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IBM 604 ELECTRONIC CALCULATING PUNCH

THE IBM Electronic Calculating Punch, Type
604, uses electronic methods for performing all
basic types of calculations. Factors are read from
IBM cards, the calculations are made by an elec-
tronic calculating unit in a fraction of a second,
and the results are punched automatically in the
cards.

The Type 604 adds or subtracts amounts
punched in the same cards or in successive cards;
it multiplies; it divides; and it performs these
operations repetitively and in combination as
required for all general types of calculating prob-
lems.

Whether single, repetitive, or combination oper-
ations are required, and whether one or more
results are punched in each card, the calculations
are performed at a constant operating speed—100
cards per minute.

Information is read from a card and held in
the machine until it has served its purpose in the
calculation. Several results may be calculated and
held in the machine until they are punched. As
many as 21 digits can be read from a card for
calculating, and results of up to 29 digits can be
punched. The number of digits read from a card
can be increased to a total of 37 by a corresponding
reduction in the number of punching positions.

For basic multiplication, an 8-digit multiplicand
is multiplied by a 5-digit multiplier to produce
a 13-digit product, but larger factors can be
calculated by one or more multiplication recalcu-
lations, without reducing operating speed. For
basic division, a 13-digit dividend can be divided
by an 8-digit divisor to produce a §-digit quotient,
but additional dividend positions and additional

quotient positions can be calculated in a single
operation.

Group multiplication can be performed with
either the multiplier or multiplicand as the group
factor. Many other group operations can also be
performed, such as the accumulation of factors
from a group of cards and the punching of sum-
marized or calculated results in the last card of
a group.

Other information can be gang punched into
cards as they are being punched with the results
of calculations. Straight gang punching of com-
mon information into all cards, interspersed gang
punching, and offset gang punching can be per-
formed, either in combination with calculation or
as an independent operation.

All calculations and punching are checked in
a separate operation or, in some cases, in the same
operation to insure accuracy. When the factors
are reversed, the cards can be recalculated and
the result can be punched a second time. A double-
punch and blank column detection feature is used
to check for the punching of all positions on the
first calculation as well as for a difference in
punching during the checking operation. If neither
blank columns nor double-punched columns occur
in either operation, the calculation is proved to be
correct. Another checking method is based on
the calculation of a zero balance. An original
punched result is subtracted from a second calcula-
tion of the result and the difference is tested for a
zero balance, to prove agreement between the two
calculations. By control panel wiring, any discrep-
ancy can stop the machine, or offset the card in the
stacker if that feature is specified.



OPERATING

Tue Electronic Calculating Punch consists of two
basic units, which are connected by a cable:

1. Punch Unit (Type 521)

2. Electronic Calculating Unit (Type 604)

The punch unit (Figure 1) has three card sta-
tions: a first reading station, a punching station,
and a second reading station. Cards are placed in
the hopper face down, twelve edge first. Factors
are read from the card and transferred to the elec-
tronic calculating unit as the card passes the first
reading station. All calculations are made by the
calculating unit as the card moves from the first
reading station to the punching station. Calculated
results are then transferred back to the punch unit
and punched in the card as it passes the punching
station. At the second reading station, the card
may be read for gang punching, recalculation, and
double-punch and blank-column checking. Cards
feed continuously from one station to the next at
the rate of 100 per minute. Thus, while one card
is being read for calculation, another card is being
punched, and a third card may be read for check-
ing.

The electronic calculating unit performs all cal-
culations. It consists of seven basic parts:

1. Factor Storage Units

2. General Storage Units

3. Multiplier-Quotient Unit
4, Electronic Counter

Feed Hopper

Ficure 1.

PRINCIPLES

5. Program Unit
6. Channel
7. Shift Unit

Factor storage units store factors read from the
card for use in developing results of a calculation,
or store the results of a calculation for later use in
developing further calculations.

General storage units can be used in the same
manner as factor storage units and, in addition,
when they are not used to store factors from the
card, they may be used to store results of a calcula-
tion for punching purposes.

The multiplier-quotient unit is similar to factor
storage units and, in addition, it may be used to
store the multiplier factor when multiplying or to
develop the quotient when dividing.

The electronic counter (13 positions) must be
used during calculating time for the four basic
arithmetical operations of adding, subtracting, mul-
tiplying, or dividing. Factors cannot be read di-
rectly from the card into the counter but results
may be punched from the counter. .

The program unit supplies electronic impulses to
control operations, such as read in and read out
functions of storage units and the counter, on spe-
cific program steps. Twenty program steps are
standard, but the number may be increased to 40
or 60.

First Readine: Punching Second Readirg
Station Station Station
Results are
caleviated
1D ,
N sk
% 7

~Z
=

CARD STATIONS



OPERATING PRINCIPLES

Exits and entries of all storage units and the
counter are connected together internally by an 8-
position channel. This means that only one factor
(1 to 8 positions) may be transferred over the
channel on any one program step. The only control
panel wiring required to effect the transfer is the
read in and read out controls of the counter and
storage units.

The shift unit permits factors transferred from
a storage unit to the counter or from one storage
unit to another to be shifted to the left as many as
five positions. It also allows as many as five posi-
tions to be dropped when transferring results from
the counter to a storage unit. This shifting is con-
trolled by control panel wiring, and on any one
program step is limited either to read in or to read
out, but not both at the same time. The shifting
which is inherent in multiplication and division is
accomplished automatically by this unit on multi-
ply and divide steps.

A schematic of the channel and shift unit is de-
scribed in a later section of the manual.

OPERATING FEATURES, 521 PUNCH UNIT

OPERATING FEATURES of the Type 521 Punch Unit
are shown in Figure 2.

Main Line Switch

When the main line switch on the punch is
turned on and the rower oN key on the calculat-
ing unit is depressed, power is supplied to both
units. Operation may be started approximately
three minutes later, during which time the elec-
tronic tubes heat. The red unlabeled light on the
punch turns on when this switch is on.

Ficure 2. KEgys anD Licars, Type §21

Start Key

The start key is depressed to feed the cards
and to start calculation. This key is effective only
when both unlabeled lights are turned on. If the
punch unit is used independently, the start key
may be depressed as soon as the main line switch

is turned on.

Stop Key

The stop key stops the operation of both the
punch and calculating units when depressed.

Reset Key

When an error is signalled by one of the four
lights located on the punch, the machine may be
restarted after the reset key is depressed.

Light (unlabeled)

This light turns on when the main line switch is
turned on. The light turns off as cards are passing
through the machine and turns on again when-
ever the machine stops.

Unfinished Program Light

The red unfinished program light turns on, the
machine stops, and all punching is suppressed in
those rare instances when a calculation cannot be
completed in the time that it takes for the card
to move from the first reading station to the punch
station. This light is operated by control panel
wiring.

Double-Punch Blank-Column Light

The red double-punch blank-column light turns
on and the machine stops whenever a double punch
or a blank Golumn is sensed. This light is operated
by control panel wiring and is normally used in
conjunction with checking operations.
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Zero Check Light

The red zero check light turns on and the
machine stops if, in a checking operation, the
punched result subtracted from the recalculated
result does not equal zero. This light is operated
by control panel wiring.

Product Overflow Light

The red product overflow light turns on and
the machine stops if the result of a calculation
exceeds the number of card columns to be
punched. This light is operated by control panel
wiring.

OPERATING FEATURES, 604 CALCULATING UNIT

OPERATING features of the Type 604 calculating
unit are shown in Figure 3.

Power On Key, Power Off Key

The power on and off keys operate like a main
line switch for the calculating unit. When the
power on key is depressed, power is supplied to the
electronic tubes, the sTarTING light turns on im-

mediately, and the unlabelled light turns on after
approximately three minutes if the main line switch
on the punch unit is on. When the power off key is
depressed, power to the calculating unit is turned
off.

Starting Light

This red light turns on when the power on key
is depressed and turns off when the unlabeled green
light comes on.

Light (Unlabeled)

This green light turns on approximately three
minutes after the power on key has been depressed.
It indicates that the machine is ready to operate
provided the main line switch on the punch unit is
also turned on. The light turns off when the con-
trol panel in the calculating unit is removed.

Program Test Key, Program Test Light

Depressing the program test key makes it pos-
sible to operate the 604 one step at a time and
causes the program test light to turn on immedi-
ately. Depressing the key a second time returns
the 604 to high-speed operation.

-
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OPERATING PRINCIPLES 9

Control Panel Light

This red light turns on when the control panel
is removed from the 604.

Program Advance Key

The program steps (indicated by the procram
STEP lamps on the neon panel) may be advanced
one at a time by depressing the program advance
key.

The Indicator Lamp Panel is described in a later
section of the manual.

OPERATION

THE machine is prepared for operation by insert-
ing properly wired control panels in each unit,
by turning on the main line switch, located on
the punch, and by depressing the start key on the
calculating unit. The electronic tubes require ap-
proximately three minutes to heat before the ma-
chine is ready to operate.

Cards are placed in the hopper of the punch
unit face down, 12’s edge first. In this machine
an X punch can be used to control the reading of

information from the card and, consequently, this
position must be read before the factors are read.

The punch unit start key is depressed to feed the
cards and start calculations. The red unlabelled
light on the punch turns off as cards are calcu-
lated, punched, and moved into the stacker con-
tinuously. The machine stops and the light turns
on again when the hopper is empty, the stacker
becomes full, the stop key is depressed, or an
error or other condition is recognized through con-
trol panel wiring.

Scheduling of work on the 604 should call for
as continuous operation as possible. Leave the ma-
chine turned on if it is to be inoperative for a
short period of time (one hour or less). If the
calculator is inoperative for a longer period of
time, it should be turned off.

The operation of the Type 604 is fully explained
in the examples that follow with a detail descrip-
tion of the control panel hubs preceding their
use in each example. For a clear understanding
of the capabilities of the machine as well as a
thorough knowledge of the wiring principles, each
example should be studied in the sequence
presented.
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PRINCIPLES OF CONTROL PANEL WIRING

A sepARATE control panel (Figure 4) is required
for the punch unit and for the calculating unit. All
functions that concern card reading or card
punching are wired on the punch control panel
and all functions concerning the actual calculation
are wired on the calculator control panel.

The punch unit has a double panel and the
calculating unit a single panel. Letters down the side
and numbers across the top of each panel facil-
itate reference to specific hubs which in the text
will be preceded by Cal for the calculator control
panel or Pch for the punch control panel.

Some hubs are entries and some are exits. Exit
hubs are always connected to entry hubs either
directly or by selection and the wiring may be
changed to suit each new application.

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

All hubs performing similar functions are
grouped together and labelled with their general
title. Within each group they are numbered or
named according to their specific function.

The control panel for the punch is positioned
in the lower left front of the punch unit, -and
the control panel for the calculating unit is posi-
tioned on the upper left side of the calculating
unit. ¢

Planning the Operation

A problem to be calculated on the 604 should
first be studied to determine the most logical use of
the storage units and the sequence of the steps to be
taken by the machine, before any attempt is made
at control panel wiring. The steps taken by the
machine after the card is read, start off automati-
cally from step 1 to step 20 on the standard ma-
chine and are referred to as “programs.” Since
only one function can be performed on each pro-
gram step, lack of proper planning could easily
result in using all of the program steps without
completing the problem.

To assist in planning the operation a planning
chart (Figure 5) has been devised with a vertical
arrangement of the read cycle and 20 program
steps and a horizontal arrangement of the units

into which factors may be entered. The chart is
divided as follows:

Operation Notes. One space is allowed for each
of the steps that the machine takes, including
the read and punch cycles. This column is
reserved for making explanatory notes about the
particular operation being performed.

Program Suppress. Some problems require that
certain program steps be suppressed or made inac-
tive. This column is reserved for identifying the
condition under which suppression of the pro-
gram step is required (X, D, + or — balances).

Program Number. This column identifies the
read cycle, each of the 20 program steps and the
punch cycle, which on this machine is the same
as the read cycle.

Factor Storage. The four factor storage units are
represented in this column, two of them having 3
positions and two having 5 positions. Activity
in or out of these units is indicated on the proper
program step.

Mult. Quot. This column is used for indicating
the multiplier, quotient or other information that
is stored in the multiplier quotient unit.

Counter. This column represents the 13-posi-
tion electronic counter.

General Storage. The four general storage
units are represented in this column, two of them
having 3 positions and two having 5 positions.
Activity in or out of these units is indicated on
the proper program step.

The upper half of the area allotted to each pro-
gram step is used for writing symbols, letters or
words to identify a factor. The lower half of the
area identifies the number of positions each unit
contains and is used for writing actual figures
resulting from the manual calculation of a rep-
resentative problem.

The position to the right of the dotted line, in
each unit, is used exclusively for sign control and
is not to be used as the units position.

The counter is shaded on the read cycle to indi-
cate that it cannot be read into at that time. The
factor storage and the multiplier quotient units
are shaded on the punch cycle to indicate that they
cannot be used for punching.



FiGURE .

The control panels may be wired directly from
the planning chart for the chart is, in effect, a
step by step analysis of the wiring to be done. This
is especially true of the calculator control panel
which is so closely related to the planning chart
that a single explanation will serve for both.

The following sequence will be followed in dis-
cussing each of the problems:

1. Explanation of the control panel hubs to

12 TYPE 604 ELECTRONIC CALCULATING PUNCH
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PLANNING CHART

be used in the problem and not previously used
in a preceding example.

2. Read cycle wiring under the heading Read.
This wiring concerns only the punch unit.

3. Program wiring under the program number
itself. This wiring concerns only the calculating
unit.

4. Punch and other wiring on the punch control
panel not previously described.



CROSSFOOTING 13

CROSSFOOTING
A—B ==+T1

THE NUMBER of factors that may be crossfooted
is limited only by the number of factors which
may be stored in the machine on the read cycle.
This example shows a simple crossfooting opera-
tion in which factor B is subtracted from A to
give a plus or minus result T. If T is minus, the
Type 604 will punch it as a true figure and iden-
tify it as minus by punching an X over the units
position.

— FACTOR STORAGE ENTRY— e
[iua 0i5lo 020 06 0iGloso o0oio]o o040 o o»o]

Factor Storage Entry (Pch A, 25-44). These hubs
are entries to the factor storage units for factors
read from the card. They are normally wired
from first reading, second reading or from the
digit selectors. Factors read into the factor stor-
age units may be held until required in the
calculation, but may not be punched from these
units. An X punch over any column, or over the
units position for reasons other than sign control,
must be eliminated by a column split. Without
elimination in other than units positions, an in-
correct zero may be entered. More than a single
digit in a olumn causes the sum of the digits to
enter storage without a carry. Factor storage en-
try or exit during calculation is controlled by the
calculator control panel.

FIRST READING:
© © 0 00 0 0 0 0 0O 0 06 0O 0 0 0 0 O 0 ©

5 30 s 40
© © 0 0 0 0 00 0 00 0 0 0 0 0 0 0 0 ©

45 50 58 60
© 0 0 0 0 0 0 0 © 0 0O 0O 0O 0 0 0 0 0 © O
(2] 70 78 80

© 0 0 0o 0o o0 o o 0o o o o o 0o 0 0 0o o0 o ¢

First Reading (Pch G-J, 25-44). These hubs are
exits for factors read from the 80 columns of
the card at the first reading station.

COUNTER EXIT v
© 0 0 0 0 0 0 0 0 0 0 6 0i0

Counter Exit (Pch S, 31-44). The result of a cal-
culation is always obtained in a 13-position elec-
tronic counter. The counter receives impulses
only during a calculation, not from the card.
Results can be punched from counter exit hubs.

PUNCHING 20
0 o o 0 o0 0 o o o ¢ o o © © o © 0o o 0o o
25 30 35 40
0 0 0 0 0 0 0 0 0o 0 o0 0 o o © o o o o ©
45 50 55 60
© © 0 o o o o o o o © o0 o © o o o o o o
&5 70 75 20
o ] (] =] o © (o] o o (o] © o] o ] =] ] o =] o o

Punching (Pch T-W, 25-44). The punching hubs
are entries for punching results in any assigned
columns of the card. These hubs are wired for
all punching, including gang punching.

‘C)A_Lg
Calc (Pch A-B, 1-2). The calculate switch must
be wired on whenever the calculating and punch
units are used together. It must be wired oFF
when the punch unit is used independently of

the calculating unit for gang punching opera-
tions.

Card Cycles (Pch P-Q, 11-22). The 24 common
card cycles hubs emit an impulse after 12
through 9 on each card reading cycle. Since card
movement is synchronized, a card cycles impulse
may be used to control functions at all three sta-
tions at the same time.

FACTOR STORAGE READ IN
T

Factor Storage Read In (Pch R-S, 15-18). Each
factor storage unit has a pair of common read
in hubs which accept only an X impulse to per-
form two functions:

1. Clear out the previous reading.

2. Enter a new reading.
They are normally wired from card cycles to
enter factors from the card.

CTR R&R
I O—0—0—0 I

Ctr R & R — Counter Read Out and Reset (Pch
T, 11-14). The four common counter read out
and reset hubs accept card cycles impulses to
read information out of a counter for punching
and to reset the counter.
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CROSSFOOTING 15
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Program (Cal A-Y, 2-4; 6-8; Y-HH, 20-22).
After one card is read and before the next card
is read, the machine starts through a series of
20 program steps (standard). These program
steps are electronic cycles which occur succes-
sively, and during each the machine can be
controlled to perform a specific part of a re-
quired calculation. All of the program steps are
taken in a calculation whether or not they are
actually used. Each program step has three in-
dependent exits. A single program exit hub can
be wired to only ome function entry hub. If
wired to two or more entry hubs by split-wiring,
coupling, or through a bus, the operating voltage
of a single program exit hub is reduced so that
none of the functions controlled will be per-
formed correctly. The only exception to this
rule is in the case of a 3-position storage unit
which is assigned to operate in conjunction with
another storage unit to handle 6-, 7-, or 8-digit
factors. In that case the read in or read out hub
of both storage units may be impulsed from one
program exit.

FACTOR STOR READ OUT.

111

Factor Stor Read Out (Cal D-F, 9-12). Informa-
tion may be read out of any factor storage unit
during calculation, by impulsing the factor stor-
age read out hubs on the calculator control panel.
They are always wired from program steps.

COUNTER CONTROL OUNTER CONTROL

Counter Control Read In +, Read In — (Cal O-P,
9-17). The 10 common read in -+ hubs on the
calculator control panel accept program impulses
to cause the counter to add during a calcula-
tion. The 8 common read in — hubs on the cal-
culator control panel accept program impulses to
cause the counter to subtract during a calcu-
lation.

PLANNING CHART AND WIRING DIAGRAM
(Figures 6A and 6B)

REeap. Factors B and A are wired to factor stor-
age units 1 and 2 from first reading. A card

* cycles impulse is wired to the corresponding read

in hubs to clear out the previous reading and
enter the new factors A and B from the card.

L. Factor A is added in the counter by wiring
program 1 to FACTOR STORAGE 2 READ ouT and to
COUNTER READ IN .

2. Factor B is subtracted in the counter by
wiring program 2 to FACTOR STORAGE 1 READ ouUT
and to COUNTER READ IN - The difference be-
tween A and B now stands in the counter ready to.

be punched.
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MULTIPLICATION 17

arpuication _Hours X _Rare = Earninves
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Ficure 7B

3. The result is wired from counter exit to
punch in columns 70-74. The counter is read out
and reset from card cycles. If the result is neg-
ative it will be punched as a true figure with an
X over the units position.

4. The calculate switch is turned ox for all
calculating operations.

MULTIPLICATION

Hours X Rate = Earnings

AXB=P

MurTipLicaTiON is performed on the Type 604
by entering one of the factors directly into the
multiplier quotient unit and the other factor into
any storage unit and by impulsing the machine
to multiply on a program step.

MULT QUOT ENTRY-
© 0o o o oio

Mult Quot Entry (Pch G, 39-44). The multiplier
quotient hubs are entries to a special §-position
storage unit into which the multiplier must be
entered for multiplication operations. Factors
can be entered into the MQ unit from the card
or transferred to and from it during calcula-
tion. Results cannot be punched from the unit.
An X punched over the units position of any
factor for reasons other than sign control must
be eliminated through a column split. The use
of these hubs as quotient entries will be ex-
plained under Division.

WP QT RI
Ot e O

Mult Quot Rl (Pch R, 11-14). These are the
read in control hubs for entering information
trom the card into the MQ unit. They accept
only X impulses and are normally wired from
card cycles.

IN-PROD OVERFLOW-OUT
[eoo™0]

Product Overflow In-Out (Pch N, 1-7). The
product overflow IN hubs are normally wired
from one or more counter or general storage
exit hubs that are in excess of the number of
hubs wired to punch the result. While the prod-
uct is being punched, if any digit other than
zero is sensed, product overflow ouT will emit
an X impulse on the next cycle which may be
used to stop the machine or offset the card in
the stacker. Product overflow ouT is normally
wired to PUNCH STOP.

$ PUNCH—0
I o—0—0 ! o—0—0 l

Punch Stop-Offset (Pch L, 5-10). These hubs ac-
cept impulses to stop the machine, or offset the
card in the stacker (special device). The ma-
chine stops at the end of the cycle following the
one on which the stop hubs are impulsed. They
are normally wired to stop the machine for a
condition recognized at the punch ssation, such
as Product Overflow; this stops the machine
when the card causing the condition reaches the
stacker.




18 TYPE 604 ELECTRONIC CALCULATING PUNCH

FUNCTION CONTROL
MULTIPLY +
Multiply + (Cal S-T, 9-13). The multiply plus
hubs, located on the calculator control panel,

receive impulses to cause the machine to develop
a plus product in the counter.

FUNCTION CONTROL

14 ADJUST
>0

1, Adjust (Cal W-X,9-13). The half adjust hubs
are wired from program steps to add or sub-
tract a 5 automatically according to the sign of
the product, in the units position of the counter.
To enter a § into any position other than the
units, shift entry must be impulsed (READ UNITS
INTO) .

READ UNITS INTO

6TH 5TH 4TH 3RD 2ND

Read Units Into (Cal Y-Z, 9-18). Shifting from
one to five positions may be done on any pro-
gram step except when multiplying or divid-
ing, and the shift unit will return to normal
at the completion of the program step. Half
adjustment (5), zero check (1), and the
units position of a factor in storage may enter
the 2nd, 3rd, 4th, sth or 6th position of the
counter by wiring a program exit directly to the
read units into hubs and by impulsing the coun-
ter at the same time. Also, the units position of
a factor in one storage unit may be shifted when
entering another storage unit. READ UNITS INTO
cannot be used when transferring factors from

counter to storage.

PLANNING CHART AND WIRING DIAGRAM
(Figures 7A and 7B)

Reap. Factor A is wired to MQ, and B to FS4.
Both of these units are impulsed to receive the

factors by wiring card cycles to FS 4 and MQ
read in.

1. The plus product of A X B is_developed in
the counter by wiring program 1 to read out fac-
tor B from FS 4 and to the multiply + hubs.
Multiplication on the Type 604 is accomplished
by repetitive addition requiring that the multipli-
cand B be automatically added and properly off-
set internally in the counter the number of times
called for by the multiplier A.

2. There are 3 decimals in rate and 1 decimal
in hours. Only 2 decimals are to be punched mak-
ing it necessary to correct for the dropped deci-
mals. This is done by wiring program 2 to one
of the half adjust hubs and also to READ UNITS
inTo 2nD. The 5 will add automatically into the
2nd position of the counter thereby correcting
position three.

3. The product with two positions dropped is
wired out of the counter to punch in columns
76-80. A card cycles impulse is wired to read out
and reset the counter. ‘

4. Provision has been made for a 7-position
product, two positions of which are dropped. The
remaining two positions that are possible when
multiplying 5 digits by 4 digits, are wired to ProD-
UCT OVERFLOW IN. PRODUCT OVERFLOW OUT is
wired to PUNCH sTop. If the product exceeds the
five positions expected, the machine will stop when
the card in error reaches the stacker and the rrob-
vcr overFLOw light will turn on. Any digit im-
pulse reaching propUCT OVERFLOW IN Will cause
an X impulse to be emitted from the our hub
which in turn reaches puncH stor. The punch
stop hubs are used because a product overflow is
recognized at the punch station. The signal light
is turned off by pressing the reset key.

5. The calculate switch is wired oN.



GROUP MULTIPLICATION 19

GROUP MULTIPLICATION

ErrHER the multiplier or the multiplicand may be
used as the group factor. The card containing the
group factor must be designated by an X punch
and that X, instead of the card cycles impulse, will
be wired to control the group factor read in,
whether it be the MQ or another storage unit.

When storage units are controlled to read in
directly from an X punched in the card, the X
should not be punched over the factor to be stored.
If X’s are punched over factor fields, they should
be eliminated through column splits.

Both the planning chart and the calculator con-
trol panel wiring are exactly the same as in the
previous problem. Only the punch control panel
wiring will be explained.

X PILOT SELECTOR Sm————smy—

IEEEEECETT

D PU
© 0 0 0 0 0 0 0 o0 o
F——————IMMEDIATE PU
© 0 0 0 6 0 0 o o o
5 10-]
0T0 © 0o © 0 O o6 oTo
ONO 0 O 0 © © 0 ONO
aCo 0 o 0 0 o o0 oCo
010 0 0 0 0 6 o0 o070
ONO ©0 © 0o 0 © 0 ONOo

D 0o 0 0 o 0 0 o¢o

COUPLING 5 EX|T =10
© ¢ 0o o0 0o 0o o o0 o

LQ

Pilot Selectors (Pch A-K, 11-20). There are five
2-position pilot selectors standard, each having
X, D (digit), and Immediate pickups. When
the X or D pickup hub is impulsed, the selector
transfers for the next cycle; when the immediate
pickup hub is impulsed, the selector transfers im-
mediately and remains transferred for the rest
of that cycle. If the X or D pickup hub is im-
pulsed, the courrLinG Exrt Will emit an impulse
when the selector transfers. It is normally used
to pick up punch or calculator selectors. The
CcOUPLING EXIT and the IMMEDIATE Pickup of
the selector are common.

When a card cycles impulse is wired through
the normal side of a pilot selector picked up by
its immediate pickup, the pickup impulse must
be a 12 punch. This is necessary because a card
cycles impulse originates between 12 and 11 time.

12 & 11 COLUMN SPLITS

o 0o o 050 © o ©0 owo © o©°
0-9

c 0o 0o 0o 0 o o ©o 0 ©° o o
<

o © o o o © ¢ o o o o o

Column Splits (Pch V-W, 1-12). There are 12
column splits on the standard machine, each
having a C hub, 0-9 and 12-11 hub. There is
a2 common connection between C and 0-9 as
the 0-9 punching is read from the card; between
C and 12-11 as the 12 and 11 punches are read
from the card. They are used to separate digit
punching from 11 and 12 punching.

PCH SUP.
I O—O0—0—0 I

Punch Sup (Pch A, 3-6). Complete suppression
of all punching for any one card may be ac-
complished by wiring any digit or X punch
to punch suppress from first reading. If an X
is punched over a digit, a column split must

be used.

WIRING DIAGRAM — PUNCH CONTROL PANEL
ONLY (Figure 8)

Reap. Factor A is wired to the MQ unit and
factor B to factor storage unit 4. Both factors are
wired from first reading.

The multiplier is the group factor and enters
the MQ unit only from X65 master cards by
wiring column 65 from first reading to MQ read-
in. It is wired through the common X pickup
hubs of pilot selector 1 to avoid split wiring. The
MQ read in will accept only X impulses.
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DIVISION N

The multiplicand is read into FS 4 on every card
by wiring card cycles to FS 4 read in.

1. A and B are multiplied by reading out FS 4
and by impulsing multiply .

2. The product is half adjusted on program 2.

3. The product with two positions dropped is
wired out of the counter exit to punch in columns
76-80.

4. The overflow positions of the product are
wired from COUNTER EXIT to PRODUCT OVERFLOW
IN, through the normal side of pilot selector 1.
The selector is picked up by an X in column 65
to prevent the product overflow from being im-
pulsed for a master card. OVERFLOW ouT is wired
to PUNCH STOP, to stop the machine whenever the
product exceeds the field capacity.

The selector is necessary when the group master
card is punched with other information in the
columns set aside for the multiplicand factor in
the detail card:

MP MC
15 99999 X Card
25 NX Card

In the above example 15 is the group multiplier
and is to be multiplied by 25 in the detail card.
The master card, however, contains other punch-
ing in the same field in which the 25 is punched
in the detail cards. Multiplication will take place
and although punching will be suppressed, product
overflow will not. If 15 x 99999 exceeds the field
capacity and product overflow is not selected, the
machine will stop unnecessarily.

§. The master card may or may not be calcu-
lated and punched. If it is not to be punched,
the master card X must be wired to the punch
suppression hubs. A column split is used to pre-
vent any other digits from reaching puncu sup-
PRESS.

DIVISION

Total Pay = Hours = Average Hourly Rate
A+-B=Q

Basicarry, the Type 604 provides a 13-position
counter for the dividend, an 8-position storage
unit for the divisor, and a S-position storage unit
for the quotient. If the dividend and the divisor
are such that the quotient will exceed five posi-
tions, the operation must be done in parts (quo-
tient expansion) which will be explained in a
later problem. In the example 1234567 <+ 012, the
result will exceed five positions, and without quo-
tient expansion the program step used for impuls-
ing the divide switch will be cancelled, resulting
in an answer of Zzero. However, 1234567 +— 112
gives a S-position quotient and may be performed
in a single operation.

Both the dividend and divisor must enter stor-
age from the card. The dividend is then trans-
ferred to the counter so that the decimal point
lines up according to the number of decimals in
both the quotient and the divisor.

In order to half adjust the quotient, the dividend
must be shifted over an extra position in the
counter, so that the 5 may be added to the extra
quotient position on a separate program step.

MULT. QUOT. CONTROL
[ READ OUT _I

Mult. Quot. Read Out (Cal M-N, 14-17). Fac-
tors are read out of the multiplier quotient unit
by impulsing multiplier quotient read out with
a program exit. This unit does not need to
be reset since it clears upon entry of a new fac-
tor.

FUNCTION CONTROL

Divide (Cal U-V, 9-13). When these hubs are
impulsed by a program exit, the machine will
divide and the MQ unit clears to prepare for
the new quotient about to be developed. This
set of hubs is sometimes referred to as the divide
control switch.
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DIVISION 23

appucATiON 70741 Pay + Hours = AvrrMHourty Rarte mosem A =8B = Q
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Ficure 9B

COUNTER CONTROL

READ OUT & RESET

Counter Read Out and Reset (Cal Q-R, 9-13).
A program step wired to these hubs will cause
the counter to read out and reset. Unlike the
storage units, the counter clears only when im-
pulsed to clear and not upon entry of another
factor.

PLANNING CHART AND WIRING DIAGRAM
(Figures 9A and 9B)

REeap. Factor A is read into FS 2 and B into FS 3.

1. The dividend A is read out of FS 2 into the
counter on program 1. It is positioned so that its
decimal point lines up with the decimal position
in the counter as determined by the following rule:
the number of decimals in the divisor, plus the
number of decimals desired in the quotient, plus
one position for quotient half-adjustment deter-
mine the decimal position in the counter for the
dividend. In this example the divisor has one deci-
mal, the quotient two decimals, and the quotient is
to be half adjusted, making a total of four places
to a point off in the counter. Since the dividend
has two decimals, it must be entered into the

counter, shifted two positions, making the units
position of the dividend enter the 3rd position of
the counter.

2. The divisor B is read out of FS 3 and the
divide hubs are impulsed on program 2. Division
on the Type 604 is the process of reducing the
dividend by subtracting the divisor the number
of times that it takes to reduce the dividend until
the remainder is less than the divisor. This is an
automatic operation once the divisor has been im-
pulsed to read out and the divide hubs are impulsed.
The quotient will automatically enter the MQ unit.

3. The dividend remainder in the counter is
cleared out by wiring program 3 to COUNTER READ
OUT AND RESET.

4. The quotient is read out of MQ and added
into the counter on program 4, so that the half
adjustment can be made. An extra position was
developed in the quotient for this purpose.

5. Half adjustment is made by wiring program
5 to Y2 apyust. The adjustment will be made in
the units position of the counter.

6. The quotient, with one position dropped, is
wired from counter exit to punch in columns
50-52. A card cycles impulse is wired to counter
R &R.



24 TYPE 604 ELECTRONIC CALCULATING PUNCH

SUCCESSIVE CALCULATION

(Pieces X Unit Standard Time = Total Standard
Time) =
Actual time = 9% over or under Standard

(AXB=P)+-C=R

Successive calculations may be made for any
number of re-multiplications, re-divisions, or com-
binations of both, within the capacity of the
machine to store the factors at read time and the
results during calculation.

Results of each calculation may or may not be
punched. Since punched results require storage
space, the capacity depends largely upon how
many of the results are to be punched.

— GENERAL STORAG
F!O ololo 0c20 0 oiojos

General Storage Entry (Pch K, 25-44). These
hubs are entries to the general storage units for
factors read from the card. They are normally
wired from first reading, second reading or from
digit selectors. Entry to general storage during
calculation is controlled from the calculator
panel. Factors read into the general storage units
may be held until required in a calculation and
results may be punched from these units. An
X punch over any column, or over the units
position for reasons other than sign control, must
be eliminated by a column split. Without elimi-
nation in other than units positions, an incorrect
zero may be entered. More than a single digit in
a column causes the sum of the digits to enter
storage without a carry. General storage entry or
exit during calculation is controlled by the cal-
culator control panel.

uENERA‘L STORAGE EXIT

y—— -
F)o ololo 020 © o-o'oao ololo 040 o© otsl

General Storage Exit (Pch Q, 25-44). These hubs
are exits from the general storage units for
punching results into the card. They are always
wired to the punch hubs either directly or
through selectors. When a general storage unit
is wired to read in for some cards and punch

(read out) for others, a selector is required not
only to control storage read in and storage read
out, but also to select general storage exits to
the punch magnets. If general storage exits are
wired directly to the punch magnets, X’s will
punch whenever STORAGE READ IN is impulsed.

GENERAL STORAGE READ-IN
[EER |

General Storage Read In (Pch X-Y, 15-18). The
general storage units are controlled to read in
factors from the card or from the digit selec-
tors, by wiring only an X impulse to general
storage read in. Card cycles include the X im-
pulse and may be wired to these hubs. The gen-
eral storage units clear automatically when
wired to read in a new factor.

erENERAL STORAGE READ-OUT

EEL

General Storage Read Out (Pch Z-AA, 15-18).
General storage read out hubs accept only card

cycles impulses to read factors out of the gen-
eral storage units for punching.

FACTOR STORAGE ASSIGNMENT
OO0 | 0—2C

846 64 31|86 39
orto oloso

GENERAL STORAGE ASSIGNMENT:

8.6 &4 3% |86 34
cto o 030

Storage Assignment: Factor (Pch O-P, 1-5), Gen-
eral (Pch S-T, 1-5). Normal channel connec-
tions between storage units is illustrated in Fig-
ure 10A. Under this arrangement channels 6, 7,
and 8 are never used. Therefore, the size of
factors that can be transferred on one program
step is limited to five positions.

By use of storage assignment, three-position
storage units (FS 1 and 3, and GS 1 and 3) may
be shifted as illustrated in Figures 10B, C, D, E,
F, and G, thus permitting the transfer of 6-, 7-,
and 8-position factors on one program step. For
example, factor storage 1 can be assigned to the
left and controlled to operate in conjunction with
FS 2, FS 4, MQ (when used for storage only —



SUCCESSIVE CALCULATION

A. NORMAL — NO

B. FACTOR STORAGE

C. FACTOR STORAGE

D. FACTOR STORAGE

ASSIGNMENT ASSIGNMENT 6-4-1 ASSIGNMENT 8-6-1 ASSIGNMENT 8-6-3
8|7]6]5]4[3]2]1 8[7]6]5[4]3]2]|1 817]6|5]4]3]2]1 8|716]5]4]3]2]1
I
FS1 FS1 (2272 FS1 FS1
[ 1 |
—|Fs2 FS2 ZZZFS2 T FS2
: FS3 777 FS3 FS3 F$3
— FS4 T FS4 FS4 2 FS4
! MQ MQ MQ Z MQ
— GS1 GS1 GS1 GS1
| GS2 GS2 % GS2 GS2
— GS3 7 GS3 |GS3 GS3
T GS4 T GS4 7T GS4 GS4
F. S. ASSIGN.|G. S. ASSIGN. | F. S. ASSIGN. |G. S. ASSIGN. | F. S. ASSIGN. | G. S.ASSIGN. | F. S.
IGN A on G OGN IGN ASSIGN. | G. S. AS%IESON.
8-6 6-4 8-6 8-6 6-4 8-6 B8-6 64 8-6 8-6 6-9 8-6 816 6-4 8-6 8-6 6-4 8-6 8-6 6-4 BIS_O 8-6 6-4 8-6
olo o3 olo o3 o]I o3 olo o3 C}o o3 olo o3 olo 3 olo o3
E. GENERAL STORAGE F. GENERAL STORAGE G. GENERAL STORAGE
ASSIGNMENT 6-4-1 ASSIGNMENT 8-6-1 ASSIGNMENT 8-6-3
8765413121 8765|4321 8{71654[3|2]1
77 FS1 I FS1 FS1
Fs2 ZZIZ A FS2 2
FS3 FS3 I FS3
FS4 T FS4 ZFS4
T T
MQ Z AMQ AMQ
GS1¢Z 777 GS1 GS1
l GS2 77227 1/ ] GS2 7ZAGS2
2T GS3 GS3fz= GS3
Gs4 /?'L AGs4 7 7 7AGS4
[T 1] | I LT T T
F. S. ASSIGN. |G. S. ASSIGN. | F. S. ASSIGN. | G. s. ASSIGN. | F. S. ASSIGN. |G. S. ASSIGN.
8-66-4 8-6 8-6 6§4 8-6 8-6 6-4 8-6 &{6 6-4 8-6 8-6 6-4 8-6 8-6 6-4 GIG_O
ol10 03 ol o3 olo o3 1o o3 olo 03 olo 3
FiGURE 10. SCHEMATIC OF STORAGE ASSIGNMENT

not for a multiplier or quotient), GS 2, or GS 4.
Wiring for storage assignment on the control
panel merely positions a storage unit internally
to the left; to make the unit operate in conjunc-
tion with another unit, the READ 1IN or READ OUT
of both units must be impulsed on the same pro-
gram step. When a storage unit is assigned, its
sign control hub is inactive.

In B (FACTOR STORAGE 6-4-1 ASSIGNMENT),
factor storage unit 1 reads over channel positions
4, 5, and 6, and can be used in conjunction with
any other 3-position unit (shown by the shad-
ing) for 4-, 5-, or 6-digit factors. This assign-
ment is made by wiring the hub labelled 6-4 for

factor storage unit 1 to one of the three common
hubs above.

E illustrates the 6-4-1 assignment for general
storage which is the same as the 6-4-1 assign-
ment for factor storage.

In C (FACTOR STORAGE 8-6-1 ASSIGNMENT)
and F (GENERAL STORAGE 8-6-1 ASSIGNMENT),
storage unit 1 reads over channel positions 6, 7,
and 8, and can be used in conjunction with any
5-position unit. This assignment is made by wir-
ing the hub labelled 8-6 for storage unit 1 to
one of the three common hubs above.

In D (FACTOR STORAGE 8-6-3 ASSIGNMENT)
and G (GENERAL STORAGE 8-6-3 ASSIGNMENT),
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Ficure 11B

unit 3 reads over channel positions 6, 7, and 8,
and can be used in conjunction with any 5-posi-
tion unit. This assignment is made by wiring the
hub labelled 8-6 for storage unit 3 to one of the
two common hubs above.

GENERAL STOR READ IN:
‘—{ 2{ 3} ‘f

General Storage Read In (Cal G-1, 9-21). Infor-

READ UNITS QUT OF

6TH 5TH 4TH 3RD 2ND

Read Units Out Of (Cal AA-BB, 9-18). Shifting
from one to five positions may be done on any
program step except when multiplying or
dividing, and the shift unit will return to
normal at the completion of the program step.
Information may be read out of the counter

mation is read into the general storage units
during calculation by impulsing the general
storage read in hubs with a program exit. The
general storage units are cleared automatically
upon entry of a new factor.

GENERAL STOR READ OUT
g ’% g g ]

starting with the 2nd, 3rd, 4th, sth, or 6th
positions by impulsing one of the read units out
of hubs from a program step. This information
will enter the storage unit starting with the
units position. The read units out of cannot be
used when transferring out of storage.

PLANNING CHART AND WIRING DIAGRAM
(Figures 11A and 11B)

REaD. A is read into FS 1 and 2, B into the MQ
unit, and C into GS 2.

1. A is multiplied by B on program 1 by read-
ing out FS 1-2, and impulsing MmuLTIPLY +. Since

General Storage Read Out (Cal J-L, 9-12). Infor-
mation is read out of the general storage units
during calculation by impulsing the general
storage read out hubs with a program exit.
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there are four decimals in B and none in A, there
will be four decimals in the product.

2. Only two decimals are required in the result
which is half corrected on program 2 by impuls-
ing ¥ apjust, and READ UNITS INTO 2ND. This
causes a 5 to add in the second position of the coun-
ter.

3. Since the problem is not completed, the pro-
duct must be stored until ready to be punched. It
is read out of the counter on program 3, with two
decimals dropped, into GS 3 and 4. The decimals
are dropped by impulsing READ UNITS OUT OF 3RD.

4. The product is ready to be divided by C. It
is read out of GS 3-4 into the counter on pro-
gram 4. Two decimals in the quotient, plus two
in the divisor, plus one for half adjustment, make
it necessary to place the decimal in the fifth posi-
tion of the counter. The product having only
two decimals is entered into the dividend counter
offset 4 positions to line up with the predeter-
mined decimal point, by wiring program 4 to READ
UNITS INTO 4TH.

5. P is divided by C on program § by impuls-
ing the divide hubs and reading out C from GS 2.
The quotient is developed in the MQ unit.

6. The dividend remainder is cleared out of the
counter on program 6.

7. The quotient is read out of MQ into the
counter on program 7, so that it may be half
corrected.

8. The quotient is half adjusted by impulsing
1/, aApyuUsT on program 8 which automatically adds
a 5 to the units position of the counter.

9. The product of A x B is punched from GS
3-4 into columns 26-31. General storage read out
3 and 4 are impulsed from card cycles. The quo-
tient of P = C is punched from the counter, with
one position dropped, into columns 78-80. Coun-
ter R & R is impulsed from card cycles.

10. The six digit factor A exceeds the capacity
of any one factor storage unit and it is necessary
to make an assignment. FS I is assigned to the 6th,
7th, and 8th positions of the channel, and is used
in conjunction with FS 2 which is connected to the
first five positions of the channel.

11. The six digit product P exceeds the capacity
of any one general storage unit and it is necessary
to make a further assignment. GS 3 is assigned to
the 6th, 7th and 8th positions of the channel, and
is used in conjunction with GS 4 which is con-
nected to the first five positions of the channel.
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CHECKING MULTIPLICATION

Double-Punch Blank-Column Detection Method

MuvripLICATION may be checked on the Type 604
by repeated calculation if the result is punched
in exactly the same columns on the second run as
it was the first. A double punch will result in
any column containing an error. A blank column,
always an error, is detected in conjunction with
double punch detection under control panel wir-
ing. When the double punch and blank column
method is used for checking, it should also be used
in the original run since the wiring remains the
same for both.

SECOND READING 20
© 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 © o
25 30 35 40
© 0 0 0 0 0o 0 0 0 0 0 o0 0 o
45 50 55 60
© 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o
65 70 75 80
© 0 0 0 0 0 0 0 0 0 0 0 0 06 0 0 O o

o
] o el o
o]
(o]
o

Second Reading (Pch AA-DD, 25-44). These
hubs are exits for reading the 80 columns of
the card at the 2nd reading station. They are
normally used for gang punching, or for read-
ing results to be checked.

[————————DOUBLE PUNCH & BLANK COLUMN ENTRY————
© © 06 0 0 0 0o @ 0 06 00 0 0 0 0 0 0 0 0
[ ————DOUBLE PUNCH & BLANK COLUMN EXiT— ]
© 6 0 0 0 0 0 06 0 0 0 0 0 0 0 0 0 0 o0 o
BLANK COLUMN SWITCHES

ON ON|
© © 6 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 o0 o

Double Punch and Blank Column Entry (Pch EE,
25-44). The double punch and blank column
entry hubs check the presence of double punch-
ing. They also detect blank columns if the
BLANK COLUMN SWITCHES are wired. The double
punch entry hubs are normally wired from sec-
ond reading and, when a double punch or blank
column is sensed, they cause an X impulse to be
emitted from the DPBC hubs (M, 1-4).

Double Punch and Blank Column Exit (Pch FF,
25-44). These hubs are uged to eliminate the need
for split wiring for checking a gang punch op-
eration. The normal wiring for gang punching is
from the second reading brushes to the punch
hubs. To check this operation the wiring would
be from second reading to double punch column

entry and from double punch blank column exit
to the punch hubs. In the event of a double
punched column, the double punch exit hubs
will transmit only the low digit punch, i. e.,
if 9 and 6 were punched, only the 6 would be
transmitted for gang punching. Ten positions
are standard.

Double punch and blank column exits may
be used as entries, in which case only blank col-
umns can be checked. Columns checked for
blanks may also be wired for gang punching if
desired. In this case, if the information is nu-
merical, double punch and blank column entry
may be used as exits to the punch magnets; if
the information is alphabetic, split wires are nec-
essary.

Blank Column Switches (Pch GG-HH, 25-44).
Columns wired to the double punch and blank
column entry or exit hubs are checked for blanks
(unpunched) only if the corresponding blank
column switches are wired on, and there is a
card at the second reading station. If a switch
is wired on and a column is blank, an X impulse,
which is normally wired to 2nd Read Stop or
Offset hubs, is emitted from the DPBC hubs.
Ten blank column switches are standard.

o0—o—o0—0

DPBC (Pch M, 1-4). These four double punch
and blank column hubs emit an X impulse
when the DPBC unit (EE-FF 25-44) is properly
wired and a double punch or a blank column is
sensed. They are normally wired to 2np READ
STOP to stop the machine and turn on the DPBC
error light. The offset feature is optional.

§ =——2ND READ —
Io—-o—-c | o—0—0

Second Read Stop-Offset (Pch M, 5-10). These
hubs accept impulses to stop the machine, or off-
set the card in the stacker (special device). The
machine stops at the end of the cycle on which
the stop hubs are impulsed. They are normally
wired to stop the machine for a condition recog-
nized at the second reading station, such as
DPBC; this stops the machine when the card
causing the condition reaches the stacker.
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CHECKING MULTIPLICATION 3N

WIRING DIAGRAM
(Figure 12)

THE rLaNNING chart for this operation is not
shown since it is sufficiently represented in the
original multiplication chart (Figure 7B).

REaD. The factors in the original multiplication
are reversed so that A enters FS 4 and B enters
MQ.

1. Program 1 impulses the multiply 4 hubs and
the read out of FS 4. The product is developed
in the counter.

2. The half adjustment is added in the second
position of the counter on program 2.

3. The product of A x B, with two positions
dropped, is wired out of the counter to punch
again in column 76-80. If it differs from the first
product, double punching will result.

4. Double punching will be detected by wiring
the product field from second reading to pousLE
PUNCH AND BLANK COLUMN ENTRY. If blank col-
umns are to be detected, the corresponding srLaNk
COLUMN SWITCHES must be wired.

5. If there is an error, the DPBC hubs will emit
an X impulse which may be used to stop the ma-
chine or to offset the card in the stacker by wiring
it to second reading stop or offset hubs. The sec-
ond read hubs are used because the error is de-
tected at the second reading station.

Zero Balance Method

When sufficient storage capacity is available, re-
sults punched in one run can be subtracted from
results recalculated in a second run to obtain a
zero balance. If the two results balance each other,
all positions in the counter stand at 9. When the
zero check hub on the calculator panel is impulsed
from a given program step, a 1 is added in the
units position of the counter, thus turning all
positions in the counter to zero. If all positions
do not turn to zero, an error is indicated.

In cases where decimals are dropped and the re-
sult is half-adjusted in the first run, the decimals
in the second run can be ignored by simply shift-

ing the zero check impulse so that it enters the
counter position immediately to the left of the
dropped decimals. The zero check can be shifted
and a correct check obtained only if the results
of the first run are subtracted from the results
of the second run.

In the first example below the zero check starts
in the units position of the counter; in the second
example it starts in the hundreds position.

First ExamMmpLE

9999999999974 (+25)* Result 2nd run
0000000000025 (~25)* Result 1st run

9999999999999 Result in counter before zero test
1 Zero check begins in units position

(1)0000000000000 Carry indicates zero balance
0000000000001 One in units position result of carry-back #
A

SeconDp ExaMpLE

9999999997423 (+ .2576)* Result 2nd run
0000000002500 (~ .25 )* Result Ist run

9999999999923  Result in counter before zero test
1 Zero check begins in hundreds position

_
(1)0000000000023 Carry indicates zero balance
0000000000024  Units position changed from 3 to 4
as result of carry-back #

* Minus factors enter the counter as true figures. Plus factors enter
the counter as 9’s complement figures.

#Counter resets automatically at the beginning of the next pro-
gram step.

In problems requiring sign control of factors,
the zero balance method can be used only if the
decimals dropped in the first run are also dropped
in the second run before the zero test is made. In
this case, the recalculated result is read out of
the counter into storage, dropping the decimals,
and then added back into the counter, and the
original result, in storage, is subtracted. When
this method is used, the zero check impulse is
entered into the units position of the counter.

FUNCTION CONTROL

ZERO CHECK

Zero Check (Cal W-X, 14-17). When these hubs
are impulsed by a program exit, a 1 is added in
the counter. If the position in which the 1 is
added and all positions to the left contain nines
(zero balance), a carry impulse is emitted from
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CHECKING MULTIPLICATION a3
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Ficure 13B

the left of the counter. “This carry impulse,
therefore, indicates a zero balance; the absence
of a carry impulse indicates a non-zero balance.
The 1 normally enters the units position of the
counter, but it may be shifted as many as 5 posi-
tions to the left by impulsing READ UNITS INTO
on the same program step.

ZERO CHK
O—0—0—0

’

Zero Check. (Pch L, 1-4). When the counter
positions being checked do not balance to zero
after the 1 has been added, an error is indicated
and the zero check hubs on the punch control
panel emit an X impulse. This impulse may be
wired to 1ST READING STOP to cause the machine
to stop three cycles later and the zero cHEeck
error light to turn on. It may also be wired to
IST READING OFFSET, a special feature. First
reading stop or offset is used because the error is
recognized at the first reading station.

PLANNING CHART AND WIRING DIAGRAM
(Figures 13A and 13B)

READ. A is entered into FS4, B into MQ and P1
into GS 4.

1. A is multiplied by B by wiring program 1 to
FS 4 rReap ouT and to muLTiPLY +-. This is a recal-
culation of A x B, the first product having already
been punched.

2. The result of the recalculated multiplication
(P2) is half adjusted by wiring program 2 to 1
ADJUST and to READ UNITS INTO 2ND.

3. The punched product P1 (less the dropped
decimals) is subtracted from the recalculated pro-
duct P2 by wiring program 3 to GS 4 rREaD ouT,
COUNTER READ IN —, and to READ UNITS INTO 3RD.

4. P2 - P1 should equal zero except for the two
unwanted decimal positions, and all zero positions
should stand at 9 (complement of 0). By adding
1 to the 3rd position of the counter the 9’s turn
to zeros. This is done by wiring program 4 to zero
CHECK and to READ UNITS INTO 3RD.

5. If the counter does not stand at zero from
the third position to the extreme left position, in
this example, an error is indicated and an X im-
pulse is emitted from the zero check hubs on the
punch control panel. This impulse is wired to
IST READING STOP, to stop the machine and turn
on the zERO cHEcK error light. It may also be
wired to one of the punching hubs to punch an
X in the error card.

The counter automatically clears after each zero
check.



34 TYPE 604 ELECTRONIC CALCULATING PUNCH

CHECKING DIVISION
— A + (QXB) + .5B — .1 — B = Check*

MuLTIPLICATION may be used to check division by
determining that the product falls within a range
of numbers, any of which is correct. For ex-
ample, any number from 26 to 29 inclusive,
divided by 4, produces a correct quotient of 7. If
the above formula is followed, the dividend A is
subtracted from the product of the quotient times
the divisor (QxB) plus half the divisor (.5B).
From the result .1 is subtracted and a test is
made at this point to determine the sign of the
result. If a positive balance is obtained on this
test, the quotient is not too small. A negative
balance on this test would mean that the quotient
is too small. The reason for subtracting .1 before
making the test is that a zero balance (always
wrong) is recognized by the machine as a positive
balance. The .1 subtraction changes the zero result
to a negative balance and an error is thus indicated.
The divisor is then subtracted (-B) and a second
test is made to determine that the quotient is not
too large. If the balance on the second test is neg-
ative the quotient is correct. If the balance is
positive the quotient is too large and therefore
wrong. This principle of checking division is illus-
trated below.

EJ_(B)AIL.JESSL EOOR SEL.PUT
Bal. Test For Selector Pickup (Cal. Z, 1-8). A

negative condition may be recognized on the
following punching operation by wiring the
program step during which the test is to be
made, to the balance test for selector pickup
hubs. The test occurs at the end of the program
step. These hubs serve as pickup hubs on the
calculator control panel for negative balance se-
lectors on the punch control panel. A selector
may be picked up only once during a calcula-
tion. Only one selector is standard.

—NEG BAL SEL—
0 Q070 0O
O ONO ©
o ocCo o

5 ote o
o OoNO o
o o€Co o

—CPLG EXIT—
10 20 30 40

Negative Balance Selectors (Pch D-J, 7-10). One
negative balance selector is standard. When the
balance test for selector pickup hubs on the cal-
culator panel are impulsed, the selector transfers
before punching starts and remains transferred
until the card is punched. It offers a- method
of controlling functions on the punch control
panel from a condition arising during calcula-
tion. The courLiNG EXIT emits only one impulse
per card and can be used to pick up either a
punch selector for the card just calculated, or a
calculator selector for the next card.

PrincipLE oF CHECKING DivisioN

Dividend Dividend Dividend Dividend
Low Limit High Limit Below Low Above High
Limit Limit
Q. 7 OK 7 OK 7 Error 7 Error
BlA 4|26 4|29 4|25 4|30
-A -26.0 -29.0 -25.0 -30.0
+(QxB) 28.0 28.0 28.0 28.0
+ 2.0 - 1.0 + 3.0 - 2.0
+(.5B) + 2.0 + 2.0 + 2.0 + 2.0
+ 4.0 + 1.0 4+ 5.0 + 0.0
-1 -1 -1 -1 -1
First Test + 3.9 OK + .9 OK + 49 OK -.1 Error
- : - 4.0 - 4.0 - 4.0
Second Test -1 OK - 3.1 OK + .9 Error

* This is a simplified version of the actual formula:
RULE: Plus on first test and minus on second test, quotient is correct. SA+B ( o+ 5 ) _ 1 _ _E_ — Check
10=+1 10v+1 10
where, * = Number of decimals in Q
Minus on first test, second test is not required, and quotient is too small. b4 Total number of decimals in B and Q

Plus on first test and plus on second test, quotient is too large.



CHECKING DIVISION 35

E—BAL.TEST FOR STEP SUP.

O—o—o—o—-o—o—-o—?l

I SUPPRESS ON PLUS BAL.T
O— OO OO O )

I SUPPRESS ON MINUS auj
OO OO s OO}

Balance Test For Step Suppression (Cal AA-CC,
I1-8). Three rows of hubs are supplied to rec-
ognize negative or positive balances as they
occur on any program step, by impulsing the
balance test for step suppress hubs with a pro-
gram exit. If a balance is negative, the suppress
on minus balance hubs become active on the fol-
lowing program and remain active until the end
of calculate time or until tested on another pro-
gram step. Similarly, the suppress on plus bal-
ance hubs are active for plus balances.

Sup (Cal A-Y, 1; A-Y,5; Y-HH, 19). A program
step may be suppressed by impulsing the Sup
hub for that step, from either suppress on plus
balance, or suppress on minus balance, providing
balance test for step suppression had been pre-
viously impulsed. Sup hubs may be wired from
suppress without balance test, usually through
calculator selectors. The program step is not
eliminated but the exit hubs are made inactive.

T

Emitter Control (Cal EE-FF, 1-9). The emitter
can be used to enter a single digit into the count-
er, any storage unit, or the MQ unit on a pro-
gram step. Multiple digits can be entered into
the counter only. They are entered one at a
time on as many program steps as there are dig-

its. Multiple digits cannot be entered into the
storage units because the entry of the second
digit would clear out the first; entry of the
third digit would clear out the second and so on.
Digits are emitted and read into a unit by wir-
ing a program exit to the specific digit hub in
the emitter and by impulsing the unit to read in.
The digit normally goes to the units position but
may be shifted by wiring the read units into
hubs.

A number read from the emitter can be mul-
tiplied by a factor in the MQ unit on the pro-
gram on which it is emitted. For example, if
EMITTER CONTROL 5 and MULTIPLY 4 are im-
pulsed on the same program, 5 will be multiplied
by the factor in the multiplier unit. Similarly,
in a division problem a constant divisor can be
emitted on the program on which pIvipe is im-
pulsed.

BUS

TP

Bus (Cal GG-HH, 1-8; A-L, 15-17; Pch A-C,

7-10). There are 13 sets of four position bus
hubs on the calculator control panel and 3 sets
on the punch control panel. They are used to
expand entries or exits. The primary purpose of
bus hubs is to eliminate split wires.

DIGIT IMPULSES—
[oolSIT MeuLsts

 —t

C—

!

3

!

1

N RS NRReN
HOCSENNEERESN

Digit Selectors — Digit Impulse (Pch A-N, 21-

24). There are two digit selectors standard on
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CHECKING DIVISION 3z

. APPLICATION D/‘V/‘S bn C%eo(/n_,a

wrosiem —A+ (PxB)+.58 ~/-B = Check
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Ficure 14B

the Type 604. When the common hubs are
wired from first or second reading, impulses
from the digit hubs will be available as the cor-
responding digits are read from the card. When
the common hubs are wired from the digit im-
pulse hubs, the selector becomes an emitter, each
_digit hub emitting its corresponding digit im-
pulse on every card cycle.

PLANNING CHART AND WIRING DIAGRAM
(Figures 14A and 14B)

Reap. The dividend (A) is read into FS2 and the
divisor (B) into the M-Q unit. The quotient (Q)
is read into FS4, starting with the second position.
A 5 is emitted into the units position of FS4 by
wiring the digit impulse hub to the C of a digit
selector and the 5 hub of the selector to storage
entry. The purpose of placing a § immediately to
the right of Q is to allow .SB (disregarding the
decimal position in B) to be automatically added
to the product of Q X B.

1. The dividend is read out of FS2 and sub-
tracted in the counter. It is entered into the
counter starting with the third position so that
the decimal will line up with the decimals in the
product to be developed on the next program.

2. The quotient and .5 are multiplied by the di-
visor by reading out FS4 and impulsing multiply

plus. The result standing in the counter satisfies
the following part of the equation: ~A + (Q X B)
+ .5B.

3. On this program .1 is subtracted, and the
counter is tested to determine its positive or nega-
tive condition by impulsing BALANCE TEST FOR
STEP SUPPRESSION. If the counter is positive, an-
other test must be made to determine whether the
quotient is correct; this test will be made on pro-
gram 5. If the counter is negative, the quotient
punched in the card is incorrect (too small), and
program 5 will be suppressed.

4. The divisor (offset one position) is subtracted
from the balance in the counter.

5. This program is suppressed if the counter was
negative on program 3. If the counter was posi-
tive, the program is taken and the counter is tested
again, this time by impulsing BALANCE TEST FOR
SELECTOR PICKUP. If the counter is positive, the
quotient punched in the card is incorrect (too
large) ; if it is negative, the quotient is correct. On
the punch panel, an 11 impulse is wired through
the normal side of the NEGATIVE BALANCE SELEC-
TOR tO FIRST READING sTOP. Thus, the machine
stops for incorrect cards (either negative on the
first test and the second test suppressed, or positive
on both the first and second tests), since the se-
lector is not transferred. It continues to run for
correct cards (positive on the first test and negative
on the second), since the selector is transferred.
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There is no light for this type of error, but the ma-
chine stops when the error card is in the stacker.
The reset key must be depressed before re-starting.

On the run-in, the start and reset keys must be
depressed alternately. After the fifth depression
of the start key, automatic feeding will start unless
the first card is an error card.

6. The counter is reset.

SIMULTANEOUS MULTIPLICATION
AND CHECKING

Two s5-digit factors may be multiplied and the
result punched and checked by reverse calculation
in the same operation. Reference to the schematic
diagram in Figure 15B will show that as card
number 3 is at the first reading station, card num-
ber 2 is being punched and card number 1 is at
the second reading station. Thus, during the third
card cycle, while the product of catd number 2
is being punched, factors may be read from card
number 3 as well as factors and the product from
card number 1.

Two separate calculations can then be per-
formed during the same card cycle. The first will
be Bl X Al = P1 — P1 = Check; the second
will be A3 X B3 = P3. Four program steps are
required for the first calculation and two program
steps are required for the second. The two calcu-
lations are petformed on the same cycle from two
different cards — card 1 is recalculated and
checked against a punched result; card 3 is cal-
culated for the first time and punched on the
following card cycle. The sequence of operation
for each card would be — first calculated, second
punched, third re-calculated and checked.

Although the planning would be normally
shown on one chart, a better understanding of
the problem may be gained by treating each phase
of the operation separately.

J»MULT. QUOT. CONTROL

Mult. Quot. Read In (Cal M-N, 9-13. The mul-
tiplier quotient read in hubs must be impulsed
by a program exit whenever a factor is to be
read into the MQ unit during calculation.

PLANNING CHART 1 AND WIRING DIAGRAM
(Figures 15A and 15B)

Reap (Second Reading). Factors A1 and B1, and
product P1 are read from card 1 as follows: Al
into FS4; B1 into MQ; P1 (10 digits) into GS 2
and GS 4.

1. Al is read out of FS 4 and multiplied b
Bl to recalculate P1. '

2. P1 in GS 2 and GS 4 is subtracted from
P1 in the counter. Since there are only 8 channels
available for transfer and P1 has 10 digits, the
transfer must be accomplished on two program
steps. The low order digits of P1 are read out and
subtracted from P1 in the counter.

3. The high order digits of P1 are read out
(units into 6th) and subtracted from P1 in the
counter.

4. Zero check can now be made. It is accom-
plished by wiring program number 4 to zEro
CHECK on the calculator control panel, and zEro
CHECK t0 2ND READ sTOP on the punch control
panel. The counter is reset automatically when
zero check is impulsed.

PLANNING CHART 2 AND WIRING DIAGRAM

Reap (First Reading). A3 is read into PS 2; B3
is read into FS 1 and FS 3. This requires a 6-4-1
factor storage assignment.

5. A3 is read out of FS 2 and transferred into
MQ.

6. B3 is read out of FS 1 and FS 3 and mul-

tiplied by A3. The product P3 is developed in
the counter.
PuncH. The counter is cleared by wiring card
cycles to Ctr R & R on the punch control panel
and the result is punched in the card from counter
exit.
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MULTIPLICATION FACTOR
EXPANSION

12 digits X 10 digits = 22 digits

It 15 possible to expand the multiplier and the
multiplicand or both beyond the 8 digits by a 5
digit combination used in the basic multiplication
problem. Both the multiplier and the multipli-
cand are split into parts and multiplied to obtain
part-products which are combined to obtain a final
product. The following example will show a step
by step analysis of the machine operation.
B2 B1
999999’888888
A2 77777]66666 Al

7777765801796790207408 = product to be cal-
culated and punched

Six digits of the multiplicand B1 are multiplied by
five digits of the multiplier A1.

888888 BI
x66666 Al
592586 (07408

Numbers in parenthesis repre-
sent digit positions 1-5 of final
product.

As many digits will be correct and ready to
store as there are digits in the multiplier A1. The
07408 part of the product is stored while the re-
maining digits are moved to the right of the
counter to be added to the result of A1 x B2, with
the product shifted one position.

999999— B2
X66666 Al
66665933334~ Product
+592586 Remaining digits from
Al x Bl

666659925926

This result is left standing in the counter to
be added to the product of A2 x Bl. Whenever
the second part of the multiplicand (B2) is mul-
tiplied by either part of the multiplier, the product
must be shifted as many positions to the left as
the difference between the number of digits in the

right part of the multiplier and the right part of
the multiplicand. In the above example there are
5 digits in the multiplier (A1) and 6 in the mul-
tiplicand (B1), therefore the product of A1 x B2
will be shifted one position.

888888 B1
X77777 A2
69135341976 Product
666659925926 Amount in counter
7357949(67902) Numbers in parenthesis repre-
sent digit positions 6-10 of
final product

The last five digits of this result are stored. The
remaining digits are moved to the right of the
counter and added to the result of A2 x B2, with
the product shifted one position.

999999~ B2
x77777 A2
77776922223— Product
+7357949 Remaining digits from A2 x
B1
777776580179 Digit positions 11-22 of final
product.

The product of A2 x B2 is shifted one position
or the difference between the number of digits in
the right part of the multiplier and the right part
of the multiplicand. The above result represents
the 12 left-hand positions of the whole product
which, when combined with 67902 and 07408
from storage, make up the final product.

UNFIN PROG
[o—e——]

Unfinished Program (Pch K, 1-4). On rare oc-
casions, a calculation may not be completed in
time to punch the card, in which case no punch-
ing will take place and an X impulse will be
emitted from the unfinished program hubs. To
stop the machine and turn on the UNFINISHED
PROGRAM error light, one of these hubs must be
wired to FIRST READ sTOP, since the error condi-
tion is recognized at the first reading station. The:
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machine will stop when the error card reaches FACTOR STOR READ IN:
the stacker. In such cases, cards not punched | 2f o]
can be re-run, and by pressing the stop key

after each card feeds, ample time will be al-

lowed to complete the calculation.
Factor Stor Read In (Cal A-C, 9-12). Factors may

E“_“;_'_Sg ',“{f:gﬂ] be entered into the factor storage units during
, calculation by impulsing the factor storage unit
First Reading Stop-Offset (Pch K, 5-10). These read-in hubs with a program exit.
hubs accept impulses to stop the machine, or
offset the card in the stacker (special device). COUNTER conTROL
When the stop hubs are impulsed, the machine IEEE(EE:

completes that cycle, takes two more cycles, and
then stops. These hubs are normally wired to
stop the machine for a condition recognized at Counter Control Read Out (Cal Q-R, 14-17).
the first reading station, such as Unfinished Pro- The counter may be read out without resetting
gram. This stops the machine when the card by impulsing the counter control read out with
causing the condition reaches the stacker. a program exit.
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PLANNING CHART AND WIRING DIAGRAM
(Figures 16A and 16B)

Reap. The multiplicand B is entered into the ma-
chine in two parts. The first six positions of B
(B1) are entered into FS 3 and 4. FS 3 is assigned
to the 6th, 7th, and 8th channels. The second half
of B (B2) is entered into FS 1 and 2 offset one
position. FS 1 is assigned to the 6th, 7th, and 8th
channels. The result of any multiplication involv-
ing the second half of the multiplicand must be
offset as many positions as the difference between
the number of digits in the right-hand multiplier
and the digits in the right-hand multiplicand. In
this problem it is one.

The multiplier A is also entered into the machine
in two parts. The first five positions of A (Al)
are entered into MQ and the second five positions
of A (A2) into GS 2.

1. B1 is multiplied by A1l by impulsing FS 3
and 4 READ oUT, and MULTIPLY .

2. The counter is read out and the right-hand
five positions are stored in GS 4.

3. The six left-hand positions of the product
of Al x Bl are read out of the counter and stored
in GS 1 and 3. GS 1 is assigned to the 4th, Sth
and 6th channels. The counter is reset.

4. The six positions in GS 1 and 3 are entered
into the counter starting with the units position,
to be added to the result of the next multiplica-
tion.

5. Al and B2 are multiplied by impulsing FS
1-2 READ oUT and MULTIPLY +.

6. The second half of the multiplier (A2) is
read out of GS 2 into MQ, clearing out the pre-
vious multiplier.

7. A2 and Bl are multiplied by reading out
FS 3 and 4 and by impulsing murTipLy +. This
product as developed will add to the result already
standing in the counter.

8. The counter is read out and the right-hand
five positions are stored in GS 2. A2 standing in
the storage unit will automatically clear out.

9. The seven left-hand positions are read out
of the counter and stored in FS 3 and 4 so that
they may be moved to the right of the counter
on the next cycle.

10. The amount in FS 3 and 4 is read into the
counter, starting with the units position, to be
added to the result of the next multiplication.

11. B2 is multiplied by A2 and the result, offset
one position, is added to the amount already stand-
ing in the counter. The result in the counter at
this time represents the 12 high order positions of
the final product.

12. The part of the result stored in GS 2 must
be moved to GS 1 and 3 before it can be punched,
since GS 2 is being read into from the card.

13. The 12 left-hand positions of the final pro-
duct are punched from the counter. The next §
positions are punched from GS 1 and 3. The last
§ positions are punched from GS 4.

14. UNFINISHED PROGRAM is wired to 1sT READ
sTor so that if a calculation is not completed be-
fore it is time to punch, the machine will stop and
the UNFINISHED PROGRAM error light will turn on.
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QUOTIENT EXPANSION

THE NUMBER of quotient digits that may be cal-
culated in any one division problem is limited only
by the capacity of the machine to store the divi-
dend and the divisor at read time and the quotient
for punching. In this problem a 15-digit dividend
will be divided by a 6-digit divisor to obtain a
10-digit quotient. Five digits at a time will be
introduced into the counter to be divided by the
6-digit divisor, and the resulting quotient will
be stored for punching as part of the whole result.
This process is repeated until the problem is com-
plete.

PLANNING CHART AND WIRING DIAGRAM
(Figures 17A and 17B)

REeaD. The dividend (A) is punched in columns 1-
15. The first five columns are stored in FS 1 and 3,
columns 6-10 are stored in FS 2, and columns
11-15 in FS 4. The divisor (B) is punched in col-
umns 50-55. Columns 50-52 are stored in GS 1
and 53-55 in GS 3. FS 1 and GS 1 are assigned to
the 4th, sth, and 6th channels.

1. Columns 1-5 of the dividend are read into
the counter from FS 1 and 3.

2. A (1-5) is divided by B by reading out
GS 1 and 3 and by impulsing the divide hubs. The
quotient is developed automatically in MQ.

3. The amount in MQ is only part of the quo-
tient and is read out into GS 2 where it is stored.
For the example shown, the quotient, of 99999
divided by 111111, is zero.

4. The remainder standing in the counter must
be shifted to the left of the next part of the
dividend. To do this, it must first be read out
of the counter, temporarily stored in FS 1 and 3
and re-entered into the counter (starting with the
6th position) on the next program.

5. The remainder is read from FS 1 and 3 into
the counter starting with the 6th position.

6. The next five positions of the dividend are
read out of FS2 into the counter, starting with the
units position. The counter now contains the re-
mainder from the preceding division operation and
A (6-10) side by side.

7. The second part of the quotient is developed
by reading out GS 1 and 3, and by impulsing
the divide hubs.

8. The second part of the quotient is stored
in GS 4.

9. The remainder standing in the counter must
be shifted to the left of the next part of the divi-
dend. To do this, it must first be read out of the
counter, temporarily stored in FS 1 and 3 and
re-entered into the counter (starting with the 6th
position) on the next program.

10. The remainder is read from FS 1 and 3 into
the counter starting with the 6th position.

11. The last five positions of the dividend are
read out of FS 4 into the counter, starting with
the units position. The counter now contains the

remainder from the preceding dividing operation
and A (11-15) side by side.



NOISNVAXY LNFLLONY) °Y/I T¥NOI

© 0 0 0 0 0 6 0 0 0 0 0 0 o HH o o olo 0—0—0—0 O—0—0—0 HN
NO 09 09
00— 0——0——0—0——0—0—0 20 o 0o o0 0—0—0—0 0—0—0—C 89
SIHDLIMS NWN10D xz<._- 65 6s $A8 5N ——y
o o 0o 0 0 0 o o o o o a4 o o o0
1iX3 NWN10D NNYH ¥ tuz:._ :-:OOIlIL s 85 Ho Ha Hn Ho Hm H< Hm H« H_
© 6 0 0 06 6 0O 0 0 0 0 0o o E o o olo
AYINI NWNTOD NNYIE ¥ HONNG -._n:OQIII._ I 11 TO¥INOD ¥ILLIWI —————
© 0 0 0 0 0 0 0 0O 0 0 0 0 0 0 0 0 0 0 o aa o o olo O——O——O——O—O— =00
oy s¢ oL 59 95 95 F1S311°1V8 LNOHLIM SS3¥ddNS—
© 0 0 © © 0 0 0 0 0 0 0 0 0 0 © 06 0 0 o 2 o o 0,0 —0—0—0—0—0—0—=0
09 s o5 s $s ss TIVE SONIW NO $53¥ddNns
© 6 0 0 0 0 0 0 6 0 0O 0 06 6 0 0 0 0 0 o o o 0o 0,0 OO0 O——0—0
or se ot st s rs | aNg| "ve SNTd NO $53¥ddNS
© 0 0o 0 0 0 0 0 0O 0 0 0 0 0 0 0 0 0 0 0 vy o o o'o OO O— OO0 00
o <t DONIQYI¥ ANODIS: 5 2 H_ £ €5 40 LNO SLINA QVI¥ ——————4NS ¢ILS ¥O4 1531 1vE—
©O 0 0 0 0j0 0O 0 © 0|0 0O 0 © 0|0 0 O 0 o z o o olo Oy 00 070
2 2 1N0-av3IY IOVEDIS IVHINID ¢ 4ns| anz|  a¥e Hirl  HLS HL? 4’135 304 15117 1vi
© 0 0o 0 0oJo 0 © 0 0|0 © 0 © 0|0 0 © o0 o A © o0 o:io0 o o oo |0 o olo0
N ] 3 v s N H- 3 H« 1 WY390¥ OLNI SLINN Qv 3¥-(p( jos | %2 15t
© 0 0o o0 ¢fo o 0 o oj0 © o 0o oo © o o o ] ﬂuooouo to |0 0 010
L SY0LI31IS KD 1~ NI"QY3IY IDVJOLS 1YVING _l ¥IIHD O¥IZ, _ 1Snrav g 6 44 Irz
> o 0o o o o o 0o 0 o o o oNo o oNo tolo o o
on st oc s9 8 | & 34
o 0o ofo o o o 0O 0 0 0 0o 0 0o 0o 0 ©0 o 0O 0 0o o o© olo © olo ©j0o o o0
09 ss O o5 s —_— _ 3Q1AIQ o | tze
o o o\o o o o o o o olo o o 0 o o o [} o o0so 030 0 0d0 ofo o olo
or st @ T m::w NWMI0—— — 9 iz 13
o o o o o ofo o o © oo o o o 6 o o oto ONO O ONO oo o o}o
o NIHONNG [ ¢ - AldIINW sv| o loz
0—0 olLo o o1io o|lo o olo
v e e INIWNOISSY IOVNOLS TYYINID. ————————— ——10¥INOJ NOILINN§ ] vr| 8
¥ 020 0 030 o|o o
. =NI avid 1qv¥gLs pOipvy 100 avi¥ | 13§33 % 1NO AVIY e o8
_ 4 o ONO ©o ONO oo ©
H|o|0 $1104D GIVD 9 &
O—0—0- o—- oto ] olLo o olo o
ve 98| L P 9 TR
] o o—0 <] 020 o o|lo o
/M/U/M/x/uu/u/u INIWNOISSY IDVYOLS YOLIV3 or| s
o0 o—0 0 o 00  O=0——0—0——0 | N oNoO o oflc e
- 6 FOd [—$-S¥0LI311S YOLVYINITIYI-L 1NO-MOT4YIAO A0 ¥d-NI s o€ 1
o0 o0 0 | O==O0—0 ) OO0 | O=—O—O—0 | W olLo o oo o
N N /Vo/m///n/h/u vt AN s 5gs0—r gc| o
o—0 o0 o 7 0do0 o ojoc e
¢ 3 LI r0d T‘l-lm-O»vu:m sz:nlll— olqlzuP:n |_|xzu OumNL L€ u
o—00 | 0Oo—0|0o o o o 0| o—o—o0 .I—l * ONO O oflo e
» 1} 1 9 o :xu moz_Z30u|._ :&.o!wax 151401590 ¥d NIINN v 9¢ L
0—03 | yo—0|0d20 0 0 0o 0 O © oqu-ono«M_ ’ oLo0 © ol|le e
s 3 3 S 4iX3 914D s€ oL
o—o0 o—0|ONO 0 O 0 © ¢ o ONO O 030 © ' ©oJo o o|o e °
vy 1 1, el 6 6
o~03 | 3o—o|0lo 0 0 0o o o o olo|o oNoO o W ONO © ONO ojo e o
o € GI-HY o« Qi-9V e G-V ¢ S S ¢ s 3 ec| @ ]
© o o o o o—0 o—0|020 © ©0 0 0 © o0 030|000 olo o 2 olo o olo ol|o o
. A—oniavie isat—\ L he i oSS IV o8 e ofenmegemmie tee| %2 ;
10 o °] o—o! '!o—o0{oNo © 0 0 o o o oNolo o030 o 4 0620 o 030 olofo e o
AYLNI LOND 110W: 9 o el o9 9
o0 | lo—o|o0lo © 0 0 o o o olo|lo oNo o 3 ONO O ONO ocjo|e e o
° aQ a o z lot s $
o—0 o—o |06 0 0 0 0o o o 0o 0o o0y0 olo o q 0i0 o olio o _ olo e <]
u " Nd 31VIQIWWI 135 1¥8 OIN- 162 v HM
o0 o—o0 |0 0 o © 0 0 0 0 0 0| O0—0—0—0 2 030 o odo oloj{o e @O
u u Nd @ (24 € te
o—o o0 H H H H H H H H H H o—0o—0—0 ° ¢ ONO O ONO o “ ofo e e “ °
o D >t ot |6 H® 2 |9 s ¥ £ |z |t le L W|nsp T 1dns
-] ot 1o : [o: 0} O—om—m——0—0 0—0—-0—0 | o—0—0—0 14 olLo o olo cto|o e efo
A¥1NI IOYYOILS ¥OLDV4 $151nd ¥0433135 10 Md———x-l——gng———dns HD4 31v3 113531V |m2|llz_n<w:®ob v WY4D0Ud )
vy Er Iy iy O 66 B £ 95 S¢ ¥E € ZE IE OF 6 B L& 9T ST ¥ & _ o4z oz 6t 8L 4 9 S ¥ B T U o4 6 8 L 9 § r £ I 1 o1z 0z 61 8t L 9L SL oyl £ T ot 8 £ 9 § v £ T




QUOTIENT EXPANSION 47

APPLICATION Quoricnr Lxpansion PROBLEM /4(506 rs) =B (7-6_Dicrrs) =@l \//0—/5 D/G/rs)
srenanion éégg ASSIGNME:: guu, counrie ASSIGNME:J:
Galaes e \\\\\\\\\\\ ) N 07 .

LR R A rrA s a s AR \\\x\\\\ A NRRRERRTNE ANEEE
i niSSARNnNA RERENNRANY RANNE SESNREESENASRNRANE
, ' , @7-5) RO 10
Divios NEN NAAASA NASRRNRNES /)8 N R ARRRA RSN A £E ARNARA AR ARAE
. G /-5
T e T e S
« | Fem Kerm e R
MNNNARY ;A RNNNES NARREARRNSANARAARASY NARY FRRNSS UNSNNNREE
Vo
e/ ez | ' 1111:11171717171711111 AESARNNSSRNEREND
A REESSSA 4NN ANEENNARS NRARNS NRNNNNN 7 r /4 ANRH ANNRSERRS AR RNE
Divios dnas |1||r11:|1|1:“{l71?17§’r1I1|1|11111 iEaNNRAEERREE ANNEE
\ , , /6/0)
T T o O T T e e
s | £ert FEM . R i
iEa RN - ARNNNEE NRNSE NNARNERANAN S RS ANNNEA DNEE ARNE
10 RO EM .
R/ L NN ARNNEN NSNS RRNNSY NN RRRE RRVACCC ENRN RN ARRN ANRAR SRS SNARE
. , RO L (A 1/-15) i _
T o T T T L e L T T L
Q 1/-15) 20 £a T

Divipe N EEREERNNEERRREENRNEE A RNANRARENRENRA RERE RNNREEEE

. 1 i Ler i} .
EESERENEEERERNEREE m| NEEEEEEENEARE RN ANENEN FRERERENE
. . @ 1-15) '

[T T I IJ_I_I (T el LT T T T AT

N\\\ MAMM§IHININNIR \\\\ ' N -
N L e i o.oﬁ?;lgo TG
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PUNCH

12. The last part of the quotient is developed 14. The part of the quotient standing in MQ
by reading out GS 1 and 3 and by impulsing the is moved to the counter so that it may be punched.

divide hubs. 15. The whole quotient is punched from GS 2,

13. The remainder is cleared from the counter. GS 4 and the counter in that order.



48 TYPE 604 ELECTRONIC CALCULATING PUNCH

SUMMARY PUNCHING

CALCULATIONS can be made for the sum of a
group of cards as well as for the individual cards.
In this problem, unit price is multiplied by quan-
tity to punch billing amount in each card. As the
extensions are made, they are added progressively
to obtain the total invoice amount. An X punched
total card filed at the end of each group contains
the discount rate by which the invoice amount is
multiplied to obtain discount amount. The dis-
count amount is subtracted from the invoice
amount to obtain net amount and all three results
— invoice, discount, and net amounts — are
punched in the X punched total card.

For ease in explanation, the operation is shown
in three parts, the first two for NX cards and
the third for X cards.

PUNCH SELECTORS

T T-
© 0o 0o © olo o 0O o ofec ¢ o o o©
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1——PUNCH SELECTORS——8—1I PU
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Punch Selectors (Pch N-P, 25-44; X-Z, 25-44).
There are eight §S-position punch selectors stand-
ard on the Type 604. Each has a row of C
(common), N (normal) and T (transferred)
hubs. When a selector is transferred, there is a
common connection between the C and the T
hubs. When a selector is not transferred ( nor-
mal), there is a common connection between
the C and N hubs. The pickup hubs (L-M,
11-18) accept any impulse to transfer the se-
lectors; they are normally impulsed by an X, a
12, or the coupling exit of a pilot or negative
balance selector. The selectors transfer immedi-
ately and hold for the rest of the cycle.

The punch selectors are normally used: to
select factors entered into the storage units from

the card by wiring an X or 12 from first read-
ing direct to the selector pickup; to select fac-
tors to be punched from either the counter or
the general storage units by wiring an X, 12, or
digit from first reading to a pilot selector X or
D pickup and the coupling exit of the pilot
selector to the punch selector pickup; and to
select card cycle impulses.

When a card cycles impulse is wired through
the normal side of a punch selector, the pickup
impulse must be a coupling exit or a 12 punch.
This is necessary because a card cycles impulse
originates between 12 and 11 time.

—~CALC.SEL-
oT0 © oTo0
ONO ; ONO
ocCo o oco
oTO © oTo
ONO © ONO

0COo_ O cCo
e
e e

oTo o o7To
ONG © ONO
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©otTo o ofTo
ONO O ONO

cCco o ocCo
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‘f1—CALCULATOR SELECTORS~8——1 PU"

Calculator Selectors (Cal A-X, 18-22). There are
eight 5-position calculator selectors standard on
the Type 604. Their pickup hubs are located
on the punch control panel (N-O, 11-18), but
the selectors are located on the calculator control
panel. They are transferred from any punch in
a card to control program steps during calcula-
tion.

l SUPPRESS WITHOUT BAL.TESTI
OO e Qe O— OO0

Suppress Without Balance Test (DD, 1-8). These
hubs emit impulses on every program step and
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are normally wired through calculator selectors
to suppress specific program exits for either X
or NX cards. Several program exits can be sup-

pressed by the same impulse by the use of bus
hubs.

CTR RO
OO0

CTR RO (Pch S, 11-14). These counter read out
hubs must be impulsed from the card cycle
impulses, to read out without resetting.

PLANNING CHART AND WIRING DIAGRAM
(Figures 18A and 188B, C, D)

REeap 1st Nx carp. The quantity A is read into
FS 1 and 2. FS 1 is assigned to the 6éth, 7th and
8th channels. The price B and discount C are
wired through punch selector 1 to MQ. The selec-
tor is picked up by an X in column 21 wired
through a column split. The column split prevents
interference from digit punching. The discount
will enter MQ on all X cards and the price on all
NX cards.

1. Quantity is multiplied by price by impulsing
FS 1 and 2 rREAD OUT and MULTIPLY +.

2. The product is half adjusted by impulsing
1% apyust. The 5 enters the units position of the
counter.

3. The product of A x B is read out of the
counter, with one decimal dropped, into GS 3 and
4 from which the individual products are punched.
GS 3 is assigned to the 6th, 7th, and 8th channels.
The counter is not reset and the amount standing
in the counter will be added to the sum of the
previous products on the following step.

4. This program step is described in the second
planning chart.

5. The product is read out of the counter, with
one decimal dropped, into GS 1 and 2. GS 1 is
assigned to the 6th, 7th and 8th channels. The
counter is also reset. Program steps 6 through 10
are suppressed on NX cards as these steps will be
used for X cards only.

Read 2nd and following NX cards. Factors A
and B are entered as described on the first plan-

ning chart. The product of A x B from the pre-
ceding card or cards stands in GS 1 and 2 and
is shown encircled.

Program steps 1, 2 and 3 remain the same as
those described on the first planning chart.

4. The product of the preceding card or cards
is read out of GS 1 and 2 to be added in the coun-
ter on all NX cards except the first NX card of
each group. As the first NX card is being calcu-
lated, the total of the individual products still
remains in GS 1 and 2 and cannot be allowed to
read out into the counter. Program 4 is therefore
selected through the normal side of calculator se-
lector 1 which is picked up by the coupling exit
of pilot selector 1. Pilot selector 1 picks up one
cycle after the X is read at first reading and will
therefore be transferred for the first card of the
next group, since the X card is the last card of
the preceding group. When the amount from GS
1 and 2 reads into the counter, it is offset one
position to line up the decimals.

5. The total of the individual products (sum
of the P’s) is read out of the counter with one
decimal dropped, into GS 1 and 2. The counter
is also reset.

Read X card. The discount % C is read into
MQ through the transferred side of punch selec-
tor 1. The sum of the Ps (R) stands in GS 1
and 2 and is encircled on the chart.

Program steps 1-5 used for NX cards are sup-
pressed on X cards.

6. R is multiplied by C to obtain discount
amount (S) by reading out GS 1-2 and by im-
pulsing MmuLTIPLY -}

7. The product of R x C (S) is V5 adjusted
in the second position.

8. S is read out of the counter with two deci-
mals dropped, into GS 3 and 4 from where it will
be punched. The counter is also reset.

9. The sum of the Ps (R) is read out of GS
1 and 2 and added into the counter.

10. The discount amount (S) is read out of
GS 3 and 4 and subtracted from R in the coun-
ter. The net invoice amount stands in the counter
from where it will be punched.
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Ficure 18B

11. Program steps 1-5 are suppressed on X cards

by wiring SUPPRESS WITHOUT BALANCE TEST
through the transferred side of calculator selector
4 to the suppress hubs of the first 5 programs. The
calculator selector is picked up from an X at first
reading.

Program steps 6-10 are suppressed on NX cards
by wiring SUPPRESS WITHOUT BALANCE TEST
through the normal side of calculator selector 4
to the suppress hub of programs 6-10. In both
cases, bus hubs are used.

12. Both P on the NX card and S on the X
card are punched from GS 3 and 4. Since they are
punched in different fields, P is selected through

the normal side of punch selectors 3 and 4 to col-
umns 41-47 and S through the transferred side
of the same selectors to columns 67-71. Punch
selectors 3 and 4 are picked up by the coupling
exit of pilot selector 1 which in turn is transferred
one cycle after the X is read at the first reading
station.

13. T is punched from the counter and R from
GS 1 and 2. Both units are read out by a selected
card cycles impulse wired through the transferred
side of punch selector 5. The punch selector is
picked up by the coupling exit of pilot selector 1.

The run should be preceded by a blank X card.
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SIGN CONTROL

(=A) — (EB)= =T; (£T) x (=C) = =R;

(£R) = (D) = £=Q

MurTieLicaTION or division of factors identified
by plus or minus signs can be performed auto-
matically. This permits the use of the Type 604
machine for many types of engineering, statistical,
and technical calculations.

The signs of factors are entered, together with
the factors, in any of the units which accept in-
formation from the card. If the signs are repre-
sented by X’s over the units position of the
amount, no special wiring whatever is required
for sign control operation. If an X is punched
in any other column of the card, the column is
wired through a column split to segregate the X,
which is then wired to the sign control position
for each unit. An X punched over the units posi-
tion of a factor for reasons other than sign control
must be eliminated through a column split.

The extreme right-hand position of each unit
is a sign control position. It will accept any digit
or.an X to identify the positive or negative value
of a factor. By an internal column split, an X
punch over the units position of a factor is auto-
matically entered in the sign control position of
the unit, with no wiring required. A digit can
be selected for use as a sign by wiring from the
column containing the digit through the digit
selector.

The calculation of a positive or negative result
as required by the combination of signs is com-
pletely automatic, including the transfer of factors
or results from one unit to another. There is a
ninth path in the transfer channel for the trans-
fer of signs.

When multiplying, the product will be positive
or negative, depending upon the combination of
signs for the multiplier and multiplicand factors,
and what type of multiplication is used (42X or
—X). The following combinations are possible:

(+A) +X (+B) = +P
(-A) +X (-B) = +P
(+A) +X (-B) = -P
(=A) +X (+B) = -P
(+4) -X (+B) = -P

(-A) -X (-B) = -P
(+A) =X (-B) = +P
(=A) =X (+B) = +P

The problem illustrated in Figure 19A shows
different methods for introducing the signs of
factors and for punching the signs of results.

Q-x BXET
Qe sy

0-X Exit (Pch X, 1-4). These hubs emit both
a zero and an X impulse on every card cycle.
They are normally wired through column splits
to separate the two, before being wired to punch.

PLANNING CHART AND WIRING DIAGRAM
(Figures 19A and 19B)

Reap. Both FS 1 and GS 1 are assigned to the
4th, 5th and 6th channels. Factors are wired to
units as indicated. Factor A has an X for a neg-
ative value punched over the units position, and
consequently requires no special sign wiring. This
is indicated in the planning chart by an arrow
connecting the units and the sign control positions.
Factor B has the X punched over the first column
of the factor and, therefore, is wired through a
column split which distributes digits to the proper
position of the storage unit and the X to the sign
control position. Factor C is identified as being
negative by a digit 3 in column 40. This column
is wired through a digit selector to the sign control
position of the MQ storage unit. Factor D has the
sign control X in the units position, like factor
A, but it is punched in two different fields and
requires field selection for entry into GS 2. The
selection of a sign requires that selector 1 be trans-
ferred from a 12 punch in order to transfer before
the X position of the card is read. The 12 in this
example is punched in column 21.

1. Factor A is read out of FS 1 and 3 and added
in the counter.

2. Factor B is read out of FS 2 and subtracted
in the counter.

3. The total (T) is read out of the counte:
into GS 1 and 3. The counter is reset. If T is
negative, the sign as well as the total is transferred
to the storage unit for punching over the units
position (or in another position if it is so wired).
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Ficure 19B

4. The total = T is multiplied by the multiplier
C by wiring to multiply + and to read out GS
1 and 3. The product is determined as positive or
negative in the counter. An uneven number of
minus signs produces a negative result; an even
number of minus signs with any number of plus
signs produces a positive result.

5. The product, R, is adjusted to the nearest
whole number by wiring V2 apjust into the 5th
position of the counter. The 5 adds or subtracts
as required by the sign of the product.

6. The product R, with its resulting sign, is
read out of the counter with all decimals dropped
into GS 4 to be stored for punching. The units
position of R is the 6th position in the counter.

7. The result, R, is returned to the proper posi-
tion in the dividend counter by reading out GS 4,
adding in the counter, and reading units into the

fifth position. If R is negative, the sign also trans-
fers.

8. The quotient is calculated by wiring to di-
vide and reading out GS 2.

9. The counter is read out and reset to clear
the remainder.

10. The quotient is transferred to the counter
for U, adjustment by wiring read out of MQ and
COUNTER READ IN . The sign also transfers.

11. The quotient is adjusted by wiring V%
ADJUST.

12. The result, T, is punched from GS 1 and 3
and, if it is negative, and X is punched automa-
tically over the units position.

13. The X sign is punched over the high order
position of result R by the use of the column split.
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The X would still punch over the units position
unless it is eliminated by another column split.

14. In this problem, a § is to be punched in
column 79 to indicate a negative Q. The sign
control position of the counter or a storage unit
is a source for all digit impulses when the unit
contains a negative result. The sign control posi-
tion is wired through a digit selector to segregate
§ as a minus sign.

L

15. The dotted lines show how an X can be
punched in the units position of Q for positive
balances instead of negative balances. A balance
test of the counter is made on any program cycle
following the calculating operation. If the counter
contains a negative amount, a negative balance
selector will be transferred when the card is
punched. The X is obtained from the 0-X hubs
filtered through a column split.



PAYROLL:

AVERAGE HOURLY RATE AND GROSS EARNINGS 57

PAYROLL: AVERAGE HOURLY
RATE AND GROSS EARNINGS

GIVEN base pay, total hours worked, and weekly
and daily premium hours, the Type 604 will divide
the base pay by the number of hours worked to
obtain the average hourly rate; multiply the rate
by the greater of weekly or daily premium hours
to obtain premium earnings; and add premium
earnings to base pay to obtain gross pay. From
these results, calculations of withholding tax,
OASI and net pay may be accomplished in another
operation.

PLANNING CHART AND WIRING DIAGRAM
(Figures 20A and 20B)

Reap. Weekly premium hours, base pay, daily
premium hours, and total hours are read into FS 1,
2, 3, and 4 respectively.

1. The decimal point in base pay is placed in the
counter, according to the decimal rule: one deci-
mal in the divisor, plus three decimals in the quo-
tient, plus one position for half adjustment equals
five decimals in the dividend.

2. Base pay is divided by total hours to deter-
mine average rate, which is developed in MQ.

3. The remainder is cleared from the counter.

4. The average rate is transferred to the counter
for adjustment.

5. The average rate is adjusted for dropped
decimals.

6. Average rate is read into MQ to be multi-
plied by daily or weekly premium hours, which-
ever is the greater.

7. Daily premium hours are read out of FS 3
and added into the counter.

8. Weekly premium hours are read out of FS 1
and subtracted in the counter. If the result is
minus, the weekly premium hours are greater
than the daily premium hours. If the result is
plus, the daily premium hours are greater than the
weekly premium hours. The counter is balance
tested.

9. The counter is reset.

10. If the balance test shows that the counter
was negative on program step 8, FS 1, containing
the weekly premium hours, is read out and mul-
tiplied by the average rate. If the counter was
positive, this step is suppressed.

11. If the balance test shows that the counter
was positive on program step 8, FS 3, containing
daily premium hours, is read out and multiplied
by average rate. If the counter was negative, this
step is suppressed.

12. The result is adjusted.

13. With two decimals dropped, the product
(premium pay) is stored in GS 2. The counter
is not reset, however.

14. Base pay is added in the counter, which
already contained premium pay. The sum will be
the gross.

15. Average hourly rate is read out of MQ and
stored in GS 4 for punching.

16. Gross pay is punched from the counter.
Premium pay is punched from GS 2, and rate is
punched from GS 4.
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PAYROLL: GROSS TO FIRST NET, INCLUDING
OASI AND SUI LIMITS

PayroLL applications on the Type 604 vary con-
siderably, depending on the industry, location and
tax rates in effect. (The rates used in this problem
are not necessarily those currently in effect.) This
problem shows one method of computing:
Withholding tax (18% of taxable earnings)
State Unemployment Insurance tax (2% of
gross earnings up to $3,000)
Old Age and Survivors Insurance Tax (1Y2%
of gross earnings up to $3,600)
Net pay (gross earnings minus three taxes)

The following factors are prepunched:
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:

Pay Period Exemption Allowance
Weekly $13.00 $ 2.34
Biweekly 26.00 4.68
Semimonthly 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 X78 when earn-
ings are $3,000 or over, and X76 when earnings
are $3,600 or over. SUI tax is not calculated for
cards punched X78; OASI tax is not calculated for
cards punched X76. Provision is also made to
punch either X when the corresponding limit is
exceeded during the current period.

The method illustrated requires 33 program steps
and can be adapted to varying tax rates with very
little change in control panel wiring. On machines
with only 20 program steps, two separate runs
would be required. The withholding tax and the
QASI tax would be computed and punched during
the first run in a manner similar to that shown on
the planning chart (read through Step 17). The

SUI tax and net pay would be computed and
punched during the second run.

The figures for a typical case (gross earnings
$175.85, earnings-to-date $2,900, and tax allow-
ance $5.04) are used to develop the planning chart
and assist in understanding the problem.

PLANNING CHART AND WIRING DIAGRAM
(Figures 21A and 21B)

Reap. Earnings-to-date are entered in FS1 and
3 with FS1 assigned to the 4th, sth, and 6th chan-
nels. Gross earnings and tax allowance are entered
in FS2 and 4, respectively. Constant factors are
entered from digit selector 2, wired as an emitter,
as follows:

18 in the MQ unit for W. tax rate (18%)

36 in GS1 for the OASI limit ($3,600)

15 in GS3 for the OASI rate (1.5%)

1. Gross is read out of FS2 and multiplied by
the withholding tax rate.

2. The withholding tax computation is V2 ad-
justed in the 2nd position.

3. The withholding tax allowance is read out
of FS4 and subtracted from the withholding tax
computation. READ UNITS INTO 3RD is impulsed
to line up the decimals.

4. If the counter is minus on step 3, withholding
tax is not to be punched or deducted from gross;
if the counter is plus, the amount is the with-
holding tax deduction. To determine the plus or
minus condition of the counter, BALANCE TEST FOR
STEP SUPPRESSION normally would be impulsed on
step 3. Since the three exits on step 3 are needed
for the three functions described in step 3, balance
testing is accomplished on step 4.

5. The withholding tax amount is read out of
the counter (units out of 3rd) and entered in GS4.
The counter is reset.

6. If the counter was plus on program 4, this
step is suppressed. If the counter was minus, how-
ever, this step is used to impulse GS4 to read in.
This would clear the storage unit and a withholding
tax of zero will be deducted from gross, on a later
program, and punched in the card.

7. Programs 7-16 are used to calculate the
OASI tax amount on NX76 cards. The programs
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are suppressed for cards punched X76, which in-
dicates that the $3,600 OASI limit has been ex-
ceeded in a previous pay period. They are sup-
pressed by wiring SUPPRESS WITHOUT BALANCE
TEST through the transferred side of calculator se-
lectors 1 and 2, which are picked up on X76 from
first reading.

On this step, the $3,600 limit is added in the
counter which will be used for two purposes:

a. To determine the OASI taxable balance
when earnings-to-date are subtracted.

b. To determine whether the current gross
earnings are greater than the taxable balance.
If the gross is greater, the OASI tax amount
is computed on the taxable balance for the year;
if it is not, the OASI tax is computed on the
current gross. To enter the $3,600, GS1 is
read out, the counter is impulsed to add, and
read units into Sth is impulsed.

8. Earnings-to-date are read out of FS1 and 3
and subtracted in the counter. The resulting
amount in the counter is the OASI taxable balance
for the year. This amount will be used for the
OASI computation if it is less than gross.

9. The OASI taxable balance for the year is
read out of the counter and stored in FS4.

10. Gross is read out of FS2 and subtracted in
the counter.

11. The counter is tested at this time to deter-
mine whether it is plus or minus. If it is plus, the
OASI limit is not exceeded and the tax is to be com-
puted on the current gross; if it is minus, the
limit is exceeded during the current period and
the tax is to be computed on the OASI taxable
balance for the year. Also, if the counter is minus,
an X is to be punched in column 76. Barance
TEST FOR STEP SUPPRESSION and BALANCE TEST
FOR SELECTOR (1) pIcKUP are impulsed.

The X (obtained from the 0-X exrr which is
wired through a column split to eliminate the 0)
is wired through the transferred side of negative
balance selector 1 and through the transferred side
of pilot selector 1, which is picked up by X78 from
first reading. When an X is to be punched in 76,
the card already has an X in column 78.

The pilot selector controls the punching of the
X as follows:

a. If the card already has an X in 78 and
the OASI limit is exceeded during the current
period, the X is punched in column 76.

b. If the card is not X punched in 78 and
the SUI limit is exceeded during the current
period (steps 18-28), the X is punched in col-
umn 78.

This selector wiring is required on machines
having only one negative balance selector which
must be used to test two negative balance condi-
tions — once for the OASI limit and later for the
SUI limit. On machines having two negatives bal-
ance selectors, the pilot selector would not be
needed if each negative balance condition were
tested by a separate negative balance selector.

12. The counter is reset.

13. The OASI tax rate (1.5%) is read out of
GS3 and entered in the MQ unit.

14. A 5 is entered in the 3rd position of the
counter to 14 adjust the OASI tax, which will be
computed on the following steps.

15. The OASI taxable balance is read out of
FS4 and multiplied by the tax rate. This step is
taken if the counter was minus on program 11, but
is suppressed if the counter was plus.

16. Gross is read out of FS2 and multiplied
by the tax rate. This step is taken if the counter
was plus on program 11, but is suppressed if the
counter was minus.

17. The OASI tax amount is read out of the
counter (units out of 4th) and stored in GS2. The
counter is reset.

18. Programs 18-27 are used to calculate the
SUI tax amount on NX78 cards. The programs are
suppressed for cards punched X78, which indicates
that the $3,000 SUT limit has been exceeded in a
previous pay period. They are suppressed by
wiring SUPPRESS WITHOUT BALANCE TEST through
the transferred side of calculator selectors 4 and
5, picked up on an X78 from first reading.

On this step, the $3,000 limit is added in the
counter which will be used for two purposes:

a. To determine the SUT taxable balance when
earnings-to-date are subtracted.

b. To determine whether the current gross
earnings are greater than the taxable balance.

If the gross is greater, the SUI tax amount is
computed on the SUI taxable balance for the year;
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Ficure 21B
if it is not, the SUI tax is computed on the current amount in the counter is the SUI taxable balance
gross. To enter the $3,000, EMITTER CONTROL 3, for the year. This amount will be used for the
COUNTER READ IN -}, and READ UNITS INTO 6TH SUI computation if it is less than gross.
are impulsed.
19. Earnings-to-date are read out of FS1 and 20. The SUI taxable balance for the year is
3 and subtracted in the counter. The resulting read out of the counter and stored in FS4.
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21. Gross is read out of FS2 and subtracted in
the counter.

22. The counter is tested at this time to deter-
mine whether it is plus or minus. If it is plus,
the SUI limit is not exceeded and the tax is to be
computed on the current gross; if it is minus, the
limit is exceeded during the current period and the
tax is to be computed on the taxable balance for the
year. Also, if the counter is minus, an X is to be
punched in column 78. BALANCE TEST FOR STEP
SUPPRESSION and BALANCE TEST FOR SELECTOR (1)
PICKUP are impulsed.

An X from the 0-X exrr is wired through the
transferred side of negative balance selector 1 and
the normal side of pilot selector 1 to punch in col-
umn 78, as explained in program 11.

23. The counter is reset.

24. The SUI rate (2%) is entered in the MQ
unit by impulsing EMITTER coNTROL 2 and MQ
READ IN.

25. A 5 is entered in the 2nd position of the
counter to ¥4 apjusTt the SUI tax, which will be
computed on the following steps.

26. The SUI taxable balance is read out of FS4
and multiplied by the tax rate. This step is taken
if the counter was minus on program 22, but is
suppressed if the counter was plus.

27. Gross is read out of FS2 and multiplied by
the tax rate. This step is taken if the counter was
plus on program 22, but is suppressed if the coun-
ter was minus.

28. The SUT tax amount is read out of the coun-
ter (units out of 3rd) and stored in FS4. The coun-
ter is reset.

29. Gross is read out of FS2 and added in the
counter to develop net.

30. Withholding tax is read out of GS4 and sub-
tracted in the counter.

31. OASI is read out of GS2 and subtracted in
the counter.

32, SUI is read out of FS4 and subtracted in
the counter. The counter now contains the net
amount to be punched.

33. SUI is read out of FS4 and added in the
counter to the left of net for punching. It is off-
set by impulsing READ UNITS INTO 6TH.

PunchH. SUI and net are punched from the coun-
ter, OASI from GS2, and W. tax from GS4.

APPROXIMATE SQUARE ROOT

The square root of a base number containing
eight digits or less may be obtained on the Type
604 at 6000 numbers per hour by four iterations
of the following formula.

B —
Db S = A2
( l—i—AI)XS A

B — Base number for which the square root is
to be found.
A1 — First approximate square root.
A2 — Second approximate square root.

Al is the first approximate square root number
and is set up in the machine from the EmITTER
CONTROL. It may be 3, 30, 300 or 3000 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 for a 7- or 8-digit base number, 3000
is used. Theoretically, any number could be used
as a first approximate. The number 3 is chosen
because greater accuracy is obtained when the
square root is carried beyond the decimal point.

As indicated on the planning chart, A2 and A3
are the successive approximates developed by the
machine on each iteration. A4 is the approximate
square root.

Some base numbers will not require four itera-
tions, but a maximum of four will be required
for any base number from 1 to 8 digits; for ex-
ample, the square root of 16 would be developed
in one iteration as follows:

( 136 + 3) X .5 = 4 (squarerootof 16),

but the square root of 5625 would be developed
in three iterations as follows:

(5625 + 30)>< .5 = 108 (second approximate)

30

(5160285 + 108)>< .5 = 80 (third approximate)

(Z,:—(z)—s—l— SO)X .5 = 75 (square root of 5625)
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It may be seen from the formula that each
iteration is a repetition of the previous step, the
only difference being the introduction of a new
approximate as a divisor. Regardless of the num-
ber of iterations a base number may require, the
machine will always take four.

The problem requires only 32 program steps,
8 program steps to each iteration. The size of
the base number is determined on the read cycle
so that on program 1 the digit 3, 30, 300 or 3000
(first approximate) may be entered into FS4.

The square root of any uneven number of digits
requires the addition of a zero to the right for ac-
curate development.

PLANNING CHART
(Figure 22B)

Reap. The base number is entered into GS1-2.
At this time the size of the number is determined,
as described under Wiring.

1. The first approximate is entered into FS4 as
3, 30, 300 or 3000 depending upon the size of the
base number.

2. The base number is read out of GS1-2 into
the counter in preparation for a dividing operation.

3. The base number is divided by the first ap-
proximate and the quotient developed in MQ.

4. The first approximate must be added to the

B
result of NE The quotient developed on program

3 is read out of MQ into the counter starting with
the sixth position. The right side of the counter
may contain a remainder and normally would re-
quire a reset. This step is saved by using the left

side of the counter for accumulating the result

B
of Al and Al.

5. Al is read out of FS4 and added to the
B )
result of AL Al is read into the counter starting
with the sixth position.

6. The counter now contains the result of

B

AT + A1l. This amount is read out of the coun-

ter and stored in GS4. The counter is cleared.

7. A 5 is emitted into the MQ unit in prepara-
tion for multiplication by .5.

8. The amount standing in GS4 (% + Al )
is multiplied by .5. The result is A2 (second
approximate). This finishes the first iteration.

The remaining program steps are repetitions of
the first eight steps and are self-explanatory. The
square root of 99,999,999 is obtained on program

step 32.

WIRING
(Figure 22A)

1. Punch selectors 1 and 2 are picked up from
a digit-emitted 1. The selectors pick up immedi-
ately and, since the cards feed into the machine
12’s first, punch selectors 1 and 2 will be transferred
for digits 1 to 9 and normal for zeros.

2. The high order six digits of the base number
are wired through the transferred side of punch
selectors 1 and 2 to the pickup hubs of the first
six calculator selectors. Calculator selectors, once
picked up, remain transferred during calculation.

3. For a 1- or 2-digit base number, all six cal-
culator selectors are normal. Therefore, program
1 cannot reach any of the read units into hubs, and
the digit 3 from the emitter goes into the units
position of FS4.

For a 3-digit base number, the first § calculator
selectors are normal and selector 6 is transferred.
Program 1 reaches READ UNITS INTO 2ND, and 30 is
entered into FS4.

For a 4-digit base number, the first 4 calculator
selectors are normal and selector § is transferred.
Program 1 reaches READ UNITS INTO 2ND, and 30 is
entered into FS4.

For a §-digit base number, calculator selectors 1,
2 and 3 are normal, and selector 4 is transferred.
For a 6-digit base number, calculator selectors 1
and 2 are normal, and selector 3 is transferred. In
either case program 1 reaches READ UNITS INTO
3rD, and 300 enters FS4.

For a 7-digit base number, calculator selector 1
is normal and selector 2 is transferred. For an 8-
digit base number, calculator selector 1 is trans-
ferred. In either case program 1 reaches rReap
UNITS INTO 4TH, and 3000 enters FS4.



LOOY TUVADG TLVIWIXO¥IAY °YZI T¥NOL]

0y re'ez 'L
O—0=—0—0—0——0— 00— O—0——0——0—0—-0—O—O——O—O—O—0 29 o o 0y —" 0—0—0—0 99
SIHDLIMS NWNTOD JINYIE es cng-~ sne
o o o o ° o o] (=] o o 44 o o 44
11X3 NWNIOD XNVY18 ¥ HONNd 3118N00 25 Ho H- H» Ho 3 H«. € HN H_
0o 0 o 0 0 00 0 0 0 0 0 0o 0 0O 33 o o 32
AYINI NWNTOD JINVIE ¥ HONNJ 37180040 s 52821207 TOUINOD ¥ILLIW
© 0 0o 0 0 0 06 0 0 0 0 0 0 0 0 0 0 o 0 O aa ° o.m_.q_.mé O~—0—0—0—0 aa
08 14 oc 59 I 9 b FASILTIVE LNOHLIM SSIY8dNS~]
o o o o © © o] o o o o o (<] [e] =] i<} [ o o o P o o 122
09 13 os sr 55 TVE SANIW NO $83¥dd0S)
© 0o ¢ © 0o 0o © 0O 0O © 0O © © 0o 0 O 0 o O o (3] o o €9
or st ot sz s IVE SNT4 NO $S3¥ddNS
o o o ] o o o © o o o o o o o [ (<} o o o < Yy o o O—O—O0—O0—O0—0—0—0 \id
0 ————————§l———— ONIGY3¥ INODIS s H Hn M“ H, € ——4dns d3Ls xom 1531°vs
o 0o o o 0o 0o 6 0 0o © 0 0 0;]0 0 O 0 O z o o 0,00, 040 \z
> 2 1N0O-QV3IY IDVYIOLS TVEINID NS} ONZ| ade T\:m 13S 304 15347 1vy
o o o o o 0o o o olo 6 o 0 0|0 © o o o A o ° 1 o oio|e e sio
N 8 ¢ 9 s N H‘ Ha [ —WY3903d INRS LN av3y st
o 0o o o oooocoooooooooo@ o oo ¥ ©oJc o 0> o o e ®|0
Ly SY¥OLI313S HOINNG L NI"GY2¥ IOVIOLS 1v¥INION X1 X0 NI Puiz “ 1SNCAV 34 v Ive
© 0 0 0 0 0 0 0 0 0 0 0 o 00 0 0 0 0 0 ofm o o e eo!lo
oL s9 > LD(VV{e e “E
© 0 0 0 0 6 0 06 00 0 0 0 © 0 0 0 0o 0o o ofa o e o o0 |a
os sv 60 ﬁ JalaiQ wole
0 0 0 0 0o 0 00 © 0 0 0 0 o 0 050 o 0o o|n o . lo in
ot sz m::m NWN10>———t1 ¥ Zi ZOEDOU(8 liz
© 0 0 06 0 06 0 0 06 06 0 0 0o 0£0)0 o1 1 o . o |4
ONIHINNG € 9]t vy + = AJdigw _ + ATdiLInw or loz
o o 00 s o o e elo
11X3 ¥3INNOD LNIWNODISSY JOVHOLS TYUINID 1001n0p No1ONN{0E) (ST a e
» ] o o
no qvay [[AZDLLAFY) ey, |
o . o |0
8L i
000 0104 - ° o o |d
iovef e v 0 - i ava 9108V EL \
o—o | o—o—0 |0 o o o |of
INIWNDISSY JOVYOLS JOLOV4 104Nz S)(P)(Z
o—0 o—0 | 0 0—0 0—0——0—0—0 | N i .
S¥01D313S HONNJ '3 & FNd 1——=9-S401D3735 YOLVINDIVI-L :._0130._5_“>0 QO¥d- NI 1no 8Z Niaviy
o—o o—o | o 0| 0—0—o0 w [ .
9 ] x/n//ﬂ/yv —avad nz~|w 2440 0@y (v) 1(1£) nm
o—o o o OmemO—0 4 o|o|o|_rl o |1 o .
¥4 W, Ad I—8——S¥OL1D3135 HONNG 0——HINNJ MHD O¥32 2€ ‘v
Ol 0Oo~0|0 0o ¢ 0 0 o o o ¢fo|o—o0—0, | X o o
TYEINID 1 1 9 f= Ol —————mm— 11 X3 § ONI1dNO 13540 ~D Y 15 1—401s O0¥d NIIND
5| s0—0]0d0 0 ©6 © o ©D0 | or og oz r o o o
o s H 11X3 D1d D _| QO xxnﬁm IVEIN: o1
YIIWAN 3SVE “|I.w_ .m_ol.o oNo o o o o ONO (O ©030 O ' o orolo . o |t
4 T \s@ (CEINTD) 6 1
© 6 0 60 00 06 6 0 00 0 0 0 0 0 0 0 0f|o—o o—ofolo o o 0 o olo|o oNo o H o e o flu
or 13 ot 131 € S S ¢ === i Pn _uu w. 8 ]
o o o] ° o 2] o o © o o o o o <] o o (<} o o o—0 1 1 o—0 OU\\O o [*] (o] 2 [l e} o olo o 2 @ o (=] o bl
z ONIOVIY LSAMS z z B e St iy . 1301S Tv¥INID~— z <
m_ooooo\_ o—o ! ! o—eToNO 0 0 0 0 0 © oNO|O o030 o E) 6z°227 o e 0 of 4
A¥LNI LOND 1INW [ A 3 9
o—o | tlo—o|olo © © o o © o olojo oNo o 3 12611 3 e » of 13
o a| a o |o yole Je b < 5
o—0 o—0o o o o o < o o o o o o olo (=] a 10's‘s a
“ o f————Nd ILVIOIWWI 73S 1ve DIN-
o—o o—ofo © © ¢ ¢ 06 © 0 0 0} 0—0—0—0 > 3
u u Nd Q
o—0 OO o ] 9
== SRS A D . :
ogo|o1o0 oze ©o|o0:0 010)o0—0— | o0—0—0-—0 | o—0—0—0 v 10 o110 1 4
»Zu IOVIOILS xO»V(u $35INdWI 11910 S¥0133135 1074 sne dNs HOd 21vD .._wm.u._<u|L'lw:-||Z_ Qv3y ¥OIS YOLIV4 T WY390Ug— | — |
YP €7 Iy 1y Or 6f BE L 96 S& ¥E EC IE IE OF 6 8 L« 9% ST ¥T &L _ 44 0 & st 4t % St vl EL U U 00 6 & £ 9§ v £ T :”n oz &1 Bt 2 _91 St 1 6 8 £ % § ¥y & L |

—



B
upuunor«‘/fl‘ #4, ]A’. 5=A2

This planning chart includes a special column Read

FicURE

for making shift notations.
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Ficure 23.

GANG PUNCHING
(Figure 23)

GanG punching may be done separately or as a
part of the regular calculation. If it is done inde-
pendently, the calculate switch on the control
panel must be wired OoFF to use the punch unit
alone. The cable between the two units need not
be disconnected.

1. Emitter Gang Punching. Digits may be
punched from the digit selector, wired as a digit
emitter.

2. Straight or Interspersed Gang Punching.
Gang punching from a master card may be re-
petitive for all cards by wiring the field to be
gang punched from SECOND READING to PUNCH,
column for column. Each card becomes a master

GaNG PunNcHING

card for the card following, as it reaches second
reading.

When interspersed master card gang punching
is done, punching of the master cards is prevented
by impulsing PUNCH sUPPRESs, as shown by the
dotted wiring. As the master card passes first read-
ing, punch suppression is impulsed and one cycle
later, as the master card passes the punch station,
punching will be suspended.

3. Offset Numerical Gang Punching. When the
gang punch field in the master card is different from
that in the detail cards, gang punching must be
offset. The master card field is selected through
a punch selector so that the offset field in the
master card will read to the punch station only
when the X card reads at the second reading sta-
tion. The punch selector is transferred by wiring
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the X impulse to the pickup from seconp READ-
ING. Punching is suppressed for all master cards
by wiring the master card X from FIRST READING
to PUNCH suppPress. Column split is required
when the master card X is punched over a digit
in the same column.

4. Major and Minor Gang Punching. Major
and minor gang punching may be done by the
use of two pilot selectors coupled with punch selec-
tors. The major field, such as department num-
ber, is wired through the normal side of punch
selector 5, and the minor field, such as man num-
ber, is wired through the normal side of punch
selector 6. Punch selectors § and 6 transfer when
pilot selectors § and 6 transfer. Pilot selecters
5 and 6 transfer one cycle after major or minor
X’s are read at the first reading station.

Forward Punching

The punching station in the Type 521 is located
between the first and second reading stations.
Therefore, it is possible not only to gang punch
normally from the second reading station but also
to punch from the first reading station and thus
accomplish what may be termed Forward Punch-
ing.

A specific application in which this operation
may be desirable occurs when interspersed X mas-
ter cards containing invoice numbers are followed
by billing cards containing customer numbers. The
invoice number in the X master card is to be gang
punched into all billing cards in the same group
(SECOND READING to PUNCH), but the customer
number from the first billing card in the group
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is to be forward-punched into the X master card
(FIRST READING tO PUNCH).

WIRING
(Figure 24)

1. An X in column 10 of the invoice number
master card picks up pilot selector 1 from rirsT
READING. The selector transfers on the next cycle.

2. Punch selectors 1 and 2 transfer on the same
cycle from courLing exit of pilot selector 1.

3. Customer number from the first billing card

forward-punches to the X master card through
the transferred side of punch selector 1.

4. Since punch selector 2 also transfers on this
cycle, the invoice number, read from the last card
of the previous group (second reading station)
does not gang punch into the X master card. On
the next cycle when the X master card is read at
the second reading station, punch selectors 1 and
2 drop back to normal. Thus, punch selector 1
suspends forward punching of customer number,
and punch selector 2 allows normal gang punching
of invoice number.



DETERMINING CALCULATOR CAPACITY

ALTHOUGH storage capacity is a primary consid-
eration when planning a complex problem, it is
sometimes necessary also to consider calculating
capacity. The calculating capacity is the number
of electronic cycles that are available from the
time the card has been read until it is ready to be
punched as shown in Figure 1 on page 6. There
are 231 electronic cycles available for calculation,
regardless of the number of program steps with
which the machine is equipped. These cycles start
shortly after 9’s are read from one card and con-
tinue until after 12’s are read from the next card.
This interval is represented largely by the space be-
tween cards. One program step may be made up
of one or more electronic cycles. For all operations
except multiplication and division, one program
step equals one electronic cycle. When multiplying
or dividing one program step may consist of several
electronic cycles, depending upon the number and
value.of the digits being calculated. For example,
when multiplying 796 by 25, twelve electronic
cycles are needed even though only one program
step is used. When dividing 72 by 6, fourteen elec-
tronic cycles are needed, even though only one
program step is used.

Multiplication is performed by repetitive addi-
tion and the number of electronic cycles required
may be determined by the method used in the fol-

lowing example:

796
x25

One test cycle is required for every
position of the MQ unit
One cycle is required for each digit

= 5 electronic cycles

value in the multiplier (245=7) = 7 ” ”
(The maximum could be 5 x 9 or
45)

One program step 12 ” ”

n

The number of electronic cycles required in
dividing operations may be determined by the
method used in the following example:

— = 12
6

An overdraw cycle and a correction cycle are required for
each position of the MQ unit, plus one end-of-division
cycle (§ X 2 +1=11)

=11 electronic cycles
Sum of the digits in the quotient = 3 ” »
1 + 2 =3)
1—4 ”» ”»

One program step

In combination problems where crossfooting,
multiplication and division are combined and it
is desired to compute the number of electronic
cycles, it is best to write them down beside the
program step. It is also advisable to assume that
the value of each multiplier or quotient digit is
9, except in those cases where it is definitely
known to be less. If the total number of electronic
cycles computed is 231 or less, the unfinished pro-
gram need not be considered.

The unfinished program hubs should be wired
to FIRST READ sToP on the punch control panel,
whenever there is danger of the problem exceeding
the calculating capacity. This is a protective
measure and results in stopping the machine and
turning on the UNFINISHED PROGRAM error light
when such a condition arises. Under Unfinished
Program, it is suggested that the cards causing the
machine to stop, can be re-run one cycle at a time
(depressing first the start then the stop keys). This
allows more time between reading and punching
and thus increases the number of electronic cycles
available for calculation.



INDICATOR

THE indicator lamp panel (Figure 25) consists
of a group of small neon lamps that light up to
indicate the factors stored and the functions per-
formed on any given program step.

Its purpose is to make it easy to locate errors in
planning or control panel wiring. When control
panels are tested, the usual procedure is to pass a
test card through the 521 punch unit and check
the punched result against the result arrived at on
the planning chart for the same given factors. If
the results do not agree, the wiring is checked
against the planning chart. If no errors are found
by this method, it is then necessary to check each
program step as follows:

1. Depress the procraM TEsT key. This causes
the PrRoGrRAM TEsT light to turn on and will allow
the programs to be advanced one at a time.

2. Place the test card in the hopper of the 521.

3. Feed the test card for two cycles.

4. Depress the PRoGRAM ADVANCE key once. All
calculations or transfers of factors from one unit
to another that occur on program 1 will be re-
corded on the indicator lamp panel. A comparison
can be made between the results shown by the

FACTOR STORAGE

LAMP PANEL

lighted lamps and those arrived at on program 1
of the planning chart. If the two do not agree,
proper adjustments can be made in the control
panel wiring. If they do agree, the PROGRAM AD-
vaNCE key is depressed again (program 2), and
the procedure is repeated. This is continued one
program step at a time until all errors on either
the planning chart or the control panels are cor-
rected.

The machine is returned to normal operation
by depressing the PRoGRAM TEsT key at which time
the proGraM TEsT light turns off.

How to Read the Indicator Lamp Panel

Each position of factor storage, general storage,
multiplier-quotient storage, and the counter is rep-
resented by four lamps, vertically arranged. The
upper or first row of lamps has a value of 1 as in-
dicated on the left, the second row a value of 2,
the third row a value of 4, and the fourth row a
value of 8. The value of a digit standing in any
one position may be determined by adding the
values of the lighted lamps in that position. For
example, if the number 791 were stored in FS1, the
lamps would be lighted as shown in Figure 26.
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Ficure 26. AmounNTt +791 IN FSI

Storage Units

In addition to the four lamps for each position,
the storage units (including MQ) have three other
lamps labelled — (minus), RI (read in), and RO
(read out). Factors, whether plus or minus, always
appear in storage units as true figures. The —
(minus) lamp turns on when the factor in storage
is negative. The RI lamp turns on when a factor
enters storage, and the RO lamp turns on when a
factor is read out of storage.

Counter

A positive amount in the counter will read as a
9’s complement. For example, plus 791 would ap-
pear as shown in Figure 27. A negative amount
will appear as a true figure with (=) MiNus lamp
turned on.

Program Steps

There is a HoME lamp and one lamp for each of
the possible 60 program steps. The HoME lamp
turns on when a card is fed in the Type 521 and
signifies that programming can be started. The
PROGRAM STEP lamps turn on one at a time each
time the PRoGRAM ADVANCE key is depressed.

Read Units Into — Out Of

These lamps indicate the position of shift when
a factor is transferred from one unit to another.
Starting from the left the lights are labelled 1
through 6 for rREaD UNITS INTO and 6 through 1
for READ UNITS oUT oF. Although one light serves
both for READ UNITS INTO and READ UNITS OUT OF
for each position of shift, a distinction between
the two is possible by reference to the coUNTER
RI or RO lamps. For example, if the RI lamp for
the counter is on, any shift lamp that is on at the

same time would be interpreted as READ UNITS
inTo. If the RO lamp for the counter is on, any
shift lamp that is on at the same time would be in-
terpreted as READ UNITs oUT oF. When a factor is
transferred without shifting, lamp 1 (either read
units into or read units out of) turns on.

Operations

Most of the operation lights are self-explanatory.
They turn on when the corresponding control panel
hubs are impulsed. It is necessary only to explain
the abbreviations.

Ctr RI + Counter read in plus

Ctr RI - Counter read in minus

Ctrr RO Counter read out

Ctr RO& R Counter read out and reset
(counter resets at the beginning
of the next program)

BT Step Sup Balance test for step suppression

Sup on + Suppress on plus

Sup on = Suppress on minus

Mule + Multiply plus

Mult - Multiply minus

Div. Divide

3 Adj. Half Adjust

Zero Test Zero Check

The indicator lamp panel is used for both the
Type 604 and the Type 605 (CPC). The remain-
ing lamps (Prog. Rpt., Sup. on Zero, Sup. Non-
Zero, and Ctr. R) represent standard features of
the 605, not standard on the 604.

Emitter

One of these lamps turns on when the corre-
sponding emitter hub on the calculator control
panel is impulsed.
Bal. Test Sel. PU

These lamps represent the balance test for selector
pickup hubs on the calculator control panel. They
turn on when the respective hubs are impulsed.
Prog. Group Supp. (Program Group Suppression)

These lamps operate on CPC machines only.

0O0oo0

— OPERATIONS

99999999208

FIGURE 27. AMOUNT 4791 IN THE COUNTER
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CHANNEL SCHEMATIC

THE channel schematic (Figure 28) is intended to
clarify both STORAGE ASSIGNMENTS and READ UNITS
INTO and READ UNITS oUT OF (shifting). It shows
one 3-position and one §-position storage unit to
demonstrate channel assignments, and the counter
and shift unit to demonstrate READ UNITS INTO
and ouT OF.

Storage Assignment

The 3-position storage units can be assigned so
that the units position is connected (assigned) to
channel 1 (normal), channel 4 (6-4 assignment),
or channel 6 (8-6 assignment). The second posi-
tion will then be connected to channel 2, 5, or 7
and the third position to channel 3, 6, or 8. The
assignment is controlled by internal selectors, the
points of which are shown on the schematic; the
selectors are transferred by the STORAGE AssiGN-
MENT wiring on the punch control panel.

The S5-position storage units are always con-
nected to channels 1 through 5.

Read Units Into

READ UNITS INTO concerns both the counter and
the storage units. The first position of counter
entry or a storage entry is connected to channel
entry 1, the second to channel entry 2, etc. The
first position of a storage exit is connected to chan-
nel exit 1, the second to channel exit 2, etc. Nor-
mally channel exits are aligned with corresponding
channel entries, through a shift unit; this connects
the units position of any storage unit with the
units position of the counter or any other storage
unit. If READ UNITS INTO 2ND is wired on the con-
trol panel, the shift unit moves one position to the
left, thus lining up channel exit 1 with channel
entry 2 (the second entry position of the counter

75

or a storage unit); if READ UNITS INTO 6TH is
wired, the shift unit moves all the way to the left
and channel exit 1 will line up with channel entry
6. When any one of the READ UNITS INTO hubs is
wired, the shift unit moves for one program step
and then returns to normal.

Read Units Out Of

READ UNITS OUT OF concerns the counter only,
since it is not possible to drop positions when read-
ing out of a storage unit. The 6th position of the
counter exit is connected to channel exit 1. Nor-
mally, when the counter is impulsed to read out,
the shift unit moves all the way to the left (5 posi-
tions) so that the units position of the counter exit
lines up with channel entry 1, the 2nd position
with channel entry 2, etc.

If READ UNITS OUT OF 2ND is wired on the con-
trol panel, the shift unit is stopped after it has
moved 4 positions to the left, thus lining up the
2nd position of counter exit with channel entry 1.
Similarly, if READ UNITS OUT OF 5TH is wired, the
unit stops after it shifts one position, thus aligning
the 5th position of counter exit with channel en-
try 1.

It will be seen that READ UNITs OUT OF 5TH actu-
ally causes the same shift operation as READ UNITS
INTO 2ND. These control panel hubs are common
internally. Similarly, Reap uNITS OUT OF 4, 3, and
2 cause the same shift as (and are common with)
READ UNITS INTO 3, 4, and 5, respectively.

Other Functions

HALF ADJUST, ZERO CHECK, and EMITTER CON-
TROL are connected to channel exit 1, and may be
shifted as many as five positions to the left by im-
pulsing READ UNITS INTO.
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CONTROL PANEL SUMMARY

EacH secTiON of the control panel (Figure 29) is
assigned a number under which the hubs are de-
scribed.

Type 521 Control Panel

1. Factor Storage Entry. These hubs are entries
to the factor storage units for factors read from
the card or from the digit selector. They are nor-
mally wired from first reading, second reading or
from the digit selectors. Factors read into the fac-
tor storage units at read time or during calculation
may be stored until required in the calculation.
An X punch over any column, or over the units
position for reasons other than sign control, must
be eliminated by a column split. Without elimina-
tion in other than units position, an incorrect zero
may be entered. More than a single digit in a col-
umn causes the sum of the digits to enter storage
without a carry. Factor storage entry or exit dur-
ing calculation is controlled by the calculator con-
trol panel. These units cannot be used for punch-
ing.

2, Mult Quot Enitry. These hubs are entries to
the multiplier quotient unit for factors read from
the card or from the digit selector. A multiplier
must be entered into this unit but other factors
may be stored there for later transfer in a calcula-
tion. Results cannot be punched from this unit.

3. First Reading. These hubs are exits from the
80 columns of the card at the first reading station.

4. General Storage Entry. These hubs are en-
tries to the general storage units for factors read
from the card or from the digit selectors. Factors
read into the general storage units at read time or
during calculation may be stored until required in
the calculation. An X punch over any column, or
over the units position for reasons other than sign
control, must be eliminated by a column split.
Without elimination in other than units positions,
an incorrect zero may be entered. More than a
single digit in a column causes the sum of the digits
to enter storage without a carry. General storage
entry or exit during calculation is controlled by

the calculator control panel. These units can be
used for punching results if they are not required
to accept factors from the cards.

5. Punch Selectors. There are eight 5-position
punch selectors standard on the Type 521. Their
pickup hubs are located on the left-hand panel.
When impulsed the selectors transfer immediately
and remnain transferred until the end of the card
cycle.

Punch selectors are normally wired from first
reading, to select factors from the card entering
a storage unit. To select results to the punch hubs
they are normally wired from storage exits or
counter exits. Punch selectors are also used for
interspersed or offset gang punching and are nor-
mally wired from second reading.

6. General Storage Exit. These are the exits
from the general storage units for punching stored
resules. They are always wired to the punching
hubs either directly or through selectors.

7. Counter Exit. The result of a calculation is
always obtained in the counter, which receives im-
pulses only during calculation, never from the
card. Results may be punched from the counter
exits directly or through selectors.

8. Punching. The punching hubs are entries
for punching results in any assigned columns of
the card. They are normally wired from counter
exits or general storage exits. They are wired from
second reading for gang punching.

9. Second Reading. These hubs are exits from
the 80 columns of the card at the second reading
station. They are normally used for gang punch-
ing, for reading factors to be recalculated and
checked, or for DPBC detection. °

10. Double Punch & Blank Column Entry. Ten
double punch and blank column entry hubs are
standard. They are entries for checking the pres-
ence of blank columns or double punching and are
normally wired from second reading.

11. Double Punch & Blank Column Exit. Ten
double punch and blank column exit hubs are
standard. They are exits from the double punch
and blank column entry hubs and are normally
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wired to the punching hubs when gang punch
checking. For a double-punched column, only the
lowest digit punched will be available, i. e., if 9 and
6 were punched, only the 6 would be available.

These hubs can be used as entries, in which case
only blank columns can be checked.

12. Blank Column Switches. Ten blank column
switches are standard. When they are wired on,
columns wired to the corresponding double punch
and blank column entry or exit hubs are checked
for blanks (unpunched).

13. General Storage Read Out. These hubs
accept only card cycle impulses to read factors out
of the general storage units for punching.

14. General Storage Read In. These hubs accept
only X impulses to read factors into the general
storage units at read time. They are normally
wired from card cycles.

15. 0-X Exit. These hubs emit both an X and
0 impulse every card cycle. The 0 and X may be
separated by means of column splits.

16. Column Splits. Twelve column splits are
standard. They are used to separate 0-9 punches
from 11 and 12 punches.

17. General Storage Assignment. General stor-
age unit 1 may be assigned to either 6th, 7th, and
8th channels or 4th, 5th and 6th channels by con-
necting the 8-6 or 6-4 to the common hubs above.
General storage unit 3 may be assigned to the 6th,
7th and 8th channels by connecting the 8-6 to
the common hubs above. The 3-1 hubs are in-
active.

18. Ctr R & R. The counter read out and reset
hubs are entries for card cycle impulses for reading
out and resetting the counter at punching time.

19. Ctr RO. The counter read out hubs are
entries for card cycle impulses for reading out
without resetting the counter at punching time.

20. MP QT RI. The multiplier quotient read
in hubs accept only X impulses, to cause a factor
to enter the MQ unit from the card or from the
digit selectors. When wired from card cycles, read-
in is permitted on each card cycle. When wired
from a reading brush, X impulses permit read in
only from an X card.

21. Factor Storage Read In. These hubs accept
only X impulses to read factors into the factor

storage units at read time. They are normally
wired from card cycles.

22. Card Cycles. The 24 common card cycles
hubs emit an impulse on each card reading cycle
from X through 9. Since card movement is syn-
chronized, a card cycles impulse may be used to
control functions at all three stations at the same
time.

23. Factor Storage Assignment. Factor storage
unit 1 may be assigned to either the 6th, 7th and
8th channels or 4th, Sth, and 6th channels by
connecting the 8-6 or the 6-4 to the common
hubs above. Factor storage unit 3 may be assigned
to the 6th, 7th and 8th channels by connecting
the 8-6 to the common hubs above. The 3-1 hubs
are inactive.

24. Calculator Selectors 1 PU. These are the
pickup hubs for the calculator selectors located on
the calculator control panel. When impulsed, they
transfer the selector for the following calculate
cycle. They are normally wired from first reading,
and can also be wired from second reading or the
coupling exit of a pilot selector.

25. Punch Selectors I PU. These are the pickup
hubs for the punch selectors. When impulsed they
transfer the selector immediately. They are nor-
mally wired from first or second reading or from
the coupling exit of a pilot or negative balance se-
lector.

26. Product Owverflow In-Out. The product
overflow 1N hubs are normally wired from one or
more counter or general storage exit hubs that are
in excess of the number of hubs wired to punch
the result. If any digit other than zero is sensed,
product overflow ourt will emit an X impulse
which may be used to stop the machine or offset
the card in the stacker. Overflow out hubs are
normally wired to punch stop.

27. D P B C. These double punch-blank column
hubs emit an X impulse when the DPBC unit
(10, 11, 12) is properly wired and a double punch
or blank column is sensed. They are normally
wired to 2nd read stop.

28. 2nd Read Stop-Offset. The hubs labelled
S (stop) are entry hubs that accept impulses
to stop the machine for an error condition that
is recognized at second reading. The machine stops
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after the card in error reaches the stacker. The
offset hubs are optional. When these hubs are im-
pulsed, the error card is offset in the stacker. They
are normally wired from DPBC. when detecting
double punch-blank columns, or from zero check
for simultaneous multiplication and checking oper-
ations. (See Figure 30.)

29. Zero Check. The zero check hubs emit an
X impulse when the counter does not balance to
zero on a checking step. They are normally wired
“to 2nd read stop for simultaneous multiplying and
checking operations, or to 1st reading stop when
multiplication is checked in a separate run.

30. Punch Stop-Offset. The hubs labelled §
(stop) are entry hubs that accept impulses to
stop the machine for a product overflow condition
that is recognized at the punch station. They are
normally wired from product overflow out. The
machine stops after the card in error reaches the
stacker. The offset hubs are optional. When these
hubs are impulsed, the error card is offset in the
stacker. (See Figure 30.)

31. Unfin Prog. On rare occasions a calculation
may, not be completed in time to punch the card,
in which case, no punching will take place and an
X impulse will be emitted from the unfinished
program hubs. This impulse is normally wired to
first read stop.

32. 1st Rdg Stop-Offset. The hubs labelled
S (stop) are entry hubs that accept an impulse
to stop the machine for an error condition that is
recognized at the first reading station. The ma-
chine stops after the card in error reaches the
stacker. The offset hubs are optional. When these
hubs are impulsed, the error card is offset in the
stacker. (See Figure 30.)

33. Cplg Exit (Neg Bal Sel). The coupling exit
hubs emit an impulse when the corresponding neg-
ative balance selector is transferred and are nor-
mally used to pick up punch or calculator selectors.
Only number 1 is standard.

34. Coupling Exit (Pilot Selectors). The cou-
pling exit hub emits an impulse when the corre-
sponding pilot selector is transferred through its
X or D pickup, and is normally used to pick up
punch or calculator selectors. The coupling exit
and the Immediate pickup of a pilot selector are
common.

35. Pilot Selectors. There are five two-position
pilot selectors standard, each having an X, D and
immediate pickup hub. When the X or D pickup
hubs are impulsed, the selector transfers on the
following card cycle and returns to normal at the
end of that cycle. When the I pickup hubs are im-
pulsed, the selector transfers immediately and re-
turns to normal at the end of the same cycle.

36. Neg Bal Sel. There is one negative balance
selector standard. Its pickup hubs are located on
the calculator control panel and are always wired
from a program step during calculation. When
the pickup hubs are impulsed, the selector trans-
fers just prior to punching time and may be used
to control functions on the punch control panel
from certain conditions arising during calculation.

37. Digit Selector. Two digit selectors are stan-
dard. When the common (C) hubs are wired
from first or second reading, impulses from the
digit hubs will be available as the corresponding
digits are read from the card.

38. Digit Impulses. When a digit selector is
wired from a digit impulse hub, the digit selector
becomes an emitter, each digit hub emitting its
corresponding digit impulse on every card cycle.

39. Bus. These hubs are used to eliminate split
wiring on the punch control panel.

40. Pch Sup. Complete suppression of all punch-
ing for any one card may be accomplished by wir-
ing any digit or X punch to punch suppress, from
first reading. If an X is punched over a digit, a
column split must be used.

41. Cale. The calculate switch must be wired
oN whenever the calculating and punch units are
used together. It must be wired orr when the
punch unit is used independently of the calculating
unit for gang punching operations.

Type 604 Control Panel

42. Calculator Selectors. There are eight §-posi-
tion calculator selectors standard. Their pickup
hubs are located on the punch control panel.
When impulsed from first reading a calculator se-
lector holds through calculation and is used to con-
trol program steps during calculation.

43. Bus. These hubs are used to eliminate split
wiring on the calculator control panel.
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44. Factor Storage Read In. Information may
be read into factor storage units during calculation
by wiring a program exit to factor storage read in.
These units clear automatically on the read in.

45. Factor Storage Read Out. Information may
be read out of a factor storage unit during calcula-
tion by wiring a program exit to factor storage
read out.

46. General Storage Read In. Information may
be read into general storage units during calcula-
tion by wiring a program exit to general storage
read in. These units clear automatically on the
read in.

47. General Storage Read Out. Information
may be read out of a general storage unit during
calculation by wiring a program exit to general
storage read out.

48. Mult Quot Control Read In — Read Out.
A factor may be read into or out of the MQ unit
during calculation by impulsing the read in or read
out hubs with a program exit.

49. Counter Control Read In -+, Read In —.
The counter is impulsed to add or subtract during
calculation by wiring a program exit to counter
read in 4+ or counter read in —.

50. Counter Read Out and Reset. The counter
is impulsed to read out and clear during calcula-
tion by wiring a program exit to these hubs.

51. Counter Read Out. The counter may be
impulsed to read out without clearing by wiring
a program exit to these hubs.

52. Multiply +. These hubs accept program
impulses to cause the machine to multiply on a
positive basis.

53. Multiply —. These hubs accept program im-
pulses to cause the machine to multiply on a nega-
tive basis.

54. Divide. 'These hubs accept program im-
pulses to cause the machine to divide.

55. Vo Adjust. When the ', Adjust hubs are
impulsed from a program step, a § is added or sub-
tracted in the units position of the counter (nor-
mally), according to whether the product is plus
or minus.

56. Zero Check. These hubs accept program
impulses to add a 1 into the units position of the
counter (normally), which will result in a zero
balance if every counter position previously stood

at 9. The counter is reset automatically at the be-
ginning of the next program step.

57. Read Units Into. Shifting from one to five
positions may be done on any program step except
those used for multiplication and division, and
the shift unit will return to normal at the com-
pletion of the program step. The units position of
a factor in storage may enter the 2nd, 3rd, 4th,
sth or 6th position of another storage unit or
counter by wiring a program exit directly to the
read units into hubs. Positioning of the 15 adjust-
ment or zero check impulses is also controlled by
impulsing read units into with a program exit.
Read units into cannot be used when transferring
factors from counter to storage.

58. Read Units Out Of. Shifting from one to
five positions may be done on any program step ex-
cept those used for multiplication or division, and
the shift unit will return to normal at the
completion of the program step. Information may
be read out of the counter starting with the 2nd,
3rd, 4th, 5th, or 6th position by impulsing one of
the read units out of hubs with a program exit.
The information will enter the receiving unit
starting with the units position. This feature is
normally used when transferring from counter to
storage with decimals dropped. Read units out
of cannot be used when transferring from storage.

39. Program. After one card is read and before
the next card is read, the machine starts through
a series of program steps. These program steps are
electronic cycles which occur successively, and,
during each, the machine can be controlled to per-
form a specific part of a required calculation.
Twenty programs are standard. All of the pro-
gram steps are always taken in a calculation,
whether or not they are actually used. Each step
has three independent exits.

60. Sup (Program Suppression). A program
step may be suppressed by wiring the sup hubs
for that step from either the suppress on plus or
minus balance hubs, or from the suppress without
balance test hubs.

61. Bal Test For Sel PU. These are the pickup
hubs for the negative balance selectors located on
the punch control panel. Only the first selector is
standard. They are always wired from a program
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exit and will cause the selector to pick up if the
counter is negative on that program step.

62. Bal Test For Step Sup. When these hubs are
wired from a program exit, the suppress on plus
balance hubs will be active on the next program,
if the counter is plus, and the suppress on minus
balance hubs will be active on the next program,
if the counter is minus. These hubs will continue
to be active until another program impulse reaches
the balance test for step suppression or until the
end of calculate time.

63. Suppress On Plus Bal. When the balance
test for step suppression hubs are impulsed, the
counter is either positive or negative. If it is posi-
tive, the suppress on plus balance hubs will be
active and may be used to suppress succeeding
program steps for that card.

64. Suppress On Minus Bal. When the balance
test for step suppression hubs are impulsed, the

First Reading Station

—A—

DPBC Product
Overflow
(Paragraph 30)

Zero Check (2nd run)
Unfinished Program
(Paragraph 32)

Ficure 30.

Figure 30 shows which stacker stop hubs (para-
graphs 28, 30, and 32) should be used to stop the

Punching Station

counter is either positive or negative. If it is neg-
ative, the suppress on minus balance hubs will be
active and may be used to suppress succeeding pro-
gram steps for that card.

65. Suppress Without Bal Test. These hubs

emit impulses on every program step and are nor-
mally wired through calculator selectors to sup-
press certain program steps for specific cards.

66. Emitter Control. The emitter can be used
to enter a single digit into the counter, any storage
unit or the MQ unit on a program step. Multiple
digits can be entered into the counter only, one
at a time, on as many program steps as there are
digits. Digits are emitted and read into a unit by
wiring a program step to a specific digit hub in the
emitter and by impulsing the unit (counter, MQ,
FS, GS) to read in. The digit normally goes to
the units position but may be shifted up to 5 posi
tions.

Second Reading Station

Results are calculated

DPBC
Gang Punch
Zero Check (1st run)
(Paragraph 28)

ScHEMATIC, STOP WITH CARD IN STACKER

machine when a stop is signalled at any of the
three stations (first read, punch, or second read).
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CONTROL PANEL SUMMARY

CONTROL PANEL SUMMARY,
SPECIAL DEVICES

FiGURE 31 shows the control panel for a machine
equipped with the special devices described below.

1. Program Expanders. Program expanders per-
mit the wiring of more than one function from a
program exit. Expanders contain an 1N and two
ouT hubs. When a program exit is wired to the v
hub, the ouT hubs can be used to provide program
impulses to two separate functions, permitting the
independent wiring of up to six functions on one
program step. Two or more expanders may not be
coupled to provide for additional outlets.

2. Zero Test. This device replaces the standard
zero-check feature. When the zero-test hubs are
impulsed, the 604 will test the counter for either
a plus zero (counter has all 9’s from the position
being checked to counter position 13) or a minus
zero (counter has all 0’s from the position being
checked to position 13).

The test will activate either the suppress zero or
suppress non-zero hubs, depending upon the con-
dition of the counter. These hubs may be used to
suppress one or more succeeding program steps.
The zero or non-zero will remain active until the
next zero test is made. The program test on which
a zero test is made cannot be suppressed because
of the result of a previous zero test.

Zero test does not automatically reset the counter.
However, the value in the counter is changed. If
a reset is required, counter reset should be impulsed
on the same program step as zero test.

When the counter reset hubs are impulsed by a
program step, the counter will reset, without read-
ing out, at the next program step. If counter re-
set is impulsed on the same program step as divide,
the remainder will be reset at the beginning of the
next program step. Counter reset does not affect
the normal operation of the next program step.

3. Program Repeat. When these hubs are im-
pulsed by a program step, the 604 will receive a sig-
nal after the last program step is completed. The
signal will instruct it to return to program step one
rather than to punch the card. The 604 will con-

tinue to repeat all program steps until the step on
which program repeat is impulsed is suppressed.
The signal to punch the card will then be given
after the last program step is completed. Program
repeat cannot be impulsed on the last program step.

In calculations with program repeat, the punch
delay device is used, if calculation time exceeds the
521 operation rate of 100 cards per minute.

4. Group Suppress. There are four independent
group suppress hubs, each with a pickup, a drop-
out, and a suppress hub. Once the pickup hub is
impulsed, the suppress hub of a unit is active until
the unit is dropped out. The suppression operates
on the step during which drop-out is impulsed, but
not on the following step. The pickup hub is im-
pulsed by an unsuppressed program exit, usually
following a program on which a test (such as zero,
or negative balance) is made and before another
similar test is made. The unit is dropped out either
automatically on the next card feed cycle, or by
impulsing the drop-out hub from a later program
exit. When the suppress hub is active, any pro-
gram-suppress hub wired to it causes that program
step to be suppressed.

Because, once it is picked up, the unit remains
active until dropped out, later programs can be
suppressed on the basis of an earlier test, even
though intervening tests have been made. This does
not apply to the other suppress units (e.g., sup-
press-on-minus balance) which might be changed
by each succeeding test and, therefore, lose the re-
sult of any previous test.

5. Electronic Emitters—Tens, Hundreds. These
emitters are like the standard units emitter except
that the digits are normally directed to the tens
and hundreds channels. By the three emitters, and
with program expanders, a three-digit constant can
be emitted on one program step.

6. Punch Delay — 521. These hubs will accept
any impulse available on the 521 control panel.
When they are impulsed from a control punch in
the card which is being read at the first read sta-
tion, punching will be delayed 2 minimum of one
521 cycle until calculation is completed for that
card.



Card Cycle

Card Cycle

Exit —— f fe >
Normal Entry T Digit Time Calevlate .Digit Time
Other Entry — g Time
CONTROL PANEL HUB LOCATION cZ> 13 14 12 1 o0 1 2 3 4 5 6 7 8 9 13 14 12 11 0 1 2 3 4 5 6 7 8 9 13 14
Blank Column Switches Common GG, 25-44 -
On HH, 25-44 v - .
Calculator Selector  Pickup N-0, 11-19 1 I . - 3
Common T ot 1
Normal I 1
Transferred m
Card Cycles P-Q, 11-22
Column Split Common W, 1-12 i )
0.9 v, 1112 I ) -
11-12 U, 1-12
Counter Exit S, 31-44 2
Counter Read Out S, 11-14 3 r 5NN TN SR SR SRS RN DR R —
Counter Read Out and Reset T, 1114 3
Digit Impulses A, 21-24 t;t
Digit Selector Common B, 21-24 4 X Tk Iy 1
12-9 CN, 21-24 4 o b -
Double Punch Blank Column Entry EE, 25-44 b y
Double Punch Blank Column Exit FF, 25-44 5
General Storage Exit Q, 25-44 2
General Storage Readout Z-AA, 15-18 3 I S Y 1
Negative Balance Selector Pickup 6 1
Common F, 7-10; 1, 7-10 I - 4
Normal E, 7-10; H,7-10 — i
Trans D, 7-10; G, 7-10 RATLIY NI NN HRIVN DN RN QNN
Cplg Exit J, 710 3
Pilot Selector X Pickup A-B, l|<éO 7 fiaes 1
D Pickup C, 11-20 7 1 SRR pa S
1 Pickup D, 11-20 8 - S RPN RN RN AT ARV LN JRINN RN VNN SN 1 -—
Common G, 11-20; J, 11-20 r— ST ATIT AT S SN RN SR RN NN !
Normal F, 11-20; L 11-20 —
Transferred E, 11-20; H, 11-20 S mmwm_‘
Coupling Exit K, 11-20 9
Punching T-W, 25-44 bk N b -
Punch Selector 1 Pickup L-M, 11-20 8 - RS +
Common P, 25-44; 7, 25-44 m_:?m: —
Normal O, 25-44; Y, 25-44]
Transferred N, 25-44; X, 25-44 .
Punch Suppression A, 3-6 10 oy St 1
Reading First G-J, 25-44 mm om
Second AA-DD, 25-44
Stop-Offset 1st Reading K, 5-7, 8-10 1
Punch L 57, 810 12 C
2nd Reading M, 57, 8-10 13
Storage Assignment  General S, 1.5 14 e — —
Factor O, 1-5 14
(General) 8-6 6-4 1,15 S S S — —
(Factor) 8-6 6-4 P, 1-5
Storage Entry  General K, 25-44 15
Factor A, 25-44 15 BN F’ o W > B e B
MQ F, 39-44 15
Storage Read In General - X-Y, 15-18 -~ |16
Factor R-S, 15-18 16 i !
MQ R, 11-14 16
Stop Controls  DPBC M, 1-4 17
Zero Check L 14 18
Unfin. Prog. K, 1-4 19
Prod. Oflow In N, 1-5 20 - —tr —tn
Out N, 6-7 20
O-X_Exit X, 1-4 n
WIRING DIAGRAM NO 222301 G 13 14 12 11 0 1 2 3 4 5 6 7 8 9 13 14 12 11 0 1 2 3 4 5 6 7 8 9 13 14
Ficure 32. TmMiNe CHART, TYPE 521
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TIMING CHART,

A CYCLE is a period of time required to complete
a given series of events at the end of which the
series is repeated. On the Type 521, each cycle is
divided into 14 equal parts called points. The
points are numbered on the timing chart in the
following sequence: 13, 14, 12, 11, 0, 1, 2, 3, 4,
5, 6,7, 8, and 9. Points 13 and 14 represent the
space between cards, and points 12 to 9 correspond
to the 12 reading and punching positions of the
card.

A card cycle starts at 13.5 (midway between
13 and 14) and ends fourteen points later at 13.5.
Digit time is that time during which digits 12-9
are read or punched. Calculating time is that time
required for calculation and is shown on the timing
chart as occurring from 13 of one cycle to 12.7
of the next cycle.

Two card cycles are shown on the timing chart
(Figure 32) in order to illustrate functions occur-
ring on any cycle that were brought about by con-
ditions recognized during the previous cycle. For
example, pilot selectors picked up from X or D on
one cycle transfer on the following cycle.

Notes

The timing of the calculate switch is not shown.
This switch is wired either on or oFF depending
on the operation.

1. Impulsed during digit time (12-9) to transfer
the selector for calculating time of that card.

2. Impulse emitted by each exit position is de-
pendent upon the digit stored when impulsed
to read out. In addition, the units position
also emits an 11 (X) impulse if the total read
out is negative. The sign hub emits impulses
11 through 9 when the total read out is nega-
tive. When a general storage unit is wired to
read in for some cards and punch (read out)
for others, a selector is required not only to
control storage read in and storage read out,
but also to select general storage exits to the
punch magnets. If general storage exits are
wired directly to the punch magnets, X’s will
punch whenever storage read in is impulsed.
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10.

I1.

12.

13.

14.

15.

TYPE 521

Only card cycles impulses should be wired to
these hubs.

Only digit-timed impulses (12-9) should be
wired to C of a digit selector. C and 12 are
common at 12 time; C and 11 are common
at 11 time, etc.

Only the first impulse read into the DPBC
entry hub is emitted from the corresponding
exit hub.

The selector is picked up on the calculator
control panel from a program exit to transfer
the selector on the next cycle if the counter
is negative. Coupling exit emits when the se-
lector transfers.

When the X or D pickup hubs are impulsed,
the selector transfers for the next cycle.
When the I pickup is impulsed, the selector
transfers immediately and remains trans-
ferred for the rest of that cycle.

If X or D pickup is impulsed, coupling exit
emits when the selector transfers. Coupling
exit and I pickup are common.

When impulsed, all punching is suppressed for
the following cycle.

When stop is impulsed, the machine will com-
plete that cycle and two more before stopping.
When offset is impulsed, the machine will not
stop but the card will offset in the stacker.
When stop is impulsed, the machine will com-
plete that cycle and one more before stopping.
When offset is impulsed, the machine will not
stop but the card will offset in the stacker.
When stop is impulsed, the machine will com-
plete that cycle and stop. When offset is im-
pulsed, the machine will not stop but the card
will offset in the stacker.

These are line impulses and are not to be se-
lected.

The units position will accept an 11 (or 12)
impulse to cause a negative sign to be stored.
The sign hub will accept any impulse from 12
through 9 to cause a negative sign to be stored.
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TYPE 604 ELECTRONIC CALCULATING PUNCH

16. The Timing Chart shows that storage read in

will accept a 12, 11, or the 11 portion of a
card cycles impulse. A 12 cannot be used,
however, since it would reset the storage unit
during calculating time of the preceding card
and could cause an erroneous result. An X im-
pulse read from a card should not be used to
impulse read in when overpunched X’s can
reach the storage entry hubs. If an X impulse
is used to impulse storage read in, overpunched
X’s must be eliminated through column splits.

17.

18.

19.

This emits an X impulse during the cycle fol-
lowing the one in which an error is detected.
The X impulse is emitted immediately follow-
ing the calculation in which the counter was
non-zero.

The X impulsc is emitted when calculating
time available is not sufficient to complete the
problem.

Wired from a counter or general storage exit
position which should be zero. If a digit 1
through 9 is present, the out hub will emit
an X impulse on the following cycle.
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