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CHAPTER 1

The Need for Punched Card Data Processing

Punched card data processing is the profession in which data is processed
and reports are prepared by the use of punched cards on equipment designed
to read holes punched in the cards.

The purpose of punched card data processing is to transcribe data from
source documents into a punched card form and to process the data into
reports suitable for management consumption. This sounds quite simple. In
fact, data can be processed into reports manually; so why use machines? To
answer this, let us explore the reasons for having punched card data processing.

The Clerical Worker Shortage Problem
During the forty-year period 1919-1955, there was a 700%, increase in the
number of clerical workers in the United States. This increase of white collar
(office) workers was four times the rate of blue collar (factory) personnel.
It is estimated that if this rate of growth in clerical personnél continues to
the year 2050, there will not be enough people in - the labor force to process
the clerical work load. o
The clerical worker shortage problem is not the only reason for the existence-
of punched card data processing. Other reasons are:
Increased volume of data.
Accuracy and control.
Economy.
Improved Report Schedules.
Engineering and Scientific Applications.

increased Volume of Data

Assuming that there were a sufficient number of workers to process the
growing volume of data, it still would not be practical on a manual basis.
There is a limit as to how much volume of work may be divided and how"
many people can participate without causing undue delays or excessive errors.
The processing of data usually requires repetitive operations to be performed on
one document after another with a few variations depending upon variations
shown on the source data. For example, in computing the payroll dollars
for each employe, a clerk would multiply the number of hours worked times
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the man’s hourly pay rate. A variation might be encountered if an employee
worked the second shift. In this case a bonus would be added to the base
rate before the extension is made.

If a clerk or a group of clerks were making extensions such as this all
day the work would become quite monotonous and the chance of an extension
error or a failure to notice that an employe had worked a second shift would
increase. As the number of variations increases, the possibility of error in-
creases. On small volumes, humans can exercise sufficient care to minimize
errors, but as the volume grows the practicality of the operation breaks down
because of the inherent characteristic of humans to become bored with repe-
titious work.

This type of work is a natural for machines. A machine can be depended
upon to react exactly the same time after time to a given set of conditions. The
machine dces not think, it just performs according to the instructions given
to it bv the operator. In our previous example, the clerk might overlook the
fact that an emplove had worked the second shift and failed to add the bonus,
but the machine would not do this. It would doggedly and stupidly eat its way
through the data and each time a second shift employe appeared the machine
would automatically detect it and add the bonus before making the extension.
The human being has a mind and makes a decision each time he performs an
action. Because he is not a machine, he will not always make the same decision
under the same set of conditions. The free will of the human mind is certainly
an advantage that mankind has over all other creatures, but in the drudgery
task of plodding through reams of paper it is a disadvantage. Man realizes this
and has invented machines to do the drudgery tasks for him. After all, why
should man who has the ability to think, to analyze, to make decisions, do
mechanical operations that can be performed by a lower type intelligence?

Accuracy and Conirol

Accuracy cannot be overemphasized. Errors add to the confusion. The vol-
ume of data to be processed plus the shortage of people to process it is a serious
enough situation, but intermingle erroneous data with good data and chaos
results. Human beings make mistakes; no one is perfect. The more the human
element can be removed from the processing of data the more accurate the
results will be.

Punched card machines have a high degree of accuracy. Of course, the
human element is still involved but to a more limited degree. Errors still occur,
but in a much lesser degree. As machines become more automatic (machines

. running machines), the human element is decreased and accuracy is perfected.

Control is essential to a machine operation. The machines do not think;
consequently, if conditions are not under control they will not detect it as
might be the case under manual svstems.

It is customary to send source documents to the data processing department
with adding machine tapes of the critical fields attached. For instance, payroll
clock cards would have tapes attached with totals of the straight-time hours,
overtime hours and double-time hours.

Punched cards are prepared from the source documents and balanced back
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to the control tapes. These control figures are entered in a control book and
from that point forward all reports must balance to these figures.

Note that the control of the source documents rests in the responsible de-
partment, and the responsibility of the data processing department is to
process the volume of data and issue reports which balance to the predeter-
mined control totals. Likewise, the reports issued by the data processing de-
partment will not be any more accurate than the source documents it receives.

One disadvantage of punched card machines is that they process incorrect
data just as fast as correct data. Even obvious errors which would easily be
detected by humans will go unnoticed by the machine as it doggedly does the
job exactly as it has been told to do it, perceiving nothing else.

Great care should be exercised in auditing source documents for accuracy
before they are introduced into a machine system.

Economy

For many years, economy was one of the big selling points for punched card
equipment; however, in recent years it has not been stressed nearly as much.
In former years the machines were simpler and were mainly used on high
volume, low complexity type jobs. The rental was considerably less and the
machines were used primarily on jobs where a maximum number of clerical
workers would be saved. As business became more complex and factors other
than economy became paramount, the machines were engineered to perform
more complex operations. This had the effect of increasing the cost of the
equipment but it also increased its flexibility. The machines could now be
used on a wider variety of applications, thereby gaining some of the other
advantages of mechanization such as accuracy, control, and speed.

As machines became more complex, the science of punched card data
processing became more technical. More capable people were required to
mechanize the systems and operate the equipment. More capable people
demand higher salaries which further de-emphasizes the economy factor.

AVERAGE HOURLY EARNINGS BY YEAR

YEAR 1902 | 1919 | 1929 | 1939 | 1949 | 1953 | 1956 | 1960
AVERAGE .
HOURLY || 193 | 477 | 566 | 33 | 1401 | 177 | 198 | 2.35 |
EARNINGS _

Figure 1—Average Hourly Earnings by Year (Handbook of Labor Statistics)

Another phenomenon was occurring during the period when the cost of
punched card departments was on the rise. This was the increase in labor
rates. See Figure 1. Labor rates increased faster than machine rentals, con-
sequently the displacement of personnél accounted for a larger savings to the
company.

There was a time when labor was cheap. It was not costly to check and
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. doublecheck data, and it was more economical to hire people than to buy or
_ rent equipment. As the price of labor rose and labor problems became more
acute, this philosophy became less practical.

Today labor is a major cost factor to be reckoned with in every business,
and even the highest-priced hardware can be shown to compete effectively
on appropriate applications. It is quite common for the existence of punched
.card departments to be questioned by skeptical executives. Consequently,
practically every punched card department has to prove its value to the com-
pany periodically. Unfortunately, the most common basis that the skeptic
uses is dollars and cents. Therefore, all other benefits are ignored, and charts
are prepared showing what it would cost to do the work manually compared
to the cost of the punched card method. Usually substantial savings are shown
and the department is allowed. to go along its merry way until another skeptic
Pops up-

Economy has always been a reason for having punched card equipment, and
it still is. However, it is no longer stressed to the same degree by the man-
ufacturers in their sales approach, for they realize that the principal value to
a company having punched card equipment is not in the savings of clerical
personnel but rather in the other benefits which are derived from mech-
anization. ] :

The manufacturers of equipment realized that every company, especially
the smaller ones, could not afford and did not need the high-speed, high-
flexibility, high-priced machines. Consequently, in 1959, IBM introduced a
new line called the Type 5050 (Fifty-Fifty) series, which duplicates their
regular line except that speed is reduced (approximately one-half) and
rental is greatly reduced. Remington-Rand also introduced a similar line of
equipment.

With these new lines it is p0551ble (at 1962 rentals) to have a “basic”
punched card department starting at about $300 per month rental, less than
the pay of one clerk. This basic installation would be very limited in speed,
machine capacity, and flexibility. It can probably be utilized best by small
companies with one or two problem applications. For instance, a distributing
company might use it for billing, sales analysis and inventory control. It is
anticipated that this new “economy” line will promote almost universal utiliza-
tion of punched card equipment throughout business and industry.

There are other types of economy which are realized because of the control
inherent in punched card methods, but they are hard to measure. An example
of this would be in 1nventory control. By accuracy, control and speed in
processing orders, inventories can often be reduced considerably. This reduc-
tion can represent a savings which would dwarf any personnel savings that
might result from the mechanization of the inventory control application. By
a reduction in inventory, capital savings can be realized on stock, floor space
and handling expense, all of which cost money that can be freed to be used
elsewhere.

The dollar sign has always been important and it probably always will be
- important. Companies are in business to make a profit, and profit is measured
in money. It is apparent that machines must be able to justify their existence
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on the basis of economy in the future as in the past, in addition to prov1d1ng'
more and better services to their masters.

Better Report Schedules

One of the predominant forces at play in our day-to-day lives is speed.
Everything is done in a hurry. People run hither and yon, each intent on
accomphshmg his task with the utmost speed. Nevertheless, most foreign’
countries do not operate at the same frenzied pace as does the United States.
Medical authorities warn us that this is not good for us. The human body is
neglected and abused. Frequent heart attacks among the comparatively young,
high blood pressure and ulcers bear out the truth of the medical warnings.

Be it good or bad, this seems to be our way of life. It is not our purpdse
here to condemn or condone it, but rather to show its influence on punched
card data processing. The blistering pace exists ‘not only with people, it also
exists with data. Executives who drive themselves expect immediate answers
to their questions. They make split-second decisions all day long, and facts
are required upon which to base these decisions. An executive who does not
have the facts is operating under a serious handicap. Facts include the day-to-
day happenings of a business. They are recorded on the various documents
which flow through the company; they tell what the company is doing.

At one time, the emphasis was on production. It seemed that anything that
could be produced could be sold. The problem was to produce enough, but
gradually the supply of almost everything from soup to nuts caught up with
the demand. Competition became prevalent and the weaker companies were
forced out of existence. Keen competition placed even greater demand upon
executives to get the facts and get them quicker. Decisions made without
adequate facts are risky and decisions made too late are useless. Therefore,
faster reporting systems were demanded. The feedback of the company opera-
tion to management had to be stepped up. ‘

The addition of clerical workers can speed up most reporting systems to a
degree, providing the work can be distributed efficiently. The addition of
more clerical workers presented other problems which we have aIready dis-
cussed. Even if more clerical employes can be added, there is still a limit
to the speed at which a manual reporting system will operate. -

Punched card equipment has helped to solve the problem. Most of the
‘machines operate at fantastic speeds, consequently reports for management
can be produced on a timely basis. A common example of this is a factory
efficiency report. This report is intended to report the labor expended on
each job and the standard hours applicable. By adivision operation, the
percentage of efficiency of each section can be ascertained. This type of report
is most practical on a dally basis; the report for the preceding day should be
on the factory manager’s desk at 8:00 a.m. each morming. In this way he can
analyze the previous day’s activities and spot trouble areas. The activities are
still fresh in everyone’s minds, so that discussions can be held intelligently and
the excuse, “I don’t remember,” just isn’t valid. This reporting speed is com-
mon. It can be easily accomplished by a second shift operation in the punched
card department. Second shift and even third shift operations are.not unusual,
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because they have several advantages. One of these is, of course, faster report-
ing. Another is economy. IBM charges 50% of the primary shift rental for
equipment used on another shift. Therefore, it is usually more economical to
add another shift than to rent more equipment when the work load becomes
too great for existing equipment.

Stepped-up reporting coupled with increasing volumes of data have certainly
given impetus to the rapid rise of punched card data processing.

The last reason given for the existence of punched card data processing is
certainly not the least, but was listed last because it envelopes a complete field
in itself and will not be made a part of this book. It refers to the engineering
and scientific requirements. )

It is sufficient for our purposes here to point out that the huge punched
card and computer departments which appear as an integral part of almost
every scientific and engineering organization in the country stand as a dynamic
tribute to the impact these fields have made on our subject.

In summary, the principal reasons for having punched card data processing
have been stated as being: ’

The Clerical Worker Shortage.
Increasing Volume of Data

Accuracy and Control

Economy

Better Report Schedules

Engineering and Scientific Applications

End of Chapter Questions

What is punched card data processing? :
What is the purpose of punched card data processing? -
What are the solutions to the clerical worker shortage problem?
Define the term integrated data processing.
What effect does automation have on systems?
What are some reasons, other than the clerical worker shortage, for the
existence of punched card data processing? ‘
7. How do the reactions of a machine to large volumes of data compare with
those of a human?
8. What can be removed from the processing of data to make the results
more accurate? ' ’
9. What is the first responsibility of the data processing department?
*10.. Will punched card equipment correct erroneous data appearing on source
documents?
11. What factors have caused an increase in the cost of punched card equip-
ment?
12. What have equipment manufacturers done to bring punched card data
processing within the economic sphere of small companies?
13. What has been the effect of rising labor costs on mechanization?
14. What equipment rental policies make extra shift operations attractive?
- What effect does extra shift work have.on schedules?

S YUk



CHAPTER 2

History of Punched Card Data Processing

One of the major solutions to the paperwork problem has been the use of
punched card equipment and the refinement of systems to adapt them to
punched cards. This did not occur in a revolutionary manner; in fact, it has
developed very slowly. Again the reason has been overemphasis of mechani-
zation in the factory. Management just was not interested in devoting time and
money to the paperwork problem. But they cannot be blamed too much: it is
psychologically” easier to spend money to make money rather than to spend
money to save money.

Early Uses of Punched éard Equipment

The use of punched card equipment for data processing dates back to the
year 1887. It was in that year that Dr. Herman Hollerith, a statistician em-
ployed by the United States Government, developed the first statistical machine
operating on the principle of holes punched in cards.®

This was not the first device to employ punched cards to activate a machine,
but it was the first one developed to record, compile and tabulate data.

The first successful machine to operate from punched cards was a textile
loom invented in 1801 by a Frenchman named Joseph Marie Jacquard. This
“loom was capable of weaving beautiful intricate designs into cloth according
to instructions given it by punched cards. The machine was not accepted at
first; in fact, in Lyons, where Jacquard attempted to introduce it into general
use, he was mobbed and his loom bumed. Jacquard, not easily discouraged, -
managed to gain the interest of Napoleon. With the support of the govern-
ment the loom soon became a tremendous success and, in 1840, a monument
was erected to Jacquard on the exact spot where his first loom had been
burned. This benevolence on the part of the people of Lyons is largely attribiit-
able to the prosperity that the Jacquard loom brought to Lyons. The French
government was so grateful to Jacquard for his invention that it granted h1m a
pension for life, and he was made chevalier of the Legion of Honor.

It would seem that the success of this first punched card machine and the
. *In actuality, the first machine employ ed a piece 'of paper with holes punched according

to a code similar to a player piano roll. However this was scon found to be 1mpractlca1
and a standard-sized card was developed.

13
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financial independence enjoyed by its inventor would have inspired the inven-
tion of punched card machines for other purposes. Such was not the case.

There was one attempt made by Professor Charles Babbage, English mathe-
matician and scientific mechanician at Cambridge University. In 1882, he
conceived the idea of a new type calculator {not by punched cards) which
he called a “difference machine.” Through the recommendation of the Royal
Society he received a grant from the British government to work on his machine.
After eight years’ work, the eccentric genius abandoned the idea of the
“difference machine” and turned his attention to a much more complicated
“analytical engine” based on the punched card principle and patterned after
the Jacquard loom. This switch alarmed the government, and it withdrew its
support, thereby dooming the project to failure. Like so many others in history,
Charles Babbage had the misfortune to be born 100 years ahead of his time.
He was constantly plagued in trying to adapt his twentieth century ideas to the
nineteenth century machines, materials and techniques. Babbage’s “analytical
engine,” of which he made over 200 engineering drawings, would have
operated very s1mllar to today’s electronic computers with stored programs
and punched card input and output.

It-was not until 1887, 86 years after the fabulous success of the Jacquard
loom, that another successful punched card machine was developed. The com-
pilation of the United States Census had grown into a monumental task, and
it was obvious that the 1890 census could not be processed under existing
systems. Dr. Herman Hollerith, who was working on the census, became in-
terested in the problem and started inventing a machine. By 1887, he had
developed a machine, very crude by today’s standards, designed to record,
compile and tabulate census data by the use of a punched paper tape. As a
result of Dr. Hollerith’s invention, the 1890 census was completed in one-
fourth the time required for the 1880 census.

Development of Punched Card Equipment Companies

Dr. Hollerith organized the Tabulating Machine Company in 1896 to de-
velop his machines for commercial sales. Railroads were among the first cus-
tomers using the machine for compilation of freight statistics.

In the meantime, S. N. North, director of the Bureau of the Census, was still
not completely satisfied, and desired better equipment to use in the 1910
census. Consequently, he selected James Powers, a little-known statistical engi-
neer who had displayed some originality in ideas for processing masses of
statistical data to develop a new system. Powers shrewdly obtained agreement
to retain his right to patent any machine which he might develop.

In 1908, Powers patented his first punching machine. It was capable of
punching a 20-column card and employed two previously unknown principles
of operatlon which are still used on Powers’ machines. These two principles
are “simultaneous punching” and “metal to metal contact.”

In “simultaneous punching,” the operator keys in all of the. information to be
punched in the card, and then presses a key to cause all of the punching to
be done sunultaneously This permits the operator to correct an error before
the card is punched, a process not possible under the serial-punching prin-
ciple whereby a column is punched each time a key is depressed.
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“Metal to metal contact” is the positive contact of the punch dies with the
stud which provides a high degree of accuracy in registration. These two
principles of operation were so successful that as late as 1954 both were still
being employed in all punching machines built by Remington-Rand.

These developments of Powers so pleased North that he had 300 punches,
related sorters and tabulators installed for the 1910 census. The success of
these machines encouraged Powers to start the Powers Accounting Machine
Co. in 1911. William Lasher, Sr., was employed as design engineer and later
assumed control of the company when Powers’ health failed.

IBM Organization Formed

In the same year, 1911, the 15-year-old Tabulating Machme Co. orgamzed
by Dr. Herman Hollerith merged with the International Time Recording Co.
of New York, and the Dayton Scale Co. The new company was called the
Computing-Tabulating-Recording Co. In 1914, this company managed to
attract a highly successful executive named Thomas J. Watson to manage the
company. Ten years later, in 1924, the name of the company was changed to
International Business Machines Corp.

In the meantime, a selling company called the Accounting and Tabulatmg
Machine Corp. was organized to distribute the products of the Powers Ac-
counting Machine Co. internationally. In 1913, a set of Powers machines was
successfully demonstrated in Europe, and sales agencies were established imme-
diately in several countries. Among these was the Accounting and Tabulating
Corp. of Great Britain, Ltd

One of the early users of Powers machines in Great Britain was the Pruden-
tial Assurance Co. Not wishing to become dependent upon a factory.in Amer-
ica, the company purchased the patent, manufacturing and marketing rights of
Powers machines in the British Empire. Thus, on January 1, 1919, the Account-
ing and Tabulating Corp. of Great Britain (forerunner of Power-Samas) sep-
arated from the Powers line (forerunner of Remington-Rand). The two com-
panies wisely agreed to maintain a reciprocal exchange of patents and technical
information. 7 :

During this same period another sales agency was operating in France to
distribute Powers machines. This company was-called SAMAS, the abbreviation
for the company’s full name, Societe Anonyme des Machines a Statistiques, In
1929, the French and British companies consolidated, becoming thé Powers-
Samas Accounting Machines, Ltd. In 1945, the Prudential Assurance Co. sold
to Morgan, Grenfell and Co., Ltd., and Vickers, Ltd. In 1955, Powers-Samas
became a wholly owned subsidiary of Vickers, Ltd. In 1958, the Powers-Samas
Accounting Machine, Ltd., and the British Tabulating Machine Co. merged and -
organized the International Computers ‘and Tabulators, Ltd. The Samas.
Punched Card Division of Underwood Corp. is the sales agency for this line
of equipment in the United States and Canada.

Meanwhile, the American side of the Powers line merged with several other
office supply companies in 1927 to form the Remington Rand Co. In 1955,
Remington Rand merged with Sperry Gyroscope to form the Sperry-Rand
Corp. The punched card equipment is marketed through the Remington Rand
Univac Division of the Sperry-Rand Corp.
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Over 100 years have now passed since Charles Babbage dreamed of an
“analytical engine,” and in 1944 another professor, Howard Aiken of Harvard,
developed the automatic computer. In 1943, the Army became interested in
computers and awarded a development contract to the University of Pennsyl-
vania. Dr. John Mauchly, who had become interested in the possibilities of
electronic computers for compiling weather data, and J. Presper Eckert, chief
project engineer, completed an electronic digital computer in 1945. It was
called the ENIAC (Electrical-Numerical Integrator and Computer). The
ENIAC was delivered to the Army Ordnance at the Aberdeen Proving Ground,
where it is still in operation.

In 1946, Eckert and Dr. Mauchly resigned from the University of Pennsyl-
vania and set up their own company, which was purchased in 1950 by Reming-
ton Rand. Prior to this, in 1946, Remington Rand used a staff of engineers who
had been involved in a guided missile project during the war to do research on
electronic computers. They produced the “UNIVAC,” which is probably the
best known electronic computer to the general public.

In 1943, International Business Machines, the descendant of the Hollerith
line, sold the Dayton Scale Division to the Hobart Manufacturing Co. In 1933,
it acquired Electromatic Typewriters, Inc. In 1949, the IBM World Trade
Corp. was organized as a wholly owned subsidiary to handle foreign business.
Under Watson’s wise leadership, the company’s products spread to seventy-nine
countries. Twenty-three manufacturing plants are located in 15 countries. Sales
offices are maintained in virtually every principal city of the world. In 1958,
the total income of IBM passed the one billion dollar mark. Thomas J. Watson
placed tremendous emphasis on engineering and sales and, as a result, IBM
became so powerful in the punched card equipment field that the U.S. Gov-
ernment began to eye it as a monopoly. The company was threatened by anti-
trust suits. Thomas J. Watson, Jr., who took over the helm upon retirement of
his father, wisely took actions to avoid being prosecuted. The IBM Service
Bureau Division was split off and made a wholly owned subsidiary of TBM
called the Service Bureau Corp. Service bureaus throughout the country were
physically detached from the IBM office and moved into separate quarters,
- where they set up their. own management and began to operate as separate
businesses. '

Other companies were encouraged and even assisted by IBM in entering
into competition with them. This was especially true in the manufacturing of
c‘ards, control panels and wires.

IBM also sold the Time Recorder Division in 1959 to Simplex, in order that
it might devote even more attention to the engineering of more and better
pusiched card equipment and computers.

Great Growth Recorded by IBM

The gross inccme .of TBM doubled every five years from 1940 to 1955. In
1955 it was not anticipated. that it would be possible to double by 1960, be-
cause the .income in 1955 had reached $560 million. Obviously, the larger
income becomes, the mwé difficult-it is to double. But IBM was not deterred
. py this mathems’~  phenomena, 2::d its income skyrocketed over the one
hiliion dollar - not five years; but three years.
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With the record of IBM, it is little wonder that the name of Thomas J.
Watson is legendary in the punched card field. A powerful executive with high
moral standards and positive aggressiveness, he made the IBM trademark
“THINK” famous throughout the world. By constant emphasis on the engi-
neering of a better product and a dignified, positive approach in sales, he
placed IBM in the envious position of several months’, even years’, backlog on
orders. Waiting periods of six months have been, and still are, common from
the time an order is received until the machine is delivered to the customer.
During World War II, waiting periods of one, two and even three years were
sometimes quoted, and some companies without any kind of defense priority
just could not get a machine. This constant backlog cbviously places IBM in
a very favorable condition in its production plants. It would seem that the
quotation of a long lead time would dampen their sales; however, this has not
had any noticeable effect. Customers seem to be willing to wait to get IBM
equipment, and the company has captured the lion’s share of the conventional
punched card equipment market.

Computers

IBM entered the electronic computer field all the way. The result was the
IBM Type 701 electronic computer, which was a leader in large-scale elec-
tronic computers produced in quantity on a production line. IBM certainly
had a great deal in its favor when electronic computers became popular. Its
huge engineering staff was already highly skilled in the use of electronics and
the development of punched card equipment. Electronic computers followed
as a natural progression.

It is interesting to note that the advent of computers brought many new
companies into the field. A good example is the Electrodata Division of Con-
solidated Electrodynamics Corp., which was organized in 1952. It grew from
30 to 300 employes in two years, when it was sold to Burroughs Corp. and
expanded to 1800 employes by 1958. The Burroughs line of electronic comput-
ers, with the Type 205 and 220 in the foreground, now ranks in the top three
with UNIVAC and IBM in computer sales. Other compdnies such-as Min-
neapolis-Honeywell, General Electric, National Cash Register, Bendix, Philco,
RCA, Royal McBee, Monroe Calculating Co., — are also involved in the engi-
neering and production of electronic computers for data processing purposes.

Many of these companies obtained computer capability through govern-
ment contracts for “special-purpose” type electronic equipment. In the process
of engineering this equipment to serve a special purpose, they obtained experi-
ence in computer development and construction. It was only natural that this
capability should be directed toward the lucrative “general-purpose” field, and
many companies proceeded to organize data processing divisions tc engineer
and market both specific and general-purpose machines.

One of the problems encountered in the computer fieid i» obsolescence. Tech-
nical advancements are being made so rapidly that most computers are obso-
lete by the time they are installed. A company must Fave sufficient capital to
continue research for new and better hardware, prodaction and sale of current
models, and absorption of older models being repiaced wrrent models in
the field. If costs are cut in any of these areds. the compa vely doomed.
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Some of these computers have punched card input and output. Some have
only punched tape or magnetic tape. Others have all three. Chapter XIV
explains the basic principles of computers. But it is not the intent of this book
to explore extensively the computer field, as this is a topic in itself. It is
sufficient to say here that all punched card equipment manufacturers are also
leaders in the electronic computer field, and that punched cards continue to
be the most prevalent media for introducing data into computers.

Development of Machines

The first machines used by both Hollerith and Powers were very crude
compared to today’s high-speed equipment. There was one machine used to
punch the cards and another one to sort them into the desired sequence. The
third machine was a tabulator through which the cards were passed, but all it
could do was add and print totals. The first sorters were vertical, but it soon
became obvious that a change was necessary, as the operators complained of
backaches from constant stooping to lift the cards out of the lower pockets.
Consequently, horizontal sorters were introduced in 1912 which ran at the
rate of 200 cards per minute (1,000 cards per minute sorters are in use today,
and 2,000 cards per minute sorters have been announced).

These first machines were used chiefly for government work in statistical
areas such as the Census Bureau, where large masses of data had to be tabu-
lated for totals. The census reports were keypunched onto punched cards. The
punched cards were then sorted to the desired sequence and passed through
the tabulator for a total. They would then be sorted in another field of data and
passed through the tabulator for totals of that field. The tabulator only printed
the total, so it was necessary for the operator to write on the report the informa-
tion being totaled.

In 1918, tabulators were developed which overcame this obstacle by printing
the information being totaled as well as the total. “The “printing tabulator”
opened the door for commercial applications. All of the printing on these early
tabulators was of numbers, and it was not until ten years later that the alpha-
betical tabulator was introduced. This machine gave further impetus to com-
mercial uses by its ability to print both alphabetical and numerical data.

A major disadvantage of the early machines was that they could only add.
It was not until 1928 that a tabulator was developed which could subtract.
In the 1930’s, calculators capable of multiplying were introduced. Division
posed a real problem to the engineers, and it was not until 1946 that a punched
card . calculator was announced which would divide. As these major break-
throughs were being scored, other auxiliary equipment was being developed,
and all existing equipment was undergoing constant improvement in speed,
accuracy and styling.

Electronics was developed in the 1940’s. The electronic computer, introduced
i 1342 was capable of internally transporting data at electronic speed
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The growth of punched card data processing has been phenomenal. Inspired
by two world wars and the tremendous demands which they created, the
engineering of new and better equipment proceeded at a breakneck pace.
Necessity drove the manufacturers to daring breakthroughs and, as we have
already seen, the companies engaged in the field underwent many changes in
management until today the manufacturers of punched card equipment stand
with the great corporations of America.

The advancement of this field brought job opportunities of a higher level.
High-caliber people are required to engineer, produce, sell and service this
intricate equipment. In addition, the machines must be operated, and systems
personnel are required to apply applications to the machines. A supervisor is
required for each punched card data processing department in each company
to coordinate all efforts and manage the department effectively.

The growth of this field can be appreciated by these figures, which represent
the approximate number of punched card data processing management per-
sonnel employed during the years shown:

1947 — 10,000
1952 — 20,000
1957 — 85,000
1960 — 60,000

Terminology

A major problem encountered in the fantastic growth of this profession has
been terminology. The scope of the profession has expanded extensively, and
a much higher caliber of personnel is now required to manage and staff these
operations. This has resulted in obsolete terminology which no longer is
applicable to the type of effort being expended or to the types of organizations
and capabilities of personnel.

The term TAB was once used to identify the department which consisted of
punched card equipment. This term was probably appropriate because the
early machines were capable of little else than the tabbing of statistics. These
early installations (as they were usually called) were usually hidden away in
the most obscure locations of the office area, and the Tab people seldom got
out to mingle with others. Tab was considered a workhorse, and the opinions
of the tab personnel were neither solicited nor expressed.

This was largely due to the fact that the people engaged in this type of
work usually did not have sufficient background and were too busy in detail
work to investigate the other functions of the company. This is not to imply
that all tab people were incompetent. On the contrary, there have been many
brilliant people engaged in this type of work. Generally speaking, however,
the tab installation was considered to be a lesser function of the company.

Improved equipment, greater emphasis on systems, the clerical worker
shortage and other reasons mentioned previously have resulted in an n
of this type of work. The opinions of tab personnel were once ignor.
they are sought after. These people are expected tc be systems expe
their sphere of activity reaches into every comer o " business
dustrial world. .

The term tab just does not fit the .
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attempt to overcome this, the National Machine Accountants Association,
an organization of managers and supervisors of punched card departments,
publicized the term machine accounting to describe the profession. Personnel
engaged in the functions of the machine accounting departments were labeled
machine accountants.

This attempt met with a fair degree of success. Tab installations came to be
known as machine accounting departments. Most people in business at least
know what a machine accountant is. Even yet, however, the word tab hangs
on. Habitually, the people in the field continue to use the term and, con-
sequently, those outside the field use it too. The equipment manufacturers have
been lax in their terminology. In fact, their continued use of inappropriate
terms has been a deterrent to reform. If they had aggressively sponsored more
appropriate terms to suit the technical growth of their products, the problem
would be less acute. Such terms as tab, accounting machines, electric account-
ing machines, installations, etc., just do not have the proper depth and sig-
nificance. Some of these terms are also in common use to describe much less
complex equipment which is used in semi-mechanical systems and booking
operations.

Search for an Adequate Term

Unfortunately, the term machine accounting also proved to be inadequate.
The word machine is rather crude and derogatory; it certainly lends no dignity
to the equipment used or to the personnel using it. The word accounting is too
restrictive. It implies that only accounting operations are performed, which is
untrue and misleading.

The National Machine Accountants Association was further contronted
with the problem that their organization had become international in scope,
so that the word national was no longer appropriate either. For these reasons,
a movement was started to change the name to Data Processing Management
Association.

Unfortunately, there was sufficient opposition to the movement to retard
action for a time. In mid-1962, however, the progressive thinkers won out and
the name was changed to Data Processing Management Association despite
terminology confusion and the cost of replacing letterheads, envelopes, certifi-
cates, banners, awards, etc.

The term data processing came into general use with the growth of com-
puters. Computer techniques were described as electronic data processing
(EDP). People tend to associate data processing only with computers but
actually, data processing was being performed for centuries before computers
were invented. Bire handling and recording of facts by any type of system
can be referred to as data processing. This even includes a strictly manual
system.

Another term which has come into use to distinguish a system using some
/type of mechanical, electrical or electronic equipment to process data is
Tauioniied data processing {ADP). This book is concerned with that phase

“fAY® utilizing punched card equipment which is designated as punched
nrocesiing. This term is certainly more descriptive of the type of
fmed thac the earlier terms tabulating and machine accounting.
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It has the proper degree of professionalism and glamour that is essential to
modern classifications.

Integrated data processing (IDP) is another popular term. IDP is used
to describe the process whereby data is recorded at its source by some manual
method, but is simultaneously captured in a machine language by means of
punched cards or tapes. All subsequent processing of the data is performed
on machines capable of reading the language in which the data is recorded.

Unfortunately, the terms punched card data processing, integrated data
processing, and automated data processing are too long and cumbersome for
general acceptance. Consequently, the shorter term data processing is being
used in their place even though, strictly speaking, this term is much more
inclusive. Frequently the term data processing will be used to describe that
segment of information handling involved with the use of punched cards. Thus
a data processing department is the department responsible for the processing
of data and issuance of reports by the use of punched card equipment. The
term data processing department is gaining rapid acceptance as the proper
title for a punched card data processing department because it is more modern
and more descriptive than the former terms of tabulating department and
machine accounting department.

The terms punched card accounting and machine accounting are being
reserved strictly for the identification of accounting functions using punched
cards. Their use as an umbrella term for the over-all concept is fading.

Relationship of Data Processing Methods

The layman and student often find it difficult to make the transition in their
thinking from manual systems to mechanization and automation. The process-
ing of data by any system is fundamentally the same — only the methods are
different.

To explain the relationship between W mechanical systems
let us take the example of a retail store. The store is started by one man who
does all the work himself. The records are skimpy, but he does record all of
his expenditures and receipts. Each time a sale is made, he adds up the items
on a piece of paper and collects the sum of the items from the customer who
also receives a carbon copy of the sales slip. At the end of the day, the sales
slips ‘are added and balanced to the cash received for the day. Other records
such as inventories and customers’ charge accounts can also be posted. This
recording has been done with paper and pencil, yet it is a form of data
processing because it is the recording of facts about a business transaction.

Now let us assume that sales reach such a volume that manual recording is no
longer adequate, so a cash register is installed. The sales clerk now keys in
the price of each article being purchased, and the machine automatically
records it on a tape. When the last item is recorded, the clerk hits a key
causing the machine to take a total of all of the transactions. This is a form of
automated data processing (ADP), because a mechanical or electrical device
is being used to record data. The result is a faster and more accurate record-
ing of sales and automatic totaling. A further refinement is the recording of the
amount of money received from the customer and:the automatic calculation



22 Principles of Punched Card Data Processing

of the amount of change to give the customer. At the end of the day, the
total of all sales recorded is automatically calculated and printed for balancing
with the cash in the register.

Another system, which is even more automated records the sale in a punched-
hole form for processing on high-speed equipment. A cash register which has
a device attached that punches a paper tape as the sale is recorded on the
sales slip is used. Another attachment accepts credit cards and perforated tags
so that data can be automatically recorded.

To illustrate, let us visualize a customer buying a dress in a large clothing
store. The dress has a perforated Kimball or Dennison price tag attached to
it which is punched with the price, department and class. The clerk inserts
the tag in the recorder, and this data is automatically recorded on the sales
slip and punched into a paper tape. The clerk then inserts the customer’s
credit card in the recorder, and the customer’s account number is automatically
recorded on the sales slip and the paper tape.

Other data can be manually inserted on the keyboard by the operator, and
totals are automatic. All of this data is also recorded on the sales slip and
the paper tape. At the end of the day, or even periodically during the day,
the punched paper tape can be taken to the data processing department, where
it is either automatically converted to punched cards or introduced directly
into a computer system. All of the data about each sale has been recorded on
these tapes in a machine language. Consequently, rapid processing of cus-
tomer accounts, inventory and other retail applications is possible.

Obviously, the latter system has automated not only the recording of the
sale, but also the updating of inventories and other data processing operations
which follow. Note that in all of these systems a clerk is involved and a cus-
tomer is buying and paying for or charging an article. The data is recorded
and the customer is given a sales slip, and the recorded data is used to process
the store’s records. The same results have been accomplished, but the methods
used are radically different. All of these systems could be classified as data
processing because each system, including the manual one, was involved
in the recording and processing of data. The fact that the methods of doing
this are different does not alter the fact that they are data processing systems.

End of Chapter Questions

1. What was the first machine invented that employed the use of punched
cards? What year was it invented? Who was the inventor?

Why did Charles Babbage fail to build the “analytical engine?”

Who invented the first successful punched card machine to process data?
When? For what specific government task?

4. What was the first company organized to market punched card equip-
ment commercially? Who organized it? What industry was the first
customer?

What is “simultaneous punching?” Who originated the idea?

How did the Computing-Tabulating-Recording Co. come into being?
What executive was placed in charge of this company in 19147 What

S
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was the name of the company changed to in 1924?

What action was taken by the Prudential Assurance Co. to make it less
dependent on American activities? What present-day company emerged
from this action?

What companies market the Powers line of equipment today?

Who developed the automatic computer? When?

. What electronic computer was developed by Mauchly and Eckert? Where

is it used? What happened to the company they organized?

Who produced the UNIVACP

What actions were taken by IBM to avoid anti-trust action?

What is the famous IBM trademark?

What is one of the major problems encountered by the many companies
that have jumped into the manufacturing of computers?

What were some disadvantages of early tabulators?

In what year was the problem of dividing on a computer solved?

What are the advantages of electronics? of transistors?

Why has terminology been a major problem? )

What is wrong with the term Tab? With the term machine accounting?
What is the relationship between the subject matter of this book and
automated data processing?

Define integrated data processing.

Explain the relationship of manual, mechanical and automated data
processing.



CHAPTER 3

Principles of Punched Card Data Processing

Problems in Processing Source Documents

The attempt to process business documents mechanically presents many
problems. The most direct method would be to use each source document in
its original state without converting it into a code or transcribing the data on
it into another form. Ideal as this would seem to be, it is impossible for the
following reasons:

1. Too many different document sizes and shapes.

2. Too many different transactions on a single document.

3. Too many different styles and methods of recording data on documents.

In order for documents to be processed by machines, it is imperative that
they be at least similar in size, shape, and thickness. The problems of engineer-
ing a machine capable of feeding all of the various documents used by a
company are obvious. It might be possible, however, to standardize the
size of source documents if this were the only problem involved. Indeed, the
task of standardizing throughout industry in order that machines could be
used interchangeably by all companies would be tremendous, but it could be
done. Some attempts have been made at this on individual types of source doc-
uments. An example of this is checks. Most checks written today fall within ac-
cepted dimensions, and high-speed machines have been developed to sort
these checks at the banks. This shows that progress has been made, and if this
were the only obstacle in the processing of source documents by machines, it
‘might be possible to overcome it.

The second obstacle is more forbidding. One source document may contain
several different transactions. This makes sorting and tabulating impossible
by machines. For instance, let us.consider a machinist who fills out a job time
card each day to record the different jobs on which he works and the time
spent on each job. Assume that he worked on Jobs A, B, and C during the
day, spending four hours on job A, three hours on job B and one hour on
job C. He would record three lines on his job time card and the total of the
three would be eight hours.

If we desired a total by employe, it would be easy to obtain one from the

24
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source document, because all charges for each employe are on the same source
document. Let us suppose, however, that totals are desired by job. Our
machinist was just one of many employes throughout the company who
worked on jobs A, B, and C. It is not possible to sort the source documents
to job because our machinist’s card would have to position in three different
places at once. One logical solution to this problem is to write each transaction
on a separate document but this might add so greatly to the volume of
documents processed that it would be unwieldy.

The third obstacle is presented by the infinite number of characteristics in
styles and methods used to record data on documents. If all documents could
be typewritten, it would be possible to standardize on a block-type letter which
could be machine sensed. However, it is neither economical nor practical to
typewrite all documents. Some progress has been made in the development
of machines that will read hand-written documents; however a satisfactory
product has not been achieved as yet.

The reading of data recorded on a source document is extremely important,
because the machine is useless unless it can sense and “understand” the
recorded data and perform desired operations with it. Even if a machine was
developed which would feed all sizes and shapes of source documents at high
speeds, and even if there were a separate document for each transaction, it
would all be in vain unless the machine was capable of sensing the data re-
corded on the documents and possessed the “machine intelligence” to know
what to do with it.- -

Punched Card Solves Problems

Much of the success of punched card data processing can be attributed to the
fact that it has hurdled all three of these obstacles.

The size and shape of the document has been standardized. The document
is a card measuring 7% by 84 inches. These measurements and the thickness
are held to very close tolerances in order that they can be machine processed
at extremely high speeds. High quality pulp is used in their manufacture to
prevent excessive expansion or contraction with temperature and humidity
changes. See Figure 3, page 26.

Each transaction is recorded on a separate card. This permits the cards
to be sorted and tabulated on any field of data. The recording of each trans-
action on a separate document is known as the unit record principle. Each
transaction must be completely identified because it stands independently.
This lack of relationship between transactions is difficult for the layman to
understand because he relates transactions mentally. For instance, let us
suppose that Part X is ordered on a purchase order. But, then a purchase
order change notice is made to substitute Part Y for Part X. Under the manual
system a person realizes the relationship of Part X to Part Y and mentally
associates them. Under the unit record system, a card must be punched for
Part X with all of the necessary data selected from the purchase order. This
transaction now becomes a permanent record and must not be changed. When
the purchase order change notice is received, another card is punched which is
a duplicate of the original card for Part X, except that it is processed as a
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Figure 3—Standard Sized Document Used in Mechanization

credit or reverse entry which has the effect of nullifying the first card. Another
card is now punched for Part Y. Thus three records are prepared, each com-
pletely independent of the others, but when sorted together by part number,
the net effect will be to set up Part X with the first entry, credit it out with
the second entry, and then set up Part Y with the third entry.

The last and major obstacle is overcome by a standardized method of
recording data. This method is the punched hole. Holes punched in cards in
a coded pattern are used instead of conventional methods of recording data,
because of the abilitv of machines to read and understand them. Once a hole
is recorded in a card, it becomes a permanent record and cannot be altered.
If it is correct, it will be read by each machine through which the card is
processed and properly recorded. If, however, the hole is incorrect, then the
incorrect data will be recorded just as rapidly as though it were correct. Thus,
it is absolutely essential that the data be correct on the source document and
that it be correctly transcribed from the source document to the card.

Introduction to Machine Languages

While all of the obstacles have been overcome, there is still a problem in-
volved because a transcribing operation has been introduced. It is necessary
to take the source documents and doggedly record, digit by digit, every iota
of data needed from every source document. This is done by a process called
key punching. However, an error may be made while key punching, so the
transcription is completely repeated to assure a high degree of accuracy. This
process is called verifying. :

Key punching and verifying are very similar to typing. The operators are
usually girls who read the source documents and “type” on a keyboard, except
that a card is being punched instead of a sheet being typed. This transcription
of data from source documents to the punched card form is the slowest process
in the punched card system. Its importance is paramount for all that follows
but is dependent upon the initial operation being performed to perfection.
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Once the data has been recorded in punched card form, all punched card
machines can read it and be made to manipulate it in almost any fashion. The
holes are punched in a coded pattern which can be called “machine language.”
The machines understand it just as you and I understand the English
language, except they are much more proficient.

Let us look more closely at the punched card in order to comprehend
this “machine language.”

There are two types of punched cards in common use in the United States
today. They are the IBM 80-column card and the Remington Rand 90-column
card. See Figure 4. The IBM card has 80 vertical columns across the card, and
the Remington Rand card has two rows of 45 vertical columns each for a
total of 90 columns. Also, observe that the shape of the holes is different. The
IBM holes are rectangular in shape and the Remington Rand holes are circular.
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The reason for this is the principle upon which the two different lines of
equipment operate. The IBM line, which developed from the Hollerith ma-
chines, operates on the principle of electrical impulses passing from a contact
roller to a wire brush through the holes in the cards. A rectangular hole is
the most adaptable to provide good electrical contacts without shorting between
columns.

Remington Rand, which descended from the Powers line of machines, uses
a mechanical principle of small pins dropping through the holes to activate
a series of levers. Round holes are best suited to provide access to the tiny pins.

The Samas line (also a descendant of the Powers line) uses round holes but
features a smaller card of 40 columns which measures 4% inches x 2 inches.

Both types of holes are adaptable to the electronic beam which is now being:
used as a reading device on the ultra-high speed equipment.

The IBM and Remington Rand lines vary considerably in the coding systems
used to identify numbers, letters, and special characters.

IBM indicates a number by punching out the position for that number. In
Figure 4, the numbers “49360000” are punched in columns 1 through 8. In
Figure 5, the printing over the columns identifies the data punched in each
column. The number “1” is punched in column 1; “2” in column 2; and so on.
A numeric “0” (zero) is punched in column 10.

The Remington Rand coding system is shown in Figure 5a. Note the num-
bers printed over some of the columns on the lower half of the card. Column
54 has a zero punched in it. Column 58 contains a “1” which is indicated by
a punch in the 12 row. Column 60 contains the coding for a “2” punch. It
has the same 12 punch as a “1” but it also has a “9” position punch. Thus we
see that the coding formula is for odd numbers to be indicated by one punch
in the proper column and for even numbers to be indicated by two punches.
A nine punch is used to designate an even number, except when it is the
only punch in a column, at which time it designates the number “9.”

The alphabetic coding is somewhat more complex. In the IBM system, a
letter coding always consists of two punches in one column. This coding is in
a definite pattern which makes it fairly casy to memorize. The card is com-
posed of twelve horizontal rows. The top row is called the “12” row, the next
row is called the “11” row (sometimes called “X” row because it is used for
control “X” punching); the next row is the 0 row; and the other 9 rows
are numbered 1 through 9. The three top rows of all 80 columns are called
the “zone” portion of the card and the other nine rows are called the “numeric”
portion of the card. Figure 5 portrays this division of the card by the horizon-
tal line which has been drawn across it.

An alphabetic character requires one numeric punch and one zone punch in
a column. Notice the pattern in Figure 5. The letters A-Z have been punched
in columns 26 through 45. The “A” in column 20 has a “12” position punch
and a “1” position punr‘h The “B” in column 21 has a “12” punch and a “2”
position punch.

Note that the alphabet has been blocked into three groups, each of which
is ‘designated by a different zone punch. A “12” punch is used to indicate
letters A-L, an “11” punch indicates J-R, and a “0” indicates S-Z.
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portion below it. Names of the 12 horizontal rows are indicated at left.
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Since there are 27 possible combinations (three sets of nine each) and only
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Figure 5a—Remington Rand Punched Hole Codes

26 letters in the alphabet, one combination must be omitted. That is why the
0 and 1 combination is not used for a letter.

The Remington Rand alphabetic coding is a combination of 2 or 3 punches
in the same columns and does not follow a definite pattern, as can be seen
on the top portion of the Remington Rand card in Figure 5.

IBM utilizes individual zone punches and combinations of numeric punches
to indicate eleven different special characters as illustrated by this chart.

IBM Special Character Punching Chari

Character Zone Punch Numeric Punch
. 12 8 and 3
O 12 8 and 4
& 12 none
$ 11 8 and 3
# 11 8 and 4
- 11 none
/ 0 1
s 0 8 and 38
% 0 8 and 4
# none 8 and 3
(a) none : 8 and 4

Assignment of Fields

The data must be punched into the card in a standardized manner so that
corresponding data appears in the same card columns for each transaction.
In order to accomplish this, the card must be divided into groups of columns
each of which is used to record a single fact pertaining to the transaction. A
group of columns reserved for the recording of a single fact is known as a
field. In Figure 6, an IBM card is shown which is used for an accounts payable
application. Observe that columns 12-16, are reserved for invoice data. Every
card for this accounts payable application will have invoice date punched
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in card columns 12-16, and no other facts will ever be recorded in this field.
All machines will be set to read invoice date from columns 12-16.

Standardization is vital because the machines do not think. If a key punch
operator accidentally recorded invoice date in another field, the machines
would not detect it. They are completely dependent upon invoice date being
in exactly the same place on each and every accounts payable transaction
card regardless of whether there are ten cards or ten million cards. In like
manner, other facts about the transaction are grouped in fields across the
card. Note the columns reserved for each fact in the card pictured in Figure 6.
The fields used in each card form must be determined before cards are key
punched. Since the number of columns is quite limited (80 on IBM cards
and 90 on Remington Rand) it is important that the absolute minimum
number of digits be allowed for each field, yet it is equally important that
there be sufficient columns to accommodate the largest number of digits ever
to be punched in that field. Certain fields will be of a set number of digits
and no question will arise. If the employe number in a company is comprised
of six digits, then a six-digit field must be used in every card which contains
employe number.

The size of some other fields may not be so easy to determine. For instance,
hours, dollars, quantity and amount fields are often quite difficult to deter-
mine. If quantity in an inventory control application were 1,000 or more, at
least four digits must be reserved. This is sufficient to accommodate all
figures up to and including 9999. If quantity could reach 10,000 or more,
five digits must be reserved to accommodate all numbers up to and including
99,999. Whenever an application is being mechanized, the data processing
people will press for answers to questions pertaining to the size of fields. They
must conserve columns by establishing fields with the minimum number of
columns in which to record the maximum number of digits. Columns must
never be wasted.
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Figure 6—IBM Accounts Payable Card. The card is divided into fields. Each field
is used to record a fact about the transaction,
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The layout of the fields upon the card is relatively unimportant to the
machines, because they are capable of reading facts from fields placed any-
where on the card with very few exceptions. Fields are normally laid out on
a card to conform to the sequence in which they will appear on the source
document from which they are keypunched. This allows the keypunch opera-
tor to find facts on the source document easily, as the card advances through
the machine. It is very important to the speed and efficiency of the keypunch
operation that the card layout of fields correspond closely to the sequence in
which the facts appear on the source documents. It is equally important that
the source documents be clearly written and that the data be properly
recorded. The keypunch operators should not be required to analyze source
documents. Their job is to record data from source documents into punched
cards. This in itself is a slow operation and it becomes extremely expensive
and inefficient if she must stop to analyze or hunt for data. She should be
able to record each fact just as it is written on the source document. If she
cannot do this, the department originating the document is not doing its job.

Some people seem to have the mistaken impression that mechanization is
the way to clear up messy source documents. This is not true! The documents
must be cleared up first and then mechanization can take place.

Recording of data from the source documents into punched-card form is
the first of the four machine functions of punched card data processing. All
of these functions will be explored in detail in the succeeding chapters. The
four functions of punched card data processing are recording, classifying,
calculating, and summarizing.

Once data has been captured in punched-card form, it can be processed
and understood by all machines in that line. These machines operate at high
speeds and with an extremely high degree of accuracy.

Basic Philosophy of Processing

Probably the most difficult thing for the layman to comprehend about
punched card data processing is the basic philosophy of processing.

Under the manual system of processing, a clerk picks a fact about a
transaction from a source document and records it. Each fact is analyzed,
to a degree, as it is posted. If the same fact must be posted elsewhere, the
operation is repeated. Each time the fact is needed, it is analyzed, posted
and checked. Any error probably will not be repeated on all postings.

. In punched card data processing, the transaction is handled individually,
one time only. This is at the tlme the data is recorded into punched-card
form by the keypunch operator and verified by the verifier operator. After
this initial operation, the transaction is a card, buried in a deck with thousands
of other transaction cards. The machine operators will sort these cards, calcu-
late them, and prepare reports, but this will all be done according to a pre-
determined set of instructions for setting up machines and processing cards
through them. He can be completely unaware of the significance of the data
in the cards and still do his job. This is not to imply that a knowledge of the
data is unnecessary because it can be extremely helpful. The point is that
the philosophy of processing is not to work with the facts themselves as
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in the manual system but rather to process cards through machines according
to a predetermined set of instructions called a procedure. The sheer volume
of data processed by one operator precludes any type of individual transaction
analysis. This is not expected of an operator because it would slow the system
down too much. It is expected that the data has been audited before it is
recorded in a permanent record form on punched cards.

It is well for the layman to clear his mind and be prepared to take a com-
plete new approach to data processing. It becomes difficult to comprehend
machine system peculiarities with manual concepts. Each condition must be
examined in the light of what happens in the machine operation cycle, not
the manual cycle.

Standardization is an absolute necessity. It is the most difficult thing to
impress upon the layman because he is familiar with manual systems which
can bend to accept almost any exception. This flexibility tends to make the
manual system inefficient. In fact, standardization is recognized as one of
the greatest advantages of mechanical systems. We have already seen that
the source document must be standardized for ease of key punching. Facts
must always be recorded on the document in exactly the same location so
that they can be located quickly by the keypunch operator. All data must
be recorded; nothing can be taken for granted regardless of how obvious it
is to the person preparing the source document. Source documents must flow
in a standard manner and on schedule in order that they can be scheduled into
the data processing department.

End of Chapter Questions
1. What are the three major problems encountered in attempting to develop
a machine that will process all business documents?
How has the punched card overcome each of these problems?
What is the unit record principle?
What is the standardized method of recordin
processing?
By what method is data inserted in cards?® How is it checked?
What is “machine language?”
How many vertical columns in the IBM card? The Remington Rand card?
How do the IBM and Remington Rand principles differ in the shape of the
holes in the card and in the methods of reading the holes?
9. Explain the language used for indicating numbers in the IBM line. In the
Remington Rand line.
10. What is the zone portion of the IBM card? The numeric portion?
11. Explain the IBM principle of alphabetic punching.
12. What is a field in a card? How large should a field be?
13. In what sequence are fields usually assigned across a card?
14. Should keypunch operators be expected to analyze source documents or
make corrections to them?
15. What are the four functions of punched card data processing?
16. Explain the punched card data processing philosophy of processing data.
17. Why is standardization necessary?

o

® o



CHAPTER 4

The Recording Function

As stated in a previous chapter, a machine has not been developed which
will accept the wide variety of source documents encountered in the business
world today. Consequently, it is necessary to transcribe the data from the
source document into a “machine language” form. In punched card data
processing, the punched hole is the machine language. Any machine which
punches holes in cards is performing the recording function.

Card Punching

The most significant machine used for this purpose is the card punch (usually
called key punch). See Figure 8. To operate the machine, an operator depresses

Figure 8—IBM Type 24 Card Punch
(Courtesy of International Business Ma-
chines Corporation)

‘keys on a keyboard quite similar to that of a typewriter. The depression of a
key causes the number, letter or symbol which that key represents to be

34
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punched into the card feeding through the machine. The card advances one
column each time a key or the space bar is depressed just as the platen on
a typewriter advances one space each time a key is depressed. Each time a
transaction is recorded, the operator causes a card to be fed from the hopper
into postion so that column 1 of the card is positioned under the punch
dies (the machine can be set to do this automatically). The operator then
proceeds to punch each position of each fact about the transaction into the
desired columns of the card. If a field of the card is not to be punched, it
can be spaced over or the machine can be programmed to skip automatically
to the next column which is to be punched. After column 80 is passed, the

FOTRER AT
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Figure 9—1BM 24 Program Drum (Courtesy of
International Business Machines Corporation)

card ejects into the hopper. The keyboard is electric and built with the
convenience of the operator in mind. A light touch to the keys will cause the
punch to be activated. The keyboard is attached by a cable to the punch
unit and can be positioned on the key-punch table to suit the operator.
A unique program card device makes the machine about as automatic as
such an operation could conceivably be. The program card is key punched
with code numbers which tell the machine what to do as each column of the
card passes the punch dies. See Figure 9. This card is punched at the time
the application is being key punched The program card is wrapped around
a program drum and locked into position. The drup is inserted into the top
of the machine where it is visible to the operator through & smail window.
Tiny starwheels ride along the card as it rotates. It moves one position each
time a key or space bar is depressed and operates in unison with the ca-d
which is being punched. As the drum rotates, the starwheel drops into t*o
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holes punched into the program card. The drop of a starwheel acts as an
instruction to the punch unit.

The most common instruction tells the machine to allow the operator to
insert data into this column through the keyboard. Another instruction,
which has already been mentioned, tells the machine to skip that column
and there is another instruction that tells it to stop skipping. Consequently,
any number of columns can be rapidly passed over and the card will position
at the next column to be key punched. This is done by punching one code
number in the program card in all columns that are not to be key punched and
another code in the first column that must be punched, thereby causing the
skip to stop at that column.

Duplicating is a very valuable function of this machine which greatly
increases its productivity. Duplicating is the automatic punching of repetitive
data from one transaction card into the following transaction cards. To illus-
trate this, visualize an operator about to key-punch labor distribution cards
from a stock of job time cards. She knows that “date” is one of the fields
which must be punched in every card, and she knows that all of the job time
cards are for one date, “Jan. 2, 1960.” This must be punched into the cards
as 010260 in columns 70-75. (01 signifies January, 02 is the day and 60 is
1960). The program card can be set to cause the machine to duplicate
columns 70-75. The duplicating function is under the control of a switch on
the keyboard which takes precedence over the program card. The operator
turns the duplicating switch off with her left hand to prevent the machine
from duplicating the date field and punches the first card completely. She
then turns the switch on and proceeds to punch the second card. The machine
is set to duplicate columns 70-75, so when column 70 is reached the machine
automatically reads the punch in the first card (which is now at the read
station) in column 70 and punches the same thing into column 70 of the
second card. This is repeated for each column until column 76 is reached,
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Figure 10—IB5M Type 026 Printing Punch. Data is printed directly over column in
which it is punched.
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at which time the program card has another instruction which stops the
duplicating. Duplicating is exceedingly fast (much faster than an operator
can keypunch) and greatly speeds up the recording operation.

The characteristics described are those of the card punch in most common
use today, the IBM Type 24. Other punches have similar characteristics. One
punch, the IBM Type 26, operates like a Type 24 card punch, except that
it has a printing device which prints the data punched in the card along the
top edge of the card directly over the columns in which it is punched. See
Figure 10.

The Remington Rand punch differs in operation in that it utilizes the
“simultaneous punching” principle. On this punch, the columns are not
punched as the keys are depressed. Instead, the dies are set up by the depres-
sion of the keys and when all data to be punched in the card has been recorded
on the keyboard, a key is depressed which causes all columns of the card to
be punched simultaneously. If she realizes that she has made an error, this
system allows the operator to make a correction without spoiling a card or
punching any other data.

Factors for Consideration in Key Punch Time

In computing time requirements to key punch transaction cards on the
IBM Type 24 card punch, the average figure of 10,000 key strokes per hour
is commonly used. This means that if the average number of columns to be
punched per transaction is 50, the operator will punch 200 cards per hour.

Because a great many factors affect the speed of key punching, the figure of
10,000 key strokes per hour should not be used arbitrarily without analyzing
these factors. The condition of the source documents will affect the speed of
punching. Neat, well-written data can be read faster and requires fewer
inquiries. Poor handwriting and written-over figures slow down the process
and breed errors. Delay will also be caused if the document is not laid out
in the same manner as the fields in the card. Whenever an operator has to
skip around visually over a source document rather than punch data as she
comes to it, her efficiency will go down. Alphabetic punching, that is, the
punching of alphabetic characters, is slower than the punching of numeric
data. Intermingled alphabetic characters, numeric data and special characters
are the most difficult to punch and greatly decrease the speed of the operation.

Another factor to consider is the volume. A large volume can be punched
on a faster average time per card basis because there is less set-up time in-
volved and the operator gains speed as she becomes familiar with the job. A
series of short duration jobs requires more setup time on the part of the
operator. This includes finding the proper program card and inserting it on
the program drum. She then begins to punch and is just getting accustomed
to the job and beginning to pick up speed when she is finished. On a large
volume job, there is only setup involved; the operator has time to become
accustomed to the procedure and can pick up speed until she is punching
at maximum efficiency.

A final factor, but an all-important one to be considered, is the experience
of the operator doing the work. A new operator will be slower and make more
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errors than an experienced operator. Obviously, the computation of time re-
quired to keypunch a job requires careful analysis and should be done only
by persons experienced in the field and familiar with the capabilities of the
operators who will perform the work.

Assuming that a keypunch operator will punch 10,000 columns per hour on
a given job, it follows that she will punch approximately 80,000 columns of
data per day. This is 80,000 chances for error. If her error factor is only one
hundredth of one per cent, eight errors will be made and inserted into the
mechanized system. As infinitisimal as this error factor seems to be, eight
errors a day would create havoe. Most operators have a much higher error
factor than this. Therefore, it is obvious that a checking operation must be
provided to assure the purity of data entering the system.

It is very important that all errors be caught and corrected at this point, be-
cause once data is incorrectly entered into the system, it is more difficult and
costly to correct them.

Verifying

The function used to check the accuracy of the keypunching is called
verifying. The verifier is a machine which looks and operates almost exactly
like a card punch except that it does not punch holes in a card. The verifier
operator performs every operation that the key-punch operator performed.
Every column of data is repeated. It is a 100% duplication of effort. As the
verifier operator depresses a key, the machine senses the hole punched in that
column of the card and compares the two impulses. If they are the same, the
kevpunch operator and the verifier operator are in agreement concerning the
digit to be recorded in that column and it advances the card to the next
column. If the two impulses are not in agreement, the machine stops and a
red light flashes on. The verifier operator rechecks the data and depresses the
key again. She may have made an error the first time; consequently, she is
given an opportunity to check herself. Continued disagreement indicates a
kevpunch error, and the machine places a notch over the column in error.
The verifier operator checks the transaction in error on the document and
marks it so that the kevpunch operator can punch a new card to replace the
card punched in error. If there are no errors in the card, the machine notches
the right edge of the card as it is ejected, indicating that it is correct.

Everv card released by the kevpunch section must be notched at the
right edge to indicate verlﬁcatlon This verification operation practically
doubles the time required to record data in punched-card form, but the high
degree of accuracy makes it well worthwhile. The only way that an error can
get through is for two operators to make exactly the same mistake. Of course,
it can happe: and does, but it is highly unlikely if both the keypunch and

~ verification operations are properly performed. It is not perfect but is about
as close to perfect accuracy as it is possible for a transcribing system to be.

Example: Let us assume that job time cards are being kevpunched and

verified. The job number field is in card columns 15-20 and the hours worked
are to be punched in card columns 21-23, column 21 and 22 being reserved for
whole hours and column 23 for tenths of an hour. A specxﬁc job time card has
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one entry recorded on it as follows: job number 785461, hours 7.6. The key-
punch operator should punch “785461” in card columns 15-20 and “076” in
card columns 21-23. Let us assume, however, that she punches “795461” in
columns 15-20 and “076” in columns 21-23. An error has been made in card
column 16.

The verifier operator will repeat the same operations when she gets to this
card, but when she depresses the “8” key for. card column 16, the machine
will stop, indicating an error. A notch will be placed over column i6 and the
verifier operator will pass this card along with any other cards in error back
to the keypunch operator for correction, after which she will again verify
them so that eventually all cards have a notch at the right end.

If the verifier operator had made an identical error on card column 16, the
error would not have been detected. The possibility of this is rather remote.
It is most likely to occur when documents are poorly written. If a five is written

1
Booocooooosopooo0p00000000000000000fHocoopooogofoooooo@@ooccooRRNc0C000060000000080
123456789 0NRENISBUBINDA2ANSBIBRBNNLNI B BIN4 24464606 E05 20 EHBI0EQOHBENSNNIRENNETBNN
R RN R R R RN RREE] CRRRE IR R AR REE] AR R RRR AR R AR RRERRAREY IRRARERRRRAREAR!

22222222222222222222222222222222222022220222222222222222222222222202222222222222
33333333333333333333333333333333333333333333333333333333333333333333333333333333
444440444444444244808844004020424440040440404440484480004444442444442440844448
55.5555555%5555555555555555555555555555555555555555555[5555555555555555555555555

SIGEGESGSEGEGBGSSEGSBGEGGSGESGGGEGEGGSE585665BEBEEGEB.ESGGSGEEIIEBEEEEGSGBEBBGEG.

717171771777777717771117711.777777.77117177777777711177.177771177777777777771777
885888888389888§88888888!858888883BEB&&EE'BGSE8888!BSEBEEIBBBﬂ88§888388888883388
9999993999 99995899999999999§99959999099999999959999956099999999959599999999999
‘23 S?i! 80

11nnlus!slv!lismﬂuuz‘azsﬂn:smn:\z:au:ﬁ'ﬁnnnnuLuz«tsunuwsusxvuﬂss 575859 606! 62636465 66 TERGITON 2T M ST TT 1B 79

18K 508"

1 1
FoooBoRERRoooocoooooooocofoocHBooooooofoo000000000000000000000060000000F00000

0
5618 910NI213141516111813202122024252621282930313233 34 353637 38 3940414243 44 4545 47 48 4950 51 52 53 54 55 56,57 58 59 60 61 62 63 GA G 666768 BI M1 23 M T576 77 18 79 80

00090
;::; [ ERRR RN R R RN R R R AR R] RN AR RGN R R RN R RN R AR A RN AR RN RN RRRRRRERY IRRRRER
3333333333333333333333333333333.333333333333333333333333333333333333333333333333
4444444444444444444444444'44.444]44444434444444444444444444444444444443444444444
55555555555555555555555555555555555I5555555555555555555555555555555J55‘555555555
GBSEGBBEEEGGSSG656SGSGGBGGGGSEGEGEGGGGGEEGBGEEhGGSEGEBGGEBGGSBESESSEEBGGS “E5M65
7771771171177111171117117771717711017111939977717373777011771712177701711177171771171772171
8388589888IB8888388833888838888858818888898888BEQﬂB%SH888@888§6b1333858835683538

99985 99909999909899999999999999989999899 999999
t234 Qu “®

l GRNRBMBETBRINALBNBXABBANRVLBETHED wutz

22222220032222222222222222222222202222222222222222222222222222222222222222200222

18K 5081
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to look like a three, as some people are prone to do, both operators may read
it incorrectly. But this is really not their fault, because it represents a flaw in
the preparation of documents rather than in the recording operation. See
Figure 11, page 39.

The system just described is that used by an IBM Type 56 verifier. Reming-
ton Rand utilizes another system whereby the same machine is used for both
operations. A round hole is punched on the punching operation, and when
the verifier operator is ready to verify, she sets a switch on the card punch
which causes a hole to be punched slightly off center. After a column has
been punched and verified, an oblong hole is present rather than a round
hole. If the column is in error, there will be two round punches in the same
column. The cards are then taken to another machine, which operates at a
very high rate of speed and selects the cards which have round punches rather
than oblong punches in any column.

This system has the advantage of being able to use the same machine for
either punching or verifying. It has the disadvantage of requiring another
operation and another machine to select erroneous cards. However, this is
a very fast, economical operation. Another disadvantage is that when a card
is selected with an error in it, the entry on the source document must be found
in order that the proper punch can be determined. Searching for a particular
transaction buried in documents that are not filed in any sequence can be
quite time-consuming,

Both systems accomplish the same result and assure an extremely high
rate of accuracy.

Reproducer

Another machine used to perform the recording function is the reproducing
punch. See Figure 12. This machine does not have a keyboard but is directed
by a control panel which is wired to give the machine instructions for each
application. This machine will perform several operations. One of the most
common is called reproducing.

There are two feed hoppers on the IBM Type 514 reproducing punch, which
is in common use. There are also two stackers which receive the cards from
the hoppers. The cards from the hopper on the left feed into the stacker on
the left and the cards from the hopper on the right feed into the stacker on
the right. In the reproducing operation, data is copied from one deck of cards
into another deck of cards. The cards from which the data is to be read are
placed in the left-hand hopper (called the read feed). The cards to be punched
are placed in the right-hand hopper (called the punch feed). The control panel
is wired to cause the machine to read the data punched in certain columns of
the cards in the read side and punch the same data into the corresponding
cards in the punch feed.

For an example of this operation, let us assume that we have one deck
(Deck A) of punched cards which represents the hours worked by each em-
ploye in the company the past week. In another deck (Deck B) the hourly rate
of each employe is punched. We desire to put the hourly rate of each employe
into the corresponding card in Deck A for that employee. Deck B is inserted
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in the read feed. Deck A is inserted in the punch feed. A control panel is
wired to read the rate columns punched in Deck B and cause the same data to
be punched in the desired columns of Deck A. The control panel is inserted
in the reproducing punch and the start key is depressed. Decks A and B feed
one card at a time in unison until all cards have moved from the hopper to
the stackers. Deck A now has the hourly rate punched on every card.

Figure 12—IBM 514 Reproducing Punch (Courtesy .
of International Business Machines Corpomtion)

This is an example of reproducing onl ! 0
flexible and the whole card can be reproduced if desired. When an exact
copy of an existing deck is to be made, the control panel is wired to reproduce
columns 1-80 of the punched decks in the read feed into columns 1-80 of a
blank deck inserted in the punch hopper. This is referred to as an “80-80”
reproduction and is quite common. A permanently wired panel is usually kept
in the punch card data processing department for this purpose.

In reproducing from one field into another field, any column in the read-
feed deck can be reproduced into any column of the punch-feed deck. The
data punched in column 1 can be reproduced into cohumn 80 or any other
column. Regardless of what type of reproduction is performed, the data
punched in the deck in the read side remains unchanged. Since this machine-
performs a recording function, it is important that the data be accurately
recorded. To assume complete accuracy, comparing units have been built into
the reproducing punch which compare the data in the original deck with the
data reproduced into the deck in the punch side. If the punches in the two
cards do not agree, the machine stops, 2 light flashes on, and an indicator
falls down and points to the number on a scale which indicates the column

eld. however it is "81)

LCWEVEY, T
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in error. The operator can then remove the cards from the stackers, determine
the error, and make the necessary correction.

In order to accomplish this dual operation of punching and comparing,
two stations are necessary in each feed. The first station in the read feed is
composed of 80 brushes (one for each card column) which ride on a contact
roller carrying an electrical impulse. See Figure 14. The corresponding station
in the punch feed is composed of 80 punch dies (one for each column of the
card) which cause a hole to be punched in the card when impulsed from
the read brushes. See Figure 15. The second station in the read feed is com-
posed of 80 brushes riding on a contact roller. The second station of the
punch feed is also 80 brushes riding on a contact roller. These brushes can
be used to read the data which was punched on the preceding cycle and
impulse the comparing magnets to compare it with the data on the card at
the second station in the read feed.

Figure 16 is a schematic of a wire brush and a contact roller with a card
being fed. Notice that the card acts as an insulator so that no current passes
from the roller into the brush. Figure 17 is a different view which shows the
brush making contact with the roller as it drops through a hole in the card.
Note that current is constantly feeding into the contact roller but only gets to
the brush to complete the circuit when a hole appears in the card. Figure 14
shows the cards feeding from the hopper on the read side of the reproducing
punch. On the first card cycle, they pass through the first station of 80 brushes.
On the second cycle, they pass the second station of 80 brushes, and on the
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Figure 18—Circuit Completed Between Control Panel and Machine

third cycle, they drop into the stacker. As they pass the reading stations, the
80 brushes are dropping into the holes punched in each column and electrical
impulses are available.

These brushes are each connected by internal wiring to hubs which make
contact with the control panel. By manual wiring on the control panel, these
impulses can be directed to other hubs. For instance, if column 1 of the card
at the first station in the read feed has a 5 punched in it, that 5 impulse
is carried to the contact hub representing column 1 on the control panel by
internal wiring. If column 1 is wired to punch die 6 on the panel, the 5 impulse
will flow through this wire and be carried back up to punch die 6 at the first
station on the punch feed, causing it to punch a 5 in column 6.

Figure 18 shows how the circuit is completed from read brush 1 to punch
die 6 by means of internal wiring, contacts, and external wiring.

It is not the intent of this book to delve into the technical aspects of
punched card data processing. However, an understanding of certain principles
is required for the layman to grasp the fundamentals of punched card data
processing.

The basic principle of wiring is quite simple; it is merely the completion
of an electrical circuit, just as switching on a light is the completion of an
electrical circuit. Basic wiring can be ridiculously simple, but wiring in its
most complex state can present extremely challenging problems and require
a high degree of skill and several years™ experience.

Control panel wiring is of such a technical nature that it should be per-
formed only by experienced personnel. People not directly employed in
data processing should certainly never tamper wwith couirol panels or do any
wiring unless they have been authorized to do so by the manager of the data
processing department. Even personnel who are employed in the data process-
ing department must be very careful, especially in changing control panels
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which are permanently wired. The safest rule to follow by all personnel is
never to tamper with a permanently wired panel unless specifically authorized
to do so.

It is sufficient for personnel outside of data processing to have an under-
standing of the basic concepts of wiring. Intensive exploration into this phase
will be of little benefit to them unless they intend to pursue it to the point of
securing a position in data processing.

The reproducing punch can perform other recording functions. One of
these is known as gang punching. Gang punching is the recording of data from
one card onto the card or cards following it. Strangely enough, the reproduc-
ing punch on this operation performs as though it were two separate machines.
One machine does the punching, the other checks to see that the punching
was done correctly. The punching machine is composed of the punch hopper,
punch dies, reading brushes and punch stacker. These are at the right when
facing the machine. The checking machine is composed of the read feed,
comparing brushes, read brushes and read hopper, which are located at the
left as one faces the reproducing punch.

The cards are first passed through the punch side. They are then removed
from the punch stacker and placed in the read feed. The machine will
simultaneously perform punching and reading operations.

An Example of Gang Punching Utility

Let us assume that we have a deck of cards representing the transactions
chargeable to one account and we wish to insert the account number into all
of the transaction cards. (This operation could be performed on the card
punch by duplicating, but gang punching is faster and does not require a
separate verifying operation.) The account number is punched into a blank
card on the card punch, and this card is placed in front of the transaction
deck, which is then placed in the punch hopper. The control panel is wired
to read data from the cards as they pass the second station of the punch side
and direct these impulses back to the first station, which contains the punch
dies. The data is thus punched into the second card, and on the next card
cycle that card moves to the first station and the next card moves under the
punch dies. In this manner the data is carried back from card to card. The last
card on the deck can be visually examined and, if it is punched the same as the
first card, all intervening cards must be correct.

Note that the machine does not memorize the number that is to be punched
in each card. It merely reads from one card to the card which follows it.
Only two cards are being acted upon by the punch feed at one time. The first
card is being read and the second card is being punched with the data which
was read from the first card. The machine then feeds another card cycle.
The card being punched at the last cycle is now the card being read, and
another card is at the punch dies. The original read station card has now
dropped into the stacker.

This operation is very similar to an operation on the card punch which
was discussed earlier: duplicating. Gang punching is much faster than duplicat-
ing, and more adaptable to a deck of cards.
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A variation of gang punching occurs when cards (called masters) are inter-
spersed throughout the deck and the data being gang punched is changed at
each master card. To explain this, let us again take the example of punching
hourly rate from an employe master card into labor distribution cards for
each employe. In the reproducing operation, there was one employe master
card for each labor distribution card. But, if there are several labor distribution
cards for each employe, the reproducing operation is no longer feasible. An
operation called inierspersed gang punching can be used.

* In this operation, the master card for each employe is placed in front of the
labor distribution cards for each employe. The master cards are thus inter-
spersed throughout the labor distribution deck. The cards can now be fed
through the punch feed with the control panel wired in such a way that the
masters will not be punched. Each time a master card (which contains an
X punch in a certain column) passes the first station, punching is suspended;
on the next cycle the master is at the second station and the hourly rate
punched in it is carried back into the card at the first station. Thus, a whole
series of gang punch operations are performed one after the other, each one

punching different data. See Figure 19.
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Figuré 19—Interspersed Gang Punching

It is not possible to check this operation by looking at the last card, because
the last card of the deck bears no relationship to the first card, as it does in
straight gang punching. In order to verify interspersed gang punching the
read side of the reproducing punch can be used.

After the cards are punched, they are removed from the punch stacker and
placed in the read hopper. The panel is wired so that the card at station 1
is compared with the card at station 2. If they are not the same on the fields
being compared, the machine stops, a light comes on and a pointer indicates
the column in error. The panel is wired to suspend comparing whenever a
master card is at the first station.

Master cards must all have a common “X” in a certain column or the other
cards (details) may have a common “X” which can be used to tell the machine
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to punch or not to punch and to compare or not compare. Other columns
besides those punched can be compared. The masters in the example would
have the same employe number as the details which follow them. The columns
in which an employe number is punched could also be compared to insure that
the masters were in front of the details for the same employe number. The
checking operation can be done while other cards are being punched on the
punch side, because the two sides are unrelated when the panel is wired to
gang punch. They act as two separate machines and have no relationship as
they do during a reproducing operation.

The reproducing punch just described is the IBM Type 514. There are
several other similar punches in common use, each of which performs certain
basic operations. Many have special devices. A common special device is the
digit emitter, which is installed on the punch and permits the operator to
punch a given number into a group of cards by means of control panel wiring.

For instance, let us suppose that the labor distribution cards for a week’s
labor are needed to prepare labor distribution reports. The same data is also
needed in performance reports showing standard hours versus actual hours
expended on each job. Since the deck of labor distribution cards is needed
in two places at the same time, another deck can be reproduced. In reproduc-
ing the duplicate deck for performance, it is possible to place an identifying
punch such as an “X” in column 80 in the new deck at the same time that it
is being reproduced.

Other data, such as the week-ending date, can also be punched in by using
the digit emitter. Actually, the same thing can be done by gang punching
these particular columns, but this requires that a card be punched with the
desired data and placed in front of the deck. The use of the digit emitter is
much more convenient.

Note that the Reproducing Punch is quite flexible. It can perform several
operations on the same cards simultaneously. For instance, one could repro-’
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Figure 20—Mark Sensed Card. This card has been mark sensed with the numbers

35479024218." This number can be punched into a field of the same card by pass-
ing it through the document originating machine. No key punching is necessary.
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Figure 21-IBM Type 552 Interpreter Printing. Job time cards are prepunched and
distributed to all direct workers in the company each day to be used to record their
time spent on each job. The IBM 552 Interpreter is used to print the top line with
the data that is punched in the card so that it can be read by human beings.

duce columns 1-40, gang punch columns 41-79, and emit an “X” in column 80
at the same time.

Another special device is for mark-sensed punching. This device is used to
punch data in cards in accordance with marks made on the card. See Figure
20. This operation is attractive because it eliminates the key punching and
verifying operation. The card is used as a source document, and data is
punched in it also. A card serving these dual functions is called a dual card.

The marks must be made on the card in certain specific spots and with a
special pencil containing electrographic lead, which is a conductor of elec-
tricity. Unfortunately, the marks must be made so precisely that the operation
is extremely delicate. The punching device can be used successfully, however,
when a limited number of trained people are doing the mark sensing and a
relatively few columns of data are being mark sensed.

Recording speeds on the reproducing punch are about 100 cards per minute,
depending on the type of punch used. The number of columns being punched
has no bearing on the speed, as all 80 columns are punched simultaneously by
punch dies.

Interpreting is the recording of data punched in the card along the top edge
of the card. We have already observed that the IBM Type 26 Card Punch will
perform this function at the time the cards are being punched. There are many
operations where the data punched in cards must be read by laymen or file
clerks. These decks are often made on the reproducing punch. Job time cards
are usually reproduced from a master employe deck and sent to the employes
for the recording of their time on each job. They must be interpreted because
they are handled by many people. See Figure 21.

The IBM Type 552 interpreter is in common use. The machine is very sim-
ple and will do little else except print data across the top of the card. There
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is an inconsistency in the IBM line between the IBM Type 26 printing and the
Type 552 interpreter printing, as they have different-sized characters; conse-
quently, all the cards in a deck must be printed on one machine or the other.
It is not practical to mingle the two. The 26 has a matrix unit which prints
80 characters (one over each column) across the top of the card. See Figure
10. The interpreter only prints 60 characters per line but can be printed on
two lines.

This machine is slow — about 60 cards per minute and, if two lines are to
be printed, the cards must be passed through the machine twice.

A greatly improved interpreter, the IBM Type 557, has been introduced
which will print twelve lines on a card and can be used for punched-card check
preparation and certain posting operations.

Transfer Posting

Historical records of transactions are sometimes required. An example of this
is in an inventory control application where a stock ledger card is maintained
for each part. The stock ledger card is posted with all of the transactions for
that part each day, thereby affording a historical record of transactions in
chronological sequence. Under the manual system, transactions are hand
posted to a Kardex record or some similar document.

Under mechanical systems, all of the transactions are keypunched. These
transaction cards are then merged with previous balance cards for those parts
that have activity, and a transaction register is prepared on transfer posting
continuous form paper with a carbon backing. A new balance card is sum.
marized for the card file at the same time. The transaction register is then sent
to the inventory control office where the transfer posting machine is located.
It is threaded into this machine and a clerk pulls the proper stock ledger card
for each part that has activity, inserts it into the machine and pushes a lever

Figure 23—IBM 954 Facsimile Posting Machine
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Figure 23a—Farrington Optical Page Scanner (Reprinted
from “Business Automation”.)

which causes the whole line to be posted on the stock ledger card at once by
a method similar to dittoing. See Figure 23.

The transfer posting machine. is completely different from the other IBM
machines described here, because punched cards are not processed through it.
In fact, it is usually physically located away from the data processing depart-
ment. The posted records are thereby retained where they are needed.

The machine just described is the IBM Type 954. There are many machines
available for this type of an application. Some use heat application rather
than posting fluid. Others are especially adaptable to addressing envelopes and
pieces of mail. They all perform basically the same operation — recording a
line or lines of data from continuous forms to a record document.

Optical Scanning*

Optical scanning is the most advanced form of equipment in use today that
performs the recording function. Optical scanning is performed by a machine
that is capable of “reading” source documents and transcribing the data into
a machine language form such as punched cards. See Figure 23a. The advan-
tages of such an operation are evident; it eliminates the keypunch and veri-
fying operation and greatly speeds the flow of input data.

Disadvantages are:

1. It will read only certain kinds of type.

2. It will not read handwriting.

3. Production cost of scanners is high because each machine is custom
built for specific applications.

It should be pointed out that the input bottleneck is a critical problem in
today’s data processing world, and tremendous emphasis is being placed on
the development of better input equipment. The problems of developing a
machine that will read handwriting are obvious when one observes the hand-

*See Optical Scanning—An Unlimited Horizon in “Management and Business Automa-
tion” page 23, September, 1960.
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Typical Scanning Type Faces

12345 67890

Farrington Selfchek: Already available on various
types of business machine, Selfchek characters differ
from each other by at least two strokes. Thus poor
quality cannot cause an error unless two parts of the
character are changed.

L2345b7890

General Electric 69-A: All characters are composed
of only horizontal and vertical lines constructed on
a 6 by 9 zone grid. The right edges of all characters
have a minimum height of five zones to facilitate
character presence detection.

124456768190

National Cash Register Co.: Each character has a
code “within the character” combining two languages
in one. The code, uniquely different for each char-
acter, makes complete self checking possible and is
said to have a remarkable tolerance for relatively
poor printing.

1234567890

Radio Corporation of America: The R.C.A. 5 by 7 font
is based on a 5 by 7 position matrix technique. The
font has five points for recognition. The two dots
contained in the zero distinguish a zero from the let-
ter “o,” as the font comprises both numeric and
alphabetic characters.

Figure 23b—Typical Scanning Type Faces

Principles of Punched Card Data Processing

The Mechanics of Scanning

PHOTOMULTIPLIER

FIXED SLIT PLATE

MIRROR T¢ PHOTOMULTIPLIER

SCANNING DISC

Dens

b

\ INVOICE CARD AT THE
READING STATION
The scanner makes a rapid vertical scan. Due to
document motion (or in some cases the motion of a
sweep mirror) the vertical scans progress across the
character. Output of the scanner is a video signal.

Figure 23c—The Mechanics of Scanning

written source documents that are processed through any data processing
department. However, some progress has been made and the future looks
bright. It will almost certamly require some standardization of handwriting,
which would be a step in the right direction even if optical scanning were not
used. Progress has also been made in the development of a general purpose
machine.

The scanner, like the transfer posting machine, does not read holes in a
card. It reads printed data directly from a source document. This data must
be printed in a special type font and these vary with each equipment manu-
facturer as shown in Figure 23b.

The mechanics of scanning are illustrated in Figure 23c. Note that the out-
put of the scanner is a video Slgnal These signals are sent to the “truth table”
stored in a special purpose digital computer where the various bars and strokes
of the data read are compared with the possible combinations that comprise
the characters, The computer determines' the proper character and stores it
for future processmg at the proper time.

Speeds of the various types of scanners vary considerably and are influenced
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by many factors. Generally speaking, one optical scanning unit will perform
the work of five keypunch operators. It is most profitable on jobs where tre-
mendous quantities of similar documents are processed.

The other recording functions discussed thus far are in widespread use at
this time. However, optical scanning is the latest development and its use is
quite limited by comparison. The first application was READER’S DIGEST maga-
zine, which began using a character reader in 1955. By 1959, the scanner had
read its billionth character. READER’s DiGEST uses this method to process or-
ders for 15 to 20 million books annually. It has reduced its order processing
time from one month to slightly over one day.

By 1960 nine major gas and oil companies had scanners in action daily,
processing three quarters of a million credit card invoices. Many other com-
panies of all types are using scanners, but yet their use is much more limited
than would be expected when one considers these advantages:®

1. Reduction in transcription costs.

2. Increased speed and accuracy of transcribing source data inte ma-
chine language.

8. Ability to sort and merge source documents.

This concludes the basic principles of the recording function. The descrip-
tion of the function has been confined principally to the IBM line of equip-
ment as will be the other three functions.** This is prompted by the promi-
nence of IBM equipment and the fear of confusion which might result if more
than one line of equipment is explained. You have undoubtedly observed by
this time that there are a number of different machines available which perform
similar operations. These machines can all be equipped with special devices
to increase their flexibility and capacity. This is confusing enough without dis-
cussing similar machines made by other manufacturers. The principles of
machine operations are what is important, and they are basically the same re-
gardless of which manufacturer’s hardware is used.

End of Chapter Questions

1. What machine is used to transcribe data from source documents into ma-
chine language? How does it operate?

2. What is the purpose of the program drum and card used on the IBM
Type 24 card punch?

3. Explain the duplicating function. What are its advantages?

4. What is the difference between the IBM Type 24 card punch and the
IBM Type 267

5. How do the IBM and Remington Rand card punches differ in operating
principles? '

What factors affect the speed of keypunching? 7

What function checks the accuracy of the punching? What machine is

used for this in the IBM line? In the Remington Rand line?

N®

*QOnly 75 commercial systems had been installed from 1955 to 1962.
**Exception to this is the optical scanner in which Farrington Electronics has a head start, Eut s
now being pursued by several other companies including IBM.
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10.

11.

12.
13.
14.

15.
16.
17.
18.
19.
20.
21.
22.
23.

24.
25.
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Explain how the IBM Type 56 verifier operates.

Explain the differences between the IBM and the Remington Rand sys-
tems for verifying the accuracy of data punched in the cards.

What does a circular notch over a column in an IBM card indicate? What
does a circular notch at the right end of the card indicate?

What machine other than the card punch can be used to punch data in
cards? How does the machine know what to punch and where to punch it?
Explain the reproducing operation.

How is the accuracy of reproducing checked?

How is an electrical circuit completed as a card feeds through the repro-
ducer?

Explain the gang-punching operation.

How is the accuracy of gang punching checked?

Explain the operation of interspersed gang punching.

How is the accuracy of interspersed gang punching checked?

What is a digit emitter?

What are the advantages of mark-sensed punching?

What is a dual card?

What is the purpose of the interpreting operation? What machine is used?
How does the transfer posting machine differ in operation from other IBM
machines?

Explain how a transfer-posting system operates.

What function of punched card data processing is performed by all of the
machines described in this chapter?



CHAPTER 5

Machine Functions

Classifying Function

The classifying function is concerned with the arrangement of transactions
into desired sequences. After all of the transactions have been recorded, it
is necessary to have a fast, economical method of grouping like transactions.
In a manual system, the sorting of source documents is laboriously done by
hand or with the assistance of collating mechanisms which systematize it
somewhat.

After all similar transactions are grouped, adding machine tapes can be run
on each type of transaction for reporting purposes. This can be a major prob-
lem with some source documents which have multiple transactions on the same
document. This one document should be sorted into several different groups.
The punched card data processing system overcomes this obstacle by the unit
record principle, which is the recording of each transaction on a separate card.

' Sorter

The punched card data processing system greatly speeds up the sorting
operation by the use of the sorter. The most common sorter in use today is the
IBM Type 82 sorter. See Figure 24. This sorter operates at the rate of 650
cards per minute. It has only one brush and will read only one column at a time.
The brush can be set by means of a crank in any one of 80 positions corre-
sponding to the 80 columns of the card. It has 13 pockets into which the cards
drop. The first pocket is for rejects, which are those cards with no punch in
the column being sorted. The other 12 pockets are for the 12 horizontal punch-
ing ‘positions on the card.

The cards must be passed through the sorter once for each column in the
field being sorted. The last column of the field is sorted first, then each column
to the left until all columns of the field are sorted.

To explain this operation in more detail, let us refer to Figure 25. In frame
number 1, 10 cards are shown with numbers written on them. Let us assume
that the four—digit numbers are punched into columns 41-44 of the cards. The
cards are in no sequence, but we desire to arrange them into sequence on the
numbers punched in columns 41-44.

The cards are placed in the sorter and the brush is set on column 44, They
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Figure 24—IBM 82 Sorter (Courtesy of International Busi-
ness Machines Corporation)

will fall into the sorter pockets according to the numbers punched in column
44. After all cards have passed through the sorter on column 44, they are re-
moved from the sorter pockets by the operator. He must be careful to remove
them in order, so that the cards from the “1” pocket are behind the cards from
the “0” pocket and the cards from the “2” pocket are behind the cards from
the “1” pocket, and so on until the “9” pocket contents are at the end.

The cards are now in sequence on column 44 as illustrated by frame num-
ber 2 in Figure 25. They are then placed in the sorter stacker again, and the
brush is set on column 43. After they have passed through the sorter on column
43, they are removed by the operator in sequence. The cards are now in se-
quence as shown in frame number 3. Note that they are now in order on col-
umns 43-44.

The cards are then sorted on column 42, which arranges them in the se-
quence shown in frame number 4. Finally they are sorted on column 41, which
completes the sorting, and they are now arranged in the desired sequence as
illustrated by frame number 5.

Despite the fast speed of this machine (650 cards per minute), the opera-
tion can still be slow and tedious because of the number of times the cards
must be passed through the machine. A sorting machine has not been devel-
oped which is capable of taking a deck of cards in random sequence and ar-
ranging them in sequence on any given field in one pass. The manufacturers
have been successful, however, in developing faster sorters by substituting an
electronic beam for the brush to sense the holes in the cards. These machines
are capable of speeds up to 2000 cards per minute. -

The sorting discussed thus far has been numeric only. It is sometimes neces-
sary to arrange cards in alphabetic sequence also. For instance, it is desirable



Machine Functions 55

to have a company roster in alphabetic sequence. You will recall that a letter
is composed of two punches in a column. For this reason, it is necessary to
run the cards through the sorter twice on each column of an alphabetic field.
The first sort arranges the cards in sequence on the numeric section (1-9) of
the card. Only punches 1 through 9 are sensed on this pass. The cards are then
placed back in the sorter on the same column and a switch is thrown to cause
“zone sorting.” This causes the sorter to sense only the three top horizontal
rows of holes in the cards. These are the zero, 11 and 12 punches. [A combina-
tion of a numeric punch (1-8) and a zome punch (0, 11 or 12) is required
to form a letter.]

When sorting cards to alphabetic sequence; such as for a roster, it is usu-
ally sufficient to sort on the first four digits of the last name and on the initials.
This will arrange them in sequence with very few exceptions and is usually
sufficiently alphabetical for such a list. Time in sorting is saved, because the

Frame | Frame 2

0873
0099
9899
0345]
000,
3781
4682,
7654
ORIGINAL FILE FIRST SORT, COL 44
Frame 3 Frame Frame 5

la
SECOND SORT, COL 43  THIRD SORT, COL 42 FINAL SORT, COL 41

Figure 25—Sorting
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name field might comprise 20 columns which would require 40 sorts. The
sorting can be accomplished in twelve passes by sorting the 1n1t1als and the
first four positions of last name.
How would you sort this field to anancre it in the proper sequence?
. First Initial
Second Initial
i Last name

!

Columns 1234567 89101112 13 14 15 16 17 18 19 20

1. Sort second initial, column 2 numeric.

2. Sort second initial, column 2 zone.

3. Sort first initial, column 1 numeric.

4. Sort first initial, column 1 zone.

5. Sort fourth column of last name, column 6 numeric.
6. Sort fourth column of last name, column 6 zone.
7
8
9

. Sort third column of last name, column 5 numeric.
. Sort third column of last name, column 5 zone.
. Sort second column of last name, column 4 numeric.

10. Sort second column of last name, column 4 zone.

11. Sort first column of last name, column 3 numeric.

12. Sort first column of last name, column 3 zone.

Note that the least important column is always sorted first and the most im-
portant column is sorted last. This is sometimes referred to as progressing from
minor to major.

A sorter can also be used to select cards with a certain punch in a column.
An example of this is the separation of third shift labor distribution cards from
a deck that contains first, second and third shift cards without disturbing the
sequence of the first and second shift cards. This is possible by setting the
brush on the column in which shift is punched and setting switches to sup-
press sorting all numbers except 8’s. The cards with a three (third shift) will
then sort out into the 3 pocket and all other cards will fall into the reject
pocket. Because of being limited to one brush, selection is possible on only
one column.

Collator

Another machine used in the classifying function is the collator. See Figure
26. This machine is very flexible and has a multitude of uses, but it will per-
form basically three operations. These are merging, matching and selecting.

Merging is the process of combining two decks of cards into one deck in
sequence. Both decks being combined must already be in the sequence de-
sired for the combined deck. Figure 27 shows the two decks, A and B, in
employe number sequence. By the merging operation, these two decks are
combined into one deck illustrated by deck C.

The same thing could be accomplished by sorting, but this would take
longer and require more operator action than the collator operation.

The IBM Type 77 has two feeds known as the primary and secondary
feeds. In Figure 26, the two feeds can be seen at the upper-right end of the
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Figure 26—IBM 77 Collator (Courtesy of
International Business Machines Corp.)
o0 DECK A DECK B
3506
2364 2403

1240 1251

Figure 27—Merging. Decks A and B are merged together to form Deck C. Numbers
written on the cards indicate employe number which is punched in the cards.
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collator. The top feed is the secondary and the bottom feed is the primary.
There are four pockets into which the cards drop. These pockets are side by
side in the front of the machine. For the merging operation shown in Figure
27, either deck can be placed in either feed. After all cards have passed
through the machine, they will have been stacked in one of the pockets ac-
cording to instructions given by control panel wiring.

DECK A
SECONDARY RRUSH, DECONDARY
FEED
[ HOPPER
‘__—'—"'—\
—
=
S| | e N e
DEC
. PRIMARY SEQUENCE PRIMARY
Gt BUsHEs FEED
4 |13 |2 |a HOPPER
POCKETS
Figure 28—Merging. Decks A and B are merged togethcr to form Deck C in pocket
No. 2.

Figure 28 is a schematic diagram of the internal machine operations on this
function. There are two sets of brushes in the primary feed, and only one set
in the secondary feed. Each of those sets of brushes consists of 80 brushes
which read all 80 columns of the card as it passes between them and the con-
tact rollers. In the merging operation, the card with the lowest number
punched in it always feeds first, regardless of which feed it is in. The other
feed stops until it contains the card with the lowest number, at which time
it ejects a card and the other feed stops. This is done at a rate of approximately
250 cards per minute.

The merging operation requires only one set of brushes in each feed. The
second set of brushes in the primary feed is used for sequence checking. Se-
quence checking is done to determine if the cards feeding through the primary
feed are in sequence on the fields being used. If a card is out of sequence, the
machine will stop and a red light flashes on. The operator must then remove
the card in question and visually analyze it to determine the cause of its being
out of sequence.

Sequence checking can only be done in the primary feed, but it can be
done simultaneously with merging or matching operations. In the example
given in Figure 27, the normal procedure would be to run the smallest deck
(deck B,) through the primary feed first to assure that it is in employe num-
ber sequence. Deck B would then be placed in the secondary feed and deck
A would be placed in the primary feed. As the decks are being merged, the
sequence of deck A will be checked. To assure complete accuracy of opera-
tion, the merged deck can then be run back through the primary feed to check
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the sequence and assure that the merging operation has been performed with-
out error.

Merging is frequently used to combine decks for several reports into a deck
for a reporting period to issue recap reports. For instance, the labor distribu-
tion decks used for the four weekly labor reports can be combined into one
deck for the monthly labor report by merging. When merging four decks to-
gether, three passes through the collator are required. Deck 1 is merged with
deck 2, deck 3 is merged with deck 4. The merged decks 1 and 2 are then

When merging weekly decks to prepare for monthly reports, it is usually
wise to merge each week as it occurs rather than to wait until the end of the
month, which is a critical week. Deck 1 would be merged with deck 2. At the
end of the third week, deck 3 would be merged with the combined deck of
weeks 1 and 2. At the end of the month, only one pass is necessary. This is
the merging of the fourth week’s cards into the combined decks of weeks 1,
2, and 3. The cards are merged in the sequence of the first monthly report to
be prepared.

Collator Matches Equal Cards in Two Decks

Matching is another basic operation performed on the IBM Type 77 collator.
Matching is the process of comparing two decks of cards in sequence and
selecting those cards which are equal.

Figure 29 shows a sample of a typical matching operation. One deck is
placed in the secondary feed, the other in the primary feed. Both decks are in
employe number sequence. As the cards pass through the collator, the equal
cards are selected into the itwo middle pockets. The unequal cards fall into
the end pockets. '

Probably the most common operation on the collator is a combination of
the two operations already described. This operation is known as match-
merging. Match-merging is the operation in which two decks of cards in se-
quence are compared and the equal cards are merged. The machine will al-
ways merge the primary card ahead of the secondary card with the same num-
ber. Figure 30 portrays this operation. Note that the cards fall into three pock-
ets — one for the merged deck and the unmatched from each feed in the two
end pockets. The fourth pocket is not used.

An example of this operation is the match-merging of labor distribution
cards in employe number sequence behind a payroll master file deck in em-
ploye number sequence. The purpose of merging these decks together is so
that the hourly rate in the payroll master file card can be multiplied by the
hours in the labor distribution cards to determine the labor dollars. This mul-
tiplication operation is performed on the calculator and will be explained in
more detail later on.

Figure 30 assumes that labor distribution cards are in the secondary feed
and payroll master file cards are in the primary feed. The match-merged deck
contains all labor distribution cards that had a corresponding payroll master
file card. The exceptions — those labor distribution cards with no correspond-
ing payroll master file card are selected out as unmatched secondaries so that
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SECONDARY PRIMARY

1269
—
1275 1275
1272 1274 1274 1273
1269 :] 1271 1271 | 1270 3
SECONDARY SECONDARY PRIMARY PRIMARY
UNMATCHED MATCHED MATCHED UNMATCHED

Figure 29—Matching Operation on the Collator. Cards with the same employe
punched in them drop into the two center stackers. Cards in either feed that do not
have a corresponding number in the other feed drop into the outside stackers.

SECONDARY

PRIMARY

1272 |
1269

SECONDARIES
UNMATCHED

PRIMARIES
UNMATCHED

PRI

MATCH-MERGED DECK
Figure 30—Match-Merging Operation on the Collator. Same as the matching op-
eration except cards with corresponding numbers are merged together in one of
' the center stackers,
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they can be analyzed to determine why there is no payroll master file card for
them. Likewise, the unmatched payroll master file cards are selected into the
unmatched primary pocket where they can be analyzed.

The third basic operation performed on the IBM Type 77 collator is known
as selection. Selection is the operation in which cards containing a certain
number or series of numbers in a given field are automatically pulled from a
deck.

To perform this operation, a card is punched with the number to be se-
lected and placed on the front of the deck. The panel is wired to select all
cards from the deck with that number punched in the given field. The deck
is passed through the collator, and the cards with that number punched in
them fall into one pocket. All other cards fall into another pocket.

The collator can also be wired to select all cards punched with a number
higher or lower than a certain number in a given field. For instance, all em-
ployes hired after January 1, 1960, can be selected from a payroll master file
deck. Likewise, all employes hired between January 1, 1960, and June 30,
1969, also can be selected.

Selection is somewhat limited in that one number can be selected or all
numbers over a certain number, under a certain number, or within certain
limits can be selected. It is not possible to select several widely separated
numbers by this method.

The collator is limited to the use of 18 columns which can be expanded to
32 columns for certain operations. These columns can be divided into any
number of fields with any number of columns as long as the total number of
columns does not exceed 16 positions. For instance, two work-in-process decks
could be merged into one deck on the following fields:

Job number Columns 26-29 Major
Task number Columns 31-34 Intermediate
Cost element Column 25 Minor

In this case, three different fields are being controlled for a total of nine col-
umns. The term major, intermediate, and minor are commonly used and refer
to the rank or importance of the fields. Major is the highest rank and minor
is the lowest. The cards will be in a sequence on the major field. They will
also be in a sequence on the intermediate field within the major and on the
minor within the intermediate. In the work-in-process example, all cards for
any given job number will be grouped together. Within the cards for any giv-
en job number, they will be in sequence by task and within any given task
they will be in sequence by cost element. Thus, any number of fields may be
involved with any number of columns as long as the total number of columns
being controlled does not exceed 16.

If it is absolutely necessary to utilize more than 16 positions, it is possible
to do so on the IBM Type 77 collator. But the capacity of the machine must
" be used in such a way that it is not possible to sequence check at the same
time that a merging or matching operation is taking place. This is a great dis-
advantage because it is of paramount importance that the cards always be in
exact sequence when passing through the collator. It is usually necessary to
sequence check both decks of cards first, then run them through again to
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merge them and then sequence the merged deck. This is quite time-consum-
ing, but can be done if it is necessary to control on more than 16 positions.

All of the collator operations discussed thus far have been concerned with
numbers only. It is possible to get an attachment for the IBM Type 77 col-
lator to allow the use of alphabetic characters and special characters. There
is also an alphabetic collator which is adaptable to the use of alpha and
special characters; however, the cost is more than double the rental of a
numeric machine.

The collator is an extremely useful tool and can be used on a wide variety
of applications. Its usefulness is based upon its ability to read two cards at
once, and by means of comparing magnets that determine whether the num-
bers punched in one card are higher than, equal to, or smaller than the digits
punched in the same field of the other card. The machine is instructed to per-
form operations based on these high, equal, or low impulses through control
panel wiring.

The cardinal rule to remember is that all decks must be in sequence for all
collator operations except selection. The selection operation is not dependent
upon each card being punched with a number greater than or equal to its
predecessor, such as is the case with matching, merging and sequence check-

ing.
Calculating Function

Calculating as applied to punched card data processing refers to the multi-
plication, division, addition and subtraction of data. This implies the use of
mathematics and the solving of problems by the use of formulas. The formula
is often as simple as A X B = C or A + B = C. However, it can become
quite complex and even develop several different answers, such as in the com-
putation of payroll taxes. This operation determines an employe’s federal with-
holding tax, FICA (Federal Insurance Contributions Act) deduction and
SUI (State Unemployment Insurance) in one pass and punches the results in
the card.

The most common calculator is the IBM Type 604 electronic calculator.
See Figure 31. This machine has only one hopper and one stacker and feeds
at a constant rate of 100 cards per minute. There are two separate units which
are connected by a cable. The unit into which the cards are fed is referred to
as the punch unit. The other unit is the calculating unit. Each unit has a con-
trol panel; consequently, two panels must be wired for each job. The punch
unit reads data punched in the cards according to instructions from the con-
trol panel and feeds it to the calculating unit via the cable. The calculating
unit operates with electron tubes and performs operations at electronic speeds
according to instructions supplied by its control panel. When the calculating
unit has completed all program steps required, the resulting answers are
fed back to the punch unit via the cable where they are punched into fields
in the card as instructed by the punch unit control panel.

Before applying a problem to the calculating unit, it is necessary to reduce
it to a mathematical formula. Many business and industrial problems can be
reduced to quite simple formulas which are within the capacitv of the calcu-
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Figure 31-IBM 604 Electronic Calculating Punch (Courtesy
of International Business Machines Corporation)

lator. Engineering problems, however, can be very complex, and the IBM
Type 604 electronic calculator is satisfactory for only simple-type engineer-
ing calculations. Electronic computers work much more satisfactorily for en-
gineering problems because of their great storage capacities and increased
flexibility.

Let us take a few sample problems and see how they are applied to a
punched card calculator.

The processing of material requisitions is a common accounting application
applied to punched card equipment. A card is punched for each part shown
on the requisition, which is a document used to record the transfer of parts
from one place to another or from one accounting charge to another. The card
is keypunched with pertinent data about the transaction, including the number
of parts involved and the unit price (price per part).

For accounting purposes, it is necessary to obtain a dollar value of the parts
being moved; consequently, a calculation is necessary. The formula used is:
A X B = C. A is the number of parts being moved. B is the unit price. C
is the extended dollar value. Factors A and B are punched in each transaction
card. Factor C is calculated and punched into a field reserved for that pur-
pose.

The extension of material requisitions represents a very simple problem
and, of course, the panels are quite simple to wire. Now let us look at another
calculation which is quite common today and is considerably more complex
— the extension of payroll taxes.

In the State of California, there are three types of deductions based upon
earnings which are included within the operation of payroll tax calculations.
These are the federal income tax deduction, FICA deduction and state dis-
ability insurance deduction .

The federal income tax is determined through reducing the gross earnings
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by the dependents allowance, which is $13 (on a weekly payroll) X the
number of exemptions. The result is multiplied by 18%.

The FICA (Federal Insurance Contribution Act) is the deduction for social
security. The percentage and the limits change periodically, but for our con-
sideration let us assume that 8% of the first $4800 earnings is deducted for a
total of $144 per year.

The SDI deduction which covers state disability insurance in the State of
California amounts to one per cent of the first $3600 earnings for a total of
$36 per year.

Our example is based upon employes” exemption only. Employers also make
contributions based upon amounts paid to employes, but the problem we are
illustrating is concerned with making calculations essential to writing employes’
paychecks and only employes’ deductions are considered.

Factors involved are as follows:

A — gross earnings.

B — number of exemptions.

C — Federal withholding tax.

D -- FICA before checking.

E — FICA withheld through last payroll.

F — FICA deduction.

G — SDI before checking.

H — SDI withheld through last payroll.

I — SDI deduction.
Three factors are involved in both FICA and SDI because it must be deter-
mined whether the limit has been reached. If it has, either no deduction is
to be taken or a sufficient amount is to be withheld to bring the total deduc-
tions to date up to the limit.

The formulas are as follows:

The formula for federal income tax is A — (B X 13.00) x 18% = C.
The result C is the federal withholding tax and is punched into a field in
the card reserved for that purpose. The formula for FICA is .03 A = D.
$144.00 — (D + E) = TEST. TEST counter to see if it is negative.
When counter goes negative this means that the deduction for the year
exceeds $144. If counter is positive, D = F and no further computations
are required. If counter is negative, calculate. D — (negative amount
in test counter) = F. This reduces F to an amount which will cause the
employes’ deduction for the year to equal $144. The formula for SDI is
.01 A = G.36.00 — (G + H) = TEST. If counter is positive at TEST,
G = I and no further calculations are required. If counter is negative,
the amount of SDI to deduct to bring the total for the year to $36 may
be determined by this formula: G — (negative amount in TEST count-
er) = L

Each employe will reach the limits only once for FICA and once for SDIL
This will be when his earnings to date pass the $3600 mark and again at
$4800. It is custoiuary to punch an “X” in some column of the card to indi-
cate that the full deduction has been withheld. The panel is wired to skip
those formulas relating to that field when an “X” card is sensed.
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Now let us substitute amounts as follows:
A —$200 gross earnings
B —5 exemptions
C — Unknown, federal withholding tax
D — Unknown, FICA before checking
E — $106.50, FICA withheld through last pay period
F — Unknown, FICA deduction
G — $35.50, SDI withheld through last pay period
H — Unknown, SDI before checking
I — Unknown, SDI deduction

The formula for computation of federal withholding tax on a weekly payroll
is as follows: A — (B X $13.00) x 18% = C. By substituting values, we
have: $200.00 — (5 x $13.00) x .18 C

200.00 — 65.00 x .18 = C
135.00 x .18 = C
$24.30 = C

The value of C is placed in a storage unit until the other calculations are
completed, at which time it will be punched into a field in the card reserved
for federal withholding tax.

The formula for computation of “FICA before checking:” 3% A = D. By
substituting values, we have: .03 X $200.00 = $6.00. The value of D is
stored and used in the “TEST” computation as follows:

$144.00 — (D + E) = TEST
144.00 — (6.00 -~ 106.50) — TEST
+ 8150 — TEST
Result is a positive answer, therefore: D = F. D is $6, therefore, F is $6.

We can see that this is correct because 3% of 200 is $6, and $6 added to
the FICA withheld through the last pay period does not exceed $144.

The formula for “SDI before checking:” 1% A = G. By substituting values
in the equation we have: 01 X 200.00 = $2.00. The value of G is stored and
used in the “TEST” computation as follows:

$36.00 — (G + H) = TEST
36.00 — (2.00 - 35.50) = TEST
36.00 — 37.50 = TEST
— 1.50 = TEST
“TEST” is a negative answer which indicates that the maximum amount to be
withheld for the year will be exceeded if the full deduction is taken. When
“TEST” is negative, the following formula applies to compute the proper
amount of SDI to withhold: ’
G — (negative amount in “TEST” counter) = I
2.00 —150 =1
. . S50 =1
We can see that this correct by adding the SDI withheld through the last pay
period which is $35.50 to the current deduction of $.50. 1 he sum is $36, which
is the maximum SDI deduction for the year. At this time an “X” can be
punched in an assigned column to ihdicate that the SDI limit has been reached
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so that the SDI formulae will not have to be computed for the employe in
the remaining payrolls of this year.

All of the tax computations can be completed in one pass of the cards
through the IBM Type 604 calculator. Another pass is required to check the
accuracy of the computations.

This problem indicates some of the versatility of the calculator. A limited
number of logical decisions are possible, as illustrated by the testing for limits
on FICA and SDI. Many other operations are possible but all are based on
the four arithmetic functions of addition, subtraction, multiplication and di-
vision, and some special features such as the ability to detect a negative an-
swer standing in the counter.

Importance of High Speed Calculation

The high speed of calculation can have a significant effect on schedules.
For instance, the calculation of payroll taxes just described would obviously
be a big task manually for 3000 employes, even with tax tables, but by the
punched card method it would require only one hour to extend the taxes
and one hour to check them. Six thousand cards are involved because there
are two cards for each employe. The first card contains the to-date FICA and
SDI, and the second card contains gross earnings and all other data pertinent
to the current payroll.

Group Multiplication of Labor Distribution

Group multiplication is a common operation. This entails the use of a master
card to supply one or more of the factors used for computation involving the
detail cards filed behind the master. As in interspersed gang punching, the
master cards must be identified in some way, such as by an “X” punch. They
are interspersed throughout the file with any number of detail cards behind
them.

The preparation of labor distribution cards by match-merging them behind
their respective payroll master cards by employe number was described in
the section of this chapter devoted to the classifying function. See Figure 30.
After the cards have been match-merged with all of the labor distribution
cards for each employe behind his payroll master card, it is possible to group
multiply the hourly rate punched in the payroll master cards times the hours
worked punched in each labor distribution card and punch the extension which
is labor dollars in each labor distribution card.

The formula for this calculation is as follows: Am > Ba = Ca

A is the base hourly rate.

B is the total hours worked. -

C is the total labor dollars.

Sub m indicates the factor is in the payroll master card.
Sub d indicates the factor is in the detail card.

Normally, the labor distribution calculation is not this simple, because many
other conditions are involved. Straight time labor hours and dollars might be
separated from premium hours and dollars, and a bonus might be added if
the employe is working on second shift.
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The formula now becomes:
Am + (.10 jf SeCOHd Shift)d >< Ba = Cd
Am + (.10 if second shift)a X Dd = Ea

2
A is base hourly rate.
B is straight time labor hours.
C is total labor dollars.
D is overtime labor hours.
E is premium labor dollars.
Sub m indicates factor is in payroll master card.
Sub d indicates factor is in labor distribution card.

The calculator is wired to read the base hourly rate field whenever a pay-
roll master card feeds, and to place the rate in a storage unit. As each labor
distribution card is fed, the calculator tests for shift, which is determined by
a “1” or “2” punched in a given column. If a “2” is punched, 10 cents (second
shift bonus) is added to the base hourly rate. If a “1” is punched, it indicates
first shift, and nothing is added to the base hourly rate. The rate as it now
stands is then multiplied by the total hours and the answer is placed in a
storage unit. Next, the adjusted rate is divided by 2 (or multiplied by .5) to
get the premium rate. In this example, overtime is paid at time and one half.
The premium rate is then multiplied by the premium hours worked, which
must be punched in a separate field, and the answer is placed in storage. The
storage units containing straight time labor dollars and premium labor dollars
are then impulsed to read out and punch in the designated fields.

Thus we see that as a payroll master card feeds, the base hourly rate is
read out into a storage unit. (The reading that was in a storage unit is wiped
out by reading something in on top of it.) This is all that happens on a pay-
roll master card. As each labor distribution card is fed through the calculator,
all of the formulae described are calculated and answers are punched into
each card. Only the base hourly rate is retained from card to card, and this
changes whenever a payroll master card passes through the calculator.

The calculations described in this section have related to an IBM Type 604
electronic calculator; however, the same principles apply to other calculators
on the market. The speeds and capacities vary considerably, but they per-
form approximately the same functions. ’

Summarizing

Summarizing is the function which is concerned with the preparation of
reports. Reports are-the principle products of a punched card data processing
department. The other three functions involve the preparation of punched
cards by recording data in them, classifying them in the proper sequence, and
calculating them in anticipation of all of this data being shown upon a report .
in the most usable form.

Tabulators are used to print reports. These machines are often referred to
as printers. IBM has an official title of accounting machine, which is most in-
appropriate, as this title usually signifies equipment in the bookkeeping ma-
chine class. The term electric accounting machines (EAM) is frequently used
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Figure 32—IBM Type 402 Accounting Machine (Cour-
tesy of International Business Machines Corporation)

to denote punched card equipment other than computers. Computers are classi-
fied as EDPM equipment (electronic data processing machines).

There are two different IBM tabulators in wide use today. They are the
IBM Type 402 tabulator (see Figure 32), and the IBM Type 407 tabulator
(see Figure 33). The two machines differ considerably in principles of opera-
tion, capacity and flexibility. The Type 407 is the superior machine of the
two. Our discussion here will be related to the Type 407.

After the cards are ready to prepare the report, they are placed in the hop-
per of the 407 and the control panel is inserted. The control panel is quite
large — about 22 inches square. The paper is inserted in the carriage on top
of the tabulator. The paper can be plain or preprinted to indicate the columns

Figure 33—IBM 407 Accounting Machine (Courtesy of
Intcrnational Business Machines Corporation)
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in which the data will print. The paper can be single copy or multiple copies
with interleaved carbons to get the required number of copies. Four or five
copies will give a good, clear report, but as high as 14 copies can be prepared
with very thin paper and special carbons. The paper is fanfolded with per-
forations along each side which feed through the pin feed devices on the
carriage.

The tabulator can be wired to “group indicate” or to “detail print.” On the
group indications operation, certain data is read from the first card of a group,
thus identifying the group. The identification is printed on the report. All the
other cards for this group are then tabbed — that is, they feed through the
machine but do not print on the report. However, as they feed, data from
amount fields is being read and fed into counters where totals are accumu-
lated. When the last card of a group is sensed, the totals print on the report
on the same line with the indicative information.

Detail printing is the operation in which the data punched in each and
every card is printed on the report. The paper advances one space and a line
prints every time a card feeds through the machine.

Group printing is often referred to as tabbing, and detail printing is re-
ferred to as listing.

On the IBM Type 407, there are 120 type wheels which print in a 12-inch
width. Thus, the maximum number of characters that can be printed on one
line is 120, and they will print on a line one foot in length. These characters
can be numeric or alphabetic, and there are eleven special characters such as
the decimal, comma, asterisk, etc.

The printing is quite flexible in that data punched in any column can be
printed from any type wheel by control panel wiring. Totals can also be
printed from counters. This machine is capable of both addition and subtrac-
tion, and several classes of totals can be accumulated at once.

Classes of totals are identified by the terms major, intermediate and minor.
These terms are also used when referring to the sequence of cards. These are
easy to remember if one keeps in mind that major is the largest grouping,
whereas minor is the smallest grouping. Thus, if a deck of cards is sorted to
employe number, minor, and then to department number, major, all of the
employes for one department will be grouped together. Example:

Department Number Employe Number
01 0123
01 1456
01 2389
02 0459
02 3689
02 4587

Department number is the major sequence and employe number is the
minor sequence. If another field were sorted between these two, it would be
the intermediate sequence. The IBM Type 407 is capable of accumulating totals
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and printing the various levels of sequence called classes of totals. In the
example we could print total earnings and give totals as follows:

Department Number Employe Number Total Earnings

01 0123 100.00

01 1456 245.40

01 2389 150.00
495.40%

02 0459 200.00

02 3689 189.00

02 4587 145.50
534.50*
1029.90%*

Each line has a minor total by employe number, and after all employes
_for a department have been printed, a total for the department is printed
(indicated by the *). This is the major class total. After all cards for all de-
partments have been fed through the machine, a final total is printed (indicated
by **). This example assumes that there is more than one card per employe
and that they must be tabbed for a total. If there was only one card per em-
ploye, the cards could be listed and the total earnings would be read directly
out of each employe’s card and printed on the report. The totals indicated by
an asterisk would then be considered minor totals.

The machine determines when to print a total by a comparison operation
which results in a “control break.” The field which is to be controlled is wired
to the comparing units. The comparing units compare the holes punched in
this field in the card at one reading station with the holes punched in the
same field of the next card which is at another reading station. If they are
not the same, the machine takes a control cycle and prints out totals according
to the way the control panel is wired. If they are the same, the cards continue
to tab until a difference is detected by the comparing units. Several fields can
be wired to compare. This is the way different classes of totals are printed.

Avutomatic Carriage

The feeding of the paper is governed by the automatic carriage which is
- mounted on top of the tabulator. The carriage operates according to instruc-
- tions supplied by the control panel and by a continuous punched paper tape
which has holes. punched on the spots corresponding to lines on the form
where something is ‘supposed to happen. See Figure 34. For instance, on an
invoice we desire to skip down to the customer name block and print the
customer’s name and address. Then the form must skip to a line indicating
the method of shipment, method of payment, terms, etc. Next it skips to the
body of the invoice and prints all of the items that the customer has ordered.
We could then have itskip to a predetermined total line and print the total
amount. Each time the form skips to a new printing area, it must be directed
~-by holes in the tape. The panel is wired to tell it what to do according to the
tape channel in which the hole is punched.
The spacing of forms was once a major problem on tabulators, but this has
been solved by the use of the paper tape just described. The paper tape method
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applies almost unbelievable flexibility in spacing, skipping, and ejecting of
forms.

The 407 operates at a speed of 150 machine cycles per minute. This means
that on a straight list report with no totals and no control breaks it will feed
and print out the data punched in the cards at the rate of 150 cards per minute.

Flgure 34—IBM Carriage Tape in Operating Position.

Continuous punched paper tape governs the feeding of

continuous forms through the tabulator. Holes punched in

channels 1, 5, and 12 are read by carriage brushes and

transmitted mternally to the control panel where wiring

starts and stops skipping and ejecting. (Courtesy- of Inter-
national Business Machines Corporation)

Extra operations, such as control breaks, totaling, summarizing, special pro-
graming, etc., require machine cycles and thus reduce the number of cards
per minute which can be processed The machine is capable of only 150 ma-
chine cymes per minute. A card feed uyuc is c\iuxva ent to a machine \/Y\,IU
However, for each machine cycle that is used for something else such as a
total, a card cycle is sacrificed and one less card per minute is fed into the
machine. Despite this, the average 407 operation will usually exceed 110 cards.
per minute, and speeds of more than 125 cards per mmute are quite common.

Summary Punching . .

Summary punching is the process of punching a summary card as totals,
are printed on a report. The reproducer is connected to. the tabulator by a
cable to accomplish this. The report is run on the tabulator, and each time a
designated class of total prints, the reproducer punches a tard with all indica-
tive information and the totals. In the example previously stated, summary
cards could be cut at the minor level with the indicative information of depart-
ment number, employe number and the minor total which is total. earnings.
Thus the first card would have department number 01, employe number 0123
and earnings of $100. Summary cards can be cut for any class of total but
minor class is the most common. If summary cards were required at the major
level in the example, the first card would have department number 01 and
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earnings of $495.40. Employe number would not be punched, because the
total is representative of several different employe numbers and this level of
detail is being dropped.

Summary punching is used to reduce card volume and to update master
files with current data.

One of the biggest problems in setting up new reports is the wiring of the
tabulator control panels. The IBM Type 407 is a very sensitive machine and
the timing is quite critical. A great deal of training and experience is necessary
to successfully wire a complex 407 control panel. It is not unusual for a com-
plex panel to require several days and even weeks to wire and test out.

Changes in reports are also a problem. What appear to be very simple
changes in the sequence or format of a report can require days of work on
the control panel.

It is very important that sufficient time be allowed for wiring and testing,
because all reports issued are dependent upon these tasks being performed
correctly.

The tabulators, like all punched card machines, have many checking features
to insure accuracy. One of these features on the 407 is known as “echo print.”
This feature guarantees that a total printed on the report is the same as the
total standing in the counter. By proper wiring of the 407 control panel, one
can be assured that all totals printed on the report are correct if the final total
is correct. Final totals should always be balanced to predetermined totals if
such totals are available.

The tabulators are the punched card machines which are most often taxed
to their capacity. The limitations of counters, selectors and print wheels are
a constant problem in setting up reports.

This concludes the examination of the four basic machine functions. These
are very difficult to understand by just reading about them. At this point it
would be well to go through a punched card data processing department and
have the machines explained and demonstrated so that you can see what hap-
pens at each function.

The next chapter, a case study of an application on punched cards, is in-
tended to familiarize the reader with the flow of work from machine to machine
and to review the operations of each machine.

End of Chapter Questions

Explain the classifying function.

What IBM machines perform the classifying function?

What obstacle is overcome by the unit record principle?

How many columns are sorted on each puss through an IBM Type 82

sorter® Why does the sorter have 13 pockets?

5. If each of the following numbers were punched in different cards, and
these cards were sorted in a normal manner, what would be their se-
quence after each pass through the machine?

0o

1456 3Y61
9872 9871
4397 0456

. 2198
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11.
12,

13.
14.
15.
16.
17.
18.
19.
20.
21.
29.
23.
24.

25.
26.
27.
28.
- 29.

30.

~&
(78]

. How many passes are required to sort alphabetically? Why?
. How is a sorter limited on the selection operation? How does the machine

know which column to sense?

. What basic operations are performed on the collator? Define each.
. Define the term sequence checking.
. How many pockets will the cards fall into on a matching operation? What

cards will fall into each pocket?
Explain the match-merging operation. How many pockets do the cards
fall into on this operation?
What are some limitations of the selection operation on the IBM Type 77
collator?
Explain the terms major, intermediate and minor.
What is the disadvantage of controlling on more than 16 columns?
What is the cardinal rule to remember in collator operation?
Explain the calculating function.
How does the IBM Type 604 calculator receive instructions?
What is group multiplication?
Explain the summarizing function.
What IBM machines described in this book perform this function?
Explain the terms accounting machine, EAM and EDPM.
How do the tabulators receive their instructions?
Explain the terms list and tab.
If a report is prepared that accumulates totals at each control level and
the controls are as follows, which level will have the larger total:
Department Number — Minor
Division Number — Major
‘What is a control break?
What controls the feeding of paper through the tabulator?
What is summary punching?® What machines are used?
What are the purposes of summary punching? .
Are changes to reports usually simple to. incorporate into the tabulator
control panels?
What are the functions of punched card data processing?



CHAPTER 6

Case Study

The application which will be explained in this chapter in detail is accounts
payable. This is a fairly common application on punched cards and flows
through most of the machine operations. Each operation will be explained in
detail and keyed to a flow chart by number. The application selected is an
actual procedure of the Marquardt Corporation-Pomona Division, Pomona,
California.

Requirements
Let us first visualize what is needed before any attempt is made to deter-

mine the method of achieving it. First and foremost, checks must be written
to pay the company’s bills. When the company receives goods or services and
is invoiced by a vendor, a check and remittance statement must be prepared
for the vendor. For the company’s own records, a check register which serves
as a record of checks written is needed. The company also needs a distribution
report which shows what the money is being expended for. This report is
grouped and totaled by account number for posting in the general ledger.
Subsidiary account numbers and job numbers can also be used to post to
subsidiary ledger accounts. Thus, we see that three different things are re-
quired:

1. Checks and remittance statements

2. Check register '

3. Distribution report

The next thing which must be determined is the method of capturing the

source data needed to accomplish these three requirements. The source docu-
ment that contains most of the necessary data is the vendor’s invoice. Unfor-
tunately, these invoices are found to be unacceptable for key punching because
there is no standardization among vendors. The required data is located in
a different position on each invoice. The key punch operator would have to
spend too much time -analyzing the documeént to perform an efficient tran-
scribing operation. Another problem is that all of the data needed is not al-
ways shown on the invoice. Consequently, it was decided by this company
to have the accounts payable section copy the necessary data from the invoice

74
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onto a worksheet. This seems like a wasted operation, but a certain amount
of copying was also required under the manual system, and savings in other
areas more than offset the transcribing time. The document upon which the
data is recorded has been called an accounts payable audit block. See Figure
36. :

Another requirement presents itself in the writing of checks: the need for
a ‘vendor name and address file. The vendor’s name and address must print
on the check. The cards used to write the checks must be keyed to the vendor
name and address cards to assure that payment is made to the proper vendor.

ACCOUNTS PAYABLE AUDIT BLOCK

VENDOR NO. ACCOUNTING MONTH PAY DUE DATE ACCTG. DISTRIBUTION | DATE AUDITED DATE
BY BY '
873 & Ao 7 23 WU KD -
INVOICE INV  eosr JOA-OR lecen WORK SOURCE] a-ej DISTR ON | TAX GROSS Ipiscount) NET PAYABLE
NO. DATE |®-=» ACCTNO cdo€ | ORDER NO CODE | o AM NT CODE AMOUNT AMOUNT

T9T3y | | Yrzs | | 4/ \otloo sHup 2

PRARy777 v lur 25 4| 9784 A-| popy

97257 B/ | pppre | | 4702bibel | 2579812 | 264 /57 97

EXTENSION VERIFIED
AND P. Q. POSTED DATE

74 7] s | R3WA | 2472580 Al 23962

-
. MAC D-5023

Figure 36—Accounts Payable Audit Block

The method of accomplishing this is to assign each vendor a code number and
to set up a punched card deck of vendor names and addresses. The methods
of assigning numbers vary and will be covered in another chapter of this
book. In the sample application which is being presented here, the vendor
code is a five-digit number which is assigned to cause the vendors to be in

alphabetic sequence when they are sorted to vendor number.

Source Document for Key Punching

Let us now examine the audit block used by Marquardt. See Figure 36.
Each block will be examined proceeding from left to right. The audit block
is prepared when the accounts payable clerk has a purchase order, vendor’s
invoice and some record indicating that the goods or services have been re-
ceived. Upon receipt of all of these required documents, the accounts payable
clerk proceeds to fill out an audit block as follows:

Vendor Number — The accounts payable clerk looks at the vendor’s name and
address on the invoice. She then refers to a deck of cards
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Figure 37—Accounts Payable Name and Address Card

Accounting
Month —

Pay Due Date —

By —
Date —

By -

Date —

that she has in vendor name sequence. For an example, we
will use The ABC Company

Anytown, California
When the clerk receives an invoice for the ABC Company,
she looks in her vendor file under the A’s until she finds
The ABC Company. The vendor name card has the vendor
number printed on it also, which in this case is 10673. See
Figure 37. She then writes 10673 in the vendor number
block.
The accounts payable clerk enters the number of the ac-
counting period in which the distribution costs are to be
recorded. The accounting periods vary from one company
to another. At Marquardt the year is divided into 13 ac-
counting periods, each of which contains four weeks. Thus
the clerk merely records the number of the current account-
ing period. The information is useful if it is necessary to
check this charge in the future.
The accounts payable clerk writes due date shown on the
invoice. The policies of payment also vary among compa-
nies. The policy of Marquardt is always to take a cash dis-
count. Therefore, the date written here is the last date on
which the check can be written and still take advantage of
cash discounts for paying within a certain period of time.
The accounts payable clerk places her initials in this block.
The accounts payable clerk writes the current date in this
block.
Another clerk checks the document after it is completed
and initials this block.
The clerk who audits the document places the date of
checking in this block.
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This concludes the data on the first line. Now move down to the body where
one line is recorded for each separate distribution required. Recording is as

follows:

Invoice Number — The vendor’s invoice number is recorded in this block.

Invoice Date —
Cost Element —

JOA or Account
Number —

Element Code —

Work Order
Number —

Source Code -

Error Code —

Distribution
Amount —
Tax Code —

The date of the vendor’s invoice is written here.

This is a number used as part of the company’s job cost
system. The charges illustrated on the sample are charged
directly to account numbers; therefore, nothing is written
on this block.

The JOA (job order authorization) number or account
number is recorded here. The JOA is used to collect costs
against jobs. The charges illustrated here are expense items;
therefore, account numbers are used. The accounts payable
clerk notes the account number written on the purchase
order, checks it with the chart of accounts for accuracy and
records it. Note that the first two lines are for the same
invoice (check marks in the invoice number and invoice
date blocks on the second line indicate that the same data
is carried down). The first line is charged to account num-
ber 16335, which is classified as “operating supplies” in the
chart of accounts. The second line is charged to account
number 16394, which is “sales tax” in the cahrt of accounts.
Thus we see that the accounts payable clerk is predeter-
mining the distribution of this money before it is ever re-
corded on punched cards.

This code, like the cost element, is part of the company’s
job cost collection numbering system and is not needed on
this particular transaction.

The purchase order number is recorded in this block. It was
originally used to record work order number, but the sys-
tem has been changed to permit purchase order number to
be inserted in this block.

This is the company’s organization code; the first two digits
represent department; the last two digits represent section
and group. The accounts payable clerk records the source
code against whose budget these supplies are being charged.
She determines this from the purchase order.

If there is an error on the vendor’s invoice, the accounts
payable clerk corrects it and writes the code number in
this block. See the remittance statement in Figure 45 for
a breakdown of the codes and their meaning.

This is the amount to be distributed to each account num-
ber.

This is a code number assigned to each distribution line to
permit the preparation of a monthly sales tax report by the
data processing department.
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*Gross Amount — This is the total amount of each invoice before any dis-
counts are taken.

*Discount — The accounts payable clerk calculates the amount of the
discount and records it.
*Net — The accounts payab]e clerk subtracts the discount from the

gross and enters the difference.

*These three blocks are recorded on the last line for each invoice. They are recorded
for check and remittance statement writing only and are not used for distribution
purposes.

The third line on the audit block in Figure 36 represents another invoice
from the same vendor. Any number of invoices can be recorded on an Audit
Block as long as they are for the same vendor and have the same due date.

When the accounts payable clerk has completed the audit block for a vendor,
she staples the audit block to the front of all invoices and other documents
involved, then adds the four amount columns and enters the totals in the
bottom block labeled “Totals.”

At the end of each day, the accounts payable clerk assembles all audit
blocks and runs an adding machine tape of each of the four amount blocks.
She checks her figure by taking the total of the gross amounts minus the total
of the distribution amounts; the result must also equal the total of the net
amounts. Accuracy is extremely important in this application, because it in-
volves the expenditure of the company’s money. These tapes verify the accu-
racy of some of the work done by the accounts payable clerk and supply the
data processing department with predetermined totals to which they must
balance.

This application, like almost every other application which is being mecha-
nized, will have some exceptions. These exceptions cannot be ignored. How-
ever, every effort should be made to minimize them and get them into the
standard flow of the application as soon as possible.

The exception problem in accounts payable is the impossibility of writing
every check by machine. Some checks are needed between processing dates,
and a manual check must be supplied in these cases. If there are too many
of these, it may be profitable to write checks in the data processing depart-
ment more often than once per week. At any rate, whenever a manual check
is written, there must be some method to incorporate the necessary data into
the data processing system for the preparation of the check register, bank
reconciliation card, and distribution reports.

The method used by Marquardt-Pomona is as follows: The accounts payable
clerk types the check and remittance statement for the vendor and assigns
a check number in the 9XXX series, which is a series of numbers assigned
specifically for this purpose. The system is such that these check numbers will
never be used by the data processing department.

This separate series of numbers supplies an immediate identification of
manually written checks that is useful in checking out problems most of which
are generated as a result of this clerical operation.

The accounts payable clerk then fills out an audit block, following the same
procedure as for normal processing with the following exceptions:

1. An “X” is placed in the due date block.
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2. The check number assigned is written in the work order block.

The “X” in the due date block is the signal to data processing that a check
has already been written. The department identifies the cards and handles
those manually paid as exceptions, as will be seen in the explanation that fol-
lows.

Data Processing Procedure

The source documents are now routed to the data processing department.
The processing through that department will be iljustrated by a flow chart
(Figure 39, pages 82 and 83) and a detailed explanation that accompanies
each step. The numbers assigned to the following paragraphs correspond to
numbers on the flow chart.

1. The keypunch operator punches one account payable distribution card
for each line on the audit block. The three cards that she punches for the audit
block shown in Figure 36 are pictured in Figure 39A. The top card is punched
from the first line in the body of the audit block; the second card is punched
from the second line; and the third card is punched from the last line. Note
that the data punched in the various fields of the cards corresponds to the in-
formation recorded in the various blocks on the audit block. The only extra
data recorded is the Batch “letter” which is punched in column 1. This “letter”
is assigned within the data processing department to each batch of documents,
and it is also written on the accompanying adding machine tapes so that any-
thing that goes wrong during the processing can be traced back to the batch
of documents from which the data originated.

The verifier operator repeats the operation of the keypunch operator. She
reads from the source document (audit blocks) and depresses keys on the

ACCOUNTS PAYABLE AUDIT BLOCK

VENDOR NO ACCOUNTING MONTH | PAY DUE DATE | ACCTG. DISTRIBUTION | DATE AUDITED DATE
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Figure 38—Accounts Payable Audit Block for Check Prepared Manually
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Figure 39a—Distribution Cards
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verifier corresponding to the data recorded in each field. If a number or letter
has been incorrectly recorded by the key punch operator, the verifier stops
and the operator depresses the key again at which time a notch is placed over
the column in error. If the card has been punched correctly, the verifier notches
the right end of the card. Note the three cards in Figure 39a have notches at
the right end indicating that they have been verified and are correct.

The audit blocks for the checks that are manually prepared are sent to data
processing in a separate batch. The punching and verifying are the same as
for a normal audit block with the following exceptions:

1. Pay due date normally punched in columns 47-50 is omitted and an
X-47 is punched. See Figure 40. X-47 is the control punch for all
manually paid cards; therefore, a card punched from a manually paid
audit block can be recognized at any point in the processing by the
X punch in column 47.

2. Each check prepared manually has a check number assigned. This
check number is punched in column 37-42 rather than purchase or-
der number.

3. The distribution card is not punched with gross, discount and net.
A separate card is punched to be used in preparing the check register.
This card is identified by an X punch in column 37. X-37 is used to
identify check cards in this procedure (cards from which checks have
been or will be prepared). See Figure 40 for the two cards that
would be punched from the audit block in Figure 38.

2. The next step is a balancing operation which is inserted because of
the extreme importance of accuracy in this application. Each batch of dis-
tribution cards is passed through the tabulator, and a total of each of the four
amount fields is printed. These are distribution amount, gross amount, dis-
count and net amount. The totals are balanced to the tapes attached to the
batch by the accounts payable clerk.

After all batches are balanced, the total of the distribution amounts is en-
tered on the accounts payable conirol sheet in the column titled “Batch
Totals.” The total of the manually paid distribution amounts is entered on the
accounts payable control sheet in the column titled “Manual Paid Checks.”
See Figure 41.

3. At this point we have only distribution cards and check cards for checks
manually paid, but some of these cards have the information punched in them
which is necessary for the preparation of checks and remittance statements
(those punched from the last line for an invoice). We wish to pull these cards
out and make a separate set of cards from them to use in writing checks.

In order to accomplish this, the first step s to sort on column 67 which sepa-
rates the cards with punches from those without punches. The cards with-
out a punch in column 67 do not have a gross amount and will not be used
for check preparation. Consequently, they can be routed direztly to the dis-
tribution processing. They will fall in the reject pocket on the sorter; the cards
with punches will fall into pockets according to the numbers punched

The cards with a punch in column 67 are recorded with gross amount and
contain data needed in the preparation of checks and remittance statements,
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Manually paid distribution card (X-47), used for distribution only.
Figure 4)—Check Cards

but some of these represent manually written checks which must be separated.
This is accomplished by sorting out the cards with an “X” punch in column
47. The X-47 cards should also have an X-37. The manually paid distribution
cards were pulled in step 3 along with other distribution cards that were not
punched with gross amount.

The manually paid cards that remain are those that were key punched to
use for writing checks and contain an X-37 and X-47 (this method of indi-
cating control X punching is always used: the X followed by a dash and the
number of the column in which the control punch is located). The X-37 iden-
tifies the cards as check cards and the X-47 identifies them as manually paid
checks. Consequently, X-37 and X-47 means that they are manually paid check
cards. See the top card in Figure 40. The bottom card also has an X in column




Figure 41—Accounts Payable Control
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47 which identifies it as manually paid; but it does not have an X in column
87 (NX-37), which means that it is not a check card.

4. At this step the cards used for writing checks and remittance statements
are created by reproducing the NX-47 distribution cards. (X-47 distribution
cards are not included because these are the manually paid cards on which
checks have already been manually prepared.)

The NX-47 distribution cards are placed in the read feed of the reproducer
and blank cards are placed in the punch feed. The panel is wired to reproduce
all columns straight across (80-80) with the following exceptions: omit column
1, omit columns 37-42, emit an “X” in column 37.

Column 1 is omitted because it is not needed and it contains zone punch-
ing (upper punch of alphabetic batch letter) which happens to coincide with
the control punch used in the name and address file (X-1). See Figure 37.

Columns 37-42 are omitted because purchase order number is not needed
in check writing. This space will be used later to punch check number.
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A control punch is placed in the new deck to identify it as an accounts
payable check deck (X-37).

The check cards that would be reproduced from the distribution cards in
Figure 40 are shown in Figure 42. There are only two cards because there
are two invoices involved, as can be seen on the audit block in Figure 40.
Invoice number 9350 has only one distribution and will also have one check
card. The cards shown in Figure 42 already have a check number punched
in columns 38-42. This is inserted at a later step; otherwise, the cards are the
same as if they had just been reproduced from the distribution cards. Note
that column 1 is blank and that in column 37 there is a control “X” punched.

The original cards, which are NX-47 (not manually paid check cards), are
combined with the balance of the distribution cards, which are those that had
no gross amount punched in them (see step 3), and routed to the distribution
report, which will be covered later.

5. The check cards (X-37) are now sorted to due date. This separates
them into groups according to the dates on which the checks are to be written.
Other check cards from previous batches are already in the unpaid file await-
ing the date for checks to be written from them. The next step is to merge
the current batch of X-37 cards into the unpaid file on due date, columns
47-50. This is done on the collator. The unpaid file now contains a card for
each check that is to be written on this date, and future dates on which audit
blocks have been received in the data processing department. This represents
the accounts payable for the company. '

6. The check cards which are punched in columns 47-50 with due dates
through the current day’s date are lifted from the front of the unpaid file.
These cards represent the checks that must be written by the data process-
ing department on this date and are sorted to vendor number, columns 2-6.

7. These operations are performed to assign check numbers to the X-37
cards selected in the last step for writing checks. Check numbers are assigned
from a “check number” deck that has been prepared in advance. This deck
serves as a control over the assignment of numbers and precludes the possi-
bility of assigning duplicate check numbers. The deck is very simple as can
be seen by Figure 43. It is simply a deck of cards consecutively numbered in
columns 38-42 and an X-75 for control.

The collator control panel is wired to insert one X-75 card in front of each
vendor group of X-37 cards. This is done because one check is needed for each
vendor regardless of the number of invoices involved. After one check num-
ber card has been selected for each vendor group, the remaining X-75 cards
are returned to the file. Note how the control “X” punched in column 75 is
used to instruct a machine to react in a predetermined manner. At this time,
a check number control is posted by recording the numbers punched in the
first and last check number cards selected on the accounts payable control
sheet in the columns headed “Check Numbers.” :

The check numbers are punched into the X-37 check cards from the X-75
check number cards on the reproducer by an operation called “interspersed
gang punching.” The check number is read from the X-75 card and punched
into the vendor group of X-37 cards that follow. The control panel is wired
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Figure 43 — Check Numbering Card
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Figure 44—Name and Address File Card
so that the next X-75 card stops the gang punching of the previous number
and reads the new number that is to be punched into the following group.
Note that here again the control “X” punched in a card is used to instruct
a machine.

8. The cards are sorted on X-75 to separate the check number cards from
the check cards. The selection of cards with a control “X” punch is very
common, and the sorter can be set up to perform this operation in a second
or two.

The X-75 cards have served their only purpose (assignment of check num-
bers) and they are immediately destroyed. This prevents the same numbers
from being assigned again.

9. The check cards now have the check number punched in them that
will print in the check number block on the check. The name and address of
the vendor remains to be obtained in some manner, because it is needed to
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print on the check and the name must print on the check register. In order to
accomplish this, a separate file is maintained for all vendors. In this file, there
is one card for each vendor number assigned containing the name and ad-
dress of that vendor. See Figure 44. If the complete name and address will
not fit in one card, a second card is punched. This deck is the same as the
deck in the accounts payable section which is used to assign vendor numbers
to the audit blocks.

This file is merged behind the check cards on vendor number, columns 2-6.
The name and address cards are merged behind because the name and ad-
dress prints last on the check form. See Figure 45. The collator control panel
is wired to select unmatched check cards, if any. That is, the collator will
automatically select any check card for which there is no name and address
card. A name and address card must be prepared for these before proceeding.
Unmatched name and address file cards are also selected and returned to the
name and address file. This is permissible because checks will not be written
for every vendor every week. In fact, only a small part of the file will be se-
lected out for check writing in any one week.

The manually paid X-37, X-47 cards are sorted to vendor number, colimns
2-6 in preparation for the check register.

10. The check register is printed on the tabulator. The check register is
the record of each check written. Figure 46 shows a sample check register
prepared for the one audit block shown in Figure 36. A separate register is

Figure 45—Accounts Payable Check with “Piggy Back” Remittance Statement
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REPORT 0112 ACCOUNTS PAYABLE CHECK REGISTER
VENDOR NAME VENDOR # CHECK #  DATE GROSS DISCOUNT NET
THE ABC COMPANY 10673 20632 | 04 14 O 242,80 2498 239,82

202,80 2,98 | 20828

34070.20 | 250,20 | 326,00 ¢ | -‘-m-ﬂ‘_m
™

W\-W '\W\«/“'-"’\VW\VV M“—)\/VW\/NW
Figure 46—Accounts Payable Check Register

prepared for the manually paid checks, and this is balanced to the accounts
payable control sheet, manually paid checks column. The total of the register
prepared from the X-37 check cards is entered on the accounts payable control
sheet, IBM paid checks column.

The unpaid file from step 6 is tabbed for a total at the end of the register.
This total is entered on the accounts payable control sheet, unpaid column.
The register is now balanced as follows: unpaid from prior week -+ batch
totals — manually paid checks — IBM paid checks = unpaid. In Figure 41,
balancing for the week of 1-3-60 is as follows: $53,404.41 4 $18,793.07
+ $54,038.80 — $84,800.66 — $41,435.62. Balancing for the week of
1-10-60 is as follows: $41,435.62 4 $22,155.73 1+ $74,603.56 + $64,447.57
— $52,877.09 — $124,328.81 = $25,436.58.

At the time that the check register is prepared, a check reconciliation card
is summarized. You will recall that summarizing is an operation in which the
tabulator and the reproducer are connected by a cable, and each time that
a total is printed by the tabulator, a card is punched with the same informa-
tion in the reproducer. See Figure 47. These cards are punched with the cus-
tomer account number, check number, the net amount of each check written,
and the vendor number.

The check reconciliation cards are tabbed for a total, which must equal the
net amount of the manually paid and the IBM paid checks on the check reg-
ister. The check reconciliation cards are sent to the bank each month for recon-
ciliation with the cashed checks. The customer account number punched in
columns 1-3 is used by the bank to identify each customer for whom reconcili-
ations are being processed.

11. The deck, which still has the name and address cards merged behind
the X-37 cards, is used to list the remittance statement and checks that are
combined on one form. See Figure 45. A machine total of the net amounts
printed on the checks is obtained after all checks are listed. This total must
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equal the total of the IBM paid posted on the accounts payable control sheet.
The first check number printed and the last check number printed must cor-
respond to the check numbers posted in the check numbers column of the
accounts payable control sheet.

It is important that checks be accounted for; cousequently, an “account-
ability” number is consecutively preprinted on the backs of the check forms
when they are purchased. The accountability numbers printed on the backs
of the first and last checks are posted on the accounts payable control sheet,

voucher accountability number column. The number of checks that are spoiled

and have to be rewritten are entered in the “Number of Voids” column. (These
represent spoiled vouchers, not voided checks.)

The number of checks written is now computed from both the voucher ac-
countability column and the check numbers column. The number must be
the same. In Figure 41, the number of checks written as determined from the
voucher accountability column would be as follows for the date of 1-3-60:
5798 — 5639 4+ 1 — 38 = 157. The last voucher number is 5798 and 5639 is
the first voucher number. Always add 1, because both the first and last number
are used. Subtract the voids.

The number of checks written as determined by the check numbers column
would be as follows: 15702 — 15548 4+ 1 = 157. The last check number
assigned is 15702; 15546 is the first check number assigned. Always add 1
because both the first and last numbers are used.

Because of the extreme importance that the checks be accurate, the extra
precautionary measure is taken of running an adding machine tape of the
net amounts printed on the checks. This total must balance to the machin»
total of the checks, which in turn balances to the IBM paid checks total.

The audit blocks, check register and the remittance statements and checks
are delivered to the accounts payable section for further processing.

12. The cards used to prepare the IBM checks are separated by sorting
out the “X’s” in column 1 (X-1). The cards that are not X-1 (NX-1) are

CHECK
NUMBER
NET
MOUNT

. <
shatoptesseenteateatsterssatsaseloisgorssorsco ileenthansensaserseessoese
(BB AR R R R RN RN R RRRRERRRRE] EENRRER! RRRRERRREEERRRRRRER!
B222822222222222222222222222222 2222222222022 0222822222222222222222222
33303[33332333333333333333333333 3333333333033330333/3333333332333335321333
AA4404440044404448444408040444 4 G444 4414404444444 4040004844044441
55555055555555555555555555555555 55355555555/55555555/55555555555555555555
gﬁlﬁﬁs555656565865EGGGSGSEGGSGGGGG'GB 6666666665/56666666/66666666666666666666
nmummnnnannnninnrnnninhipirni I IITIIIIIII I
88888)3808888838888808888838888333]8883835888385838088888/3888880s Sssﬂelllllllﬂll!l;l
353959!!999399399999923:33 959999999999399099/39999999999999999998

SETRIVUNRBUSKITBNDALANYS BUSHTBBRNNIZMASKTNNE ROUESTRIINHIBNSRIADS

Figure 47—Check Reconciliation Card
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X-87. The X-37 cards (IBM paid) and the X-37, X-47 (manually paid) are
filed away in storage, as they will not be needed again.

The name and address file is restored by merging on columns 2-6 (vendor
number).

This concludes the detailed explanation of the check writing procedure.
Do not be discouraged if you did not thoroughly grasp every step along the
way the first time through. By this time you have probably realized the sig-
nificance of the statement made earlier in this book that the concepts of
mechanized processing are much different than manual concepts. Note that
in each operation, the content of the data has little or no significance except
in total; the operator is more concerned with what to do with the data. Also
note the emphasis placed upon balancing and controls within the data process-
ing department. This is absolutely essential, as will be pointed out in the
chapter on the responsibilities of the data processing department.

In step 4 of the check writing procedure, the distribution cards were routed
to distribution processing. The procedure for this phase of the accounts pay-
able application is as follows:

1. The distribution cards are sorted on X-30 to separate the direct from
the indirect distribution charges (direct charges are indicated by an “X”
punch in column 30).

The direct charges are then sorted as follows:

Department number columns 43-44 Minor
*Task numbers columns 31-34
*Element code columns 35-36
*Cost element column 25
*JOA number columns 26-29 Ma,or

*These numbers are peculiar to the cost collection system on direct work only.

Note that the minor control is listed first. This is the least impo:tant o-der

REPORT 0102 ACCOUNTS PAYABLE DISTRIBUTION
Ok-18-50
DEPT ACCOUNT ] MO [TAXNENDOR| INVe 1INV, DUE DISTRIBUTION
NO NUMBER N0 NO DATE |DATE AMOUNT
0400 163353 90332 04| 3 |27450 65821 | 03120 20000
200400 *
0900 16333 #6735 06| 3 |10673f 7195 | 03160 | Oblé Bioehl
BaobB ¥+
284,48 *»
0900 1639 | 46715 06/ 6 (106737 7195 | 03160 | 041a 3436
336 ®
3436
287,84 was
0640 16485 47012 04/ 3 (10673 $350 {03310 | Oel4 151,98
151,98 %
151098 *w
151,90 ser
239,82
439,82

NA’-“EVQ.'.,V‘.\A"\"ﬁ\\» I AP NP \w~.~f~/\r“” \,-f‘”"*\*"-¢~ f\_/\N\r.aﬂh-ﬂ~4l/'\/\—\ -

Figure 48—Accounts Payable Distribution
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of magnitude and is sorted first, followed by task numbers, element code, cost
element, and finally the most important (or major) control.

The indirect charges are sorted as follows:

Department number columns 43-45 Minor
Account number columns 30-34 Major

2. The direct and indirect distribution reports are prepared separately. As
can be seen by the sorting sequence, there is considerable difference between
the two; consequently, two different machine set-ups are required. See Figure
48 for an indirect report of the charges shown on the audit block in Figure 36
and Figure 38.

At the time the reports are prepared, summary cards are punched in the
reproducer. The direct summary cards are balanced back to the report and
routed to the work in process ledger procedure. The indirect summary cards
are balanced back to the indirect report and routed to the operating expense
ledger procedure.

The original distribution cards are reproduced to a slightly different card
format for the commitment application. The original cards are filed away in
storage. The reproduced deck is routed to the commitment procedure where,
along with cards from other sources, it is processed through a series of opera-
tions to produce an “open commitment report.”

This concludes the weekly accounts payable operations performed by the
Marquardt Corporation-Pomona Division. Of course, there are also monthly
distribution reports prepared from the source cards and other by-products,
such as an approved vendors list which is prepared from the name and ad-
dress file. However, the routine processing illustrated here has shown an ex-
ample of most operations, which is the intent of this chapter, rather than the
presentation of complete system.

End of Chapter Questions

1. What are the three requirements that are expected from an accounts pay-
able application?

2. What is the original source document? Why are these documents un-
acceptable for key punching?

8. Why is a vendor name and address file needed? Why is a vendor number
assigned to each vendor?

4. How does the accounts payable clerk determine the pay due date to
insert on the audit block?

5. When is more than one line entry made in the body of the audit block?

6. Why does the accounts payable clerk prepare adding machine tapes of
the four amount blocks? Why is accuracy extremely important?

7. Why are some checks written manually?

8. Why is batch letter punched in the cards?

9. Why isn’t pay due date punched in manually paid cards?

10. Explain the purpose of a control “X.”

11. Why are NX-47 distribution cards reproduced into cards with an X-37?

12. Why is only one X-87 card reproduced for each invoice number?

13. Why are check cards sorted to due date? What is the unpaid file?
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14.
15.
16.

17.
18.

19.

20.
21.

Principles of Punched Card Data Processing

How are check numbers assigned?

Are unmatched name and address cards permissible? Why?

Explain the purpose of summarizing at the time the check register is
prepared.

Explain the controls that protect against loss or theft of blank checks.
Explain the controls that assure that the proper number of checks have
been written.

Why is an adding machine tape of the amounts shown on the checks
prepared?

Why are distribution reports needed?

Why are summary cards punched at the time the distribution reports are
prepared?



CHAPTER 7

Controls

Controls have been mentioned throughout this book. The control over the
accounts payable application was explained in great detail in Chapter VI. You
will recall that a control sheet was illustrated and postings were made to this
sheet as soon as control data was available. Subsequent operations were then
balanced back to the posted data.

Controls are extremely important because they govern the degree of accu-
racy with which a data processing department operates. If adequate controls
are maintained and all reports issued are properly balanced to these controls,
a maximum degree of accuracy will be maintained. There is no legitimate ex-
cuse for issuing reports that do not balance. Just what do we mean by “bal-
ancing?” It often happens that source data received in the data processing de-
partment is incorrect. Consequently, the reports issued are just as incorrect.
This is unavoidable within the data processing department and is not what
we refer to as being out of balance. It is the responsibility of the data process-
ing department to issue reports as accurately as the source data that was re-
ceived. If tapes or predetermined totals of some kind were furnished with the
source data, these totals must be posted and all subsequent reports must bal-
ance back to them. If adding machine tapes or predetermined totals are not
available, then the cards that are punched from source documents should be
tabbed at the earliest possible operation for a total to establish a control. This
total is posted and supplies a control to which all reports prepared from these
cards must balance.

It is a well-recognized fact that people working in the data processing de-
partment are just as human as anyone else and are just as prone to error.
Practically any error is excusable except one: the issuance of a report that is
out of balance. Everyone working in the data processing department should
be thoroughly impressed with the importance of carefully balancing each
report as it is prepared. In doing this, any error that might have been made
during the processing cycle will be revealed. As you have seen, most appli-
cations require many different operations, and operators handle and process
cards at several different machines. The operator’s only assurance that he per-
formed all of the operations as called out by the procedure and did not mis-
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place any cards is to balance each report and to scan visually each report for
any obvious defects.

An adequate system of controls should be established at the time the job
is introduced into the data processing department. The person who converts
the application from a manual to punched card system should be responsible
for setting up adequate controls and check points, because he is the one most
familiar with the application. The procedure for balancing should be incorpo-
rated in the operation procedure at each point where balancing is required.
This is usually a sub-step in a tabulator operation, because reports are pre-
pared on the tabulator and should be immediately balanced.

The following is an excerpt from a labor distribution procedure:

407-3.2 List the direct labor by department, Report Number 1205
3.2.1 Use 407 panel number 10
3.2.2 Use form paper number 133-2
3.2.3 Balance totals to the Direct Labor Control Sheet.

You will observe that step 3.2 tells what is to be done (list the direct labor
by department, Report Number 1205) and is preceded by the number of
the machine on which the operation is to be performed (407). The first sub-
step, 3.2.1, tells which panel to use (407 panel number 10). The second sub-
step, 3.2.2, tells which paper to use (form paper number 133-2). Finally,
sub-step 3.2.3 tells how to balance the report after it is finished (balance totals
to the direct labor control sheet).

When procedures are written in this manner, standardization further re-
duces the possibility of error. The first sub-step of a tabulator operation tells
which control panel to use, the second sub-step tells which paper to use, and
the last step tells how to balance the reports. Other instructions can be inserted
as required between the second and last sub-steps.

Generally speaking, the accounting and financial type applications are the
easiest to control, because they deal with dollars and cents, are usually his-
torical in nature, and are clearly defined. Some types of applications present
more of a problem, especially those which delve into the future or the un-
known. Some examples of difficult applications to control are operations re-
search, forecasting, production control, parts requirements, and certain engi-
neering and research type applications.
~ Visualize the problems in balancing an application which forecasts the load
of a machine shop by month over the next six months based upon a master
schedule, standard hours for each part to be fabricated and a realization fac-
tor for each machine group. The answer is unknown at the time the applica-
tion is started. In fact, there is no one answer, there are dozens of answers
because the final report will print out the number of hours that must be ex-
pended in each machine group in each month for the next six months. If
there are 20 machine groups, there will be 120 individual answers (6 months
X 20 groups). How can the data processing department be sure that an
error has not been made in processing? There is no predetermined total to
which the report can be balanced; therefore, additional precautions must be
taken at each step. Controls must be set up over the number of cards being
processed to assure that no cards are lost or misplaced. Extra steps must be
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inserted throughout the procedure to check other steps. For instance much
of this work must be done on the calculator or on a computer. At the time
this operation is set up, extreme care must be taken that every action by the
machine is checked even if it requires passing the cards through the machine
again using another control panel wired to check the first computation.

“Hash totals” should also be utilized wherever possible. Hash totals are
totals of the data punched in a particular field which has no significance other
than for control purposes. They may even be totals of apples and oranges.
For instance, a hash total could be used in controling a bill ot material nle
by adding all of the quantities together even though some of these quantities
may be expressed in pieces while others are in feet, inches, gallons, barrels,
etc. An example is as follows:

Part A (screws) 20 pieces
Part B (wire) 100 feet
Part C (paint) 50 gallons
Hash total 170

In this example, Parts A, B and C are samples of some of the things needed
to build a product, but they are completely different in nature. They would
all be intermingled in a bill of material deck along with many other types of
parts. To control this bill of material file and to be sure that the quantity
field is correct, a hash total control can be established on the quantity field.
In the example, the total, 170, has no significance mathematically because
screws, wire and paint in three different units of measure have been added
together, a violation of one of the elementary rules of mathematics. This hash
total can be extremely useful, however, for control purposes.

The controls used in a few different applications will now be illustrated
to give you a picture of some of the methods that can be used to assure
accuracy.

The first application selected is relatively simple. It is the maintainance of
a payroll master file. This is a punched card file which contains a card for
each’ employe in the company. It contains all of the necessary data to be used
in conjunction with payroll, labor distribution, personnel accounting and other
applications that require data about employes.

It is extremely important that this file be kept up-to-date each week with
all personnel changes and that all changes be accurately recorded, because
the employes are going to be paid according to the rates recorded in these
cards.

Figure 50 shows a typical control sheet used for this application. There
are two different sets of figures. One set represents the current changes and
the other represents the file totals after these changes have been processed.
The source documents are processed to the data processing department from
the payroll department. These documents include start notices for new em-
ployes, termination notices for the terminating employes, and change of status
notices on any employes that have a change in their base rate, department
number, number of dependents, etc. These documents are sent to the data
processing department by Thursday noon of each week and are effective on
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Figure 50—Payroll Master File

the following Monday. An adding machine tape is attached for the number
of employes. Each new employe is added and each termination is subtracted.
The total is the net difference for that week. In Figure 50, for the week of
1-4-60, the net difference in the number of employes is two. This could repre-
sent any combination, such as two new hires with no terminations, or 10 new
hires and eight terminations. The important thing here is the net difference,
because this is the amount to which the payroll master file control must be
adjusted.

The payroll department also prepares a tape on the base hourly rates. The
rate for all new employes is added, the rates of terminated employes are sub-
tracted, and the amount of any base rate increases or decreases as shown on
the change of status notices are added or subtracted. In Figure 50, the net
difference in the base rates on 1-4-60 is $4.000 (the rate is expressed in three
decimal places). Again, this difference could represent any combination, such
as two new employes hired at $2.000 per hour each, or one at $2.500 and the
other at $1.500. It could also be 10 new employes and eight terminations
whose rates net out to a difference of $4.000. The important thing here again
is the net difference, because this is the amount to which the payroll master
file control must be adjusted.

The data processing department key punches cards from the source docu-
ments and lists the cards to balance to the tapes. When they are balanced the
current changes totals are entered in the payroll master file control and the
file totals are calculated. On the week of 1-4-60, the current change of two
additional employes is added to the previous total number of employes (1074)
as carried forward from the prior vear’s controls, This gives a total of 1076
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employes on the payroll of 1-4-60. The base rate current change of $4,000
is also added to the file total of the base rates as carried forward from the
prior year ($3112.612) for a new total of $3116.612. The file is tabbed after
all changes have been processed and the totals should equal the control totals
calculated for that week.

In the following week, 1-11-60, the employment figure dropped by 5 people
as shown by the minus sign in front of the 5. Consequently, the current-
changes figure must be subtracted from the previous week’s totals. Thus, the

new file total for number of employes is determined as follows: 1076 — 5
= 1071. The base rate file total control is computed as follows: $3116.612
— $15.187 = $3101.425.

Note that on the last week recorded, 2-29-60, there was no change in the
number of employes but the base rate increased by $.100. This could be
caused by an employe receiving an increase in pay or by a combination of
new hires and terminations that balanced out but the difference in their rates
was $.100. For instance, if one employe was hired at $3.500 per hour and one
employe was terminated at $3.400 per hour the result would be as shown
in the current changes for 2-29-60.

Because of the extreme importance of accuracy in this file, a manual check-
ing operation is also inserted. The payroll department takes the list of changes
prepared on the tabulator and visually checks each change made in the data
processing department to the source documents. This operation catches any
compensating errors that might not have been caught in the data processing
department balancing operations.

The next example selected is somewhat more complex but is widely used.
It is an example of one of the basic control sheets required for processing a
payroll on punched cards. Here again accuracy is of extreme importance and
adequate controls are absolutely essential.

This is an application in which many of the totals are calculated in the data
processing department. The source documents are the clock cards on which
employes clock in and out. These cards are sent to the data processing depart-
ment each week from the timekeeping department along with an adding ma-
chine tape of the hours recorded. A separate tape is prepared for straight time
hours, overtime hours, and double time hours. It is extremely important that
the timekeeping department accurately compute the time worked for each
employe and split out the overtime and double time, because the employes are
paid according to the time recorded.

The data processing department punches cards from these clock cards and
tabs them to balance to the hours on the tapes. The hours are then entered
on a control sheet. The cards are merged with the payroll master file, which
contains the base rates, and passed through the calculator to develop gross
payroll dollars for each employe. There is no predetermined figure to which
the gross payroll dollars can be balanced. Consequently, the cards are again
passed through the calculator using a different control panel, which will check
all of the calculations performed on the first pass.

The cards are then tabbed for a total and the hours are balanced to the
hours control. The dollars are posted in the current totals section of the payroll
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control sheet shown in Figure 51, gross dollar column, on the horizontal line
labeled “IBM.” This means that this line has been calculated by machine in
the data processing department. Note that there is a horizontal line above
the IBM line labeled “M/P,” which means manually paid. You will recall
that in the accounts payable application illustrated in Chapter VI there were
manually written checks to handle the exceptions. This is also true of payroll
checks. There are invariably checks that must be written manually for some
terminations and exceptions such as last minute vacations.

Since these manually paid amounts have already been calculated in the
payroll department, they should be sent to the data processing department
with adding machine tapes on the following fields: gross dollars, federal tax,
FICA, SDI, miscellaneous deductions and net dollars. It is very important
that departments preparing adding machine tapes to accompany source docu-
ments do an accurate job. The biggest problem encountered by data process-
ing departments in balancing to predetermined totals is the inaccuracy of the
predetermined totals. The people preparing the tapes should assure them-
selves that the tapes are correct. In the example just given of tapes on the
manually paid documents, the accuracy of tapes can be checked by cross-
footing the resulting totals as follows: gross dollars — federal income tax
— FICA (social security) — SDI (state disability insurance) — miscellaneous
deductions = net dollars.

The data processing department punches cards from copies of the manually
written checks. These cards are tabbed for totals and balanced to the tapes.
The gross dollars, federal tax, FICA, SDI, miscellaneous deductions, and net
dollars are entered in the payroll controls in the appropriate columns on the
horizontal line marked “M/P.” The total hours, overtime hours, and double
time hours are entered on a payroll and labor distribution hours control sheet.

At this point in a week’s processing we have posted all of the current totals
on the payroll control sheet for the manually paid and the gross dollars for
the calculated cards (IBM paid). We are now ready to calculate taxes on the
IBM paid. The year-to-date earnings cards for each employe, which contain
his year-to-date earnings, federal income tax, FICA and SDI, are merged with
the current earnings cards. Taxes for the current period are calculated. This
calculation has already been explained in detail in Chapter V under the cal-
culating function. The cards are passed through the calculator a second time
using another control panel which checks the first calculation.

The miscellaneous deduction file must have current changes processed
into it before the paychecks can be prepared. The control over this file is a
simple total of the amount field for all miscellaneous deductions for which
employes have signed payroll deduction authorizations. This file contains de-
ductions such as group insurance, credit union, U.S. Bonds, etc. It does not
include payroll tax deductions such as federal income tax, FICA and SDI.
After the changes have been processed into the miscellaneous deduction file
and it has been tabbed for a total which must balance to the deduction con-
trol sheet (Figure 52), the deduction file is merged with the current earnings
cards on which IBM checks are to be written. Unmatched deduction cards are
selected on the collator during this operation. These selected cards are for
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employes who will receive no check this week. They are listed off for the pay-
roll department to check. The total of these unused deductions is entered in
the deduction control sheet in the unused columns. See Figure 52.

The check register is now prepared from the merged deck of IBM cards
and a new year-to-date card is summarized. Totals are obtained at the end of
both the manually paid register and the IBM register. The totals of the man-
ually paid gross dollars, federal tax, FICA, SDI, miscellaneous deductions, and
net dollars are balanced to the control sheet. The totals on the IBM register
of gross dollars are balanced to the payroll control sheet; federal tax, FICA,
SDI, and miscellaneous deductions; net dollars are entered in the control book.
The miscellaneous deductions are balanced to the deduction control sheet by
adding the miscellaneous deduction total on the IBM register to the total of
the unused deductions and balancing this total to the file total shown in the
deduction controls. A further audit is made by crossfooting the IBM register
as follows: gross dollars less federal tax less FICA less SDI less miscellaneous
deductions equal net dollars.

The new year-to-date cards for the manually paid are combined with those
for the IBM paid and tabbed for totals. The year-to-date cards for employes
who are not receiving checks this week are also tabbed (unused year-to-date
cards). The totals of these three groups are added together and posted in the
year-to-date section of the payroll controls. They are balanced as follows: the
current total section is totaled to get IBM paid plus manually paid for the week
in each vertical column; the previous year-to-date total for each item is added
to the weekly total for that item and should equal the new year-to-date total.
For example, in Figure 51, for the week of 06-12-60, balancing of year-to-date
earnings would be as follows: $996,777.17 4 51,683.30 = $1,048,460.47.
Balancing of federal tax would be 131,696.06 + 6,797.45 = 138,493.51.
FICA and SDI are balanced in the same manner.

A total of the net pay is obtained at the end of the paychecks. It is balanced
to the IBM paid column of net dollars. An adding machine tape is prepared
of the net pay printed on the face of the paychecks to double-check the print-
ing and totaling accuracy.

At the end of the month, the weekly totals in each column are added for a
monthly total. Taxable wage reports are prepared from the payroll cards,
which show the data for each employe as follows: year-to-date earnings,
current month’s earnings, current month’s earnings under $4800, current
month’s earnings under $3000, current month’s earnings between $3000 and
$3600, FICA withheld, and SDI withheld. The total of the year-to-date earn-
ings should balance to the year-to-date earnings total on the last week of
the month ($1,154,570.25 in Figure 51). The monthly earnings must balance
to the gross dollars column total for the month ($210,407.52). The FICA with-
held must balance to the FICA column total for the month ($5,768.62) and
the SDI withheld must balance to the SDI column total for the month
($1,674.45).

The computations of FICA taxes made during the month can now be
checked by multiplying the “current month’s earnings under $4800” by 3%.
The answer should be within a few cents of the FICA withheld for the month



Figure 52—Deduction File Control Sheet

(variances are caused by breakage). The SDI tax computation for the month
can be checked in a similar manner by adding the current earnings under
$3000 to the current earnings between $3000 and $3600 and multiplying the
sum (earnings under $3600) by 1%. The result should be within a few cents
of the SDI withheld for the month.

The taxable wages reports can be used to prepare the payroll journal voucher
for the month and to develop the accruals for employer’'s FICA, employer’s
SUI (state unemployment insurance) and employer’s FUI (federal unemploy-
ment insurance). These are the taxes that the employer must pay on the
payroll in addition to the taxes withheld from the employes. The employer’s
FICA is at the same rate as the employe’s FICA. Consequently, the current
earnings under $4800 are multiplied by 3% to obtain this figure. The rates
vary for the SUI and FUIL However, they are based on current month’s earn-
ings under $3000. It is simply a matter of multiplying this figure by the proper
rate to obtain the employer’s contribution for each.

Quarterly payroll reports are balanced back to quarterly totals developed on
the payroll control sheets, and W-2 forms issued to employes at the end of
the year must tie to the year-to-date figures for the last payroll written in the
calendar year.

Another example of a control that can be used to check internal machine
operations as well as verify the accuracy of the operator’s processing is found
in an inventory control application. This is an application in which a balance
card is maintained for each part in inventory. Whenever activity occurs against
this part, the balance card must be updated to reflect the new balance after
the transaction has taken place. In the particular application being demon-
strated, four balance fields are maintained in each card. These represent the
accumulated requirements, quantity on hand, quantity on order, and the
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Figure 53—Inventory Balance Card

quantity available. The card shown in Figure 53 is an example of the card
form used. The card is punched according to the “balance” format as shown
on the face of the card. This same card form is used to punch a title card on
new 