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PREFACE

As one of the Navy Training Courses, this book was prepared by the
Training Publications Division, Naval Personnel Program Support
Activity, Washington, D, C., for the Bureau of Naval Personnel. Tech-
nical assistance was provided by the Personnel Accounting Machine
Installation, U, S. Atlantic Fleet, Norfolk, Va.; Personnel Accounting
Machine Installation, Continental United States, Bainbridge, Md.; En-
listed Personnel Distribution Office, Continental United States, Bain-
bridge, Md.; Aviation Supply Office, Philadelphia, Pa.; U. S. Naval
Examining Center, Great Lakes, Ill.; U, S, Naval Command Systems
Support Activity, Washington, D, C.; Manpower Information Division,
Bureau of Naval Personnel; and by International Business Machines
Corporation, Washington, D, C.

As this book goes to press, the Navy has undergone a major
reorganization, in which certain bureaus have been redesignated
as Systems Commands.

Check Instructions and Notices for further information con-
cerning this change.

First Edition 1963
Major Revision 1966



THE UNITED STATES NAVY
GUARDIAN OF OUR COUNTRY

The United States Navy is responsible for maintaining control of the sea
and is a ready force on watch at home and overseas, capable of strong
action to preserve the peace or of instant offensive action to win in war.

It is upon the maintenance of this control that our country’'s glorious
future depends; the United States Navy exists to make it so.

WE SERVE WITH HONOR

Tradition, valor, and victory are the Navy's heritage from the past. To
these may be added dedication, discipline, and vigilance as the watchwords
of the present and the future.

At home or on distant stations we serve with pride, confident in the respect
of our country, our shipmates, and our families.

Our responsibilities sober us; our adversities strengthen us.

Service to God and Country is our special privilege. We serve with honor.

THE FUTURE OF THE NAVY

The Navy will always employ new weapons, new techniques, and
greater power to protect and defend the United States on the sea, under
the sea, and in the air.

Now and in the future, control of the sea gives the United States her
greatest advantage for the maintenance of peace and for victory in war.

Mobility, surprise, dispersal, and offensive power are the keynotes of
the new Navy. The roots of the Navy lie in a strong belief in the
future, in continued dedication to our tasks, and in reflection on our
heritage from the past.

Never have our opportunities and our responsibilities been greater.
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CHAPTER 1

MACHINE ACCOUNTANTS IN THE NAVY

This training course is designed to help you
meet the professional qualifications for advance-
ment to Machine Accountant 3 or Machine Ac-
countant 2. The Machine Accountant qualifica-
tions which were used as a guide in the prepa-
ration of this training course are those contained
in the Manual of Qualification for Advancement
in Rating, NavPers 18068 (revision B).

Chapters 2 through 17 of thistraining course
deal with the technical subject matter of the
Machine Accountant rating. Chapter 2 intro-
duces all concepts of Automatic Data Processing
(ADP), Electric Accounting Machines (EAM)~—
Electronic Data Processing Machines (EDP),
using generalities. Chapter 3 is a detailed in-
troductory chapter on EAM Data Processing,
providing the fundamentals of all phases of
punched card accounting, Chapters 4 through
10 cover the operation and control panel wiring
of specific unit record machines used in
punched card accounting, Eachofthese chapters
contains a complete unit of information for the
more commonly used machines by type. Chapter
11 presents the concept of EAM processing and
data flow, as represented by flow charts.
Chapters 12 through 17 contain an introduction
to the fundamentals of electronic data process-
ing systems, in which components, functions,
languages, procedures, and some Navy systems
are discussed. ,

In general you will find that information on
types of unit record machines is presented in
the following order: first, the functions of the
machines; second, the operating features, in-
cluding machine controls and switches; third,
principles of control panel wiring; and fourth,
operating suggestions designed to assist you in
obtaining the best results in machine operations,

The remainder of this chapter gives infor-
mation on the enlisted rating structure, the
Machine Accountant rating, requirements and
procedures for advancement in rating, and

references that will help you both in working

‘for advancement and in performing your duties

as a Machine Accountant. This chapter includes
information on how to make the best use of
Navy Training Courses. Therefore, it is
strongly recommended that you study this
chapter carefully before beginning intensive
study of the remainder of this training course.

THE MACHINE ACCOUNTANT RATING

Men of the Machine Accountant rating op-
erate many types of electric and electronic data
processing equipment to provide accounting and
statistical services for the Navy. They wire
control panels for electric accounting machines
and write programs for electronic data proc-
essing machines. They process incoming in-
formation and make routine and special reports
as required. They are thoroughly familiar with
accepted data processing applications, and in
the higher paygrades are thoroughly familiar
with accepted electronic data processing appli-
cations and management of data processing
offices and installations.

Types of PO Ratings

The two main types of ratings in the present
enlisted rating structure, are general ratings
and service ratings.

GENERAL RATINGS identify broad occupa-
tional fields of related duties and functions.
Some general ratings include service ratings;
others do not. Both Regular Navy and Naval
Reserve personnel may hold general ratings.

SERVICE RATINGS identify subdivisions or
specialties within a general rating. Although
service ratings can exist at any petty officer
level, they are most common at the PO3 and
PO2 levels. Both Regular Navy and Naval Re-
serve personnel may hold service ratings.
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MA—A General Rating

The Machine Accountant rating is a general
rating, and does not include service ratings.
Areas of specialization within the rating are
identified by Navy Enlisted Classification Codes.
These codes identify such specialists as a
Tabulating Machine Serviceman, who adjusts
and repairs electric tabulating equipment, and
Electronic Data Processing Systems Operator,
who develops programs and operates large-
scale electronic data processing machines.

The rating of Machine Accountant as such
dates back to the year 1948, when the Navy
revised the enlisted rating structure. However,
the use of naval personnel to operate electric
accounting machines goes back even further, to
the early days of World War II. The enormous
expansion of the naval forces resulted in a
greatly increased workload for clerical per-
sonnel. Concerned with this problem, the Chief
of Naval Personnel explored possibilities for
handling the mountains of paperwork more
efficiently. As a result of this exploration
BuPers installed and began using punched card
data processing equipment, resulting in the es-
tablishment of the Specialist IBM rating. This
rating remained a specialist rating until 1948,
at which time it was re-designated Machine
Accountant and incorporated into the Regular
Navy rating structure.

MA Assignments

Machine Accountants are assigned to many
different activities which perform data process-
ing by electrical or electronic methods. These
include ships and shore installations of the
Operating Forces, activities of the Shore Es-
tablishment, and Bureaus and Offices of the
Navy Department. The nature of the Machine
Accountant’s duties depends on the mission of
the activity to which assigned. For example,
Machine Accountants assigned to auxiliary ships
classified AD, AF, AKS, AR, and AS perform
accounting functions relating to stock control,
repair work, and shipboard personnel admin-
istration. Personnel Accounting Machine In-
stallations (PAMIs) are staffed almost entirely
by Machine Accountants. Each PAMI is an in-
tegral component of the Naval Manpower Infor-
mation System, under the direction of the Chief
of Naval Personnel. The mission of each PAMI
is to collect, process, maintain, and disseminate
naval manpower information concerning as-
signed activities: to provide data processing

support to Fleet and Shore Commanders and
District Commandants responsible for person-
nel functions and to furnish processed person-
nel data as required by the Chief of -Naval
Personnel.

Machine Accountants assigned to data proc-
essing offices in naval hospitals and medical
centers perform fiscal and supply operations,
prepare clinical studies, prepare civilian time
cards and civilian and military payrolls, and
produce various reports for the Public Works
Department.

Other Machine Accountants may be found
in supply centers and depots, naval stations,
aviation activities, weapons stations, and other
types of activities. Regardless of where they
are assigned, all Machine Accountants are con-
trolled and distributed by the Enlisted Per-
sonnel Distribution Office, Continental U.S.

Training and Responsibilities

The Machine Accountant rating is open ‘to
both male and female personnel, The newly
formed Class A School is responsible for formal
training of Machine Accountant Personnel, Sea-
men and personnel of other ratings who are
selected for Machine Accountant training are
normally assigned to a Class A School, where
they are taught the basic fundamentals of the
rate. Candidates for the Machine Accountant
rating should possess a high degree of clerical
aptitude, and be interested in mechanical work.

Data processing installations accomplish
their work on an assembly-line basis. Theyare
often divided into sections, with each section
responsible for accomplishing certain phases
of data processing applications. For example,
one section receives, codes, and files source
documents. Another converts the source docu-
ments into punched cards, and verifies. the
punched data. Still other sections apply the
incoming data to existing files and produce
reports and services as required. Eachsection
must complete its work accurately and on time
so that the work can be kept flowing in an
orderly fashion. The efforts of all sections
working together are required to accomplish
the mission of the installation.

The MA as a Leader
Obviously, someone in each section has to

be responsible for seeing that the work is ac-
complished, This is the job of the section
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leader, who could be YOU. The term LEADER
usually implies responsibility in supervising
and directing a group of people. As a leader,
you must be able to make job assignments,
supervise the work, and see that all jobs are
performed correctly and on time. If you are
thoroughly familiar with the work for which
you are responsible, are willing to accept
responsibility, and practice the habit of setting
a good personal example, then you are on the
right road to effective leadership.

Leadership is not restricted to those in
positions of supervision or authority. It con-
cerns each and every one of us, from Seamen
on up, You exercise leadership in the way you
perform your job, whether it be keypunching,
sorting, or any other task. The manner in
which you follow instructions, the care you ex-
ercise when handling cards, your observance of
safety precautions, and your adeptness at op-
erating machines, are only a few of the ways
that leadership characteristics are displayed.
You must remember that there are always
others around who learntheir habits (sometimes
unconsciously) from what they see YOU do.
Remember also that your supervisor evaluates
you from personal observance of your perform-
ance. His evaluation counts in the final decision
to recommend or not recommend you for ad-
vancement in rating.

The rewards for practicing good leadership
traits are many, For example, yougeta certain
feeling of pride when your supervisor compli-
ments you on a job well done, or when he tells
someone he doesn’t see how he can get along
without you. There is satisfaction also in
knowing that you are setting a good example for
less experienced personnel to follow. Most
important of all, you have an inner satisfaction
in knowing that you have performed your work
to the best of your abilities, Nothing more
could be asked of anyone.

While we are on the subject of leadership,
it may be well for you to stop and read that

portion of Military Requirements for Petty Of-

ficers 3 & 2 that deals with leadership. You
will find pointers on how to exercise good
leadership that can be easily applied to the
Machine Accountant rating. In addition, you
will find quotations from Navy Department
General Order 21, which all of us should be
familiar with.

ADVANCEMENT IN RATING

Some of the rewards of advancement in
rating are easy to see., You get more pay.
Your job assignments become more interesting
and more challenging, You are regarded with
greater respect by officers and enlisted per-
sonnel. You enjoy the satisfaction of getting
ahead in your chosen Navy career,

But the advantages of advancing in rating
are not yours alone. The Navy also profits.
Highly trained personnel are essential to the
functioning of the Navy. By each advancement
in rating, you increase your value to the Navy
in two ways. First, you become more valuable
as a technical specialist in your own rating.
And second, you become more valuable as a
person who can train others and thus make far-
reaching contributions to the entire Navy.

HOW TO QUALIFY FOR ADVANCEMENT

What must you do to qualify for advancement
in rating? The requirements may change from
time to time, but usually you must:

1. Have a certain amount of time in your
present grade,

2. Complete the required military and pro-
fessional training courses.

3. Demonstrate your ability to perform all
the PRACTICAL requirements for advancement
by completing the Record of Practical Factors,
NavPers 760,

4, Be recommended by your commanding
officer, after the petty officers and officers
supervising your work have indicated that they
consider you capable of performing the duties
of the next higher rate.

5. Demonstrate your KNOWLEDGE by pass-
ing a written examination on (a) military re-
quirements and (b) professional qualifications,

Some of these general requirements may be
modified in certain ways. Figure 1-1 gives a
more detailed view of the requirements for
advancement of active duty personnel; figure
1-2 gives this information for inactive duty
personnel,

Remember that the requirements for ad-
vancement can change. Check with your division
officer or training officer to be sure that you
know the most recent requirements.

Advancement in rating is not automatic.
After you have met all the requirements, you
are ELIGIBLE for advancement. You will
actually be advanced in rating only if you meet
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ACTIVE DUTY ADVANCEMENT REQUIREMENTS

REQUIREMENTS * | E1 to E2E2 to E3 |E3 to E4|E4 to E5|E5 to E6 |1E6 to E7 |t E7 to E8|t E8 to E9
4 mos. 36 mos.| 24 mos.
service— as E-7.| as E-8.
or 8of 11 | 100f13
SERVICE comple- | 6 mos. 6 mos. |12 mos. |24 mos.| 36 mos. | yeqrs years
tion of | s E-2. | as E-3. | as E-4. | as E-5. | as E-6. total total
recruit service | service
training. must be | must be
enlisted. | enlisted.
Class A Class B
Recruit |: for PR3, for AGC
SHOOL 1+ gining. DI3, PT3] MuC
: AME 3, MNC
n HM 3 W A
Locally .
Records of Practical Factors, NavPers 1414/1 (formerly
PRACTICAL pr:pa':ed NavPers 760) must be completed for E-3 and ol PO
FACTORS ‘0;‘5 : advancements.
L Specified ratings must complete
PERFORMANCE applicable performance tests be-
TEST S .| fore taking examinations.
IE”E‘#FSOT:& ANCE vfl:e:s::pﬁz:i:g Counts toward performance factor credit in ad-
EVALUATION advancement, | ‘oncement multiple.
. A . Navy-wide,
Locally prepared Navy-wide examinations required ion board
EXAMINATIONS tests. for all PO advancements. selection board.
. .| Correspondence
NAVY TRAINING Required for E-3 and all PO advancements courses and
COURSE (INCLUD- unless waived because of school comple- recommended
ING MILITARY tion, but need not be repeated if identical reading. See
REQUIREMENTS) course has already been completed. See NavPers 10052
NavPers 10052 (current edition). (current edition).
(on‘;r;io(::img U.S. Naval Examining Center| Bureau of Naval Personnel
AUTHORIZATION ‘

TARS attached to the air program are advanced to fill
vacancies and must be approved by CNARESTRA.

* All advancements require commanding officer’s recommendation.
t 2 years obligated service required.

Figure 1-1.—Active duty advancement requirements.
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INACTIVE DUTY ADVANCEMENT REQUIREMENTS

REQUIREMENTS * E110E2|E21t0 E3|E3to E4|EAto ES|E5to E6|E6to E7| EB 9
FOR THESE
DRILLS PER
YEAR
TOTAL 48 6 mos. | 6 mos. |15 mos. | 18 mos. | 24 mos. | 36 mos. | 36 mos.| 24 mos.
TIME 24 9 mos.| 9 mos. |15 mos. | 18 mos. | 24 mos. |36 mos. | 36 mos.|24 mos.
IN NON- ;
GRADE DRILLING |12 mos. | 24 mos. | 24 mos. | 36 mos. |48 mos. | 48 mos.
TOTAL 48 14 days |14 days (14 days |14 days {28 dc;ys 42 days | 42 days |28 days
TRAINING 24 14 days | 14 days | 14 days |14 days | 28 days |42 days | 42 days |28 days
DUTY IN NON-
GRADE t DRILLING None | None |14 days |14 days | 28 days| 28 days
PERFORMANCE Spe;iﬁed ratings must complete applicable
TESTS performance tests before taking exami-
nation.
DRILL
PARTICIPATION Satisfactory participation as a member of a drill unit.

PRACTICAL FACTORS
(INCLUDING MILITARY

Record of Practical Factors NavPers 1414/1 (formerly
NavPers 760), must be completed for all advancements.

REQUIREMENTS)
NAVY TRAINING
COURSE (INCLUDING Completion of applicable course or courses must be entered
MILITARY REQUIRE- in service record.
MENTS)
Standard EXAM,

EXAMINATION Standard exams are used where available, Selection

otherwise locally prepared exams are used. Board,
AUTHORIZATION District commandont or CNARESTRA Bureau of Naval

Personnel

* Recommendation by commanding officer requi

d for all adv

t Active duty periods may be substituted for training duty.

Figure 1-2,—Inactive duty advancement requirements.

5



MACHINE ACCOUNTANT 3 & 2

all the requirements (including making a high
enough score on the written examination) and
if the quotas for your rating permit your
advancement.

HOW TO PREPARE FOR ADVANCEMENT

What must you do to prepare for advance-
ment in rating? You must study the qualifica~
tions for advancement, work on the practical
factors, study the required Navy Training
Courses, and study other material that is re-
quired for advancement in your rating. To
prepare for advancement, you will need to be
familiar with (1) the Quals Manual, (2) the
Record of Practical Factors, NavPers 760,
(3) a NavPers publication called Training Publi-
cations for Advancement in Rating, NavPers
10052, and (4) applicable Navy Training Courses.
Figure 1-3 illustrates these materials; the
following sections describe them and give you
some practical suggestions on how to use them
in preparing for advancement.

The Quals Manual

The Manual of Qualifications for Advance-
ment in Rating, NavPers 18068B (with changes),
gives the minimum requirements for advance-
ment to each rate within each rating. This
manual is usually called the ‘‘Quals Manual,”’
and the qualifications themselves are often
called ‘‘quals.”” The qualifications are of two
general types: (1) military requirements, and
(2) professional or technical qualifications,

MILITARY REQUIREMENTS apply to all
ratings rather than to any one particular rating.
Military requirements for advancement to third
class and second class petty officer rates deal
with military conduct, naval organization, mili-
tary justice, security, watch standing, and other
subjects which are required of petty officers
in all ratings.

PROFESSIONAL QUALIFICATIONS are tech-
nical or professional requirements that are
directly related to the work of each rating,

Both the military requirements and the pro-
fessional qualifications are divided into subject
matter groups; then, within each subject matter
group, they are divided into PRACTICAL
FACTORS and KNOWLEDGE FACTORS. Prac-
tical factors are things you must be able to DO,
Knowledge factors are things you must KNOW
in order to perform the duties of your rating,

The written examination you will take for
advancement in rating will contain questions

relating to the practical factors and the knowl-
edge factors of both the military requirements
and the professional qualifications. If you are
working for advancement to second class, re-
member that you may be examined on third
class qualifications as well as on second class
qualifications.

The Quals Manual is kept current by means
of changes. The professional qualifications for
your rating which are covered in this training
course were current at the time the course was
printed. By the time you are studying this
course, however, the quals for your rating may
have been changed. Never trust any set of
quals until you have checked it against an UP-
TO-DATE copy in the Quals Manual.

Record of Practical Factors

Before you can take the servicewide exam-
ination for advancement in rating, there must
be an entry in your service record to show that
you have qualified in the practical factors of
both the military requirements and the pro-
fessional qualifications. A special form known
as the Record of Practical Factors, NavPers
760, is used to keep a record of your practical
factor qualifications., This form is available
for each rating, The form lists all practical
factors, both military and professional. As you
demonstrate your ability to perform each prac-
tical factor, appropriate entries are made in
the DATE and INITIALS columns,

Changes are made periodically to the Manual
of Qualifications for Advancement in Rating,
and revised forms of NavPers 760 are provided
when necessary. Extra space is allowed on the
Record of Practical Factors for entering ad-
ditional practical factors as they are published
in changes to the Quals Manual. The Record of
Practical Factors also provides space for
recording demonstrated proficiency in skills
which are within the general scope of the
rating but which are not identified as minimum
qualifications for advancement.

If you are transferred before you qualify in
all practical factors, the NavPers 760 form
should be forwarded with your service record
to your next duty station. You can save your-
self a lot of trouble by making sure that this
form is actually inserted in your service record
before you are transferred. If the form is not
in your service record, you may be required to
start all over again and requalify in the practical
factors which have already been checked off,
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MANUAL OF
QUALIFICATIONS FOR

JUNE 1965

BUREAY OF Navar PERSONNE(

RAVPERS 10037 sArcy
198,

NAVPERS 18068-8

———— e

f
}

PRI

Figure 1-3,

~Materials used in Preparing for advancement,
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N aVPers 10052

Training Publications for Advancement in
Rating, NavPers 10052 (revised), is a very im-
portant publication for anyone preparing for
advancement in rating. This bibliography lists
required and recommended Navy Training
Courses and. other reference material to be
used by personnel working for advancement in
rating, NavPers 10052 is revised and issued
once each year by the Bureau of Naval Personnel.
Each revised edition is identified by a letter
following thé NavPers number. When using this
publication, be SURE that you have the most
recent edition,

If extensive changes in qualifications occur
in any rating between the annual revisions of
NavPers 10052, a supplementary list of study
material may be issued in the form of a BuPers
Notice. When you are preparing for advance-
ment, check to see whether changes have been
made in the qualifications for your rating. If
changes have been made, see if a BuPersNotice
has been issued to supplement NavPers 10052
for your rating.

The required and recommended references
are listed by rate level in NavPers 10052, If
you are working for advancement to third class,
study the material that is listed for third class.
If you are working for advancement to second
class, study the material that is listed for
second class; but remember that you are also
responsible for the references listed at the
third class level.

In using NavPers 10052, you will notice that
some Navy Training Courses are marked with
an asterisk (*). Any course marked in this
way is MANDATORY—that is, it must be com-~
pleted at the indicated rate level before you can
be eligible to take the servicewide examination
for advancement in rating. Each mandatory
course may be completed by (1) passing the ap-
propriate enlisted correspondence course that
is based on the mandatory training course; (2)
passing locally prepared tests based on the in-
formation given in the training course; or (3) in
some cases, successfully completing an appro-
priate Class A school.

Do not overlook the section of NavPers 10052
which lists the required and recommended
references relating to the military requirements
for advancement. Personnel of ALL ratings
must complete the mandatory military require-

ments training course for the appropriate rate
level before they can be eligible to advance in
rating. .

The references in NavPers 10052 which are
recommended but not mandatory should also
be studied carefully. ALL references listed
in NavPers 10052 may be used as source
material for the written examinations, at the
appropriate rate levels.

Navy Training Courses

There are two general types of Navy Train-
ing Courses. RATING COURSES (such as this
one) are prepared for most enlisted ratings.
A rating training course gives information that
is directly related to the professional qualifi-
cations of ONE rating. SUBJECT MATTER
COURSES or BASIC COURSES give information
that applies to more than one rating,

~Navy Training Courses are revised from
time to time to keep them up todate technically.
The revision of a Navy Training Course is
identified by a letter following the NavPers
number, You can tell whether any particular
copy of a Navy Training Course is the latest
edition by checking the NavPers number and
the letter following this number in the most
recent edition of List of Training Manuals and
Correspondence Courses, NavPers 10061.
(NavPers 10061 is actually a catalog that lists
all current training courses and correspondence
courses; you will find this catalog useful in
planning your study program.) '

Navy Training Courses are designed to help
you prepare for advancement in rating. The
following suggestions may help you to make
the best use of this course and other Navy
training publications when you are preparing
for advancement in rating.

1, Study the military requirements and
the professional qualifications for your rating
before you study the training course, and refer
to the quals frequently as you study. Remem-
ber, you are studying the training course
primarily in order to meet these quals.

' 2. Set up a regular study plan, It will
probably be easier for you to stick toa schedule
if you can plan to study at the same time each
day. If possible, schedule your studying for a
time of day when you will not have too many
interruptions or distractions.

3. Before you begin to study any part of
the training course intensively, become familiar
with the entire book. Read the preface and the
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table of contents. Check through the index,
Look at the appendixes. Thumb through the
book without any particular plan, looking at the
illustrations and reading bits here and there
as you see things that interest you.

4., Look at the training course in more
detail, to see how it is organized. Look at the
table of contents again. Then, chapter by
chapter, read the introduction, the headings,
and the subheadings. This will give you a
pretty clear picture of the scope and content
of the book. As you look through the book in
this way, ask yourself some questions: What
do I need to learn about this? Whatdol
already know about this? How is this infor-
mation related to information given in other
chapters? How is this information related to
.the qualifications for advancement in rating?

"5, When you have a general idea of what
is in the training course and how itis organized,
fill in the details by intensive study. In each
study period, try to cover a complete unit—it
may be a chapter, a section of a chapter, or a
subsection. The amount of material that you
can cover at one time will vary. If you know the
subject well, or if the material is easy, you can
cover quite a lot at one time. Difficult or un-
familiar material will require more study time.

6. In studying any one unit—chapter, sec-
tion, or subsection—write down the questions
that occur to you, Many people find it helpful
to make a written outline of the unit as they
study, or at least to write down the most
important ideas.

7. As you study, relate the information
in the training course to the knowledge you
already have. When you read about a process,
a skill, or a situation, try to see how this
information ties in with your own past ex-
perience,

8. When you have finished studying a unit,
take time out to see what you have learned.
Look back over your notes and questions,
Maybe some of your questions have been an-
swered, but perhaps you still have some that
are not answered. Without looking at the train-
ing course, write down the main ideas that you
have gotten from studying this unit. Don’t
just quote the book. If you can’t give these
ideas in your own words, the chances are that
you have not really mastered the information.

9. Use Enlisted Correspondence Courses
whenever you can, The correspondence ccurses
are based on Navy Training Courses or on
other appropriate texts. As mentioned before,

completion of amandatory Navy Training Course
can be accomplished by passing an Enlisted
Correspondence Course based on the Navy
Training Course. You will probably find it
helpful to take other correspondence courses,
as well as those based on mandatory training
courses. Taking a correspondence course
helps you to master the information given in
the training course, and also helps you see how
much you have learned.

10, Think of your future as you study Navy
Training Courses. You are working for ad-
vancement to third class or second class right
now, but someday you will be working toward
higher rates. Anything extra that you can learn
now will help you both now and later.

SOURCES OF INFORMATION

One of the most useful things you can learn
about a subject is how to find out more about
it. No single publication can give you all the
information you need to perform the duties of
your rating., You should learn where to look
for accurate, authoritative, up-to-date infor-
mation on all subjects related to the military
requirements for advancement and the pro-
fessional qualifications of your rating,

Some of the publications described here
are subject to change or revision from time
to time--some at regular intervals, others
as the need arises. When using any publica-
tion that is subject to change or revision, be
sure that you have the latest edition. When
using any publication that is kept current by
means of changes, be sure you have a copy in
which all official changes have been made.
Studying canceled or obsolete information will
not help you to do your work or to advance in
rating; it is likely to be a waste of time, and
may even be seriously misleading.

This training manual covers only the basic
principles of machine operation and control
panel wiring, for EAM dataprocessing machines,
and basic languages, components and functions,
for programming and operation of an electronic
data processing system (EDPS). While the in-
formation contained herein will give you a
working knowledge of the equipment and pro-
cedures discussed, it does not cover every
aspect and feature of any particular type of
component or system. It is recommended that,
in order to broaden your knowledge of the
particular device or devices you are working
with, you obtain and study the appropriate
manufacturer’s technical manuals. These man-
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uals contain detailed information concerning
machine operation, including information on
optional and special devices with which ma-
chines may be equipped.

Each different type of data processing in-
stallation where Machine Accountants are as-
signed has a different set of operating procedures
and - guidelines, For example, Personnel
Accounting Machine Installations adhere to the
Instructions for the Naval Manpower Informa-
tion System, NavPers 15,642, part II. Data
processing in Naval hospitals conforms with
instructions contained in the Data Processing
Management Handbook, NavMed P-5069. Sim-
ilarly, data processing at other types of ac-
tivities is guided and controlled by applicable
manuals and instructions. It is important that
you obtain and study the appropriate publications
pertaining to the type of work your installation
performs.

TRAINING FILMS

Training films available to naval personnel
are a valuable source of supplementary in-
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formation on many technical subjects. A se-
lected list of training films that may be useful
to you is given in appendix I of this training
course. Other films that may be of interest
are listed in the United States Nayy Film
Catalog, NavWeps 10-1-777. This catalog,
published 'in 1966, supersedes three earlier
publications: the former catalog with the same
title but numbered NP 10000-A; the Supplement,
NavWeps 10-1-772; and the Navy Classified
Film Catalog, NP 10001-A,

When selecting a film, note its date of issue
listed in the film catalog.

As you know, procedures sometimes change
rapidly. Thus some films become obsolete
rapidly, If a film is obsolete only in part, it
may still have sections that are useful, but it
is important to note procedures that have
changed, If there is any doubt, verify current
procedures by looking them up in the appro-
priate official publication or manufacturer’s
manual.



CHAPTER 2

AUTOMATIC DATA PROCESSING

To know all there is to know about automatic
data processing equipment and systems is
virtually impossible and certainly beyond the
scope of this course, Automatic data processing
encompasses all operations from the collection
of raw data to the final preparation of a mean-
ingful report. Data processing systems, re-
gardless of size, type, or basic use, share
certain common fundamental concepts and prin-
ciples, To present a logical association of
these concepts andprinciples, the subject matter
in this chapter has been generalized. This
generalization has also been prompted by the
fact that you, as a Machine Accountant, in addi-
tion to knowing the functions and capabilities of
the equipment within your own installation,
should have a working knowledge of equipment
used in other naval installations to which you
may be assigned.

Automatic data processing, as we think of it
today, normally conveys an image of flashing
lights on a computer control panel and the
spinning of reels of tape as they convert moun-
tains of facts and figures into understandable
terms and language. Facts needed to make deci-
sions, solve formulas and equations make
analyses and diagnoses are all part of the ex-
pected by-product and end result of data pro-
cessing,

Development of the modern electronic com-
puter cannot be clearly traced to one, or even a
few individuals. Its origins stem from the
efforts of literally hundreds of men, including
engineers, economists, and mathematicians,
From human appendages to knotted strings; from
symbols and numbers to the birth of mathe-
matics and record keeping; from the ancient
abacus to the slide rule and thence to mechani-
cal calculators and comptometers; from punched
cards and electrically powered business
machines to the electronic computer; all these
developments have phenomenally accelerated
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men’s computational ability, Today, hundreds
of business firms, governmental agencies, and
the military services are automatically pro-
cessing data more effectively and more eco-
nomically than ever before possible.

THE REVOLUTION IN RECORD
KEEPING

No one can be certain when counting began,
for even ancient man used his fingers and toes
to indicate numbers. Down through the centuries,
as the science of mathematics was developed,
symbols and numbers dispensed with the job of
counting things over and over each time, one by
one, At the same time, the development of
record keeping relieved man’s burden of keeping
everything in his head.

Pencil and Paper Accounting

As long as businesses were small and com-
munications slow, the bookkeeper took every
accounting entry and laboriously updated it,
manually entering figures and reaching true
balances of business standings. After about
1900, as businesses grew, the books became
more complex and the lone bookkeeper could
not cope with accounting problems on a manual
basis. Since manual data processing was slow
and vulnerable to human error, the trend from
the earliest stages has been towardthe replace-
ment of human efforts with mechanized tools.

Key-driven Accounting

The ancestor of today’s calculator was a
set of numbered rods invented by John Napier
in the 17th century, They were called ‘‘Napier’s
Bones,”” and simplified multiplication. In 1642,
Blaise Pascal’s ‘‘toothed-wheel’’ adding device,
the first calculating machine, had the additional
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49.176

Figure 2-1.—Automatic data processing.

ability to subtract. Refinements to this have
resulted in the open market stylus calculators
of today. Gottfried Wilhelm, Baron von Leib-
nitz next invented the first mechanical calcu-
lator which could accurately perform the four
arithmetic operations by simply turning its
handle in a clockwise or reverse direction.
In due time, these rudimentary devices were
improved upon and with the advent of the Bur-
roughs simple adding and listing machine in
1890, the age of key-driven accounting rapidly
advanced.  However, all key-driven devices
are operated manually, not automatically. As
a result, both their speed and accuracy are
limited by the operator’s manual proficiency
at manipulating the keyboard.

12

Punched Card Accounting

To meet the need for more efficient equip-
ment, the makers of business machines revised
an old tool for handling paperwork—the punched
card, Joseph Jacquard, a French engineer,
used it over 200 years ago to operate a loom
in a textile mill. A chain of stiff punched cards,
held together by strings, was rotated past
needles of the loom. As the cards advanced,
the needles which matched the holes in the
cards were able to pierce the cards to form
a pattern in the woven cloth., This came to be
known as the Jacquard Loom,

The punched card idea disappeared until the
later 1800s when Dr. Herman Hollerith adapted
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Figure 2-3.—Pencil and paper - accounting. Figure 2-4.—Key driven accounting,

1642: PASCAL'S CALCULATING MACHINE. OPERATED
BY TURNING WHEELS. THE RESULT APPEARS AT
SIGHT HOLES ABOVE, AS IN TODAY'S MACHINES.
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AN ORIGI‘NAL CALCULATING MACHINE
BUILT BY LIEBNITZ IN ABOUT 1694.
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‘ Figure 2-5.~Advancement of calculating devices.
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Figure 2-6.—Punched card accounting.

the theory to a smaller, more convenient card
in which information could be punched. This
was probably the most profound advance in data
processing, for it introduced a system which
employed for the first time the concept of
mechanically stored information. By 1900,
Hollerith had developed an automatic electric

sorting machine, a semiautomatic tabulator,
and a keypunch machine, These were fore-
runners of our present electric punched card
data processing equipment which can automati-
cally code, sort, store input, perform calcula-
tions, and print output. - Classifying data pre-
paratory to punching, starting and stopping
machines, and moving cards from one machine
in a system to another is the only required
manual control,

Electronic Data Processing

Electronic data processing (EDP) functions
through principles of electronics rather than
those of a mechanical or electro-mechanical
nature, The first attempt to build a computer
largely independent of operator action was in

49.182X

Figure 2-7.~Hollerith’s early model tabulating machine and sorting box.
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: ‘ . : : 49.183X
Figure 2-8,—Electronic data processing. -

England in 1830 by Charles Babbage. Though
the machine was a practical failure due to
the limited technology of that era, the under-
lying ideas are similar to those employed in
today’s computers. In 1944, an electro-
mechanical ‘digital computer, the Mark I, was
completed at Harvard University for the U, S.
Navy and was controlled by electromagnetic
relays. - Between 1942 and 1946, the first truly
electronic computer, ENIAC, (electronic nu-
merical integrator and calculator) was con-

Figure 2~9.—ENIAC, the first all-electronic digital computer.

structed at the University of Pennsylvania and
substituted electronic vacuum tubes for the
electromagnetic relays. During the pastdecade,
the memory sections and processing circuitry
of computers have been replaced with magnetic
cores and transistors. With all the data pro-
cessing functions of today virtually self-
contained within the computer, little, if any,
human intervention is required once the machine
is given instructions.

"PUNCHED CARD ACCOUNTING

With the expansion of the Navy during
World War II, more and more records had to
be maintained, and many additional reports had
to be prepared. Equipped with a pencil, a
typewriter, and an adding machine, clerical
personnel maintained inventories, recorded the
expenditures of supplies and money, accounted
for personnel, and manually prepared many
different kinds of reports.

sembereaesies

Ty

49,184X
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49,185

Figure 2-10.—Punched card record keeping.

Punched card data processing systems were
eventually developed by naval activities to
perform many of these functions, for it was
found that punched card accounting machines
could sort, collate, calculate, tabulate, and
print useful information more quickly and ac-
curately than these tasks could be performedby
hand. ‘

Data Processing by EAM

Despite the vast recent increase in the use
of electronics, certain areas remain in which
the employment of electronic data processing
systems is not practicable. In these areas,
electric accounting machine (EAM) systems
function effectively and provide the answer to
mechanized data handling processes. Systems
which process data entirely from punched cards
are normally referred to as PUNCHED CARD
or EAM DATA PROCESSING SYSTEMS. Elec-~
trically powered machines so designed that
each performs certain processing functions as
directed by externally wired control panels

(except key-driven and most sorting machines)
are classified as ELECTRIC ACCOUNTING
MACHINES (EAM). The optimum use of this
equipment under precise rules of procedure
can minimize clerical operations, standardize
methods, and speed up output of records and
reports. (See page 18.)

The Unit Record

Transferring information from a source
document, such as a Personnel Diary or supply
requisition into cards, produces individual rec-
ords of hundreds and thousands of transactions.
Once holes have been correctly punched into a
card, that card becomes a permanent UNIT
RECORD which may be processed by different
data processing machines without losing any
of ‘its original information. The punched card,
or its equivalent, the unit record, is the basic
unit of punched card accounting and the basis
from which all mechanical data processing
applications evolve, - )

The success of varied formats of punched
cards in meeting the requirements  of small
and large data processing systems has been
phenomenal, as evidenced by .their ever-
increasing importance and widespread use in
feeding information into processing systems,
Those to be discussed have been modified in
many ways to satisfy the needs of diversified

" processing systems.
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The Punched Card.—Cards are of many
and varied designs, but the most common is the
standard 80-column card into which codes can
be punched to indicate numeric digits, alpha-
betic characters, and special characters. De-
pendent upon the type of equipment and instal-
lation, punches will be in the form of either
rectangular or round holes, as evidenced by
figures 2-13 and 2-14. Some cards are de-
signed for less than 80 columns of punching
while others exceed this capacity, Such is the
case with one type of Remington Rand UNIVAC
card, shown in figure 2-13, which permits the
punching of 90 columns of information. This
is due to its horizontal division of two 45
column sections. A recent innovation to the
IBM card is its optional round corner which
permits. easier joggling of cards and their
placement in feed hoppers of machines. The
round corners also aid in the prevention of
cards from becoming dog-eared from constant
use. Electrically powered key punch machines
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49.186X
' Figure 2-11,—Accounting turmoil prior to automatic data processing.

. 49,187
Figure 2-12,—Machine Accountants in typical punched card data processing installations.
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Figure 2-13.—The Remington Rand UNIVAC punched card.
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Figure 2-15.—Creating a punched card with an
IBM port-a-punch,

are normally employed for the initial punching
of information into these types of cards.
Port-A-Punch Card.—This is a card punched
from a portable device at a place remote from
the data processing installation. Examining
figure 2-15 closely, you can see the perforated
punching positions of the card, With the stylus-
like device shown, information may be manually
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Figure 2-16.—An IBM mark sense card, mag-
netic ink and optically character documents.

punched into the card. Cards of this type can
be extremely useful in taking inventories, and a
similar card is used for the Fleetwide examina-
tions.

Mark Sense Card.—Another card upon which
data is recorded manually is the mark sense
card (fig. 2-16). Marks made on the card must
be electrically conductive and therefore necessi-
tate the use of a speciallead witha high graphite
content, This type of card is especially suited
to the recording of quantities and values, Ma-
chines known as reproducers, equipped with
amplifying units to strengthen the electrical
impulses created when the machine senses the

-marks, punch the recorded data into the card.,
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Markings must be accurate, however, and cards
unbent to ease machine processing.

Optical Scanner Card.—Any type of mark
made by ordinary pen or pencil within a desig-
nated area of this card can be read by the
optical scanner through the principle of re-
flected light—a powerful light source and lens
system capable of distinguishing between black
and white patterns. Late model optical charac-
ter readers have the ability to read uppercase
letters, numbers, and certain special characters
from printed paper documents and to introduce
this data directly into a computer. Conse-
quently, transcribing source data into cards is

eliminated, and the time element of entering
data into an electronic data processing system
is decreased.

Magnetic Ink Character Card.—Characters
on this particular card or paper document (for
example, a check) are printed as illustrated
in figure 2-16 with special magnetic ink read-
able by both man and machine, Each magnetic
ink character is read and examined for accep-
table valid character patterns by the Magnetic
Ink Character Reader., The optically scanned
and magnetic ink cards are more widely used
by commercial enterprises than by the Navy,

READING BRUSH

VOIS T SIS I NI SIS T

1. CARDS BEING READ AS THEY PASS BETWEEN A
BRUSH AND AN ELECTRIC CONTACT ROLLER.

- 2, ELECTRICAL CONTACT IS MADE ONLY
WHERE PUNCHED HOLES ARE LOCATED.

3. THE WIRED EXTERNAL CONTROL PANEL
AFFORDS THE FLEX!BLE PROCESSING OF
PUNCHED CARD DATA,

Figure 2-17,—Machine conversion and processing of data.
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These two sensing systems are mscussed more
thoroughly in chapter 13.

Raw Data to Input Data

Coding systems have been devised using
letters, numbers, or both, (although numeric
codes predominate) to 1dent1fy information ap-
pearing in raw form on source documents.
The  proper  application of these codes to the
source document eases the subsequent punching
and handling of card data during machine pro-
cessmg. -

Machme _Convers’ion“‘of Data

Since the card introduces information to the
machines, it may also be considered a conveyor
of data. The holes are READ by the machines
in a fashion similar to the weaving pattern of
the ‘Jacquard Loom; that is, electrical contact
can only be made exactly where punched holes
are located, just as the needles of the Jacquard
Loom pierced the holes of its card onlyat given
spots. The passage of the cards betweenbrushes
and electric contact rollers at specific times
in the cycle of a machine, convert the punched
holes into timed electrical impulses which are
machine processable.

Machine Processing of Data

The reading and conversion of data into
electrical impulses by a machine, together with
a properly wired external control panel, enables

the punched card data to be processed. The
machine receives its instructions from the
control panel which affords processing flexi-~
‘bility and diversity in jobs. The type of machine
used and: the desired end results determine the
type of processing the data undergoes. For
‘instance, the.control panel of an electric ac-
counting machine could tell the machine what
data ‘was to be accumulated and when to print
totals, (See figure 2-17, page 21 )

Machine Output of Data

The results of processing are also in the
form of electrical impulses and these too are
converted into output form. Once again, depen-
dent upon the type of machine used, the output
form may be a machine function, holes punched
into the same or ‘other cards, printed lines of
information, or any combination of these. It

must be remembered, however, that output
capabilities are limited, for most EAM equip-
ment will accept but one file of cards as input
and will produce only one result. There are a
few exceptions, of course, such as a collator,
which will accept two files of cards at the same
time and manipulate these cards into one or
several groups. Another is the alphabetic ac-
counting machine, which, when connected by a
cable from an automatic punch, creates both a
printed report and punched summary cards
during the same operation.

TOOLS OF PUNCHED CARD
ACCOUNTING

How do we explain the word ‘‘tool’”’ with
regard to data processing? Machines differ
from tools, as a tool is heavily depéndent on
the energy and skill of its user, and generally
speaking, machines perform tasks with a mini-
mum of human participation or intervention.

Since some types, however, require the efforts

of skilled operators, they are thought of as
machine tools. Therefore, because the effective

. use of EAM machines is restricted by the level

of human efficiency in operating them, they can
be referred to as the tools of punched card ac-
counting.

Basic Unit Record Equipment

Of all the types of data processing tasks
performed by punched card accounting systems,
three are basic: recording data, classifying or
arranging data, and summarizing data. Com-
mensurate with these tasks are several types
of basic unit record equipment, They are cate-
gorized as such because they are a MUST in

- all EAM systems to carry out the aforementioned
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basic tasks. Figures 2-18 through 2-26, de-
picting punched card equipment, illustrate both
Remington Rand UNIVAC and IBM models that
are comparable to one another in design, pur-
pose, and function.

Card Punches.—The basic method of RE-
CORDING data or converting source data into
punched cards is through keypunching, a method
whereby the operator reads a coded source
document and presses the keys of a keyboard to
punch the data into cards. This operation is
similar to typing and is done on a keypunch,

_often called a card punch. Since various other

machines will act on information supplied by
these punched cards, the transcription of data
into the cards must be accurate.
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DETML ITEM |
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IBM .
26 PRINTING
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UNIVAC ALPHA
~ CARD PUNCH

49.193X

INVOICE

INFORMATION
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COMPARES
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UNIVAC

‘ I1BM
56 CARD VERIFIER CARD VERIFIER -

. 49,5X

Figure 2-19.—Checking the accuracy of the original ke’yipunchir:lg.’

The CARD VERIFIER is used to check the While reading from the source document from
_accuracy of the original keypunching, but since which the data was initially punched a second
there are manual ways of verifying punched operator verifies the punched data by depress-
card data, this machine is not normally con- ing the keys of a verifier.” Each key pressed is
sidered one of the basic unit record machines. automatically compared with the hole already
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I8 UNIVAC
] SORTER

IBM 82 SORTER
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Figure 2-20.—Grouped cards in a defiiiite Sequence,

punched in the card and any difference causes
the machine to stop. .

Sorters.—The end result of punched card
accounting is usually a printed report. Informa-
tion in these reports is invariably grouped
according to some definite sequence or arrange-

GROUP PRINTED REPORT

ment of unit records. Since cards produced by
card punch operators are seldom in any par-
ticular order, this CLASSIFYING or arranging
of cards is performed on a card sorter. Al-
though sorting cards to a particular sequenceis
the major function of .a card sorter, certain

8725/174| 36 | 45 737953

DETAIL PRINTED REPORT

Figure 2-21,—End of the line processing.

892|173 | 862 |62800
1642|456 1123 | 711 147281

L | 1231

IBM 402
ALPHABETICAL ACCOUNTING MACHINE

UNIVAC
ALPHABETICAL TAB
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types of selection of individual cards that re-
quire special attention can alsobe automatically
accomplished.

Accounting Machines.—The basic function of
the accounting machine is the conversion of
punched card data into printed statements and
reports. The ability to print and total or
SUMMARIZE information by classifications of
punched card data, is made possible by its
comparing and selecting techniques and by its
mathematical capability of adding and subtract-
ing. Through the function of DETAIL PRINTING
or LISTING, complete details of individual
transactions can be shown. Of equal importance
is the function of GROUP PRINTING, which
permits the summarization, identification, and
printing of totals for groups of cards. As the
accounting machine prints a report, accumu-
lated totals can also be punched into a card or
cards in a reproducing machine. This operation
of punching one card to represent the total of a
particular group of cardsisknownas SUMMARY
PUNCHING and requires additional control panel
wiring plus the connecting of a cable from the
reproducer to the accounting machine.

Because all equipment in an EAM card
system prepares cards for end-of-the-line pro-
cessing in the accounting machine, the latter

is considered the heart of a punched card data
processing system. The name tabulator, which
is sometimes shortened to tab, is synonymous
with accounting machine,

Auxiliary Unit Record Equipment .

In addition to the three basic types of ma-
chines found in any normal installation, machines
in other categories have been developed to per-
form data processing needs of an auxiliary
nature. These machines speed processing
functions and lessen human effort but are NOT
always essential for a system’s output,

Interpreters.—The interpreter translates the
punched holes into printed information on the
face of the card thereby increasing the use of
the card as a documentary recording medium.
Normally, interpretation appears at the. top of
the card, but some interpreters can print in-
formation on any of 25 designated lines. .Al-
though skilled operators can translate punched
information into correct digits and characters,
interpretation is required when visual refer-
ence must be made to punched card data files,

— «
] .
SUMMARY REPORT
CARD :
(PUNCHED TOTALS) (| DETAIL | '
! OTALS PRINTED {.
CARDS TOTALS |,

i |IBM 407 UNIVAC ALPHABETICAL TABULATOR
18M 514 REPRODUCER ACCOUNTING MACHINE WITH SUMMARY CARD PUNCH !

Figure 2-22,—Summary punching grouped informatmn. o i 49.1_94X
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UNIVAC INTERPRETER

IBM 557
ALPHABETIC
INTERPRETER

Figure 2-23.—Translating punched holes into printed information. 49,20:,29);

Reproducers.—When information is recorded
in the form of holes in a card, all or part of the
information is sometimes desired in another
set of like cards. In preference to manually
rekeying information into new cards on the
keypunch, maximum efficiency can be achieved
in the copying of one unit record to another
card through the use of the reproducer or
document originating machine. This process
of punching any or all of the information from
one set of cards into another is known as
REPRODUCING. Other primary functions of
automatic reproducers are: GANG PUNCHING,
the operation of punching information from a
single master card into detail cards; SUMMARY
PUNCHING, the punching of total cards with
amounts accumulated in the accounting machine
and MARK SENSING, the automatic transmis-
sion of pencil marks into punched holes.

Collators.—Development of the basic unit
record equipment for EAM systems was prin-
cipally for speed and accuracy. However, jobs
performed by these machines are sometimes
overlapped by those that others can do, adding
the advantages of versatility and convenience of
interspersed operations to auxiliary equipment,
Sometimes data required for printing operations

49,195

Figure 2-24.—Referencing interpreted
information in a punched card file. .
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IBM 514 REPRODUCING PUNCH

Figure 2-25.—Automatic reproducing and gang punching,

on the accounting machine must be obtained
from two or more card files, This MERGING,
or combining two sets of punched cards into
one of a given sequence to satisfy the needs of
the tabulator, could be performed on the sorter
but for quicker and more accurate results, the
collator is generally used. Peak workloads
and periods of machine breakdown will also
affect this overlapping of jobs between basic
and. auxiliary machines, Additional collator
functions include MATCHING, which is checking
the agreement between two sets of cards; SE-
QUENCE CHECKING cards of an ascending or
descending sequence and various types of CARD
SELECTION.

Electronic Unit Record Equipment

There are certain properties common to
electronic computing equipment such as mag-

217

UNIVAC MULTI-CONTROL
REPRODUCING PUNCH

49.35X

netic core storage, resistors, and solid-state
circuitry that are not associated with electro-
mechanical equipment. Also, the internal stor-
age of programmed computer instructions is in
direct contrast to the wired external control
panels of EAM equipment. This capacity to
store instructions intérnally is the most dis-
tinguishing feature of electronic dataprocessing
equipment. '

UNIVAC 1004 Card Processor.—One example
of electronic computing equipment which has
characteristics of both EAM and EDP, and is
now being utilized within punched card EAM
systems, is the Univac 1004 card processor.
This equipment eliminates. intermediate
processing operations by consolidating into a
single unit, three data processing functions: card
reading, arithmetic processing, and printing—at
speeds never before associated with tabulating

/
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Figure‘ 2-26.~Filing machipes that arrange cards for subsequent operations.
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Figure 2-27.—~The UNIVAC solid-state electronic 1004 card processor.
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, 49,197X
Figure 2-28.—Data processing by computer.

installations. Punched card output is available
through the inclusion of a cable connected card
punch to the card processor.

The 1004 is a solid-state electronic machine,
which means that it conveys and controls elec-
trons within solid materials such as transistors
and magnetic cores. Magnetic core storage is
provided for input and output data and the results
of mathematical computations, but NOT for the
storage of programmed instructions. Though
more complex than EAM equipment, it is under
the control of a series of instructions wiredon a
control panel and, therefore, is considered
punched card equipment. You will, however, find
the 1004 used with magnetic tape input and output
and as card and printer peripherals of large
computer processing systems, '

ELECTRONIC DATA PROCESSING

The trend in recent years has been toward
the use of electronic dataprocessing equipment,

COMPUTERS PROCESS LARGE
MASSES OF INFORMATION IN

"PAYROLL RECORD
HEeE B

LEDGER Sl oy

gilt

ORDER TO PRODUCE MEANING-
FUL REPORTS AND RECORDS. paY

Figure 2-29,—Functions of electronic data processing systems.
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especially in those areas where huge volumes
of data must be processed as rapidly as pos-
sible. This equipment enables an organization
to expedite its data handling processes in the
most economical manner, and yet provide for
speed, accuracy, and flexibility in the production
of results.

When we speak of electronic data process-
ing, we are thinking in terms of the computer
and its many components as related to INPUT,
PROCESSING, and OUTPUT functions. There
are many different types of computers and com-
puter devices with various data handling capa-
bilities. They are classified generally as com-
puters, electronic data prccessing machines
(EDPM), electronic data processing systems
(EDPS), and data processing systems (DPS).

Py T
R

220 pga ¥ Wiwarr
By

Regardless of what they are called, bear in
mind that they have these characteristics: they
process data automatically and at electronic
speeds.

Data Processing by EDP

In certain respects, electronic dataprocess-
ing is similar to the unit record system in that
punched cards may be used as input, and printed
reports or punched cards may be produced as
output. The unique difference lies in the manner
of processing the data and the electronic equip-
ment used in its processing applications. Where-
as the unit record system required the physical
movement of cards from one machine to

49.199

Figure 2-30.—Machine Accountants in naval electronic data processing installations.
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another, the electronic system permits many
processing functions to be performed in one
operation., (See fig. 2-31). This is made pos-
sible through the use of several interconnected
devices which, working together, can receive,
process, and produce data in one operation
without human intervention. These devices
constitute an electronic data processing sys-
tem.,

The operations of preparing source docu-
ments, punching cards from source documents,
and (for a punched card EDPS) sorting punched
cards, are accomplished by the same methods
used in the unit record system. However,
systems using magnetic tape for input generally
have punched card data transcribed onto the
tape, and it in turn is sorted into a sequence
acceptable for processing by the computer.
Once information has been entered into the
system, all classification, identification and
arithmetic operations are performed automati-
cally in one or several processing routines.,
This is accomplished by a set of written instruc-
tions called a PROGRAM which, when recorded
onto punched cards or magnetic tape andfed into
the system, controls operations automatically
from start to finish,

Information used as input to an electronic
data processing system may be recorded on
punched cards, paper tape, magnetic tape, or
magnetic ink or optically read documents, de-
pending upon the system requirements. Simi-
larly, output may be in the same forms with the
addition of printed reports, again depending
upon the system.

The Electronic Brain

The computer has earned for itself the
reputation of an electronic brain, but this is a
gross misunderstanding and exaggeration. Com-
puters can accept data at the rate of thousands
of digits per second (millisecond), perform
arithmetic computations in millionths of a
second (microsecond), and print results by so
many characters per second. But in spite of
its remarkable achievements, the computer can
only do what it is told by human beings, We
might say that the computer is comparable to
the human brain to the extent that it has the
ability to  accept, remember, and send out
information given it.

Unlike the human brain,
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Figure 2-32.—Examples of EDP input media,

it is incapable of creative thought. It is a com-
plicated mechanism made up of basic elements
that imitate certain functions of the human brain,
It surpasses the human brain in the speed and
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Figure 2-33.—IBM system/360 model 40 computer system.,

reliability with which it performs the functions
of which it is capable, and it is notable among
machines for both speed and flexibility.

What Is a Computer?

Simple in its makeup, the computer consists
of an input section which introduces data into
the system. Once interpreted, the information
is sent to a control section where it is further
directed according to programmed instructions.
As specified, the data is sent to storage or
memory, a high-speed device able to read in
and read out data inafewmillionths of a second.
Data in storage can be used over and over, or
can be used only once and replaced. If the com-~
puter is so instructed, the data can be directed

34

to the processor or arithmetic section. It is
here that the computer really computes; adding,
subtracting, and comparing numbers. The or-
ganized results are transferable to an output
section for the creation of records and reports,
or to produce new media for further processing
needs,

What Makes It Work? .

The calculating mechanism of the computer
has electronic circuit devices, whose speed of
response is less than a billionth of a second
(nanosecond). When data is written in a code
acceptable to the computer and fed into it,
electric impulses flow through the solid-state
electronic circuitry in a pattern which causes
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Figure 2-34.—Some of the essentials in making a computer work,
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'Figure 2-35.—The adding machine and the computer.
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MODEL

IBM 2401
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Figure 2-36.—EDP input units.

the transistors to switch the signals, count
certain impulses flowing through, or direct
their flow according to programmed commands.
Other factors which add to and form the basis
for fast data manipulation are: (1) Memory
units made up of magnetic cores, which are
tiny rings consisting predominantly of ferrite,
a magnetic material that is easily magnetized
and remains so indefinitely after the magnetizing
force has been removed; (2) Magnetic storage
devices such as tapes, disks, and drums, upon
which data is encoded by means of magnetic
spots and (3), the binary mode of representing
data, a two-value system which can represent
alphabetic or numeric information by combining
ones and zeros in various ways.

How Does It Work?

To answer this question, suppose we compare
the simple adding machine to its larger counter-
part—the electronic computer.

Input.—We use the term INPUT to describe
the act of introducing data into a system. Since
the keyboard is used to feed data into the adding
machine, we can call it an INPUT DEVICE. The
SOURCE MEDIA, or documents from which in-

322
RCA PAPER TAPE READER
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49.205X

formation is obtained, could have been an in-
voice, pay record, or supply requisition. Unlike
the adding machine, wherein data is introduced
directly through the keyboard from the source
media, a computer system necessitates the con-
version of data onto a type of medium that will
lend itself to automatic processing prior to its
being read into the system. Therefore, INPUT
DATA, is data that has been recorded from a
source medium onto a type of INPUT MEDIUM
acceptable to a system. Computer input devices
read data from their prescribed media, and
translate that data into electronic impulses for
transmittal into the computer. Input devices,
among others, could consist of high-speed card
readers, paper tape readers, or magnetic tape
units,

Processing.—Racks, gears, counting wheels,
and so forth are used by the adding machine to
compute the data fed into it., The CENTRAL
PROCESSOR is the computing center of the
electronic data processing system and is made
up of three major units: control, arithmetic,
and memory.

The CONTROL UNIT automatically directs
the step-by-step operation of the entire system,
including the operation of input and output de-
vices as well as the selection, interpretation,



MACHINE ACCOUNTANT 3 & 2

MG e
e

=
o

o

49.206X

49.207X
Figure 2-38.—Typical control panels of computer consoles.
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49.208X

Figure 2-39,—Monitoring and communicating with the central processor.

and execution of instructions from memory.
Areas of the adding machine keyboard that
contain buttons (plus, minus, total, and others)
used by its operator to exercise control over
the machine, might be likened to the control
panel of the computer CONSOLE. The console
itself provides external control over the entire
system, for through it, the operator can monitor
the central processor and maintain manual
control over all operations. Remember, the
computer does not rely on the operator to feed
it data and initiate its every command; the
control panel and electric typewriter (provided
by some systems) of the console simply permit
human beings to communicate with the various
units that make up a total computer system,

Looking closely at the adding machine mech-
anism, you will find a set of racks used to turn
the counting wheels and cause the arithmetic
functions to be performed. Likewise, the
ARITHMETIC UNIT of the computer performs
arithmetic operations of adding, subtracting,
multiplying, and dividing. Through its logical
ability, it can also test various conditions en-
countered during processing and take action
called for by the results.

Because the counting wheels store the results
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of arithmetic operations until changed or totaled,
they might be thought of as the memory unit of
the adding machine. However, the MEMORY
UNIT of a data processing system differs in
that it can be used to store data and/or pro-
grammed instructions for an indefinite period
of time,

Output.—We define OUTPUT as data that
has been processed or the act of extracting
such data from the central processor. Results
of the adding machine’s calculations are printed
by its OUTPUT DEVICE, a printer, onto a
listed tape or inserted document. The basic
function of a computer output device is to
receive, convert and record output data onto
its particular medium. The most commonly
used output devices are card punches, magnetic
tape units, paper tape punches, and printers;
their output media being punched cards, coded
magnetic spots on magnetic tape, punched paper
tape, and printed reports.

What Are Its Tools?

Components or tools of a computer system

are categorized as either hardware or software.

Hardware includes all the mechanical, electri-
cal, electronic, and magnetic devices within a
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Figure 2-40,—Control and arithmetic-logical sections.
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computer system, Software consists of the
automatic programming techniques developed
for the most efficient use of the hardware and
is usually supplied by the manufacturer of
particular systems. :

Hardware.-—-Computer hardware falls into
two categories, peripheral equipment and the
central processor. PERIPHERAL EQUIPMENT
includes all input and output devices associated
with specific recording media such as, a card
reader and punch with punched cards, or mag-
netic tape units with magnetic tape. This
peripheral equipment can operate ON-LINE,
under direct control of the central processor
(see fig. 2-42) or OFF-LINE, independently of
the central processor. (See fig. 2-43.)

During on-line operations, data canbe trans-
ferred to and from peripheral devices and the
central processor via CONTROL UNITS. These
units may be free-standing, or built into either
the central processor or the peripheral device,
and receive their signals or instructions from
the stored program.

In off-line or AUXILIARY operations, the
input and output devices are used in conjunction
with other peripheral devices not directly con-
nected to the system. Since input output data

conversion operations are relatively slow com-

pared to the speed of the central processing
unit, off-line operations free the computer of
time-consuming procedures and provide more

time for the computing and processing of data

by the central processor. For example, a
system’s output data could be written on mag-
netic tape and in an off-line operation, con-
verted to some other record form while the
computer continues processing new data.
Software.—This consists primarily of gen~
eral purpose programs that are common to
many computer installations. Included among
them would be assemblers and compilers which
~aid in' producing machine language routines
- from a relative or nonmachine language source,
plus sort, control, and other utility programs.

Card Oriented System

A system whereby information is fed into
its input unit only by means of cards with its
output also in the form of cards and/or printed
reports, is commonly referred to as a CARD
SYSTEM. These systems are usually relatively
small, especially in their memory capacity and
other storage facilities. Input data must be
prearranged before being fed into the system
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but can remain in its memory unit until the
programmed instructions call for its release,
or replace it with new information.(Seepage 44.)

Tape Oriented 'System

Systems whose source of input data is from
almost any medium, but essentially from per-
forated paper or magnetic tape, are referred
to as TAPE SYSTEMS. Because these systems
are large and complex, they demand more
processing ability, and therefore require faster
input media than the much slower punched card
input. In addition to larger memory capacities
and other storage facilities, input and output
devices may vary as to the type of media used
and consist of several or many in number.

Real Time Processing System

‘“‘How fast?’’ has been the factor of primary
importance in computer operations. Recently,
however, ‘‘How far?’’ has become significant,
To move data from distant locations with the
same relative speed with which it is processed
is of growing importance, for where it is needed,
is in many cases, far from where it originates.
To move data between locations around the
country, computer information under the REAL
TIME PROCESSING TECHNIQUE is now being
transmitted over telephone, telegraph, andtele-
type lines. These fast communication systems
between a central computer and hundreds of
remote points are eliminating the old problems
oftime and distance, which until now, had a direct
bearing on computer applications, (Seepage45.)

REAL TIME COMPUTER SYSTEMS can
store enormous masses of information and act
upon any item within thousandths of a second.
Data is received and transmitted between loca-
tions at remote points, and priorities are auto-
matically assigned to different operations.to
ensure that action and response is in proportion
to the urgency of the need. Through the sys-
tem’s input devices, data is entered into the
system and acted upon at the time of occur-
rence. The need for original source documents
is being eliminated, and due to its communica-
tion facilities, centralized control of decentral-
ized operations is now possible over areas of
thousands of miles.

The scope of data processing performed by
Machine Accountants has greatly expanded and
become extremely diversified since the estab-
lishment of our rating in 1948, Models and
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Figure 2-43.--Off-line data conversion operations,

types of data processing equipment employed You may at present be serving a tour of
by the Navy today, vary in size, dimension, and duty in an installation using some of the afore-
performance. mentioned machines and devices. Subsequent
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Figure 2-44,—Card and tape oriented systems.

orders may place you in a naval activity where
a knowledge of EAM equipment is all that will
be required, such as a naval training center or
naval station tabulating machine unit (TMU),
or filling a billet in a stock control system
aboard ship. You might find yourself in a

shipboard management maintenance program

" billet operating the UNIVAC 1004 card pro-
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cessor or filling any number of billets within
a fleet PAMI, a statistical or guided missile
unit, or in a supply, security, communication,
or personnel research activity. In any of these
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Figure 2—45.-4Remote communication linkage affords real time processing.

you may, with a reasonable amount of on-the-
job training, be expected to operate and program
some of the more complex computer systems of
today. Once you learn and understand the funda-
mental concepts and principles of automatic
data processing as presented here and in the
detailed chapters to follow, you will recognize

45

49,214

the similarities of the data processing systems
of various manufacturers.

The pictorial summaries which follow this
chapter are designed for review, as are the
glossaries of terms, following this and all

other chapters.
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- RELATED FACTS TREATED AS

A UNIT, RECORDED ON INPUT
MEDIA ACCEPTABLE TO A
DATA PROCESSING SYSTEM.

YOUR NATIONAL BANK
Naw Vo v Ytae! 1, 10 5E

UNIT RECORDS

£0210=098 722 20084 2670w Iﬂ%!lﬂﬂﬂﬁod§ﬁ7ﬂf

A MACHINE WHICH ALLOWS AN
OPERATOR TO PUNCH DATA
INTO CARDS FOR CONVEYANCE
INTO OTHER MACHINES OR
DEVICES. SYNONOMOUS WITH

CARD PUNCH :
: KEYPUNCH.

CHECKS. ORIGINAL PUNCHING
OF DATA IN CARDS FOR
TRANSCRIPTION ERRORS.
CARD VERIFIER

SELECTS OR ARRANGES B
PUNCHED CARD UNIT RECORDS

CARD SORTERS IN° A DESIRED SEQUENCE.
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ACCOUNTING
MACHINE

INTERPRETER

REPRODUCER

COLLATOR

1004 CARD
PROCESSOR
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PERFORMS END OF THE LINE
PROCESSING OF PUNCHED
CARDS THROUGH ITS ABILITY
TO ADD, SUBTRACT, AND
PRINT REPORTS. SYNONYMOUS
WITH TAB AND TABULATOR.

READS, INTERPRETS, AND
PRINTS PUNCHED CARD DATA
ON THE FACE OF A CARD.

USED PRIMARILY TO CREATE
NEW FILES BY REPRODUCING
ALL OR PORTIONS OF DATA
FROM ONE UNIT RECORD TO
ANOTHER, OR ADDING NEW
INFORMATION TO EXISTING
FILES.:

A FILING MACHINE USED TO
ARRANGE OR SELECT CARDS
FOR SUBSEQUENT OPERATIONS.

A SOLID-STATE ELECTRONIC
PROCESSING MACHINE WITH AN
EXTERNAL CONTROL PANEL,
INCORPORATING CARD READ-
ING, ARITHMETIC PROCESS-
ING, AND PRINTING FUNCTIONS.
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CENTRAL
PROCESSING
UNIT

- SYSTEM CONTROL
UNITS

CONSOLE

CARD READ
PUNCH

MAGNETIC TAPE
UNIT
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THAT PORTION OF A COM-
PUTER EXCLUSIVE OF
PERIPHERAL EQUIPMENT
THAT CONTAINS THE MAIN
STORAGE, ARITHMETIC-LOGIC
UNITS, AND CONTROL SEC-
TION. SYNONOMOUS WITH
CPU.

USED PRIMARILY TO CONTROL
ALL OPERATIONS INCLUDING
iNPUT AND OUTPUT FUNC-
TIONS.

PROVIDES EXTERNAL CON-
TROL OF A DATA PROCESSING
SYSTEM. USED MAINLY TO
DETERMINE THE STATUS OF
CIRCUITS, COUNTERS, PANEL
REGISTERS, AND CONTENTS
OF STORAGE.

AN INPUT AND OUTPUT DEVICE
THAT READS AND CONVERTS
PUNCHED CARD DATA FOR
TRANSFERENCE INTO STOR-
AGE OR ONTO MAGNETIC
TAPE; TRANSFERENCE FROM
STORAGE OR MAGNETIC TAPE
TO PUNCHED CARDS; CAN BE
INDIVIDUAL UN!TS.

INPUT AND OUTPUT DEVICE
CAPABLE OF READING AND
WRITING INFORMATION
(REPRESENTED BY MAGNETIC
SPOTS) ON AND FROM
MAGNETIC TAPE.
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PAPER TAPE
READER AND
PUNCH

HI-SPEED
PRINTER

DISK STORAGE

DRUM STORAGE
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INPUT AND OUTPUT DEVICES
WHICH CAN SENSE AND PUNCH
THE HOLE PATTERNS OF PAPER
TAPE, COULD BE A COMBINED
UNIT.

A PRINTER OUTPUT DEVICE
WHICH OPERATES AT A SPEED
COMPATIBLE WITH THE SPEED
OF COMPUTER COMPUTATION
AND PROCESSING, ENABLING
IT TO OPERATE ON-LINE IF
NECESSARY.

A STORAGE DEVICE IN
ADDITION TO MAIN STORAGE OF
THE CPU WHEREIN DATA IS
RECORDED BY MAGNETIC
SPOTS ON THE SURFACE OF
FLAT CIRCULAR MAGNETIC
DISKS.

A STORAGE DEVICE IN
ADDITION TO MAIN STORAGE OF
THE CPU WHEREIN DATA IS
RECORDED BY MAGNETIC
SPOTS ON BANDS OR CHANNELS
OF A ROTATING CYLINDER.
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ARITHMETIC UNIT~—That portion of computer
hardware in which arithmetic and 10g1ca1

. operations are performed.

AUTOMATIC DATA PROCESSING (ADP)-Data

" processing performed by a system of elec-
tronic devices or electrical machines inter-
connected and interacting to reduce human
assistance or intervention. ,

AUTOMATION~The theory, art, or techmque
_of processing data automatmally

BINARY MODE~A computer system of data
representation; a two value system in which
decimal digits are represented by a pattern
of ones and zeros.

CARD SYSTEM—A computer system which uti-
lizes only punched cards as its input medium.

CODE—A system of abbreviations used in pre-
paring information for input into a machine;
a system of symbols for representing data

or instructions in a computer.

COMPUTER—A device capable of accepting
information, applying prescribed processes
to the information, and supplying the results
of these processes in a usable form,

CONTROL PANEL~A removable interconnec-
tion device employing wires to control opera-
tions of a punch card machine; on computers,
it is used primarily to control input and
output functions,

DATA—Denotes any or all facts; numbers,
letters, or symbols that refer to or describe
information which can be processed or pro-
duced by a machine or computer.

DATA PROCESSING~—The preparation of source
media which contain data, and the handling
of such data according to precise rules of
machine or computer procedures for the
production of records and reports.

ELECTRIC ACCOUNTING MACHINES (EAM)~
Conventional punch card machine (PCM),
most of which receive their processing
instructions through an externally wired
control panel; synonymous with tabulating
equipment.

ELECTRONIC DATA PROCESSING (EDP)—Pro-~
cessing performed largely by equipment
using electronic circuitry for storing and
manipulating data.

ELECTRONIC DATA PROCESSING SYSTEM
(EDPS)—An interacting assembly of methods,
procedures and electronic equipment that
perform a complex series of data processing
operations.

HARDWARE-The physical equipment or de-
vices that comprise a computer system,
including its peripheral equipment' con-
trasted with software.

IBM—International Business - Machines, An
International Business Machmes Corpora-
tion trademark. o

INPUT—Information or  data recorded on a

“ ' proper “medium - for transference into a
machine or storage of a computer for
processing; the act of introducing data into
a system.

INPUT DEVICE—A dev1ce designed to transfer
data from its particular recording medium
into a computer for processmg, e.g., a card
reader.

MACHINE LANGUAGE—A representation of ma-
chine sensible information common to a
related.group of data processing machines
and devices.

MAIN STORAGE—Usually the internal or fastest
storage device of a computer and one from
which instructions are executed; synonymous
with memory unit.

MICROSECOND—A millionth of a second.

MILLESECOND-—A thousandth of a second.

NANOSECOND~A billionth of a second.

OUTPUT—Data that has been processed; the
process of transferring data from amachine
or storage of a computer.,

OUTPUT DEVICE—A device designed to re-
ceive processed data from a computer,
convert and record it on to its particular
recording medium; e.g., card punch.

PERIPHERAL EQUIPMENT-—Devices which
may or may not be under the control of the
central computer; synonymous with hard-
ware and on-line or off-line equipment de-
pending upon computer design and process-
ing needs.

PROGRAM—A plan for the solution of a prob-
lem; a complete sequence of machine in-
structions and routines to be executed by
the computer in solving a given problem.

PROGRAMMER~—A person who plans and pre-
pares the sequence of events a computer
must follow to solvé a problem; e.g., proce-
dures, flow charts, and normally the writing
of coded instructions.

RAW DATA~—Data which hasnotbeenprocessed;
may or may not be in machine-sensible
form. (A form readable by a specific ma-
chine or device.)
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READ~The sensing of information contained in
some source; the conversion.of punched
holes into electrical impulses; to transcribe
data from input devices or from one form
of storage to another. ‘

REAL TIME—Computer systems designed to
keep pace with‘‘live’’ operations, accept data
directly without manual conversion, process
these data and establish relationships among
data of disparate types. Further, they pro-
duce data, on demand or as a result of pro-
grammed logic, to men and/or machinesina
timely and digestible form.

SOFTWARE—Professionally prepared pro-
grams and routines ordinarily supplied by
computer manufacturers to simplify pro-
gramming and computer operations,

SOLID-STATE~—Electronic components that

convey or control electrons  within solid
materials; e.g., transistors, magnetic cores.

SOURCE DOCUMENT-The original document
on which are recorded details of transac-
tions; documents from which data is ex-
tracted. '
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STORAGE—The computer’s filing system that
can be internal; that is, a part of the com-
puter itself such as drums, disks, and cores.
Or, it can be external such as paper tape,
magnetic tape, or punched cards. ‘

TAPE SYSTEM—A computer system whose
input medium is usually perforated paper,
or magnetic tape.

TRANSISTOR~A tiny electronic device which
performs the same function as a tube, but
whose current travels through solid mate-
rials, hence the term solid-state.

UNIVAC—A name meaning Universal Automatic
Computer; a Sperry Rand Corporationtrade-
mark,

UPDATE~To process current changes to a
master file by adding, deleting, and modify-
ing its information.

VERIFY—To check the accuracy of atranscrib-
ing operation; usually applies to transcrip-
tions which can be read mechanically or
electrically.



CHAPTER 3

PUNCHED CARD ACCOUNTING

In the census of 1880, data for each person
were handwritten on large cards. The cards
were then hand-sorted by classifications and
manually tallied over and over to produce facts.
This cumbersome task was costly and provided
no means for checking accuracy. Seven and
one-half years were required for the final com-
pilation of census figures.

During the latter part of the 1880 census,
Dr. Herman Hollerith was engaged by the United
States Government to devise a faster method for
processing the 1890 census. He worked out a
mechanical system of recording, compiling, and
tabulating census facts. The operating basis of
this system was long strips of paper into which
were punched census data in a planned pattern,
so that each hole in a specific location meant a
specific thing. This new system increased the
accuracy of results and reduced the cost and
time in preparing the census. Data were avail-
able in 2 1/2 years.

For the ease of handling and durability,
these paper strips eventually were replaced by
cards of a standard size and shape. Following
the purchase of Hollerith’s Tabulating Machine
Company in the early 1900s by the International
Business Machine Corporation, further modifi-
cations to the card resulted in the one we now
recognize as the 80-column card.

THE PUNCHED CARD

The punched card is one of the most success-
ful media for the exchange of information be-
tween machines.  To be capable of this, the
card stock must be of a controlled quality in
order to meet the rigorous requirements for
strength and stability. Strict compliance with
these specifications by manufacturers ensures
the accuracy of results, the proper operation of
machines, and the continued use of the punched
information.
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The standard punched card is 7 3/8inchesin
length, 3 1/4 inches in width, and .007 inches
thick. Cards often contain a corner cut, usually
at the top left or right corner of the card. These
corner cuts are normally used to identify a type
of card visually, or to ensure that allcards in a
group are-facing the same. direction and are
right side up.

The card is divided into 80 vertical columns,
called card columns. These are numbered 1 to
80 from left to right. Each column is then
divided into 12 punching positions whichform 12
horizontal ROWS across the card. The punch-
ing positions are designated from the top to the
bottom of the card by 12, 11 (often referred to
as X), 0, 1, 2,3,4,5,6, 7, 8 and 8. (See col.
8 'of fig. 3-1.) The 0 through 9 punching posi-
tions correspond to the numbers printed on the
standard stock card. The 12 and 11 punching
positions normally are not printed on the card,
as this area is generally reserved for printed
headings or for  interpreting punched in-
formation.

Since one or moré punches in a column
represent a character, the number of columns
used depends on the amount of data to be
punched. If a record requires more than 80
columns to hold its data, two or more cards
may be used. However, continuity between
cards of one record must be established by
punching identifying information in a particular
column of each card.

The top edge of the card is known as the
‘€12’ EDGE, and the bottom edge as.the ¢¢9”’
EDGE. The manner in which cards are placed
in machines is governed by their respective
feeding requirements. Therefore, cards are
fed either 12 edge first or 9 edge first, and
either FACE UP, which means the printed side
of the card is facing up, or FACE DOWN,
meaning the opposite. Cards are read and
punched by machines either row by row (digit
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Figﬁre 3-1.—Card punching codes.

by digit), or column by column. Figure 3-2
illustrates how cards pass the punching mech-~
anism of card punches column by column, First,
column 1 is punched, followed by column 2, and
so forth., Since only one column at a time is
covered by the punching mechanism, which is
capable of punching any of the 12 positions or
combinations thereof, it is referred to as
SERIAL punching. The same figure also shows
how cards fed either 12 or 9 edge first, are
actually fed on a digit by digit basis, resulting
in all like digits being punched at the same
time. This is due to the fact that this type of

. punching mechanism (e.g. IBM 514 reproducing
punch) is equipped with 80 punch dies or mag-
nets, one for each card column. Thus, if fed
12 edge first, all 12’s, then 11’s, and so on are
punched as the card moves forward, or all 9’s,
8’s, and so on through 12’s are punched if fed 9
edge first. This is PARALLEL punching.

Card Language -

The standard card language, commonly re-
ferred to as the Hollerith code, uses the 12
punching positions of a vertical column to repre-
sent numeric, alphabetic, or special character
punching, These 12 positions are divided into
two areas known as numeric and zone. The

first nine punching positions from the bottom
edge of the card are the NUMERIC or DIGIT
positions of 9 through 1. The remaining 0, 11,
and 12 are the ZONE positions. (The 0 is used
interchangeably to represent a zone punch or
numeric punch.)

- Numeric.—Rows 0 through 9 are used to
store the 10 decimal digits and are repre-
sented by a single punch in a particular column,
For example, a single punch in the 0 zone
position would represent an assigned numeric
value of zero.

Alphabetic.—To accommodate any of the 26
letters in one column, a combination of a zone
and digit punch (under-punch) is used. ' The
alphabet is divided into three groups and each
group is identified with one of the three upper-
most rows, or zones. The first nine letters

-of the alphabet, A through I, use a 12 zone
punch and a numeric punch of 1 through 9,
respectively. The 12 punch indicates that the
character in: that column lies in the first group
of nine letters of the alphabet. A punch in
any of the 1 through 9 rows of the same column
specifies which letter of thenine is represented.
(Thus 12 and 1 represent A, 12 and 2 represent
B, etc.) The second group of nine letters, J
through R, use the 11 zone punch and a numeric
punch 1 through 9, respectively. (Thus lland 1
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PUNCH MECHANISM
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Figure 3-2.—Punching the card.

represent J, 11 and 2 represent K, etc.) Since
only eight letters are left for the 0 zone, letters
S through Z are represented by the 0zone punch
and a numeric punch 2 through 9, respectively,
Examining figure 3-1, you will see that the 0-1
combination represents a special character.
It should be noted that when the O punchis
combined with a digit under-punch to represent
an alphabetic character, it is then considered
a zone punch,

Special Characters.—These characters pro-
vide printed symbols, cause certain machine
operations to occur, and identify various cards.
Standard special characters consist of one, two,
or three punches in a card column but differ
from the configurations used to represent nu-
meric or alphabetic characters. The 11 stand-
ard special characters are shown in figure 3-1.

What the Punched Hole Will Do
- Information recorded as punched holes in

specific- locations on - standard size cards is
converted into.-the electrical (or electronic)
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language of the processing equipment through
which it is fed. The arrowhead of figure 3-3
lists - the various capabilities of the punched
hole. However, to do any of these, data must
be punched according to standard arrangements.

Card Fields,—Specific columns on the card,
called FIELDS, are grouped and reserved for
facts relative to each transaction. For example,
a card would have one field assigned for
punching name, another for punching service
number, another for punching rate abbreviation,
and so on, The number of adjacent columns
reserved for a field is dependent upon the
MAXIMUM number of characters, or numbers,
of each item appearing on the source document
that is to be punched. Thus, a field could con-
sist of from 1 to 80 card columns, Without
this grouping of information into fields, clas-
sifying, comparing, and other machine process-
ing functions would be severely hampered and
in most cases, impossible. (See fig. 3-4.)

Field Positions.—From right to left, the
positions in each field are known as the units
position, tens position, hundreds position, and
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WHAT THE
PUNCHED HOLE WiLL DO
It will add itself to something else.
It will subtract itself from something else.
It will multiply itself by something else.

13j4 41 42143 34 45 46 47 48 49 50

It will divide itself into something else.
It will list itself.

It will reproduce itself.

It will classify itself.

O NO WU A WN ~

1t will select itself.

It will print itself on the IBM card.

10 It will produce an automatic balance forward.
11 1t will file itself.

12 It will post itself.

13 It will reproduce and print itself on the end
of a card.

o

“ 14 1t will be punched from a pencil mark on the
card. k

15 1t will cause a total to be printed.
16 - 1t will compare itself to something else.

17 1t will cause a form to feed to a predeter-
mined position, or to be ejected automatically,
or to space from one position to another.

vFigure 3-3.—Capabilities of the punched hole.
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so.on. The extreme right position of a field
is also called the LOW ORDER position, and
the extreme left position is the HIGH ORDER
position. -When punching numerical fields, the
punching is from left to. right, with the units
position of the number punched in the low
order position of the field., If the number to
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be punched is shorter than the columns allowed
in the field, zeros may be added to the left of
the number to complete the field, Punching
of alphabetic fields starts in the high order
position and continues until the :last letter- is
punched. Unused columns of the field are
left blank. ~



MACHINE ACCOUNTANT 3 & 2

Types of Cards As a general rule, they consist of detail and
» : master cards keypunched from a source docu-

Generally speaking, cards are categorized ment, such as a Personnel Diary.
by their manner of preparation: 2. DUAL cards are punched from data re-
1. TRANSCRIPT cards are punched from corded on the card itself. Thus, they serve
data previously recorded on another document, I the dual purpose of both source document and
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Figure 3-4.—Card fields facilitate machine processing.
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processing medium, permitting the only auto-
matic means of sorting original documents.

3. MARK-SENSE cards are those punched
automatically from graphite markings discussed
under examples of unit records in chapter 2.

4, OUTPUT cards are machine created as
a result of processing and could include sum-
mary cards, new detail cards, or updated files.
These cards undergo additional processing or
replace outdated cards in a file.

5. SPECIAL cards are those that enable on-
the-spot punching of data, such as the IBM
port-a-punch card, also discussed in the pre-
vious chapter.

Patterns of Card Design

Variously designed cards reflect the wide
variety of applications of punched cardaccount-
ing. Seldom do different installations use
identical card forms., Designing cards will
normally be of little concern to you at your
present rating level. However, being familar
with some of the patterns of card design will
further your understanding of punched card
applications., Figure 3-5 depicts a standard
multiple card layout form used in designing
one or more cards. This is especially helpful
in aligning information common to more than
one card,

Determination of Data.—Following are some
of the factors considered when deciding what
data should be recorded in the card, and where
it should be placed to meet contemplated pro-
cedures:

1. Requirements for the final preparation
of finished reports are of utmost importance.
All information to be listed must be included
in the card, unless it is to be calculated,
emitted, or summarized.

2. The sources of original information are
examined for desired data. Sometimes, other
data must be substituted, a different type of
card used, or certain available data (though not
presently needed) included in the card for
future planning. .

3. Once data requirements have been de-
cided, the principle of alignment is considered.
Machine processing requires a consistent
arrangement of data in cards.
of information, therefore, are placed in corre-
sponding columns of all cards. For instance,
if service number is punched in columns 20-26
of all current personnel cards, then service
number is placed in the 'same columns of any

Common types -
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new card. This facilitates control panel wiring
and eases sorting and controlling operations
when various cards are used together.

4, Information is punched in the card in the
sequence that it appears on the source docu-
ment. Keypunching is speeded when card fields
are aligned to permit punching in unison with
the left to right or top to bottom reading of a
document,

5. Each field of a card is assigned a method
of punching (keypunched, duplicated, summary
punched, gangpunched, or calculated) so that all
like punching operations can be grouped together.
This simplifies wiring, enables operators to take
advantage of various machine characteristics,
and eases other processing techniques.

Types of Information.—All itemsof informa-
tion placed in the card can be classified by any
of the following three types:

1. REFERENCE identifies the original
source document from which it was created,
such as name, date, batch number, or activity
processing code. The size nf a reference field
is determined by the largest single number item
to be recorded. For example, names, can
usually be recorded in 20 columns or less.

2. CLASSIFICATION cross indexes, classi-
fies, or identifies a particular item on the
source document, such as service number, part,
or stock number, and social security number.
Field size is readily established, as a set
number of columns are always required.

3. QUANTITATIVE information consists of
totals punched in the card that are to be added,
subtracted, multiplied, or divided, such as
quantity on hand or unit price. A realistic
assignment of columns for totals can be made
only if the maximum size of expected totals is
known, Total fields are set up to take care of
all but the unusual cases, and these are handled
by punching extra cards for the overflow total.
Assigning too many columns to a total field
results in a waste of card columns, while a
field that is too small requires punching of too
many extra cards for overflow totals.

Information Arrangement

When determining the position of information
on cards by the type of information, considera-
tion is usually given to the following arrange-
ments: reference information is placed to the
left of the card; classification information in the
center; quantitative information to the right of
the card.
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Figure 3-5.—Multiple card layout form.
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To take further advantage of punched card
accounting methods and equipment, other factors
affecting information arrangement are borne in
mind, such as:

1. Grouping fields to be duplicated together
and at the left end of the card.

2. Keeping manually punched fields from
being interspersed amiong duplicated, gang-
punched, reproduced, or summary punched
fields. ,

3. Aligning fields to be skipped (not punched)
in a uniform pattern on all card forms.

4. Placing numerical fields together to speed
keypunching and lessen operator fatigue.

5. Locating fields to be visually checked
near the right or left margin,

6. Restricting the size of fields to the num-
ber of columns absolutely essential for efficient
handling of transactions.

7. Placing control fields adjacent to one
another to simplify wiring and sorting opera-
tions.

Priority Arrangement

~ Though we have discussed various patterns

of card design in a somewhat logical order of
importance, conflicts sometimes arise due to
varying installation requirements. When this
happens, good judgment must be exercised to
resolve matters on a priority basis. The four
major considerations used to decide card data
sequence, in the order of their priority, are
recommended as follows and illustrated in
figure 3-6.

1. The location of information identical or
common to all cards.

2. The sequence of data on source docu-
ments from which it will be punched.

3. The methods of punching and machines to
be used during processing,

4, Types of information and manual card
moperations.

FUNDAMENTALS OF EAM ACCOUNTING

Applying what you have learned about card
language and design to actual accounting prac-
tices through the use of EAM equipment will
provide you with a more complete picture of
punched card accounting,

Basic Principle

The basic principle of punched card ac-
counting is that information, once recorded

in punched cards, may be used time and time
again, Data is punched and verified and may
then be classified (sorted) and summarized to
produce desired results through machine proc-
essing,

Basic Elements

Recording,—Transactions of an installation
involve essential information vital to manage-
ment. In processing data, single transactions
must appear in numerous records, Under the
manual methods of accounting, each time in-
formation is used, it must be copied and
checked. Machine accounting affords mech-
anical and automatic means of recording trans-
actions which enable them to be read and
transcribed by other machines, Recording is
done by keypunching each transaction into a
single card, offering the advantage of pro-
ducing permanent records for automatic proc-
essing. This recording corresponds to a
single entry made manually under other methods
of accounting,. .

To ensure consistency of common data, such
information is often DUPLICATED. This card
punch function allows the operator to punch a
field of common information once in the first
card of a group; henceforth, the card punch
will automatically punch it into the remaining
cards of the group. .

Classifying.~One transaction sometimes af-
fects more than one account, or many trans-
actions will affect but one account. Grouping
these like items of information, or transactions,
as a preliminary step toward report preparation,
is a slow and tedious task when done manually,

Under the punched card accounting system,
the machine solution to this problem of classi-
fying or arranging transactions is the high-
speed sorting machine. This machine groups
cards in numeric or alphabetic sequence ac-
cording to any classification punched in them.
Thus, a fast automatic method is provided to
classify and reclassify transactions for file or
account processing and to facilitate their use
in various reports—reports that use the same

. cards, but each requiring a different sequence
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or grouping of transactions.
Summarizing.—The final step in any account-
ing procedure is the summarization of in-
formation to produce final reports and required
records.  Summarization includes not only
accumulating totals of grouped transactions,
but also the printing of these totals with
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identification data such as names and codes
necessary for their proper interpretation. As
transactions occur and are posted to accounts
during a given period, totals are eventually
taken and manually recorded on printed forms
and documents. : : A
Automatic detail listing and group printing
accounting machines replace the above manual
methods., These machines electrically sense
group changes within series of cards and,

e L) e

Figure 3-6.—Card design analogy.
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49.224 )

as a result, subtotals within a report and
numerical or alphabetical descriptions of the
totals can be printed automatically. Also,
many combinations of totals can be printed,
involving adding, subtracting, and crossfooting
operations, with totals of a given group sub-
divided and distributed horizontally across the
report form. Vertical columnar totals are also
possible. Cards may be re-sorted to various
group arrangements and resummarized by
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Figure 3-7.—Principle of punched card accounting.
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Figure 3-8.—The element of recording.

machine until all necessary totals have been
taken., Because machine functions are flexible,
many types of accounting and analytical reports
can be produced. Figures 3-8 through 3-10
illustrate the above three basic elements of
punched card accounting,

Principles of Coding Data -~

Quite often, information on a source docu-
ment is written in a lengthy descriptive form
and if punched exactly as it appears, would re-
quire several cards per transaction. Coding
systems have been devised to condense this
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information, making better use of the card and
speeding machine processing.

One of your first assignments in a data
processing installation may be that of coding
documents. There are some important points
to remember about any coding job. Codes must
be properly assigned if they are to serve the
purpose for which they are intended. Improper
assignment of codes can result in long hours of
research to determine the correct codes, or if
the bad codes are not detected during screening
operations, erroneous data may be placed in
files or printed in reports. Do not guess when
coding. If you are uncertain about the proper
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Figure 3-9.—The element of classifying.

code to use, refer to a coding table, or ask your
supervisor. You will probably find yourself
referring to a coding table frequently when you
first start coding, but as you become more
familiar with the codes, reference will seldom
be necessary. Watch out for changes to coding
tables. Be sure to adopt the new codes as soon
as they become effective, and discard the codes
they replace. If the data you are coding seem
not to be constructed properly, check with your
supervisor. Remember, coding is an important
job, and any job worthdoing is worth doing right.

Types of Codes.—The selection of the type
of coding system and the assignment of the codes
to data are predicated by the nature of the data
to be -analyzed and the informational needs of
an EAM system. Codes are predominately of a
numerical nature. A good example of this type

of coding is the personnel diary. If a person

were reported on the diary as ‘‘received for
duty,’”’ we could assign a code, such as ‘“200,”
to represent received for duty and punch this
code in the card. If the diary reported a person
“released to inactive duty,” we could assign
and punch a different code. Codes may be
alphabetical, such as using the letters ‘“‘F’’ and
“M’’ to denote sex (versus punching the words
female or male), or they may be alphanumeri-
cal, which is a combination of letters and num-
bers, such as the rate abbreviation of MAl
instead of Machine Accountant First Class.

Construction of Codes.—The ability to pre-
sent related data in report form depends upon
the coding structure used. The simplest is that
of assigning numbers in sequence to items on
a list or in sequence to data in alphabetical
order. (Reports generally reflect the data
designation by name, rather than by code,
although sometimes both are printed.)

More sophisticated methods of code con-
struction take into consideration the relationship

IN PUNCH CARD ACCOUNTING,
TRANSACTIONS ARE AUTOMATICALLY LISTED,
ADDED, SUBTRACTED AND PRINTED AT HIGH
SPEED BY THE ELECTRIC ACCOUNTING MACHINE.

V4

DATA FROM AFIELD OF THE CARD CAN BE
PRINTED IN VARIOUS POSITIONS ON REPORTS

REMITTANCE STATEMENT

49,228
Figure 3-10.—The element of summarizing,
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of data such as ship, aircraft, and activity
classifications, and each segment of the code
is descriptive of the item. For example, in
supply accounting, the Federal Stock Number
of KZ 5340 033 4376 would be deciphered as
follows:

KZ ~ Cognizance symbol. (Inventory
“control point having control of
' this item.)
5340 - Group/Class designation.
53 - Commodity classification. (e.g.,
hand tools,)
40 - Class within a group. (e.g., pow-

ered/nonpowered hand tools.)

033 4376 - FIIN. (Federal Item Identifica-

tion Number.)

Use of Codes.—The assignment of codes to
information serves various purposes:

1. They allow data to be presented in its
most meaningful and useful form,

2. They afford the easiest and most ac-
curate way of expressing the relationship be-
tween items of the same or similar nature.

3. They reduce the amount of card punching
by permitting the more efficient use of card
columns,

4, They enable data processing machines to
arrange, control, and process data faster by
acting upon the code, rather than the longer
data designation.

Principles of Punched Card Processing

The flow of data in an EAM installation re-
volves around the performance of certain job
steps. Each of these steps usually requires a
different type of machine to do the job. The
number of steps required depends upon the
particular processing application involved.

The major steps in these processing appli-
cations are input, process, control, and output.
Input consists of all source information neces-
say for rendering specified final documents,
Processing entails the manipulation of source
information to provide records from which the
final results can be prepared. Controlnecessi~
tates the use of appropriate procedures and
checkpoints to ensure the proper performance
of all jobs, and that the results obtained are in
accordance with prescribed standards. Output
is generally produced after all processing has
been completed and is occasiohally produced
as a byproduct of, or in conjunction with, a
function performed during a processing
routine. ‘
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Input.—One of the most common sources of
input in EAM data processing is a source
document from which information is punched
man