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INTRODUCTION

Since the first large, all electronic digital com-
puter went into operation in 1945, management has made
increasing use of them in three areas.l The first is in the
reduction of existing clerical costs. The second is in the
production of faster and better managément control informa-
tion than is practical by alternative methods. The third
is in the application of mathematica; techniques to the
solution of business problems. This application has become
widely known as operations research. in addition to these
three areas, there is extensive use offdigital computers in
such fields as sclence, engineering, and education.

Remington Rand, division of Sperry Rand, and
International Business Machineé Corporafion were among the
first to manufacture large scale digital computers. Bur-
roughs Corporation, The Radio Corporation of America, and
the Datamatic Division of Minneapolis-Honeywell have also_
manufactured and successfully installed digital computers.
Some of these are consideréd large~scale machines. However,
the majority can be classified as medium-scale machines.

Remington Rand entered the field of computer
manufacturihg When it acqulired the Ackért-Mauchly Computer
Corporation whose founderé designed'bofh the ENIAC and the
UNIVAC. The ENIAC is used to calculate ballistic tables

and work on complex equations in science and engineering.



The UNIVAC is used for both scientific and business data-
processing applications. Remington Rand also absorbed the
company that manufactured the ERA computer - Engineering
Research Associates, Incorporated, a small firm which since
1944 has bullt more than twenty computer systems for the
government. Remington Rand's 1954 production schedule was
planned for six UNIVACS and six ERA 1103's.2

By 1953 IBM had developed its 70l computer. It is
a large binary-digilit machine designed chiefly for scientific
and engineering work. In January of 1954, IBM was just com-
pleting production on eighteen of its 70l's, the first large
computer to reach anything like mass produotion.3

Because of speed, input/output capabilities, and
the characteristics of their command structure, some com-
puters are ideal for business data-procéssing applications;
others are better for scientific applications. Consequently,
management must recognize the needs of its organization and
find the computer for the job, not the job for the computer.
A business data-processing application generally involves
large amounts of input and output With'a small percentage of
calculating. A scilentific application usually involves a
large percentage of calculating with a small amount of input
and output. The basic difference between computers is in
the machine language used to perform arithmetic operations,

transfers, and decisions.




Management must be aware of the difficulties in-
volved in adapting existing accounting systems to a digital
computer, In many cases the entire accounting procedure
will have to be changed to meet the exacting demands of the
computer.4

Organizations contemplating the purchase or lease
of a digital computer spend a great deal of time and money
arriving at the answers to the following questions. The
first is: Shall we obtain .a digital computer? A "yes"
answer usually depends upon sufficient economic justifica-
tion. This justification can be made up in part or in total
by such things as potential to improve the organiéation!s
future profit picture and/or operating efficiency.

Today's digital-computer industry has been in
existence'fdr approximately fifteen years. During that
time, the dollar value of the industry's output has in-
creased significantly each year; therefore, management has
at its disposal a means for evaluating computer performance.

The second question is: Which digital computer
shall we obtain?" This is answered by an analysis of the
input, processing, and output capabilities of various com-
puters with respect to the indiwvidual organization's ré_
quirements.‘ The requirements are generally defined as the-
result of a feasibllity study which precedes anyequipment

selection.



Management must consider the éffect of computer
obsolescence since the computing speeds and input/output
capabilities of.computers are increasiné rapidly while the
cost of purchasing or leasing this equiﬁment is increasing
‘sldwly. .

The third question is: How can we insure the
successful application of a digital computer? Part of the
answer 1s based upon correct managemenﬁ decisions during
the pre-installation period and installation period.

Thogsands of employeés are applying the program-
mers' problem-solving technique of: process charting,
f1low charting, coding, debugging, and documentation. How-
ever, management is concerned Withﬁﬁﬁastaffing problems |
involved in this area. |

The purpose of this study is to investigate and
present the material which management has consideréd of
value in arfivihg at informed answers to the preceding
questions. It aséisﬁs in providing assurance that, when
these questions have been answered, and if the decision to
purchase or lease has been made, the people directly respon-
sible can be feasonably certain that they have obtained the
computer which best fits their reQuirements. The selection
should produce the finest possible end product at the

greatest possible economic advantage to the organization.
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THE DIGITAL COMPUTER

The Remington Rand UNIVAC was the first large
computer to be used for extensivevbﬁsinéss data-processing
applicétions.5 The machine's fast magnétic tape input/
output proved itself an excellent storaée media for many
records. The magnetic tape input/outpuﬁ devices are buf-
fered. In other words, the machine can‘be'reading récords
from magnetic tape, Writing;fecordS'on magnetic tape, and

calculating simultaneously.

| The first large iﬁtegrated dé%a-processing system
was the UNIVAC inétalied_at Geheral Electric's Appliance
Park Development in Louisville Kentuok§}6 Thé'thought be-
hind Appliance Pafk is to centralize ail of‘General'Elec~
tric's electrioai appliancé manufacturipg units in one
place, with saVings in overhead; freight, and other césts.
Five separate'departments_operate at Léuisville with a
sixth nearby.

In 1953 when Appliance Park ﬁas developed, a need
was seen fof a new type of centralized‘contfol. There ap-
peared a good poSéibility of installing a large computer
before large clerical staffs were eStablished and awkward
accounting systems had been adépted. Therefore, General
Electric leased a UNIVAC from Remingtdn Rand for two years,

with an option to purchase. The first application for the



computer was the payroll which had been{doﬁe on smaller
electronic computers for some time. Thé employees! master
record is stored on magnetic tape. The updating of this
record is done at normal pay intervals:f for example,
weekly, bil-monthly, and monthly. The méghine calculates
each worker's pay, prepares the paychecks, and compiles
Various payroll accounts such as the deduction register.
The preparation of this payroll requires four hours of
computer time.

The second group of tasks to be given the machine
were certain routine clerical jobs such?as compiling cost
distribution records and handliﬁg matérials écheduling and
inventory control.

The third group of tasks to bé given the machine
were the compilation of salesfreoords ahd the preparation
of bills.

In 1955 the computer was pfogrammed to handle the
organizations complete cost accounting and general accoun-
ting. The programming section has set és a goal something
entirely new: rapid sales analysis, fast enough to detect
regional shifts in sales of various appliances and to modify
production upwards or downwards as requiréd.

Although computers are complex - bbth in construc-

tion and operation - the difficulties of understanding them

11



are similar to those encountered when Qhe approaches any
unfamiliar subject. Much of their complexity can be re-
duced to a combination of simple princiﬁles.

Any problem to be economicaliy handled by a
computer must be highly repetitive. We,éan classify these
problems into one of four groups. One'involves a large
amount of processing and a small amounﬁ of data. This is
a characteristic of many mathematical éhd scientific
applications. Another involves a small amount of proces-
sing and a large amount of data. This is a characteristic
of business data-processing applicatioﬁé such as inventory
control. The next involves considerabie procéssing and
data, and the last involves little processing and data.

Management has taken three aﬁproaches to inte-
grated data processing. The first is ﬁé take the applica-
tion as a whole and develop it so that ‘profits will not
be realized from anyvpiece of the applications until such
time as the entire system is completely integréted and
working.

The second is to dévelop thefapplication piece
by piece and to realize profits from eéch plece as it is
completed. |

- An improvement over these methods of devising

systems for computers in the recent past is the current

12



method of considering'the problem as a tdtal concept from
the start, then taking pieces of the co#cept and developing
them one by one into wdrking and paying;jobs. Using this
method, the over-all concept is continually analyzed so

that the pieces will eventually fit together smoothly.

13
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. Definition

The five basic elements of a computer are:
input, storage, arithmetic, control, and output. Let us
take a closer look at each of these from the standpoint

of their place in a computing system.

Elements of a Computer System

Storage

Input . P Control —Pr Output

Arithmetic

Chart I
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outsidé to the computer. Any of several input devices can

~The input element transmits information from the

be used to read specilally prepared information'into the
computér.* |

| The storage element provides a means by which
inforﬁation recelved fromvthe outside can be held available
to thé computer. There are two types of storage: internal
and aﬁkiliary. Internal storage is used to store informa—.
tion ﬁecessary for immediate processing. An internal
storqge unit.must provide rapid access to the information
it céntains, and it should have a large capacity. Be-
causé there are technical and economic' limits to the size
of h#gh~speed internai storage units, information not cur-
rentﬁy needed 1is often stored in larger but‘slower
auxiliary devices. Auxiliary storage is almost always in-
clu&éd in a large data-processing system.'

| The arithmetic element is the computing portlon

of %he system. The operations of addition, subtraction,
' mu%%iplicatibn,'and'division are performed by this unit.
Itfalso provides a means for compaFing one number to
anéther to determine whether.they are equal or which is the
gréater.‘ The result of such a comparison allows the com-

puter to make decisions.

*¥See Integration Into Existing Systgms'for further explan-
ation., pp. 22-27.



The control element controls the operation of the
computer during the complete process of probiem solution.
This element directs the sequence of operation, interprets
the operétions to be performed, initiates the action which
pérforms the 6perations, and activates the input and oﬁtput,
devices.

The output element transmits pfocessed results
from the computer to the outside. Output devices accept
information from the computer storage and reproduée it
in a convenient form for normal use.*

Computers perform.three different groups of
operations. These operations are: first, arithmezic op-
erations; second, transfer operations; and, last, decisional
operations. '

The arithmetic opefations are designed for var-
ious types of addition, subtraction, multiplication, and
division.

The transfer operations arelpsed to transfer in-
formation from an input unit into the @omputer, from one
place to another within the computer, and from the computer
to an output unit. Transfers are a186 used for changing
program control to spécific computer instructions

(operations).

*See Integration Into Existing Systems for further explan-
ation. pp. 22-27. ‘

16
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The decisional operations are conditional trans-
fers based upon the results of a compafison,‘ Typical
results of a comparison would be: equal, not equal,

greater than, or less than.

The internal storage of a coﬂputer generally con-
sists of digits, words, and memory. .

A digit is frequently represéhted in binary
 arithmetic. | E.g., if we have four street lights and they
are assigned numeric values of 1, 2; 4, and 8, we can use
combinations of these numeric values‘tq represent any digit
| from O through 9. If all the lights afe'off, the number
represented is zero. If the light with‘a value of 1 is
on, the number represented is 1. If the lights with values
of 1 and 2 are on, the number represenféd is 3 and so
forth. Computers represent digits in this manner. However,
positive or negative eleétrioal charges representing

binary bits are substituted for the street lightsQ

A word is frequently a combination of decimal
digits. The number of decimal.digits in a computer word
can be either fixed or variable. For example, the IBM 650
electronic digital oomputer has a‘fixed'word length of ten
decimal digits. Thisvten-deoimal digit word has a sign
which can be either positive or negative. For identifica-
tion purposes, the digits within the W&fds are numbered
from right to left beginning with 1. ?he word can contain -

data, an instruction, or a constant.
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Numeric characters are frequ%ntly represented by
one decimal digit. If a word containsiall‘humerics,.it
is said to be numeric. Alphabetic chafacters are fre_
quently represented by two decimal digits. - Therefore,
an alphabetic may occupy‘twice as much word space as a
numeric. If a word contains all aﬁpha@etics, it is said
to be alpha._ If a word contains some élphabetics and some
numerics, it is said to be alpha_numeric.

Binary bits are combined to make decimal digits.
Decimal digits'are combined To make computer words. The
computer memory is comprised of computér’words. Now, the
question arises of hoﬁ to keep track of_individual words
in membry. Each word which enters a cbmputer is stored
in memory in a specific location identified by a unique
number called an address. For examplé,'the Burroughs 220
electronic digital computer‘has a basic memory size of
twd_thousand words; the words are numberéd sequentially
'from 0000 through 1999.

A 110-digit inventory master record can.be re-
presented in the following manner in a computer'svmemory:*

Word 0000 oontains a,ten-digit stock nﬁmber.

Word 0001l contains a signed ten-digit number

which represents the balange on hand.

*See Chart II p. 19.



Word #

0000
0001
0002
0003
0004
0005
0006
0007
0008
0009

Master Inventory Record

"Récord Description

STOCK NUMBER

BALANCE

UNIT OF ISSUE

UNIT .PRICE

REORDER POINT

bH{ ]+ o+ + [+

REORDER QUANTITY

REQUISITION #1

REQUISITION QUANTITY #1

REQUISITION #2

V] ++

REQUISITION QUANTITY #2

Chart IT
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Word 0002 contains a five-digit field called

the unit of issue.

Word 0003 contains a ten-digit unit price with

the decimal point two places from the right.

Word 0004 contains a signed ten-digit number
which indicates the point at which the replenishument

program must initiate a purchase requisition.

Word 0005 contains a predetermined order quantity
for the preparation of a purchase requigition by the re-

plenishment program.

Word 0006 contains the number of outstanding pur-

chage requisition #1.

Word 0007 contains the quantity on order by

outstanding purchase requisition #1.

Words Q008 and 0009 are analagous to Words 0006

and 00QT.

The basic memory of a‘computer is high-speed in-
ternal storage. It has not yet’proved technically or
economically feasible to‘build a high-speed .internal storage
with the capacity for the large volume of data and instruc-
tions necessary for all applications which one computer |

8

might handle. For example, all the data required for an
inventory file of thousands of automobile parts need not be
readily available at all times. Nor is it necessary to

have the program for several applications.in memory at the

}
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same time. In fact, an application‘may reQuire a program
so long that only a portion of it Willlbebstored 1n_memory
.at any given time. o

In each of these situations,;theré is a need for
. some type of auxiliary storage for 1arge volumes of infor-
mation. Such auxiliary storage need nét provide the high
speed access requlred of the more expehsive internal
storage element and thus can store 1arge volumes of infor-
mation economically. A common auxiliary storage media is
magnhetic tape.9* |

In computers there are certain locations separate
from the memory which providé temporar& storage fbr words
while they are being ﬁsed by the contrpl element and érith-
metic element. These temporafylstoragé locations are often
called registers. One of these is used to store the result
of all arithmetic operations such as dddition or subtrac-
tion. |

Most computers have a vocabulary of from twenty
to seventy iﬁstructions (operations). Putting the problem
- to be solvéd into words the computer Can understand is
called coding.

Coding a computer applicatioﬁ of some length is-
not a simple matter. Consider, for example, trying to

*See Integration Into Ex1st1ng Svstems for further explan-
ation. pp. 22-27.
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translate an extensive work, such as thé Bible, into a
language with a vocabulary of only 800 %ords. It might
take several paragraphs to explain one Word not included
in the wvocabulary. A oomputer vocabulafy does not include
such phrases as, '"calculate net pay." iherefore, a coder
must build such an operation using only the words - called
instructions - that have meaning for the computer.

To solve a particular problem, the various in-
structions are combined into what is called a program.
This program is stored in the computer memory along with
data which it processes.

A general-purpose computer can obey a number of
basic instructions but is not mechaniﬁed to perform them in
any particular sequence. The coder sets up a sequence of
instructions for the computer; and, ingthis way, he equips
it for a specific problem. When it is finished, the com-
puter can be set up for an entirely different problem

simply by changing the program.

Integration Into Existing Systems

Present accounting systems were not designed for
digital computers. Therefore, when inStalling an elec-
tronic data-processing syStem; management should question
the need for existing inputs and outpugs. Some of the ques-

i

tions that might be asked follow: Whaﬁ documents are needed?



- How fast is the informationvneeded afteé it becomes known?
How often 1s the information heeded? Whatrare the volumes
of source documents or of output documéhts? What is the
method of gathering the source informatibn? What is the
method of distributing the output documents?

The answers to'thesé questioné wilill assist ménage_
ment in_making the following deoisions:t Which jobs should
- be cohverted tb electronic data prooessing? What 1s the
pvest method of information gathering? What is the best
method of output distribution? What should the pre-instal-
lation schedule be? What should the schedule for the in-
stallation of fhe computer be? |

Management‘s analysis of the company's input and
output requirements may indicate that it is possible to
change present Jjob procedures and still satisfy the company's
requirements. Théchangé or changes may involve the combin-
ation of sevéral Jjobs into an integrafed applioafion with
savings created by the elimination of intermediate results
and the combining of maéter files.

From 1945 until 1955, computers were used for
many mathematical and scientific applications but for few
business data-processing applications.l0 The input/output
devices had to be improved %o rateé of:speed,commensurate
with the computer's internal miorosecoﬁd arithmetic. The.

circuitry had to be placed in easily manufactured sub-
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assemblies which could be put together rapidly and swiftly
replaced. Internal checking features Wére built in to flash
a warning light when any uarginal tubes' deteriorated. All
of these technigues have broughf the cdmputer's reliability
up td about 98 percent. This reliability is as good of
betﬁer than that of punuhed-cérd.isySﬁeég, teletypes, and
other long-established equipment. |

A scientific problem usually involves a great deal
of computation on small amounts of data. However, most
business problems are characterized by masses of data and
little computatiun. Early attempts to %ranslate business
problems into large computer‘programs héve generally used
paper tape, punched cards, and magnétic tape as input
media.11 This is not to say that others such as keyboard
entry and visible records are not used.. |

With such machines as the Friden Flexowriter, a
typist can preparepaper tapes simultaneously with source
documents. For the Datatron 220 data-processing system,l2
numeric Words are punchéd on paper tape‘in binary code ex-
actly as they appear in the éomputer's memory. Each word
contains up to eleven digits. Alphébetic and alpha-numeric
words are distinguished both on paper tépe and in the com-
puter memory by a 2 in the sign position. Tég word as it
is punched on papef tape is defined to be the information

bounded by two end-of-word characters.;f-



The normal paper-tape input device is the photo-
electric reader which may read paper tape at a rate of
one-thousand characters per second from 'one of ten readers.
The normal paper-tape output device is a high-speed mech-
anical punch which.m&y;be used. interchangeably with a
character-at-a-time printer. In order to examine the con-
tents of a paper tape, it is merely necessary to list it
off line on a character-at-a-time printer.13

Many companies which have a computer.today Had
punched-card installations long before they obtained it.
This is one situation where a comﬁuter is compatable with
existing accounting systems. Using multiple card input/
output units and what is called a buffer between them and
the computer, it is possible to achieve a high input/output
speed. The computer communicates only with tthe buffer, and
the card-handling mechanisms communicate only with the
buffer. |

EBach car@-handling machine can commumicate with
- the buffer to which it is attached independent of computer
control. Hence, several cérd_handling_machines may be
operating simultaneously. The information-transfer rate of
the IBM 089 input device is 320 alpha-numeric characters
per second. The information-transfer rate of one: buffer
when 1t is communicating with the éomputer is approximately

22 000 alpha-numeric characters per second, 1%

25



One of the most impressive characteristics of
digital computers is their opefating speéd; In discussing
computer speeds, it is necessary to»use words for divi-
sions of ‘a second: millisecond, for a thousandth of a
second, and microsecond, for a millionth of a second.

It happens that if a machine can work faster,
its time is more valuable. In the case of computers which
can work so very fast, time is valued right down to the
last microsécond. It would be wasteful to make a large
expensive computef spend seconds Waiting for many operator
functions or even for slow mechanical input and output de-
vices. For this and other reésons, most largé computers
make extensive use of high speed magnetic tape input and
output. Numerous off-.line cdnverters have been developed
which will convert from other input media to magnetic tape
and from maghetic ﬁape to other output media. For example,
the Remington Rand UNIVAC II computer has an off-line con-
verter for recording punéhed_card data on magnetic tape
independent of'computer operation. The data can then be
fead-into the computer by fast magnetic tape, rather than
by a mechanical card reader.

Magnetic tape provides the computer with auxil-
iary storage. TFor example, the magnetic tape used in a
Datatron 220 system has provision for recording two ianes

of informatioh parallel to one another along the length of

26
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each tape. In eéch lane, the recording;density is approxi-
mately 208 decimal digits per linear inéh of tape. Tape is
transported at a rate of‘12O inches per'secohd. The com-
puter can, therefore, read information from magnetic tape
at the rate of 25,000 decimal digits pe? second. The Be-
ginning and end of tape are marked,by réflective strips.
The reflective strip is a piece of pressure-sensitive tape
which is affixed manually near each end of the tape. It
is not possible to read. or write past these reflective
strips.

Information is stored on'ﬂﬁyabove tape in blocks.
A block is defined as the 1nformation whlch is recorded
between two inter-block gaps. The minimum block size is
ten words; the maximum block size is one-hundred words.
It is possible to read or write from one to ten blocks with
one magnetic tape read or write instruction. The Datatron
220 computer can read or write 150, ten-word blocks in one

Second.15

John Plain And Company
With improved input and output equipment, the
business possibifties are well illustrated by a computer
called '"Distributor" which was built for the Chicago maill-
order house of John Plain and Company by ERA, Engineerlng

Research Associates, a Divislon of Remington Rand, Incor-



28

porated.16 This computer belongs to a class of moderately
fast magnetic-drum machines which afe offered by a number
of ﬁanufactﬁrers.

While this machine is by.no means a large com-
puter, it was the firsf ma jor application of its kind
and involved a simple approach to the larger type of pbob-
'1em. The problem was this: John Plain sell some eight
thousand gift and houseware itemé by catalogue through
about one thousand retail merchants, mostly rural. Its
business 1s highly seasonal ranging from less than two
ﬁhousand orders pef day in the off season to more than fif-
teen thousand per day in the Chﬁistmas season., The company
must follow its inventories closely in order to determine
whether or‘not,an item is available for shipment,

Originally they employed a battery of clerks
for this purpose. Since the work Was tedious and seasdnal,
it did not attract a high grade of workers. During the
rush season, the inventory status teports fell a week or
two behind, and there were many errors.

In 1953, the company replaced the sixty clerks
with the "Distributor"” machine and'ten operators. The
machine cén handle ninéty thousand transactions per day.
Each night the méchine is set to run off a complete stock-

status report,on all éight thousand catalogue items. To



~complle such a daily stock~status report by the o0ld method
would have required some one hundred fifty clerks. More-
over, the compilation of this report is far more accurate
when done by a.computer.‘ Wiﬁh ﬁédifioations in size and
input/output‘devices, the same machine could handle many

other inventory-control and material-écheduling problems.

29
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WHO USES DIGITAL COMPUTERS?

‘Iike all advances in automation, electronic data
processing depends upon two characteristics which manage-
ment developed in factory automation seventy-five years ago.
These characteristics are those of compiete definition
and of repetition.l7 The ppoblem must be defined com-
pletely and unambiguously before a computer can be succes-
fully programmed. Whether an economical program will
actually be written depends upon the repetitive nature of
the problem. Many organizations feel they can meet these
requirements, and, therefore, may. use compubter time. They
can be classified on two bases: first, by type, and second,

by size.

Type of Users

There are six types of computer users: the
government which includes all federal, state, local, and
international government agencies.

Second, are commercial organizations which
include utilities, trade, finance, transportation, and
service organizations.

Third, are scientific groups that are engaged in
research, development, and testing 6n a commercial basis.

Fourth, are educational institutions which
include all levels of formal and technical schools as well

as commercial and trade schools.
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Fifth, are insurance compaﬁies which include
insurance carriers, agents, brokers, and linsurance ser-
vice organizations.

Sixth, are indﬁstrial organizations which include
all agricultural, extractive, construction, and manufacturing

concerns,

. Size of Users

Many large organizations can afford to purchase
or rent a cbmputer and carry its operation along until it
begins to pay. Howe&ér, a number of smaller firms cénndt
afford'computers of their own even thqugh they can make
good use of what compuﬁers offer. Management of these
firms may not have the trained staff'td develop applica-
tions 6r enough work to economically justify a computer,
Management does not want its company to be left out of the
competitive race. These companies represent a sizeable
market, and many are willing to purchase computer time on
an as-required basis. In order to meet the needs of this
market, many computer service centers have been formed.
Basically, a service center 1is a fuliy staffed computer in-
stallation in Which a number of different comﬁanies can
buy time. Its ser&ices may exténd to feasibility studies,
operations research, programming, and training of a client's

personnel. The smaller companies can rent these services



for special one-time problems or use théﬁ regularly on a
part-time basis. |

There are at least five types of computer ser-
vice centers available for the managemeﬁt of a small firm
to decide upon. Companies that rent time on their com-
puters usually do this reluctantly. Most concerns prefef
to be the exclusive user of their own machine. Management
is concerned about the continuity of suhh relationships
and may hesitate to process company documents through
anoﬁher company's machine and office. Second, many mech-
anical punched-card centers have expan@ed into computer
service centers. Third, many consultihg firms have estab-
lished their own éomputing centers to handle engineering
problems and business applications for themselves as well
as their customers. Fourth, service cénters are operated
by computer‘manufacturérs. Fifth, many,colleges and uni-
versities operate service and research centers. For
example, Boston University, at the preéent time, has an
IBM 650 electronic digltal computer installed in its com-
putation center. The machine is used for a variety of |
educational, business, and scilentific purposes.

By using theée various services, management of
the small company can achieve many of Fhe advantages of a
oomputer.- The smallness that handicap? some concerns in

buying computers can at times become an advantage. For
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instance,'in larger companies adjustments such és the com-
plete conversion of cost accounting to computer systems
can take months or even years. However, the flexibility of

small concerns enables them to convert much faster.

Blaw Knox Company!

When an organization does not haﬁe a computer of
its own, it may obtain the use of a computer from sérvice
bureaus, punched-card centers, consulting firms, other
companies, or educational institutions; If a company does
not have an experienced programming staff and there is an
immediate need to solve a specific problem by means of an
electronic computer, it may hire a computer expert or the
services of one of thée five previously mentioned organi-
zations. The following éxamﬁié Tllustrates the approach
which the management of one manufacturing concern took in
such a sitﬁation: |

In 1954, the management of the Blaw-Knox Com-
pany's Power Piping Division in Pittsbﬁrgh noticed that
the calculation of pipe stress problemé was one of the
heaviest engineering 1oads‘for Blaw-Knéx and other power-
pipe designers.l8 These problems are highly repetitive and
each required hundreds of engineering man hours in order to
make the necessary calculations. Facea with mounting

engineering costs and increasing work loads, management



decided to hire the consulting firm of Arthur D. Little,
Incorporated. | l

In its simplest form, the task is to predict
what will happen when a lengthvof pipe is heated. Knowing
the expansion rate of the material, simpie computations
will Indicate how much a piece of straight pipe will grow

if it is heated to 1000° Fahrenheit. However, the problem

.~ is complicated if both ends of the pipe are anchored, for,

if fhe pipe 1is heated in this situation; it will either
bow, bend, twist, break, or distort one' of the anchoring
structures. The problem is further complicated when the
piping is twisted and has five or six bfanches each of
which 1s anchored to a structure that moves on its own
when heated.. A . -

Management selected one of their senior research
and development engineers to work Withvthe Arthur D.
Iittle consultants. This éhgineer kneW:Véry little about
electronie computers. However, he did understand the
problem of pipe-stress analysis. Managément had, there-
fore, built a team consisting of computer experts and an
expert on the problem to be solved. quether this team
developed a program for the UNIVAC computer. It was the
first such program in ﬁhe field of pipé_stress éngineering

calculations.

L ~
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A relatively inexperienced Qpérator'can now code
the problem directly from a single drawing of the pipe sy-
stem. A typical problem requires one half hour of computer
time. Although the application involveﬁ a significant
amount of computer time, it was noﬁ enoﬁgh to justify the
purchase or lease of a large machine. However, management
recognized that Blaw-Knox fequired a mihimum amount of
computer time; and, therefore, made arrahgements to purchase
a fixed amount of time from a UNIVAC Service Center in New
Yérk. Additional time is available to Bléw;Khox on an as-
required basis.

When the problem was chpleted, management had
achieved its goal of reduced costs énd reduced time in
the calculation of pipe-stress problemg without acquiring

a computer or hiring a programming staff.



HOW:DO THEY USE THEM?

The applicatiOns fbr electronac digital computers
can be classified into ﬁwo groups if thé evaluation is
based upon computer characteristicé; These are scientific
and business data processing. However,;if the evaluation
is based upon the application rather tﬁén the computer, the
number of groups can be expanded to five. These are gen-
eral accounting, engineering, marketing, research,‘and
operational controls.

The applicaﬁion of computers to scientific prob-
lems has not stressed the need for larger and faster input
and'output devices. Most of the actual work is done in-
side the machine and input/output time may be sacrificed
for faster internal computing time or a more comprehensive
command structure. .Scientific oomputefs are generally less
expensive than business machines because they require less
peripheral equipment which may cost asimuch as the central
computer itself.

The application bf electroni§ data-processing
systems to commercial data-handiing pfoblems has been based
upon certailn fundamental‘objectives established by manage-
ment for the handling ¢6f inquiriles, file maintenance, and
input/output. These are: first, to consolidate multiple

files into single files; secondly, to;minimize the number

36



of processing steps or passes required for any particular
file; third, to process several classes of information
against the same file simultaneously; éhd, last, to elim-
inate intermediate results Whefever possible. Despite
these objectives, computers used for électronio data pro-
cessing in business requiré a large nu@ber of peripheral
devices. .

- There are flve more specific classes of computer
applications. These are: general accounting, engineering,
marketing, research, and operational controls. General
accounting includes accounts receivabls, cost accounting,
billing, and payroll. Engineering includes the develop-
ment or design of a product or process. Marketing in-
cludes all applications related to the sale and transfer
of goods and services from producer to consumer such as
forecasting and market research. Research includes basic
and applied research in scilence. Operﬁtional controls in-
ciude any application which involves é system of control
such as inventory control, production control, budget con-
trol, or quality control.

The following example will indicate the scope
of existing electronic data-processing applications. Al-
though it is an insurance data-processing problem, the

objectives as established by managemeﬁt and the advantages
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attained from the system are not confined to insurance
applications‘l9

In 1875, this insurance company's data proces-
sing was done by_one clerk who kept all the records and
prepared all the policy statements. Quick reference to
one file folder enabled the company to prepare a premium
notice, approve a change in the contract, and accomplish
almost any other data-processing task required.

Within nine years, however, the file had grown
to 340,000 folders, and there were over two-million
dollars in company assefs to keep track of. By this time,
management realized that the accountihg system would no
longer meet the company's requlrements. It became more
and more efficient to subdivide tbe clerical functions
and split exdisting files.

When punched-card acéounting machines became
avallable, management was quick to take advantage of what
they offered. The bésic data about each policy was re-
cbrded in several different files. ‘

' In 1956, management decided to investigate the
possibility of electronic data processing. The first major
data-processing area studied was the ordinary policy oper-
ation. This was all ready highly mechanized through con-
ventional punched-card procedures. The operations are

centered around eight major'files.
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The policy master file is the basic file for all
premium-paying policies. The biliing file consists of one
punched card for every premium billed and unpaid. The
commissidn file contains a record for all premium-paying
policies on which a commission is paid to a company agent.
The ordinary dividend file contains the name and address
records for all paid.up policies. The loan files contain
‘1oan information. The ordinéry register file contains a
policy history and is the basic random-access file.

Management established the usual electronic data-
prdceésing objectives. First, consolidate multiple files
into single magnetic-tape files, Seéond, minimize the num-
ber of passes required for the file. Third, process several
classes of information simultaneously. Fourth, eliminate
intgrmediate results wherever possible.

. - After settiﬁg the prime objective as consolida-
ting, it was found that all files except the ordinary
register filé‘could be combined into ohe magnetic-tape file.
The effect of this consolidation of files is three-fold -~
simplification, speed, and a higher degfee of accuracy.

Simplification is attained by the elimination
of duplication of processing brought'about by the consoli-
dation. The policyholders also benefit directly. A con-
solidated and simplified notice replaces separate statements

for premiums due, dividend, and loan interest. Several



hundred punched-card machine steps are reduced to approx-
imately twelve under the electronic data_processing
system.

Because of high-speed processing, the time re-
gquired for file maintenance is reduced. For example, the
machine will process a policy in less than one half of a
second. |

Accuracy is increased because record maiﬁtenance'
is performed on one file in place of several files.

To summarize the preceding example, management
established the principai electronic data—proceséing goal
as consolidation of wultiple files. This was accomp-
lished by means of an electronic data-processing system
with the following advantages resulting: simplification,

speed, and accuracy.

o
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THE DIGITAL COMPUTER IN A MANUFACTURING ORGANIZATION

The success of a manufacturing concern depends
upon the ability of its managemént to be consistently cor-
rect in its decisions. Management may provide the solu-
tions or approve thg recommehdationswof assistants. In
either case, the viewpoint in seeking the_solﬁtion to a
business problem 1s invariably profit. Improved profits
can be the reéult ofrgreatervsales; increased operéting ef-
ficiency, or a sound financial policy. R Both sales and
production are geared to the profit motive. Sales is the
means through Which profits are obtained; production is

the means with which profits are obtained,

Sales

Selling in a manufacturing organization re-
quires: the creation of demand, the finding of a buyer,
negotiation of the price and terms of sale, and finally,
the transfer of title.

The number and locatiohs of potential buyers
and the data pertaining to them requires careful study.
Department stores may effectively contact their customers
through newspapers, and manufacturers of industrial goods
may contact their market through technical journals.

Both can make use of statistical market teséarech to deter-
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mine the most sucoessful.method'of reaching potential cus-
tomers. The disoovery of new and better methods of
marketing, more economical means of distribution, new
markets, and better means of sedling can often be attrib-
uted to such research.go

A1l statistical market research has one thing
in common, and that is its dependence ubon the analysis
of numerical data. The statistical'relationship of actual
to potential volumes involves the compilation of actual
sales data and the estimation of potential volumes by
numerical methods. Testing the responee to new products,
checking advertising efficiency, and studying consumer
attitudes are all based uponethe analysis of numerical re-
lationships between such‘faCtors as sales and advertising
volume. -

Cost studies are based largely on statistical
analysis since the relationships between cost, pfoduction,
and other factors are usually determihed by statistical
. formulas.

An electronic data_prooessiné system can assist
sales management in_reaching the propef market. For examﬁle,
it can do this through the solution of statistical market
research pfoblems which were previously not practical

because of their length and complexityé It can also assist
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sales management in completing transactions by performing
faster and more accurate invoicing, billing, and inventory

control. -

Production

Management is concerned With_éliminating or re-
ducing to a minimum inefficiencies in mﬁnufaoturing. For
exampie, they may be the result of performing work on an
incorrect machine or at the wrong time. Production con-
trol, inventbry control, and payroll calculation offer the
opportunity of indirectly reducing cost if their effieiency
can be improved.

Production control regulates the flow of materials
through the plant from raw materials to thévfinished Pro--
ducts. The goals of management in production control are
to produce the right product, of the right quality, in the
right quantity, at the right time, and by the most efficient
and lesslcostly‘method.' '

Effective inventory control requires that an
adequate, but not excessive, amount‘of méterial be on hand
at all times. Under ideal conditions, there ié no neces-
sipy to maintain an inventory; when a material is required,
it would be 1eaVing the recéiving room for production.
However, seldom, if ever, 1s this possible and the storage

of materials is necessary to permit pr@duction flexibility



and the advantage of qﬁantity discoﬁnté; Certain materials
represent a considerable investment and their storage ties
up capital which management could use for other purposes.

The repetitive nature and volumes of some pro-
ductibn péyrolls are high. In these‘siﬁuations, a computer
may offer an attractive altefnative to the existing pre-
paration and recording operation. |

The following c¢ase cannpt be éalled an example
of a prodﬁction payroll in a manufacturing organization.
Howevér, some of The reasons for adapting any payroll oper-
~ation to a coﬁputef, and the problems ihvolved, are illus-
trated.

The continued growth and complexity of a large
payroll application is indicated by the history of the
¢ity of Detroit's payroll sysfem.gl In 1937,-the payroll
for the. entire city was prepared on typéwriters. In those
days, the payrollvconsisted of: employee namé, title,
rate of pay, time worked,‘gross pay, and a check number.

In 1938, the first payroll déduction was added;
namely, a flve-percent refirement deduction. At this time,
a punched-card system was installed. During the years |
that followed, the éity took advantage bfvthe latest
bunched-card equipment. The need for better systems and

equipment was due primarily to the con@inually changing

Ly



payroll picture. During the war, thekWithholding tax,
Victory tax, and War Savings Bonds created problems that
were met by punched-card equipment. In’'the following
years, deductions such as Insurance, Hospitalization, and
Torch Fuﬁd, created problems. However, all of these de-
mands were met utilizing bnly one punched card per

employee. :

In 1955 union dueé and crédit;union loan payments,
by means bf a payroll déductidn;-Were,approved, At this
time, the system was expanded to two cards per employee:

a pay card and a deduction dérd. Before this system was
1héta11ed, it became obsolete by the addition of social

security coverage for cit& employees. At this time, it

was decided to place an order for an IBM 650. By 1957,

all of the city's payfoll was being oomputed on the IBM
650.

At the present time, the computer processei one_
hundred twenty-five departmental payroils involving 38,000
employees who are paid as follows: 18,000 salaried em-—
ployeés are paid bi-monthly; 10,000 hourly employees ére
paid every Friday; 10,000 pensioners are pald monthly.
Employees are paid five, six, or seven;day work week
rates, elected official rates, overtime, premium pay for
Sundays and holidays, annual 1ongévity;pay, sick-leave
pay, periodic step increases, and_retrdéctive péy for

promotions.



The preceding paragraph has indicated some of

the types of payment to city employees. These are..only a -

few of the conditions which must be handled by the computer.

Many more can be listed if the various bayroll deductions
are cénsidered. :

Threg typical problems faced the people respon-
sible for the installation of the elect;onic data-proces-
sing system. First, there was a lack df procedural data
on the payroll system @8 it existed. An entire month was
spent in resolving problems, exceptions, and stating ob-
jectives in order to arrive at the oveﬁ_all prbbéem
definition. This was accomplished in ﬁart by cbnférences
of key employees in the Controller's Office.

Second, there were twelve different payroll se-
quences in use. The efficient utilization of the computer
required that only one sequence be usé@. The question of:
éperating debartments accepting a change in the operating
'sequenée to which they were accustomed’ - became apparent.
The solution to this problem actually set the pattern for
the others to follow. This was to explain the problem
and proposed solutions to fhe departmeﬁts; theréby, sel-’
ling the idea rather than forcing avfinal solution upon

thenr at that time.
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 Third, input and eutput forms had to be designed.
The existing punched-card payroll system was somewhat com-
patible with what could be'oonsidered aﬁ aceeptable computer
- payroll system. Therefore, 1t was decided to continue using
input and output forms similar to those already in use.

The charecteristics Qf‘the City of Detroit's pay-~
roll are not unique in themselves. The reasons for their
using a computer and the problems encouhtered are the same
as those which face any other governmental unit or private
'industry comparable in size.

An electwonic data_processiné system can make
possible the integration of producfion control, inventory
control, and payroll calouiation with other operations of
the company. The result of such a system might very well
be: less work in process; smaller inventories, more rapid
inventory turnover, and reduced clericél,expenses. These
in turn could result in less capital invesgted in materials,

lower overhead, and reduced unit cost of products.

Finance

When a manufacturer thinks of finance, he usually
thinks of three things: How to acquire funds, how to use
them, and how the profits of the business are to be dis-

tributed.
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Finance is intimately rélated to other functions
of business? namely, sales and production. The present
and future sales statistics must be analyzed by management
in order to determine if it is profitable to sperd addi-
tional funds on a given product. Wﬁéﬁ}productinn 1s in-
efficient, funds will be wasted.

Promotion is one of the impoﬁtant duties of
financial management. It involves ths‘discovery of
business opportﬁnities and the subsequent organization of
men, maferials, and equipment for the purpose of capital-
izing upon the opportunities. It requifes sound‘finanoial
management and often includes an operations research solu-
tion in order to determine the expected value of an invest-
ment. This is a problem of comparing the risks involved
-with the advantages possible. |

If a business opportunity involves a difficult
production problem, the investigation may be carried out

by engineering methods. If its success‘depends upon de-

mand, the analysis of marketing statistics may be necessary.

' Possibly, the company will have to conduct a marketing sur-
vey; in which case, statistical sampling and an analysis
of these samples may be necessary.

Every company must have a certain amount of

working capital in order to carry on its daily operations.

.
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There 1s no generally acceptéed definitfon of working cap-
:'L*ba.l.g2 However, some businessmen consider it the excess
of current assets over current 1iabiliéies, and that is
its use in this pgper. |

Né business can afford to operate without a
margin of cash over immediate needs. A certain amount of
capital may be invested in inventory. ., The reduction of
these inventories may permit a more flexible financial
operation with room for new produtt investigation. Many
products are of a seasonal nature, and their matefial
inventories can be reduced to a minimuﬁ during slow months.

The maintenance of a sound financial structure
can provide many advantages. Employee:morale is hot the
least of these. The ability to take advantage of dis-
counts and maintain a high credit ratihg are others.

Electronic data processing can make finénoial
management easier through more accurate and timely infor-
mation. For example, the availability/pf engineering and
statistical programs can assist management in determining
the success or failure potentials of a new pfoduct.
T;g@?ér inventofy control is possible and»can release
additional capital for the needs of the organigzation.

The pre-requisites for the success of eléctronic

data processing in a manufacturing concern are character-



istics of the application. First, it must be thoroughly
defined; and, secondly, it must be highly repetitive.
These are requirements forbthe economical use of such a

system in any organization.
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THE DECISION TO OBTAIN A COMPUTER

Management must ask‘ifself the following two
questions in order to establish goals for future elec-
tronic data-processing plans. Does management intend to
do something new?- f'or example, scientific scheduiing or
incteased control through more complete and fimely infor-
mation. Secondly,‘does management intend to improve exis-
ting systems?. For example, by reduciné clerical cost and
time, improving ﬁroduction.efficiency, reducing inventory
costs, and more comprehensive and faster reporting. Prior
to authorizing a costly feasibility study based upon these
goals, management must be fairly certain that the com_
pany's data-processing fequirements doznot préeclude the

use of a computer from the start.

Economic Justification

The economic justification for an electfonic
data-processing system established by management usually
consists of two things - the potential to improvevthe com-
pany's future profit picture and the ;ﬁprovement of the
‘company's operating efficiency. For éXample, the Navy ré-
quires the following Jjustification for the instaliation of
a computer: a reduction in present costs and/or increased
management effectiveness sufficient to offset the cost of

the computer.23 It is expected that a large computer



application will result in reduced clerical costs, in-
creased reliability, énd‘improved systeﬁs and procedures.

Since 1920, manufacturing pr&duotivity has in-
creased more than 100 percént while the number ofjfactory
workers has risen only about 55 percént. However, paper
work productivity has not kept pace with producti?ity in
manufacturing. E;g., in 1950, it took one clerk to pro-
cess the date for $47,000 worthAof'business. In 1957,
without electronic data processing it still requifed one
clerk to process the paper work for $47,000 worth of
business.24 '

The reduction of thisvcost is'management's ma jor
gconomic Jjustification for an electronic data_proéessiﬁg
system. A significant pért of the cost reduction may come.
from the elimination pf human participgtion in the over-all
task. An example of this would be the elimination of the
" need for preparing and transferring fecords from éne desk
to another or the conveying of punched-card records from
one machine fo another. In many cases, multiple files
that had been maintained seﬁarately can now be combined into
a single file. Rate tables which were not easily stored in
smaller machines are easily introduced‘into electronic data-
processing systems using large auxililary storage devices.

" The reliability computers haVe achieved is far

vetter than that of previous equipment'which management is
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more familiar with. For example, in réading and writing
data on magnetic tape, we may find thaﬁ‘a tfanscription
error will occur once every three hour§;25 Since 10, 000
to 20,000 characters per second are chdracteristic of mag-
netic-tape transcription rates, this can be transiated into
the statement that an error occurs aboﬁt_onée in évery one-
hundred million charéctérs.‘ A similargﬁerformance for a
card machine running at one-hundred caﬁds‘per minute would
mean that there would be only one character in error during
an entire week of operation in which the machine 6perated
twenty-four hours a day for seven aaysf Furthermdre, in in-
stances when the éomputer does make such an error, it can
be automatically detecﬁed. |

| In applicatidné where punched-card systems have
been used, the care with which procedures must be analyzed
‘and speclfied is already well known. However, eleéctronic
data_processing eqqmﬁmentvcan, because:of its flexibility;
handle many applications that have never been performed oh
punched-card equipment. In attempting to apply the elec-
tronic data-processing équipment to these broader applica-
tioné, the necessarylsystems and proéed#res aﬁalyses will.‘
probably disclose weaknesses in the ola‘procedures.which;
when corrected, lead to appfeciable savings and ilhcreased
efficieﬁcy. Much of the saving effected by the actﬁai use

of a computer may well be attributed to the careful and
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iogical methods developed to satisfy the exacting‘demands
of the computer. The greatest savings?have resulted from
computer applications which Were too lérge for mechanical
punched-card eduipment. |
| The Feasibility Stud

Once the company's goals have been established
and if management decides to go ahead.&ith an electronic
data-processing study, the next step.will probably be to
organize—-a feasiblility study committee. It 18 nof a study
of the feasibility of computers but a §tudy of thé feasi-
bility of achieving management's impro?eménﬁ goals. A
computer system may be involved in the:achieving of these
goals or it may not. If the feasibility.study is well
oriented, 1t can do two important things. First;vit can
take an objective 1ookkat the needs of;the organization.
Secondly, i1t can pay for itself in opefating improvements
even if no equipment Is ordered. |

At this point, management mﬁét find the answers
to two questions - Who should establish the goals for the
4feasibility study? Who should be on ﬁhe feagibility study
oommittée? These questions are best answered by referring
to the current method of designing systems for digital com-
puters; i.e., to take the problem as a total concept from

the start and then to develop it piecé by piece into working
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and paying'jobs. Using this method, the over_all concept
is continually analyzed so that the piebes will eventually
fit togethef smoothly. |

Based upon this method of devising systeﬁs, no
one lower than top managemenﬁ is qualified to establish
the goals. Top management is in a position to understand
the needs of the entire organization. iit should not take
muich time to establish goals,;and it_ddesrnot require spec-
jalized knowledge. If théy are éstablished by thé res-
tricted viewpoint of middle management, the effort and
éxpense which follow may be misdirected toward a piecemeal
approach rather than tbward the over_ail concépt.v

Next, is the question of who should be on the
feasibility study committee. Management must organize it
based upon three qualitigs: first, a_knowledge of the com-
pany; second, technological know—how; énd third, strong
leadership. An electronic data-processing feasibility
study is expected to cut across functional lines; therefore,
the group should I1nclude responsible representatiyes of all
segments of the organization. 'They need not be the top
meﬁ, but they should be high enough to have a broad know-
ledge of how the organization functions. If the organi- .
zation has a systems specialist famiiiar with the wvarious

{
machines available, he should be included on the committee.
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However, in those cases when it does noé have an ekpért on
gsuch matters, management usually has hifed the serVices of
an expert to assist the committee. Finélly, the group
should be led by an executive whose autﬁority is sufficient
to make decisions as the study proceedsi Management's
goals will have to be modified and, in.some cases, dis-
carded. The committee leader should have the authbrity to
do this. |

At the time a feasibility study is initiated,
there is no guarantee that the final recommendation of this
study will be the pﬁrchase or lease of5§n electronic data-
processing system. It is merely a study of the feasibility
of attaining‘management's improvement goals. Theée goals
may be in the areas of improved exiétihg systems and/or
new applications. The length of time required for a
feasibility'study is variable. Howevér, the study may
lead to definite plans which can then be given a Qompletion
date. Generélizations as to the length of time requiréd
have been made. . For éxample, the Navy management manual
indicates that only the most complex activity should
require a feasibility study of more than two or three
months . 4

Management usually assigns the task of a feas-

ibility study &0 a feasibility study committee which has



representation from all segments of the organization as
well as a technical expert on the machines which are cur-
rently available. Here the question of how a feasibility
study is to be conducted arises. It ié conducted by a
three_step, output-processing-input analysis. First, any
.system will have to produce certain outputs in order to
achieve management's goals. Theée outputs should be |
listed and defined along with the ffeduency With.which
they will be required. Next, certain processing is neces-
sary in order to produce the desired outputs froﬁ the
avallable nputs. Finally, certain iﬁputs will be needed
to produce the desired outputs. | |

Using thisvthree-step, output-procéssing-input
technique, a major question arises: Can the required in-
puts be made available in the required time at a reasonable
cost?27 If not, the original goal must be modified or
dropped. If the answer is affirmativé, the folléwing ques-
tion must then be asked: Can the proéessing'necessary td
convert the inputs to the outputs be done fast ahd ét a
reasonable cost on existing equipment? To answér these
questions, the feasibility study committee must:gather
four types of data: irst, the nature and volume of trans-
actions, records, and reports; S8econd, ﬁhe cost of pre-
paring these data; Third, samples of all the fdrms; last,

special data-processing and management problems.
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When developing systems based}upon this data, -
the'grOup should consider four objecti&es of integrated
data processing. These are - consolidéting multiple
files into single files, minimizing the number of proces-
sing passes required for ény file, processing several
classes of informatioﬁ againsgst the same file simultane-
ously, and eliminating intermediéte results wherever
possible. v |

The feasibility study committee analyzes the
four types of data, and, based upon the objectives of
integrated data proéessing, it prepares detailed input,
processing,_aqd outbﬁt réports for maﬁagement. The result
of each report is in effect a statement which says, "The
following goal can be achieved by certain methods in a
certain time and at a certain cost." Management can
evaluate the reports and decide whether to conduct a

further investigation of the sysfem or not.

Systems. and Forms Analysis

Existing aocbunting systems and practices were
not designed for digital computers. Consequently, one of
management's most difficult tasks in adapting business
applications to computers hés.been in the area of input/
output definition. One of the duties of the systems

" analyst is to define these various inbuts and outputs.



When developing input records, the systems
analysﬁ must ask the following four quéstions: What must
be prepared? How must it be prepared? When must it be
prepared? By whom must it be prepared?' There are many

input media to choose from including paper tape, punched

cards, magnetic tape, keyboérd entry,‘and visible records.

The exact format of a record musf be déveloped based upon
‘the capabilities of the input media which the analyst has
sélected.

Paper tapes and source documents can be prepared
simultanéously ahd later transcribed QhAmégnetic tape by
means of a paper-tape to magnetic-tape converter.

Punchéd cards are easil& prepared and the pro-
fitable application of punched-card equipment overlaps
that of computers. Cérd machines are excellent for small
sorting, merging, and tabulating operations which cannot
be economically Jjustified on a large computer.

Magnetic tape is a fast input media and offers
the possibility of large time sdvingé. E.g., an insur-
ance company may have a file of one-million customers
with at least one-hundred digits per:account; This file
must be brought up to date periodically even though not
every account will be changed in the process. Between

fifty and one-hundred magnetic'tapesgmay be required to
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store the information, and recently annbunced computers
can scan all one-million accounts in léss than three
hours.

Keyboard entry is a common input media for
variables which may change once duriné}the running of a
éomputer program. There'also spécial#purpose computers
avéilable which will read magnétized characters from
such documents as bank checks. ”

When developing ouﬁput records, the analyst must
ask the following six questions: Why is it necessary?
What is its purpose? When should it be done? Where
should %t be done? Who is best qualified to do it? How
should it be done? There are a variéty of computer output
media aVailable including paper tape,'bunched cards, mag-
netic tape, and printed documénts. For example, the |
Burroughs 220 high-speed printer‘will print numeric infor-
métion at a rate of 1500 lines per minute. Each line can
contain up to one-hundred twenty characters. However, if
alphabetic information is to be'printeq,_the'speed is
reduced to 1250 lines'per miﬁute.28

It is the job of the systems analyst to select
from among the varioué input and output media‘those which
best fit the particular application.

Once the inputs and outputs have been defined, a

process charttmust be constructed. A;process.chart is



designed to give an over-all picture of how the electronic
data-processing system as a wholé will?handle a particular
application. It identifies the inputs to the system, the
various computef'programs involvéd, ana the final outputs
of the system. |

The process chart is a master plan showing the
breakdown of the applicatidon into its several parts and
indicating the sequence of events from beginning to end.*
There are.three process-charting rules: First, the
analyst must choose fixed starting and ending péints.
Second, the principal direction bf flow must be drawn
from left_to right. Third, use 1ogica1 symbols that will
be adaptable to ahy electronic datasproceésing system

rather than tied to a specific plece of equipment.
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SELECTING A COMPUTER

The selection of a oomputef sﬁould not bé-diffi;
cult if managemert:precedes this selection with a strong
preliminary study. There are approximateiy eightéeh com-
panies engaged in manufacturing electﬁbnic digital com-
puters -today. Ten of these are large organizations. The
others are modestly capitalized, and iaok of capital is
their principal problem.29 This-numbér can be further
“reduced 1f management consideré the two classes of digi-
tal computers available - compﬁtérs for solving scilentific
problems and computers for solving business data-proces-
sing problems., By Qliminating those machines which
obviously are not sultable, management can select one of
the remaining on the basis of cost.aﬁd an evaluation of

the manufacturer and his product..

Preparingfspecifications For The Manufacturers

Manufacturers of electronic data-processing
systems spend a great deal of time.ﬁith potential cus-
" tomers to gather necessary facts about their data-proces-
sing réquirements. If the manufacturer is satisfied
that his machine can handle the application based upon
these facts, he may submit what is called a proposal.

Proposals usually recommend the manufacturer's product,
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describe his solution to the organization's eléotronic data-
processing requirements, and State chapaoteristics of the
equipment. “

If an organization is interested in a particular
computer and the manufacturer is unwilling or unable to
prepare a proposal, management may still consider this
machine. For example, Navy directives indicaté that
management should have such a proposal prepared by govern-
ment employees for subsequent.evaluatioh.BO

Computers proposed by manufacturers may be in
the drawing-board or prototype stage, while others are in
full production use. The newér machines will have better
specifications. However, management c;nnot be certain that
they will be reliable or productive enough to do the job.
For the older product, théy can determine reliability and
productivity by a representativersamplé of presenf users.

If three or more computers are being considered,
management may assign a gfoup similar;to the feasibility
study committee to work with the manufacturers on a full-
time basis. This group is frequently:called an applica-
tiOn study combittéé. They are familiar with the detailed
electrpnic'data_processing plans of the organization and
are qﬁalified to answer most of the manufacturerfs gques-

tions. The manufacturer's representatives who are
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probably experienced data-processing specialilsts may con-
tribute significantly to this committeé’s progress.

The manufacturer may ask mahagément to have the
application-study committee present theﬁiwith five types
of information relevant to the input/output and proces-
sing requirements of the 6rganization. Tirst, the general
applications must be explained. Second, a description of
all input and output forms including voiumes and suggested
input/output media are réquired.‘ Third, the amount of
processing necessary to produce'the desired output from
the available input must be explained. SFourth, there
are many restrictions which have been placed upon price.
For instance, the cost of the over-all system may not ex-
ceed ten thousand dollars per month, of:the cost per
record processed may not exceed .01 cen%s per day. Fifth,
are the features which an organization may demand of any
electronic data-procesgssing system which it will consider.
Thése are too numerous to present'at this time. However,
the following list will indicate some 6f ﬁhe more common
electronic data-processing system capabilities:

Magnetic tape input and:output
Punched card iﬁpuﬁ and output
Péper tapé.input and output

Printer output
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Input/output buffering
Large memory sizé )
Comprehensivé commaﬁd strﬁobﬂre

Fast memory access. time

High computing speed

Large and fast random-access storage
Inquiry possibilities

Punched-card to magnetic-tape capabilities

Magnetic-tape to punched-card capabilities

Magnetic-tape to printer capabilities

The application-study cOmmittée may request the
following information from each manufacturer iﬁ order to
assist in evaluating all on a common baéis. First, tﬁe
method the manufacturer has used to sol&e the company's
data-processing requirements. Second, the amount of‘com-
puter time which his machine will require to complete the
processing. Third, the cost the 6rganization will be re-
quired to pay in order to aéquire the system recommended by
the manufacturer. Fourth, the educational and programming
assistance which thé manufacturer Will.give the organiza-
tion. Fifth, the delivery and installation date.

After evaluating all manufacturers on this common

basis, the application-study committee may then present its



evaluation of each manufacturer and its recommended course

of action to management.

Preparing Cost Estimates

Once the need for electronic data processing has
been determined, ene of the first questions management
should consider is that of cost. Arriving at the right |
cost is likely to be difficult and requife a careful analy-
sis of several factors.

These factors would be: TIs ‘the equipment in-
tended for improvemeht or expansion? What is the installed
cost of subh equipment? Will its installation create'prob-
lems of plant layout? What are the maintenance and repair
costs? Are future additions and modifications to the sy-

stem required; and, if so, what will their cost be? What

will the operating costs be - including men, materials, and

overhead®? If purchased, at what rate is the’machine to be
depreciated? What fiﬁéncing costs are involved? If the
equipﬁent is for j’.mprove—zmerfc.J what is the present cost of
.producing the output? .It is difficult to secure reason-
ably accurate cost data of this natﬁre; and the proper
anal&sis of them requires good judgment on the part of

management. _
Aeroquip Corporation justified a computer to
i 31

maintain inventory records for all four of its divisions.
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i

The computer determines if an ordervcan ﬁe shipped from
the division.receiving it. if not, it i%forms the mater-
ials control plannef of the existing altérnatives. The
ménagement of Aeroquip believed that théfjob of inventory
control was one of bécoming aware of eXdéptional conditions
at the right time. The materials control planner now has
the means for #solating unusual situatiéns which can sub-
sequently be remédied.

Typical electronic data;prbéessing center costs

have been placed in three categories for illustration:

Category One - Men

| Supervision .
Systems Analys%s
Progremmers
Coders
Operators
Maintenance Engineers
IMmmmlAwﬁﬂms

Other Operatihg Personnel

Category Two - Materials
' THE Electronic Data Processing System
Peripheral Equipment Including
sSupply cqbinets,‘desks, etec.
All Supplies Required including

magnetic tape, forms, etec.



~ Repair and Replecement Parts for
the Electronic Data Pro-
cessing Sjstem
Category Three - Other
‘ Floor Space

Site Preparatio%

Air conditioniﬂg

Insurance

Computet Transportabion

Parallel Opera@ions

Power

Texes |

Overhead

The government presently considers many elec-
tronic data-processing systems as a class of capital
equlpment Which may be depreciated by the declining-
balance method over a period of five years._ However, the
depreciationvoannot be below a nominalisalvage value of
appfoximately 10 percent. Using this method, the elec-
tronic data_proeeSSing system cost is divided by five and
the result is multiplied by two. This is the maximum
amount Whlch.may be depreciated in the first year 32 For
example, in the flrst year, a system whioh cost $300,000

may be depreciated $12O 000 for income tax purposes. The
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availability of such accelerated depreciation formulas has
- made the purchase of electronic data_prepessing systems
more attractive to management. |

The attention of management sﬂould also- be direc-
ted to the legal questions that arise_iﬁ'connection with
the purchase or lease of an electronlc data processing : -
system, although no attempt Will be made to discuss them
here. The extent of liability for acc1dents to employees
is one such problem; bAnother.is the contract or purchase
agreement'which is often long and involyed, offering many
oppoftunities for legal contreversy.{ Man& forms of insur-
ance coverage are used and are oftén subject'to'varying
interpretations. Any machine must comply with the safety'
regulatiohs of the state in which it is to be operated;
these safety regulations vary greatly is‘different states.
These and many other situations exist Whioh'call for care-
ful interpretation by qualified legal counsel. The

importante of this phase should not be overlooked.

Evaluating The Manufacturer And His Product

Before an organization purchases or leases a com-
puter, management must evaluate the manufacturer and his
product, Established'manufacturefs will'supply management
with a partial llst of their’ customers This is not only

to indicate the popularlty of their machlnes but also to
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provide the potential user with a‘means for.evaluating the
record and integrity of the manufacturer.'

Management must also study the field services
branch of the computer manufacturers. This_usually con-
sists of six elements: the sales representative section,
the sales technical representative section, the educational
services section, the consulting seotion, and engineermng
liason section, and the field engineering section.

Sales Representatives have the respon31bility of
assuring all customers in their area of satisfactory ser-
vices from all depaftments,of the manufacturer. Thelr
broad experienoe qualifies them to assist management in
electronic data-processing activities and in the co-
ordination of ail7customer_manufacturer reiationships.

Sales, Technicai RepreséH tatives are primarily
concerned with assisting management on the technical as-

" pects of data prooessing. These people are usually exper-
ienced electronic data-prooeSSing speoialists and computer
experts who will work right with the customer to soive

, problems of technique

. The educational services section co- ordinates
and sets the educational standards for field training.
They have the responsibility of providing customers with

the necessary training courses whethef at the customer's
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installation or at the manufacturer's. An eiectronic data-
processing installation hae continuing as well as prelim-
inary training requirements,which are also the reeponsibiliﬁy
of the educational services group.

| Tne consulting section is usually'concerned with
assisting customers at the request of the Salee Represen-
tatives. THEY are qualified for work of a highly technical
nature and prepare subroutines and service routlnes which
may be useful to ail customers.

The engineering liason section is responsible
for co-ordinating all engineering changes and improvements
on installed computers. They insure that each machine has
included in it the latest techniques compatable'with the
logic of the machine. .

The field engineering section is respnnsible for
installing and maintaining all computers. They consult
with management on problems of floor‘space, air condit-
ioning, and’power requirements to assure the prompt and
proper performance of the system when installed.

It would be impossible at this time to elaborate
upon all of the factors for evaluating the capabilities of
an electronic digital computer, However, a number of the
nore significant factoré are speed, accuracy, reliability,

down time, and ease of programming.



The three common denominatofs-kor evaluating thé
speed of a machine are: the access timé; and add time, and
the input/output rate. The accuracy depénds to a great ex-
tent upon the bullt-in error vthecking féatures. An exaﬁple
would be the read/write check of the ﬁNIVﬂC IT magnetic-
tape system. The'reliability of existipg computers is
generally 98 percent or better. This cdmpares favorably
with other machines such as punched-card readers. The
down time of the machine includes both scﬁeduled and un-
scheduled down time. Restart and rerun time due to an
equipment failure 1s unscheduled down time. The differance
of.programming various machines in machine language is not
great. Baslcally, their comﬁand structures are the same.
However,’thereAis a significant difference in the quality _
of automatic-programming aids which are:offered by the
various manufacturers. |

Why are automatic programming aids necessarj and
what are they% When the‘manégement_ofjan organlzation de-
cides to acquire a computer, they usuaiiy have certain
goéls in mind such as improving something or doing some-
thing new. For example, in a scientific i!stallation, an
objective may be to reduce the time and cost of splving
complex egquations. Another objective might be the solu-
tion of a problem of such length that it could not be

undertéken without a computer. ' A business|application may

T2
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'be designed to speed up the handling of paper work or to
prepare reports which were not otherwise feagible. In
either situation, the computing system must be supported
by a large amount of coding especially in the early stages
of installat:ion. To reduce the time required for this
coding, automatic programming aids are offerned by the com-
puter manufacturers. |

Machine language coding is the basic language
for communicating With a computer. waéver there are
ways to simplify the job of coding. These ‘eﬁhods make
use of the computer itself to help in p}eparing programs.
The programs that can be used to manufacture other pro-
grams have their own names, buf, in géﬂéral, they are all
referred to as automatic coding. Thefe are| four classes

of automatic coding: assemblers, interpreters, generators,

and compllers.
The first of these.majorvprograms is the assem-

bler. AH assembler can eliminate many coding difficulties.

For example, the,inserting or delétihgﬂof nsbructions in a

program can be made easier. While a programmer 1s working

on the fiftieth instruction of hisiprogfam; hé may realize
that a command must bevinserted between théﬁthird and
fourth instructions. Without an assembler; the memory
addresses of forty-six commands may haVe to be changed as

well as the instruction inserted. However, with an assem-



bler, the instruction merely has to be inser
first advantage of an assembler is the elimi
necessity for assigning an address to each i
The second advantage of an assembler is‘that
mer can code the problem alphabetioally:fath
numerically. lFQr instance, a machine-lapgua
for an addition isvlo, but ﬁhe assember inst

The second major group of automati
roﬁtines is the interpreter. It 1s used to
grams from one language to another and to ex
program as it is produced. The coding which
recognize may be artificial or it may be the

guage of another computer. For example; it

make up a vocabulary of instructions for a n

computer that would be very simple to progrdm.

Vg

interpreter could execute the instructions w
code. Unlike the assembéer, an interpreter

final program as it is prepared. Each time

[

ted. The

nation of the
nstruction.
the program-
or than

ge instruction
ruction is ADD.
c coding
convert pro-
ecute the new
interpreters
machine lan-
is possible to
on-existent

Then, an

ritten in this

executes the

the program is

to be run, the complete interpretation must

Interpreters require much more computer time

be repeated.

" than machine-

language programs; therefore, the price paid for ease of

coding is substantially reduced speed of ope
The generator 1s the third major g
matic coding. It is a program which produce

a specific purpose.

ration.
roup of auto-

s coding for

Generators may be included in an



aSsembler. However,_they are frequentlj_written as separ-
ate programs. The programs produced by a generator may
be used immediately or they may be storeﬁ for future use.
The compiler is the fourth and most compre-
hensive type of automatic coding. In the brief history
of computer installations, most of the coding has been
f done by specialists, not by the engineers, scientists, or
businessmen who originated the problems. The people who
originated the problems frequently did not have the time
and knowledge of computer techniques essential fof effic-
ient coding. Therefore, they had to explain to coders or
programmers exacﬁly what their requirements were. Com-
pilers have been developed to eliminaté this difficulty,
and permit the problem to be stated in‘problem-orianted
1anguag§a.3LJr Standard Engiish words are used such as PRINT
or STOP as well as the conventional algebraic expressions.
THe Gompiler language allows these symbols to be grouped
into arithmetic and iogical statements which the computer
will use to produce the final machine-language program.
The program broduoed by a compiler may?be ﬁsediimmediately

or stored for fubture use.

 Purchasing vs. Leasing

One of the primary missions of management is to

deploy capital into productive and profitable channels.



Even for larger corporations, the installation of electronic
data-processing equipment constitutes a major capital
outlay. | |
' Fnr many years, management has been conditioned
to the idea that leasing is a standard and desirable busi-
ness practice. This is particularly true in the pffice—
equipment industry, where certain machines have either
been unavailable for purchase or else overpriaé@ in con-
traét to rental. Furthermoré, advancing computer technology
has introduced the danger of obsolescence; consedqently,
many companies pay out hundreds of thousands of dollars in
equlpment rentals yearly.

In the computer field, however, mbfe and more
firms are giving serious thought to the possibility of
- buying data_processing'systemé'outrighﬁ. Théir cost analy-
sis has shown profitable advantages infpurchase which
could not be ignored.

Folloﬁing are the factors whioh may favor
.leasing rather than}purchasing off data;probessing equip-
ment: | |

Léase agreements generally fequire the 1eséor
to maintain.equipmenﬁ in Satisfaétoryfworking condition
and to replace all worn parts. Managementithereby avoids

serious responsibility for System maintenance.



Leasing requires a lower oash»Outlay than pur-
ohésing at the time of equipment installation.

Leasing minimizes the possibility that future
technological advances or changes in reéuirements may
make the customer's investment obsolete.

By avoiding the investment of cash in fixed
assets, 1easing results in an apparently better balance
sheet and financial'picture.

Against these benefits, the'fbliowing”signifi_
cant advantages of purchasing must be'Weighed:

Under many circumstances,‘purchasing as compared
with leasing will yileld substantial savings,. representing
attractive ratesiﬁﬁetunn on thebcomputer investment.

Unlike the lessee, a computer owner is not
limited with respect to how, when; or where he operates his
data-processing system.-

The purchase price of the computer is a one-time
payment, whereas rehtal‘rates and terms are legally open
to change by the lessor at the end of;éaéh lease period.

Although past arguments have been made that
lease effects a tax savings, fhe curreﬁt avalilability of
accelerated depreciation formulas has favored purchasing.

A sigiificant fact emerges from these'compari_
sons. I.e., the lease-purchase quest;on is basically a

matter of matching the risks involved in each situation



with the advantages due to the party assuming these risks.

When a buyer purchases assets of any kind, he assumes cer-

tain risks which under lease are borne by the manufacturer.

Before any action is takén,'management must answer these
questions to their satisfaction: How gfeat are the risks
under the circumstaﬁces? Can we profitably assume them?
WHat penalty must Wwe pay through higher.réntal if the
manufacturer bears the risk burden? v |
Leasing offers a form of insurance against ob-
solescence. However, it does not omit the obsolescence
risk but merely shifts it to the manufapturer. He will
naturally insure himself by adjusting his rental struc-
ture. An important question is - How great a threat is
obsolescence in electronic data processing? Physical de-
terioration of equipment'is not a factor; a properly
.maintained computer will perform as well after ten years
of operation as it did on the day of'instaliation. How-
ever, within the life span of one computer, a new one may
appear whose improved design makes possible large'reduc-
tions in cost and increases in speed and efficiency..
Management may feel that the greater output of such a com-
puter might force the’organization to dispose of its
original equipment before it has been fully depreciated.
The large capital outlay necessary at instal-

lation is often cited by management as a purchasing dis-

7S
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advantage. This can be redﬁced through‘an installment
purchase plan. 'Only a fraction of the full sales price is
invested as a down payment, and the average investment
throughout the period of equipment life:méy raise the rate
of return. .

Equipment maintenance is anéther risk, or in-
convenience, of which rental relieves mahagement. Under
certain circumstances, this may be counted as a benefit.
However, most manufacturers offer a service agreement for
those purchasers who prefer not to handle maintenance
themselves. This plan makes avallable necessary labor
and parts to assure the same standard of maintenance ob-
tainable undef a lease contract.

| Finally, leasing as opposed to purchasing may
give the appearance of greater liquidity on the balance
sheet by omitting a large capital asset. However,
financlal analysts and creditors do not overlook the ob-
1igétions of 1easés.35 They further recognize that, while
computer leases generally run for only one or two years,
a user would hardly dispose of leased equipment so.soon
after a large inVestment in programming, systems, revi-
sion, and possibly new plant faéilities.

The advantages and disadvantages of both leasing
and purchasing should be identified and judged by manage-

ment. THe risks of ownmership may be ro different in kind



or size from other business risks. Management must deter-
mine whether ownership can provide dollér advantages to
jugtify these risks. Thé.equipment manufacturer can supply
cost information helpful to the user; butvonly management
can decide what is'an accéptable rate of‘return in the
situation. It is possible that an analeis will show pur-

chasing to offer an attractive investment opportunity.



THE PRE-INSTALTATION PERIOD
Considerable planning must precede the instal-
lation of an electronic data-processing system. This is
principally directed toward getting the machine installed
énd in a productive status as soon as possible. However,
management should also consider the future and the ef.

ficiency of the programming staff.

Physical Facilities Of The Computer Room

The manufacturer's engineering representatives
are available to assist management in planning for a
successful installation. Thgy understand the exact re-
quirements of tﬁeir system and the.tolerancés which are.
permissible. | |

For examplé, management may have a problem of
flucﬁuating power levels.during the morning aﬁd evening
rush hours. Some computers allow for a variation of
from 15 to 40 percent in power levels. Exceeding this
tolérance may cauSe the computer's power supply regulator
to automatically tﬁrn the computer ofﬁ.

Management musﬁ consider thé future as well as
the presént when planning the physical facilities of an
electronic data-processing center. There should be room

for two types of expansion - first, increased volume on



initial applications, and second, additional applications
to meet the continuing needs of management.

Expansion caused by greater volumes on initial
appiications may require more equipmentlasvwell as addi-
tional computer time. Informatidn‘files can be of two
types: open end or closed end. Open-end files can have
an infinite storage capacity and additions to them are
relatively simplé. An example would be the’policy file
of a major insurance company; adding new policies or de-
leting old ones would cause thé file to expand or contract
periodically. If all new policies are:added to the end of
the existing file, tThe result may be tﬁé_addition of a few
magheétic tapes, and, conseqqently, no management problems
arise. | " | |

This is not the case with a closed-end file or
random-access storage device. These reduce the amount of
computer time required tb lbcaté and update a particular

36

record. They usually have alfixed capacity and'no prob-
lems arise until their oapécity is exoéeded. However, in
times of increasing business prosperity, this may- occur;
and it is then necessary to purchase or lease an additional
random-acoéss device, This equipment will occupy computer

room floor space and increase air-conditioning requirements

as well as power requirements.



Expansion céused by new appliéations will require
computer time and possibly additional eduipment. If the
application is designed for the existing equipment, config-
uration, then the only major requirement, will be computer
time. However, if the new appiication is designed for a
system with greater capabilitiés than the existing one, it
becomes necessary to acquire additioﬁal[equipment. This “
results in increased floor space, air-conditioning, and

power requirements.

The Electronic Data Processing Department

When the decision fo obtain a computer has been
made, the organization must then realize the obJjectives
established during the feasibility study. Of major
management importance at'this time are;gaihing acceptance
'fbr electronic data prooessing; and stéffing»the Electronic
Data Processing Department.

Gaining acceptance is sometimes difficult.37
Within any organization utilizing elec@ronic-data pro-
cessing, there are individuals who prepare input to the
computer, define the details of processing, and utilize
output from the computer. Commuhication becomes increa-
singly important when dealing with such individuals,
for their assistance is valuabie,in further defining com-

puter applications. Thelr willingness to co-operate may
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speed things up or slow them down depending upon the situ-
ation. FoOP example, one public utility application was
deléyed because branch-office personnel felt Thelr respon-
gibilities were reduced by thé e1ectronic data-processing
system.

A program to cobmunidaté the place of electronic
data processing should start during the'feasibility study
and continue until the system‘is accepted as a normal part
of the firm's operation. A form letter prepared and signed
by a top executive is one method ef communication. Such
a letter éhould define the computer's purpose and the ef-
fect it will'ha?e upon émployees.

The greatéét'staffing problem management faces
vin the area of electronic data processing is that of
obtaining good programmers. Ih termS of map years and
problems, the process of programming will cauée the most-
difficulty during installation. - Management might obtain,
by hiring or consultation, at least one expert programmer.
He should have three or more years!'! experience in data
processing. This may seem expensive at first, but it
will pay off well in problems that will hot have to be
solved.

Much has been written about what qualities an
individual should have in order to become a proficient

programmer. Two of these stand out above all others -
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first, an underétanding of the applicatidn, and secondly,
a facility for solving mathematical and 1Qgica1 type prob-
lems. Management must decide upon thé Weight to be given
each based upon the requilrements of the‘organization. For
example, 1f the appiication involves complex linear pro-
- gramming of oil refinery problems, management may select

experts in this field and have them trained as programmers.

The duties of a programmer aré best 1llustrated
by fhe programmer's problem-solving technique. This is a
five-step process which involves the following elements:
process charting, flow charting, coding, debugging, édd
documentation. |

Process chafting,‘oftén associated with the job
of systems anainis, involves a study of the various out-
puts required and the inputs'available:* From this study,
the programmer must decide the number of separate programs
the application requires and what their sequence will be.
For example, a large insuranoeAactuarial appiication may
involve one program to validity check the input data,
another program to update the master policy file, and a
third program to print the output documents.

The programmer's flbw chart is a graphic pre-
sentation of a program for an electronic data-processing
system.** The formulation of such a chart precedes the

*See Appendix A for typical Process Chart Symbols, pp. 99-.101.
*%See Appendix B for typical Flow Chart Symbols, pp. 102-105.



actual coding necessary toAcomplete the program. It re-
presents a logical analysis and Should.be universal in
that coding for any cqmparable equipmenﬁ could be accom-
plished from the same flow chart.

Coding involves the actual conversion of the
programmer's logical analysis into the 1énguage of the
computer. | | | .

Debugging is the process of cdrrecting any
errors which eXist in a computer program. These errors
are of two types - first, coding errors, and second, log-
ical errors. The first are mistakes which the programmer
himself has made. 'ngical errors may be the result of a
misinterpretation by the programmer or improperly defined
input/output requirements.

Daeumenbation.of computer programs involves the
preparation of process charts, flow Charts, coding, input/
outpﬁt diagrams and operating iﬁstructions. Tﬁese should
insure the smooth transfér df programs from one person to
another. |

Tﬁere are many good reasons:Which can be given
for proper documentation. One is the avoidance of serious
management repercussiohs which might occur if a programmer

is lost.
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THE INSTALLATION PERTIOD

Many users of electronic data-processing syétems
have years of experience in the successfﬁl and unsuccessful
application of that equipment. Managémeht and labor of
these and other companies expect somethihg from electronic
data processing. It 1s not always the Same, nor is it easy
for either management or labor td attain thé goals which
they have established in this area.

Management is faced with many problems such as
effective control of approved applications. Labor and
management are faced with changes in the size of certain
labor forces and changes in the rate of pay for the in-
dividuals affected.

The successful control of appfoved applications is
ir one way or another dependent upohva project control sy-
stem which must co-ordinate the needs of the systems
analyst, programmer, and operafor. Project scheduling,
progress reporting, and the establishmeht of a project
file for future reference are major areas of responsibility.

Each project leader may be responsible for pre-
paring a project schedule upon receipt of an assignment.

At prescribed intervals the actual progress should be com-
pared to the project schedule. This may indicate that

schedule revisions are necessary. Since changes in sched-



uling may upset inter-related planning, manpower adjust-
ments may be required. |

When a project has been either completed or
abandoned, the project leader should review the project
file to insure that it contains all the information re-
gquired if the project is to be revised. At the same time,
any papers whose usefulness expired withgthe closing of
‘the proJject should be removed and destro&ed. v _

The purpose of a project file is to keep all .
information related to a single projectjn one place and
fo provide background infommation for fﬁture revision or

38

extension of the project. The project file is a master
record of a proérammedIJOb ﬁnd must conﬁain information
collected during the development stage. The development
stage consists of the systems analysis stage (problem de-
finition), the programming stage (problem solution), and
the operational stagé (production).

| It would be impossible at this time to list and
describe all of the material which shouid or should not
be included in a project file. The requirements of dif-
ferent organizations are not the séme. What may be an
excellent project file from.the viewpoint of an insurancé
company may not be acgeptable to manufécturing ofganiza_
tions. However; for illustrative purboses, the contents
of a typical.electronic data-processing project file are.

listed:



Management approval docﬁments
Historical information

Project description

Process charts

Input/output layouts and volumes
File descriptions

Flow charts

Description of accuracy control'techniques
Description of subroutines used
An input/output test package
Documented program lisﬁing
Computer operating instructions

Record of program operation

Management expecté three results from electronic
data procéssing. These are: ‘economy, accuracy, and prompt-
ness.39 They are similar to whaf is expected of any
department within a ménufacturing organization. ‘As far as
management problems are concerned, the’differenqe between
an ordinary production department and a@ electronic data-
processing department is not great. Thé justification for
producing something which has to be sold on the competitive
market may be that production costs are within the limits
_ which permit the produoﬁ to be sold at a profit. To

justify the use of electronic’data processing, there should



be benefits either directly in the form @f lower costs on
gpecific operations or indirectly in performing other oper-
ations which result in better over-all control of the
organization.

Management problems may occur in the following
" areas: Work sohéduling, work planning, system usage,
peripheral equipment usage, operating téchniques, equipment
maintenance, internal auditing, emplojee relationé, and
customer relations. For example, the.establishment of an
hourly rate for each piece of equipment and a record of
the idle time for such equipment may indicate that there
is a substantial financial loss due to improper planning
of'séheduling. '

Reducing the number of* man hours by increasing
the productivity of the operator iS thé,principai Justi-
.~ fication for using almost any.machine. if the total cost
of the machine.eXceedé the valué df the opefator's in-
creased pfoductivity, the inveStment may be economically
unsound. As the produétivity of the oﬁerator increases,
many feel that wages should also be increased. If the
total cost of the machine plus the cosé of an associlated
wage increase is greater than the value of the opefator‘s
increased productivity, ﬁhis may also be considered econom-

ically unsound.



The problems which arise because of the creation,
loss, upgrading; or downgrading of existing jobs warrant
the close attention of management. Good managemend requires
that employees be fairly paid for their efforts. Although
the foregoing statement may be réadily accepted by managers
of all sizes and types of organizations, there is less
agreement about the method of éccomplishing such a goal.

- If management wishes to provide employees with
a fair day's pay, it must consider and act upon the fol-
lowing six problems: First, is the problem of wage and
salary levels within the community and indusﬁfy. Seo@ng,
is the problem of wage and-salary structures within the
company. Third, is the problem of individual wage payment
for specific jobs. Fourth, 1s the prbblem of wage payment
methods. Fifth, is the broblem of friﬁge benefits. Sixth,
is the problem of controlling wages and salaries in the
bfuture.

When jobs are lost or downgraded by the instal-
1ation.of an electronic data-processiné system, overpald’
employees present -a problem. Various solutions are pos-
sible; nameiy, pay reductions, transfefs; promotions,
retirements, increased duties,Aand responsibilities for
specific jobs, énd the elimination of future rate increases.
Although all of these are possibilities, it has been

general practice to avoid reducing the pay fate of employees



in such circumstances. This overpayment is generally not
the fault of the employee. Unions have. insisted that the
pay rates of present employees not be reduced in such
cases. It is common practice, however, to keep track of
these Situations and correct them at eVéry opportunity

4o

. to the mutual satisfaction df.management and labor.



CONCLUSIONS

Computers are complex both in construction and
application. However, the complexity of applying com-.
puters fo'scientifio and business data-ﬁrocessing problems
has been reduced to a few sgimple principles. Management
should be familiar with these principles for they indicate
the capabilities and limitations of exiéting machines.
Baged upon this information, management’caﬁ determine
whether or not the requirements of the company preclude
the use of a computer from the staft.

Any prbblem to be économically.handled by a
computer must be highly reﬁetitivé. This requirement is
a cost consideration based upon the cést of programming-
and computer time as compared to the Véiue of the output.
For small volume applications, it may be more economical
to use conventional calculating or accounting equipment.
Héwever, manufacturers have reduced the cost of program-
ming by the introduction of automatic programming aids
which enablé a prégram to be written in problem-oriented
language. Theréfore, restrictions Whiéh have previously
been blaced upon the repetitivelnaturebof a problem ére
being lowered. | |

Managementrcan learn muéh from the experience

of others in the field of electronic data processing.



THe future should be considered as well as the present when
designing a cowputer application. For exémple, an improve-
ment over old methods of devising systems for compubters is
tb consider the problem as>é total concept from the start;
then, develop the system plece by plece into working and
pa¥ying Jobs. Using this meﬁhod, the over-all concept is
continually analyzed so that the.pleces’ will eventually

fit together into . an integrated data-processing system.

The small cdmpany which.is unable to purchase or
lease a computer can take advantage of what computers offer.
These firms may not have the trained prbgramming staff or
the work to economically Jjustify full-time use eof a system.
However, some are anxious to use compdﬁérs on a part-time-
or as;required basis. To meet the needs of this market,
many sService centers have been established and will rent
time on an hourly basis. Most of these are ‘fully staffed
and offer not only computer time but aiéo programiing,
educational, and systems analysis services.

Large electronic data-processing systems offer
management the advantages of consolidafing existing files
and eliminating intermediatelresults by parallel rather
than serial processing.' Management has the opportunity to
use scientific scheduling and to increase control by more
current information. Existing systems can be improved by:

reducing clerical costs, improving production effieiency,



reducing inventofy costs, and more comprehensive and faster .
reporting.

. Once the electronic data_procéssing goal of
management has been established, a feasibility study
should follow. This is a study of the feasibility of ach-
ieving the goals established by management, not a study
of the feasibility of computers. A computer may be involved
in the aohieving of fhese goals or not. The feasibility
study shonld take én objective look at the néeds of the
organization and pay for itself in operating improvemeﬁts
whether a computer is acquired or not.

Top management is in a position to understand the
needs of the entire organization. Base@ upon the current
method of designing Systems for a computer, no one lower
than top management is qualified to establish goals for
the electronic data-processing needs of the organization.
If they are established by the restricﬁed viewpoint of
middle.managemént, the effort and éxpehse which follows
may be misdirected toward a piecemeal solution rather than
toward the over-all concept.

The economic juétificatioﬁ of management for a
computer consists of: the potential to improve the com-
pany's future profit picutre aﬁd'the improvement of the
company's operating efficiency. It is expected that a

large electronic data-pfocessing gystem will result in



reduoed clerical costs, as well as increased reliability
and.imﬁroved systems and procedures.

| Existing accounting systems and practices were
not designed for an eléctronic‘data-processing system.
When adapting accounting systems to a computer, bhe neces-
sity for existing information can and should be questioned.

Computers proposed by manufacﬁurers may be in the
drawing-board or prototype stage, while others are in full
production use. The newer machines will have better speci-
fications. Howdver, management cannot be sure of their
reliability or productivity, for the older machines, a
representative sample of present users Will indicate this..

The selection of a computer will not be diffi-
cult 1f management precedes this selection with a strong
preliminary study. Bﬁ eliminating those machines which
are obviously not suitable, management can select one &f
the remaining on the basis of cost and evaluation of the
manﬁfaoturer and his product.

For many years, management hés been conditioned
to the idea that leasing’is a standard'and'desirabie busi-
ness préctice. This is particularly tfue in the office-
equipment industry'wheré cerféin machines have been
unavailable for purchase. However, more and more firms are

glving serious consideration to the possibility of buying
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eléctronic data-processging systems. Cosf analysis -shows
profitable advantages in purchasing as opposed to leasing.

Management muét consider the future as well as
the present when insﬁalling an electronic data-processing
system. There shohld bejspace for expanding volumes and
new applications. If air-conditioning requirements and
floor plans are prepared from this boinf of view, it
will minimize future expansioh problems in’these areas.
Master files should allow for unlimited expansion within’
reasonable limits eétablished by management. /

Gaining acceptance for an elebtronic data-pro-
cessing system depends'upon the succeés,of management in
communicating with people who must: pfepare input data,
utilize output data, and define problems, A prograﬁ to
communicate the piace of electronic data processing should
start during thé feasibility study and continue until the
system ié accepted és é.normal part of the firm's oper-
 ation. | | |

" The greatest staffing problem which ménagement
faces in the drea of electronic data pfocessing is that.
of obtaininé godd programmers. Much has been writtenv-
about the qualities an individual should haye in order to
béco@e a pfoficient programmer. An understénding of the
applicatién and a facility for solving méthemafical and

logical type problems are two.of the most important quali-

“ties.



Mahagement's control'of approved applications
is dependent upon a project control system which must co-
ordinate the needs of the Sysfems analyst, programmer, and
operator; Project sbheduling, progress reporting, and the
establishment of a project file for future reference afe\
‘major areas of responsibility

When jobs are lost or downgraded by the in-
stallation of an electronic data-processing system, over-
pald employees present a problem. Various solutions are
possible: namely, pay reductions, transfers, promotions,
rébirements, increased duties, and responsibilities for

specific jobs, and the elimination of future rate increases.

Although all of these are possibilities, it has been general

practice to avoid reducing the pay rate of employees in such

circumstances.

An electronic data-processing system, properly -
applied, is a valuablevasset for the reduction of costs
and the improving of operatiﬁg effiedency. It can supply
management with data upon which to base some business de-
cisions. However, regardless of how simple or how compli-
cated it may be to obtain this data, one fact cannot be
overlooked - namely, that human judgment must always be

called upon for the final answer.
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APPENDIX At

Process Chart Symbols¥

Card input or output

Magnetic tape input or output

e
Printer output _
£ TS
=2 s -
s b
o
Supervisory conmtrol’priitter

output

Paper tape input or output

*From Laieto, pp. 2-T.
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APPENDIX A (Continued)

'
i

_Keyboard input

Program description

An off-line operation, such
as the sorting or collating
of punched cards, etc.
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APPENDIX A (Continued)

Process Chart Example

#1 change
card

A-oh7
updating
. run

#2 trans-

action
card

trans-

actlion
listing
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Flow Chart Symbols*

. Start or Stop

2. Ogeraﬁion

3. Decision

4, PFixed Connector

*From Laieto, pp. 2-7.

This symbol indicates the
start of a program or an
unconditional program
stop.

This is a one-entry, one-
exlt symbol which is used

to describe a non-decisional
type operation.

This is a one-entry, two-
exit symbol which is used to
indicate that one of two

branches is:‘possible. The
branch depends upon the
result of the comparison.

This symbol is used if con-
trol must be transferred to -
another location on the flow
chart. Common practice
calls for sequential num-
bering of fixed connectors
beginning with 100,



APPENDIX B (Continued)

5. Variable Connector

O

OOOE

6. Seﬁting a Variable
Connector

SET
1p

7. Subroutine

Subr.

This symbol is used the same
as a fixed connector, ex-
cept, transfer to one of a
number of flow-chart loca-
tions is possible depending
upon the 6dnnector setting.
Common pfactice calls for
sequential numbering of
variable:connectors begin-
ning with the numeral one,
and an initial setting (?A)
for all variable connectors.

This symhol is used to set
a particular path of a
variable connector.

. This symbol is used to

indicatéf enter Sub-
routihe A, execyte
Subroutine A, and re-
turn to the flow chart
symbol following this
symbol.

103
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APPENDIX B (Continued)

8. Subroutine Entrance, This is the first and last
Exit symbol of a subroutine and

is somewhat analogous to
the start and stop program
symbols. .

9. Flow chart input/output symbols are the same as
the process chart input/output symbols.
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APPENDIX B (Continued) -

Flow Chért Example

YES

SET | ,.
1y, '

Print X

. || D.B. o SET
71l REn. o1,

SET | 2 .2 ' '
X7 1 Xp 4 Xi“— X |3 10 (log;X)
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17.

18,
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20.
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