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FOREWORD

For a long time there has been a need for one comprehensive textbook cov-
ering punched card equipment and basic data processing.

Mr. Levy's book, '""Punched Card Data Processing, ' adequately fills this need
and should be a very valuable aid to the student of this subject. He places each
topic in its proper perspective and presents it very logically in a step-by-step
treatment of both theory and application.

Despite Mr. Levy's obvious technological background, he manages to set
forth his explanations in layman's language. He establishes problems, discusses
how to solve them, and leads the reader toa clear understanding of machine func-
tions and problem solving.

Among the many vivid and meaningful illustrations to be found in this book
are machine schematics, simple electromechanical drawings, control-panel
wiring diagrams, and arithmetic examples to explain how each machine functions.

Mr. Levy has also included practice problems and questions designed to re-
inforce the student's knowledge and to extend his thinking.

While the book will have great meaning for new students, it should also be
valuable to those who are already familiar with these machines. The extent to
which Mr. Levy delves into the technical aspects of each machine might be quite
illuminating to those who already know the '"how' but not the "why."

And finally, any person involved in the intricate business of business should
find the book very helpful in learning how to apply machines tobusiness problems.
Mr. Levy draws extensively upon both his technical knowledge and business ex-
perience, and his book contains many testiments thereto.

Lemuel Jones

International Business Machines Corporation
Data Processing Division

Newark Education Center
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PREFACE

The text of this book is divided into ten sections. The first section deals
with the IBM* punched card, the Hollerith Code of punched holes, and the
means of representing data in the form of punched holes.

The second section concerns the IBM Key Punch. This machine is the
primary device for coding information from a document into the IBM punched
card.

The third section describes the IBM 82 Sorter. The Sorter's function is
to arrange IBM punched cards in a logical sequence by individual cards or by
groups of cards.

The fourth section covers some basic principles applied to all the control-
panel machines, control-panel hubs, connecting wires, and diagramming con-
ventions.

The fifth section is devoted to describing the 548 Interpreter. The Inter-
preter is able to read the punched holes and printtheir graphic representation
on the face of the card.

The sixth section deals with the IBM 514 Reproducing Punch. The Re-
producing Punch can reproduce all or certain punches from a card or cards
into another card or cards.

The seventh section covers the IBM 85 Collator, a filing machine that ar-
ranges cards into a predetermined pattern for subsequent processing.

The eighth section describes the 402 Accounting Machine. This machine
is capable of producing a variety of reports as the result of arithmetic cal-
culations or directly from the information punched in the card.

The ninth section explains the 557 Alphabetic Interpreter which performs
the same functions as the 548 Interpreter features that enable it to accom-
plish many other operations, such as the posting of ledgers.

The tenth and final section describes the 519 Document-Originating Mach-
ine which not only performs the same functions as the 514 Reproducing Punch
but also has the ability to perform end printing of data punched in the card or
to end print data that are punched in another card.

It is suggested that the problems be done as they are encountered and that
every aspect of this book be understood before continuing, since any confu-
sion will cause difficulties inlearning the succeedingfunctions. Blank wiring
diagrams appear at the back of the book.

At the beginning of each section dealing with a wired machine, the first
diagram is that of the machine's control panel. The shaded areas represent
special-feature hubs.

Portions of the text and some of the diagrams and photographs contained
in this volume are reprinted with the permission of International Business
Machines Corporation.

This book is an outgrowth of the author's experience as an evening instruc-
tor at Nassau Community College and should not be taken as an official IBM
publication.

The author would like to acknowledge the assistance of the following
people in the preparation of this text: James McGrath, Assistant Dean of
New York City Community College; Dr. Melvin Morgenstein, Chairman
and faculty member of the Business Department at Nassau Community Col-
lege; Professor Charles Barta of the Business Department at Suffolk Com-
munity College; and Charles and Katherine Bovino.

* Registered Trademark of International Business Machines.
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PREFACE

In the event that the student wishes to examine any of the concepts con-
tained in this volume in greater detail, reference may be made to the follow-
ing IBM manuals (with copyright dates noted) which also contain the diagrams

and photographs used herein.
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IBM Operator's Guide
IBM Functional Wiring Procedures

An Introduction to IBM Punched Card Data
Processing

An Introduction to IBM Data Processing
Systems
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Automatic Punches

Collators

IBM 85 and 87 Collators

402, 403 and 419 Accounting Machines

Basic Machine Operation Education Guide
Functional Wiring Principles Education Guide
IBM 557 Alphabetic Interpreter

IBM 519 Document-Originating Machine

557 Alphabetic Interpreter Examination

519 Document-Originating Machine Examination

FORM NUMBER
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The processing of data has been in ex-
istence since man first had the ability to
record transactions (Fig. 1-1). The first
mechanical means available were key-driven
machines that can be seen today, such as
the typewriter, cash register, and adding
machine. These machines had the advan-
tages of legibility, accuracy, and some de-
gree of standardization. Also, no extensive
training was required to operate these ma-
chines. Yet these machines still had disad-
vantages. Since there were no mechanical

Data Processing System

Fig. 1-1. Data processing systems
(Courtesy of International
Business Machines. )
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checking facilities, there was still the pos-
sibility of machine errors or human errors
and, more important, there were no com-
mon media between machines, thereby ne-
cessitating a duplication of effort. The type-
writer cannot read the paper tapes from the
adding machine or the cash register, just
as the cash register and adding machine are
not able to read the typewrittenforms. This
deficiency was resolved when the IBM Cor-
poration introduced punched card business
machines which had the common medium of
the IBM punched card. They have the fol-
lowing advantages:

1. Once the transaction is accurately
recorded, subsequent reports usu-
ally will be correct.

2. Mechanical classification of cards
permits transmission of data to many
reports without attendant posting.

3. The compatible feature of the punched
card can be used on many specialized
machines, some of which can trans-
mit data over telephone lines.

4, The machines have preprogrammed
decision-making capabilities.

5. Many machines provide incorpora-
tion of checking featureswithout re-
duction of speed.

6. Agrowth involume can be accommo-
dated by obtaining a faster model of
the machine, adding features, or ac-
quiring additional machines without
affecting the overall system.



The punched card is 7-3/8 in. by 3-1/4 in.
by 0.007 in. It consists of 80 vertical col-
umns numbered 1 to 80 from left to right.
Each of the 80 columns is divided into 12
punching rows. From top to bottom these
rows are numbered 12, 11, 0, 1, 2, 3, 4, 5,
6, 7, 8, 9. The 12, 11, and 0 rows are re-
ferred toas zone-punching positions. The 0
to 9 rows are referred to as digit-punching
positions. Notice that the 0 can be either a
zone or digit position. The cards are fed
into the machines either 12 edge first or 9
edge first, face up (the printed side of the
card is the face), or face down.

Some cards have cormer cuts. These
cuts have no effect on the machines; their
only function is to enable you to see visually
that the cards are properly aligned.

Some cards are colored or have colored
stripes which permit easy visual recogni-
tion by the operator. Different types of
cards may have different colors. For ex-
ample, a name and address card may have
a red stripe, while an accounts receivable
card may have a blue stripe, and anaccounts
payable card may have a yellow stripe.

HOLLERITH CODE

The card is known as a unit record be-
cause the card is read or punched as a unit
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of information. The data is represented in
the card by a code of punched holes called
the Hollerith Code. These holes enable the
data to be converted automatically to elec-
tronic language used by the machine. A code
is a means of representing alphameric char-
acters or special symbols such as *, §, .,
or ,. (The Morse Code is an example of a
means of representing characters to enable
mechanical devices torecognize the charac-
ter.) The machines recognize the charac-
ters by allowing electric current to flow from
amagnetized roller to a metal reading brush

whenever there is a hole in the card column.

At other times, the card acts as an insula-
tor (Fig. 4-1). The Hollerith Code allows
representation of a digit, an alphabetic
character, or a special symbol in any of
the 80 card columns.

The digits 0 to 9 are represented by a

punch in the corresponding row. The specific
card columns used would depend on the card
design and the type of data represented.

The representation of an alphabetic char-
acter requires two punches in a card col-
umn. To code the letters A to I requires a
punch in the 12-zone row plus a digit punch
of 1 to 9. Ais coded as a 12 and 1 punch,
B as 12 and 2, C as 12 and 3, and so on,
until I which is 12 and 9. Sincewe have ex-

SPECIAL UPPER RIGHT
DIGITS LETTERS CHARACTERS CORNER CUT
0123456789 ABGDEFGHIJKLMNOPQRSTUVWXYZ &, n=-%$s/ %#@
Ik h Ig I!l |]] 12 PUNCHING
POSITION ZONE
hk ”] i 11 PUNCHING PUNCHING
POSITION AREA
00000000 00000000 Yy000000UGocooo00000gq0 14400000000
12345878891 1| 18202122232425 28 BPILPITERY R P 1124 MG DD NP 5I5455565750596061 626D cNeSEheD R ep D A A 737475767778 79 80
IRERRRRRE IRERRERE IRERRRERREER ! ISRRRREN
b3
®22222222220 222222222 2 fi124 2222222222342412 22222222 H
33333333333ﬁ 3333333333 33f 303933993333333333093093010433333333 :
4444494444484 144444044004420444] 444]4 4404444444040 404444044N44N4 000044444 %
5555555555555[] 555555555555]) 555509949555099995555555555995995949455555555 ;
[
66666666666666[1§qk6666666666666(]46466666[16446666[194466666666666q6846664666566666 >
20
mmmmnnmngiinonnanni{iooatito oo it g m
aaassssesseeasaaﬂ §68868856866880[140688088/14880688 48868886888 UaJUsuuuusaasasss I
999999999ssssssss&sssss9999999s9ssgsssssssonssss99u9999999999399999999999999999
12345678 9101121314.95181718192021222324252827282030 31323334 353637 383940 41424344 454647 48 4950 515251 54 5556 57 56 59 60 6162 63 64 65 66 67 606970 717273 74 1576177187980
Fig. 1-2. IBM card containing the Hollerith Code

(Courtesy of International Business Machines. )
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hausted the digit rows, we now use a differ-
ent zone row for the letters J to R. They
are coded with an 1i-row punch plus a 1 to
9 punch. For example, the letter J is 11and
1 punches, K is 11 and 2, and so on, until
R which is 11 and 9. To represent S to Z,
we use the 0 row plus the digit rows 2 to 9.
You will notice that this time we start with
the 2 row and not the 1 row. The letter S
is a combination of 0 and 2; the letter Z is
acombination of 0 and9. The entire Hollerith
coding is shown in Fig. 1-2. The holes in
the card can be interpreted and the graphic
representation of the punches printed in the
card.

PROBLEM 1: Show how the telephone num-
ber JE 6-6809 would look punched in a
card.

CARD CODES

There are other types of codes used when
working with IBM punched cards. We use
codes torepresent datathatwould take many
card columns. For example, instead of
having touse several card columns to repre-
sent the different states, we could code each
of the 50 states with a two-digit number. By
assigning two card columns to be used for
states, we could code a maximum of 100
states (00 to 99). There are many examples
of such codes:

1. An employee's I.D. number instead
of his entire name.

2. A student's I.D. number instead of
his entire name.

3. An item number in lieu of an item
description.

There are four primary reasons for us-
ing these codes. First, they save keypunch-
ing time; second, they enable better utiliza-
tion of the 80 available card columns; third,
they save sorting time, asyouwill see later,
and fourth, they conserve printing space in
producing reports.

Another type of code commonly encoun-
tered is a card code. Most installations use
several different cards such as name and ad-
dress cards, accounts receivable cards,
accounts payable cards, and item cards.
We can assign a unique punch for each dif-
ferent card by setting aside at least one card

column, for example, a 1 punch for all name
and addresscards, a2 punchfor all accounts
receivable cards. These puncheswill enable
the machines to distinguish between the dif-
ferent cards.

Another necessary code is the debit or
credit, plus or minus code. In a scientific
installation we might have the need to rep-
resent positive or negative numbers, where-
as in acommercial installationwe may have
to code debit or credit transactions. For
example, a bank will show deposits as posi-
tive transactions and withdrawals as nega-
tive transactions. The common standard is
to show a negative transaction with an 11
punch over the rightmost digit of the amount.
This is known as overpunching, because you
have punched the 11 over the digit punch in
that card column. Ifyoulookat Fig. 1-2, you
will see thatan 11 punch incolumn65 prints
asadash. The 11punchisusually referredto
as an X punch, not to be confused with the
letter X which is a 0 and 7 punch. For ex-
ample, a withdrawal of $27.61 would look
like 27.6J. The column with the 1 would
have an 11 and 1 punch (this is also the let-
ter J). The lack of the 11 punch signifies
a positive transaction.

The last type of code to be discussed is
an X-punch control code. The 11 punch is
used to allow the machine to distinguish be-
tween two different types of cards, usually
referred toas master cards and detail cards.
There are devices on most machines which
have the ability to recognize only the X punch
and therefore toperform different functions
for either an X-punched card or a non-X-
punched card. This control punch can ap-
pear in any of the 80 card columns.

PROBLEM 2: Using card columns 1 to 4,
show what a negative 1252 would look
like in a card.

PROBLEM 3: Using card columns 11 to 17
show what the word COLLEGE would
look like in a card.

FIELDS

The types of data contained in acard are
dependent on the input (source documents)
and the owtput (desired reports). The se-



quence of information in a card normally
follows the sequence of the source document.
This is done for ease of keypunching. Key-
punching throughput is reduced if the key
punch operator must skip all over the source
document for the next data to be keypunched.
Sometimes in order to achieve proper card
design the source document must be revised.

The card columns assigned to specific
items of data are called Fields. A field is
a column or consecutive columns reserved
for the punching of data of a specific nature.
A field may be 1 to 80 columns in length,
depending on the length of information to be
punched. Examples of fields are: a name,
an item number, a license plate number, or
a person's age.

Certain fields are left-justified. For in-
stance, if you have designed a card with a
name field in card columns 1 to 24, you
would start punching the name in card col-
umn 1. The unused card columns would be
left blank. An example of a right - justified
field would be a payroll card containing a
gross-pay field in card columns 1 to 7, in-
clusive. This would mean that the most an
employee could be paidwouldbe $99,999. 99.
(Decimal points, $, and commas are rarely
punched in the card, since you will know
which card columns contain the cents.) I
you were punching a salary of $126.00, you
would punch it in card columns 3 to 7 and
punch zeros in columns 1 and 2. In right-
justified fields it is recommended that you
fill unused high-order card columns of the
field with zeros. In general, alphabetic
fields are left-justified and numeric fields
are right-justified.

There are accepted terms in referring
to the different card columns in a field and
also to either end of a field. The left side
of a field is referred to as the high - order
position, which is the lower numbered card
column. Theright side of a field is referred
to as the low-order position, which is the
higher numbered card column. The right-
most position is referred toas the units po-
sition, the second column from the right is
the tems position, and so on (Fig. 1-3). Re-
member that the highest numbered card col-
umn contains the lowest value in a numeric
field. Once a field is assigned a specific
card column or columns, these card columns
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Card - column
number 39 40 4] 42 43

Numberto 5 9 7 5 1

be punched T
Units position
10's position

100's position
1,000's position
10,000's position
Fig. 1-3. Card-field positions (Courtesy
of International Business
Machines. )
should not be used for any other data. A
simple way of counting the number of col-
umnsina field is to subtract the lowest num-
bered column from the highest numbered
column, then adding 1. For example, an
item field in columns 8 to 13, inclusive,
would be six columns in length.

We have discussed the terminology and
codes of the punched card. Next we will
describe the machine, which is the primary
means of transferring the pertinent data from
the source document to the punched card. It
would be an arduous task to remember the
alphabetic zone and digit combination and
have to punch each character separately.
The IBM Key Punch is available to perform
this functionwith speed and flexibility. The
key punch has the ability to punch any of the
alphameric and special characters with the
same ease as with a typewriter. In addition
the key punch has the ability to perform
many functions automatically.

IBM Punched Card Questions
Answer briefly

1. How many columns are there in acard?
2. How many rows are there in a card?
3. How are the rows designated?
4

Why is it necessary to represent al-
phabetic characters with two holes?

5. How many holes are necessary to rep-
resent special symbols?

6. If an amount field is designated as be-
ing in columns 18 to 23 and you punch
4613 into this field, what should be
punched in card columns 18 and 19?

7. If a gross-amount field is in card col-
umns 36 to 41, inclusive, how many
columns does this field contain?



There are a number of machines which
have the ability to punch holes in an IBM
card. The first one that we will discuss is
the key punch (Fig. 2-1), also known as a
card punch. There are two types of key
punches in wide use - the IBM 24 and the
IBM 26. The only difference between them
is that the 26 has the ability to print the
character immediately over the card column

Main-Line Program Program
Switch Control Lever Unit

Card Stacker

Reading
Station

Back Space
Key

Reading
Board

Column
Indicator

Section 2
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as the character is being punched. The 24
Key Punch does not print; it can only punch.
The key punch is the usual means of initially
coding the data from the source document.

CARD PATH

After turning on the main-line switch,
which supplies power to the machine, you

Pressure-Roll
Release Lever

Card Hopper

Printing Mechanism

Card Lever
Pressure Finger

Punching Station

Function Control
Switch

=~ ___ Combination

Keyboard

Chip Box
and Fuse

Fig. 2-1. The IBM 26 Key Punch (Courtesy of International Business Machines. )
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Fig. 2-2. Column-by-column punching
(Courtesy of International

Business Machines.)

must wait one minute before using the key
punch. The card follows a specific path on
the key punch. The first positionin the card
path is the wzmlm_b r which _holds "500
cards and feeds the cards 8 edgedown, face
forwards Next the card moves to the puughs
ing station , WheyYs 1t s punched serially, that
is, column by column (Fig. 2-2). The card
moves next to the reading station, where.the
card is read serially. This statlon is in-
ternally synchronized to the punch station
so that the same card columns are being
both read and punched. This synchroniza-
tion is necessary for duplicating repetitive
information from the card at the read sta-
tion back into the card at the punch station.
Duphcatmm,gj this type is accomplished. at

When duphcatmg, the readmg station is ac-
tivated by depressing the DUP key. After
the card passes the reading station its next
positionin the cardpathis the ss#acker, which
hold§ 500 cards. When this limit is reached,
the cards themselves turn the main-line
switch off.

THE KEY PUNCH

There are two other noticeable features
near the card path. One is the backspace
key (Fig. 2-1), which is located below the
card bed between the reading and punching
stations. Eachdepression of this key causes
the card to be backspaced one card column.
(The automatic program unit, which will be
discussed later, is also backspaced ) The
other feature is the column indicator which
indicates the next column to pass the punch
and read stations.

KEYBOARD

The keyboard is similar to thatof a type-
writer, in that the alphabetic keys are in the
same position (Fig. 2-3). While upper-case
letters can be typedon a typewriter by shift-
ing, there are no lower -case characters on
the key punch. When the key punch is in a
shifted position special characters and digits
can be punched. The key punch can have
one of two differentkeyboard arrangements -
commercial or scientific - the difference be-
tween them being that certain punches will
have different graphics on the keys and print
different graphics on the card. Some of
these graphics are the %, #, =, (, and the ).

KEYBOARD SHIFTS

Before we discuss the functional keys of
the keyboard we will describe the different
shifts of the key punch. When the keyboard
is in alphabetic shift, which is the normal
shift, and the operator depresses the L key,
the letter L and not the digit 6 will punch.
Similarly, if you depress the % key, the
punch combination for the % will punch, not
the comma.

The key punch is in a numeric shift
when the program-control unit is being
used or when the NUM key is depressed.

When in a numeric shift, the 6 andcomma
would be punched. The grogram=control unit
is activated by lowering the program-control
lever (Fig. 2-1). The purpose of the
program-control unit is to cause automatic
shifting, skipping, and duplicating wherever
possible. The sequence of these automatic
functions is controlled by the use of a pre-

punched program-control card which is
wrapped around the%roggjw;g 2-4).
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SHIFT KEY NUMERICAL KEYBOARD SHIFT KEY

K SPACE BAR /
Character SHIFT || Character SHIFT
Keys . . | Keys . .
Key Number M Numeric I Key Number Alphabetic  Numeric
|
1. Q M e | 19. P & *
2. W ! 20. / 0
3. E . | 21. U 1
4. R Depressing } 2. : 2
5. T any of | 23. o 3
6. Y rese keys 1 24. J 4
7, A \r’xvur:x:riz‘d ! 25. K 5
8. S . ! 26. L 6
shift |
9. D < .” | 27. M 7
10. F w! ; 28. 8 8
1. G cause i 29 9 9
12. H the I a3, _ _ %
13. z keyboard 4o @ * #
14, X e | 41. % L
15, C ¢ I 42, * & $ *
16. v up- i 43. * *
17. B i
]8. N J \. |
Control Keys .
Key Number Function
30 ceeiiiiiaen Numeric shift
o Alphabetic shift
32 it Duplication
34 i Releases card from its station
35 e Feeds card from hopper
36 iiiiiiiiiiens Initiates a skip
37 i Registers card at station
38 c.een... Special
39f ceeeinn. Devices
4 . ... Suppresses card movements after punching a hole in card.

* Special character

Fig. 2-3. The keyboard chart (Courtesy of International Business Machines. )



| 999999997
23456784

M

Program
star
wheels

Column
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Program control lever

Fig. 2-4. The program drum (Courtesy of
International Business
Machines. )

For example, let us say that a number of
identically formatted cards are to be key-
punched as follows:

Columns Function

1to3 Numeric shift

4 to 8 Skip

9 to 14 Numeric shift

15 Skip

16 to 33 Alphabetic shift

34 to 38 Numeric shift

39 to 44 Numeric shift

45 to 51 Numeric shift

52 to 58 Numeric shift

59 to 64 Numeric duplication
65 to 69 Numeric shift

70 Numeric duplication
71 to 80 Skip

The program

shown in Fig.

card to accomplish this is
2-5. The first card column

THE KEY PUNCH

of each field is punched with one of the fol-
lowing punches which indicates the function
to be performed automatically:

Punch Function
Blank Numeric shift
1 Alphabetic shift
0 Duplication
11 Skip

The length of the field is defined by punches
in the 12 zone. Since the use of the program
unit puts the key punch in numeric shift, we
must use an additional punch in the program
card to put the key punch back in alphabetic
shift. Shifting to alphabetic mode is accom-
plished by detecting a 1 punch in the program-
control card. Therefore analphabetic-field
definition is a 12 and 1 punch. In order to
duplicate a blank card column or columns
from a field in the previous card, the pro-
gram-control card must define the field as
alphabetic. After the program-control card
is fastened around the program drum, the
drum is inserted into the program-control
unit. The starwheels (Fig. 2-4), when low-
ered by the program-control lever, senses
the holes in the program-control card, and
the necessary automatic functions are per-
formed.

KEYS

We will now discuss the functional keys
shown in Fig. 2-3. NUM is the numeric
shift key thatallows you to put the key punch
in a numeric shift manually when program-
control is off. It is used either when the
key punch is in its normal state (program-
controlunit not in use)or whenyou are using
the program-control unit in an alphabeti-
cally defined field and want to keypunch a
digit. For example, you may have defined
an address field as an alphabetic field, but
have to punch the house number. By de-
pressing the NUM key, you will be able to
punch a digit in any card column of the al-
phabetically defined field.

The ALPH key is the alphabetic shift key
which allows you to keypunch an alphabetic
character in a field defined as numeric in
the program-control card. For instance,
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Fig. 2-5. Program card (Courtesy of International Business Machines.)

if you have defined a part number field as
numeric, but which may contain an alpha-
betic character in any card column of the
field, you can punch the letter by first de-
pressing the ALPH key. The DUP key al-
lows you to duplicate any or all of the card
columns from the card at the read station,
as long as you depress the key. When the
program-control unit is active you can au-
tomatically duplicate the field or the balance
of the field as defined in the program-control
card from the card at the read station by
pressing the key once. The field could have
been defined as numeric or alphabetic.

The -SKIP key acts differently when in
alphabetic shift from when in numeric shift.
In alphabetic shift it punches an 11 punch;
when in numeric shift, it punches an 11 and
then skips the balance of the field as defined

in the program-control card. The REL or

reledse "key moves the cards that are at the
pupghing and reading stations forward one.
station. Depression of the FEED key will
cause a card to be fed from the card hopper.
Depressing the SKIP key will cause skipping
past the unused right-hand portion of an al-
phabetic field as defined by the program-
control card without punching. The REG
key is the register key which, when de-
pressed, will properly position cards at the

punch and read stations.

The MULT PCH stands for multiple
punch. As long as this key is held down,
the cardat the punch stationwill notadvance,
allowing you to keypunch any combination of
punches or even all 12 punches in one card
column.

AUX DUP and ALT PROG are special
features. ALT PROG allows the key punch
operator to select one of two program set-
ups. AUX DUP permits duplication from
data in the program card.

FUNCTIONAL CONTROL SWITCHES

The functional switches (Fig. 2-6) con-
sist of three switches - Print, Auto Feed,
and Auto Skip and Auto Dup. The Print
switch pertains only to the 26, the printing
key punch, If it is on, the character punched
is printed over the same card column; if it
is off, there will not be any printing. When

on, the «uto Feed will cause a~¢ard To f€éd

wdlthe time that ¢aid collunn §( of the card ™

e punchi ation passes the punching
.ghation. Auto Skip aid Auto Dup work In con-
«junctionwith the program unit to allow auto-

R

ic skipping and/or duplication ag defined -

by the program card. The type and amount
of keypunching determine whether the pro-
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unctional Contral Switches

Fig. 2-6. Functional control switches
(Courtesy of International
Business Machines. )

gram unit and the Auto Feed are used. Cards
must be placed in the hopper under any cir-
cumstances. The program unit, Auto Dup,
and Auto Feed will most likely be used if the
card design and volumes justify their use.

THE 56 VERIFIER

The 56 Verifier looks similar to the key
punch, the difference being that instead of a
punching station, the verifier has averifying
stationwhich is used to verify the accuracy of
the data punched by the key punch operator.
The keypunched cards and the source docu-
ments are given to a verifier operator, pref-
erably not the same operator who did the
original key punching. The verifier operator
tries to key the data using the same source
document (Figs. 2-7 and 2-8). The verifi-
cation station consists of thin metal plungers.
If the key depressed corresponds to the holes
in the card column, the metal plungers will
pass through the holes, allowing the card to
advance one card column. If the holes dif-
fer from the depressed key, the machine
will lock and a red light will go on. The
operator can unlock the machine and depress
a key two more times. If this is stillwrong,
the card will be notched over the card col-
umn in error, If the card is verified tobe
correct, the card will be notched on the
end (Fig. 2-9).

PROBLEM 1: Make up a program card to
do the following:
1. Skip card columns 1 to 10.

THE KEY PUNCH

Alphabetically duplicate card columns
11 to 15.

Skip to card column 20,

Alphabetically shift card columns 20
to 24.

Numerically shift card columns 25
to 30.

Duplicate numeric data from card col-
umns 31 to 35.

Skip the balance of the card.

PUNCHING

Fig. 2-7, Schematic of punch dies if the
letter A is being punched
(Courtesy of International
Business Machines.)
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Fig. 2-8.

VERIFYING

CE—
12
n
)
1

—
——
(—— ¢
—
(———
CE—

Schematic of sense pins verify-
ing the letter A (Courtesy of
International Business
Machines. )

Key Punch Questions

Answer briefly

1.

The key punch contains a reading sta-
tion and a punch station. What is the
purpose of each? Which station is also
on the 56 Verifier?
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11.

2-9. Error and correct card notches
(Courtesy of International

Business Machines.)

After the main-line switch is turned on,
how soon can operations begin?

How many multiple punches can be
punched in one column of a card?

What is the purpose of the DUP key with
program control? Without program
control?

What occurs when the -SKIP keyis used
in alphabetic shift? In numerical shift?

What punch in the program card starts
skipping? What punch continues skip-
ping?

What punch in the program card starts

numeric duplication? Alphabetic du-
plication?

What punch continues alphabetic du-
plication?

What punch continues numeric dupli-
cation?

What is the function of the Auto-feed
switch?

What is the purpose of the verifier?
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12,

How are the error cards and the veri-
fied cards indicated?

Fill in blank spaces

13.

14,

15.

16.

17.

18.

19.

unched cards

The code used o
ity code,

The major dlfference between the 24
and 26 is that the 26

The columnindicatoy b 2low the

control unit shows L858 Iy (08

Alphabetic information is recorded in
punched cards by combining punches
known as the <78
and the

An 11 punched in a predetermined card
column for control purposes is some-
times referred to as a
punch.

punches.

A column or a group of columns set
aside to receive specific information is

20.

21.

22.

23.

24,

25.

26.

THE KEY PUNCH

referred to as a

The are raised
and lowered by the program-control
lever on a key punch machine.

Two of the three control switches (or
toggle switches) on an IBM 26 are the
switch and

the switch.,

Cards prepared from source documents
on an IBM Key Punch are checked on a
machine known as the

The printed side of an IBM card is gen-
erally referred to as the
of the card.

The IBM Key Punch machine has two
card stations, the read station and the
punch station. The read station is used
for a process known as

There are
rows on a card.

actual punching

Special characters (such as the dash,
comma, ampersand) are usually made
of from 1 to____punches in a column.



Sorting is the rearranging of documents
into an ascending or descending, numeric
or alphabetic sequence. There are three
primary reasons for sorting. The first is
the grouping or classification of information.
The arranging of cards by class of merchan-
dise or by customer class is an example of
this. You may want to arrange a file by
grouping salesmen in the same territory.
Second, sequencing of data allows you ease
of reference. Think how difficult it would
be to find a telephone number in the tele-
phone directory if the names were not in
alphabetic order. Third, sorting of infor-
mation in a meaningful manner aids the
neatness and legibility of reports.

The use of a mechanical sorter not only
permits faster sorting, since sorter speeds
range from 450 to 2,000 cards per minute,
but also lends accuracy to this chore since
manual sorting of documents is often a slow
and tedious process and is consequently
prone to human error.

There are only two keys on the 82 Sorter -
the start and stop keys (Fig. 3-1). As in
all other unit record machines, it has a
main-line switch to supply current to the
machine, and as the key punch, the sorter
requires a 60-second warm-up period. The
card hopper has a capacity of 1,200 cards.
Each of the 13 pockets contains a pocket-stop
lever which will automatically stop card
feeding when a pocket reaches its capacity
of approximately 550 cards. In order to re-

Section 3

THE 82 SORTER

Column -Selector Handle
Sort Brush Feed Hopper
/ Hand-Feed Wheel

L‘AJ‘Z Selection

=™ Switches

Finger Lever

Main - Line
witches

1 Start and
i Stop Keys

|
{\ Pockets

|

Fig. 3-1, The IBM 82 Sorter (Courtesy of
International Business
Machines. )

sume operation, you must remove the cards
from the pocket and press the start key.

The bhand - feed wheel on the right side of
the sorter is used when either testing the
machine or removing a card jam. To do
this, you push in the wheel and then turn it
manually. Cards are fed into the machine
9 edge first, face down. The card passes
between the roller and the brush at a spe-
cific time in the cycle of the machine. There-
fore, the differences in impulses created by
the holes are recognized as a timed electri-
cal impulse (Fig. 3-2).

The sorter has only one reading brush,
which can be positioned over any one of the

13
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80 card columns.

The column-selector handle moves the
sort brush tothe desired card column. Each
turn of the handle moves the sort brush one
card column. If you want to position the
sort brush several card columns away, it is
not necessary to turn the handle several
times, since you can station the handle in
its upper position, pulldown the finger lever,
and move the finger lever and the attached
column indicator to the desired card column.

Cards are selected to one of 13 pockets.
There are pockets for each of the 12 pos-
sible punches in a card column plus the
thirteenth pocket, the R or reject pocket.
Cards that contain blank card columns in

BRUSH MAKES CONTACT WITH ROLLER

Card passing between roller and
brush acts as an insulator so that

no impulse is available at the brush. Punched Hole

B 9 87 6 5 4 %37 2 40O 1112
Card \ Contact
Movement Card Source of Current e

When brush makes contact with
roller, a circuit is completed
and an electrical impulse is
available to instruct the machine
to do a specific job.

98765432%1112

Source of Current

Electric Impulse

Fig. 3-2. Brush making contact with
roller (Courtesy of International
Business Machines.)

THE 82 SORTER

the column being sorted will fall into the re-
ject pocket. In addition, as you will learn
shortly, you can suppress sorting on any or
all rows. As a result, any cards with the
corresponding suppressed row punchwill be
selected to the reject pocket.

SELECTION SWITCHES

The selection switch (Fig. 3-1) consists of
12 small prongs, eachrepresenting one of the
12 possible row punches, and the thirteenth
prong alarger red onewhich is equivalent to
the 1 to9 prongs. These 13 prongs are either
in the inward or outward position. During
regular sorting, all of the prongs are in the
outward position, thereby allowing the selec-
tion of all possible row punches. When per-
forming a regular sort, cards go to one of
the 13 pockets, depending on the punchin the
card column. For example, a card with a
3 punch will fall in the 3 pocket.

SUPPRESSION SORTING

Suppression sorting is the ability to se-
lect one or any combination of punches in a
cardcolumn. Thisis accomplished by push-
ing the prong or prongs, corresponding to
the row punches that you do not want to se-
lect out, toward the center. An illustration
would be if you had a personal habits card
for each of the students at a college, and in
card column 15 you had keypunched the fol-
lowing coded information:

A 1 punch means a male nonsmoker.

A 2 punch means a male cigarette smoker.

A 3 punch means a male pipe smoker.

A 4 punch means a male cigar smoker.

A 5 punch means a female nonsmoker.

A 6 punch means a female cigarette
smoker.
Now suppose that in order to determine the
number of ashtrays required in the cafeteria
and in the men's and women's lounges you
would sort to determine how many smokers
there were and how many of these were males
and females. You would position the sort
brush over card column 15. Next suppress
prongs 1 and 5, and press the start key.
Cards will fall into pockets 2, 3, 4, and 6.
The balance of the cards will fall into the
reject pocket in the same order that they
were fed into the machine. The total num-
ber of cards selected would be the number
of students at the school who smoke. The
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total number of cards selected to pockets 2,
3, and 4 equals the number of male smokers

at the school.

the number of female smokers.

PROBLEM 1: Card column 6 contains the
types of cars owned by the employees of
a plant. The following is the established

code:
= two-door sedans
four-door sedans
two-door hardtops
four-door hardtops
convertibles
two-door sedans,
four-door sedans,

I L ¥ 1 | ¥ VA VA VO | A [ I

10 = two~door, sunroof,
11 = four-door, sunroof,
12

two-door hardtops,
four-door hardtops,

foreign
foreign
foreign
foreign
foreign
foreign

convertibles, foreign make

The cards in pocket 6 equal

make
make
make
make
make
make

If you were asked to select out all of the
four-door cars, which prongs would you push
toward the center to suppress sorting?

To see how sorting is accomplished, look
at Fig. 3-3. You will notice that the card

15

passes under the chute blade corresponding
to the card rows. When a hole is encoun-
tered, the armature plate is drawn to the
roller, attracting all the chute blades not
insulated by the card, forcing the card up
against the chute blades and over the lip of
the blade corresponding to the punched row
in the card. The card then passes to the
proper pocket. You can check the accuracy
of the sort either by eye or with a sorting
needle (Fig. 3-4).

PROBLEM 2: If you were sorting on a col-
umn that contained the double punch 8
and 4, which pocket would the card se-~
lect to?

NUMERIC SORTING

Numeric sorting is the sorting of a nu-
meric field containing only 0 through 9
punches. To arrange the cardsin ascending
numeric order, you must sort each column
of the field separately, starting with the units
position first (high card column), and sort
each lower numbered column consecutively
until you sort the high-order position. After
each column is sorted, remove the cards

\

=

0

r~)
~

Reject

Chute Blades

—
Box Entrance Spring K
[N

—

|

[t

12 Reject

Fig. 3-3.

Carrier Roll

Carrier
Roll Shaft

Schematic of card feed (Courtesy of International Business Machines. )
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You must remember to move the sort brush
for each card column; otherwise you will
just repeat the previous column sort (Fig.
3-5).

from the pockets, going from right to left,
keeping the cards face down and stacking
them on top of the previously removed cards,
thereby keeping the cards in ascending order.

% (0) Indicating e
17 the sequence P

81
2 of the cards b+

. . 79
(a) Indicating 4 as removed u
the original " from sorter < b
sequence of 61 pockets after s
cards before I first sort on a 2
first sort on o two-column o
a 2 column o field. g:
field. ;; 2
n 21
50 90
10 30
59 40
19 50
21 K 10

47

(b) At the end of the first sort

(b) At the end of the second sort which was made on the tens position,

the cards are in the pockets as follows:

which was made on the units position, o 19
the cards are in the pockets as follows: 81 90 66 18
17 61 30 65 38 17
79 17 63 91| 40 63 471322517
59|38 |47 65 8332|3150 91183 63|59|47(31]22]|14
1918|4766 |25|14163)22]|21|10 90{81|79|61|50]|40}30]21]|10]O0%
9 8 7 6 5 4 3 2 1 0 11132 R 9 8 7 6 5 4 3 2 1 0 11 12R

These cards are removed so that the O cards are on the bottom, the 1
cards on top of the O cords, etc.This may be done by removing the cards
from the O pocket first, placing the cards from the 1 pocket on top, etc.

These cards are removed so that the 0O cards are on the bottom,

the 1 cards on top of the O cards, etc.

4 (%
79 4
i o
38 “
i 65
17
17 63
47 63
“ Cord 9 OBSERVE
4 & OBSERVE (c) Cords ot % THE NUMERICAL
rom 47
@ Cords s 2 THE NUMERICAL pockets < P4 (S)ES;’:?CE
63
the pockers < = gf’;’:é‘m after Lhe , = LEFT-HAND
second sorf.
BT e 2 RIGHT-HAND 3 COLUMNI
o COLUMN | 25
81 2
61 21
k4l 19
31 18
2! 17
90 17
0 14
40 10
0 K‘Ol
kvo

Fig. 3-5.

Sequencing (Courtesy of International Business Machines.)
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MAJOR AND MINOR FIELDS

At times the desired order of cards may
involve sorting more than one field. For
instance, you may want to arrange the cards
by city within state. You might want to have
all the cities in Alabama in alphabetic order,
then all the cities in Alaska, and so on.
This allows ease in reading a report. Ar-
ranging the cards in this type of order is
knownas a major and minor sort. The cate-
gory that is the subdivision is known as the
minor field, while the other field is knownas
the major field. In the above example, the
cities are the minor field, and the states
are the major field.

Sometimes you may have to sort three
fields to produce the desired sequence. You
may want cities within county and counties
within state. In this case, the city is the
minor field, the county is the intermediate
field, and the state is the major field.

The procedure for this type of sorting is
to sort the lowest-level field first, starting
with the units position and then the next
highest~level field, again starting with the
units position. In anapplication having only
two fields you would first sort the minor
field, then the major field. If there were
three fields, you would first sort the minor,
then the intermediate, and finally the major
field. These fields may or may not be in
adjacent card columns. In practice you can
think of them as one field, sinceyou always
start sorting each field with the units po-
sition.

PROBLEM 3: Suppose you had to sortadeck
that contained item number in card col-
umns 15 to 20, customer number in card
columns 31 to 36, and salesman number
in card columns 76 and 77. The report
youwant to produce will show each sales-
man, his customers, and what items they
have purchased. In what orderwouldyou
sort these fields, and which card column
of each field would you sort first?

TIMING FORMULA

This isa good place to explain how a sort-
ing operation is timed. The formula for nu-
merical sorts is:

17

Number of cards x number of columns

Rated speed of the sorter

Add 25 percent of the result for card-handling
time. For example, if one wants to sort
13, 000 cards on a five-digit field on an 82
Sorter with a rated speed of 650 cards per
minute, the formula would look like this:

13,000 x 5 _ 100 minutes
650
plus 25 percent of 100 minutes = 25 minutes

for a total of 125 minutes.

PROBLEM 4: How long will it take to sort
10, 000 cards with a five-digit field (nu-
meric) at 650 cards per minute?

BLOCK SORTING

When sorting, all of the cards must be
sorted before the cards can be processed
by the next machine in the system. When
sorting large volumes of cards, block sort-
ing will reduce the throughput time. Block
sort by separating the file into logical blocks
and then sorting eachblock separately. Sup-
pose a concern had 20,000 employees, and
youwanted to produce a list of employees in
employee number order. If an employee's
numberwas in a five-digit field incard col-
umns 39 to 43, and you had an 82 Sorter
whose speedwas 650 cards per minute, with
whatyou have already learned youwould sort
all 20,000 cards before they could be proc-
essed by the next machine. The formula
would be:

20,000 x 5 _ approximately 154 minutes

650 plus 39 minutes for card
handling

for a total of 193 minutes or three hours and
13 minutes before the first card would go
into the next machine. If you were able to
divide the 20,000 cards into some sort of
logical blocks and then sort each block sep-
arately, you would then be able to overlap
the sorting and printing time. You can ac-
complish this by block sorting. In the above
example, you would first sort all 20,000
cards on the high-order digit in column 39.
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The cards would then separate into a maxi-
mum of 10 blocks in the 0 to 9 pockets (ex-
cluding blanks). For simplicity, assume
that we have an even distribution, so that
we have 2,000 cards in each block as shown
in Fig. 3-6. The next step would be to re-
move the 10 stacks, and then sort the re-
maining four columns in the normal manner,
i.e., columns 43, 42, 41, and 40 of the 0
block. When this block is finished, itcanbe
processed by the next machine while you fol-
low the same procedure with blocks 1, 2, 3,
4, 5, 6, 7, 8, and 9.

2,000 cards in
the 9 block

2,000 cards in
the 8 block

2,000 cards in
the O block

Fig. 3-6. Block sorting (Courtesy of
International Business
Machines. )

Block sorting by itself is not faster than
normal sorting. This is shown by applying
the formula:

20,000 x 1 _ approximately 30 minutes
650

X 10 blocks = 125 minutes
125 plus 30 = 155 minutes

See Fig. 3-7 to see how the total operation
is shortened by doing a block sort.

If you have major and minor fields, you
can first sort on the major field, then
manually separate one major group at a
time, and finally sort that group's minor
field.

Another reason for block sorting is that
when the installation has more than one
sorter, you can use the other sorter or

THE 82 SORTER

12:00 1.00 2:00 3:00 4.00 500 6:00 7:00
Noon pm. p.m. p.m. pm. pm. pm p.m

Sorter operation
3hrs. 15 min. Regular
sorting
Accounting machine
3 hrs. 20 min.
Sorter operation
3 hrs. 15 min. Block
l l sorting
Accounting machine
3 hrs. 20 min.
T T T

Fig. 3-7. Block sorting times (Courtesy
of International Business
Machines. )

sorters at the same time as shown in Fig.
3-8. An added benefit of block sorting is
that it is easier to trace and correct an er-
ror when you areworking with smaller vol-
umes of cards.

ALPHABETIC SORTING

The final type of sort we will discuss is
alphabetic sorting. There are times when
one sorts on an alphabetic field, for example,
name field, product description field, or
location field.

If we had to sort once on each column
during a numeric sort, how many times do
we sort on a column in an alphabetic sort?
Twice, because there are two punches per
column to represent a letter.

The red sort switch, which is equivalent
to the nine small prongs, is used primarily
for alphabetic sorting. By moving the red
switch toward the center you allow sorting
of the zone punches only (12, 11, and 0),
and all other cards fall into the reject pocket.
You will see how this switch is used as we
explain alphabetic sorting.

Sorting begins on the units position. Sort
on the card column normally as in numeric
sorting. Since the cards are fed 9 edge
first, the card will be selected to a pocket
corresponding to the digit punch of the let-
ter. Then remove the cards, face down,
going from right to left, stacking the cards
progressively on top. Next you push the red
sort switch toward the center. Remember,
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Large file of cards to be sorted one-third of which goes to each sorter
for blocking.

Then, after blocking, the cards from the 0 pocket of each
of the three sorters are stacked together. These could go to sorter 1
for finishing the sort.

the zero
block of cards

The blocks from each of the three sorters of the 1, 2, 3 and 4 cards
oL
P 120block

are sorted on the remaining columns by sorter 2...
p Sorter 2
L.
1" block

and the blocks from each of the three sorters of the 5, 6, 7, 8 and 9
cards are sorted by sorter 3.

p Sorter 1

®

Fig. 3-8.

Sorting large files of cards
(Courtesy of International
Business Machines. )

this has the effect of suppressing sorting of
the 1 through 9 punches. As a result, on
the second pass of the column you will sort
only on the zone punches, 0, 11, or 12.
Therefore, after the second pass on the col-
umn, the cards will be in the 0, 11, and 12
pockets in the following order: A through I
in the 12 pocket, J through R in the 11 pock-
et, and S through Z in the 0 pocket. The
cards in each pocket will be in alphabetic
order. A card will fall into the R pocket if
there are any blank card columns. Do not
sort the cards in the R pocket on the second
pass because they will only be selected to
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the R pocket again. After the second pass,
place the blank cards at the front of the deck.
Remember to reset the red sort switch be~
fore sorting the next card column.

The formula for timing alphabetic sorts
is:
Number of cards x number of columns x 2
Rated speed of the sorter

plus 25 percent for card handling. For ex-
ample, if we have 1,300 cards, a 650 cards
per minute sorter, and we are going to al-
phabetically sort a five-position field, it
would take:

1,300 x 5 x 2 _ 20 minutes plus five minutes
650 ~ for card handling

for a total of 25 minutes.

PROBLEM 5: How long will it take to sort
10,000 cards ona five-column alphabetic
field with a 650 cards per minute sorter?

The sorteris an important machine in an
installation. It is a basic machine found not
only in unit record installations but also in
computer installations. Its function is to
arrange the input cards for processing by
other machines in the system.

It is important that the cards be grouped
according to some definite sequence, since
the end result of machine accounting is a
printed report. The sorter is the machine
which can arrange the cards in the desired
sequence accurately, quickly, and economi-
cally.

Sorter Questions

Answer True or False

1. . To sort on a numeric field of
more than one column, start
sorting on the units (rightmost)
column, then sorton the tencol-
umn, and so on, until the left-
most column of the field has
been sorted.

2. A card may fall into any one of
14 pockets.
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10.

11.

Cards with no punch in the col-
umn being sorted fall into the R
pocket.

Cards are placed into the hopper
9 edge first, face up.

There are the same number of
pockets in the machine as there
are rows on the card.

The general rule for sorting an
alphabetic field is to sort on the
leftmost column, then on the col-
umn to the right of that, and so
forth, until the rightmost column
of the field has been sorted.

Two passes are required when
sorting one columnnumerically.

When sorting alphabetically, the
alphabetic sort and the digit se-
lection switches are set in the
outer position for the first pass
through the machine.

The only way the sort brush can
be moved is by using the column
selector handle.

During numeric sorting, all the
selection switches must be in
the outer position for the entire
operation.,

It is possible in a given pass to
suppress the reading of one
specified punch only.

12.

13.

14.

15.

16.

17.

18.

19.

20.

THE 82 SORTER

When cards with a 5 punch are
being selected from a file, the
cards with a5 punch go to the R
pocket.

If cardswith a 3 punchare to be
selected, only the number 3 se-
lection switch is placed in the
outer position.

Cards are not selected to the R
pocket inthe order in which they
were fed into the machine.

Alphabetic sorting on the IBM
82 Sorter requires two passes,
zones being sorted on the first
pass and digits being sorted on
the second pass.

When block sorting a large file
of cards on the basis of one nu-
meric field, you divide the file
into small blocks manually, and
completely sort each block into
numeric sequence,

In block sortinga field, start by
sorting on the leftmost column.

If the field tobe sorted isincol-
umns 17 to 20, and you are to
block sort, you would first sort
column 17 and then column 18.

Two fields on a card are city
and precinct. The major field
is precinct.

To block sort on the basis of
two numeric fields, sort first
on the major field.
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the cord into a hub on the board that is in-
ternally connected to the desired extension.
Actually the operator has completed anelec-
tric circuit to give the correct result.

A control panel does exactly the same
thing; it completes electric circuits through
wires which are inserted into hubs.

WIRES

Electricity requires a path. This pathon
the control panel is provided by wires, which
are available in several colors. The only
significance of the colors is to signify the
lengths of the wires. Most wires allow cur-
rent to pass in either direction, but there
are ome- way wires available that contain
filters which allow the current to travel in
only one direction. These wires have an
arrow printed on them to show which way
the current can travel. Wires carry im-
pulses from exit hubs to entry hubs to per-
form specific machine functions.

CONTROL-PANEL HUBS

The wires are used to connect hubs on
the control panel. There are basically two
types of hubs - emtry hubs which accept im-
pulses from wires and exit hubs which emit
impulses to wires (if there is a wire in the
hub). Some hubs, as you will learn, are
either exit or entry hubs depending on the
time of the machine cycle. Other hubswhich
have a line between them (as shown in Fig.
4-2) are called common hubs. There may

[\ —

Fig. 4-2. Common hubs

be two or more hubs with a line connecting
them. This line signifies that these hubs
are internally connected, which means that
if they are exit hubs, the same impulse is
available from both of them. If these com-
mon hubs happen to be entry hubs, and one
receives an impulse from a wire, that im-
pulse is available from the other hub. A
similar type of hub is the bus hub as shown
in Fig. 4-3. They are used when more than

BASIC PRINCIPLES OF WIRING
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Fig. 4-3. Bus Hubs

one of a certain impulse is needed.

‘The impulse from an exit hub is available
from all the other bus hubs by connecting an
exit hub and any one of the bus hubs with a
wire. If bus hubs are not available, and it
is necessary to connect one exit hub to more
than one entry hub, it is accomplished
though the use of a common connector (Fig.
4-4), An impulse to the connecting block is

s >
Internal path Impulses In
for impulses

\ r— Connecting Block
M oo oo
O o toen]

Fig. 4-4. Common connectors (Courtesy

of International Business
Machines. )

available fromall the other terminals in the
connector. This type of wiring is known as
split wiring. Split wires are three or four
wires connected at one point.

When two adjacent hubs are to be con-
nected, you can use a jackplug (Fig. 4-5)

Impulses Out

Fig. 4-5. Jackplug (Courtesy of Inter-
national Business Machines.)
instead of awire. Jackplugs are used sim-
ply because they are less bulky. Two other
types of hubs you will encounter are seen in
Fig. 4-6. The hubs connected by a straight
arrow signify that these hubs are used as a
switch. If they are connected by a wire, the
switch is on; if they are notwired, the switch

is off. The hubs with a curved arrow are
O—» O
o o

Fig. 4-6. Switches (Courtesy of Inter-

national Business Machines.)



ELECTRICAL IMPULSES

It has been mentioned that the Hollerith
Code enables the machines to read data.
This is accomplished by electrical impulses.
As you can see in Fig. 4-1, the card acts
as an insulator as long as there is no hole.
Once the 4 row with the punched hole (Fig.
4-1) passes beneath the reading brush, the
insulation is broken, and the brush and the
magnetized roller make contact. At that
time, an electrical impulse travels through
the brush. When the 5 row, which is not
punched, feeds between the brush and roller,
the insulation is restored (Fig. 4-1). Re-
gardless of which row is punched, the elec-
trical impulse is the same. The important
difference is the time the contact was made.
All of the unit record machines work on a
timing cycle. Thus the electrical impulses
do not run through the machines with num-
bered tags, saying, "I'm a 4 impulse,'" or
"I'm an 11 timed impulse.'" The machine
knows which row or rows were punched by
the time the impulse passed from the roller
to the brush. These impulses are available
from the control-panel hubs.

CONTROL PANEL

Machine operations are controlled by ex-
ternal wiring in a comtrol pamel. The con-
trol panel is similar in principle to a tele-
phone switchboard. An incoming call on a
switchboard lights a signal light that tells

Section 4

BASIC PRINCIPLES OF WIRING

CARD READING

CARD INSULATING BRUSH FROM ELECTRICALLY CHARGED ROLLER

(h2[vfof 1 ]2]s I sTsT7Te o]

BRUSH CONTACTS ELECTRICALLY CHARGED ROLLER

UEIII'O'IIZII}%QSIéI?iBi?”

P—

CARD INSULATES BRUSH FROM ROLLER

Fig. 4-1. Card reading (Courtesy of
International Business
Machines. )

the operator on which line the call is com-

ing. After she answers the call, she plugs
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also switches, the difference being that a
curved arrow signifies that the connecting
wire may be wired via a selector. (Selec-
tors will be discussed later. )

DIAGRAMMING CONVENTIONS

Throughout this book youwill be referred
towiring diagrams of control panels and re-
quired to draw them. The following are
wiring conventions:

1. Whenyou draw awire connecting two
hubs, draw an arrow indicating in which di-
rectionthe impulse is traveling (Fig. 4-TA).

2. If you are going to depict a field of
consecutive columns being wired to a num-
ber of adjacent hubs, show this by drawing
a horizontal line through the two sets of
hubs and one line with an arrow connecting
the two horizontal lines (Fig. 4-7B). On
anactual panel therewould be as manywires
as there were hubs to be connected, but for
ease of reading a diagram, the above con-
vention is used.
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Fig. 4-7.

3. Crossing of wires can be depicted as
shown in Fig. 4-7C.

4. When using the above standards, and
one of the hubs in the line happens to be at
the end of the row, the continuation is shown
by drawing a hook on the end of the line, as
depicted in Fig. 4-7D.
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Printing fields
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Section 5

THE 548 INTERPRETER

The punched card frequently takes the it. The i#nterpreter (Fig. 5-1) makes this

form of a readable document (utility bills, function of the punched card possible be-
checks, identification cards, etc.), and in cause of its ability to read the punched col-
the future, we will see even greater use of umn and print its graphic representation on

Ready light  Start  Stop

I 4
ABC 789
S m |

Fig. 5-1. IBM 548 Interpreter and interpreted card (Courtesy of International
Business Machines.)
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Fig. 5-2. Interpreter printing positions (Courtesy of International Business Machines. )

the face of the card, allowing visual reading
of the data.

The 548 Interpreter can, through con-
trol-panel wiring, read up to 60 columns of
punched data in any of the 80 card columns
and print in any of the 60 print positions at
the rate of 60 cards per minute (Fig. 5-2).
To interpret all 80 card columns, two runs
must be made on the machine, using two
different control panels printing on two lines.

The interpreter can print on two lines -
above the 12 row and between the 11 and 12
rows. Sixty characters can be printed on
each of the two printing lines, which are
selected by setting a two-position knob at
the rear of the machine. The positions are
marked U for upper and L for lower. To
change positions, the knob is pulled out and
turned (clockwise for above the 12 row,
counterclockwise for between the 11 and 12
rows).

Cards are placed in the hopper 12 edge
first, face up; therefore the front card in
the deck is the last one to be interpreted.

The feed hopper holds approximately 700
cards and the stacker holds about 900 cards
before stopping.

When the main-line switch ison, a green
ready light indicates that the machine is
ready for operation. To start the machine,
the blue start key must be depressed and
held for three feed cycles. The stop key
stops the operation at any time during the
feed cycle.

THE 548 CONTROL PANEL

The control panel is the brain of the ma-
chine. It is wired to produce the desired
printing. All the hubs on the control panel
can be referenced by the letters on the side
and the numbers on the top.

The first set of hubs that wewill discuss
is the reading brushes (A-D, 1-20). There
are 80 exit hubsfrom the 80 reading brushes.
Figure 5-3 shows one of these brushes read-

ing the card as it passes between the brushes
and the roller. (There is a reading brush
on each of the 80 columns.) Atimed impulse
is available from the corresponding hub each
time a hole is encountered in the card column.

The print-entry bubs (M-S, 1-20) are the
hubs that determine where on the card the
character will print. There is one hub for
each of the 60 typebars. Each of the type-
bars has 39 horizontal positions. They are
10 numerics, 0-9; 26 alphabetics, A-Z, and
three special characters (Fig. 5-4).

The cards feed 12 edge first; therefore
the typebar is positioned to one of four
places - 12, 11, 0, or digits 1-9 by a zone
punch or the lack of a zone punch.

After this initial positioning, the typebar
continues to move in conjunction with the
card. When the next punch is encountered,
the typebar stops. Then when the card is
completely read, a bar strikes the typebar,
causing it toprint. For example, if the let-
ter C was punched in a card column, the 12
punchwould first positionthe typebar. Then
the typebar would continue to move until the
3 punch was read. At this time the typebar
would stop. When the card was completely
read, a bar would strike the typebar print-

CONTROL PANEL FUNCTION
548 INTERPRETER

BRUSH

N
SN

\ AN IAN

PRINT ENTRY CARD o [0

T

CONTROL
PANEL
WIRE

CARD PATH

Pw@ mo<—

N

CONTROL PANEL

Control-panel function (Courtesy
of International Business
Machines. )

Fig. 5-3.
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Fig. 5-4. Schematic of typebar (Courtesy of International Business Machines. )
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ing the letter C. Look at Fig. 5-5; the data
from card columns 3 to 7 is printed via en-
try typebars 1 to 5.
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Fig. 5-5. Offset interpreting

Notice three things. First, it isnot nec-
essary to print in print-entry hubs 3 to 7.
One can print in any five print-entry hubs;
they need not be five consecutive hubs. Sec-
ond, they could have been wired into the
higher common hubs. It would not make
any difference. Third, using the diagram-
ming convention made the diagram easier to
read than if five separate lines were drawn.

Now, you try drawing a diagram.

PROBLEM 1: Print the data fromcard col-
umns 13 to 30 in typebars 1 to 18 and the
data in card columns 63 to 68 in type-
bars 51 to 56.

PROBLEM 2: Print the data from card col-
umns 10 to 13 in typebars 5 to 8 and 49
to 52.

X-ELIMINATION

The next sets of hubswewill discuss are
the X-eliminator hubs (E-H, 1-20). Their
purpose is toeliminate the printing of the X
(11) and 12 punch. This is normally done
for either of two conditions. One is if the
X control punch is in the same card column
as the data, and it becomes necessary to
interpret the punch in that column. A letter

THE 548 INTERPRETER

J-R would print instead of the digit if the X
punch in that columnwere not eliminated. It
is doubtful that we would have another zone
punch in the column, but in the event that
we did, the X-eliminator would still be nec-
essary. The other condition is if we have a
negative number. In a previous section it
was stated that anegative or minus field was
recognized by an X punch in the units posi-
tion. If we did not eliminate the X punch, the
units positionwould printas a letter, making
it difficult to read. You can, as you will
learn, separate the X and digit punch and
print the X punch, which prints as a dash,
in a separate print position. This would
enable one to see visually that the field con-
tained a negative number.

The typebar is positioned to the no-zone
position by eliminating the X punch. The
X-eliminators are operative only if they are
wired on connecting the X-eliminator hubs
(E and F, 21 and 22). Remember that the
arrows indicate that these hubs act as a
switch - on if wired, off if not wired. The
two pairs of switches correspond to the two
setg of X-eliminators. You will encounter
X-eliminator hubs on other machines, but
they will be known as column splits. This
is because the reading of the column is split
between 0 and 11 time (Fig. 5-6).

*o 1!2 3 4!5 7]8[9])
\
11-12 n

C impulse

(2P Ach12]3[4 8 ”({ﬂ 8]9]

0-9

¢ ~ 5
I | Impulse

X
Etim on Elim on

Fig. 5-6. Schematic of X~eliminator
(Courtesy of International
Business Machines.)

Each X-eliminator consists of three sets
of hubs - the common hubs, the 0-9 hub,
and the 11 and 12 hub. At 12 and 11 time an
impulse into the common hub is available
from the 11 and 12 hub. By 0 time, the ar-
mature connecting the common and 11 and
12 hubs is broken and connected to the 0-9
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hub. Electricity needs a path to travel on;
consequently, the impulse into common will
be available out of the hub which is con-
nected by the armature to the common hub.
The inverse is also true, in that an impulse
wired into the 11 and 12 hub and/or the 0-9
hub would be available from the common
hub.

An analogous situation would be that of a
railroad. Suppose there was a single track
leaving the station, and a mechanical device
enabled this single track to combine with
one of two possible tracks. Now suppose
there were local trains that ran only between
11:00 A. M. and 1:00 P. M. The mechanical
device would connect the single outgoing
track with the local line track at 11:00 A. M.,
and then at 1:00 P, M. it would break this
connection and attach the outgoing track to
the express track for the balance of the
time. Remember that the opposite is also
true, in that trains returning to the station
on the local line could only proceed past the
fork between 11:00 A.M. and 1:00 P.M.

Getting back to X-eliminators, bear in
mind that if there is no wire in the 11
.and 12 or 0-9 hubs, the impulse entering
the common hub will be lost at the hub with-
out a wire. Now look at Fig. 5-7 and notice
that X-eliminator group 1 is operative be-

. . . . .
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Fig. 5~7, X-eliminator wiring (Courtesy
of International Business
Machines. )
brush 6 iswired into common of X-elimina-
tor 3. The 0-9 hub of the same_ X-elimina-
tor is wired to print entry 4. If column 6 of
any of the cards being read contained an 11
or 12 punch theywould not be printed. Only
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a digit punch in column 6 would be printed.

PROBLEM 3: Eliminate X punches in card
columns 5 and 10. Print the digits in
print entry hubs 21 and 31. Wire from
reading brush hub 5 into common of an
X-eliminator, from reading brush hub 10
into 0-9 hub of an X-eliminator. Wire
reading brush hub 15 via an X-eliminator
to print the digit punch in print entry 39
and the 11 punch of column 15 to print
entry 40.

PROBLEM 4: What would be printed by
typebars 21, 31, 39, and 40 if card col-
umn 5 contained a C, column 10 an S,
and column 15 an M?

SELECTORS: J-L, 1-20

Selectors, two of which are standard and
two optional on the 548, are encountered on
every unit record machine. Selectors are
similar to X-eliminators in that eachselec-
tor has three sets of hubs - common, nor-
mal, and transfer - and only two of these
three hubs can be connected internally at
any time. There is an internal connection
between the C (common) and N (normal)
hubs, unless the selector is activated. When
activated, the connectionbetween C and N is
broken and an internal connection between
C and T (transfer) is made. There can
never be a connection between N and T.
Imagine a railroad that normally runs a
train between the station and North city, but
will send a train to South city when enough
passengers accumulated (Fig. 5-8). When
the dispatcher sees that the number of pas-
sengers warrants dispatching a trainto South
city, he telephones the lineman to throw the
lever that switches the main or common track
from the normal track going to North city.
The connection is made between the main
track, which is now transferred, and the
track to Southcity. Selectors operate in the
same manner, The machine must have some
way of determining when an X card is going
to be read by the reading brushes as the
dispatcher determined when to send a train
to South city, and then notifying the control
panel. The control panel will then cause
some change in the panel wiring.
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When a selector is normal (not trans-
ferred) the impulse will travel from common
to normal or from normal to common (Fig.
5-9). When the selector pickup is impulsed,
the electromagnet causes the armature to
leave the normal hub and alignwith the trans-
ferred hub (Fig. 5-10).

The selector pickup hubs (J-M, 21 and
22) are normally wired from the X-brush
hubs (N-S, 21 and 22). There are four com-
mon SEL PU hubs numbered from 1 to 4,
each one associated with the respectively
numbered selectors.

Figure 5-11 shows the five X-brushes
that are positioned in front of the reading
brushes. As a result, the cards are read
by the X-brushes one cycle before they are
read by the reading brushes. The X-brushes
are timed toread only X punches in the card.
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SPRING
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Fig. 5-9. Schematic of Selector (normal

condition) (Courtesy of Inter-
national Business Machines. )
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SELECTOR SCHEMATIC ®
TRANSFERRED CONDITION ///
®/ Pickup
SELECTOR

TRANSFERRED

SPRING

NORMAL @

Common (@)
NOTE:

IMPULSE(D) ONLY ACTIVATES ELECTROMAGNET
IT DOES NOT HAVE A PATH TO THE TRANSFERRED
OR COMMON HUSB.

Fig. 5-10. Schematic of Selector (trans-
ferred condition) (Courtesy of
International Business
Machines. )
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Any of the five X~brushes may be positioned
to read any card column. At least two col-
umns must separate adjacent brushes.
These brushes have their own five-hub X-
panel (Fig. 5-11). The five hubs are num-
bered 1, 2, 3, 4, and 5. Any of the five X-
brushes are wired to any one of the five
hubs. These hubs are internally connected
to the corresponding five X-brush hubs on
the control panel, N-S, 21 and 22. As a re-
sult, if there is an X punch in the card col-
umn being read by one of these brushes, an
impulse will be available from each of the
two X-brush hubs on the control panel that
corresponds to that particular X-panel hub.
These hubs are normally wired to transfer
selectors.

The purpose of these X-brushes is to
enable the control panel to distinguish be-
tween X and no-X cards before the card
passes beneath the 80 reading brushes. This
is necessary if you intend to perform func-
tions for X cards different from no-X cards

-

Fig. 5-11, X-brushes, X-panel (Courtesy of International Business Machines. )
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548 INTERPRETER

X-BRUSH

(X CARD)

INTERNAL WIRES

CONTROL
PANEL
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[ X X N N J
[ X N N N J
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[eleNefele]
o000
SELECTORS

nZ -

Fig. 5-12. Schematic of X-brushes,
X-panel (Courtesy of Inter-
national Business Machines.)

(Fig. 5-12). (From now on no-X cards will
be referred to as NX cards.)

There are two types of selection, class
or field (Fig. 5-13). Now we will see how
these selectors are used.

CLASS SELECTION

In class selection there are two types of

cards, and both have fields in the same card

columns. One of the cards must have an X
punch in order to distinguish it from the NX
card. This is necessary when you want to
print in one of two possible places, the X
cards in one and the NX cards in the other.
In the following example, there are gas and
electric cards, and the amount field is in
card columns 16 to 20 in both cards (Fig.
5-14). In this example we want to print the
gas amounts in print positions 31 to 35 and
the electricity amounts in print positions 56
to 60, There is an X punch in the electric

THE 548 INTERPRETER

TB 5-9 TB 55-59
XXXXX XXXXX

I

|
I
1
1
CC 25-29

CLASS SELECTION (PRINT CC 25-29 IN EITHER TB 5-9 OR 55-59)

T8 25-29
XXXXX

1
CC 65-69

FIELD SELECTION (PRINT CC 5-9 OR CC 65-69)

CC 5-9

SELECTOR USE 548

Fig. 5-13. Schematic of class and field
selection (Courtesy of Inter-
national Business Machines.)

/—Amount Field
4

T

GAS CARD

i

ELECTRIC CARD

Fig. 5-14. Amount punched in the same
field (Courtesy of Inter-
national Business Machines.)

card inorder to distinguish between the two
cards. Assume that an X-brush is posi-
tioned over card column 80 which contains
the X punch in the electricity cards, and the
brush is wired to hub 2 of the five-hub pan-
el. The solution is shown in Fig., 5-15. In
class selection the impulses come from one
field and are selected to print into one of
two possible places; therefore, one wires
from field A into C of a selector which can
make contact internally with either N or T
(field B or C). X-brush 2 is wired to se-
lector pickup 2, not because they are both
numbered 2, but because selector 2 was
used.
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Fig. 5-15. Class selection (Courtesy of
International Business
Machines. )

FIELD SELECTION

Field selection is the opposite of class
selection. Thereare twofields inthe cards,
but wewant to print only one. The presence
or absence of an X in the card determines
which of the two fields is selected to print.
To illustrate the use of field selection, let
us modify the previous example of class se-
lection. In this example, the electricity
cards, which have the X punch, contain the
amount in columns 1 to 4. The NX cards
have the gas amount in columns 11 to 14.
In this example we want to print the elec-
tricity and gas amounts in print positions 37
to40. Assume that an X-brush is positioned
over the column containing the X punch,
and there is awire from this brush to hub 1
of the five-hub panel (Fig. 5-16). Notice
that there is a wire from X-brush hub 1 to
selector pickup 1, not because they are both
numbered 1, but simply because selector 1
was used.

In field selection you come from two fields
but go to only one field; therefore, you wire
the field from the Xcard to transfer and the
field from the NX card to normal. Both
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Fig. 5-16. Field selection

transfer and normal can connect to common,
which in turn is wired to one destination .

PROBLEM 5: Bank transactions (deposits
and withdrawals) are punched incard col-
umns 30 to 35. Withdrawals have an X
punch in card column 35. Print with-
drawals in typebars 25 to 30. Print de-
posits in typebars 45to 50. Assume there
is an X-brush reading card column 35.
Use X-brush hub 4 and selectors 1 and 2.

PROBLEM 6: Bank transaction cards have
deposits punched in card columns 21 to
26 and withdrawals in card columns 11
to 16. The withdrawals are X punched
in card column 16. Account balance
cards contain the customer's balance in
card columns 21 to 26 and are X punched
in card column 80. Assume there is an
X-brush reading card column 80. Print
the withdrawal and balance fields in print
entry 10 to 14 of their respective cards.
Print a minus sign in print entry 16 on
the withdrawal cards. Use X-brush hub
4 and selectors 1 and 2.
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548 Interpreter Questions

Fill in blank spaces

1. The basic function of the 548 is to read
data in a card and
translate it into data
on the same card.

2. characters can be
printed on one line of a card.

3. Printing can be performed on
lines.

4. Cards are put into the hopper
edge toward the throat and face

5. To wire an interpreter to print, wire
from to

6. The X-eliminator on the interpreter
transfers between and time.

7. Forty-two hundred cards could be in-
terpreted in approximately. hours
and minutes, machine time.

Answer True or False

8. All 80 columns of a card can be
interpreted on one pass through
the machine.

The line onwhich printing is per-
formed is controlled by the con-
trol-panel wiring.

10.____ The output sample is used to
check that interpretation has
been performed correctly ac-
cording to the interpreter in-
structions.

11.____ Cards feeding out of the hopper
first pass the X-brushes.

12.___ The printedcharacter must be in
the same column as the punches
for that character.

THE 548 INTERPRE TER

13.______ In field selection, the field to be
interpreted is common toboth X
and NX cards.

14._______ The control punch used in class
selection is read by an X-brush.

15.______ An X-brush may be set to read
any one of the 80 card columns.

Answer briefly

16. To make the typebar print an alpha-
betic character, will the zone or the
numeric impulse be received first?

17. When must a selector be used?
18. What is the purpose of an X-eliminator?

19. If a card is punched JONES and inter-
prets as JNOES, what do you think the
trouble is?

20. What control-panel hubs are used to
eliminate an X punch and retain the
digit punches?

Multiple choice

21. Which of the following hubs are exit
hubs? Entry hubs? Either?

Reading brushes
Typebars

X-eliminator (common)
X-brush hubs 1 to 5
Selector pickup

N hub of selector

O 0 o

22. In Fig. P5-1,

X-brush 1 on card column 30
X-brush 2 on card column 1

X-brush 3 on card column 45
X-brush 4 on card column 80

When will field A print?
When will field B print?
When will field C print?
When will field D print?
When will field E print?

°po T
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Section 6

THE 514 REPRODUCING PUNCH

The primary function of the reproducer Repetition is a characteristic of the keep-
is to sense the punched holes and repeat ing of manual records. These operations
these punches in other cards. The machine can be performed automatically by the IBM
can punch any or all of the 80 columns from 514 Reproducer (Fig. 6-1). The reproducer
a card or cards into a blank card or cards. has two card-feed hoppers - a read-unit

Read Unit Signal Light Punch Unit
Feed Unit Feed

Comparing
i~~~ Indicator
Unit

Summary
Punch
Cable

Restoring Lever

Control Panel
and Switches

Fig. 6-1. IBM 514 Reproducing Punch (Courtesy of International Business Machines. )
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hopper on the left, and a punch unit hopper
on the right. In a reproducing operation,
one unit of the machine reads previously
punched cards, while the other unit punches
blank cards that are to become copies of
the original.

Because the card files (original and copy)
are to remain separate, the machine also
has two stackers that receive the processed
cards - one for the cards fed through the
read unit and the other for the cards fed
through the punch unit.

The standard IBM 514 operates at a rated
speed of 100 cards per minute. The 514
series 50 is rated at 50 cards per minute.
These speeds are constant whether repro-
ducing a card with one column or 80 columns
of punched data.

Other functions of the 514 are verifying,
gangpunching, and summary purching.

OPERATING FEATURES

Control panel - determines functions
that the machine is to perform

Start and stop keys - control the card
feeding

Reset key - reset double punch and blank
column detection circuits

DP (double punch)and BC (blank column)
light (optional) - are extinguished by pushing
the reset key.

Compare light - indicates an error in
verifying and stopping of card feeding. Ex-
tinguished by pushing reset lever.

Unlabeled light - indicates no cards are
being fed ‘

Two hoppers ~ each hold 800 cards which
are fed 12 edge, face down

Stackers - two stackers hold 1, 000 cards

THE 514 REPRODUCING PUNCH

each., Card feeding stops automatically
when either stacker is filled.

SCHEMATIC

In order to comprehend fully how any of
the unit record machines function, one must
understand the machine's .schematic and be
able to relate the schematic to the hubs on
the control panel. Figure 6-2 shows the
schematic of the 514 Reproducing Punch,
the read, and the punch units.

We will now discuss the card paths. The
card from the read feed hopper passes be-
neath the 5 read X-brushes which perform
the same function as the X-brushes of the
548 Interpreter. They can be positioned
over any column. The card is then read by
the 80 reproducing brushes which are sim-
ilar to the reading brushes of the 548 In-
terpreter. The card passes these two sta-
tions on one card cycle. The next cycle in
the card path is the 80 comparing brushes.
Therefore when the 5 row of the first card
in the reading unit is being read by the com-
paring brushes, the 5 row of the néxt card
is being read by the reproducing brushes.
The card is then moved into the stacker.

The card from the punch feed hopper first
passes beneath the 6 punch X-brushes, which
are similar to the X-brushes of the 548 In-
terpreter and can be positioned over any
column. Next the card passes above the
mark - sensing brushes (if the machine con-
tains this special feature). The card then
proceeds to the punching dies, which do the
actual punching. Thismovement is the first
card cycle. During the next cycle, the card
passes under the 80 punch brushes and then
into the stacker.

5 READ
X-BRUSHES
Q STACKER
FEED HOPPER

REPRODUCING COMPARING
BRUSHES BRUSHES

READING UNIT

6 PUNCH
X-BRUSHES

| S—=|
FEED HOPPER /

PUNCHING
DIES STACKER

=

MARK-SENSING PUNCH
BRUSHES BRUSHES

PUNCHING UNIT

Fig. 6-2.

Schematic of IBM 514 (Courtesy of International Business Machines. )
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Both units are used together during many
operations. At that time, due to the fact
that the two units are synchronized, the
cards are fed simultaneously through both
units. Therefore when the X row of a card
in the reading unit is being read by the read
X-brushes, the X row of the card in the
punching unit is being read by the punch X-
brushes. At the time the 4 row of a card is
being read in the reading unit by the repro-
ducing brushes, the 4 row of a card in the
punching unit is at the punch position. As
the card in the reading unit passes to the
comparing brushes, the card in the punch
unit passes on to the punch brushes. At the
same time the 4row in the card in the read-
ing unit is being read by the comparing
brushes, the 4 row of the card in the punch-
ing unit is being read by the punch brushes.

In summary, when using both feeds in a
reproducing operation, the same row is be-
ing read or punched by the reproducing
brushes, comparing brushes, punch mag-
nets, and punch brushes. Therefore, one
should be aware that the card is being
punched in parallel (Fig. 6-3) and not se-
rially as the key punch. That is why the
number of punched columns does not affect
the reproducing time.

—
'_-'-__ _E:__ Lg - . H
A B 4 C
Fig. 6-3. Parallel punching (Courtesy of

International Business
Machines. )

REPRODUCING

In reproducing operations the reading and
punching units are synchronized. The orig-
inal (source) cards are placed in the read-
ing unit, The cards to be punched (the re-
produced cards) are placed in the punching
unit. The entire card need not be blank; only
the columns to be punched should be blank.
As the card feeds in the reading unit, a card

39

feeds in the punching unit. As the card in
the reading unit passes under the reproduc-
ing brushes, the punched information is
sensed and transmitted to the punch magnets.
The card under the punch magnets is then
punched.

Reproducing enables you to have any
data in a card automatically punched into
another card, thereby avoiding additional
keypunching.

514 REPRODUCER SCHEMATIC

SIDE VIEW

mmov0T

| PUNCH |
MAGNETS

BMAOP -

TOP VIEW.

REPRODUCING BRUSHES PUNCH MAGNETS

Fig. 6-4. Schematic of reproducing
(Courtesy of International
Business Machines.)

There are four types of reproducing:
Straight reproducing, offset reproducing,
selection, and selective reproducing, all of
which will be discussed later.

The schematic for straight, offset, selec-
tion, and selective reproducing is the same
(Fig. 6-4). The reproducing brushes are
wired to the pumnch dies. The card we take
information from must pass under a set of
reproducing brushes at the same time the
cardwewant to punch passes under the punch
magnets. The proper card columns to be
read and punched mustbe connected by wires,

STRAIGHT REPRODUCING

Straight reproducing is the punching of
data into the same card columns as those
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from which it is read; field A into field B
of Fig. 6-5.

INTERNATIONAL BUSINESS MACHINES CORPORATION

1BM 514 REPRODUCING PUNCH
CONTROL PANEL DIAGRAM
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Fig. 6-5. Control-panel wiring for offset

and straight reproducing

OFFSET REPRODUCING

Offset reproducing is the process of
punching into columns different from the
columns of the source card being read in
the read unit. For example, offset repro-
ducing would be performed if one wanted to
produce an employee's weekly attendance
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THE 514 REPRODUCING PUNCH

card from the employee's master card, and
the information had to be reproduced into
different card columns. Figure 6-5 field C
into field D shows an example of offset re-
producing wiring.

When doing any type of reproducing,
the reproduce switch (Fig. 6-6) must be
on in order to synchronize the reading and
punching feeds. When a card is fed in the
reading unit, one is fed in the punching
unit, If either hopper empties, the ma-
chine automatically stops. The reproducing
switch must be on when the two feeds are
used to perform a single operation. It is
turned off when the two feeds operate inde-
pendently to perform separate operations
or when only one feed is used.

PROBLEM 1: Reproduce card columns 30
to 36 into cardcolumns 30 to 36 and card

columns 75 to 80 into card columns 75
to 80.

PROBLEM 2: Reproduce columns 22 to 25
into columns 8 to 11,

VERIFICATION

The reproduced data can be verified one
cardcycle later, during the same operation.
As the source card passes the comparing
brushes in the read feed, the corresponding
reproduced card passes the punch brushes
in the punch feed. If the holes sensed by
the two sets of brushes are in the same po-
sition, the machine continues. If there is
any discrepancy the comparing light goes
on, and the machine stops. At the same
time the comparing indicator (Fig. 6-1)
shows which comparing positions recognized
the discrepancy.

A comparing check is advisable since it
does notinvolve any additional machine time.
Verification by comparing is available in
two capacities - 45 or 80 columns of com-
paring positions. The standard machine

contains 45 comparing magnets.
m

DOUBLE GENERATOR

Fig. 6-6. IBM 514 switches (Courtesy of International Business Machines.)
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If card feeding stops for a comparing
error, remove the cards from both hoppers
and stackers. Note the comparing indicator
for the comparing magnet which found the
error. Push the restoring lever (Fig. 6-1)
and press the start key to run-out the cards
in the machine. The discrepancy is in one
of the two first cards in the stacker.

45 or 80 COMPARING MAGNETS: Y-AB,
1-20, AC-AF, 1-20

The comparing magnets are comprised
of two sets of opposing hubs. Normally,
one set is wired from the punch brushes,
and the other set is wired from the com-
paring brushes. These same hubs are used
for mark sensing and summary punching.

A comparing magnet is formed by two
opposing magnets with anarmature between
them (Fig. 6-7). The magnets are wired

READ BRUSH SET #1 READ BRUSH SET #2

Control- Control-
Panel Panel
Wire Wire

Left Hand Right Hand
Magnet Magnet
Fig. 6-7. Comparing (equal condition)

(Courtesy of International
Business Machines.)

from two sets of reading brushes, each hub
of the reading brushes being wired to acom-
paring magnet hub. If the same row is
punched in the same column, an impulse
will travel to the magnets at the same time.
If the magnets are impulsed at the same
time, their attracting power is balanced.
When this happens, the armature remains
centered. The armature will be attracted
to one of the magnets if the magnet is im-
pulsed before the opposing magnet is im-
pulsed. In Fig. 6-7, cards A and B both
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containa 5 punchin the same column; there-
fore, the armature remains stationary. In
Fig. 6-8, card A contains a 5 punch and
card B contains a 9 punch. Since the cards

PAIR 1

Conditions at
“5" time

“

Magnetized

Fig. 6-8. Comparing (unequal condition),
5 and 9 impulses (Courtesy of
International Business

Machines. )

are fed 12 edge first, the impulse from the
5 row is available first. When this impulse
arrives at the magnet, it attracts the arma-
ture to leave its center position and to make
contact with the magnet. The schematic of
this operation can be seen in Fig. 6-9. An
example of wiring for straight reproducing
COMPARING UNIT

20 COMPARE
MAGNET
ENTRY
STOP
IMPULSE
| -
v—
MACHINE
STOP
A
—
COMPARE “.zollllllllllll
20 MAGNET COMPARING
ENTRY INDICATOR
Fig. 6-9. Schematic of comparing unit

(Courtesy of International
Business Machines.)
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and verification and offset reproducing and
verification is shown in Fig. 6-10. Notice
that in the wiring of offset reproducing the
comparing brushes and reproducing brushes
use the same columns. This is because
the columns that were reproduced are next
read by the comparing brushes. The wires
from the punch magnets and the punch
brushes use the same columns. This is be-
cause the columns punched by the punch dies
must next be read by the punch brushes.
Any comparing-magnet hubs can be used as
long as opposing magnets are wired.
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Fig. 6-10. Wiring for straight
reproducing and
verification and
wiring for offset
reproducing and
verification

PROBLEM 3: Add thewiring for verification
to your diagram for PROBLEM 1. Use
comparing magnets 25 to 30 and 32 to 37.

THE 514 REPRODUCING PUNCH

PROBLEM 4: Add the wiring for verification
to your diagram for PROBLEM 2. Use
comparing magnets 1 to 4.

COLUMN SPLITS: E-G, 11-20

Column splits were called X-eliminators
on the 548 Interpreter. The only difference
is that, on the 514 Reproducer, a switch
does not have to be wired to make the col-
umn splits operative.

PROBLEM 5: Reproduce from card columns
31 to 35 intocard columns 41 to 45. Use
comparing magnets 11 to 15 for verifica-
tion. Eliminate any X punch that may be
punched in column 35. Punch the X in

column 46. Remember also to verify the
X punch.

GANGPUNCHING

Gangpunching is the reproducing of infor-
mation from a master card into the follow-
ing detail cards. Gangpunching permits
automatic reproducing of repetitive data.
Information can be keypunched into a master
card. This data can then be gangpunched
back into the following cards. An applica-
tion would be to gangpunch the date into cash
receipts cards (Fig. 6-11). Only the punch
unit is used to perform gangpunching.
Therefore all switches are in the off po-
sition.

DETAIL CARDS

MASTER
CARD

Fig. 6-11. Straight gangpunching
(Courtesy of International
Business Machines. )

Asinreproducing, there are several types
of gangpunching - straight, offset, and in-
terspersed master gangpunching. The sche-
matic is the same for all three types (Fig.
6-12). As the master card is read by the
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punch brushes, the information is punched
into the card at the punch station. On the
next card cycle, this card is at the punch

brushes, and the process is repeated.
GANG PUNCHING AND COMPARING

READ PUNCH

L LI\

PX
BRUSH

PUNCH PUNCH
MAGNETS  BRUSHES

READ PUNCH
Ly ./\%T
BRUSH l-—,

PUNCH PUNCH
DIES BRUSHES

REPRODUCING

BRUSHES  compaRING
BRUSHES

COMPARING UNIT

Fig. 6-12. Schematic of gangpunching
and comparing (Courtesy of
International Business
Machines. )

STRAIGHT GANGPUNCHING

Gangpunching, as shownin the schematic,
involves having the punch brushes being
wired to the punch magnets. In straight
gangpunching, the data from the master card
is gangpunched into the following cards in
the same card columns as shown in Fig.
6-13. Straight gangpunching is column for
column gangpunching from one card to an-
other. Only one master card is required.

Before we consider interspersed master
gangpunching or offset gangpunching, we
will explore the verification of gangpunched
cards.

GANGPUNCH VERIFICATION

One can sight check by looking through
the holes of the punched columns or vis-
ually comparing the master card with the
last detail card (Fig. 6-14). This is be-
cause if there were an error, the error
would be perpetuated to the lastdetail card.

Another method of gangpunch verification
is using the comparing feature of the read
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Fig. 6-13. Wiring for gangpunching
(Courtesy of International

Business Machines. )

Last Detail Card

Detail Card

Master Card

Fig. 6-14. Verification of gangpunching
(Courtesy of International
Business Machines. )

unit. In fact, one can verify while still
gangpunching, since the read unit is not
used to gangpunch. This can be accom-
plished by removing cards from the punch
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stacker and placing them into the read feed
hopper. The schematic for the gangpunch-
ing and verification operation is shown in
Fig. 6-12. The wiring for verification of
straight gangpunching is carried out by hav-
ing the card at the comparing brushes com-
pared tothe card at the reproducing brushes.
On the following card cycle, the cards will
move up. Then the card that was at the
comparing brushes will feed into the stacker,
and the card at the reproducing brushes
will move to the comparing brushes where
it will be compared with the card that just
fed from the hopper to the reproducing
brushes.

As long as the cards agree, the opera-
tion continues. If they disagree the machine
stops, and a light signals an error. The
comparing magnet in error is indicated in
the comparing indicator unit. Remember,
the column in error is not indicated unless
the same numbered comparing magnets as
the card columns being compared are used.
The wiring to perform verification and gang-
punching simultaneously is shown in Fig.
6-15.

PROBLEM 6: Gangpunch data into card
columns 17 to 21 and card columns 30 to
34, from a master card containing these
two fields in the same card columns.

PROBLEM 7: Add thewiring necessary for
verification of the gangpunching in PROB-
LEM 6. Usecomparing magnets 26 to 35.

EMITTER: G, 1-10 and H, 1-2

The Emitter, which has 12 hubs, one for
each punching row, is a useful special fea-
ture for such operations as gangpunching
without a master card. The emitter is ca-
pable of generatingits ownimpulses. Figure
6-16 shows some data being gangpunched
from a master card while other data is being
emitted. Notice that the letter A is being
emitted into column 55.

PROBLEM 8: Gangpunch columns 60 to 63
into 60 to 63. Reproduce columns 64 to
68 into 64 to 68 and verify. Eliminate
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Fig. 6-15, Wiring for gangpunching
and verification

the X punch in column 68. Remember
also to eliminate the X punch when veri-
fying. Use comparing magnets 64 to 68.

READ X-BRUSHES (Fig. 6-2)

There are five read X-brushes on the
read unit. There is alsoa five-hub X-panel
toacceptwired impulses from these brushes.
The impulse is then available from the read
X BR hubs (J, 5-9) on the control panel.
The five numbered hubs correspond to the
five hubs on the X-panel. The read X-brush
hubs on the control panel are usually wired
to the two common RX hubs (H, 5 and 6) or
the RX pickup hubs of the selectors (X, 18

or X, 1).
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Fig. 6-16. Gangpunching

emitter wiring

PUNCH X~-BRUSHES (Fig. 6-2)

The six punch X-brushes function the
same way as the read X-brushes, except
that they are located in the punch unit. The
Ximpulses that they read are available from
the six PX BR hubs (P, 1-6) on the control
panel. These hubs are normally wired to
PX hubs (H, 8 and 9) or the selector P pick-
up hubs (X, 2 or X, 19).

PX AND PD HUBS: H, 8-10

The common PX hubs accept impulses
from the PX brushes. The PX hubs will be
effective either from X master cards or NX
master cards depending on the setting of the
detail master switch (Fig. 6-6). If the
switch is set to master, the PX hubs will
be effective for X master cards. If the
switch is set to detail, the PX hubs will be
effective for NX masters. The schematic

45

of the PX function is depicted in Fig. 6-17.
The impulse to the PX hub is available one
cycle later from the PD hub. If the PX is
effective, the functions of the machine will
be affected in three ways, for either X or
NX master, depending upon the setting of
the master-detail switch.

The three functions that can be made in-
operative by impulsing the PX hub are:

1. Punch magnets

2. Read unit card feed

3. Comparing magnets

Certain functions must be inoperative for
one card cycle in order to perform the fol-
lowing:

1. Interspersed master gangpunching

2. Selective reproducing

3. Reproducing and interspersed mas-

ter gangpunching.

Most of the above operations will be ex-
plained, and you will see why certain func-
tions of the machine must be crippled for
one card cycle.

PX FUNCTION

PUNCH
BRUSHES
(nx cArD) () (X CARD)
PUNCH /
MAGNETS
PX
.0/0:3
PX BR

BRUSHES
! (v caro) O

PX PUNCH
BRUSH MAGNETS

Fig. 6-17. PX function (Courtesy of
International Business

Machines. )
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INTERSPERSED MASTER GANGPUNCHING

Iuterspersed gangpunching occurs when
many groups of detail cards are each pre-
ceded by an individual master card from
which data must be punched. Instead of
processing each group separately (straight
gangpunching), the groups are processed
together, as one complete file, because of
the great reduction in card-handling time.
This results in a much faster operation, es-
pecially when some of the groups contain
only a few cards.

A typical interspersed gangpunching op-
erationcan be found in a payroll application
where employee master cards are used to
gangpunch hourly rates into individual job
tickets (Fig. 6-18).

Each employee may receive a pay rate

THE 514 REPRODUCING PUNCH

different from the one preceding or follow-
ing him. We want to pick up new gang-
punching data as each new master card is
fed into the machine. In addition, we must
suspend gangpunching when the last detail
cardof each group passes the punch brushes,
or the rate for that employee will be over-
punched in the following employee's master
card and, from there, into the detail cards.
This is called lacing.

Suspending punching from group to group
is controlled by the X punches. The X may
be placed in either the master card or the
detail cards. The punching of master cards
is suspended by the presence or absence of
the X punch which is detected by the punch
X-brushes. Figure 6-19 shows the sche-
matic for interspersed master gangpunching.

RH

Ead bl Pad Pad Eod ol

Empl No.
mpr2y§2 ° Job Tickets

DETAIL

NNNN K
X ><f>< |>< |

v et Job Tickets Hourly

DETAIF *

NN %

Employee No. . Hourly
DETAIL 1234 Job Tickets lourl

MASTE

Fig. 6-18. Interspersed gangpunching
{Courtesy of International

Business Machines. )

NAILS X SCREWS
MASTER OETAIL

Schematic of inter-
spersed master
gangpunching

In this illustration, the last detail card of
the previous group is under the punch brushes
and the X master card of the next group is
under the punching dies. If the punching dies
were not made inoperative at this time, the
item description''screws' would be punched
back into the field containing the item de-
scription ''nails'" and laced cards would re-
sult in all of the following cards. Figure
6-20 illustrates the wiring for an inter-
spersed master gangpunching operation.

The master-detail switch must be set to
the proper position, depending on whether
the X punch is in the master or detail cards.
A punch X-brush must be positioned-and
wired to the six-hub panel, and all of the
switches must be off.

Verification of interspersed master gang-
punching is accomplished by the use of the
RX and RD hubs (H, 5 to6), which arewired
from the read X-brush hubs (Fig. 6-21).
Like the PX hub, the RX hub iseffective for

Fig. 6-19.
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Wiring for inter-

spersed master

gangpunching

either an X or NX master, depending on the
setting of the master-detail switch. When

the RX is

P ONONNKIY

effective, and the X or NX master

NAILS
MASTER

SCREWS
DETAIL

Fig. 6-22.

£
RX

REPRODUCING COMPARING
BRUSH  ERUSHES
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RX FUNCTION

BRUSHES

REPRODUCING COMPARING
BRUSHES HES

BRUSH

Q

(NX CARD)

/ (X CARD) /

ONE CYCLE LATER

Fig. 6-21.

RX function (Courtesy of Inter-
national Business Machines. )

card is at the reproducing brushes and the
preceding card is at the comparing brushes,
comparing is inoperative for one cycle (Fig.

6-22).

If the comparing was not inoperative

at this time, the last detail card of the pre-
ceding group would be compared with the
master card of thenext group. The impulse

CM

i

Schematic of verification of interspersed master gangpunching
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Fig. 6-23. Wiring for inter-
spersed master
gangpunching and
verification

to the RX hub is available from the RD hub
one cycle later. If you are performing in-
terspersed master gangpunching and verifi-
cation at the same time, the SEL REPD and
GP compare switch must be on and the re-
produce switch off. The RX hub is used for
verification of offset and interspersed-
master gangpunching.

When on, the SEL REPD compare switch
allows continuous feeding inthe reading unit,
The switch should be on only when a selective
reproducing or a gangpunch and comparing
operation is being run. If the switch is off,
an impulse to the PX hub causes the feeding
in the reading unit to stop for the following
card cycle, while acard is fed in the punch-
ing unit. The verification wiring for the

THE 514 REPRODUCING PUNCH

previous example is illustrated in Fig. 6-23.

PROBLEM 9: Wire a diagram for an inter-
spersed master gangpunching and verifi-
cation. Gangpunch into card columns 67
to 72. Use PX Brush 6, RX Brush 1,
and comparing magnets 35-40.

SELECTIVE REPRODUCING

We know that the read X-brushes at the
control station can recognize distinctive X
punches incards and signal various machine
operations. In this way, it is possible to
pass a master file of cards through the read
side of an automatic punch and reproduce
only those cards with a control X or only
those without the control X. This is called
selective reproducing.

An example of this might be the repro-
ducing of all the cards in a certain product
category from a file of perpetual inventory
cards. The inventory cards in the special
category have a distinctive X punch.

By selective reproducing, only the cards
with Xs are reproduced (Fig. 6-24). A
blank card passes through the punch feed
for every card not reproduced. Then the
reproduced set is sorted to remove the blank
cards so that only the special-category cards
remain.

Special Blank
Category /-\ Cards
X X_ -
A
X X *
VX X <
vV
X X -
>/ X X -
Punched
Inventory Reproduced
Cards Cards

Fig. 6-24. Selective reproducing
(Courtesy of International
Business Machines. )

The wiring for selective reproducing is
illustrated in Fig. 6-25. The reproduce
switch must be on and all other switches
must be off. A read X-brush must be po-
sitioned over the cardcolumn containing the
X control punch. In Fig. 6-25, the read X
control brush is wired to hub 2 of the five-
hub panel.
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Fig. 6-26.

COMP
MAG
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Schematic of selective reproducing operation with comparing
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Fig. 6-27. Wiring for selective
reproducing opera-

tion with comparing

1-3 and X, 18-20. When one of these hubs
is impulsed, the entire corresponding se-
lector is transferred (Fig. 6-28). The T
hub is used in conjunction with summary
punching and will not be discussed in this
section.

The PX pickup hub should be used if the
selector must hold for a punching-unit card
cycle. This hub may be impulsed from the
PX, PD, or one of the PX brush hubs. The
RX pickup hub should be used if the selector
must hold for a reading-unit card cycle.
This hub may be impulsed from the RX, RD,
or one of the RX brush hubs.

As on the 548 Interpreter, we are con-
cerned with field and class selection. On
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SELECTOR (TRANSFERRED)
COMMON/TRANSFERRED HUBS CONNECTED

Fig. 6-28.

Selectors (normal and trans-
ferred) (Courtesy of Inter-
national Business Machines. )

the 548 Interpreter, we were concerned
with printing one of two fields in one place
or printing one field in one of two places.
On the 514 Reproducer we have the same
problem, except now we want to punch rather
than print.

FIELD-SELECTED REPRODUCING

It is sometimes necessary to select in-
formation from one of two punched fields in
source cards and reproduce the selected field
into a single field in the reproduced cards.
This operation is called field-selected repro-
ducing.

An example of this operationcan be found
in payroll, where it is necessary to repro-
duce attendance cards from the master pay-
roll file. Two hourly rates are punched in
the employee master card - afirst-shift rate
and a second-shift rate. Second-shift cards
are identified by an X-punch code (Fig. 6-29).

An example of the wiring necessary to
accomplish the above is illustrated in Fig.
6-30. This figure illustrates straight, off-
set, and field-selected reproducing.

Now we shall see how we would verify on
the same pass (Fig. 6-31).

In Fig. 6-30 you could also wire from
Read X Brush 3 directly to R PU.
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Fig. 6-29.
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Wiring for field-
selected reproducing

Second Shift X Master Payroll Card
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Wiring for field-
selected reproducing
and verification
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Field-selected reproducing (Courtesy of International Business Machines. )
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CLASS SELECTED REPRODUCING

In class selection we always read one
field and punch into one of two possible
fields, depending on whether the source
card is an X or NX card (Fig. 6-32). We
have the same considerations in verifying
class selection as in field selection (Fig.
6-33). The reproduce switch is on for se-
lected reproducing.

REPRODUCING CLASS SELECTION

READ PUNCH

REPRODUCING
BRUSHES

=
e aai

PUNCH
MAGNETS

NX CARD
CC 35-39 CC 65-69
READ PUNCH
REPRODUCING . : PUNCH
BRUSHES- MAGNETS
X CARD 00000
CC 35-39 CC 5-9
Fig. 6-32. Schematic of reproducing class

selection (Courtesy of Inter-
national Business Machines. )

PROBLEM 11: Wire for class selected re-
producing and verification. Reproduce
card columns 35 to 39 into card col-
umns 65 to 69 for NX cards and into
card columns 5 to 9 for X cards. Use
read X hub 5, comparing magnets 21 to
25 and the first five positions of selec-
tors one and two.

OFFSET GANGPUNCHING AND
VERIFICATION

Offset gangpunching and verification are
the last functions of the 514 to be explained.
In our discussions of straight gangpunch-
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COMPARING CLASS SELECTION

READ PUNCH

COMPARING PUNCH
BRUSHES BRUSHES

N ——

NX CARD CC 35-39

. 00000

COMPARING UNIT

READ PUNCH

COMPARING
BRUSHES

L/

X CARD CC 35-39 Cc€ 5-9

—-y

[oNeReoNeNe}
COMPARING UNIT —0-0-0-0-9

Fig. 6-33. Schematic of comparing class
selection (Courtesy of Inter-
national Business Machines.)
ing and interspersed gangpunching, the in-
formation read from the master card was
located in the same card columns as the
gangpunched information in the detail cards.
We called this column - for - column gang-
punching. Most jobs using gangpunching
(straight or interspersed)are done thisway.
Whenever it is possible, cards are designed
sothat common informationfalls in the same
fields in all of the cards involved. This is
not only to make gangpunching more con-
venient, but also to make card handling, in
general, more efficient,

Offset gangpunching accommodates gang-
punching common information in which the
card fields are not the same in the detail
cards as in the masters (Fig. 6-34).

In the production cards shown, the mas-
ter job cards contain the job number and the
order number. This information is common
to all the job tickets used as the production
pieces move through the plant. But in some
instances, problems of card design make it
impossible to use the same card fields for
the order number. Therefore, when job
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number and order number are gangpunched
from the master cards into the job tickets,
order number must be offset from columns
61 to 70 in the masters to columns 71 to 80
in the detail cards.

The master card feeds in first. No
punching takes place. Then the punch
brushes read columns 1 to 10 (job number)
and punch into columns 1 to 10 in the next
card which is adetail card. Simultaneously,
the punch brushes read columns 61 to 70
(order number)in the master card and punch
into columns 71 to 80 of the detail card.

The cards move one station, and the first
detail card is now at the punch-brush sta-
tion; the second detail card is at the punch
station., The punch brushes can read col-
umns 1 to 10 just as they did with the first
card, but there isno punching incolumns 61
to 70 as there was before. Now the infor-
mation is in columns 71 to 80. This is the
problem of offset gangpunching, and it re-

Job No.
CARD 1
MASTER Read
Here
6170
e
Job No. Punch
Here
CARD 2
DETAIL Read
Here
71-80
s
L/ Y
Job No. Punch
Here
CARD 3
DETAIL
71-80

Fig. 6-34. Offset gangpunching (Courtesy
of International Business
Machines. )
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quires the use of selectors to handle it. A
selector group must be used to pick up the
proper field. A second selector group must
be used to check the gangpunching. The
wiring to accomplish the above example can
be seen in Fig. 6-35.

When just offset gangpunching, all
switches are off; but if we are verifying at
the same time, the SEL REPD and GP comp
switch is on.

PROBLEM 12: Wire the diagram toaccom-
plish the following offset gangpunching
and verification. The master gangpunch
card had the data that is to be gangpunched
in columns 45 to 48. It is to be gang-
punched back into columns 52 to 55. Use
the last four positions of selector one for
the gangpunching and the last four posi-
tions of selector two for the verification.
Use PX brush hub 2 and RX brush hub 2.
Use comparing magnets 1 to 4.
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SUMMARY OF PX HUB FUNCTIONS

Depending on the setting of the detail master switch, the PX Hub is effected
for NX or X cards in the following ways:

Inoperative

Punch
magnets

Read unit
card feed

Comparing
circuitry

When

X or NX master gang-
punch cards are under
the punch dies

X or NX master gang-
punch cards are under
the punch dies

One cycle later when
the X or NX card is
under the comparing
brushes

Operation Being Performed Prevents

Interspersed master gang- Punchingintothe mas-
punching ter gangpunch cards

Combined reproducing and Punchingintothe mas-
gangpunching ter gangpunch cards

Selective reproducing and Comparing the blank

verification card at the punch
brushes with the non-
reproduced card at the
comparing brushes

SWITCH SETTING SUMMARY

Operation itche
Gangpunching (all types) NONE
Interspersed master gangpunching with verification SEL REPD and GP COMP
Offset gangpunching with verification SEL REPD and GP COMP
Reproducing (all types) REPRODUCE
Selective reproducing with verification REPRODUCE and SEL

REPD and GP COMP

Combined reproducing and gangpunching REPRODUCE



SWITCH

REPRODUCE

SEL REPD
AND GP
COMP

SUMMARY OF REPRODUCE AND SEL REPD AND GP COMP SWITCHES

CONDITION

ON

OFF

ON

OFF

HUB IMPULSED

PX

RX

NONE

PX

EFFECT

HONNd DNIONAOYddY #1S AH.L

No comparing on the following cycle.
Synchronizes the reading and punching feeds.

No comparing on the same cycle.
Two feeds operated independently to perform separate
operations or when only one feed is used.

Allows continuous feeding in the reading unit.

The feeding in the reading unit will stop on the same
card cycle, while a card is fed in the punching unit.

gq



SWITCH PX HUB

MASTER Impulsed
by X

DETAIL Not impulsed
by X

SUMMARY OF MASTER-DETAIL SWITCH

FUNCTION INOPERATIVE WHEN THE

Punching in the same cycle X card is under the punch dies or the repro-
ducing brushes.

Comparing on the following X card is under the comparing brushes or
cycle under the punch brushes.

Read unit for the same cycle X card is under the punch dies or under the
reproducing brushes.

Punching on the same cycle NX card is under the punch dies or under
the reproducing brushes.

Comparing on the following NX card is under the comparing brushes or
cycle under the punch brushes.

Read unit for the same cycle NX card is under the punch dies or under
the reproducing brushes.

9¢

HONNd HNIDNA0YdHY 1S HHL



Hub

PX

SUMMARY OF THE RX AND PX HUB FUNCTIONS

Depending on the setting of the detail master switch, the PX and the RX hubs are effected
for NX or X cards in the following ways:

Inoperative

Punch magnets on the same
cycle

Read unit card feed if the
SELL. REPD GP COMP

switch is off 1

Comparing circuitry on the
following cycle if the re-
produce switch is on2

Comparing circuitry on the
same cycle if the repro-
duce switch is off and the
SEL REPD GP COMP
switch is on4

When

X or NX master gangpunch
cards are under the punch
dies

X or NX master gangpunch
cards are under the punch
dies

One cycle later when the X
or NX card is under the
comparing brushes

X or NX master card is
under the reproducing
brushes and the preceding
card is under the compar-
ing brushes

Operation Being Performed

Interspersed master gang-

punching or selective repro—

ducing

Combined reproducing and
interspersed master gang-
punching

Selective reproducing

Verification of offset or in-
terspersed master gang-
punching

Prevents

Punching into the master
gangpunch cards

The source card from
being fed and therefore
not being reproduced

Comparing the blank card
at the punch brushes with
the nonreproduced card
at the comparing brushes

Comparing the card at
the comparing brushes
with the card at the re-
producing brushes

The feeds would operate independently if the SEL REPD GP COMP switch was on.

2 If the Reproduce Switchwas off, the feeds would not operate together and comparing
would be inoperative on the same cycle.

3 The RX hub is impulsed in order to obtain an impulse from the RD hub on the fol-
lowing cycle for field or class selection.

4 If the SEL REPD GP COMP switch was off during verification, the read unit would
be stopped for one cycle.

HONNd HDNIDNAOUdIY $1S HHL
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514 Reproducer Questions

Fill in blank spaces

1.

10.
11.

The X reading brushes on the 514 are
used to read X cards in the
unit.

Excluding X-brushes, there are
(give the number) reading stations on
the 514.

The 514 and 402 are connected by cable
for the operation known as .

Cards can be reproduced in four ways -
straight reproducing,
reproducing,
reproducing, and

reproducing.

Assume card columns 50 to 56 are to
be reproduced in card columns 70 to
76, and comparing magnets 30 to 36 are
to be used. What card columns would
be wired to compare magnets from
punch brushes?

On a 514 Reproducer column splits are
frequently used in an operation known
as

In a gangpunching operation wires must
connect the with the
(name of the stations

connected).

In interspersed master gangpunching
you want to prevent gangpunching from
the last card into the
card.

The comparing indicator denotes the
in which the error

was detected.
Cards are fed

edge, face_____ _,

If it takes 10 minutes to reproduce 1,000
cards that have 80 columns of punched
data, it takes minutes to reproduce
1,000 cards that have 40 columns of

12,

13.

14.

15.

THE 514 REPRODUCING PUNCH

punched data.
The selectors on a 514 are internally
wired so that normal and common are
connected when

The selectors on a 514 are internally
wired so that normal and transferred
are connected when

If the PX hub is impulsed, the impulse
is available one cycle later from the
hub.

Draw a schematic diagram of the 514
Reproducer (label all stations).

Multiple choice

16,

17.

19.

20.

In Fig. P6-1 RX brush 1 is over card
column 80. Card columns 41 to 45 will
be punched in

a. card columns 67 to 71 for all X80
cards, card columns 44 to 48 for
all NX cards.

b. card columns 44 to 48 for all X80
cards, card columns 67 to 71 for
all NX80 cards.

c. card columns67 to71 forallcards.

d. card columns44 to48 forallcards.

What will punch in card column 17?

. In Fig. P6-2, RX brush 1 is on card
column 75. Card columns 50 to 53 will
be reproduced in card columns 55 to
58 for
a. all cards.

b. all X75 cards.

c. the card following an X75 card.

d. all NX75 cards.

In Fig. P6-3 operation is to reproduce
card columns 30 to 34 into card columns
35 to 39. Which numbered wire is in-
correct?

a. 1

b, 2

c. 3

d. 4

What will punch in card column 25?
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Section

THE 85 COLLATOR

The IBM 85 Collator is a filing machine pattern for subsequent processing (Fig. 7-1).
that arranges cards into a predetermined The function of the collator is to feed and

Machine Secondary Feed
Controls Hopper

Primary Feed
Hopper

Stackers Main-Line

Switch

Control
Panel

Fig. 7-1. IBM 85 Collator (Courtesy of International Business Machines. )
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compare two files of punched cards simul-
taneously and match and combine them into
one file.

The two card-feed hoppers, which hold
about 800 cards each, are called the
primary- and  secondary - feed hoppers.
Unlike the previous machines we have cov-
ered, the feed hoppers of the collator must
be impulsed by control-panel wiring to cause
card feeding. Cards are fed 9-edge first,
face down, at a maximum rate of 240 cpm
per feed. The cards from the two feeds,
the primary and secondary (Fig. 7-2), feed

SECONDARY
SELECTION

-
AnEes || anies MARIES

4 ) 2 '

Fig. 7-2. Schematic of IBM 85 Collator
(Courtesy of International
Business Machines. )

into four stacker pockets. These pockets
are numbered 1, 2, 3, and 4 from right to
left. Each stacker is capable of holding
about a thousand cards before causing the
machine to stop feeding. The pockets can
receive cards from specific feeds only:

Pocket Feed
1 Primary
2 Primary and Secondary
3 Secondary
4 Secondary

The four basic operations that can be per-
formed on the collator are:

1. selecting specific cards from a file

2. sequence checking the cards in a file

3. merging two files into one complete
file with or without selection

4. matching two files while selecting out
any unmatched cards from each file.

OPERATING FEATURES

The main-line switch controls the ma-
chine's power and must be turned on before
operating.

THE 85 COLLATOR

When the stop key is pressed, card feed-
ing is stopped. When the last card is fed
from either hopper, the machine stops.
Then the run-out key must be pressed until
the feed is emptiedof cards. Thered error
light goes onwhenever control-panel wiring
recognizes an error; then the error reset
key must be pressed before card reading can
be restarted. A green running indicator
light goes onwhenever the main-line switch
is on and cards are not passing through the
machine. The start key starts card feeding
and must be held down for three cycles be-
fore automatic operation begins.

There are several sets of hubs that need
explanation before we can pursue the func-
tions of the collator.

PLUG TO C: A-E, 29

The first of these sets of hubs are the
five common hubs which emit an impulse on
every machine cycle. Theyare used tocon-
trol card feeding and stacker selection either
directly or through a selector. PLUG TO C
must never be wired to error stop (F, 41-
44) either directly or via a selector, be-
cause it will cause a card jam.

COMPARING

The comparing units of the 85 follow a
logic similar to the comparing magnets on
the 514 Reproducer. On the 514 we were
interested only in one of two conditions
equal or unequal. On the 85 we are con-
cerned with equal and unequal conditions,
and additionally with which comparing unit
is high or low on an unequal condition. Be-
cause of this, comparing plays a major part
in the operations of the collator.

In filing operations, information is com-
pared with other information to determine
its proper relationship. Therefore in acol-
lating machine, the first requisite is the
ability to compare one item of information
with another.

The 85 Collator has two control units,
the selector wumit and the primary - sequence
unit (Fig. 7-2). Although they are alike in
function, each is named according to its
primary operation - primary-sequence unit
for comparing cardsequence in the primary
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feed and the selector unit for comparing
cards between the feeds. Each control unit
has two sections, which records one piece
of numeric data and compares it with nu-
meric information in the other section. The
Selector Comparing Unit (Fig. 7-3) consists
of the Primary Selector Entry (AA-AB, 1-
16) and the Secondary Selector Entry (J, 1-

7-4) consists of the primary-sequence en-
try (AC, 1-16) and the sequence entry (AD,
1-16).

CONTROL EXIT HUBS

The comparing units of the collator are
capable of determining three types of con-

16). The Sequence Comparing Unit (Fig. ditions - equal, low, or high. This is ac-
Primary
sequence
entry
d—>D — 4o~ ¢ b d > &—> d—>
e > 44— CMMB 4d—Db ¢—Pp ¢—Pp q D

Co‘rrol
input
impulse Fig. 7-4. Schematic of Sequ

(Courtesy of Inter

Sequence
entry

ence Comparing Unit
national Business Machines.)
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complished by sending an impulse through
the comparing unit. This impulsewill travel
along any available path until it gets to one
of the functional exit hubs (Fig. 7-4). You
will notice that in Fig. 7-4, the control im-
pulse travels via the equal-sequence relays
until the third comparing position. At the
third comparing position, the relay is trans-
ferred to connect with the low-sequence
path. The exit hubs which emit these con-
trol impulses are situated at V, 23-25.
They are three common hubs which emit an
impulse on every machine cycle. They are
normally wired to the hubs at U, 24 and 25.
The SEL and SEQ entry hubs accept control
impulses to their respective comparing
units.

CONTROL EXITS

The control exits depicted in Figs. 7-3
and 7-4 are found on the control panel at
A-F, 23-26. Thefirst three sets of common
hubs are control exit hubs for the three pos-
sible resulting conditions from the selector
unit. The next three sets of common hubs
(D-F, 23-26) are control exit hubs for the
three possible resulting conditions from the
sequence unit.

The control exit impulses are wired to
the functional entries (A-F, 41-44) to per-
form functions such as card feeding, stacker
selecting, and error stopping.

An impulse is necessary to restore the
relays to their center position after the re-
lays of one of the magnets have been at-
tracted to one of the two opposing magnets
(Fig. 7-4).

RESTORE HUBS

The impulses available to accomplish
this come from the restore hubs (W-X, 23-
26). The four hubs at W, 23-26 are entry
hubs to the four sections that comprise the
comparing units. They are S for the sec-
ondary and P for the primary of the selec-
tor unit and PS for the primary sequence
and SEQ for the sequence of the sequence
unit. These four hubs are wired from the
four hubs at X, 23-26. These four hubs
consist of one S hub and three common P
hubs. The S hub emits on every secondary
feed, and the three common P hubs emit on
every primary feed. When these hubs are
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wired to any of the four hubs above them,
théy emit impulses on the respective feed
cycles thatwill restore any transferred re-
lay in that section of the comparing unit to
their normal position. If the restore hubs
are not wired, comparing cannot be accom-
plished on the next card.

On the first two rum- in cycles, the two
restore entry hubs (PS and SEQ)and the re-
store entry hubs for the selector unit (S and
P) are common internally. Therefore, if
any one of these four hubs is wired on the
control panel, all four comparing entries
will be restored (cleared and read-into) on
the run-in. This initializes all comparing
units for the operation to be performed.

After the first two run-in cycles, all four
restore hubs become independent, and the
comparing entries are restored separately
according to the control-panel wiring.

In Fig. 7-5 on the first cycle (A), one
card is fed from the primary feed hopper
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Fig. 7-5. Schematic of run-in feeding
(Courtesy of International

Buriness Machines.)



THE 85 COLLATOR

and one from the secondary feed hopper; on
the second cycle (B), a second card is fed
from each hoppér; and on the third cycle
(C), a third card is fed from the primary
feed hopper. The secondary feeding is nor-
mally inoperative, but can be made opera-
tive by control panel wiring.

BLANK-COLUMN DETECTION

Next are the blank-column-detection hubs
(G-H, 1-8 and Y-Z, 1-8). The machine
comes equipped with two eight-position
groups, but you can add two more groups of
eight positions each. These hubs are used
to check cards in either feed for blank col-
umns. Card feeding stops and a blank-col~
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umn-detection light (BCD 1 or BCD 2) turns
on, if a blank column is detected. The BCD
light can be turned off and card feeding re-
sumed by first pressing the reset key and
then the start key. The error card will then
be the next card stacked from the feed con-
taining the blank column. This operation
canbe performed separately but is normally
performed in combination with other oper-
ations,

BLANK-COLUMN-DETECTION CONTROL

The blank-column-detection hubs are not
operative unless their corresponding blank-
column~detection-control hubs (S-T, 23-25)
are wired (Fig. 7-6, wire 5). The control-
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entry hubs are normally wired from either
the S or P hubs. The S hub emits an im-
pulse to hold a unit between secondary feed
cycles, and the P hub emits an impulse to
hold a unit between primary feed cycles.
The S and P hubs are both wired to control
blank-column-detection-entry 1 and/or 2 to
check 16 columns.

DIRECT IMPULSE

The DI hubs (G-H, 20; Y-Z, 20) provide
an impulse to unused blank-column-detection
entry hubs, thereby preventing the machine
from stopping because of a false blank-col-
umn indication as shown in Fig. 7-6 by wires
2 and 4.

READING STATIONS

The 85 Collator has three reading sta-
tions (Fig. 7-2). Each station consists of
80 reading brushes. The one reading sta-
tion on the secondary feed is called the sec-
ondary read. The exit hubs of these read-
ing brushes are at B-F, 1-20. The two
reading stations on the primary feed are
called the sequence read AD-AH, 1-20 and
the primary read U-X, 1-20. These exit
hubs arewired to the entry hubs of the com-
paring unit, in order to make comparison of
the data.

POCKETS

It has been pointed out that the 85 Col-
lator has four pockets or stackers and that
cards from the primary feed can stack in
pockets one or two, while cards from the
secondary feed can stack in pockets two,
three, or four.

The primary or secondary feed must be
impulsed to feed by wiring. When one of the
four common secondary-feed hubs (C, 41-
44) or one of the four common primary-feed
hubs (E, 41-44) is impulsed, a card will be
fed from the respective feeds. If there is
no stacker selection wired, the card will
stack in pocket 2. You can select a card
from the secondary feed into pocket 4 by im~
pulsing one of the two common secondary
select 4 hubs (A, 41-42); or you can select
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a card from the secondary feed into pocket
3 by impulsing one of the two common sec-
ondary select 3 hubs (A, 43-44). You can
select a card from the primary feed into
pocket 1 by impulsing one of the four com-
mon primary select hubs (B, 41-44).

SELECTORS: A-E, 27-32

These five horizontal selectors consist
of PU, C, N, and T hubs. They function
exactly like the vertical selectors encoun-
tered on the 548 and 514. When the PU hub
is impulsed, the internal connection between
C and N is broken and an internal connection
between C and T is established.

SEQUENCE CHECKING (Fig. 7-7)

We have said that all the information in
a file should be in accurate sequence. Now
suppose that a large business organization
wants to print a roster of all its employees

[*]

|5

/
/11

AFTER

/
/%]

BEFORE

Fig. 7-7. An example of sequencing
(Courtesy of International

Business Machines. )

by department and by man number. This is
a simple report-writing operation because
all that need be done is to process all the
cards in the personnel file in an accounting
machine. But if some of the cards are out
of correct sequence (either in the wrong de-
partment or out of sequence within adepart-
ment), it might be necessary to rewrite the
entire roster report. It is economically jus-



THE 85 COLLATOR

tifiable to check the accuracy of the sequence
in the file.

THE PRINCIPLE

As cards pass through the machine, the
collator compares each card with the pre-
vious one. Since checking sequence is nor-
mally done for ascending order, an error
in sequence is defined as a step-down con-
dition in which a card is recognized as low-
er in number than the preceding card. An
impulse, through control-panel wiring, nor-
mally stops card feeding and turns on the
error light.

Obviously, there should be no equals or
an employee number is duplicated. If the
machine recognizes a low situation, a card
is out of sequence, and it should be brought
to the attention of the operator in some way.
If the machine recognizes a highsituation,
it is perfectly all right, and the operation
should proceed.

The employee cards feed from the pri-
mary hopper into the machine. When the
first employee card reaches the primary
read station, the second employee card is
at the primary sequence station (Fig. 7-8).
The collator compares the two cards. The
second employee number (for example,
10468) is higher than the first employee
number (09363). The collator recognizes
this and proceeds. The first employee card
goes into a stacker pocket; the next em-
ployee card moves to the primary-read sta-
tion; and a third employee card in the hop-
per moves to the primary-sequence station.

Now the situation is different. The third
employee number (10112) is lower than the
previous employee number (10468). Ob-
viously, it is out of numerical sequence.
But the operator instructed the machine (by
control-panel wiring)to stop and flash ared
signal whenever comparison showed any-
thing other than a high situation; so the ma-
chine stops and an error light goes on. Now
the account clerk can remove the cards from
the machine, locate the error, and place the
misfiled card in its proper position.

When cards are run out for a sequence-
error condition, the step-down card is the
second one run out. However, this card
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may or may not be the card out of sequence.
A check must be made of several cards
from both the stacker and the hopper to de-
termine which card or cards are out of or-
der so that they can be properly filed man-
ually. Figure 7-9 illustrates three different
types of sequence errors: In A, the step-
down card (3) is out of order; in B, the card
(9) preceding the step-down card is out of
order; and in C, the step-down card (3) and
the two following cards (4 and 5) are out of
order.

2.3 4 5 6 7 8 9 10 41 12 13 14 18 6 17 18 19 20 21 22
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Now let's see how you would wire a panel
to sequence check a file on card columns 41
to 45 (Fig. 7-10) and to error stop on low
sequence. Notice several things. Only BCD
CTRL 2 is wired from the P hub because we
are using only the primary feed. The con-
trol impulse is wired to the sequence unit
only, since the selector unit is not used for
sequence checking. For the same reason,
the restore hubs to the primary sequence
entries and the sequence entries are wired
from the P common hubs. The DI hub for
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blank column detection is necessary because
not all eight positions are being used. The
primary feed will feed a card on every ma-
chine cycle because it is being impulsed by
Plug to C. The equal and high sequence
cards will stack in pocket 2 because pri-
mary select is not wired. Low-sequence
cards will cause an error stop.

ERROR INSTRUCTIONS

This, then, is sequence checking. The
collator verifies the desired sequence of a
file of cards. Whenever it encounters an
out-of-sequence condition, the machine fol-
lows the instructions set up by control-panel
wiring.

1. It can stop the machine and flash aner-
ror light. The operator can then rear-
range the sequence properly.

2. It can insert a signal card at the place
where the out-of-sequence conditionoc-
curred and continue sequence checking
(Fig. 7-11). This is a faster method
because the machine does not stop.
The operator can correct the out-of-
sequence condition while the machine
continues to run. The signal card can
have a distinctive color or a cornercut
different from the corner cut on the file
cards.

| 01-10673

01-10112

OUT-OF-SEQUENCE
CARD

SIGNAL CARD

01-10468

01-09363

MACHINE CONTINUES

Fig. 7-11. Inserting signal card for
sequence error (Courtesy of
International Businesss
Machines. )

3. The machine can select out-of-position
cards and feed them into another pocket.
The machine continues torun, andcards
that have been selected into pocket 1
(Fig. 7-12) can be placed in the proper
position later.
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Fig. 7-12. Selecting out-of-sequence
cards (Courtesy of Inter-

national Business Machines. )

PROBLEM 1: Draw a wiringdiagram to se-
quence check anemployee number incol-
umns 14 to 21. Check for blank columns.
Wire for error stop on low sequence.

PROBLEM 2: Perform the same operation
as PROBLEM 1, except select duplicate
cards to pocket 1, and insert a signal
card for a sequence error.

In the problem depicted in Fig. 7-11there
were two fields, major and minor. The
major field was department number, and
the minor field was employee number. As
in sorting, we can treat them as one field.
Since the major field is more significant
than the minor field, it is wired into the
high-order position during comparing. By
comparing within the high-order positions
you will have an ascending sequence. The
04 month will be behind the 01, 02, and 03
months. Within the months, the days will
also be in ascending order. If the two col-
umns containing the month were in the units
position, you would have all the days in as-
cending order, but the months would be in-
termixed. Figure 7-13 shows the wiring to
sequence check a major and minor field.

PROBLEM 3: Draw the necessarywiring if
the fields mentioned in Fig. 7-11 were
punched with department in columns 34
and 35 and employee number in columns
30 to 33. Check for blank columns and
a high sequence. This means we want
the file in descending order. On high
sequence feed a signal card from second
feed.

We will now examine a second function
of the collator.
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SELECTING

Information must be accessible. It should
be possible to locate a given piece of infor-
mation and remove it from the files quickly.
Obviously, if it is necessary to refer to a
card in the files, aclerk can locate the card
manually, remove it, and replace it when it
is no longer needed.

As cards pass through the feeds of acol-
lator, they are normally directed in the pri-
mary feed to pocket 2. It is possible to di-
vert primary cards into pocket 1. The op-
eration is similar in the secondary feeds
except cards can be directed into pockets
3 and 4.

Now look at an example of card selection.

SELECTING THE LAST CARD OF EACH
GROUP

The cards are placed in the primary feed

of the collator (Fig. 7-14), and the machine
is instructed to select the last card of each
group.

When the first customer card is at the
primary-read station, and the first trans-
action card is at the primary-sequence sta-
tion, the two customer numbers are read
and compared (Fig. 7-154A). They are equal
because they belong in the same group, and
they continue to advance.

All the transaction cards in this customer
number show equal readings (Fig. 7-15B)
until the master card of the next group
reaches the primary sequence station (Fig.
7-15C). At the same time, the last card of
the previous group is read at the primary-
read station.

Now there is a change in customer num-
ber. The file is arranged in ascending se-
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TRANSACTION CARD \

CUSTOMER CARD

TRANSACTION CARD

CUSTOMER CARD

TRANSACTION CARD /

PULL OUT
LAST CARD

_~OF EACH GROUP
-

CUSTOMER CARD

Fig. 7-14. Selection of last card of each
group (Courtesy of Inter-
national Business Machines.)

Secondary Feed

M = Master Cards
T = Transaction Cards

Fig. 7-15. Schematic of card selection
(last card of each group)
(Courtesy of International
Business Machines, )
quence; the low customer numbers are fol-
lowed by higher customer numbers. There-
fore, the comparing unit recognizes a change
from equal readings to a high reading. The
collator flashes a signal to the primary-
select magnet, and the last card of the group
is diverted into pocket 1. During this en-
tire operation of feeding, reading, compar-
ing, and selecting, the feeds do not stop.
Maximum speed is achieved.

High Primary Sequence Unit
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Figure 7-16 shows the wiring to pull out
the last card of each group if the customer
transaction cards in Fig. 7-15 had the cus-
tomer number punched in card columns 25
to 30. The schematic in Fig. 7-15 shows
that the last card of the group was recog-
nizedin the sequence unit by a high sequence.
At this time, besides knowing that the last
card of a groupwas just read by the primary
read, we also know that the first card of a
group just passed the sequence read and will
be available for selection on the next cycle.

SELECTING THE FIRST CARD OF EACH
GROUP

A use for this type of section might be
the selection of a master cardfrom a merged
file of master and detail cards. Another
application might be to place the open ac-
counts receivable file in the primary feed
and to select the first (oldest) open receiv-
able for each customer. This type of se-
lection follows the same logic as selecting
the last card of each group, in that this
condition is also recognized by a high se-
quence in the sequence unit. To retain this
knowledge until the next cycle so that the
card can be selected, use the cycle-delay
selectors F, 27-39.

CYCLE-DELAY SELECTORS

The cycle-delay selectors consist of a
two-hub common pickup; a common, nor-
mal, and transfer hub; and a drop-out hub.
The cycle-delay selector (only one is stand-
ard on the machine) is a selector which,
when picked up, transfers on the following
cycle rather than immediately. Another dif-
ference is that, unlike the previous selectors
discussed, the cycle-delay selectorwill re-
main transferred until it is impulsed to re-
turn to normal (dropped out). An impulse
to the DO Hub (drop-out) will cause the se-
lector to return to normal. An example of
this wiring can be seen in Fig. 7-17.

PROBLEM 4: Select the first card of each
group to pocket one. The identifying
number is punched in columns 21 to
25. If cards are out of sequence, select
an indicator (signal) card. In addition,
check for blank columns.
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FILE SEARCH

Suppose we wanted to run a report of all
customers who had bought a certain prod-
uct - say product number 37326. Let us
also say that the customer purchases were
not in sequence by product number. There-
fore, throughout this entire history file of
customers and their purchases, therewould
be many transactions involving product num-
ber 37326. The problem is to select out all
the transaction cards with that productnum-
ber without disturbing the sequence of the
master file.

The collator can do this by using a finder
card. This is a name given to a punched
card with a control number to locate related
cards. In this case, we have the number
37326 in the same card field in which the
product number appears in the transaction
cards (Fig. 7-18). The finder card may
have the control number punched in any card
columns.

/ 37326

Finder Card

FIND THIS PRODUCT
NUMBER

Product No,
Customer No| 3 Amount 37326
k: )
5 L
Punched Card] &
From File %
e ]
| |
Fig. 7-18. Finder card (Courtesy of

International Business
Machines. )

The finder card is placed in front of the
cards to be searched. Then, when the file
is runthrough the machine, the control num-
ber from the finder card is read and re-
membered. It is then compared with the

THE 85 COLLATOR

following cards.

The control number is remembered by
reading it into one side of a comparing unit
and omitting the restore wiring for that side.
The numbers read from the file cards are
entered into the other side of the same unit,
which is restored normally. Because all
comparing entries are restored on the run-
in cycles, if any of them has been wired to
restore, the control number will be cleared
from the corresponding unit on each run-in.
Therefore, each time a run is started or
restarted after a run-out, afinder card must
precede the file of cards.

A file of cards to be searched can be fed
through either the primary feed or the sec-
ondary feed, or it can be split in half and
the halves fed simultaneously, using both
feeds.

If the primary feed is used, the control
number in the finder card must be read from
the primary sequence brushes, not the pri-
mary brushes. This isbecause the compar-
ing entries are restored automatically for
only the first two run-in cycles, and a card
does not pass the primary brushes until the
third cycle. This would be too late to enter
the control number from the finder card.
See the schematic for this operation in Fig.
7-19. The control or finder number in this
example (Fig. 7-18) is read at the primary-

Cords: 1_3_5-120-127-125-115-232-150-1 5 A

SECONDARY READ

Finder ™ select aan > 7
O RN

vvvvvvvvvvv

uuuuuuuu

127 .
o fazse

conpimion unched

sEqual = file card p A g
with_the control number |1253~\~ (o F

Lr’l 125 «—Remembered from

rrmars READ 2=~/ %= Finder Card
\
\

“(232

SEQUENCE
READ

Schematic of selection of cards
by a control number (Courtesy
of International Business
Machines. )

Fig. 7-19.
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sequence station and held in one-half of the
control unit. No other information is read
from the primary-sequence station during
the entire process; therefore, this number
remains in half of the comparing unit until
the operation is completed.

The collator is instructed to select any
cards passing the primary-read stationwith
a product number equal to that in the con-
trol card.

The control card is the firstone toreach
the primary-read station. The number is
compared with the control number. It is
equal to the control number, and the colla-
tor emits an impulse to the select magnet
to select this card. Therefore, the finder
card is selected into pocket 1 (Fig. 7-20).

Al 37226 Cards in Sequence

by Customer Number

Finder Card

Master File in Original Sequence

Fig. 7-20, Final grouping (Courtesy of
International Business
Machines. )

The cards advance. The next card does
not have the same product number. It may
be a customer master with nothing punched
in the product field. This card is allowed
to feed directly into pocket 2. Each card
passing the primary-read station is exam-
ined the sameway. The number in the prod-
uct field is compared with the control num-
ber punched in the finder card. Whenever
the comparison results in an equal reading,
the card is diverted into pocket 1. In all
other cases the card proceeds directly to
pocket 2,

When the entire file has been processed
by the collator in this way, we have two
groups of cards (Fig. 7-20). Figure 7-21
depicts the necessary wiring.
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PROBLEM 5: Draw a diagram to select
cards with an equal control number using
the primary feed. The control number
is in columns 1 to 8. Check for blank
columns using BCD entry one and insert
a signal card for every equal control
number card selected to pocket 1.

PROBLEM 6: Draw the same diagramas in
PROBLEM 5, exceptselectoutcards with
a number less than the control number
in the finder card.

PROBLEM7: Using the secondary feed only,
select all cards equal to the finder card
topocket 4, Selectoutless thanthe control
number cards to pocket 3. Read the finder
control number into the PRI section of the
Selector Unit. Use BCD Entry two for
blank-column detection. Both the finder
card and the file containthe control num-
ber in columns 1 to 8.

INTERSPERSED X-FINDER CARDS

There are many times in business when
you might want to search on several control
numbers. The numbers you are searching
for must be grouped in some order; other-
wise you will not get an accurate search.

If finder cards are interspersed through-
outafile, they must be identified by Xpunch-
ing. The X is normally punched in the finder
cards, and the cards are fed through the pri-
mary feed. The X is read when the X-finder
card passes the sequence brushes. It is
used to control the restoring of the compar-
ing entry in which the finder-card control
number is held. Then when the X-finder
card passes the primary brushes, the new
control number is read in. Because two
reading stations are required (one to iden-
tify the X-finder card and the following to
read-in the control number from the X-finder
card), the operation can be performed only
in the primary feed. As in the preceding
example, cards punched with numbers equal
to, higher than, or lower than the control
number can be selected.

X-SELECTORS

To perform this operation, you must use
the selectors G-H, 28-44. The selectors
consist of the familiar pickup, common,
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Selecting cards by a control number

(Courtesy of International Business Machines. )

normal, and transfer hubs. These selectors
have additional hold P and S hubs.

Each X-selector is controlled to operate
with either the primary or secondary feed
by wiring its hold hubs from the P (primary)
or S (secondary) hub. P emits an impulse
to hold a selector between primary-feed
cycles, and S emits an impulse to hold a
selector between secondary-feed cycles.

When hold is wired and the pickup isim-
pulsed, the selector transfers immediately
and remains transferred until the X card
moves to the next station. If hold is wired
from the P hub and PU is wired from the
primary read, the selector will be trans-
ferred when the X card is in the eject posi-
tion and, therefore, the selection of Xcards
(or NX cards) into pocket 1 can be con-
trolled. If PU iswired from sequence read,
selection of the card preceding the X card
can be controlled.

If hold is wired from the S huband PU is
wired from secondary-read, X cards (or

NX cards) can be selected into pockets 3
or 4.

If hold is PU Selector
wired impulsed transferred Pocket
selected

from from for

P hub Primary Xcardat 1
read eject

P hub Sequence Card 1
read preceding X

Shub Secondary X or NX 3or4
read cards

In the illustration (Fig. 7-22), both the
control number in the finder card and the
numbers in the file cards are punched inthe
same card field, and the selector unit is to
compare the numbers. Finder cards are X
punched in column75. Selectioncan be per-
formed by itself or in combination with the
other operations of the collator.
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MERGING

It must be possible to-get data into the
file easily. If a file is kept up to date, in-
formation is constantly added to it. This
added information must be placed in its

proper location in the files.
As we saw in the discussion of card se-

lection, information is often removed from
the files. After it has been used, it must
be returned to the files easily and quickly.
This is interfiling, or merging. When
merging, the collator combines two files of
cards already in sequence to produce one
complete file, also in the proper sequence
(Fig. 7-23). This is one of the most im-
portant and useful features of the collator.

Now look at the schematic drawing of
merging two files and the collator feeds
(Fig. 7-24). The cards from the master

Two Files
/0110958 | 0110390
{  01-10673 7 1 01-10325
/ 01-10468 ] 0109576
4 01.10112 | 01-08999
4 01.09363 01-08373
{ 01-10958
(0110673
{ 01-10468
| 01-10390
[ o037
{ 01-10112
| 01-09576
{ 01-09343
| 01-08999
01-08373
One File

Fig. 7-23. Merging two files (Courtesy
of International Business

Machines.)
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file have been placed in the primary hopper.
The new summary cards (year-to-date cards
prepared as a by-product of the sales analy-
sis report and called the detail file) have
been placed in the secondary hopper. For
illustration purposes, we have identified
each card with a simplified account number.
Cards are in ascending order.
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Control-panel instructions allow the
cards to proceed into the stacker only when
comparison shows them to be low or equal.
When the machine is started, the master
cards advance into the primary feed until
the 10 card is at the primary-read station;
the master 12 card is at the primary-se-
quence station. At the same time the sum-
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Fig. 7-24. Merging (feeding from one feed at a time)
(Courtesy of International Business Machines. )
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mary 11 card has reached the secondary-
read station. The brushes read the account
number information to the control unit.

In this operation, the control unit com-
pares the master card at the primary-read
station with the summary card at the sec-
ondary-read station. The comparison shows
that the master card is low (Fig. 7-24A).
The machine is instructed to advance all
primary cards one position: The 10 card
goes into the merge pocket 2. The 12 card
moves to the primary read station. The 13
card moves tothe primary sequence station.
The summary 11 card remains at the sec-
ondary read station. Since the secondary
feed did not operate, the half of the com-
paring unit that is reading account numbers
from the summary card does not change.
It retains the 11 reading. But when the pri-
mary feed advances the master cards, the
reading for the 10 card is restored to 0, and
the unit then reads master 12 card.
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Now the control unit compares the sum-
mary 11 cardwith the master 12 card in the
primary (Fig. 7-24B). The account number
of the summary card is lower, and this card
obviously belongs in the file behind the mas-
ter 10 card. The machine instructs the
secondary feed to advance one card while
the primary remains stationary. The 11
card goes into the stacker pocket directly
behind the 10 card, and the summary 12
card is advanced to the secondary-read sta-
tion. The primary half of the control unit
retained its 12 reading; the secondary half
of the unit restored to 0 and then accepted
the reading 12.

Now the control unit compares the mas-
ter 12 card in the primary with the summary
12 card in the secondary (Fig. 7-24C). The
account numbers are equal. Bothcards be-
long behind the 11 card. Normally, how-
ever, we want the master card ahead of de-
tail cards in a file.
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Fig. 7-25. Merging (feeding from both feeds simultaneously)
(Courtesy of International Business Machines. )
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The machine instructs both primary and
secondary feeds to advance one card. Be-
cause of the designof the collator, the mas-
ter 12 card falls into pocket 2 ahead of the
summary 12 card. Both halves of the con-
trol unit then restore to 0 and accept the
next reading.

When several cards with the same num-
ber occur in both files, the machine nor-
mally feeds all those from the primary
(master file) ahead of those from the sec-
ondary. The last of the master file and the
first of the detail file then are fed as equals
(Fig. 7-24D).

There are two types of merging - feeding
from one feed ata time (Fig. 7-24)and feed-
ing from both feeds simultaneously (Fig.
7-25). When you have the condition depicted
in Fig.7-25B youknow thatyou only have one
more card to feed from the primary feed
before feeding from the secondary feed. By
feeding from both feeds simultaneously, you
can cause both feeds to feed whenever this
condition occurs.

PROBLEM 8: Draw a diagram to merge
new employee cards into an existing em-
ployee master file. The employee num-
ber is in columns 27-31. Check for blank
card columns. Feed both feeds at atime.

MERGING WITH SELECTION

Cards may be selected from both files
during a merging operation. For example,
if master name and address cards are being
merged with detail cards, it may be desir-
able to remove those master cards for which
there are no corresponding detail cards and
vice versa. By doing this, the merged file
will contain only ""equal'' cards, i.e., mas-
ter and detail cards with the same control
numbers. Primary cards to be selected are
recognized by a low primary comparison,
and secondary cards to be selected are rec-
ognized by a low secondary comparison.
Selected primary cards stack in pocket 1,
and selected secondary cards stack ineither
pocket 3 or pocket 4.

The conditions to be considered and the
control-panel wiring required for this oper-
ation are affected by the card groups in the
secondary feed, that is, whether they are
single- or multiple-card groups.
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SINGLE SECONDARIES

When the file in the secondary feed con-
tains only single-card groups, cards can be
selected by adding the wiring for selection
to that for straight merging.

There is a new hub that must be used.
The INLK (interlock) hubs (Q, 23-25) must
be wired on if cards are to be selected in a
merging or matching operation to ensure
proper selection on the run-out. It may be
wired off or disregarded at all other times.

This switeh is necessary because when
the run-out key is depressed, automatic 9s
are emitted into the comparing entries whose
feed has run out of cards. This causes the
cards in the other feed to be forced out.
But a problem arises if one of these cards
happens to have a control field of all 9s.
This will cause improper selection if INLK
were not wired on.

Fig. 7-26 illustrates schematically the
feeding and selection of cards, with single-
card groups in the secondary feed. Steps A
and E show the selection of low primary
cards; steps B and F show the selection of
low secondary cards; step C shows equal
selector and equal sequence, while step D
shows an equal selector but an unequal se-
quence and step G shows how the cards are
stacked after all have been fed.

PROBLEM 9: Draw a diagram to merge a
miscellaneous instructions card behind
name and address cards on customer
number, columns 34 to 38. Select out to
pocket 3 any miscellaneous cards which
do have name and address cards. Check
for blank card columns. Feeding from
both feeds simultaneously, there will be
only one miscellaneous card per name and
address card.

MULTIPLE SECONDARIES

In a straight merging operation without
selection, multiple secondary cards are fed
as illustrated in Fig. 7-25. The first sec-
ondary card of an equal group is fed on an
equal and unequal sequence condition (step
B), and additional secondary cards in the
same group are fed on a low secondary
(step C). However, when secondary cards
are to be selected during a merging opera-
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tion, they are selected on a low secondary.
Thus all secondary cards after the first in
an equal group would be selected errone-
ously if the plan used for selection with
single-card secondaries were used with
multiple-card secondary groups.

To correct this condition, feeding must
be controlled so that all cards in an equal
secondary group are fed as equals. This
can be done by eliminating a primary feed
and causing only a primary ejection when
the last card of the primary group is de-
tected. A primary ejection moves the card
that has been read by the primary brushes
to the stacker without causing a primary
feed cycle. No other cards in the primary
feed are moved, and the restore exit hubs
are inactive. Therefore the number read
from the last primary card is held in the
comparing units, and all multiple secondary
cards are compared, as equal, with the last
primary card of the corresponding group.

PRIMARY EJECT (M, 23-25)

Impulsing one of the four common pri-
mary eject hubs (D, 41-44)will cause acard
to go from the primary feed eject position
(Fig. 7-2) to a pocket. All other cards in
the primary feed will remain stationary.
The primary eject hubs become exit hubs
when there is a primary feed.

Figure 7-27 illustrates schematically the
feeding of cards when there are multiple-
card groups in the secondary feed and se-
lection is required. In step B, the last
primary card of a group (12) is ejected
(stacked), but another primary card is not

- fed, and the first equal secondary card (12)

is fed. In step C, the additional secondary
card (12) in the equal group is compared to
the number held from the last primary card
(12) and therefore fed on an equal and un-
equal sequence condition. In step D, a low
primary causes a primary feed, thus mov-
ing card 13 past primary read.

The comparisons and feeding required to
merge cards, when there are multiple-card
groups in the secondary feed and selection
is required, can be summarized as follows:

Low secondary - secondary feed

Low primary - primary feed

Equal and unequal sequence - secondary
feed (same as straight merging without
selection)
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Equal and unequal sequence - primary
eject
Equal andequal sequence - primary feed
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Thus, primary cards are fed on a low pri-
mary or on an equal and equal sequence
condition; primary cards are ejected on an
equal and unequal sequence condition. Sec-
ondary cards are fed on a low secondary or
on an equal and unequal sequence condition.
Primary cards are selected on a low primary
and secondary cards on a low secondary.

This operation is diagrammed in Fig.
7-28 in the following manner:

1. Thecard fields are wired for blank-
column detection and comparison in
the normal manner for a merging
operation.

2. S8, P, PS, and SEQ RESTORE are
wired normally.

3. SEL and SEQ CONTROL INPUT are
wired normally.

4. The secondary iswired to the pickup
of selector 1, and plug to C is wired
through the transferred side of the
selector to secondary feed. This
causes the secondary card to be
fed when it is lower than the pri-
mary card.

5. Equal is wired to the pickup of se-
lector 2, and plug to C is wired
through the transferred side of the
selector to Primary Eject. This
causes the primary card to be stacked
whenever it is equal to the secondary
card. The purpose of this wire is to
stack the last card of an equal pri-
mary group (equal and unequal se-
quence condition) without feeding
another primary card.

6. Low primary is wired to the pickup
of selector 3, and plug to C is wired
through the transferred side of the
selector to Primary Feed. This
causes a primary feed when the pri-
mary card is lower than the secon-
dary card.

7. Equal is wired to the pickup of se-
lector 4, and equal sequence is wired
to the pickup of selector 5. Plug to
C is wired through the transferred
side of selector 4 and the normal
side of selector 5 to Secondary Feed.
This causes the secondary card to be
fed when it is equal to the last pri-
mary card of a group.
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Fig. 7-28.

Merging with selection - multiple secondaries

(Courtesy of International Business Machines. )

Plug to C is wired through the trans-
ferred side of both selectors 4 and 5
to Primary Feed. This causes a
primary-feed cycle when the primary
card is equal to the secondary card
and is not the last card of a group.
Aprimary feed must not occur when
the equal primary card is the last
card of a group. This is prevented
by selector 5.

Low secondary iswired to Secondary
Select 4 to cause secondary cards
without corresponding primary cards
to stack in pocket 4.

Low primary is wired to Primary
Select to cause primary cards with-
out corresponding secondary cards
to stack in pocket 1.

11. Interlock is wired on to ensure
proper selection on the run-out.
Low sequence can bewired to Error
Stop to stop card feeding for anerror
in primary-card sequence (dotted
wiring).

BASIC-SETUP SWITCHES

There are three basic-setup plans that
can replace functional wiring to control all
card feeding for normal merging, merging
with selection, and matching operations.
Normal operations assume that cards are
arranged in ascending sequence and that all
primary cards will be fed ahead of all sec-
ondary cardswith the same control number.

The basic consideration in any of these
operations is to control the feeding of pri-

12.
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mary and secondary cards to produce a
merged (or matched)file that is in sequence.
Five basic-setup switches (SEC, EJ, PRI,
MSS, and PRI CHG) are provided on the 85
control panel at K-R, 23-25 to control this
feeding. The switches are wired on or off
according to the conditions involved in each
operation.

BASIC-SETUP PLAN 1

In Fig. 7-24 the wiring to control feeding
by feeding one feed at a time, wires 4, 5,
and 6, can be replaced by wiring basic SU
switches, SEC and PRI on and MSS off (Fig.
7-29). These switches can be wired on or
off. TFigure 7-29 shows the SEC and PRI
wired on and the MSS wired off. When the
SEC switch is wired on, a secondary card

& BASIC _SU —|

L |EO
) % €T
N RO € d<——Primary Feed
P rﬂsm
o |6 "ogol
R [—‘m‘CH’o‘G o_l

Secondary Feed

v «m O

Fig. 7-29. Basic-setup plan 1 - merging
feeding from one feed at a time
(Courtesy of International

Business Machines. )

is fed whenever a low secondary comparison
is detected. When the PRI switch is wired
on, a primary card is fed whenever a low
primary comparison is detected.

In addition, when this switch iswired on,
and the MSS switch is wired off, a primary
card is fed whenever an equal comparison
is detected.

BASIC-SETUP PLAN 2

The wiring to control primary and sec—
ondary feeding in Fig. 7-25 (wiring 4, 5,
and 6)can be replaced by wiring basic-setup
switches (SEC, PRI, and PRI CHG) on the
85 control panel as shown in Fig. 7-30.
This is the second of the three basic-setup
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wiring plans that can replace functional
wiring to control all card feeding for normal
merging, merging with selection, single
secondaries and matching operations.

Figure 7-30 shows the wiring for merg-
ing with selection - single secondaries using
basic-setup plan 2.

MERGING WITH SELECTION - SINGLE
SE CONDARY

1. The card fields are wired for blank-
column detection and comparisonin the
normal manner for a merging operation.

2. 8, P, PS, and SEQ RESTORE arewired
normally.

3. SEL and SEQ CONTROL INPUT are
wired normally.

4, Basic-setup plan 2 is wired to merge
cards, feeding from both feeds simul-
taneously whenever possible.

5. Interlock is wired on to ensure proper
selection on the run-out.

6. Low secondaryiswired to SECONDARY
SELECT 4 to cause secondary cards
without corresponding primary cards
to stack in pocket 4.

7. Lowprimaryis wired to PRIMARY SE-
LECT to cause primary cards without
corresponding secondary cards to stack
in pocket 1.

8. Low sequence can be wired to ERROR
STOP to stop card feeding for an error
in sequence in the primary feed (dotted
wiring).

Feeding simultaneously from both feeds
differs in only one respectfrom feeding from
one feed at a time. That is, a secondary
card is to be fed when both an equal (selec-
tor) comparison and an unequal sequence
comparison occur. All other control of
feeding is the same as in the preceding op-
eration. To recognize the change in con-
trol between the cards in the primary feed,
the PRI CHG switch is wired on; the PRI
CHG (Primary Change) switch (R, 23-25) is
wired on whenever a control change in the
primary cards is to affectcard feeding dur-
ing a merging operation. When on, it con-
ditions the function of the secondary feed
(SEC) switch. That is, if the SEC switch is
on, a secondary card is fed whenever both
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Basic-setup plan 2 - merging with selection (single secondaries)

(Courtesy of International Business Machines. )

an equal (selector) comparison and an un-
equal sequence comparison are detected.
This is in addition to the normal function of
the SEC switch which is feeding low sec-
ondaries.

BASIC-SETUP PLAN 3

The wiring to control primary and sec-
ondary feeding in Fig. 7-28 can be replaced
by wiring all five basic-setup switches.

Merging with multiple secondaries and
selection differs from the operation of
straight merging without selection (Basic-
setup plan 2) only in the feeding of primary
cards on an equal (selector)condition. If an
equal primary card is the last card of a
group, it must be ejected, but another pri-
mary card must not be fed; if the equal pri-
mary card is not the lastcard of a group, it
must be ejected and another primary card

must be fed. The EJ, MSS, and PRI CHG
switches are wired on to control this op-
eration.

The MSS switch isused for multiple sec-
ondaries and selection. This switch must
be wired on in a merging or matching oper-
ation whenever there are two or more sec-
ondary cardswith the same control number,
and selection is required. For all other
operations this switch is wired off. When
the EJ switch is wired on, a primary card
is ejected whenever a low primary or equal
comparison is detected. However, an im-
pulse to primary feed on a low primary or
on an equal and unequal sequence condition
will also cause a primary ejection. There-
fore, the main purpose on this switch is to
cause only a primary ejection on an equal
and unequal sequence condition.

Figure 7-31 shows the complete diagram
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Fig. 7-31. Basic-setup plan 3 - merging with selection (multiple secondaries)
(Courtesy of International Business Machines.)

for merging with selection-multiple secon-
daries using the basic-setup switches. This
control-panel wiring performs exactly the
same operation as that in Fig. 7-28. Wir-
ing 1, 2, 3, 9, 10, 11, and 12 is identical
to that in Fig. 7-31 and the basic-setup
switches replace wires 4, 5, 6, 7, and 8.

PROBLEM 10: Use basic-setup plan 3 to
merge two files whose control number is
located in columns 34 to 38. Check for
blank columns and error stop on low
sequence. Select unmatched cards to
pockets 1 and 3.

Plan Hubswired
on

1 PRI, SEC

2 PRI, SEC,
PRI CHG

3 PRI, SEC,
PRI CHG,
EJ, MSS

Function performed

Feeding one feed at a time

Feeding both feeds simul-
taneously with or without
selection of single sec-
ondaries

Feeding both feeds simul-
taneously with or without
selection of multiple sec-
ondaries
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MATCHING

It must be possible to check a file for
all data fitting master patterns. Any data
that does not correspond should be removed
from the files without disturbing the sequence
of the remaining data. This is a matching
operation.

Matching involves two files of cards (Fig.
7-32). One file (the master file)is searched

Detail File Master File

MATCHED

Unmatch =
é__f‘ma b ed‘ Unmotched

Pocket 4

" Pocket 3 * Pocket 1

Pocket 2
Fig. 7-32. Matching function (Courtesy of
(International Business
Machines. )

for any cards corresponding to the cards in
the second, or detail file. Unmatched cards
are separated from either file.

This is very much like selection, except
that the finder information changes as soon
as it has been matched. Instead of trying
to find all cardsin the master file thatagree
with a finder card, we are looking for the
one card (or group of cards) that agrees
withthe first detail card to be matched, then
the one card (or group) agreeing with the
next detail card, and so on. Very frequent-
ly, check reconciliation uses the collator's
ability to match cards. For instance, the
paymaster of a corporation may issue 10,000
paychecks. At the end of a week, he can
reasonably assume that mostof these checks
have been cashed or deposited and have been
returned from the banks. He should have
received a cancelled check for each em-
ployee who had been paid on the previous
payday. Therefore, there should be one

89
Cancelled Checks Master Reconciliation
from Banks Cards
nmatched,
Matched / [ '

Bank Balonct

Check reconciliation (Courtesy
of International Business
Machines. )

Fig. 7-33.

cancelled check in the file for each check
written the previous week (Fig. 7-33).

By matching the current file of cancelled
checks against the reconciliation file, the
payroll department can determine which
checks have not cleared the bank. There
should be one cancelled check for each
reconciliation card.

The active reconciliation file is placed
in the primary feed of the collator, and the
cancelled checks in the secondary feed (Fig.
7-34). Control-panel wiring instructs the
collator to match these cards against each
other.

As the cards pass through the two feeds,
comparisons are made between the recon-
ciliation cards and cancelled checks (Fig.
7-34A). Whenever the check number is the
same as the number punched in the recon-
ciliation card, the machine is instructed to
divert the check into pocket 3. Simultane-
ously, the reconciliation card with the
matching check number is fed into pocket 2
(Fig. 7-34B).

When the check number in the reconcili-
ation card is lower than the number of the
cancelled check at the secondary read sta-
tion, it means that the check has notcleared
the bank. Therefore, the unmatched recon-
ciliation card in the primary feed is diverted
into pocket 1 (Fig. 7-34C).

There should be no unmatched checks in
the secondary. Obviously, there should be
no check issued without a corresponding
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Fig. 7-34. Schematic of matching for
check reconciliation on
collators (Courtesy of Inter-
national Business Machines. )

card in the reconciliation file. This is a
good control check onthe procedure because
it tells us thatnochecks were issued without
reconciliation cards and that no reconcilia-
tion cards have been removed.

The collator processes both files this
way (Fig. 7-34D):

1. Matched primary cards (reconcilia-
tion cards) are in pocket 2.

2. Matched secondaries (cancelled
checks) are in pocket 3.

3. Unmatched reconciliation cards fall
into pocket 1. The payroll depart-
ment uses these unmatched recon-
ciliation cards to verify the balance
on the bank statement.

4. Unmatched cancelled checks (if there
are any) are diverted into pocket 4.
These unmatched cancelled checks
are given special handling to deter-
mine why no reconciliationcards are
in the file.

THE 85 COLLATOR

This is the basic matching operation. It il-
lustrates only the principle of matching and
the way the IBM collator does it. There are
many variations of the matching operation.

The two original files of cards are ar-
ranged in sequence, and each of the four
groups is also in sequence when the opera-
tion is completed.

This matching differs in only one respect
from merging with selection. The matched
cards from both files are stacked in two
groups rather than in one combined group.

All four pockets in the collator are used
for this operation, two for the matched cards
and two for the unmatched. The matched
cards are normally stacked in pockets 2
(primary cards) and 3 (secondary cards),
and the unmatched cards are stacked in
pockets 1 (primary cards) and 4 (secondary
cards). The cards are stacked in pockets
1, 2, and 4 by the same wiring as that used
in merging with selection. Because pocket
3 is to contain the matched secondaries,
this selection is controlled on an equal com-
parison in the selector unit. The primary
cards can be sequence checked during the
matching operation (Fig. 7-35).

COMBINED COLLATOR OPERATIONS

The IBM collator has been built for ver-
satility; although each of the functions that
has been described so far - sequence check-
ing, card selecting, merging, and match-
ing - is individually valuable in handling
problems of filing and file maintenance,
most applications combine two or more of
the basic functions of the collator. Filing
problems are so correlated in the IBM data
processing method that a single collator
procedure can serve several purposes at
one time. Each combination of operations
reduces record-keeping costs.

IBM 85 Collator Questions

Answer briefly

1. Name four functions which can be per-
formed on the 85 Collator.
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Discuss the functions of

a. the run-out key
b. the error light
c. the reset key

How are the cards placed in the hoppers?

What is the speed of the collator?

How many reading stations are there
in the primary feed? What are their
names?

Cards from the primary feed can
fall into which pockets?
Cards from the secondary feed can
fall into which pockets?
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Matching (Courtesy of International Business Machines. )

7. Which feed must be used when using

Interspersed X-finder cards?

8. When is a control input impulse avail-

able?

Multiple choice

9. Refer to Fig. P7-1. What will be the
result of the wiring?
a. X80 cards will be selected into
pockets 2 and 3.
NX80 cards will be selected into
pockets 1 and 3.
X80 cards will be selected into
pockets 1 and 3.
The card following an X80 ineither
feed will be selected into pockets

1 and 3.

b.
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Answer briefly

10.

11.

12.

13.

14.

15.

16.

17.

18.

How do we sequence check when the
control fields are county, city, and
state?

What is the procedure for determining
what error condition has stopped the
collator?

In sequence checking, what does equal
sequence mean?

In sequence checking cards in descend-
ing sequence, an error condition would
be a

a. high sequence

b. low sequence

c. low secondary

d. low primary

Is it possible to sequence check in the
secondary feed? If not, explain.

If secondary select pockets 3 and 4 re-
ceive an impulse at the same time,
where will the card to be selected fall?

a. What does low sequence mean?
b. What does low secondary mean?

With a 100 reading in the primary se-
lector magnets and 102 reading in the
secondary selector magnets, what is
the condition of the selector unit?

Refer to Fig. P7-2.

wiring would be

a. to select the first card of a group
if it is an X65.

b. to select the last card of a group
if it is an X65.

c. to select the last card of a group
if the preceding card was an X65
card.

The result of the

19.

20.

21.

THE 85 COLLATOR

d. to select the last card of a group
if the following card is an X65 card.

What would the result of wiring in Fig.
P7-2 be if the X selector were picked
up from sequence read instead of pri-
mary read?

What would be the result of omitting
wire 1 in Fig. P7-3?

Refer to Fig. P7-4. What would be ac-
complished by this wiring?

Multiple choice

22.

23.

Refer to Fig. P7-5. The diagram is

wired to compare fields A and B of each

card and to select certain cards. Half

the file is in the primary feed and the

other half is in the secondary. What

will happen?

a. Cards with field A greater than
field Bwill be selected into pockets
1 and 4.

b. Cards with field B greater than
field Awill be selected into pockets
2 and 4.

c. Cards with field A greater than
field Bwill be selected into pockets
2 and 3.

d. Cards with field B greater than
field Awill be selected into pockets
1 and 4.

If wire 1 was omitted from Fig. P7-5

a. cards with B greater than A would
stack in pocket 1.

b. cardswith field A greater thanfield
B would stack in pocket 1.

c. no cards will stack in pocket 1.

d. all cards will stack in pocket 1.
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Fig. p7-2 (Courtesy of International Business Machines.)
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