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INTRODUCTION 

Since the first large) all electronic digital com­

puter went into operation in l945J management has made 

increasing use of them in three areas. 1 The first is in the 

reduction of existing clerical costs. .The second is in the 

production of faster and better management control informa­

tion than is practical by alternative methods. The third 

is in the application of mathematical 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 of,digital computers in 

suc:h fields as science J engineering., and education. 

Remington RandJ division of Sperry RandJ and 

International Business Machines Corporation 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 considered large-scale machines. However) 

the majority can be classified as medium-scale machines. 

Remington Rand entered the field of computer 

manufacturing when it acquired the Ackert-Mauchly Computer 

Corporation whose founders designed both the ENIAC and the 

UNIVAC. The ENIAC is used to calculate ballistic tables 

and work on complex equations in science and engineering. 

6 



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 built more than twenty computer systems for the 

government. Remington Rand 1 s 1954 production schedule was 

planned for six UNIVACS and six ERA ll03 1 s.2 

By 1953 IBM had developed its 701 computer. It is 

a large binary-digit 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 production.3 

Because of speed~ input/output capabilities~ and 

the characteristics of their command structure~ some com~ 

puters are ideal for business data-processing 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 scientific 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 11 yes 11 

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 organization's 

future profit picture and/or operating efficiency. 

Today 1 s digital-computer industry has been in 

existence for 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 indiVidual organization's re­

quirements. The requirements are generally defined as the 

result of a feasibility study which precedes anyequipment 

selection. 
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' 
Management must consider the effect of computer 

obsolescence since the computing speeds and input/output 

capabilities of computers are increasing rapidly while the 

cost of purchasing or leasing this equipment is increasing 

slowly. 

The third question is: How can we insure the 

successful application of a digital computer? Part of the 

answer is based upon correct management decisions during 

the pre-installation period and installation period. 

Thousands of emp~oyees are applying the program­

mers' problem-solving technique of: process charting~ 

flow charting_, coding) debugging) and documentation. How-

ever) management is concerned with ith-e staffing problems 

involved in this area. 

The purpose of this study is.to investigate and 

present the material which management has considered of 

value in arriving at informed answers to the preceding 

questions. It assists 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 reasonably 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. 

9 



THE DIGITAL COMPUTER 
' 

The Remington Rand UNIVAC was.the first large 

computer to be used for extensive busin~ss data-processing 

applications.5 The machine's fast magnetic tape input/ 

output proved itself an excellent storage media for many 

records. The magnetic tape input/outpu~ devices are buf~ 

fered. In other words~ the machLne can be reading records 

from magnetic tape, writing· .records on magnetic tape, and 

calculating simultaneously. 

The first large integrated data-processing system 

was the UNIVAC installed at General Electric's Appliance 

Park Development in Louisville Kentucky.6 The thought be­

hind Appliance Park is to centralize all of General Elec-

tric 1 S electrical appliance manufacturi:ng units in one 

place~ with savings in overhead, freight, and· other costs. 

Five separate departments operate at Louisville with a 

sixth nearby. 

In 1953 when Appliance Park was developed~ a need 

was seen for a new type of centralized control. There ap_ 

peared a good possibility of installing a large computer 

before large clerical staffs were established and awkward 

accounting systems had been adopted. Therefore~ General 

Electric leased a UNIVAC from Remingtop Rand for two years, 

with an option to purchase. The first application for the 
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computer was the payroll which had beenidone on smaller 

electronic computers for some time. The employees' master 

record is stored on magnetic tape. The updating of this 

record is done at normal pay intervals:, for example, 

weekly, bi-monthly, and monthly. The machine 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 handling materials scheduling and 

inventory control. 

The third group of tasks to be given the machine 

were the compilation of sales records and the preparation 

of bills. 

In 1955 the computer was programmed to handle the 

organizations complete cost accounting and general accoun­

ting. The programming section has set as 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 required. 

Although computers are complex - both in construc­

tion and operation - the difficulties of understanding them 
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are similar to those encountered when ohe approaches any 

unfamiliar subject. Much of their complexity can be re­

duced to a combination of simple principles. 

Any problem to be economically handled by a 

computer must be highly repetitive. We can classify these 

problems into one of four groups. One involves a large 

amount of processing and a small amount of data. This is 

a characteristic of many mathematical and scientific 

applications. Another involves a small amount of proces­

sing and a large amount of data. This is a characteristic 

of business data-processing applications such as inventory 

control. The next involves considerable processing and 

data~and the last involves little processing and data. 

Management has taken three approaches to inte­

grated data processing. The first is to take the applica­

tion as a whole and develop it so that :profits will not 

be realized from any piece of the applications until such 

time as the entire system is completely integrated and 

working. 

The second is to develop theapplication piece 

by piece and to realize profits from each piece as it is 

completed. 

An improvement over these methods of devising 

systems for computers in the recent past is the current 
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method of considering the problem as a total concept from 

the start~ then taking pieces of the concept and developing 
l 

them one by one into working and paying; jobs. Using this 

method~ the over-all concept is continually analyzed so 

that the pieces will eventually fit together smoothly. 
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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 

J~ 

~, 

Input -• Control .. Output ,. ... 

.4~ 

~r 

Arithmetic 
,. 

Chart I 
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The input element transmits information from the 

outsid~ to the computer. Any of several input devices can 

be used to read specially prepared information into the 

comput13r. * 

The storage element provides a means by which 

information received from the outside can be held available 

to th$ computer. Ther~ are two types of storage: internal 

and auXiliary. Internal storage is used to store informa­

tion necessary for immediate processing. An internal 
I 

stor~ge unit must provide rapid access to the information 

it contains, and it should have a large capacity. Be­

cause there are technical and economic·limits to the size 

of h~gh-speed internal storage units, information not cur­

rently needed is often stored in larger but slower 

aux~liary devices. Auxiliary storage is almost always in-
1 

eluded in a large data-processing system. 

The arithmetic element is the computing portion 

of the system. The operations of addition, subtraction, 
I 

multiplication, ·and division are performed by this unit. 
i 

It 1also provides a means for comparing one number to 
I 

another to determine whether they are equal or which is the 

greater. The result of such a comparison allows the com­

puter to make decisions. 

*See Integration Into Existing Systems for further explan­
ation. pp. 22-27. 
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The control element controls the operation of the 

computer during the complete process of problem solution. 

This element directs the sequence of operation~ interprets 

the operations to be performed~ initiates the action which 

performs the operations~ and activates the input and output. 

devices. 

The output element transmits processed results 

from the computer to the outside. Output devices accept 

information from the computer storage and reproduce it 

in a convenient form for normal use.* 

Computers perform three different groups of 

operations. These operations are: first~ arithmetic op-

erationsj second) transfer operationsj and~ last) decisional 

operations. 

The arithmetic operations are designed for var_ 

ious types of addition~ subtraction) multiplication~ and 

division. 

The transfer operatiops are used to transfer in-

formation from an input unit into the computer) from one 

place to another within the computer) and from the computer 

to an output unit. Transfers are also. used for changing 

program ·control to specific computer instructions 

(operations). 

*See Integration Into Existing Systems for further explan­
ation. pp. 22-27. 
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The decisional operations are conditional trans-

fers based upon the results of a comparison. Typical 

results of a comparison would be: equal~ not equal~ 

greater than~ or less than. 
I 

The interJ;J.al storage of a com;puter generally con-

sists of digits~ words~ and memory. 

A digit is frequently represented in binary 

arithmetic.7 E.g.~ if we have four street lights and they 

are assigned numeric values of l~ 2~ 4, and 8~ we can use 

combinations of these numeric values to represent any digit 

from 0 through 9. If all the lights are off~ the number 

represented is zero. If the light with a value of l is 

on~ the number represented is l. If the lights with values 

of 1 and 2 are on, the number represented is 3 and so 

forth. Computers represent digits in this manner. However~ 

positive or negative electrical charges representing 

binary bits are substituted for the street lights. 

A word is frequently a combination of decimal 

digits. The number of decimal digits in a computer wortl 

can be either fixed or variable. For example, the IBM 650 

electronic digital computer has a fixed word length of ten 

decimal digits. This ten-decimal digit word has a sign 

which can be either positive or negative. For identifica-

' tion purposes, the ·digits within the words are numbered 

from right to left beginning with l. The word can contain 

data, an inatruction, or a constant. 
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Numeric characters are frequently represented by 

one decimal digit. If a word contains: all numerics) .it 

is said to be numeric. Alphabetic characters 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 aRphabetics) it is said 

to be alpha. If a word contains some alphabetics and some 

numerics) it is said to be alpha-numeric. 

Binary bits are combined to make decimal digits. 

Decimal digits are combined t:o make computer words. The 

computer memory is comprised of computer words. Now) the 

question arises of how to keep track of individual words 

in memory. Each word which enters a computer is stored 

in memory in a sp?cific location identified by a unique 

number called an address. For example) the Burroughs 220 

electronic digital computer has a basic memory size of 

two-thousand words; the words are numbered sequentially 

from oboo through 1999. 

A 110-digit inventory master record can.be re­

presented in the following manner in a computer 1 s memory:* 

Word 0000 contains a ten-digit stock number. 

Word 0001 contains a signed ten-digit number 

which represents the balance on hand. 

*See Chart II p. 19. 



Word # 

0000 

0001 

0002 

0003 

0004 

0005 

0006 

0007 

ooo8 

0009 

19 

Master Inventory Rec.brd 

Record Description 

+ STOCK NUMBER 

+ BALANCE 
-

+ UNIT OF ISSUE 
.. \ 

+ UNIT .PRICE 

+ REORDER POINT 

+ REORDER QUANTITY 

t REQUISITION #1 

+ REQUISITION QUANTITY #1 

+ REQUISITION #2 
it REQUISITION QUANTITY #2 

Chart II 

' . 
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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 ooo4 contains a signed ten-digit number 

which indicates the point at which the replenishment 

program must initiate a purchase requisition. 

Word 0005 contains a predetermined order quantity 

for the :!?reparation of a purchase requisition by the re­

plenishment program. 

Word 0006 contains the number of outstanding pur­

cha~e requisition #1. 

Word 0007 contains the quantity on order by 

outstanding purchase requisition #1. 

Words 0008 and 0009 are analagous to Words 0006 

and 0007. 

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 

might handle. 8 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 

20 



same time. In fact~ an application may require~ program 

so long that only a portion of it will:be stored in memory 

at any given time. 

In each of these situations~ there is a need for 

some t"ype of auxiliary storage for large volumes of infor­

mation. Such auxiliary storage need not provide the high 

speed access required of the more expe:t;lSive internal 

storage element and thus can store large volumes of infor-

mation economically. A common auxiliary storage media is 

* magnetic tape.9 

In computers there are certain locations separate 

from the memory which provide temporary storage for words 

while they are being used by the control element and arith­

metic element. These temporary .storage locations are often 

called registers. One of these is used to store the result 

of all arithmetic operations such as addition or subtrac-

tion. 

Most computers have a vocabulary of from twenty 

to seventy instructions (operations). Putting the problem 

to be solved into words the computer can understand is 

called coding. 

Coding a computer application of some length is · 

not a simple matter. Consider~ for example_, trying to 

*See Integration Into Existing Systems for further explan­
ation. pp. 22-27. 
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translate an extensive work~ such as the Bible~ into a 

language with a vocabulary of: only Boo words. It might 

take several paragraphs to explain one word not included 

in the vocabulary. A computer vocabulary does not include 

such phrases as~ 11 calculate net pay. 11 'J:heref'ore~ 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 processea. 

A gene.ral-purpose computer can obey a number of' 

basic instructions but is not mechanize4 to perform them in 

any particular sequence. The coder sets up a sequence of' 

instructions for the computer; and~ in 'this 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 W$re not designed for 

digital computers. TheEef'ore~ when installing an elec-

tronic data-processing system~ management should question 

the need for existing inputs and outputs. Some of the ques-
1 

tions that might be asked follow: What documents are needed? 
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How fast is the information needed after it becomes known2 

How often is the information needed? What are the volumes 
- . 

of source documents or of output documents? What is the 

method of gathering the source information? What is the 

method of distributing the output docum~nts? 

The answers to these questions will assist manage-

ment in making the following decisions: Which jobs should 

be converted to electronic data processing? What is the 

best 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 the comput~r be? 

Management's analysis of the company's input and 

output requirements may indicate that it is possible to 

eh~nge present job procedures and still satisfy the company's 

requirements. Thechange or changes may involve the combin-

ation of several jobs into an integrated application with 

savings created by the elimination of intermediate results 

and the combining of master files. 

From 1945 until 1955~ computers were used for 

many mathematical and scientific applications but for few 

business data-processing applications.lO The input/output 

devices had to be improved to rates of speed commensurate 

with the computer's internal microsecond arithmetic. The. 

circuitry had to be placed in easily m~nufactured sub-
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assemblies which could be put together rapidly and swiftly 

replaced. Internal checking features were built in to flash 

a warning light when any marginal tubes•deteriorated. All 

of these techniques have brought the computer's reliability 

up to about 98 percent. This reliability is as good or 
·!· 

better than that of punched-card · s:y.:s.-G.ems:, 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 computation. Early attempts to translate business 

problems into large computer programs have generally used 

paper tape_, punched cards_, and magnetic 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 prepare,paper tapes simultaneously with .source 

documents. For the Datatron 220 data-processing system_,l2 

numeric words are punched on paper tape in binary code ex-

actly as they appear in the computer's memory. Each word 

contains up to eleven digits. Alphabetic and alpha-numeric 

words are distinguished both on paper tape and in the com-

puter memory by a 2 in the sign position. Tb~ word as it 
~ ... 

is punched on paper tape is defined to be the information 

bounded by two end-of-word characters. 
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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 may·. 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 computer 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 fuhe buffer_, and 

the card-handling mechanisms communicate only with the 

buffer. 

Eacn car~-handling machine can commumicate with 

the buffer to which it is attached independent of computer 

control. Hence_, several card-handling machines may be 

pperating simultaneously. The information-transfer rate of 

the IBM 089 input device is 320 alpha-numeric characters 

per secorld. The information-transfer rate of cYne, buffer 

when it is communicating with the computer is approximately 

22_,000 alpha-numeric characters per second.l4 
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One of the most impressive characteristics of 

digital computers is their operating speed. 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 mill~onth 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 microsecond. It would be wasteful to make a large 

expensive computer spend seconds waiting for many operator 

functions or even for slow mechanical input and output de­

vices. For this and other reasons, most large computers 

make extensive use of high speed magnetic tape input and 

output. Numerous off-line converters have been developed 

which will convert from other input media to magnetic tape 

and from magnetic tape to other output media. For example, 

the Remington Rand UNIVAC II computer has an off-line con­

verter for recording punched-card data on magnetic tape 

independent of computer operation. The data can then be 

read into the computer by fast magnetic tape, rather than 

by a·mechanical card reader. 

Magnetic tape provides the computer with auxil­

iary storage. For example, the magnetic tape used in a 

Datatron 220 system has provision for recording two lanes 

of information parallel to one another along the length of 
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each tape. In each lane) the recording.density is approxi­

mately 208 decimal digits per linear inch of tape. Tape is 

transported at a rate of 120 inches per second. The com­

puter canJ therefore) read information from magnetic tape 

at the rate of 25)000 decimal digits per second. The Be­

ginning and end of tape are marked_ by reflective 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 th~abo.V.e tape in blocks. 

A block is defined as the information which 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 l50J ten--word blocks in one 

second. 15 

John Plain And Company 

With improved input and output equipment) the 

business possi~ties are well illustrated by a computer 

called "Distributor 11 which was built for the Chic.a;go rriafl.­

order house of John Plain and Company by ERA) Engineering 

Research Associates) a D+v~~ioq of Remington Rand) Incor-
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16 porated. This computer belongs to a class of moderately 

fast magnetic-drum machines which a~e offered by a number 

of manufacturers. 

While this machine is by no means a large com­

puter, it was the first major application of its kind 

and involved a sim~le approach to the larger type of pbob­

lem. The problem was this: John Plain sell some eight 

thousand gift and houseware items by catalogue through 

about one thousand retail merchants, mostly rural. Its 

business is highly seasonal ranging from less than two 

thousand orders per day in the off season to more than fif­

teen thousand per day in the Christmas 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 seasonal, 

it did not attract a high grade of workers. During the 

rush season, the inventory status reports fell a week or 

two behind, and there were many errors. 

In 1953, the company replaced the sixty clerks 

with the 11 Distributor 11 machine and ten operators. The 

machine can handle ninety thousand transactions per day. 

Each night the machine is set to run off a complete stock­

status report on all eight thousand catalogue items. To 
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compile such a daily stock-status report by the old 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. W!tp ~9difications in size and 

input/output device·s, the same machine could handle many 

other inventory-control and material-scheduling problems. 
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WHO USES DIGITAL COMPUTERS? 

Like 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 complete definition 

and of repetition. 17 The pboblem 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 computer 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 on a commercial basis. 

Fourth~ are educational institutions which 

include all levels of formal and technical schools as well 

as commercial and trade schools. 



Fifth, are insurance companies which include 

insurance carriers, agent~, brokers, and insurance ser­

vice organizations. 

Sixth, are industrial organizations which include 

all agricultural, extractfv~ construction, and manufacturing 

concerns. 

Size of Users· 

Many large organizations can afford to purchase 

or rent a computer and carry its operation along until it 

begins to pay. However, a number of smaller firms cannot 

afford computers of their own even though they can make 

good use of what computers offer. Management of these 

firms may not have the trained staff to develop applica­

tions or 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 is a fully staffed computer in­

stallation in which a number of different companies cap 

buy time. Its services may extend to feasibility studies, 

operations research, programming, and training of a client•s 

personnel. The smaller companies can rent these services 
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for special one-time problems or use them regularly on a 

part-time basis. 

There are at least five types of computer ser­

vice centers available for the management of a small firm 

to decide upon. Companies that rent time on their com­

puters usually do this reluctantly. Most concerns prefer 

to be the exclusive user of their own m'achine. Management 

is concerned about the continuity of such relationships 

and may hesitate to process company documents through 

another company's machine and office. Second~ many mech­

anical punched-card centers have expanded into computer 

service centers. Third~ many consulting firms have estab­

lished their own computing centers to handle engineering 

problems and business applications for themselves as well 

as their customers. Fourth~ service c~nters are operated 

by computer manufacturers. Fifth~ many colleges and uni­

versities operate service and research centers. For 

example) Boston University) at the pre~ent time) has an 

IBM 650 electronic digital computer installed in its com­

putation center. The machine is used·for a variety of 

educational) business) and scientific purposes. 

By using these various services) management of 

the small company can achieve many of ;the advantages of a 

computer. 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 as 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 ~uch faster. 

Blaw Knox Company: 

When an organization does not have a computer of 

its own~ it may obtain the use of a computer from service 

bureausJ punched-card centers~ consulting firms~ other 

companies~ or educational institutions. If a company does 

not have an experienced programming st~ff 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 the five previously 'mentioned organi­

zations. The following example 'f'llustrates the approach 

which the management of one manufacturing concern took in 

such a situation: 

In 1954J the management of the Blaw-Knox Com­

pany's Power Piping Division in PittsbUrgh noticed that 

the calculation of pipe stress problems was one of the 

heaviest engineering loads for Blaw-Knox 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. Faced with mounting 

engineering costs and increasing work ioads~ management 
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decided to hire the consulting firm of Arthur D. Little~ 

Incorporated. 

In its simplest form~ the tas~ is to predict 

what will happen when a lepgth of pipe is heated. Knowing 

the expansion rate of the materialJ simple computations 

will indicate how much a piece of straight pipe will grow 

if it is heated to 10000 Fahrenheit. HoweverJ'the problem 

is complicated if both ends of the pipe are anchoredJ for, 

if the pipe is heated in this situationJ it will either 

bowJ 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 branches each of 

which is anchored to a structure that moves on its own 

when heated. 

Management selected one of their senior research 

and development engineers to work with the Arthur D. 

Little consultants. This engineer knew: very little about 

electronic computers. HoweverJ he did understand the 

problem of pipe-stress analysis. Management had~ there­

foreJ built a team consisting of computer experts and an 

expert on the problem to be solved. Together this team 

developed a program for the UNIVAC computer. It was the 

first such program in the field of pipe-stress engineering 

calculations. 

·---
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A relatively inexperienced operator can now code 

the problem directly from a single draw~ng of the pipe sy­

stem. A typical problem requires one half hour of computer 

time. Although the application involved a significant 

amount of computer time~ it was not enough to justify the 

purchase or lease ()f· a large machine. However J management 

recognized that Blaw-Knox required a minimum amount of 

computer time; and~ ihereforeJ made arrangements to purchase 

a fixed amount of time from a UNIVAC Service Center in New 

York. Additional time is available to Blaw-Knox on an as­

required basis. 

When the problem was completed} management had 

achieved its goal of reduced costs and reduced time in 

the calculation of pipe-st~ess problems without acquiring 

a computer or hiring a programming staff. 
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HOW.~.DO THEY USE THEM? 

The applications for electronic digital computers 

can be classified into two groups if the evaluation is· 

based upon computer characteristics. These are scientific 

and business data processing. However_, if the evaluation 

is based upon the application rather than the computer_, the 

number of groups can be expanded to five. These are gen-· 

eral accounting_, engineering_, marketing_, research_, and 

operational controls. 

The application 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 o~ a_more comprehensive 

command structure. Scientific computers are generally less 

expensive than business machines because they require less 

peripheral equipment which may cost as much as the central 

computer itself. 

The application of electronic data-processing 

systems to commercial data-handling problems has been based 

upon certain fundamental' objectives established by manage­

ment for the handling bf inquiries_, file maintenance_, and 

input/output. These are: first_, to consolidate multiple 

files into single files; secondly_, to::minimize the number 
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of processing steps or passes required for any particular 

file; third~ to process several classes of information 

against the same file simultaneously; and~ last~ to elim­

inate intermediate results wherever possible. Despit-e 

these objectives~ computers used for electronic data pro­

cessing in business require a large number of peripheral 

devices. 

There are five more specific classes of computer 

applications. These are: general accounting~ engineering~ 

marketing~ research~ and operational controls. General 

accounting includes accounts receivable~ 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 re_search in science. Op~rational controls in­

clude any application which involves a system of control 

such as inventory control) production control~ budget con­

trol) or quality control. 

T.pe :f;ollowing 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 management and the advantages 
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attained from the system are not confined to insurance 

applications. 19 

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 co~pany 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 assets to keep track of. By this time) 

management realized that the accounting system would no 

longer meet the company's requirements. It became more 

and more efficient to subdivide the clerical functions 

and split existing files. 

When punched-card acc·ounting machines became 

available) management was quick to tak~ advantage of what 

they offered. The basic data about each policy was re­

corded 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. 



The policy master file is the basic file for all 

premium-paying policies. The billing file consists of one 

punched card for every premium billed and unpaid. The 

commission 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 

loan information. The ordinary register file contains a 

policy history and is the basic random-access file. 

Management established the usual electronic data­

processing objectives. FirstJ consolidate multiple files 

into single magnetic-tape filest SecondJ minimize the num­

ber of passes required for the file. ThirdJ process several 

classes of information simultaneously. FourthJ eliminate 

intermediate results wherever possible. 

After setting the prime objective as consolida­

ting, it was found that all files except the ordinary 

register file could be combined into one magnetic-tape file. 

The effect of this consolidation of files is three-fold -

simplificationJ speedJ and a higher degree 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 dueJ dividendJ and loan interest. Several 
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hundred punched-card machine st~ps are reduced to approx­

imately twelve under the electronic data-processing 

system. 

Becaus~ of high-speed processingy the time re­

quired for file maintenance is reduced. For exampley the 

machine will process a policy in less than one half of a 

second. 

Accuracy is increased because record maintenance 

is performed on one file in place of several files. 

To summarize the preceding example) management 

established the principal electronic data-processing goal 

as consolidation of multiple files. Thiff was accomp­

lished by means of an electronic data-processing system 

with the following advantages resulting: simplification) 

speed) and accuracy. 
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THE DIGITAL COMPUTER IN A MANUFACTURING ORGANIZATION 

The success of a manufacturing concern depends 

upon the ability of its management to be consistently cor­

rect in its decisions. Managem~nt may provide the solu­

tions or approve the recommendations .of assistants. In 

either case, the viewpoint in seeking the solution to a 

business problem is invariab~y profit. Improved profits 

can be the result of greater sales; increased operating ef­

ficiency, or a sound financial policy .. 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 locations 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 research to deter-



mine the most successful method of reaching potential cus­

tomers. The discovery of new and better methods of 

marketing~ more economical means of distribution~ new 

markets~ and better means of ·selling can often be attrib­

uted to sunh research. 20 

All statistical market research has one thing 

in common~ and that is its dependence upon 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 response to new products~ 

checking advertlsing efficiency~ and studying consumer 

attitudes are all based upon .the analysis of numerical re­

lationships between such factors as sales and advertising 

volume. 

C.ost studies are based largely on statistical 

analysis since the relation·ships between cost~ production_, 

and other factors are usually determined by statistical 

. formulas. 

An electronic data-processing system can assist 

sale.s management in reaching the proper market. For example~ 

it can do this through the solution of statistical market 

research problems which were previously not practical 

because of their length and complexity., It can also assist 



sales management in completing transactions by performing 

faster and more accurate invoicingJ billingJ and inventory 

control. 

Production 

Management is concerned with eliminating or re­

ducing to a minimum inefficiencies in manufacturing. For 

exampleJ they may be the result of performing work on an 

incorrect machine or at the wrong time. Production con­

trolJ inventory control~ and payroll calculation offer the 

opportunity of indirectly reducing cost if their efficiency 

can be improved. 

Production control regulates the flow of materials 

through the plant from raw materials to the finished pro­

ducts. The goals of management in production control are 

to produce the right productJ of the right quality~ in the 

right quantity~ at the right time~ and by the most efficient 

and less costly method. 

Effective inventory control requires that an · 

adequate~ but not excessiveJ amount of material be on hand 

at all times. Under ideal conditionsJ there is no neces­

siby to maintain an inventoryj when a material is required) 

it would be leaving the receiving room for production. 

However) seldom~ if ever_, is this possible and the storage 

of materials is necessary to permit pr?duction flexibility 
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and the advantage of quantity discounts. Certain materials 

represent a considerable investm~nt and their storage ties 

up capital which management could use for other purposes. 

The repetitive nature and volUmes of some pro-

duction payrolls are high. In these situations~ a computer 

may offer an attractive alternative to the existing pre-

parati9n and recording operation. 

The following case cannot be called an example 

of a production payroll in a manufacturing organization. 

However~ some of the reasons for adapting any payroll oper­

. ation to a computer~ and the problems involved~ are illus-

trated. 

The continued growth and complex~ ty of a large 

payroll application is indicated by the history of the 

Oity Of Detroit 1 s payroll system. 21 In 1937~ the payroll 
'. 

for the. entire city was prepared on typewriters. In those 

days~ the payroll consisted of: employee name~ title~ 

rate of pay~ time worked, gross pay~ and a check number. 

In 1938~ the first payroll deduction was added; 

namely~ a five-percent retirement deduction. At this time~ 

a punched-card system was installed. During the years 

that followed, the city took advantage of the latest 

punched-card equipment. The need for better systems and 

equipment was due primarily to the continually changing 
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payroll picture. During the war, the Withholding 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 ~nq 7 created ·problems. However) ·all of these de­

mands were ·met utilizing only one punched card per 

employee. 

In 1955 union dues and credit-union loan payments, 

by means of a payroll deduction, were approved. At this 

time, the system was expanded to two cards per employee: 

a pay card and a deduction card. Before this system was 

ihstalled, it became obsolete by the addition of social 

security uoverage for city employees. At this time, it 

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

all of the city's payroll was being computed on the IBM 

650. 

At the present time, the computer procesSffi· one­

hundred twenty-five departmental payrolls involving 38,000 

employees who are paid as follows: 18,000 salaried em­

ployees are paid bi-monthly; 10,000 hourly empl?yees are 

paid every Friday; 10,000 pensioners are paid monthly. 

Employees are paid five, six, or seven~day work week 

rates, elected official rates, overtime, premium pay for 

Sundays and holidays, annual longevity 'pay, sick~leave 

pay, periodic step increases, and retroactive pay for 

promotions. 
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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 payroll deductions 

are considered. 

Tpree typical problems faced the people respon-. . . .-~ 

sible for the installation of the electronic data-proces­

sing system. First~ there was a lack ~· procedural data 

on the payroll system as it existed. An entire month was 

spent in resolving problems~ exceptions~ and stating ob-

jectives in order to arrive at the ove~-all probiem 

definition. This was accomplished in part by conferences 

of key employees in the Controller 1 s Office. 

Second~ there were twelve different payroll se-

quences in use. The efficient utilization of the computer 

required that only one sequence be used. The question of: 

operating departments accepting a change in the operating 

sequence 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 the departments; thereby~ sel­

ling the idea rather than forcing a final solution upon 

them at that time. 
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Third~ input and output forms had to be designed. 

The existing punched-card payroll system was somewhat com­

patible with what could be considered an acceptable computer 

payroll system. Therefore~ it was decided to continue using 

input and output forms similar to those already in use. 

The characteristics qf the City of Detroit 1 s pay­

roll are not unique in themselves. The' reasons for their 

using a computer and the problems encountered are the same 

as those which face any other governmental unit or private 

industry comparable in size. 

An electnonic data-processing system can make 

possible the integration of production control~ inventory 

control~ and payroll calcuiation 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 clerical expenses. These 

in turn could result in less capital invested in materials~ 

lower overhead~ and reduced unit cost of products. 

Finance 

When a manufacturer thinks of finance~ he usually 

thinks of three things: H9W to acquire funds~ how to use 

them~ and how the profits of the business are to be dis­

tributed. 



I , 

. ,; t 
.!· ~ 

Finance is int~mately related 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 spend addi­

tional funds on a given product. When,productinn is in­

efficient) funds will be wasted. 

Promotion is one of the important duties of 

financial management. It involves the discovery of 

business opportunities and the subsequent organization of 

men) materials) and equipment for the purpose of capital-

izing upon the opportunities. It requires sound financial 

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. I~ 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 is no generally accep,.tad definition of working cap­

ital.?2 However~ some businessmen consider it the excess 

of current assets over current liabilities~ and that is 

its use in this p~per. 

Nq 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 product investigation. Many 

products are of a seasonal ·nature J and their material 

inventories can be reduced to a minimum during slow months. 

The maintenance of a sound financial structure 

can provide many advantages. Employee morale is not the 

least of these. The ability to take advantage of dis-

counts and maintain a high credit rating are others. 

ELectronic data processing can make financial 

management easier through more accurate and timely infor-

mation. For example) the availability of engineering and 

statistical programs can assist management in determining 

the success or failure potentials of a new product. 

Tj.gQ.t~r inventory control is possible and can release 

additional capital for the needs of the organization. 

The pre-requisites for the success of electronic 

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 for the economical use of such a 

system in any organization. 
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THE DECISION TO OBTAIN A COMPUTER 

Management must ask itself the following two 

questions in order to establish goals for future elec­

tronic data-processing plans. Does management intend to 

do something new?- fl'or example_, scientific scheduling or 

increased control through more complete and timely infor­

mation. SecondlyJ does management intend to improve exis­

ting systems?- f'or exampleJ by reducing clerical cost and 

time) improving production efficiency) reducing inventory 

costs) and more c.omprehensive 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 requirements do not p~clude the 

use of a computer from the start. 

Economic Justification 

The economic justification for an electronic 

data-processing system established by management usually 

consists of two things - the potential to improve the com­

pany's future p:oofit picture and the improvement of the 

company's operating efficiency. For example) the Navy re­

quires the following justification for the installation 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 
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application will result in reduced clerical costs~ in­

creased reliability~ and improved syste'ms and procedures. 

Since 1920~ manufacturing productivity has in-

creased more than 100 percent while the number of factory 

workers has risen only about 55 percent. However~· paper 

work productivity has not kept pace with productivity in 

manufacturing. E.g.~ in 1950~ it took one clerk to pro­

cess the data fdr. $47~000 worth of business. In 1957~ 

without electronic data processing it still required one 

clerk to process the paper work for $47~000 worth of 

business. 24 

The reduction of this cost is management's major 

economic justification for an electronic data-processing 

system. A significant part of the cost reduction may come 

from the elimination of human participation in the over~all 

task. An example of this would be the elimination of the 

need for preparing and transferring records from one desk 

to another or the conveying of punched-card records from 

one machine to another. In many cases~ multiple files 

that had been maintained separately can now be combined into 

a single file. Rate tables which were.not easily stored in 

smaller machines are easily introduced into e'lectronic data-

processing systems using large auxiliary storage devices. 

The reliabili t·y computers have achieved is far 

better than that of previous equipment which management is 
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more familiar with. For example_, in reading and writing 

data on magnetic tape_, we may find that' a transcription 

error will occur once every three hours:. 25 Since '10_, 000 

to 20_,000 characters per second are characteristic of mag­

netic-tape transcription rates_, ·thi~ can be translated into 

the statement that an epror occurs about once in every one-

hundred million characters. A similar ;performance for a 

card machine running at one-hundred cards per minute would 

mean that there would be only one.character in error during 

an entire week of operation in which the machine operated 

twenty-four hours a day for seven days.' Furthermore_, in in-

stances when the computer does make such an error_, it can 

and specified is already well known. However_, electronic 

data-processing eq-q.:hpment can_, because of its flexibility_, 

handle many applications that have never been performed on 

punched-card equipment. In attempting to apply the elec-

tronic data-processing equipment to these broader applica-

tions_, the necessary systems and procedures analyses will 
., . 

probably disclose weaknesses in the old procedures which_, 

when corrected_, lead to appreciable savings and increased 

efficiency. Much of the saving effected by the actual use 

of a computer may well be attributed to the careful and 
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logical methods developed to satisfy the exacting demands 

of the computer. The greatest savings have resulted from 

computer applications which were too large for mechanical 

punched-card equipment. 

The Feasibility Study 

Once the company's goals have been established 

and if management decides. to go ahead with an electronic 

data-processing study~ the next step will probably be to 

organize-a feasibility study committee. It is not a study 

of the feasibi·li ty of computers but- a study of the feasi­

bility of achieving management's improvement goals. A 

computer. system may be involved in the. achieving of these 

goals or it may not. If the feasibility study is well 

or:Lented~ it can do two important things. First, it can 

take an objective look at the needs of the organization. 

Secondly~ it can pay for itself in operating improvements 

even if no equipment :ta ordered. 

At this point~ management must find the answers 

to two questions - Who should establis,h the goals for the 

feasibility study? Who should be on the fea~ibility study 

committee? These questions are best answered by referring 

to the current. method of designing systems for digital com­

putersj i.e., to take the problem as a total concept from 

the start and then to develop it piece by piece into working 



aud paying jobs. Using this method~ the over-all concept 

is continually analyzed so that the pieces will eventually 

fit together smoothly. 

Based upon this method of devising systems~ no 

one lower than top management is qualified to establish 

the goals. Top management is in a posi.tion to understand 

the needs of the entire organization. It should not take 

much time to establish goals~ and it does not require spec­

ialized knowledge. If they are established by the res­

tricted viewpoint of middle mana·gement ~ the effort and 

expense which follow may be misdirected toward a piecemeal 

approach rather than toward the over-ail concept. 

Next, is the question of who should be on the 

feasibility study committee. Management must organize it 

based upon three qualiti~s: first, a knowle~ge of the com­

pany·;' second, technological know-how; and third, strong 

leadership. An electronic data-processing feasibility 

study is_expected to cut_across functional lines; therefore, 

the group should include responsible representatives of all 

segments of the organization. They need not be the top 

men~ 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 familiar with the various 

machines available, he should be included on the committee. 
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However_, in those cases when it does not have an expert on 

such matters_, management usually has h~red the services of 

an expert to assist the committee. Finally_, the group 

should be led by an executive whose authority is sufficient 

to make decisions as the study proceeds:. Management's 

goals will have to be modified and_, in.-.some cases_, dis­

carded. The committee leader should have the authority 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 purchase or lease of ·.an electronic data-

· processing system. It is merely a study of the feasibility 

of attaining management's improvement goals. These goals 

may be in the areas of improved existing systems and/or 

new applications. The length of time required for a 

feasibility· study is variable. However_, the study may 

lead to definite plans which can then be given a completion 

date. Generalizations as to the length. of time required 

have been made. _For example_, the NaVY ~anagement manual 

indicates that only the most complex activity should 

require a feasibility study of more than two or three 

months. 

Management usually assigne the task of a feas­

ibility study 1tb 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 is 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. These outputs should be 

listed and defined along with the frequency with which 

they will be required. Next~ certain processing is neces-

sary in order to produce the desired outputs from the 

available .:inputs. Finally~ certain inputs will be needed 

to produce the desired outputs. 

Using this three-step~ output-processing-input 

technique_, a major question arises:· Can the required in­

puts be made available in the required time at a reasonable 

If not_, the original goal must be modified or 

dropped. If the answer is affirmative~ the following ques-
'· 

tion must then.be asked: Can the processing necessary to 

convert the inputs to the outputs be done fast and at a 

reasonable cost on existing equipment? To answer these 

questions_, the feasibility study committee must gather 

four types of data; P.irst_, the nature and volume of trans-

actions_, records_, and reports; second~ the cost of pre-

paring these data; ~hird_, samples of all the forms; last_, 

special data-processing and management problems. 
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When developing systems based upon this data~ · 

the group should consider four objectives of integrated 

data p·rocessing. These are - consolidating muitiple 

files into single files~ minimizing the number of proces­

sing passes required for any fil~~ processing several 

classes of informat.ion against the same file simul tane­

ously~ and eliminating intermediate results wherever 

poss.ible. 

The feasibility study committee analyzes the 

four types of data~ and~ based upon the objectives of 

integrated data processing~ it prepares_ detailed input~ 

processing~ and output reports for management. 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 system or not. 

Systems.and Forms Analysis 

Existing accounting systems and practices were 

not designed for digital computers. Consequently~ one of 

management's most difficult tasks in adapting business 

applications to computers has been in the area of input/ 

output definition. One of the duties of the systems 

analyst is to define these various inputs and outputs. 



When developing input records~ the systems 

analyst must ask the following four questions: 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~ keyboard entry~ and visible records. 

The exact format of a record must be developed based upon 

the capabilities of the input media which the analyst has 

selected. 

Paper tapes and source documents can be prepared 

simultaneously and later transcribed on magnetic tape by 

means of a paper-tape to magnetic-tape converter. 

Punched cards are easily prepared and the pro-

fitable application of punched-card equipment overlaps 

that of computers. Card machine·s are excellent for small 

sorting~ merging) and tabulating operations which cannot 

be economically justified on a large computer. 

Magnetic tape is a fast input media and offers 
i 

the possibility of large time savings. 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 tapes xnay be required to 



store the informationJ and recently announced computers 

can scan all one-million accounts in less than three 

hours. 

Keyboard entry is a common input media for 

variabxes which may change once during the running of a 

_901nputer program. There 'also special-purpose computers 

available which will read magnetized characters from 

such documents as bank checks. 

When developing output recordsJ the analyst must 

ask the following six questions: Why is it necessary? 

What is its purpose? When should it be done? Where 

should it be done? Who is best qualified to do it? How 

should it be done? There are a variety of computer output 

media available including paper tapeJ punched cardsJ mag­

netic tapeJ and printed documents. For exampleJ the 

Burroughs 220 high-speed printer will print numeric infor-

mation at a rate of 1500 lines per minute. Each line can 

contain up to one-hundred twenty characters. HoweverJ if 

alphabetic information is to be printedJ the speed is 
. 28 

reduced to 1250 lines per minute. 

It is the job of the systems analyst to select 

from among the various input and output media those which 

best fit the particular application. 

Once the inputs and outputs have been definedJ a 

process chart' must be constructed. A process chart is 
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designed to give an over-all picture of how the electronic 

data-processing system as a whole will,handle a particulRr 

applicatdron. It identifies the inputs. to .the system, the 

·various computer programs involved, and the final outputs 

of the system. 

The process chart is a master plan showing the 

breakdown of the applicatfuon 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 points. 

Second, the principal direction of flow must be drawn 

from left to right. Third, use logical symbols that will 

be adaptable to any electronic dataeprocessing system 

rather than tied to a specific piece of equipment. 

6:1 

*See Appendix A for typical Process Chart Symbols, pp. 99-101. 



SELECTING A COMPUTER 

The selection of a computer should not be diffi­

cult if management:. precedes this selection with a strong 

preliminary study. There are approximately eighteen com­

panies engaged in manufacturing electronic digital com­

puters -t-oday. Ten of these are large organizations. The 

others are modestly capitalized~ and lack of capital is 

their principal problem. 29 This number can be further 

reduced if manag~ment considers the two clas~es of digi­

tal computers available - computers for solving scientific 

problems and computers for solving business data-proces­

sing problems. By eliminating those machines which 

obviously are not suitable) management can select one of 

the remaining on the basis of cost and an evaluation of 

the manufacturer and his product. 

Preparing Specifications For The Manufacturers 

Manufacturers of electronic data-processing 

systems spend a great deal of time with potential cus­

tomers to gather necessary facts about their data-proces­

sing requirements. 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 electronic data-

processing requirements~ and state characteristics 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 indicate that 

management should have such a proposal prepared by govern­

ment employees for subsequent evaluation. 30 

Computers proposed by manufacturers may be in 

the drawing-board or prototype stage~ while others are in 

full production use. The newer machines will have better 
; 

specifications. However~ management cannot be certain that 

they will be reliable or productive enough to do the job. 

For the older product~ they can determ~ne reliability and 

productivity by a representative sample of present users. 

If three or more computers are being considered~ 

management may assign a group 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 committee. They are familiar with the detailed 

electronic data-processing plans of the organization and 

are qualified to answer most of the manufacturer's ques­

tions. The manufactureris representatives who are 
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probably experienced data-processing specialists may con­

tribute significantly to this committee's progress. 

The manufacturer may ask manag~ment to have the 

application-study committee present them with five types 

of information relevant to the input/output and proces­

sing requirements of the organization. First~ the general 

applications must be explained. Second) a description of 

all input and output forms including volumes and suggested 

input/output media are required. Third~ the amount of 

processing necessary to produce the desired output from 

the available input must be explained. ·Fourth) 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) or the cost per 

record processed may not exceed .01 cents per day. Fifth~ 

are the features which an'organization may demand of any 

electronic data-processing system which it will consider. 

These are too numerous to present at this time. However~ 

the following list will indicate some of the more common 

electronic data-processing system capabilities: 

Magnetic tape input and output 

Punched card input and output 

Paper tape input and output 

Printer output 
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Input/output buffering 

Large memory size 

Comprehensive command strucuure 

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 committee may request the 

following information from each manufacturer in order to 

assist in evaluating all on a common basis. First~ the 

method the manufacturer has used to solve 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 organization will be re­

quired to pay in order to acquire the system recommended by 

the manufacturer. Fourth~ the educational and programming 

assistance which the 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 
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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~ e.ne of the first questions management 

should consider is that of cost. Arpiving at the right 

cost is likely to be difficult and require a careful analy­

sis of several factors. 

These factors would be: Is ·the equipment in­

tended for improvement or expansion? What is the installed 

cost of suhh 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 ~ost be? What 

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

overhead·"? If purchased~ at what rate is the machine to be 

de~reciated? What financing costs are involved? If the 

equipment is· for improvement.~ what is the present cost of 

producing the output? It is difficult to secure reason­

ably accurate cost data of this nature; and the proper 

analysis of them requires good judgment on the part ·of 

management. 

Aeroquip Corporation justified a computer to 

maintain inventory records for all four of its divisions.~ 1 
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The computer determines if an order can be shipped from 

the division receiving it. If notJ it informs the mater-

ials control planner of the existing alternatives. Tee 
': 

management of Aeroquip believed that the job of inventory 

control was one of becoming aware of exceptional conditions 

at the right time. The materials control planner now has 

the means for isolating unusual situations which can sub-

sequently be remedied. 

Typical electronic data-processing center costs 

have peen placed in three categories for illustration: 

Category One - Men 

Supervision 

Systems Analysts 

Programmers 

Coders 

Operators 

Maintenance Engineers 

Internal Auditors 

Other Operating Personnel 

Category Two - Materials 

Tn§ Electronic Data Processing Sist~m 

Peripheral' Equipment Including 

supply cabinets) desksJ etc. 

All Supplies Required including 

magnetic tapeJ formsJ etc. 
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Repair and Replacement Parts for 

the Electronic Data Pro-

cessing System 

Category Three - Other 

Floor Space 

Site Preparatioh 

Air conditionitig 

Insurance 

Computer Transportanion 

Parallel Opera~ions 

Power 

Taxes 

Overhead 

The government presently considers many elec­

tronic data-processing systems as a class o~ capital 

equipment which may be depreciated by the declining-

balance method over a period of five years. However) the 

depreciation cannot be below a nominal salvage value of 

approximately 10 percent. Using this method~ the elec-

tronic data-processing system cost is divided by five and 

the result is multiplied by two. This is the maximum 

amount which may be depreciated in the first year.32 For 

example) in the first year) a system which cost $300)000 
' 

may be depreciated $120)000 for income-tax purposes. Th~ 
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availability of such accelerated depreciation formulas has 

· made the purchase of electronic data-pro~essing systems 

more attractive to management. 

The attention of management should also be direc­

ted to the legal questions that arise in connection with 

the purchase or lease of an electronic data-processing 

system~ although no attempt will be made to discuss them 

here. The extent of liability for accidents to employees 

is one such problem. Another is the cdntract or purchase 

agreement which is often long and involved~ offering many 

opportunities for legal controversy. M~nY- forms of insur­

ance coverage are used and are often subject to varying 

interpretations. Any machine must comply with the safety 

regulations of the state in which it is to be operated; 

these safety regulations vary greatly ip. different states. 

These and many other situations exist which call for care­

'ful interpretation by qualified legal counsel. The 

importance of this phase should not be overlooked. 

Evaluating The Manufacturer And His Product 

Before an organizat.ion purchases or leases a com­

puter~ management must evaluate the manufacturer .and his 

product. Establishe.d manufacturers will supply management 

with a partial list of their customers,: This is not only 

to indicate the popularity of their machines 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 serv~ces 

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 section~ and engineerfung 

liason section·~ and the field engineerin..g section. 

Sales Representatives have the responsibil·ity of 

assuring all customers in their area of satisfactory ser­

vices from all departments.of the manufacturer. Their 

broad experience qualifies them to assist management in 

electronic data-processing activities and in the co­

ordination of all customer-manufacturer relationships. 

Sales. Technical Repr.e:setltCi:tives are primarily 

conc·erned with assisting management on the technical as­

pects of data processing. These people are usually exper­

ienced electronic data-processing speclalists and computer 

experts who will work right with the customer to solve 

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 whether at the customer 1 s 
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installation or at the manufacturer 1 s. An electronic data­

processing installation has continuing as well as prelim­

inary training requirements which are· also the responsibility 

of the educational services group. 

Th~ consulting section is usually concerned with 

assisting customers at the request of the Sales Represen­

tatives. T~Y are qualified for work of a highly technical 

nature and prepare subroutines and service routines which 

may be useful to all customers. 

The engineering liason sectiop 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 responsible 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 th~s time to elaborate 

upon all of the factors for evaluating the capabilities of 

an electronic digital computer. However~ a number of the 

more significant factors are speed~ accuracy~ reliability~ 

down time_, and ease of programming. i 
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The three common denominators for evaluating the 

speed of a machine are: the access time_, and add time_, and 

the input/output rate. The accuracy dep'ends to a great ex­

tent upon the built-in error bhecking fe:atures. An example 

would be the read/write check of the UNIV~C II magnetic-

tape system. The rel.iability of existing computers is 

generally 98 percent or better. This compares favorably 

with other machines such as punched-card readers. The 

down time of the machine includes both scheduled and un-

scheduled down time. Restart and rerun time due to an 

equipment failure is unscheduled down time. The difference 

of programming various machines in machine language is not 

great. Basically_, their command structUres are the same. 

However_, there is a significant difference in the quality 

of automatic-programming aids which are offered by the 

various manufacturers. 

Why are automatic programming aids necessary and 

what are they~ When the management of an organization de­

cides to acquire a computer_, they usually have certain 

goals in mind such as improving something or doing. some­

thing new. For example, in a scientific i1stallation, an 

objective may be to reduce the time and cost of solving 

complex equations. Another objective mighJ be the solu­

tion of a problem of such length that it cluld not be 

undertaken without a computer. A business application may 
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be designed to speed up the handling of papet work or to 

prepare reports which were not otherwise fea ible. In 

either situation) the computing system must / e supported 

by a large amount of coding especially in tie early stages 

of installat~ion. To reduce the time requir,d for this 

coding) automatic programming aids are offeled by. the com­

puter manufacturers. 

Machine language coding is the basic language 

for commun1cat1ng with a computer. Howeverj there are 

ways to simplify the job of coding. Th~se Jethods make 

use of the computer itself to help in preparing programs. 

I The programs that can be used to manufacture other pro-

grams have their own names) but) in general/ they are all 

referred to as automatic coding. There are four classes 

of automatic codiqg: assemblers) interpret rsJ generators) 

and compilers. 

The first of these major programs is the assem­

bler. An assembler can eliminate many cod'ng difficulties. 

For example) the inserting or deleting·of ns:bructions in a 

program can be made easier. While a progr mer is working 

on the fiftieth instruction of his program) he may realize 

that a command must be inserted between the third and 

fourth 1nstructions. Without an assemblerj: the memory 

addresses of forty-six commands may have t0 be changed as 

well. as the instruction inserted .. Howeverl with an assem-
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bler~ the instruction merely has to be inser ed. The 

first advantage of an assembler is the elimihation of the 

necessity·for assigning an address to each ihstruction. 

The second advantage of an assembler is that the program-

mer can code the problem alphabetically rathFr than 

numerically. For instance~ a machine-languake instruction 

for an addition is 10~ but the assember inst uction is ADD. 

The second major group of automatic coding 

routines is the interpreter. It is used to convert pro-

grams from one language t.o another and cute the new 

program as it is produced. The coding whic interpreters 

recognize may be artificial or it may be the machine lan­

guage of another computer. For example~ it is possible to 

make up a vocabulary of instructions for a /on-existent 

computer that would be very simple to progrdm. Then~ an 
~ I 

interpreter could execute the instructions written in this 

code. Unlike the assembG!er~ an interpreter executes the 

final program as it is prepared. Each time the program is 

to be run~ the co~plete interpretation mustlbe repeated. 

Interpreters r~quire much more computer time than machine-

language programs; therefore~ the price paid for ease of 

coding is substantially reduced speed of operation. 

The generator is the third major group of auto­

matic coding. It is a program which produces coding for 

a specific purpose. Generators may be included in an 
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assembler. However~ they are frequently written as separ-

ate programs. The programs produced by a generator may 

be used immediately or they may be stored 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 

done by specialists~ not by the engineers~ scientists~ or 

businessmen who originated the pr.oblems. The people who 

originated the problems frequently did not have the time 

and knowledge of computer techniques essential for effic­

ient coding. Therefore~ they had to explain to coders or 

programmers exactly what their requirements were. Com­

pilers have been developed to elimina te1 this difficulty~ 

and permit the problem· to be stated in problem-oriented 

language.34 Standard Eng~~s4 words are used such as PRINT 

or STOP as well as the conventional algebraic expressions. 

Tlfe Bompile·r language allows these symbols to be grouped 

into arithmetic and logical statements which the computer 

will use.to produce the final machine-language program. 

The program produced by a compiler may be used:: immediately 

or stored for future use. 

Purchasing vs. Leasing 

One of the primary missions of management is to 

deploy c~pital into productive and profitable channels. 



Even for larger· corporations_, the instal~ation of electronic 

data-processing equipment cons:t±tutes a major capital 

outlay·. 

For 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 office­

equipment industry) where certain machines have either 

been unavailable for purchase or else overpriuad in con­

trast to rental. Furthermore_, advancing computer technology 

has introduced the danger of obsolescence; consecfq.e.ntly_, 

many companies pay out hundreds of thousands of dollars in 

equipment rentals yearly. 

In the computer field_, hawever_, more and more 

firms are giving serious·thought to the possibility of 

buying data-processing systems outright. Their cost analy~ 

sis has shown profitable advantages in purchase which 

could not be ignored. 

Following are the factors which may favor 

-leasing rather than purchasing of. data-processing equip­

ment: 

Lease agreements generally require the lessor 

to maintain equipment in satisfactory working condition 

and to replace all worn parts. Management thereby avoids 

serious responsibility for system maintenance. 



Leasing requires a lower cash outl~y than pur­

chasing at the time of equipment installation. 

Leasing minimizes the possibility that future 

technological advances or changes in requirements may 

make the customer 1s investment obsolete. 

By avoiding the investment of cash in fixed 

assets~ leasing results in an apparently better balance 

sheet and financial picture. 

Against these benefits~ thefollowing signifi­

cant advantages of purchasing must be weighed: 

Under many circumstances~ purchasing as compared 

with leasing will yield substantial savings~ representing 

attractive rates of!Bturn on the computer 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 rental rates and terms are legally open 

to change by the lessor at the end of each lease period. 

Although past arguments have been made that 

lease effects a tax savings) the current availability of 

accelerated depreciat~on formulas has favored purchasing. 

A Sigtlffi.cant fact emerges from these compari­

sons. I.e.~ the lease-purchase questfon 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 taken~ management inust answer these 

questions to their satisfaction: How great are the risks 

under the circumstances? Can we profitably assume them? 

Wna~ penalty must we pay through higher rental if the 

manufacturer bears the risk burden? 

Leasing·offers a form of insurance against ob­

solescence. However~ it does not omit the obsolescence 

risk but merely shifts it to the manufacturer. 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 operati~n as it did on the day of installation. 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 fee.l 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~ 



advantage. This can be reduced 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 may raise the rate 

of return. 

Equipment maintenance is another risk~ or in-

convenienc~ of which rental relieves management. Under 

certain circumstances~ this may be counted as a benefit. 

However~ most manufacturers offer a service agreemen~ for 

those purchasers who prefer not to handle maintenance 
J 

themselves. This plan makes available necessary labor 

and parts to assure the same standard of maintenance ob­

tainable under 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~ 

financial analysts and creditors do not overlook the ob­

ligations of leases.35 They further r~cognize thatJ 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 programmingJ systems~ revi-

sion~ and possibly new plant facilities. 

The a~vantages and disadvantages of both leasing 

and purchasing should be identified and judged by manage­

ment. THe risks of ownership may be no different in kind 



or size from other business risks. Manggement must deter­

mine whether ownership can provide dollar advantages to 

justify these risks. Tpe equipment manufacturer can supply 

cost information helpful to the user; but only management 

can decide what is an acceptable rate of return in the 

situation. It is possible that an analysis will show pur­

chasing to offer an attractive investment opportunity. 
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THE PRE-'INSTALLATION PERIOD 

Considerable planning must precede the instal­

lation of an electronic data-processing system. This is 

principally directed toward getting the machine installed 

and 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 1 s engineering representatives 

are available to assist management in planning for a 

successful installation. Th~y understand the exact re­

quirements of their system and the tolerances which are 

permissible. 

For example) management may have a problem of 

fluct~ating power levels. during the morning and eve·ning 

rush hours. Some computers allow for a variation of 

from 15 to 4o percent in power levels. Exceeding this 

tolerance may cause the computer 1 s power supply regulator 

to automatically turn the computer off. 

Management must consider the future as well as 

the present 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 applicationsj and second) additional applications 

to meet the continuing needs of management. 

Expansion caused by greater volumes on initial 

appiications may require more equipment as well as addi­

tional computer time. Information 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 simple. An example would be the policy file 

of a major insurance company; adding new policies or de-

leting old ones would cause the file,to expand or contract 

periodically. If all new policies are added to the end of 

the existing file) the result may be the addition of a few 

magnetic tapes) and) conseq:gently) 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 to locate and update a particular 

record. 36 They usually have a fixed capacity and'no prob­

lems arise until their capacity is exceeded. However) in 

times of increasing business prosperity) this may occur; 

and it is then necessary to purchase or lease an additional 

random-access device. This equipment will occupy computer 

room floor space and increase air-conditioning requirements 

as well as power requirements. 



Expansion caused by new applications will require 

computer time and possibly additional equipment. If the 

application is designed for the existing equipment~ config­

uration~ then the only major requirement) will be computer 

time. However) if the new application is designed for a 

system with greater capabilities than the existing one) it 

becomes necessary to acquire additional,equipment. This 

results in increased floor space) air-conditioning) and 

power requirements. 

The Electronic Data Processing Department 

When the decision to obtain a computer has been 

made) the organization must then real.ize the objectives 

established during the feasibility study. Of major 

management importance at this time are gaining acceptance 

for electronic ~ata processing~ and staffing the Electronic 

Data Processing Department. 

Gaining acceptance is sometimes difficult.37 

Within any organization utilizing electronic data pro-, 

cessing~ there are individuals who prepare input to the 

computer~ define the details of processing) and utilize 

output from the computer. Communication becomes increa-

singly important when dealing with such individuals~ 

for their assistance is valuable in further defining com­

puter applications. Their willingness to co-operate may 
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speed things up or slow them down depending upon the situ­

ation. For example~ one public utility application was 

delayed because branch-office personnel felt their respon­

sibilities were reduced by the electronic data-processing 

system. 

A program to communicate the p~ace 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 of communication. Such 

a letter should define the computer's purpose and the ef­

fect it will have upon employees. 

The greatest staffing problem management faces 

in the area of electronic data processing is that of 

obtaining good programmers. In terms of map. years and 

problems~ the process of programming will cause 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 -



first_, an understanding of the applicatio"n_, and secondly_, 

a facility for solving mathematical and logical type prob-

lems. Management must decide upon the weight to be given 

each based upon the requirements of the organization. For 

example_, if the application 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 are best illustrated 

by the programmer 1 s problem-solving technique. This is a 

five-step process which involves the following elements: 

process charting_, flow charting; coding_, debugging_, add 

documentation. 

Process charting_, often associated with the job 

of systems analysis_, 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 insurance actuarial application may 

involve one program to validity check the input data_, 

another program to update the master po~icy file_, and a 

third program to print the output documents. 

The programmer 1 s flow 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 to complete the ·program. It re­

presents a logical analysis and should be universal in 

that coding for any comparable equipment could be accom­

plished from the same flow chart. 

Coding involves the actual conversion of the 

programmer's logical analysis into the language of the 

pomputer. 

Debugging is the process of correcting any 

errors which e:8:ist in a computer program. These errors 

are of two types - first~ coding errors~ and second~ log­

ical errors. The first are mista.kes which the programmer 

himself has made. Logical errors may be the result of a 

misinterpretation by the programmer or improperly defined 

input/output requirements. 

Dacumentation of computer programs involves the 

preparation of process charts~ flow charts~ coding~ input/ 

output diagrams and operating instructions. T~ese should 

insure the smooth transfer of programs from one person to 

another. 

There are many good reasons which can be given 

for proper documentation. One is the avoidance of serious 

management repercussions which might occur if a programmer 

is lost. 



THE INSTALLATION PERIOD 

Many users of electronic data~processing systems 

have years of experience in the successful and unsuccessful 

application of that equipment. Management and labor of 

these and other companies expect something from electronic 

data processing. It is not always the s~e~ nor is it easy 

for either management or labor to attain the 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 approved applications is 

iD- one way or another dependent upon a project control sy­

stem which must co-ordinate the needs of the systems 

analyst) programmer~ and operator. Project scheduling~ 

progress reporting~ and the establishment of a project 

file for future reference are major areas ofl 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. Sine~ changes in sched-



uling may upset inter-related planningJ manpower adjust-

ments may be required. 

When a project has been either completed or 

abandonedJ the project leader should review the project 

file to insure that it contains all the information re-

quired if the project is to be revised. At the same timeJ 

any papers whose usefulness expired with: the closing of 

the project should be removed and destroyed. 

The purpose of a project file is to keep all . 

information related to a single project1n one place and 

to provide background info!1mation for future revision or 

extension of the project. 38 The projec~ file is a master 

record of a programmed job and must contain information 

collected during the development stage. The development 

stage consists of the systems analysis stage (problem de­

finition)J the programming stage (problem solution)~ and 

the operational stage (production). 

It would be impossible at this time to list and 

describe all of the material which should or should not 

be included in a project file. The requirements of dif-

ferent organizations are not the same. What may be an 

excellent project file from the viewpoint of an insurance 

company may not be acceptable to manufacturing organiza-

tions. However~ for illustrative purposes~ the contents 

of a typical electronic data-processing project file are 

listed: 



Management ~pproval documents 

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 listing 

Com.puter operating ins~ructions 

Record of program operation 

Management expects three resu~ts from electronic 

data processing. These are: economy~ accuracy~ and prompt­

ness.39 They are similar to what is expected of any 

department within a manufacturing organization. As far as 

management problems are concerned~ the 'difference between 

an ordinary production department and an electronic data­

processing department is not great. The 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 product to be sold at a profit. To 

justify the use of electronic data processing~ there should 



be benefits either directly in the form of lower costs on 

specific operations or indirectly in performing other oper-

ations which result in better over-all control of the 

organization. 

Ma~agement problems may occur in the following 

areas: work scheduling_, work planning_, .system usage_, 

peripheral equipment usage_, operating techniques_, equipment 

maintenance_, internal auditing_, employee relations_, and 

customer relations. For exampl~_, 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 

or scheduling. 

Reducing the number of· man hours by increasing 

the productivity of the operator is the principal justi­

ficat·ion for using almost any machine. If the total cost 

of the machine exceeds the value of the operator's in-

creased productivity_, the investment may be economically 

unsound. As the productivity of the operator increases_, 

many feel that wages should also be increased. If the 

total cost of the machine plus the cost of an associated 

wage increase is greater than the value of the operatorrs 

increased productivity) this 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 managemeniD requires 

that employees be fairly paid for their efforts. Although 

the foregoing statement may be readily accepted by managers 

of all sizes and types of organizations~ there is less 

agreement about the method of accomplishing such a goal. 

If management wishes to provide employees with 

a fair day 1 s pay~ it mu$t consider and act upon the fol­

lowing six problems: First_, is the problem of wage and 

salary levels within the community and industry. Secon~_, 

is the problem of wage and-salary structures within the 

company. Third_, is the problem of individual wage payment 

for specific jobs. Fourth_, is the problem of wage payment 

methqds. Fifth_, is the problem of fringe benefits. Sixth_, 

is the problem of controlling wages and salaries in the 

future. 

When jobs are lost or downgraded by the instal­

lation of an electronic data-processing system_, overpaid 

employees present a problem. Various solutions are pos­

sible; name-ly_, pay reductions_, transfers_, promotions_, 

retirements_, 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. 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 every opportunity 

to the mutual satisfaction of management and labor. 40 

' ' 
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CONCLUSIONS 

Computers are complex both in ·construction and 

application. However~ the complexity of applying com-. 

puters to scientific and·business data-processing problems 

has been reduced to a few simple principles. Management 

should be familiar with these principles for they indicate 

the capabilities and limitations of existing machines. 

Based upon this information~ management can determine 

whether or not the requirements of the company preclude 

the use of a computer from the start. 

Any problem to be economicaliy handled by a 

computer must be highly repetitive. This requirement is 

a cost consideration based upon the cost of programming 

and computer time as compared to the value of the output. 

For smail volume applications~ it may be more economical 

to use conventional calculating or accounting equipment. 

However~ manufacturers have reduced the cost of program­

ming by the introduction of automatic programming aids 

which enable a program to be written in problem-oriented 

language. Therefore~ restrictions which have previously 

been placed upon the repetitive nature of a problem are 

being lowered. 

Management can learn much from the experience 

of others in the field of electronic data processing. 



TMe future should be considered as well as the present when 

designing a computer application. For example) an improve-. 
ment over old methods of devising systems for computers is 

to consider the problem as a total concept from the start; 

then) develop the system piece by piece into working and 

pa~ing jobs. Using this method) the over-all concept is 

continually analyzed so that the.pieces' will eventually 

fit together into an integrated data-processing system. 

The small company whichd-B unable to purchase or 

lease a computer can take advantage of what computers offer. 

These firms may not have the trained programming staff or 

the work to economically justify full-time use of a system. 

However) some are anxious to use computers on a part-time 

or as-required basis. To meet the needs of this market) 

many service 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 also programming) 

educational) and systems analysis services. 

Large electronic data-processing systems offer 

management the advantages of consolidating existing files 

and eliminating intermediate results 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 clerica1 costs) improving production effieiency) 



reducing inventory costsJ and more comprehensive and faster 

reporting. 

Once the electronic data-processing goal of 

management has been establishedJ a feasibility study 

should follow. This is a study of the feasibility of ach­

ieving the goals established by managementJ not a study 

of the feasibility of computers. A computer may be involved 

in the achieving of these goals or not. The feasibility 

study should take an objective look at the needs of the 

organization and pay for itself in operating improvements 

whether a computer is acquired or not. 

Top management is in a position to understand the 

needs of the entire organization. Based upon ·the current 

method of designing systems for a computerJ no one lower 

than top management is qualified:uo establish goals for 

the electronic data-processing needs of the organization. 

If they are established by the restricted viewpoint of 

middle managementJ the effort and expense which follows 

may be misdirected toward a piecemeal solution rather than 

toward the over-all concept. 

The economic justification of management for a 

computer consists of: the potential to improve the com­

pany1s future profit picutre and the improvement of the 

company 1s operating efficiency. It is expected that a 

large electronic data-processing system will result in 



reduced clerical costs~ as well as increased reliability 

and improved systems and procedures. 

Existing accounting systems and practices were 

not designed for an electronic data-processins; ~ys1mm. 

When adapting accounting systems to a computer~ the neces­

sity for existing information can and should be questioned. 

Computers proposed by manufacturers may be in the 

drawing-board or prototype stage~ while others are in full 

production use. The newer machines will have better speci­

fications. How~ver~ 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 if management precedes this selection with a strong 

preliminary study. BY. eliminating those machines which 

are obviously not suitable) management can select one 0f 

the remaining on the basis of cost and evaluation of the 

manufacturer and his product. 

For 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 office­

equipment industry where certain machines have been 

unavailable for purchase. However~ more and more firms are 

giving serious consideration to the possibility of buying 



electronic data-processing systems. Co~t analysis ·shows 

profi.table advantages in purchasing as opposed to leasing. 

M~nagement must consider the future as well as 

the present when installing an electronic data-processing 

system. There shoill.ld be space for expanding volumes and 

new applicatinas. If air-conditioning r.equirements and 

floor plans are prepared from this point of view~ it 

will minimize future expansion problems in these areas. 

Master files should allow for unlimited expansion within' 

reasonable limits established by management. 

Gaining acceptance for an electronic data-pro­

cessing system depends upon the success of management in 

communicating with people who must: prepare input d·ata_, 

utilize output data_, and define problems. A program to 

communicate the place of electronic data processing should 

start during the feasibility study and continue until the 

system is accept~d as a normal part of the firm's oper­

ation. 

· The greatest staffing problem which management 

faces in the area of electronic data processing is that 

of obtaining good programmers. Much has been written 

about the qua'lities an individual should have in order to 

become a proficient programmer. An understanding of the 

application and a facility for solving mathematical and 

logical type problems are two.of the most important quali­

ties. 



Management's control of approved applications 

is dependent upon a project control system which must co­

ordinate the needs of the systems analyst, programmer, and 

operator. Project shheduling, progress reporting, and the 

establishment of a project file for future reference are 

major areas of responsibility. 

When jobs are lost or downgraded by the in­

stallation of an electronic data-processing system, over­

paid employees present a problem. Various solutions are 

possible: namely, pay reductions, transfers, pro!Ilotions, 

~etirements, increased duties, and responsibilities for 

specific jobs, and the elimination of fu~erate increases. 

Although all of these are possibDities, 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 valuable asset for the reduction of costs 

and the improving of operating effieihency. 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 A41 

Process Chart Symbols:* 

0 

*From Laieto) pp. 2-7 . 

.. 

Card input or output 

Magnetic tape input or output 

Printer output 

Supervisdry 
output 

rc.;:~;?2~-~>;:<~;'_~;:-~ ,~· .. ' 
:~·-.;~ ,. -·-· 

--·""':-· ::._------
~::-

Paper tape input or output 
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APPENDIX A (Continued) 

Keyboard input 

Program description 

An off-line operation) such 
as the sorting or collating 
of punched cards, etc. 
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#1 change 
card 

APPENDIX A (Continued) 

Process Chart Example 

A-047 
updating 

. run 

trans­
action 

listing 

#2 trans­
action 

card 
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APPENDIX B42 

Flow Chart Symbols* 

1. or Sto 

8 
?· Operation 

.,.______ _____. 

3. Decision 

) A B : t= .. .. ~ . 

Is it the YES end· of - ,. 
file 1? 

NO 

4. Fixed 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
exit 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 1JpOn the 
result of the comparison. 

This symbol is used if con­
trol must be transferred to 
another location on the flow 
chart. Common prac.tice 
calls for sequential num­
bering of fixed connectors 
beginning with 100. 
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APPENDIX B (Continued) 

5. Variable Connector 

6. Setting a Variable 
Connector 

7. 

·fSETl 
L_j 

Subroutine 

Subr. 
A 

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 connector setting. 
Common practice calls for 

sequential numbering of 
variable connectors begin­

ning with the numeral one~ 
and an initial setting (?A) 
for all variable connectors. 

This sym?ol is used to set 
a partic\llar path of a 
variable connector. 

This symbol is used to 
indicate: enter Sub-
routine A~ execute 

' 

Subroutine A~ and re-
turn to the flow chart 
symbol following this 
symbol. 
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APPENDIX B (Continued) 

8. Subroutine Entrance~ 

Exit 
This is the first and last 
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 Ch~r.t Example 

YES 

Is X a 
1--__..,II!H . complex>-----~ 

number? 
NO 

Print X 

I 

D.B. 
R'En. 

SET 
la 

SET 2 2 
EXIT +---- Xr + Xi __.. X ~------. 
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1. 

2. 

3. 
4. 

5. 

6. 
7. 

8. 

g. 

10. 
11. 

12. 

13. 

14'. 
15. 
16. 
17. 

18 .. 

19. 

20. 
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