R) on the
read cycle through the normal side of co-selectors 2
and 3. Withholding tax percent is wired through
the transferred side of co-selector 3 which is picked
up on program 6 and FICA tax percent is wired
through the transferred side of co-selector 2, which
is picked up on program 4.

2. The previous earnings-to-date field is wired to
counter entry 2 and through its common hubs to
the entry of counter 6; it is also wired to storage
entry 4L,

3. Premium hours are wired to storage entry 2L.

4. Total hours are wired to storage entry 2R.

5. Tax allowance is wired to storage entry 3L.

6. Miscellaneous deductions amount is wired to
storage entry 3R,



7. Reset to § is wired as follows:

a. To the tens positions of counter 6, through
the transferred side of pilot selector 3, picked
up on program 6. The purpose of this wiring
is to adjust the withholding tax computation.

b. To the tens position of counter 4 to adjust
regular earnings.

c. To the tens position of counter 1, through
the transferred side of co-selector 1 and the
common hubs of 2L exit. Co-selector 1 is
picked up on program 10. The purpose of
this wiring is to adjust premium earnings.

d. To the thousands position of counter 6,
through the transferred side of co-selector 2
and the common hubs of 3L exit. Co-selector
2 is picked up on program 4. The purpose
of this wiring is to adjust FICA.

8. An emitted 42 is wired through the transferred
side of co-selector 1 to the two high-order positions
of counters 2 and 6. The co-selector is picked up on
program 10 and allows the Fica taxable limit to enter
counters 2 and 6 on the last program of each calcu-
lation.

9. The Fica tax percent is wired through the trans-
ferred side of co-selector 2 to the multiplier unit, as
already explained.

10. The withholding tax percent is wired through
the transferred side of co-selector 3 to the multiplier
unit, as already explained.

11. Premium hours are wired from the exit of
2L to counter 1 entry so that they may be multiplied
by rate. Miscellaneous deductions from 3R exit are
wired to counter 1 through the common hubs of 2L
to avoid split wires.

12. Total hours are wired out of 2R exit to counter
3-4 so that they may be multiplied by rate. The units
and tens positions of 4L are wired through the third
and fourth common hubs of 2R to counter entries
3-4 to line up with the decimal point.

13. The tax allowance amount is wired out of 3L
exit to the entry of counter 6, offset two positions to
line up with the decimal point in that counter. The
emitted 42 and half-adjustment reach counter 6 entry
through the common hubs of 3L.

14. The previous earnings-to-date field is wired
out of 4L to the entry of counter 3-4.

15. The premium earnings field with two positions
dropped is wired to counter 3-4 entry to add to regu-
lar earnings.

16. The gross from counter 3-4 is wired to counter
1 entry and to storage unit 7 for punching.

17. Gross is read out of counter 3-4 exits to
counter 6 entry through the transferred side of co-
selector 5 on programs 3 and 7. This taxable Fica
amount is wired out of counter 2 through the normal
side of co-selector 5 to counter 6 entry to develop the
Fica tax. The purpose of co-selector § is to prevent
interference between counters 1 and 6 on program 8.

18. The premium earnings field with two positions
dropped is wired out of counter 1 through the normal
side of co-selector 6 to storage unit 6 for punching.
Net pay with no positions dropped is wired out of
counter 1 through the transferred side of co-selector
6 to storage unit 6 for punching. Co-selector 6 is
picked up on program 10 to select premium earnings
and net pay.

19. Fica with four positions dropped is wired out
of counter 6 through the normal side of co-selector 7
to counter 1 entry and storage unit 7. Withholding
tax with two positions dropped is wired out of
counter 6 through the transferred side of co-selector
7 to counter 1 entry and storage unit 7. Co-selector
7 is picked up on program 9; it is needed because the
number of dropped positions is not the same for botl
Fica and withholding tax.

20. The four high-order positions of previous earn-
ings-to-date are wired out of counter 6 exit through
the transferred side of co-selector 8 to the correspond-
ing positions of counter 2 entry. The units and tens
positions are wired directly. Co-selector 8 is picked
up on program 4 and is used to prevent interference
between counters 1 and 2 on program 8.

21. Premium earnings and net pay are wired out
of storage punch exit 6.

22. Gross earnings, FIcA, withholding tax and new
earnings-to-date are wired from storage punch exit 7.

23. Whenever new earnings-to-date exceed $4,200,
an X is punched in column 41 by the X wired to the
transferred side of pilot selector 1. When earnings
are less than $4,200, column 41 is skipped by a skip
impulse wired to the normal side. Common is wired
to column 41 punch. Pilot selector 1 is picked up
from the xB of counter § wired through the trans-
ferred side of pilot selector 3 on program 3. When-
ever counter 1 is negative ($4,200 limit exceeded),
an X will punch in column 41, and, whenever it is
positive, that column will be skipped.

Since this is punch selection controlled during cal-
culation, punch interlock is wired from program 3.
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ROUNDING TO NEAREST NICKEL

HALF-ADJUSTMENT is normally used to round a cal-
culated result to the nearest cent, dime, or dollar. In
problems such as premium calculations there is often
a need to round the calculated result to the nearest
nickel (Figure 54).

CALCULATED PUNCHED

RESULTS RESULTS
25.175 to 25.224 25.20
25.225 to 25.274 25.25
25.275 to 25.324 25.30

The operation may be done on the 602 by the follow-
ing method:

1. Reset the mill position of the product counter
to 5.

2. Calculate the product.

Analyze the cent position of the product with
a digit selector.

If the cent position is 0, 1, or 2, transfer the
dollar and dime positions from the product
counter to a punch storage unit (offset one
position).

If the cent position is 3, 4, §, 6, or 7, transfer
the dollar and dime positions as above, but also
read an emitted § into the units position of the
storage unit.

If the cent position is 8 or 9, take a program
step, add an emitted 1 to the dime position of
the counter, and transfer the dollar and dime
positions to storage.

The additional program step is required only when
the cent position of the product counter is 8 or 9.
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At all other times, the program step can be skipped.
Only the wiring pertinent to rounding to the near-
est nickel is shown in Figure 54.
1. The mill position of the product counter is re-
set to 5.

2. Co-selector 1 is transferred on program 2.

3. The product is read out on program 2.

4. The cent position of the product is analyzed
through a digit selector.

5. If the cent position is not 8 or 9, an emitted 1
impulsed through the transferred side of co-selector
1 and the normal side of pilot selector 1 causes pro-
gramming to skip from program 2 to program 4.

6. If the cent position is 3, 4, 5, 6, or 7, pilot se-
lector 2 is picked up and an emitted 5 is entered into

the units position of the storage unit when the prod-
uct is stored.

7. If the cent position is § or 9, pilot selector 1 is
transferred immediately and program 3 is not skipped.

8. On program 3 (taken only if the cent position
is 8 or 9), co-selector 1 is again transferred and an
emitted 1 is added to the dime position of the prod-
uct counter through the transferred side.

9. The product counter is wired to read out and
reset and storage unit 7 is wired to read in and punch
on program 4. The dollar and dime positions of the
counter are transferred to the punch storage unit.

10. The rounded result is punched from storage.

11. A new card is fed.

CALCULATING SQUARE ROOTS

THE APPROXIMATE square root of any number up to
twelve digits can be calculated automatically (Fig-
ure 55). A mathematical method known as succes-
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TYPICAL APPLICATIONS 93



stve approximation is used. The formula for calculat-
ing square root is expressed as follows:

First Iteration <i—|— A,)X S o= A,

Second Iteration (

Third Iteration (

Fifth Iteration X .5 = As

5

Four Iteration < B —]—A4>>< So= A,

Sixth Iteration ( 7 >>< .5 = A; (Square Root)

6

B is the base number for which the square root is
to be found. A, is the first approximate square root
set up in the machine by the digit emitter. It may
be 3, 30, 300, 3,000, 30,000, or 300,000, depending
upon the number of significant digits in the base
number. For a 1- or 2-digit base number, 3 is used;
for a 3- or 4-digit base number, 30 is used; for a §- or
6-digit base number, 300 is used; and so on. Theoreti-
cally, any number could be used as a first approxima-
tion. The number 3 is chosen because greater accu-
racy is obtained when the square root is carried
beyond the decimal point.

Az, As, As, As, and As are the successive approxi-
mations developed by the machine on each iteration,
or step, in the formula. A: is the approximate square
root.

Some base numbers do not require six iterations,
but a2 maximum of six is required for any base num-
ber from 1 to 12 digits. For example, the square root
of 16 would be developed in one iteration as follows:

(13_6 +3 > X .5 = 4 (square root of 16)

but the square root of 5625 would be developed in
three iterations as follows:

< 5625 + 30 > .5 = 108 (second approximation)
(f%—f— 108 >>< .5 = 80 (third approximation)
<%—I— 80 >>< .§ = 75 (square root of 5625)

It may be seen from the formula that each itera-
tion is a repetition of the previous step; the only dif-

ference is the introduction of a new approximation
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as a divisor. Thus, this problem becomes primarily
one of extending programs beyond 12; in other words,
it makes repeated use of the program unit until the
calculation is completed.

The method used in this problem to make use of
the program unit six times and to stop further pro-
gramming is to add 3 in the high-order position of a
counter on the read cycle and add 1 on each itera-
tion until the counter reaches 9. Further program-
ming is stopped on the basis of a negative balance.

When repeated use of the program unit is required,
program exit 12 must be active before another round
can be started, and program exit 1 must be active to
start each subsequent round. In other words, pro-
gram exit 1 may be skipped only after the read cycle,
and program exit 12 may be ignored only on the last
round.

The above formula for calculating square root is
derived from a basic formula for finding any root.
This formula is expressed as follows:

1 B
PR [__
n A i—1

B is the base number for which the root is to be
found.

Ay is the first approximation and may be any num-
ber, preferably 3, properly positioned according to
the size of the base number.

i is the index of the number; that is, the root to
be found.

A: is the second approximation and is substituted
for A: in the formula for further calculation.

+ A (i—l)]

Planning Chart and Control Wiring

Read. The base number is entered into storage unit
2 and the digit 3, from the emitter, into the high-
order position of counter 6. A one is added to the 3
for each iteration taken. When the total reaches
nine, six iterations will have been taken and the NB
of counter 6 is used to stop further calculation.

Program 1 (Exit 4). Program exits 1, 2, and 3
are skipped after the read cycle by wiring a read
cycles impulse to program skip 4. Program exit 4
then becomes active as the first program following
the read cycle.

The base number is read out of storage units 2L and
2R and is used to pick up pilot selectors 1 through 5.
This wiring, used to determine the size of the base
number, is explained under “Right-Hand Panel Wir-
ing.” Pilot selector 6 is picked up on this program



and is used to control an X from the digit selector.
Program exit 4 is not needed for the rest of the prob-
lem.

Program 2 (Exit 5). The selectors that pick up on
program 1 transfer on program 2, and are used to
enter 3, 30, 300, 3,000, 30,000, or 300,000 from the
digit emitter in storage unit 3. The 3, 30, and so on,
are first approximations (A:) and are determined by
the size of the base number. Co-selector 1 is con-

exit § is not needed for the rest of the program.

Program 3 (Exits 6 and 7). The base number is
read out of 2L and 2R and added in the dividend
counter. The first approximation (A:) is read out of
storage unit 3 and entered into the divisor. It is also
added in counters 4 and 5. The machine is now set
up to do:

;‘;ilJrAl

Digit 1 is added to the 3 standing in counter 6.

Program 4 (Exit 8). The divide hub is impulsed,
the dividend counter is wired to subtract, the divisor
is read out, and counter 4-5 is impulsed to add. Thus,
the base number is divided by Ai, (3, 30, 300, and so
on) and the quotient, developed in counter 4-5, adds

to A

Program 5 (Exit 9). The dividend counter is re-
set.

Program 6 (Exit 10). The result in counter 4-5
is multiplied by .5. The product A: {second approxi-
mation) is developed in counter 1-2-3.

Program 7 (Exits 11 and 12). A: is read out of
counter 1-2-3 into storage unit 3. Counters 1-2-3
and 4-5 are reset, and the whole process is repeated
five times.

Program 8 (Exit 1). Program exits 2, 3, 4, and §
are skipped, after the first iteration, by wiring pro-
gram exit 1, which is always active after a round of
programs, to program skip entry 6.

Program 37 (Exits 11 and 12). Program exits 1
and 6 through 12 are repeated on each iteration until
READ is impulsed. READ is impulsed on program 37,
at which time the high-order position of counter 6
has reached 9. Program 37 (exit 12) is wired through
the transferred side of pilot selector 7 to REaD. Pilot
selector 7 is picked up by the NB of counter 6.
Counter 6 is reset by wiring a program exit 12
through the transferred side of pilot selector 7. The

square root (Ar) is read out of counter 1-2-3 into
storage unit 7 for punching. Storage unit 7 is im-
pulsed to read in and punch when counter 6 resets.

Right-Hand Panel Wiring
1. The base number is entered into storage unit 2.

2. Pilot selectors may be picked up from storage
transfer exits. Storage transfer exits, however, do not
emit impulses for zeros; therefore, the pilot selectors
transfer only for significant digits 1 through 9. The
same is true of counter exits. This method of distin-
guishing between significant digits and zeros can be
used to determine the size of a number, which is a
basic requirement in calculating a square root.

In order to determine the size of the base number,
it is read out of storage unit 2 to pick up pilot selec-
tors 1-5. No two positions of a storage transfer exit
may be connected together; therefore, the selectors
are picked up by wiring as follows: with the excep-
tion of the units and tens positions of storage exit 2,
all the odd-numbered positions (3, 5, 7, and so on)
are wired to pick up pilot selectors 1 through §
through their digit pickup hubs, and all the even-
numbered positions (4, 6, 8, and so on) are wired
to pick up pilot selectors 1 through § through their
immediate pickup hubs. Thus, adjacent positions in-
dependently transfer a single selector, which is used
as a testing device. For example, if pilot selector 1
transfers it means that a significant digit is punched
in either the 11th or 12th position of the base num-
ber. In either case, 300,000 is the first approximation.

3. Selectors 1-5 are used to position the 3 on the
cycle following their pickup. The digit pickup trans-
fers the selectors on the following cycle, but the im-
mediate pickup does not. Therefore, some method
must be used for holding the selectors in their trans-
ferred positions when the immediate pickup is im-
pulsed. This is done by wiring X impulses from the
digit selector (wired as an emitter) through the trans-
ferred side of the lower part of pilot selectors 1
through § to their X pickups. The X is first tested
through the transferred side of pilot selector 6 on
program 1.

4. Digit 3, from the emitter, is wired through the
transferred side of co-selector 1, picked up on pro-
gram 2 (exit 5), to the common of pilot selector 1.
If all five pilot selectors are normal, a base number
of one or two significant digits is indicated and the
3 is distributed out of the normal side of pilot selec-
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tor 5 to the units position of 3R. If the first four
pilot selectors are normal and the fifth one is trans-
ferred, a 3- or 4-digit base number is indicated and
the 3 is distributed from the transferred side of pilot
selector § to the second position of 3R. By the same
reasoning, a 3 is distributed from the transferred
side of pilot selector 4 to the third position of 3R for
2 5- or 6-digit base number, from the transferred
side of pilot selector 3 to the fourth position of 3R
for a 7- or 8-digit base number, from the transferred
side of pilot selector 2 to the fifth position of 3R for
a 9- or 10-digit base number, and from the trans-
ferred side of pilot selector 1 to the sixth position for
an 11- or 12-digit number.

5. The first approximation As, secured by the po-
sitioning of the 3, and the second, third, fourth, fifth,
and sixth approximations, obtained by calculation,
are wired from storage exits 3L and 3R to the divisor
unit and to counter 4-5.

6. The divisor is wired to the dividend, as it is
in all dividing operations.

7. The base number is wired from 2L and 2R exits
to the dividend.

8. Co-selector 2 is picked up from a read couple
and is used to enter the digit 3 in the high-order posi-
tion of counter 6 on the read cycle only. The 3 is
added in the counter through the transferred side
of this selector from the normal side of co-selector 1.

9. Digit 1 from the digit emitter is wired through
the transferred side of co-selector 4 to the high-order
position of counter 6. The digit 1 will add to the
3 entered in the counter on the read cycle, for the
purpose of stopping further calculation when nine
is reached. Co-selector 4 is picked up on the first pro-
gram of each iteration (exit 7).

10. The quotient is developed in counters 4 and .

11. The approximations (Ai, A., and so on) are
wired out of counter 2-3 into storage unit 3. Counter
2-3 is also wired to 7R from which the square root is
punched on program 37.

12. The result of B/A + A is read out of counter
4-5 for each iteration and wired into counter 1-2-3
through the common hubs of the divisor exit. This
is the multiplicand wiring for the multiplication by
-3 to develop the approximations A through A,.

13. The square root is wired from storage punch
exit 7 to punch in columns 41-46.
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GROUP MULTIPLIER CHECK

IN Grour multiplication operations, each group mul-
tiplier master card precedes the group of detail cards
with which it is associated. The master cards are usu-
ally filed in front of their respective groups either by
hand or in a collating operation. Obviously, if any
one of them is misfiled, the following detail cards
will be multiplied by the wrong group multiplier.

This example describes a method of stopping the
machine immediately when master cards and detail
cards are not properly associated. The group indica-
tion information (common control field) is read
into a storage unit from an X-punched group multi-
plier master card at the same time that the group mul-
tiplier is entered into the multiplier storage unit. The
group indication from each detail card is added into
a counter. During some convenient program step
(usually one during which other transfer operations
are performed), the group indication in storage is sub-
tracted from the group indication in the counter.
The result in the counter should be zero if the master
card and the detail card are properly associated. A
zero test is made to stop the machine in case of error.

The planning chart and control panel wiring are
illustrated in Figure 56. The zero test is made on
program 2 in the diagram shown, but in actual prac-
tice any convenient program step not used for multi-
plication or division may be used.

1. The X in the group-multiplier master card
picks up pilot selector 2.

2. The group-multiplier is read into the multiplier
storage unit and the control field is read into storage
unit 4,

3. The X in the group-multiplier master card
causes the master card to skip out without program-
ming and feed the first detail card.

4. The control field in the detail card is added into
counter 1.

5. The following operations are performed on pro-
gram 2:

“a. The control field in storage is subtracted in
counter 1.

b. Co-selector 6 is picked up from program
couple.

c. Digit 9 from the digit selector passes through
the transferred side of co-selector 6 and picks
up co-selector §.
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Figure 56. Group Multiplier Check
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d. The X from the digit selector passes through
the transferred side of co-selector 5 through
the c1 and ¢ hubs of counter 1 only if the
result is zero.

e. If the result is zero, the X impulses NB
CHECK.

f. Zero check control is picked up. An error is
indicated when zero check control is impulsed
and NB CHECK is not.

6. Exit to ™M sTOP stops the machine in case of
€rror.

7. End of programming. Counter 1 is reset in
preparation for the next card.

COMPARING AND SEQUENCE CHECKING

It 1s POSSIBLE to recognize control group changes
automatically on the 602 without using distinguish-
ing code punches. It is also possible to check the
sequence of cards passing through the 602 and stop
the machine whenever a “step down” is recognized.

Both of these functions are accomplished by col-
umn comparison between successive cards, made pos-
sible by reading the columns to be compared at both
the upper (control) station and the lower (reading)
station into counters whose negative or positive posi-
tion then determines a change in grouping or an
error in sequence (Figure §7).

COMPARING
Card at control (upper) station subtracts
in counter 4 on program 1.

Card at reading (lower) station adds in
counter 4 on read cycle.

COUNTER &
+12z
=13

If counter 4 is negative on program 1, a
change in control is indicated.

SEQUENCE CHECKING
Card at control (upper) station adds in
counter 5 on program 1.

Card at reading (lower) station subtracts
in counter 5 on read cycle.

COUNTER 5
—-29
+20
-9

If counter § is negative on program 1,
cards are out of sequence.
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’

. shown in the schematic diagram, a change in
control group is recognized by the negative position
of counter 4 at the end of program 1. As card 1
passes the read station, the columns to be compared
are added in the counter. On program 1, as card 2
passes the control station, the columns to be compared
are subtracted in counter 4. If the balance is zero,
no change in control is indicated. If the balance is
negative, the card passing the control station is the
first card of a new group.

A step down in sequence is recognized by the nega-
tive position of counter § at the end of program 1.
As card 1 passes the read station, columns to be se-
quence-checked are subtracted in counter 5. On
program 1, as card 2 passes the control station, the
columns to be sequence-checked are added in counter
5. If the balance is plus, the cards are in sequence. If
the balance is negative, the cards are out of sequence
and the machine may be wired to stop and the com-
paring light to turn on.

Although the wiring diagram shows the use of only
two control columns, the maximum number of col-
umns that may be compared depends upon counter
capacity and the number of control brushes that may
be set adjacent to each other without affecting card
feeding. Brush setting should be balanced as much
as possible. For example, if five brushes are set to
read columns 10-14, a corresponding number of
brushes should be set to ride over the right end of
the card even though they are not to be used for
reading purposes.

In Figure 57, the use of two counters is shown,
counter 4 for comparing and counter § for sequence
checking. Either operation may be performed with-
out the other, in which case only one counter would
be necessary. It should be remembered that when a
comparing operation is done by itself, the cards must
be in sequence.

1. Columns 64-65 are wired from the reading sta-
tion to counter entries 4 and 5.

2. Control reading brushes 14 and 15, set to read
columns 64 and 65, are wired to entries 4 and 5.

3. Counter 4 adds and counter § subtracts on the
read cycle.

4. During program 1, the card at the control read-
ing station is subtracted in counter 4 and adds in
counter 5.



5. If counter § is negative at the end of program 1,
a step down in sequence is indicated. The NB of
counter § is wired to pick up pilot selector 3, and
program 2 is wired through the transferred side of
pilot selector 3 to immediate stop.

6. If counter 4 is negative at the end of program 1,
control change is indicated. The NB of counter 4
wired to pick up pilot selector 2, and program 2
wired through the transferred side of pilot selector

i

w

is

2 to perform some specific function, such as reading
out and resetting counter 3.

7. Counters 4 and § are reset on program 2 and
wired to read.

Because of balance testing operations on program 1,
it is not possible to multiply or divide on this step.
False error conditions that may be signaled on the
run-in or the run-out may either be ignored or elimi-
nated by selection.
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Figure 57. Com pare and Sequence Checking
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Operating Suggestions

BEFORE a feature or a control panel hub was used
in this manual it was described. Because of the wide
flexibility in the use of hubs, however, it was not al-
ways possible, without complicating the basic instruc-
tion, to present some of the corrective measures that
must be taken when a feature or a control panel hub
is used in an unusual way. Some of these measures are
described here, as well as the techniques used to ana-
lyze control panel wiring errors.

SIGNAL LAMP UNIT

IN orDER to simplify the analysis of control panel
wiring errors, the signal-lamp unit of the machine
may be used. This unit, located under the top cover
of the machine, is used primarily for circuit analysis
by customers engineers but is helpful when analyzing
control panel errors.

N

Figure 58

The signal lamp unit (Figure §8) is designed to in-
dicate these four conditions:

1. The program step active during each cycle.

2. The shift setup during each cycle.
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3. The value of the multiplication, if any, occur-
ring during each cycle.

4. The sign of the counter operation during each
multiplying cycle.

The arrangement, color, and meaning of the lamps
are indicated in Figure §8. The lights are made op-
erative by an indicator light switch on the lower right
end of the machine. This switch should be off dur-
ing normal machine operation.

A motor switch on the lower right end of the ma-
chine may be used to run one cycle only, each time
the single cycle switch is operated. On later model
machines, the switch has been replaced by a portable
start-key cord which serves the same purpose. This
switch may be used in conjunction with the signal
lamp unit to investigate various conditions at length
following each cycle of a calculation or program. The
program step light is probably the most valuable in-
dicator, since the light indicates what step is being
taken. On a multiply or divide step, the multiply
X light, the column shift light, and the sign-of-
counter light will go on. Although it is not practi-
cal for the person testing to develop the product or
quotient by the same arithmetic table used by the ma-
chine, he can note that either the column shift lights
or the multiple X digits do not change as the machine
advances from one calculate cycle to the next. Very
often, this type of indication reveals a control panel
error which can be readily recognized.

At any given time the digits in storage may be
read by referring to the storage units beneath the



top cover of the machine. These storage units are
arranged in sequence from left to right: storage units
1, 2, 3, and 4 on the lower segment, and storage units
6 and 7 on the top segment. The storage positions are
arranged vertically so that the first six represent the
digits in the left side of the storage unit and the next
six represent the digits in the right side of the stor-
age units.

The counters are not readily visible and, in al-
most all cases, considerable time can be saved if the
value in the counter is temporarily transferred to a
storage unit to check the existence of an amount on
a particular cycle. The number appears in storage in
true form if the value in the counter is plus, or in
complement form if the value is minus.

PROCEDURE FOR SINGLE-CYCLE TESTING

THE FOLLOWING steps should be used for single-cycle
testing:

1. Prepare a number of test cards which contain
the same values that were entered on the planning
chart.

2. Insert the control panel to be tested into the
machine. Check to see that the skip bar contains in-
serts in the proper columns and that the control brush
settings have been made if the operation involves the
use of a control brush.

3. Turn on the main line switch, the indicator light
switch, and the motor switch.

4. Feed the first card into the machine by raising
the single cycle switch once. A second operation of
the switch moves the card past the control reading
brushes.

5. The third operation of the switch initiates the
run-in reset cycle. At this time, storage units im-
pulsed to read in from the card restore to zeros, and
factors emitted into storage appear in the positions
wired. Each calculate and program cycle wired on
the control panel requires that the switch be operated.
When the required number of cycles have occurred
to complete the run-in reset, the card moves past the
reading brushes. The read cycle light in the signal
Jamp unit will be on.

6. Check that the correct factors have entered the
proper storage units by comparing the storage unit
readings with the planning chart entries.

7. Continue operating the single-cycle switch. As
the machine advances from one program step to the

next, the accuracy of the wiring can be verified by
comparing the factors in storage with the test values
on the planning chart. The signal light unit indi-
cates the program step active at a given time, the mul-
tiply or divide program, and the column shift occur-
ring.

8. At the first discrepancy between the machine
results and the planning results, the card can be re-
moved by pulling forward the control panel door.
This releases the card without punching.

9. Correct the control panel wiring, insert tae
test card, and begin the test again.

10. If testing is complete, automatic machine op-
eration may be resumed by turning the motor switch
off, and depressing the start key to initiate card feed-
ing.

TYPICAL CONTROL PANEL ERRORS

CONSIDERABLE time can be saved during control panel
testing if the program planner is aware of some of
the more common errors which can occur and the
techniques that can be used to locate these errors.
Although the errors are obvious when shown indi-
vidually, they are more difficult to isolate in a com-
plex problem with many wires. Usually, the com-
plexity of the problem creates the errors. As each
step is added, it is often necessary to use the same
hub over again as factors are transferred between
various units on the right side of the control panel
and machine commands are added on the left side of
the panel. As a result, conflicting instructions may
be given to one unit at the same time, or units may be
inadvertently connected.

One of the most helpful techniques is to wire and
test the problem in parts. For instance, each inter-
mediate result, as it is developed, can be read into an
unused storage unit from the counter to verify the
accuracy of the program steps up to that point. Us-
ing the single-cycle unit facilitates checking of each
step. As a result of this step-by-step problem devel-
opment, it is easier to isolate the step on which an
error has been made, since previous steps have been
verified.

The following illustrations show the more common
types of control panel errors and a correct wiring
solution.

Figure 59 shows a back circuit resulting when stor-
age unit 4 receives an unintentional impulse to read
in and read out on program 3. The program 3 im-
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pulse to counter 2 plus travels through wire A to
the read-out of storage 4L, although 4L should be
read out on program 2 only. This conflicting set of
instructions can be recognized by observing a rock-
ing motion of the storage units.

The error can be corrected by removing wire A
and adding an independent program 2 exit to the
read-out of 4L.

Figure 60 illustrates the improper wiring of the
reset to 5. Because counters 2 and 3 both read in the
value from columns 34-36, the reset-to-S impulse
uses the external wiring path between counter entries
2 and 3 and adds to the amount in both counters if
each counter is impulsed simultaneously. Reset to §
(an X-timed impulse) can be made to half-adjust
counter 2 only by isolating the units position of
counter 2 through a column split.

Figure 61 points out an error created by multiple
use of the column 21 impulse. The program 3 exit,
wired to the read hub to end programming on nNp21
cards, uses the common pathway through the read
hub to pick up pilot selector 4 every time program 3
occurs. SKIP OUT does not accept a program exit
impulse.

This error can be corrected by selecting the D im-
pulse and the program exit through pilot selector 2.

The control panel error in Figure 62 develops an
erroneous answer in counter 2 if storage 4R is read
out into counter 2 on the same step on which counter
6 reads into counter 5. The connection between
counter exit 6 and counter entry 2 must be selected
on the program step on which the transfer is made in
order to break the common connection between coun-
ter 6 and storage 4R.
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STORAGE ECONOMY

THE TWELVE-POSITION storage units in the 602 are
split up into a left and a right section, each section
having its own independent read-out control. Nor-
mally, this arrangement permits the storing of one
field in the left section and another field in the right
section. Each section may then be controlled to read
out independently of the other.

Fields larger than any one section of a storage unit
are normally stored in the left and right sections of
the same storage unit, in which case both sections
would be controlled to read out simultaneously. This
method, however, often results in wasted storage ca-
pacity, and, in some problems, may even necessitate

a second run owing to lack of sufficient storage ca-
pacity on the first run.

This example (Figure 63) presents a method of
economizing on storage capacity by making use of
normally wasted storage positions. Three 8-position
fields are stored in two available 12-position storage
units. The two high-order positions of fields A, B,
and C are wired into 3L, and the six low-order posi-
tions of each field are wired into 3R, 4L, and 4R,
respectively. The fields are then transferred to counter
5-6 in the following order:

Program 1—TField A (3L and 3R read out)
Program 2—Field B (3L and 4L read out)
Program 3—Field C (3L and 4R read out)
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OPERATION OF THE COMPARE LIGHT

THE comPare light on the 602 is normally used to
indicate an error during a multiplication or division
verification. It is turned off by depressing the reset
key and then the start key to resume operation.

The light may also turn on as a result of any of
the following conditions:

1. Card jam at control brush station. The com-
pare light goes on if a card jams. Programming will
advance only one step beyond the step on which an
error occurred.

2. Improper counter reset. If a counter fails to
reset to 9’s, the machine stops.

3. Improper storage punching. If a storage unit is
impulsed to punch and the units position has not
been punched when the card passes column 80, the
machine stops.

4. Punch jam. The compare light goes on if a
card fails to feed out of the punch magazine because
of a jam.

5. Feed jam. The compare light goes on if a card
jams in the feed throat.

6. Feed failure. The compare light turns on if
the punch card carrier fails to pull the card from
under the die card lever.

7. Impulsing stop. This causes a stop after a punch
eject.

8. Impulsing immediate stop. This causes a stop
two to three cycles later.

The compare light may be of considerable help in
directing the attention of the operator to several types
of difficulties. While these troubles occur infre-
quently, a great deal of time may be saved by a full
understanding of what the compare light indicates.
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Series 50 Operations

CONTROL PANEL

THE cOMPLETE control panel is shown in Figure 64.
Shaded hubs on this diagram indicate the features that
are not available on the Model 50 or 51 machines.
Model 50 incorporates the divide features. With di-
vision, the following hubs are standard: divide, tenths,
and quotient.

COUNTER COUPLING

THE RULEs for coupling counters on a 602 Series 50
are the same as those described under the heading
“Counter Controls.” The counters may be coupled in
any order for addition or subtraction, but adjacent
counters must be coupled during a multiplication or
division operation. Counter 6 is not considered to be
adjacent to counters 3, 2, or 1. Therefore, in either
a multiplication or division operation, counter 6 can-
not be coupled with any other counter. Counter 3
may be coupled with 2, or counter 2 may be coupled
with 1, or all three may be coupled together to de-
velop a product. In a divide operation, counters 1, 2,
and 3 are always coupled together to enter the divi-

dend.

PUNCHING
A MobEeL 50 or §1 has one 12-position storage unit
from which all digits must be punched. The storage

unit is divided into left and right sections of six posi-
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tions each, but all 12 positions are controlled simul-
taneously when reading in or punching. Any posi-
tions from the storage unit can be punched as long
as the units position is also punched. The same im-
pulse which is used for controlling read-in to the
punch storage unit can be used to start punching. If
punching is to take place at a later time than entry
into the unit, different impulses would control read-in
and punch. When punch control receives an impulse,
punching starts on the following cycle and proceeds
at the rate of four columns per machine cycle. Asin
any other storage unit, information in storage 7 is
not lost even though it has been punched and the
data stored can be read out for transferring to an-
other unit either before or after punching, but not
simultaneously.

All 12 positions of storage unit 7 are cleared when
impulsing read-in and any storage entry position not
receiving a digit impulse is reset to zero. As a result,
storage unit 7 can be used repeatedly throughout a
problem for punching results, provided the results
can be punched in logical sequence from left to right
in the card.

The 602 has a built-in interlock to prevent storage
punch units from reading in a new value while
punching is going on. As soon as the storage unit re-
ceives an impulse to punch, an interlock relay is
picked up and held until the units position of the
storage unit has been punched. Therefore, the ma-
chine waits until the punching from the storage unit
7 is completed. Punching from the units position of
the storage unit signals completion of punching.
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PUNCHING MORE THAN 12 COLUMNS
A XB:P1; A ><C=Pz; AXD=Ps

IN THIs example (Figure 65), several multiplicands
of different sizes are multiplied by one multiplier to
develop three products simultaneously. Each product
punches in the card. Storage unit 7 is impulsed to
read in and punch all three products. Since P; and
P: punch in fields to the left of Ps, P; and P> must
punch first.

Planning Chart and Control Wiring (Figure 65)

Read. The multiplier A is entered in 1R. The
multiplicands are entered in storage entries 2L, 2R,
and 4L.

Program 1. All three multiplicands are read out of
storage into three separate counters to develop the
three independent products. The counters are im-
pulsed to add, and the multiply hub is impulsed
from program exit 1.

Program 2. The products in counters 3 and 1 are
read out and entered in storage for punching. Stor-
age 7 is impulsed to punch and the counters are reset.
It does not matter in what sequence the digits are
stored for punching, as long as the units position is
wired to punch. In other words, even though col-
umn 46 is the first column punched, it need not be
the left-hand column in the storage punch exit. How-
ever, column 58, the last column punched on that
step, must be wired from the units position.

Read Cycle, Card 2. The third product is read out
of counter 6 and entered into storage entry 7R. The
counter is reset and the storage unit impulsed to
punch. The third product will not read in until
product 2 has been completely punched.

Right-Hand Panel Wiring

1. The multiplier is entered into 1R. The multi-
plicands B, C, and D are entered into storage units
2 and 4.

2. Storage exits 2 and 4 are wired to counter en-
tries 1, 3, and 6 in such a way that the product of
A X B will develop in counter 3, the product of A
X C in counter 1, and the product of A X D in

counter 6.
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3. The product P: is wired from counter exit 3
to storage entry 7L. The product P: is wired from
counter exit 1 to storage entry 7R, and the product
Ps is wired from counter exit 6 through the common
hubs of counter 1 to 7R.

4. P: is wired to punch in columns 46-49, P, in
columns $53-58, and Ps in columns 62-66. The last
five positions of storage 7R are split-wired because
they are used to punch both P; and Ps.

MULTIPLICATION

A SERIES 50 602 Calculating Punch can multiply an
8-digit multiplicand by an 8-digit multiplier to ob-
tain a 16-digit product on a single program step. The
maximum size of the multiplier is determined by the
fixed size of storage unit 1R which must be used to
store the multiplier. The number of digits in the
multiplicand may be increased beyond eight, if the
multiplier is decreased proportionately. In any case,
the product limit is established by the size of coupled
counters 1, 2 and 3. Because counters must be adja-
cent to be coupled in a multiplication or division
problem, counters 1, 2, and 3 provide the 16-position
limit for developing a product.

Multiplier Expansion

The multiplier may be expanded beyond the 8-digit
capacity of the multiplier unit 1R by calculating the
multiplication in parts (Figure 66). For example, the
calculation

33333322222222 X 55555555 = 1851851216049376543210
may be accomplished as follows:

1234567876543210
18518499814815
1851851216049376543210

(1) 55555555 X 22222222 =
(2) 55555555 X 333333 =

Note from the above example that a 14-digit mul-
tiplier is divided in two parts: (1) The multiplicand
is multiplied by the eight low-order positions and the
result is stored. (2) The multiplicand is multiplied
by the six remaining positions of the multiplier and
the previous product added to the second product.

There is no set rule for the way the multiplier
must be split when it exceeds eight positions. The best
approach to solving this type of problem is to plan it
carefully on a planning chart, then substitute actual
values which have been calculated on paper first, and
apply the same factors to the machine problem.
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Planning Chart

Read Card 1. The eight low-order digits of the
multiplier are entered into 1R and the six high-order
digits of the multiplier are entered into storage unit 4.
The multiplicand is entered into storage unit 2.

Program 1. The multiplicand is multiplied by the
eight low-order positions and the product of 16 digits
is developed in counters 1, 2, and 3 coupled. Coun-
ters 1, 2 and 3 are impulsed to add. Storage units 2L
and 2R are read out and the multiply hub is im-
pulsed.

Program 2. The remaining part of the multiplier
is read out of 4R and entered into 1R.

Program 3. Eight positions of the final product
are now correct. Six of these positions are stored in
counter 6 for punching. Because these are the low-
order positions of the final product, they cannot be
punched until the high-order positions are punched
if it is assumed that the entire product is punched in
sequence in a card field. Counter 6 could not be
coupled with counters 1, 2 and 3 during the multi-
plication, since adjacent counters only can be coupled
for multiplication or division.

The other ten positions of the product are stored
in storage unit 4.

Program 4. The multiplicand is now mulitplied by
the second part of the multiplier. The multiplicand
is shifted into the product counter to position the sec-
ond product for adding with the first product. In
effect, the second product must shift eight positions
to the left of the first product (see example above).
The number of places to be shifted should equal the
number of positions in the first multiplier. Because
of the limited size of the product counter, a shift of
eight places is not possible on the second multiplica-
tion. However, six positions of the final product are
already stored for punching and need not be added
to the second calculation. Therefore, the multipli-
cand must be shifted two positions in the product
counter on the second multiplication.

Program 5. The first product is read out of 4L
and 4R and added to the second product in counters
2 and 3. The remainder of the final product is not in
the counter.

Program 6. The twelve high-order positions of the
product are read out of counters 1 and 2 and entered
into storage 7 for punching.

Read Cycle Card 2. While a new multiplier and a
new multiplicand are entered into storage from the
second card, the remaining ten low-order positions
of the product developed during the calculation of
card 1 are punched. The 12th, 13th, 14th, and 15th
positions of the product are read out of counter 3 and
entered into 7L while the positions 17 through 22 are
read out of counter 6 and entered into 7R. All coun-
ters are reset and storage unit 7 is impulsed to punch.

Right-Hand Panel Wiring

1. The first eight positions of the multiplier are
wired into storage unit 1R through the common hubs
of storage exit 4L and 4R and the normal side of co-
selectors 5 and 6.

3. The six high-order positions of the multiplier
are wired through the normal side of co-selectors 1
and 2 to storage entry 4.

4. The multiplicand reads out of storage exit 2L
and 2R into counters 1, 2, and 3 through the normal
side of co-selectors 3 and 4.

5. The second part of the multiplier reads out of
storage exit 4L and 4R through co-selectors § and
6 to storage entry 1R.

6. The six low-order positions of the product are

read out of counters 2 and 3 and stored in counter 6.

7. The ten high-order positions of the first prod-
uct are wired through the transferred side of co-
selectors 1 and 2 to storage entry 4.

8. The multiplicand is read out of storage exit 2
through the transferred side of co-selectors 3 and 4
to counter entry 1, 2, and 3 offset 2 positions.

9. The remaining portion of the first product is
transferred to the counter to add to the second prod-
uct. Storage exit 4R is wired through the transferred
side of co-selectors 5§ and 6, and laced through the
common hubs of storage exits 2 to the common side
of co-selectors 3 and 4 and out of the normal side to
counters 1, 2, and 3.

10. Counter exits 1 and 2 are wired through the
transferred side of co-selectors 1 and 2 to storage
entry 7.

SERIES 50 OPERATIONS i



11. Counter exit 3 and counter exit 6 are wired
through the normal side of co-selector 7 to storage
entry 7 for punching.

12. Storage punch exit 7 is the product field for
punching. The two high-order positions are wired
directly from the first two positions of 7L. The re-
maining 20 positions are split-wired.

DIVISION

A MaxmMuM of six quotient digits may be calcu-
lated in a single dividing operation. The quotient
may be expanded, however, to as many more digits
as desired by treating the problem in parts. It is not
possible to divide with a divisor larger than eight
digits. To do so would require expanding the divi-
dend counter by the same number of digits, regard-
less of the size of the dividend field in the card. Since
counter 6 cannot be coupled with counters 1, 2, and
3, the problem is not possible when the divisor ex-
ceeds eight positions.

Quotient Expansion

The following example (Figure 67) shows how a
13-digit dividend can be divided by a 2-digit divisor
to obtain a 12-digit quotient (unadjusted). This
problem cannot be calculated in a single dividing op-
eration even though the dividend counter is large
enough to accommodate the 13-digit dividend.

The rule stated under “Size of Factors in Divi-
sion” is that the dividend must never be larger than
the number of significant digits in the divisor, plus
seven. It follows, therefore, that, with a divisor with
two significant digits, the dividend is limited to nine
digits, and, if the divisor has one significant digit, the
dividend is limited to eight digits. Furthermore, in
this example, the size of counter 6 limits the develop-
ment of a quotient of more than six digits on one
step. In this example, the dividend must be handled
in parts with seven digits to the left in the first divid-
ing operation, and six digits to the right in the second
operation, as follows:

112 IBM 602

1234567123456 <- 12 = 102880593621

FIRST DIVIDING OPERATION SECOND DIVIDING OPERATION

102880 593621
12 V 01234567 12 V 07123456
12 60
34 112
24 108
105 43
96 36
96 74
96 72
07 Remainder 25
24
16
12

4 Remainder

If the quotient is to be adjusted, the dividend
must be positioned in the dividend counter to provide
for the extra quotient position that must be developed.
Since the dividend is handled in parts, the second part
must be shifted into the proper position of the divi-
dend counter and the second part of the quotient
half adjusted in the units position.

Planning Chart and Control Wiring

Read. The 13-digit dividend is split into two parts.
The seven high-order positions are added in the divi-
dend counter and the remaining six positions are en-
tered into storage unit 2. The divisor is entered into
1R.

Program 1. The first part of the dividend is di-
vided by 12 and the quotient is developed in counter
6. The divide hub is impulsed, the divisor is read
out, the dividend counter subtracts, and counter 6
adds the quotient.

Program 2. The remainder standing in the divi-
dend counter must be retained so that it can be placed
beside the second part of the dividend, before pro-
ceeding with the next divide operation. The re-
mainder in the dividend counter is read out and en-
tered into storage unit 4. The dividend counter is
also reset. At the same time, the quotient for the first
part of the problem is read into storage unit 7 and
punched.

Program 3. The second part of the original divi-
dend is read out of storage unit 2R and added into
the dividend counter.

Program 4. The second part of the original divi-
dend and the remainder from the first dividing oper-
ation are divided by 12, and the second part of the
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Figure 67. Quotient Expansion, Series 50
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quotient is developed in counter 6. The divide hub is
impulsed, the divisor is read out, the dividend counter
subtracts, and counter 6 adds.

Program 5. The dividend counter is reset. The
second part of the quotient is read out of counter 6
to storage unit 7 and punched. The first part of the
quotient is punched while the second part is being
calculated. The last program is wired to READ.

Right-Hand Panel Wiring

1. The divisor is wired to 1R. The first part of
the dividend is wired to the dividend counter and
the second part to storage entry 2R.

2. The divisor exit is wired to the dividend coun-
ter.

3. The remainder from the first division is wired
to 4R and the first six positions of the quotient are
wired to storage unit 7R for punching.

4. The quotient hub is wired to counter 6 entry.

5. The remainder from the first division is wired
from storage exit 4R to the dividend counter and
the remainder of the dividend is wired from storage
exit 2R to the dividend counter.,

6. Storage punch exit 7 is split-wired to the quo-
tient field. Because storage punch exit 7R is used for
punching both portions of the quotient, care must
be taken to be certain the right-hand position of the
storage punch exit is wired to a punching position
each time the unit is impulsed to punch.

PROGRAM EXTENSION

ALTHOUGH a Series 50 602 provides for only six pro-
gram exits, once a read cycle is taken by the machine,
programming continues until READ is impulsed. In
all problems which do not require more than six
programs, programming is stopped at the end of a
problem by impulsing READ on the last program
taken.

If READ is not impulsed, programming continues
indefinitely and program exits 1 to 6 become program
exits 7-12 on the second round, 13 to 18 on the third
round, and so on. It then becomes possible to extend
programs beyond six by controlling the impulse
wired to READ.
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Program 1 exits are always active on a repeated
round, and, therefore, cannot be skipped after the
first round of programs, but program 1 exits on re-
peated rounds cannot be initiated unless program 6
exits are active on the preceding round. In other
words, in all problems requiring extension of pro-
grams, program exit 6 cannot be skipped.

Program exits used on more than one round of
programs may need to be selected to determine their
identity. For example, program 1 exits on the first
round become program 7 exits on the second round.
Selection of program 1 exits is necessary, therefore,
to distinguish between program 1 on the first round
and program 7 on the second round. This selection
is necessary only if the functions to be performed on
these programs differ. If functions are to be iden-
tical, selection is not necessary.

Figure 68 illustrates a method of extending pro-
grams up to 11; program exits 1 through § are used
on both rounds to perform different functions, and
program 6 is used only on the first round.

Figure 69 illustrates a method of extending pro-
grams up to 17. Program exits 1 through § are used
on the first round as programs 1-5, on the second
round as 7-11, on the third round as programs 13-17;
program 6 exits are used only on the first two rounds,
as program 6 on the first and as program 12 on the
second. As in Figure 68, co-selector positions are
necessary to identify programs (1, 2, 3 and so on)
on the first round; in addition, co-selector positions
transferred for the third round are required to dis-
tinguish between programs 7 and 13, 8 and 14, 9 and
15, and so on. Five pilot selectors are required to
control the co-selectors for three rounds.

Control Panel Wiring (Figure 68)

1. Program couple 6 is wired to the D pickup of
pilot selector 1. Since the selector is wired for normal
drop-out, the selector transfers on program 6 and
remains transferred for the remainder of the prob-
lem.

2. When pilot selector 1 is transferred, the couple
exit of pilot selector 1 emits an impulse which is used,
in turn, to pick up co-selectors.

3. Co-selector 2 is used to distinguish between
programs 1 and 7. Impulses are emitted on both
programs from program 1 exits. When the exits are
wired to the common hubs of co-selector 2, the nor-



1 2 3 4 5 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 41 42 43 44
,7 5 CONTROL READING 15————]—PUNCH—‘ RESET— 1, =41 — 13— 5= 7— 7= SELECTORS
o 6 06 o 0 06 © 0 O 0O © 0O Oo O 0 0 O 0 Of |4 o o‘ Te @ @ 0,870 & & 0:0T0o 0o 5 0:0T0 & o ©
/PWMWX OR BALANCE PICKUP % DIGIT IMP{ T | TO s 5 515 TR i 3 s
Z © 0 0 0 0o 0o 0 0 © 0 0 0o 0 0 O ogo—o—o;? B o .N. @ ¢ O oNe e ¢ 0o ONO © © © ONO & ¢ ©
7 DiGIT PiCKU? e L !
? [} o o© C o e} o © © o o o o©0 o] O% oco | i 0—$ ! c ol o0 =] e} o cCo e} o o]
7 IMMEDIAIE PICKUP 4o STORAGE TRANSFER EXIT -
é Q [ o o o o e o =] ¢ O o o o o O%O XO; D l T o 0o O O O o o [} Q o}
7 PUNCH CONTROL EXIT | T ‘ Lo L 2R ;
é 6 c% 0 0 o 0 0 0 0 0 0 0 0 O 0 02000 o o ¢ S S ¢ 2 c'2 o s & ¢ ¢
7 DRG? OUT 7 L
é ¢ c\% 0 0 0o 0 0o 0 o0 o O o 0o o oPoio el ‘ l? ¢ © o 0:;0 © 2 © O O
P READ DROP OUT IMPULSE ! P2 | a «®
1 o—o——o—o—o—o——o—o—o—o? 020} 0 o o } . [} ‘ 0o ¢ ¢ o o oilo o 0o 0 ©° ©
L — 7 L3 @ 6L i 6R | 7o 78
o] o o o} oTo o o o o o] o o 030 : o ; [} o] o o . 0 c o] [} el o0 el c el [ o] i [+] o) o) c el o
) s fa 5L \ R ! 8L | .
s 6 o o oNo 0 o o o o o ofo4ogo o o o olo o o o o o}o o o o o o|0o o o o
s L S -QuOTy OUNTER ENTRY <—DIVIDENDW/ WMMM
L 6 o 0o 0Co o o o o o o ofosolag A ’ 0—05 ° [ ? 7 [ g
£ < T T 1 PCHINT. 1 2 i l o é
< o o o 0To o 0 o o 0 0 O0g Yo 5 o—(i,/f © ¢ 0 ¢ ¢ o6lo o & ¢ o d%4s ¢ o & :
T R 7 c 7 PU g g
O oNo o © Tlo o o oNO © 0 0 © O O ©OS o Y L E O—Og or 2 0 919 9 ? Z
R c R PUNCH 5 } 6 I IES ! ! 8 ] Z
s . - c Lo/ | ul 0. o—07 o 6 o P P F 6 7
< feliie] o 0 o © O o 07 /
3 c EXIT 7% 5 £ ADI NG I S UL 2 U
N| H o—0!0 0 o o © o c © o © ©c o o o © © o © o} o
E sTOP | 21 25 30 35 40
(o] C o—0 0 0 © o O o o o© o O o 0 O o o [} ] o e} o
K11 0rR 12| @1 45 N 50 ° 55 .60
Pl €Co—0lc o 0 o o c 0 6 0o 0o 0 o c o o0 © 0o 0o O
Tim STOP‘ 1 65 70 75 80
Q E o 0o 6 o000 00 00O OO OGO OGO OO O O
melLVgéW‘ 2 DIVISOR MULTIPLIERW/STORAGE ENTRYW/WMZRWWW/
R [<] { o0
3t 3R t °n’ | 4R
s 0o o 0o 0,0 0 © O © © | o o oo o olo o o o © ©
6L 6R 7L | 7R
T c O © ojo0o & © e} o © ‘ o ©° o ©° o =] E o =] o 0 Q =]
5L | R | 8L i 8R
o] e} o 0io o © o o © o o © o © o} 1 o o o o o} =]
) CHECKWM e C O UNTER EXIT
" RN ERORSANOHSON
1 ! 2 [ N A I
l 2 o o o | s | [ bid 6 6 blo & b o
%C17C R — |
o oy o o o X H I I T T Q Q
< ¢ cl 12 ' s s 7 8 | |
0 olo J o o o Y i 3 & s o |
U, c! F O SELECTORS
NO:'O o o o Z ,o0To o < OEOTC c e} O‘OTO ] 0o 0,0To © < <
Te oo BUS 5 i ¢ 7 8
Eoto O0—0—0—0—0 "AA o] AiONQ o ¢ ©,ONC © O OC(ONG O O :IQN: [*RE I
Fa el T T ’ IIZI‘ | ’ !
C 0’0o 0—0—0—0—0 X o :ia i 1 oo O & oiGclo © ¢ Ciolo ciolc o
O ¢ i i LP—IV PUNCHINGW!SW/MMM@ZO’/I/
N 685 i oto—o O—0—0—0—0 cej i 7o 0o 0o 0o 000000000000 O O O
Tl [ 15T COL PUN CHa P UN CHY% X— a1 25 30 35 40 é
RT7 5! olo-——o'oto—o!lo0o 2o 0 0 0'c o DD © 0/0 0 0 0 O 00 000 0O O OO0 OO0 0 0 2 7
Q¢ af . l . ngT COLSTOR|  PUNCH X+ é“ 45 50 55 . |
% oe o ! o—o0——0 ! 0—0—0 | 0 /0 o o ‘o o EE o oéo o o o o o ©° o o 0 o o o o o o o Q o © /
?/////MREAD INW/WMSTORAGE CONTROLwﬂmyREADlN wé BAL TEST X COL{STOR o 65 70 75 80
gc‘a oJ—o o—o o——o/o o o 010 o fF © 020 0 0 0 0 00 00000000 00 0 0 0 Z
7L READ our L APUNC“ 7 & T STORAGE PUNCH EXITWW7WWWW
Z ; o 0 0 0 0 0 0 O jo o o o
é és—e— L e-PUNCH EMITTER—1—o—11—12
/ / o o o o o o o o O [ o o o O O .0 0 o o o o ©° i
% Zo

Figure 68. Program Extension, 11 Programs

mal hubs provide exits for program 1 and the trans-
ferred hubs provide exits for program 7.

4. Co-selector 1 is used to distinguish between
programs § and 11. Impulses are emitted on both pro-
grams from program exit 5. When these exits are
wired to the common hubs of co-selector 1, the nor-

mal hubs provide exits for program § and the trans-
ferred hubs provide exits for program 11.

5. Program 11 is wired to READ. Any selection re-
quired for program exits 2 through 4 is accomplished
in a manner similar to that shown for program exits
1 and 5.
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Control Panel Wiring (Figure 69)

1. On the first round of programs all selectors are
normal, and program 1 exits pass through the normal
side of co-selector 4.

2. On program 6 of the first round, program
couple 6, wired to the D pickup of pilot selector 1,
transfers the selector immediately, and the selector
remains transferred for the remainder of the problem.

3. On program 7, program couple 1 passes through
the transferred side of pilot selector 1 and transfers
pilot selector 2 and co-selector 4 immediately. Both
selectors remain transferred for the remainder of the
problem, Program 1 exits (program 7) pass through
the transferred side of co-selector 4 and the normal
side of co-selector 3.

4. On program 12, program couple 6 passes
through the transferred side of pilot selector 2 and
picks up pilot selector 3 immediately; selector 3 re-
mains transferred for the remainder of the problem.

5. On program 13, program couple 1 passes
through the transferred side of pilot selector 3 and
transfers pilot selector 4 and co-selector 3 immedi-
ately. Both selectors remain transferred for the re-
mainder of the problem. Program 1 exits (program
13) pass through the transferred sides of co-selectors
4 and 3,

6. As in the wiring for program 1 exits, program
§ exits are identified as programs §, 11 or 17 by wir-
ing through co-selectors 2 and 1.

7. Program 17 is the last program taken. It is
wired to READ and also to the immediate pickup of
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Figure 69. Program Extension, 17 Programs
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pilot selector 5. The digit impulse passing through
the transferred side of this selector drops out pilot
selectors 1 and 3. When pilot selectors are used to
select program couple 1, normal read drop-out can-
not be used because program couple 1 would pass
partly through the normal side. This timing inter-
ference would cause erroneous results. Thus, it is

necessary to drop out selectors 1 and 3 at the end
of the last program taken. Program exits cannot
be used to drop out pilot selectors because the early
portion of the program cycle would burn the selector
points.

Wiring for selection of any other program exits
is the same as that shown for program exits 1 and §.
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Appendix

METHOD OF MULTIPLICATION

WHEN oNE digit is multiplied by another digit, the result
or product is made up of right and left components. In
the multiplication 5 X 9 = 45, the § is the right com-
ponent and the 4 is the left component. A study of the
multiplication table (Figure 70) will show that the prod-
ucts of 1 times the multiplicands have no left components
and no right components greater than 9. The products of
2 times the multiplicands show no left components higher
than 1 and no right components higher than 8. The prod-
ucts of § times the multiplicands show no left components
greater than 4 and no right components greater than 5. No
possible combination of right and left components for any-
thing multiplied by 1, 2, or § can exceed 9.

This is not true when multiplying by 3, 4, 6, 7, 8, and
9. For example, when multiplying by 3, the highest left
component is 2 and the highest right is 9; 9 + 2 = 11.

If the sum of the right and left components of a multi-
plication by a single digit does not exceed 9, they can be
accumulated into a single counter position in a single cycle,
part of the cycle to enter the rght components and part of
the cycle to enter the left components. For example:

98 multiplicand
X2 multiplier

18
16

196 product

}one machine cycle

Multiplication starts from left to right, and in the ex-
ample shown, the right component of 2 X 90 (8) and the
left component of 2 X 8 (1) are both entered into the
same counter position on the same cycle as shown by the
figures in the illustration.

All multiplication on the 602 is done by multipliers
of 1, 2,5, 10, or certain combinations of them. Multiplica-
tion by ten is merely offsetting the multiplication by 1.
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MULTIPLICAND

1 2 3 4 5 6 7 8 9
1 | 1] T2] T3] T4] T5] Te] 17T Te] G
B o e e
2 | 12] 14 l6] I8|1l0]112]|114|116|1]8
454
1
g5 5
= !
g6 | is
2
2 7y
8 g
9 Z

Figure 70. Multiplication Table

Digits other than 1, 2, or § require two cycles, as shown
in the table below:

PLUS MULTIPLICATION MINUS MULTIPLICATION

DIGIT CYCLE 1 CYCLE 2 DIGIT CYCLE 1 CYCLE 2
+3 + 5 —2 =3 -5 42
—+-4* + 5 —1 —4 — s -+1
+6 + 5 “+1 —6 — 5 —1

7 + s +-2 —7 —s —2
8 +10 —2 —8 —10 +2
—+9%* -+10 —1 —9 —10 -+1

*Units position only

Digits 4 and 9 require two cycles only when they are in
the units position. In all other positions a method has been
provided for multiplying by them in one cycle. When
multiplying by a 4 in any position other than the units
position, the machine treats it as a 5, because it takes only
one cycle. After this, the signs for all of the remaining
multiplier digits to the right are reversed and are treated
in their complement form instead of true figures. For
example:

The multiplier 3 4 6 2 7
will be treated as 43 45 —3 —7 —3



When the 4 is reached in the thousands position, it is
treated as a 5. Multiplication by 35,000 is 373 times more
than 34627, and so the remaining digits are multiplied by
—373 to compensate for the overage.

Assuming that the number 34627 has for its multiplicand
the digit 1, the result would be developed as follows:

1X3 1 X +s5= 50000
1 X —2= —2
30000
1 X4 1X +5= 5
35000
1X —3 1 X —5s= —s
34500
1 X F2= +2
34700
1 X —7 1 X —s5== —s
34650
1 X —2= —2
34630
1X —3 1 X —5= —s
34625
I X +2= 2
34627

The digit 9 follows the same rule as the digit 4. When
it is sensed in any position other than the units position,
it reads as a 10, because multiplication by 10 can be done
in one cycle. All digits to the right have their signs re-
versed until another 4 or 9 is read, at which time the
signal is given for another sign change. Sign reversal and
sign restoration may take place several times during the
multiplication.

Only single zeros in the multiplier are skipped. For
every two adjacent zeros, an idle cycle occurs before the
next digit is sensed. Zeros to the right of the lowest-order
significant digit are also skipped. Consider the following
examples:

DIVIDEND HIGH-ORDER DIGIT

1 2 3 4 5 7 8 9
i i 2 2 2 5 5 5 5
e 2 S| 11222 (2]|2]5
o
2315151111 212]2|212
(-4
w
a 4251111222
o) QUOTIENT
+ 51215 "'"5"'} ] ] 112 a2
9 1 ‘ i
T 6.2 50510501111 1 3
o <
8 { I >
2 72 205 055 11 2
a i | i o ~
8 .2 1.2 .5 5.5 111111 En
; - r-ug
902 2555 50| R 2

Figure 71. Quotient Selection Table

30807 No time lost tor zeros.
30080 1 cycle for two adjacent zeros.
38000 No time lost for zeros to the right of

lowest order significant digit.

The number of machine cycles required in multiplication
depends upon three things: first, the size of the multiplier;
second, whether the digits in the multiplier are 1, 2, or §
which require one cycle, or 3, 6, 7, or 8 which always re-
quire two, or 4 and 9 which might require two; and third,
the presence of zeros and their position.

Speed of multiplication can be reasonably determined by
using an average of 1.4 cycles per muitiplier digit.

METHOD OF DIVISION

WHEN DIVIDING, the machine makes a comparison be-
tween the highest-order divisor digit and the highest-order
dividend digit to determine a quotient digit.

271
833059 <+ 297 = 2804 ——
297

In the above example, 2 is the highest-order digit of the
divisor. It is compared with 8, the highest-order digit of
the dividend. A quotient digit of 2 is selected according to
the table. The quotient digit 2 is multiplied by the divisor,
and the result is subtracted from the dividend in one cycle.

2
(2) sS7N/(8)3 3 0 5 9

2 X divisor —35 9 4

23905 9 remaining dividend

Since the high-order position of the remaining dividend
is not a zero, no shifting takes place, and another com-
parison is made, this time 2 with 2. According to the
table (Figure 71) the quotient digit selected is 1. The 1
is multiplied by the divisor, the product is subtracted from
the remainder, and one is added to the quotient digit, in-
creasing it from 2 to 3.

3
(2)977/(2)39059 remaining dividend
13X divisor —2 57

—0 57941

The remainder is now minus. Because there is a zero in
the high-order position, a shift takes place. The 2 is then
compared with 5 and, according to the table, a quotient
digit of 2 is selected. Because the remainder is negative, the
product of 2 times the divisor is added to the dividend, and
2 is subtracted from 30 in the quotient. The new quotient

is now 28.
28
(2)97V/—0(5)7941 remaining dividend
2 X divisor + 5 94
0 1459
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The remainder again is plus. Another shift takes place
because of the zero in the high-order position. Comparing
2 with 1, a quotient digit of .5 is selected. The .5 is the
same as the 5, except that it causes an additional shift to
the right, resulting in total shift of two places in the
quotient. The product of .5 X 297 is subtracted from the
remaining dividend.

2 805
(2)97\/0(1)459 remaining dividend

— 1 485

— 0 026

.5 X divisor

When the last quotient digit is selected, the dividend re-
mainder may be positive or negative, but division is never
completed until the dividend remainder turns positive and
is less than the divisor. When the dividend remainder is
negative, the divisor is added to it, and a 1 is subtracted
from the quotient, reducing it from 2805 to 2804.

283 0 4
(2)97V/—00(2)6 remaining dividend
1 X divisor + 297

+ 271 end of division

Size of Factors in Division

Consideration must be given to the size of the dividend
and the divisor because of the maximum 8-digit quotient.
The machine is able to shift seven times when placing
the quotient; therefore, by adding seven to the number of
digits in the divisor, a determination can be made as to
where the test of the high-order digits will be made. For
example, if the divisor has three significant digits, the test
for the positioning of the proper quotient digit starts in
the tenth position of the dividend. If the dividend is wired
for a 14-column field, the four positions to the left of
the tenth place would not be recognized in the test and
would show incorrect remainders throughout the problem,
thus developing a2 wrong quotient. The rule, then, may be
stated as follows: the dividend must never be larger than
the number of significant digits in the divisor plus seven.

QUOTIENT

First significant quotient
digit entered here for
this problem because of
four zero shifts

| - ---XXXX
00000297/000000 | 0000833059
————r

Digits can-
not be wired
here for this
problem

DIVIDEND
Test starts here
for this problem

Although the number of significant digits in this prob-
lem is three, other cards may have a divisor of one signifi-
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cant digit, in which case the test would begin in the eighth
position (7 + 1) of the dividend. Any digits in positions
9-16 of the dividend would cause the quotient to be de-
veloped incorrectly. Not only would those positions fail
to be tested, but each remainder would be wrong, thereby
developing an incorrect quotient., In the case of an 8-digit
divisor, the test would start in the 15th dividend position
8 + 7).

Therefore, both the quotient and the dividend must be
consistent in size with the number of digits in the divisor,
as shown by the following examples:

99,999,999

: = 99,999,999
99.999,999,999 _ 99 999,999

1000
999,999,999,999,999 _ 49 999 999

10,000,000

In each of the above examples, the dividend is the largest
possible and the divisor is the smallest possible to develop
an 8-digit quotient.

METHOD OF ESTIMATING PRODUCTION
SPEEDS

THE NUMBER of cycles per card as well as the number of
columns to be punched determine the speed of the 602
for any given problem. The maximum speed is 3000 cards
an hour; it is obtained for all problems requiring from
one to four cycles to calculate and from one to two
columns to be punched. The speed then decreases propor-
tionately with the increase in both the number of cycles
taken and the number of columns punched. Generally,
the approximate number of cards per hour is obtained by
dividing cycles per card into 12,000.

Production speed for a given problem can be best esti-
mated by first analyzing the problem on a planning chart
(Figure 72). Each step in the problem except multiply
and divide is counted as one cycle. Obtain the number
of cycles for multiplication and division for a given num-
ber of digits by reference to Table 1 (multiplication) and
Table 2 (division). Next, add the number of cycles for
all steps as shown by the planning chart. In case of frac-
tions, drop the fraction and increase the number of cycles
by 1. Then determine the approximate production speed
and the maximum number of columns that can be punched
to obtain that speed, by reference to Table 3 (approxi-
mate speed). The three tables and a planning chart on
which the number of cycles have been estimated are illus-
trated in Figure 66.



TasLE 1. MULTIPLICATION TasLE 2. DivisioN TABLE 3. APPROXIMATE SPEED
NO. OF AVG. NO. OF AVG. CYCLES APPROX.  MAX.
DIGITS IN NO. OF DIGITS IN NO. OF PER CARDS PER  COL.
MULTIPLIER CYCLES QUOTIENT CYCLES CARD HOUR PUNCHED
1 1.4 1 5.4 1-4 3000 2
2 2.8 2 5.4 5 2400 7
3 4.2 3 6.3 6 2000 11
4 5.6 14 7.2 7 1714 15
%5 7.0 5 8.1 8 1500 19
6 8.4 6 9.0 9 1333 24
7 9.8 7 9.9 10 1200 28
8 11.2 8 10.8 11 1090 32
12 1000 36
13 923 40
14 857 44
15 800 48
16 750 52
717 705 56
18 666 60
.. s qs 19 631 64
* 7 cycles (5-digit multiplier — see Table 1) 20 600 P
1 7.2 cycles (4-digit multiplier — see Table 2 21 571 72
yeles (4-digl P ) 22 545 76
t16.2 eycles (705 cards per hour — see Table 3) 23 521 80
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Figure 72. Planning Chart
AXB=P; P+-C=R

TIMING CHARTS

THE PURPOSE of timing charts (Figures 73 and 74) is
to increase the general knowledge of machine operation
and to assist experienced operators who must resort to
unusual wiring metheds to accomplish a desired result. A
good working knowledge of the machine is necessary before
timing charts can be used effectively.

Cycle. A cycle is a period of time required for a given
series of events, at the completion of which the series is
repeated. Since the machine operates at a speed of 200
cycles per minute, one cycle requires three-tenths of a
second. Each cycle is divided into 16 equal parts called
“points,” each point consisting of 22} degrees. There are
360° from one given point of a cycle to the same point of
the next cycle. Since the functional cycle in this machine
begins at approximately 356°, the timing charts show a

range of 356° to 356°.

Basically, there are only two type of machine cycles:
read cycles and program cycles. Various modifications of
these cycles shown in the cycle column of the timing
charts are explained in the timing chart notes.

Exit and Emtry Hubs. Exit hubs (Figure 67) emit im-
pulses, and entry hubs (Figure 68) receive impulses at
certain times during the various machine cycles. Thus, in
wiring a control panel it is necessary to consider not only
the exit and entry time of the two hubs to be connected,
but also the machine cycle in which the timing is effective.
For example, suppose a program exit hub is to be wired
to the skip-out hub. The timing chart shows that program
exits emit from 100° to 312° and that the skip-out hubs
are receptive at this time; however, program exits emit on
program cycles, and skip-out hubs receive only on read
cycles. Thus, skip-out cannot be impulsed from a program
exit.
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Most machine functions are controlled by impulses

emitted from read cycles, program exits, or all cycles hubs.
The timing of these impulses is from 15° to 45° (setup
impulse), and from 100° to 312° (entry control). The
setup impulse prepares the machine for the operation that
takes place later in the cycle, or causes a non-entry control
cycle if the machine is not ready to perform the operation.

The entry control impulse controls read-in, read-out,
reset, adding, subtracting, multiplying, and dividing. It
generally ends at 312°, but when the machine multiplies

by 2 or 5, it ends at 334°.

Selectors. The X or balance pickup hub of a pilot selector
accepts an X impulse to cause the selector to transfer at
355° and remain transferred until 356° of the cycle during

ECC

PCH

A All cycles (all program and read cycles).

C  Control reading cycle, the cycle during which
a card passes the control brushes. This cycle
occurs during the first program cycle of the
preceding card.

D Dividing cycle, a program or read cycle on
which the machine is controlled to divide.

EC Entry confrol cycles, all program or read
cycles except those in which the following
conditions occur: storage delay cycle {occurs
most commonly when a punch storage unit is
impulsed to read in before punching from
the wunit has been completed), feed fail-
ure, or zero skip cycles in multiplication or
division.

Entry control cycles except when multiplying
or dividing.

P Program cycles, all cycles except read cycles.

Punch control. Punching takes place at any
time during program or read cycles, Opera-
tion bears no relationship fo the machine
cycle shown on the chart.

R Reading cycle, the cycle during which the
cord passes the reading brushes.

IS

impulse (CI) occurring at the beginning of the
next cycle. It does not emit when the correspond-
ing counter is controfled fo reset.

. Common with the C hub of corresponding counter

at 11 time whenever the counter zero balances.
Emits impulse when respective counter is nega-
tive or is about to go negative due to the carry
impulse (Cl) occurring ot the beginning of the
next cycle. It does not emit when the correspond-
ing counter is controlled fo reset.

. Emits only when a pilot selector transfers from

an X or D pickup.

. Emits os one cord is ejected into the stacker and

another one is fed into punching position, pro-
vided the selector is transferred.

. Also emits on run-in before the first cord is read,

and on run-out after the last card is punched.

. These hubs are normally exits. They may be used

as entries from other program couple hubs to
expand program exits for a given program step.

. Emits as one card is ejected into the stacker and

another one is fed info punching position. Also
emits on run-in and run-out at which time it is
common with read drop-out.

. The effect of these impulses is to add 5, 2, or 1

into the quotient counter. The changed timing of
these impulses is the reason why other operations
{except quotient multiplication as explained in
the manuat} cannot normally be performed on
the same program with calculations.

. Emits on the cycle when NB check or zero check

control PU is impulsed, but not when both are
impulsed.

15.
16.

ing position. Punching impulses are interrupted
as the card moves from one column to the next.
Punching hubs do not emit while skipping or
skipping out. Approximately 4 columns are
punched in each machine cycle.

. Emits impulse wired from punching to punch X

plus or punch X minus,

Refer 1o write-up on Selectors,

Receives Climpulse. Common with NB at 11 time
when all positions in the counter stand at 9. Com-
mon with Cl ot 1 to 8-time when all positions in
the counter stand at 9. Inactive when correspond-
ing counter is controlled to reset.

Only read cycles, program exits, or all cycles
should be wired to these hubs.

. Will accept an 11 impulse during reset to cause

@ reset to five. When performing simultanecus
ltiplication of several multiplicands, as many
unused counter entry positions must be allowed
between multiplicands as there are digits in the
multiplier. Entries of two adjacent counter groups
cannot be laced when multiplying in the left-
hand counter, unless there are as many unused
positions between the two entry wirings as there
are digits in the multiplier. Failure to observe
this rule moy result in an erroneous product.

. On machines with serial numbers under

22050EN, only interrupted impulses, such as digit
impulse or card reading impulses should be wired
to this hub. On machines with serial numbers
22050EN and over, all cycles, program exits,
and read cycles impulses may also be wired
1o this hub.

N

5.

26.

27.

28,

29.

31
32.
33.

CONTROL PANEL w m
Jor
HUB EXIT LOCATION g '6 "= FUNCTIONAL CYCLE
— EXIT © | Z3% 7% 30 52% 75 97% 120 \42% 165 187% 210  232% 255 277% 300 322% 345 356
All Cycles JN,21-22 | A 1 L
Control Readin Al1-20 | C > ] z S - £ S 2 : S 1l
Counter Control.CI xe12 [ A ol | S | | il
Counter Exit v-Y,25.44 | EC o mm mm b o  m
Digit Impulse 8,1820 | EC 3 2 - 3 ] o
Emitter FN,20 | EC o e e bon w hm Ew ki
Negative Balance (NB) XEE15 | EC | 3 Al
Pilot Selector — Couple Exit N, I1-17 | A 4
Punch Control Exit E 1-17 5 P
Read Drop Out Impulse G, 117 | R -]
Program Couple S,1-12 | P 7
Program Exit T-W,1-12 P 1 | |
Punch Drop Out Impulse AC, 21-22 8
Quotient J, 2324 | D 9 ? .
Read Couple O-P,15 R
Read Cycles Q,1-9 R 1 .
Reading N-Q,25.44 | R g A T N S
Reset 1o Five AC,2324 | EC,C -
Storage Transfer Exit D-1, 21-44 EC Hd g Z S 2 & 3 2 !
Zero Check Control Exit N,23-24 {EC_ |10
Balance Test FF,17-20 - [ Pch (11
First Column Storage EE,17-20 | Pch |12
Punching CC-FF,25-44 | Pch |13
X Column Storage FF,21-24 | Pch[14
35[6 7% 30 52%2 75 97% 120 142% 165 187% 210 232'% 255 277%% 300 322% 345 3]56
. s L " . L . 1 . L . N N 1 N
EXIT R NOTES: 11. Internally connected to first column punch until 20. Accepts impulse when cards run out of the
the balance test is completed. Therefore, it emits hopper.
NORMAL ENTRY ot the punching impulse wired to first column punch 21. Active only when selector is normal and D pickup
. as saon as storage punch exit becomes active. has not been impulsed on the same cycle.
ENTRY | om— 1. Timing normelly ends af 312 degrees. When 12 jnternally connected 1o first column punch ofter  22. Also active during multiply and divide zero skip
machine multiplies by 2 or 5, timing ends at 334 the balance test is completed. Therefore, it emits cycles.
degrees. the punching impulse which is wired to first 23. Normally entries from punching hubs to punch
2. The 11 impulse is the balance test impulse which column punch. corresponding digits. Also exits when corre-
CYCLE occurs on every cycle during which the counter 13. For specific columns, punching hubs emit when sponding digits are punched from storage punch
CODE EXPLANATION is negative or will go negative due fo the carry corresponding columns of the card are in punch- exit or zero check control 11-12. For this reason,

punch emitter hubs should never be split-wired
with any position from storage punch exit.

. Accepts impulse for a given card on any progrom

step until that card is placed inio punching posi-
tion. The impulse accepted by punch interlock
couses programming to be suspended until the
preceding cord has finished punching.

Accepts punching impulse to cause an X to punch
if o bolance test was negative. This punching im-

pulse is then internally connected to X column

storage.

Accepts punching impulse to cause an X to punch
if balance fest was positive or not made. This
punching impulse is then internally connected to
X column storage.

The setup pulse initiates a storage delay cycle if
punch is impulsed on the first program.
Read-out hubs for storage units 6, 7 and 8 should
not be impulsed to read-out while punching.
Since punching proceeds at approximately four
columns per cycle, allow at least one machine
cycle for each four columns to be punched before
reading out of o storage punch unit.

The punching impulse is internally directed by
storage punch exit to the punch magnet corre-

sponding to the digit in punch storage {or the :

complement of this digit if a negative balance
test was made).

Common with 11 of punch emitter.

Accepts a punching impulse to punch an 11 or 12.
Normally impulsed from zero check control exit.
The setup pulse has no effect except to cause a
storage deloy cycle if the previous zero check is
not completed

|
|
h
|
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Figure 73. Timing Chart Exits



which drop-out is impulsed. The selector action is the
same when the D pickup is impulsed from 50° to 355°.
When the D pickup is impulsed from 355° to 50°, the
selector transfers immediately and remains transferred until
356° of the cycle in which the drop-out hub is impulsed.

The immediate pickup of a pilot selector (if X or D has

not been impulsed) or a co-selector may be impulsed at any
time, and the selector transfers immediately. If the dura-
tion of the pickup impulse or any part of it falls between
41° and 356°, the selector remains transferred until 356°.
Otherwise, the selector transfers and remains transferred

only for the duration of the pickup impulse.

CONTROL PANEL w @
ENZI:IL LOCATION § ° FUNCTIONAL CYCLE |
/1 OTHER O [ Z|lase 775 30 52% 75 97% 120 142% 165 187% 210 232% 255 2772 300 322%2 345 356
Co-Selector Pickup or 113 | A |15 I ! [ I I [ [ [ I I I \ ]
C (Common) C-88,2544 | A |15 } I L«
N (Normal) B-AA,25-44 | A 115
T (Transferred) A-Z, 25-44 A 15
Colymn Split € Q2122 | A TR TS
0-9 P,21-22 | A
X 0,21-22 | EC,C
Counter Control C xEE,12 | A |16 :&—l
Minus X-EE, 6-8 EC 17
Plus X-EE,3-5 | EC |17 ul T TS
Read Out X-EE,9-11 1 EC 117
Reset X-EE, 12-14 | EC_ 117 |
Counter Entry J-M, 2544 | EC 118 | r
Digit Selecior € c, 1819 19 } k4 8 7 6 3 4 3 2 1 0
X-9 D-N,18-19 ' A
Divide S, 13-15 A —
Divisor Mulfiplier Entry R,25-32 | EC | 2 8 7 $ S 4 3 2 1
First Column Punch DD,17-20 | Pch |1 |
Hopper Stop Q, 10-12 220 } i
U iultiply R,73.15 ' A I | | ' )
mgaﬁve Balance (NB) Check v,21-24 EC } i l ) :
Pilot Selector — Digit Pickup C,.1-17 A 15 i L mm\mmmmmmm\\\\mmw““m“ —
Drop O’uf F 117 1A 15 | l ] K %\M\@N@W\&N@@M
Immediate Pickup D,1-17 A 21
X or Bal. Pickup 8,117 | EC,C|15 I [ [ | | | | [ l I | | [
C (Common) JMI-17 | A 15 }
N (Normal) 1L1-17 | A 15 [
T (Tranfd, 1 P.U.) HK,1-17 | A |15 i 1
T (Transf d, Latched) HK,1-17 | A 115 <
Program Couple S, 1-12 P 7 [ I L
Program Skip R, 1-12 EC 22 ! | —_
Punch Emitter 9-12 HH, 21-32 Pch |23 ‘
Punch Interlock K,23-24 ' P 24 | :
* Punch X Minus DD, 21-24 Pch |25 ], .
Plus EE,21-24 | Pch |26 |
Read * Q,13-15 A . '\H
! skip AA-CC,23-24_{ Pch — — .
Skip Out w, 1315 | R | |
Storage Control — Punch (6, 7, 8) GG-HH, 17-20 | EC |27
L Read In FF,1-16 | A — 1 | § E X | ] | |
Read Out GG-HH,17-20 | EC 128 I h - S S— N I
Storage Entry RU,21-44 | A [ 2 8y ek 8 S 4 3 2 1
Storage Punch Exit (6, 7, 8) GG, 21-44; HH, 33-44 | Pch |29 S y
Tenths (Dividing Machine Only) v,13-15 | EC,C — i
Times Five (X5) U,13-15 | EC,C } I
Times Two (X2) 7,13-15 | EC.C ‘
X AA-CC,21-22 | Pch 30 [ I
Zero Check Control -- 11 or 12 P, 23-24 Pch ! 3i [ | | i ! “
mnedicnses _0.2324 | & _|m W@ I —
Pickup L,23-24 | EC ! H l :
Punch M,23-24 | EC_ 133 .
Stop 0,2324 | A 132 i i [
356 7% 30 52V2 75 97/ 120 14202 165 187% 210 232% 255 277% 300 322% 345 354
| s ) L i n L L a s s s i L L |

* X only on card read; any impulse on program cycle.

Figure 74. Timing Chart Entries
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To prevent the burning of selector points, the following
rule must be observed: a selector should not change from
normal to transferred (or vice versa) during the time that
an impulse is passing through the selector. Because of the
time delay inherent in the transfer of selectors, an allow-
ance of at least 11° should be made between the time a
selector starts to transfer and the impulse to be selected.
Thus, it would not be correct to select an all cycles impulse
through the normal side of a selector picked up by a pro-
gram exit, since both impulses occur at the same time and
on the same cycle. The drop-out of a pilot selector should
not be impulsed between 355° and 50°, as this damages
the selector; therefore, it would not be correct to drop out
a selector from a program exit or a program couple.

Whenever a setup impulse (15° to 45°) is selected, the
selector should be picked up from program couple or from
an impulse of similar timing. The program couple timing
is from 355° to 50°, thus overlapping the timing of the
setup impulse.

Punch Hubs. Although the 80 punching hubs are treated
as entries throughout the manual, the timing chart shows
them as exits. Conversely, storage punch exits are treated
as exits in the manual while they are shown as entries on
the timing chart. Other hubs labelled rcH in the cycle
column of both timing charts may reveal a similar incon-
sistency. The labeling on the timing charts is technically
correct because the 80 punching hubs are actually on the
exit side of the line and all hubs that may be connected
to them are on the entry side of the line.

All hubs labeled pcH bear no definite timing relationship
to the machine cycle. Punching impulses are available only
from the hub corresponding to the card column which is
in punching position. Punching impulses to a storage unit
start right after 355° of a program or read cycle during
which storage control punch is impulsed, provided the card
is in position to punch that particular column. Punching
impulses to the punch emitter start as soon as the card is
in punching position for that particular column. The
punching impulse is interrupted as the card moves from
one column to the next. Approximately four columns are
punched in each machine cycle.

CONTROL PANEL SUMMARY

EacH secTioN of the control panel is assigned a num-
ber under which the hubs are briefly described.

1. Reset to 5. Six independent exit hubs that have the
same timing as an X impulse. When wired to a counter
entry position, they cause that counter position to reset to
5, instead of to zero, when the counter itself resets. This is
the method used for half-adjustment.

2. Co-selectors 1-4. Five-position selectors controlled
normally from either a pilot selector couple exit or a pro-
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gram exit. When picked up they transfer immediately and
hold for the remainder of the cycle.

3. Storage Transfer Exit. Exits to transfer information
from the storage units to counters or from one storage
unit to another. Units § and 8 are not standard.

4. Counter Entry, Dividend. Entry hubs to all counters.
The first three counters must be used for the dividend.
Counters 7 and 8 are not standard.

5. Reading. Exits for the 80 card reading brushes.

6. Divisor-Multiplier-Storage Entry. Entry to all the
storage units. Each unit has 12 positions; all but unit 1
are divided equally into two parts of six positions each.
Unit 1 is divided into a four-position left section and an
eight-position right section. The right section (1R) must
be used for the divisor or the multiplier. Information to
be punched must be entered into storage units 6 or 7. Units
5 and 8 are not standard.

7. Counter Exit. Exits for all counters. Counters 7 and
8 are not standard.

8. Co-selecfors 5-8. Same as co-selectors 1-4, item 2.
Co-selectors 9, 10, 11, and 12 are not standard.

9. Punching. Eighty punching positions representing the
80 columns of the card.

10. Storage Punch Exit. Exits for punching from storage
units 6 and 7. For punching from either 6 or 7, the units
position must always be wired. Unit 8§ is not standard.

11. Punch Emitter. Exits for punching digits 0 through
12. These hubs may be wired directly to punching.

12A. Bal Test. Four independent units for converting
negative balances to true figures. Balance test hubs are
entries from the position in the storage units representing
the 9 or 0 signal. First column storage hubs are entries
from the position in the storage unit representing the first
column (high-order position) to be punched. First column
storage punch hubs are exits when the other two rows are
impulsed. ‘They are wired to the first column to be
punched.

12B. Punch X+ or X—. Four independent units to emit
X punches for identifying negative or positive balances.
An X punch is available out of any one of the four hubs
in the top row (punch X—), whenever the balance is
negative. An X punch is available out of any one of the
four hubs in the middle row (punch X+-), whenever the
balance is positive. X column storage hubs in the bottom
row are entries for digits which will be emitted by X+
or X— hubs together with the X.

13. X. Six common exit hubs that emit X impulses for
punching.

14. Skip. Six common exit hubs that cause skipping
from any column to which they are wired.

15. NB Check. Four common entry hubs, normally
wired from any counter NB and used in conjunction with
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Figure 75. Control Panel Summary

11 or 12. Emits an X for incorrect cards and a 12 for
cotrect cards when PUNCH is impulsed.

the zero-check control unit for multiplication and division

checking.

Immediate Stop. Two common entry hubs to cause the
machine to stop immediately upon detection of an
error if wired from Exrr. Card does not automatically

16. Column Split. Two independent units, each consisting
of 2 common hub, a 0-9 hub, and an X hub, to filter either
X or digit impulses when both are punched in the same

column.

17. Zero Check Control. Used in conjunction with NB

check, for multiplication and division checking.

PU. Two common pickup hubs normally wired from
a program exit.

Punch. When impulsed, punch sets up an X or a 12 to
be punched from the 11 or 12 hubs. An X is punched
in error cards and a 12 in correct cards.

Exit. Exit hubs normally wired to stop the machine
when a card is in error.

Stop. Two entry hubs normally wired from EXIT to
cause the machine to stop after the error card is
ejected into the stacker.

eject into the stacker.

18. All Cycles. Ten common exit hubs, of the same
duration as program or read cycles, available every machine
cycle.

19. Punch Interlock. Two common PUNCH INTERLOCK
entry hubs, normally wired from the same program on
which the punching selectors are picked up. They are
used when punch selection is not under the control of
control or read brushes to stop the calculation of a card
until the card ahead has finished punching.

20. Quotient. Quotient exit hubs that emit one quotient
digit at a time during a divide operation. They are wired
to a counter entry.
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21. Emitter. Exit hubs labeled 1 through 9 which emit
corresponding digits on every machine cycle. They are
wired to counters or to storage units.

22. Punch DO Impulse. Six common exit hubs that emit
impulses, at the conclusion of punching, to the drop-out of
pilot selectors.

23. Digit Impulse. Three common exit hubs that emit
an impulse covering nine through X on every machine
cycle. When they are wired to the C of a digit selector,
the selector becomes an emitter.

24. Digit Selectors. Two digit selectors, each having
hubs representing a C, X and all digits from 0 through
9. When C is wired from READING or CONTROL READING,
specific punched digits can be selected. When C is wired
from b1, specific digits are emitted.

25. Control Reading. Twenty control reading hubs rep-
resenting any 20 card columns. They emit X or digit im-
pulses, and are used to pick up selectors.

26. X or Balance Pickup. Pickup hubs for pilot selectors
that are wired from coNTROL READING, READING, Of any
counter NB. A selector impulsed through these hubs trans-
fers one cycle later and latches until impulsed to drop out.

27. Digit Pickup. Digit pickup hubs for pilot selectors
that may be wired from any control source. When D
pickup hubs are impulsed from program couple or program
exits, the selectors transfer for the same cycle. When D is
impulsed from any other source, the selectors transfer one
cycle later. Once transferred, the selectors remain trans-
ferred until impulsed to drop out.

28. Immediate Pickup. Entry hubs. Impulses (X, digit
or NB) introduced into these hubs cause selectors to pick
up immediately and hold for the remainder of the cycle.

29. Punch Control Exit. Exit hubs (if selector is con-
trolled) that are active just before punch time. They are

normally used to pick up another pilot selector for punch
selection.

30. Drop-out. Entry hubs to drop out pilot selectors
from READ DROP-OUT IMPULSE, PUNCH DO IMP, DIGIT IMP,
or any digit 9-1 from a counter or storage unit.

31. Read Drop-out Impulse. Common hubs that emit
impulses at the end of a read cycle. They are normally
wired to DROP-OUT ENTRY.

32. Pilot Selectors. Seven two-position pilot selectors are
standard. Their function depends upon pick up and drop-
out explained under sections 26 through 31.

33. Couple Exit. Exit hubs of pilot selectors used to
pick up co-selectors. These hubs emit impulses during trans-
fer time of pilot selectors if the pilot selector is picked up
with X, balance or digit.

34. Co-selector PU. Pickups for co-selectors 1-4 (sec-
tion 2) and 5-8 (section 8).
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35. Read Cycles. Nine individual exit hubs that emit
impulses on the read cycle only.

36. Program Skip. Entry hubs for each program step
to cause program skipping if wired from program exits,
read cycle, NB of a counter, or an X from the reading
brushes. An entry into the skip hub of a program step
starts programming on that step, skipping all programs
preceding it.

37. Program Couple. Exits to control co-selectors from
program steps, or to couple one program step to another
adjacent step for the purpose of expanding program exits
from four to any number desired.

38. Program Exits. Four independent exits for each
program step to control the type of operation being per-
formed. The last program used is always wired to READ
(section 41).

39. Hopper Stop. Three common entry hubs, that, when
impulsed from all cycles, stop the last card between the
control brushes and reading brushes.

40. RD CPL (Read Couple). Two common exit hubs
used to pick up co-selectors during a read cycle.

41. Read. Entry hubs to stop further programming.
They are wired from a read cycles hub to suspend all pro-
grams, or from a program exit to suspend any additional
programs.

42. MPLY (Multiply). Entry hubs that, when wired
from a program exit, cause multiplication. They should
not be wired from two successive program steps.

43. Divide. Entry hubs, that, when wired from a pro-
gram exit, cause division. They should not be wired from
tWO successive program steps.

44. X2. Entry that, when impulsed from a program
exit, causes multiplication by 2.

45. X5. Entry that, when impulsed from a program
exit, causes multiplication by 5.

46. Tenths. Entry that, when impulsed from a program
exit, shifts the product one position to the right. These
hubs are standard only on dividing machines.

47. Skip Out. Entry hubs to skip the card to column 80
regardless of where skip bar inserts are placed. ‘These hubs
are normally wired from one of the 80 reading brushes to
eject master cards.

48. C-CI. Carry and carry impulse hubs. CI must be
wired to C for all counter operations, because the counters
in this machine are of the net balance (complement 9)
type. They are also used in counter coupling,

49. Plus. Entry for impulses to cause counters to add.

50. Minus. Entry for impulses to cause counters to sub-
tract.

1. Read-out. Entry for impulses to cause counters to
read out.



52. Reset. Entry for impulses to cause counters to clear.

53. NB. Exit that emits an X impulse at the end of the
cycle during which the counter turns negative and con-
tinues to emit an impulse for every cycle thereafter until
counter is either cleared or turns positive. Testing for
plus or minus balances may be done on any program step
except those used for multiplication or division.

54. Storage Control Read-in. Entry hubs for controlling

the read-in of both left and right halves of storage units
1,2, 3, 4, 6, and 7. Units § and 8 are not standard.

55. Storage Control Read-out. Entry hubs for controll-
ing read-out from each storage unit independently when
transferring.

56. Punch. Entry hubs to control punching from stor-
age units 6 and 7. Unit 8 is not standard. Normally wired
from read cycle or program exits.

57. Bus. Entry for impulses to elminate split wiring.
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