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even though there is no increase in the net profit. Management should inves­
tigate those areas where large amounts of capital are tied up. Is it in stock 
inventories? Perhaps a system with better control will permit a reduction in 
the quantity of each item stocked, affecting a considerable reduction in in­
ventory investment. Speed of processing documents and dependable accuracy 
will further enhance this application's effect upon the profitable position of 
the company. There are innumerable instances where this one application 
far surpassed any anticipated clerical cost savings in importance. 

Punched card equipment is ideal for processing machine utilization reports 
and down-time reports. These reports will pinpoint machines which are not 
being economically utilized so that appropriate action can be taken to put 
more work on them or to transfer their work to other equipment and getting 
rid of them. It also records time lost because of maintenance on those ma­
chines which require an excessive amount of repairs. 

Another area to explore is the handling of cash. The billing, receipt of pay­
ments and payments of bills all afford potential capital reduction areas. Faster 
billing will result in faster payments, thereby improving the company's cash 
position. Accurate recording and prompt actions on follow-up notices and de­
linquents will further improve this position. In the accounts payable applica­
tion the manual system is sometimes so far behind that cash discounts cannot 
be taken. Payment of bills on the last day before the discount privilege elapses 
can pay for the rental of the punched card equipment. Take for instance, a 
company with accounts payable of $1,000,000 per month. By taking cash 
discounts that average one half of one percent a month, the savings would 
be $5,000 per month. 

Other areas affecting the profitable position of the company are those in­
volving the placement of the company in a better competitive position through 
improved services, sales and production. 

The fast, accurate processing of sales and billing processes have given some 
distributing companies a jump over their competitors who are burdened with 
cumbersome manual systems. Sales analysis reports and market research analy­
sis reporting provide management with an up-to-the-minute picture of their 
sales position. Weak and strong positions can be signalled for management 
action. Reductions of sales in certain areas can be noticed before the situa­
tion becomes too serious. In many types of activities the total sales of certain 
products can be obtained. By punching this data into cards, a report can be 
prepared showing the company's sales of a product in relation to its competi­
tors or the percentage of the total market captured by the company's prod­
ucts. This picture becomes especially significant when compared with the 
same period of last year. Losses or gains in the company's competitive posi­
tion are brought to light and important trends revealed. 

The improvement of a company's competitive position by improving its 
production has so many facets that it is virtually inexhaustible. Two of the 
principle elements of cost involved in production are labor and parts or ma­
terial. Labor is always a problem because it involves the human element. Since 
humans are not like machines, it takes them a certain amount of time to learn 
how to make something. The more of a certain part that they produce, the 
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faster their pace should be until a point is reached at which they are produc­
ing at their maximum capacity. This decrease in time required for production 
on a new job is known as the "learning curve." Obviously, an accurate control 
of the time expended on each job is required as well as frequent cut off points 
at which the number of good pieces produced can be compared with the time 
expended to produce them. The analysis of the actual learning curve as com­
pared to the anticipated learning curve will give valuable cost information as 
well as provide a historical record of experience on which to base future esti­
mates. 

Management needs to be sure that it is getting maximum utilization from 
its labor. Performance reports can supply this information. Standard hours al­
lowed to perform a task can be key punched into cards against which the 
labor cards recorded for that job are compared. By this report a percent of 
efficiency is determined at any level desired. Employe performance is usually 
not wise because it is too detailed and each supervisor should be able to con­
trol his employes and evaluate their performance by observation. Efficiency 
by section or department has been found extremely beneficial in many com­
panies. A single percentage developed by itself is not too significant because 
the standards may be inaccurate but when these percentages are plotted by 
section each day over a period of time, they can form a valuable source of in­
formation to management. A significant variation in performance in a particu­
lar section can indicate a problem area before it becomes serious. It tells fac­
tory management the areas in which its attention should be concentrated. 

Shop loading, machine loading, manpower forecasting, automatic requisi­
tioning of parts and material and many other production applications can be 
mechanized to improve the company's competitive position in the production 
area. 

Even in companies which already have punched card data processing de­
partments some of these most profitable types of applications are overlooked. 
There are many reasons for this, and lack of communication between top-level 
management and the data processing department is probably the most preva­
lent. The data processing department is certainly not without blame in this 
respect. They are undoubtedly working on projects much of the time which 
would rate a very low priority by the general manager if he were aware of 
them. By the same token, immediate problems confronting the general manager 
are not transmitted to the data processing department yet this department is 
considered a tool of management. It is the responsibility of management to 
make its problems known and to discuss the areas of large capital investments 
with the data processing department. Without this line of communication, the 
data processing department cannot perform its maximum service for the 
company. 

Relationship with the Data Processing Manager 

A great deal of the success of the data processing department rests with 
the manager of the department. His department consists of a mixture of deal­
ing with technical problems, integrated systems, extreme schedules and skilled 
personnel. The variety of his work requires a knowledge of virtually every 
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function in the company. The manager of dafa processing realizes ~at all', 
departmentsliave problems because he has been at ,the core of them. 

The use of tools (punched card equipment) permit 'him to produce results 
, ,'at amazing speeds but it also requires lightnIng decisions about the most in­

tricate, details of a system. When a problem arises, machines and personnel 
,stop' and this costs m~mey. The manager must often make a split-second decision 
or must know e~actlywho to contact to get the answer so that the machines 
and, people, can get back into production. Most department managers are man-

,aging people'.whoare performing a specific function within the company. 
The t~sk may be quite difficult and may require years of experience but re­
gardless, it ~s in a lImited sphere of operation and is moving at a manual pace. 
The data processing department is involved in a virtually unlimited sphere of 
operation and is moving at several times the manual pace. He has all of the 
personnel problems that normally plague a manager and these are frequently 
complicated by the fact that there is a scarcity in the labor market for most 
9f the, data processing classifications. The machines and equipment involved 
require technical knowledge and ability and he must possess a thorough knowl­
edge of the capabilities and limitations of all his equipment. He should also 
keep' up on all new machine and systems developments in order that he can 
evaluate their potential for his company. 

It is not the responsibility of management to assist the manager of data 
processing in the technical aspects of his operation; in fact, he should not be 
interfered with. His knowledge of this subject should far surpass anyone elses 
in the company and he should be considered the expert on punched card 
equipment and systems. 

Of course', when he makes a recommendation for more equipment or more 
personnel, he should be able to prove the need for it and it should be analyzed 
as objectively as any other request for expenditure of funds by management. 
They should not "rubber stamp" every move that he makes just because he is 
an expert in his field. 

In the day-to-day operation of the data processing department, his judg­
ment in the 'proper use of equipment in the best interests of the company must 
be relied upon. There have been innumerable cases where the manager of a 
data processing department was reduced to the level of an operator by actions 
of his superiors, Frequently these superiors have tried to run the data process­
i~g d~partment. Some have even gone so far as to wire control panels or make 
~hang~s -~i;I existing panels. Another habit is to explain to the manager of data 

, processing how to do' something in great detail rather than informing him of 
what is ne~ae9, and letting him figure out how to do it. These actions by 
management destroy the initiative of subordinates and result in inefficiency 
and even chaos in, the data processing department. 

It is the responsibility of management to choose a properly qualified man­
ager of Data Processing and to delegate the management of the data processing 
departinent to him. :rhis does not mean that he should be given an unquali­
fied rein of authority. Line authority must be recognized and followed and 
company policy adhered to in all cases, But the internal operations, especially 
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'those with· technical aspects, should be vested in the manager of data process~ 
ing as much as 'possible. 

, In the event that his. superiors doubt, the ability of the manager of data , 
processing to exercise sound judgment, then some type of interference is war­
ranted. Poor judgment will manifest itself in many ways ~ poor morale, lat~, 
reports, abnormal number of errors, etc. Even at this point, it is not wise for 
the superior to roll up his sleeves and start wiring control panel~:- this will' 
only make a bad situation worse. A discussion is certainly- in order; 'there 
may be extenuating circumstances L~at reflect on the oper:ation of the .. data " .. 
processing department. The manager of data processing _may be unable to 
cope with certain circumstances that have arisen yet may he~itate to mention' 
them because he is unsure or confused. His superiors may be able to' define 
and correct the problems before they become worse. By frank, courteous dis-, 
cussions much can be done to improve relationships, to solve perplexing prob~ 
lems and to reassure the manager of data processing that his superiors will 
stand behind him. ' ' 

What should be done if repeated attempts to solve the problem have pro­
duced little or no results? There is always the possibility that the data process­
ing manager is incapable of coping with the requirements of his position. 
This is more likely to be true if he is lacking in technical experience or ad­
ministrative background. On the other hand, he may be well-qualiRed to 
manage the department but peculiar circumstances with which he, is un­
familiar and unable to cope may be plagueing him. These circumstances' may 
be created by poor policies or mediocre management at a higher leveL That 
member of management to whom the data processing manager reports may 
even be at fault. To be careful that a costly and unfair decision is not made; 
outside assistance should be sought before severe action is taken. If manage­
ment has confidence in the punched card equipment sales repr.esentatives, 
their opinions should be solicited. These representatives have contact with 
many companies and become adept at recognizing the source of problems and " 
in suggesting solutions. Another source of outside assistance is a' management 
consultant service. An analysis made by consultants will be objective. This 
topic will be covered thoroughly in Chapter XIII. 

It must be remembered that there is a scarcity of well-qualified data ,process­
ing managerial talent just as there is a shortage of all types of executive talents. 
The scarcity is perhaps more critical in this position because of the technical 
abilities that are required in addition to the normal managerial a,bilities.The , 
inherent characteristics of a good technician are seldom 'molded into. the' same 
individual with the basic characteristics required of a good, ~:dministrator. 
Outstanding technicians seldom make good managers and many a' 'good t~chni­
cian has been deeply scarred by attempting to progress into this level or by , 
being literally forced into it by his superiors. In selecting ~ ~manager for a 
data processing department, it is more important to sele.ct- ari 'individual who 
possesses the basic qualifications normally required ofa manager than ,it is to 
emphasize the technical aspects of the position although he certaiq.ly should 
possess these aspects also. The ability to lead people, organize work and: 
exercise sound judgment are more important than the :;lbility to wire control 
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panels, operate machines and be an expert on all of the latest equipment. 
The realization of this fundamental fact frequently influences the management 
of companies who are installing a new punched card data processing depart­
ment into an extreme position of selecting one of their own employes, with 
little or no technical background, as the manager of the new department. This 
action has certain advantages and certain disadvantages. It represents the 
unhealthy application of one set of characteristics to the complete disregard of 
the other set. 

For one thing, it solves the problem of screening applicants and going 
through all the trouble and risks of hiring a new member of management into 
the company. It is an easy way out, at least for the present. If the new 
department is replacing people, it is more humanitarian to absorb these em­
ployes in the new department wherever possible than to terminate them and 
hire new people who have the proper qualifications. 

Assuming that an employe is available who has demonstrated administrative 
ability, he can be sent to various classes for indoctrination into the basic con· 
cepts of punched card operations. Even then, he still lacks experience and 
management should recognize this in evaluating his performance. He should 
not be expected to produce the same quality of results that a well-rounded 
manager of data processing would produce. 

Many of the attempts to utilize existing talent as managers of the new de­
partments have resulted in failure. Some employes who had demonstrated 
excellent administrative abilities in other areas were found to lack those 
characteristics necessary to grasp and apply the technical elements of the 
task. All too often, the person selected to run the new department is not a 
proven administrator. He is an emp!oye who has done a good job as an 
accountant, auditor, production control man, etc. He has two strikes against 
him at the start. It is difficult enough to step into a managerial position, but 
to attempt to fill this position in a technical field where experience is lacking 
is unrealistic. Yet, there are some who have succeeded as well as many who 
have failed. The management of a company who appoints a manager in this 
manner should recognize the odds and be willing to take the risk involved. 

It is better to hire a proven punched card data processing administrator from 
outside the company than to risk filling this position with an employe who 
lacks the essential qualifications. Other positions in the punched card data 
processing department can be filled by trainees, but not the top man. The 
success or failure of the department rests almost entirely on this one position 
and it behooves mana~ement to fill the position with the best qualified person 
that they can find and afford. 

End of Chapter Questions 
1. What is "management"? 
2. What tool does management possess? 
3. What is "management by exception"? 
4. What is a "company service" type data processing department?\Vhere 

does it function best in the company's organization? 
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5. What is the first and most important area in which firm policies must be 
established? 

6. What problems are created in the data processing department when 
management fails to establish firm policies? 

7. What is the solution to erroneous data on reports? 
8. What is the "too little - too much dilemma"? What does it do to a svstem? 
9. Why should the transition from manual to mechanical or aut;mated 

systems be approached cautiously? What is the danger of being overly 
cautious? 

10. What are the two great fears of management in regard to mechanization? 
11. \Vhat characteristics should be looked for in trying to determine whether 

mechanization of a system is feasible? 
12. \Vhat is wrong with using the number of employes as a criteria for 

judging the feaSibility of mechanization? 
13. If management suspects that some of its systems are adaptable to 

mechanization what should be the first action? 
14. Why should other companies that have comparable systems be visited? 
15. How should proposed applications be spaced in the schedule? 
16. Why does it take so long to mechanize a system? What conditions fre-

quently hinder mechanization? 
17. Why is it difficult to make sample runs? 
18. Why should "basic" applications be mechanized first? 
19. What action can be taken to prevent overloading the data processing 

department? 
20. What dilemma can a service bureau solve sometimes? 
21. What is the difference between operating at a profit and being a profit­

able operation? 
22. How can data processing reduce capital investments? 
23. Where does a great deal of the success of the data processing department 

rest? 
24. What is t..~e "tempo" of t..~e data processing department? 
25. What part should management play in the technical aspects of data 

processing? 
26. What is the responsibility of management relative to choosing a data 

processing manager and delegating authority to him? 
27. How can management detect incompetence in the data processing man­

ager? What should be done about it? 
28. What qualifications should a data processing manager possess? How 

important is technical ability? 
29. What are the disadvantages of training a manager for a new department? 

Advantages? 
30. Who should management select to fill the data processing manager 

position? 



CHAPTER 12 

Relationships With the Data Processing Department 

The purpose of this chapter is to define and discuss some of the problems 
encountered by personnel in departments that are using the services of the 
data processing department. 

Most of these problems apply both to the management members employed 
in these departments as well as to the non-management employes who are 
performing the individual tasks. In many cases, the employes doing the detail 
work are key people in the success or failure of a system because they are 
performing the day-by-day mechanics of the operation. The fact that they 
are not members of management does not detract from their importance to 
the successful operation of the system. 

Installing the System 

Probably the most important single factor in the installation of a punched 
card system is the attitude of the people involved. Contrary to popular belief, 
the human element is magnified by the use of machines. The human element 
is reduced in the drudgery portion of the system but it is expanded at the 
analysis level. This results in the elevation of the human mind to the heights 
at which it was created to perform. Analysis of facts and decision-making 
replace monotonous, drudgery-type thought processes. 

Machines make mankind more important - not less important. It has been 
proven that machines make mankind more important by whole civilizations that 
were adept in the use of tools and equipment. It is being proven today by 
people using punched card equipment. Those people with only a marginal 
interest in machines who are able to get maximum utilization from their serv­
ices are able to progress at a faster rate. In fact, in many cases, positions have 
been eliminated by the use of machines and invariably those people who 
were open-minded and broadened themselves to the new scope possible for 
the human mind by mechanization were elevated while others were eliminated. 

There is practically never a question as to whether an application can be 
mechanized. The real question is whether it is practical and economical to 
do so under the existing circumstances. Any application can be mechanized 
if the people involved have the desire and the ability to mechanize it. The 
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lack of these two ingredients is extremely common. Most people are in­
bred with a fear of change. Even when they are familiar with the advantages 
of the change, the uncertainty of it as far as their own personal interests are 
concerned dampens a real desire to make the new system succeed. 

It is very important that the people involved be instructed in the mechanics 
of the new system and its effect upon their jobs. Management is prone to spend 
great amounts of time and effort in working out a system and then let it bog 
down in the installation and proving stages by a lack of proper instructions 
to the people involved. This boils down to one of the most basic problems 
in the busi~ess world today - that of communications. The people who have 
been doing the planning, figured out the problems and have sold the system 
to management are naturally quite enthused about it. People who have been 
plodding along all of this time performing tasks under the old system cannot 
be expected to share this enthusiasm, They are buried in details. They do 
not see the broad picture that the planners have been looking at. Upon hearing 
of a change in system, their first thought is a fear of what this change is 
going to do to their job or their processing of details. Such resistance is only 
natural- each p&son is interested most in his own sphere of activity. The 
detail worker is much more concerned about the detail operation than about 
the over-all work. Education is the best solution to this problem. If all ques­
tions can be answered about the details, resistance will be replaced by coopera­
tion. If the system has not been thoroughly planned and detailed questions 
cannot be answered, the resistance will expand and become a threat. 

To avoid problems at the time of installation, it is best for the people doing 
the planning to talk to all people involved at the detail level and find out what 
they are doing, discuss the proposed system with them, and get their opinions. 
They will be much more receptive if they feel that they are included. It is 
almost always a mistake to try to keep information about a proposed change 
away from people because it invariably leaks out and creates a feeling of 
distrust among the employes. There is a natural tendency to do this if the 
change will cause some people to lose their jobs but even in these cases it 
pays to operate honestly and present the facts. Otherwise, the secrecy and 
intrigue may adversely affect people who are not even involved, or who are to 
hold key positions under the proposed system but don't know it. 

All of the consideration in human relations preceeds the installation of the 
system, and is paramount in importance to the success of the installation. 
Nothing is more important than the attitude of the people involved. A positive 
state of mind is important. Each person involved must want to make the 
system work if he is to contribute his utmost toward its success. Passive resist­
ance is common and difficult to cope with. A person who does the minimum 
amount that he is told to do and contributes nothing on his own is actually 
resisting just by his lack of positive contributions. Even when he sees a trouble 
area he will not point it out to the right people but uses it to criticize the 
system among his fellow workers. This person is doing himself immeasurable 
harm by impeding progress. Progress is inevitable in spite of his resistance and 
by his very actions he will be left behind. 

There are rare cases of active resistance to a system. These are found in 
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people who haven't been sold on the system and who are frank enough to 
criticize it openly. These people are frequently mishandled by open argu­
ments. This active resistance is actually much better than the passive type 
because it is out in the open where it can be answered by logic and truth. 
This type of person will usually do his share and if he is given the proper 
ansv~'ers and his criticisms are received with patience he can be very useful to 
the installation. He may bring up problems which hadn't been uncovered 
before. The best way to convince him is to educate him. Once the system's 
worth is proven he will be jllSt as adamant in praising it as he was in 
critiCizing it. 

There is a vast difference between a manual system and a mechanical system 
which is rather difficult to grasp. Under the manual system, facts are handled 
individually and spread to the various places they are to be used. Each time 
a fact is used, it is analyzed or checked to a degree as it is being processed. 
In the mechanical system facts are handled collectively at high speeds. They 
are checked only once - at the vermer. Once they pass this point they are 
not checked again. All facts are processed together for each function they 
are to perform, then they are all processed together for the next function. 
This is diametrically opposed to the manual system in which one fact is 
processed through all of the functions in which it is needed and then the 
next fact is processed in the same manner. Also, under the manual system, 
the human mind is ever present and it is operating in a relatively limited 
sphere. As facts are processed, memory and experience becomes a part of the 
processing. Details are omitted to save time whenever they are obvious. 

Machines do not possess the quality of being able to insert obvious data, 
nor can they detect and change data which has obviously been recorded in­
correctly. Their experience rating is nil. It is possible to detect certain types 
of errors if the data is such that it can be audited. An example of this would 
be a field of data such as "employe number." The number of every employe 
in the company is known. Consequently, if an invalid number is recorded on 
a source document, it can be detected. For this reason extra special effort 
must be made to record data properly before it goes to the punched card 
data processing department. Do not expect this department to correct any 
errors on the source documents or to fill in blank spaces with the proper data. 
This is not their job. Their responsibility is to convert the data sent to them 
into punched cards and to use these cards to accumulate and summarize data 
into useful reports. The reports issued are no more accurate than the data 
received. 

All source documents sent to the punched card data processing department 
should be neat, accurate and complete. Every piece of data required must be 
recorded and it must be written so that it can be easily read by key punch 
operators who know little or nothing about the application. All data must be 
written exactly the same way each time it appears and in the same place on 
the document. 

Strangely enough, many manual systems are not efficient. In fact, it often 
happens that the major savings realized by converting to punched cards are 
saYings that could have been made under the m:mnal system. Standardization, 
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better source documents, better fOlTIlS design and improved schedules are a 
fe\v benefits that normally result from mechanization which promote effiCiency. 
These could be realized equally under the manual system but for various 
reasons they are not inaugurated until mechanization forces the changes. 

The importance of standardization is usually difficult for the layman to 
understand. He seems to feel that it is an insult to human intelligence that 
something has to be written exactly the same way each time it appears on a 
source document. The principle that must be understood is that machine 
intelligence, not human intelligence is involved. It is true that human beings 
are operating the machines but they do not work with the recorded data as is 
done under manual systems. If the mechanical operation is to be successful 
there should be no source data analysis required of these people because this 
slows down the operation. Source documents should be designed and source 
data inserted in such a manner that no analysis is required. The responsibility 
of the data processing department is not to analyze source data; their responsi­
bility is to record, sort, calculate and summarize data into a form which is 
suitable for management. 

"Cnfortunately, source documents are usually not designed ideally for 
mechanization; consequently, changes in forms design are sometimes required 
at the time of mechanization. It often happens, also, that data on source 
documents must be changed, corrected, or rewritten before any mechanical 
work can be performed. This requires extra effort by the people who are to 
feed the source data into the system. These operators are working with docu­
ments from many different places and they cannot be expected to understand 
all of the data they are recording. Their job is to transcribe the data as rapidly 
as possible. The condition of the source documents will determine how well 
they can perform their operation. 

The workability of a system, whether it is manual or mechanical, is de­
pendent upon the people involved. Examples of this can be demonstrated by 
a supposedly complex system being simplified by changing a department 
manager. One manager may have such extreme desires that his svstems are 
burde~ed by exceptkms and constant changes. Decisions are made to solve 
the immediate problems rather than in adapting them to the existing system. 
The manager who bases decisions on long-range planning and who respects the 
system usually makes mechanization easier and more economical. 

Problems are to be expected during the period of conversion from a manual 
to a mechanical system. Problems are to be expected in any system's change 
but especially in one so radical as the change from manual to machine prooess­
ing. The existence of problems does not necessarily indicate an inadequacy 
in the new system. Some problem areas are almost certain to be overlooked 
in the planning stages. The people involved should point out these problems 
as they arise so that corrective action can be taken. Never hide or cover up 
a problem area because it will certainly be brought into the open sooner or 
later. It is imperative to the new system that problems be faced and solved 
as soon as possible. The solutions will often tax the ingenuity of the partici­
pants. These problems are irritating to the busy individual who is trying to get 
the detail work done. The installation of a new system usually requires more 
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work on the part of all concerned and savings come only after the operation is 
functioning smoothly. This transition period is a test for all participants. Each 
person involved should be mentally conditioned to accept more work 
temporarily, to make the system work, to be fair and objective about the new 
system, and to educate himself as much as possible about the new system and 
in the theories of punched card operations in general. 

Errors are inevitable and are not a serious threat to a new system provided 
they are handled intelligently. These actually occur because of a misunder­
standing. More people are involved in the mechanized system; consequently, 
the communications problems is heightened. The people in data processing 
do not understand the finite aspects of the system as well as the people 
responsible for the operation; consequently, they may overlook something 
that is perfectly obvious. At any rate, the person discovering the error should 
report it to the responsible party or parties as diplomatically as possible so 
that corrective action can be taken. Accusations should always be avoided. 
Cooperation is essential to the success of any system and all parties involved 
should be broad-minded enough to realize that errors will be made; accusa­
tions will only create antagonism. 

Errors can usually be corrected rather easily as long as everyone involved is 
in control of their portion of the system. If, however, the situation gets out 
of control then the system is in imminent danger. An "out of control" situation 
can be identified by the inability to balance data totals to controls in the 
data processing department or by the introduction of such poor data into the 
system that it cannot be expediently processed. An incorrect flow of data, in­
correct processing of data, duplicate documents and inaccurate data can all 
lead to a loss of controls. Combination of these can confuse the operation to 
such an extent that the cause is difficult to determine. By correcting errors 
and solving problems as they arise control can be maintained. If, however, 
things do get out of control, then an all-out effort must be made to correct 
the situation immediately. 

Poor communications is the root of most problems that arise. It is almost 
always present but in varying degrees; the degree to which it is present will 
determine its peril to the system. It is quite common for two individuals to be 
in complete agreement at the initial stages of a system study only to discover 
at the installation stage that statements made by one party were intelpreted bv 
the second party to mean something qufte different than had been intended. 
This causes a conflict because it appears that certain statements made are 
being ignored or even violated. In actuality, there is usually no such intent. 
It is just a misunderstanding caused by the two parties not "speaking the 
same language." The solution to the problem requires patience and under­
standing. Once the problem is recognized it is possible to talk it out to a 
reasonable solution. Unforhmately, suspicions are often aroused and conflicts 
of personalities may result. This should certainly be avoided because it 
accomplishes nothing toward the solution of the problem and appears very 
juvenile to those who appreciate the problem. 

Incompetent personnel are a real problem. An integrated system may involve 
many people from several different departments. The people installing the 
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system often have little or no control, except in an advisory capacity, over 
the personnel placed in key positions. Some people just do not have the 
ability or the desire to accept the requirements within a mechanized system. 
This type of person should obviously not be placed in a position where his 
cQoperation is required for the success of the system. Unfortunately, this is 
not a trait that is immediately detectable and a system is usually well under­
way before misfits can be identified. Incompetence can be detected by lack 
of adherence to procedures. If an individual fails to adher to the agreed upon 
procedure he should be notified immediately. If the condition continues, 
it indicates either resistance or incompetence. In either case, the system is in 
peril and the condition should be reported to the proper authority in as 
objective a manner as possible. 

If incompetence is present in the personnel from the data processing de­
partment, it is even more serious because so much is dependent upon their 
ability and cooperation in the installation of any system. They are usually 
the hub around which the system is built and are coordinating activities of 
all departments. In addition they are coordinating the internal systems of the 
da.ta processing department which is a responsible job in itself. If incompetence 
is suspected of any of these individuals, it would be well to objectively analyze 
the situations which activated the suspicions. Is the suspected person really 
at fault or are others equally to blame? If it appears that the data processing 
person or persons did not perform as they should have, this matter should be 
taken up with their immediate supervisor. He is in a position to appraise the 
questioned individual much better than anyone else because he is familiar 
with the person and with the problems of the system. The individual may 
actually be doing an outstanding job in light of the problems which he is 
facing. He may also lack experience in this particular area but is the only 
person available for the assignment. 

Problems in a system can reflect upon the data processing department 
regardless of where they originate. Lack of cooperation from almost any 
area could result in a mistake being made in the data processing department. 
This, in turn, reflects upon the system and those responsible. Incompetence 
is difficult to prove in any area and should be handled very cautiously or 
someone might be unjustly accused. Always get the facts. Do not make wild 
accusations; this will only create conflict. Only when the facts clearly indicate 
incompetence should action be taken and this action would flow through the 
management chain. 

In summary, the people who are working with representatives of the data 
processing department should exercise human relations, be objective, be 
cooperative, and be prepared to expend extra effort to understand and make 
the new system work. 

Requesting A New Application 

The data processing department is a service organization and its purpose is 
to supply reports that are needed by the other departments in the company. 
This does not mean that they are obligated to produce every report that is 
requested by any employe in the company. There are many circumstances that 
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govern the decision to mechanize or not to mechanize a particular applica­
tion or report. The data processing management must analyze each request 
and decide whether it is in the best interests of the company. Cost, savings, 
available machine and personnel time, work load, management philosophies, 
etc. must be considered in making this decision. 

What steps should be taken before submitting a request for data processing 
services? A request is usually generated by a person who thinks that a 
particular application is adaptable to punched card methods. The person 
mayor may not have a knowledge of punched card operations. In either case, 
it is best for the person to talk to his supervisor first if he is below the super­
visory level. The purpose of this discussion is to obtain pennission to pursue 
the idea further and to determine if it is practical. In some cases, the super­
visor will not approve of further investigation. He may have other applica­
cations within his jurisdiction that he would prefer to see mechanized. He 
should be able to analyze the application and ask penetrating questions which 
may uncover details that have been overlooked making mechanization less 
attractive. At any rate, it is always best to have the approval of supervision 
before approaching the data processing departments. If the request is being 
generated by a supervisor or if a supervisor is reviewing a suggestion made by 
an employe, he should follow the principles outlined in Chapter XI. 

Once the sanction of the originating department's supervision has been 
obtained, the next step is to contact the manager of the data processing de­
partment. The procedure to follow in doing this will depend somewhat on 
the degree of formality that is customarily followed within the company. 
In the informal type companies a phone call to the head of the data process­
ing department would be in order. No attempt to explain the details of the 
idea should be made on first contact. The purpose of this call should be 
merely to notify the manager of an application which has mechanization 
possibilities. An appointment should be arranged to discuss it with him or 
someone from his department. This type of approach is courteous and indicates 
a sensible level-headed attitude. Data processing people get many impractical 
ideas and requests presented to them and they learn to recognize these by 
the type of approach used. A wild idea or an unformulated plan will invariably 
be presented in an excited approach. The request that must be discussed 
immediately and is general in nature obviously has not been well thought out. 

No attempt to explain the request over the telephone should be made unless 
it is very simple. It is very difficult to explain all of the facts and show what 
is needed over the telephone. The purpose of the phone call should be solely 
to make an appointment. 

At the meeting with the data processing manager or his chosen representa­
tives, the plan should be presented as completely as pOSSible. The purpose of 
this meeting is to get professional opinion as to the feasibility of the plan. 
In most cases, this meeting will determine whether it is practical to pursue 
the plan further. If the plan is unworkable, the data processing representative 
should be able to give a logical explanation why. 

If the company operates on a more formal basis, a letter or memo would 
be preferable to the telephone call to set up a meeting. The letter should 
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THE MARQUARDT CORPORATION - POMONA DIVISION 

REQUEST FOR MACHINE ACCOUNTING SERVICE 

Title of 
Reques ted Reports: 
lihat is the Report to be usearor. 

Information to be printed on the Report 

I 
Sequence of the Report Totals Requested ! 

i 
Number of copies and their distribution " 

1 Frequency 
_One Time _Weekly _Other 

(Explain) 

I _ Daily _Monthly 

Schedule on which Report is to be issued Date is requested to begin 

Source Documents Estimated cost per week to do the jOb,m-

1 

Volume per week 

I 

out Machine Accounting 
Number of cards to 
punch per document 

I I 
REMARKS 

Person in Requesting Dept. who will coordinate Requesting Department 
wi th Machine Accounting 

Name By 
(Signature) (Date) 

Phone 

FOR MACHINE ACCOUNTING USE ONLY 
Estimated Man Hours Scheduled 

Start Date 

Controller (Date) 

Report 
Number 

Supervisor, Machine Acctg. (Date) 

Figure 68-Request for Machine Accounting Service 

request a conference to discuss the plan. It is not necessary to explain the 
plan in detail but just a very general idea concerning the topic that is to be 
discussed. 

This approach, be it by the formal or informal method, will save time and 
generate respect for all parties concerned. Improper approaches and un­
diplomatic requests can hamper the efficiency of a data processing department 
and may result in the rejection of good applications and the mechanization of 
less adaptable ones. 

Do not demand service - request it! Think over the request~before it is 
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presented! Discuss it with your supervisor! Approach the Manager of the 
Data Processing Department - do not try to go around him! 

These suggestions apply to special requests as well as to repetitive-type 
operations. There is a tendency to rush requests for one-time jobs and to try 
to rush them through a machine operator without going through the depart­
ment head. Of course, if the data processing department is properly organized, 
this will not be possible but it still behooves people to be careful not to 
attempt it. So many of these one-time jobs sound simple when they start and 
then have a tendency to multiply in magnitude as they progress. This is 
usually because the person making the request has not thought it out and 
determined exactly what is needed. 

All requests for service made to the data processing department should be 
in writing. This includes requests for special jobs. Many data processin6 
departments have special forms for this. See Figure 68. Many data processing 
people prefer to fill out the form themselves while talking to the person making 
the request. If the data processing representative is receptive to the idea 
when it is presented to him at the meeting, he may fill out the form right 
then while the parties involved are together. This form should be signed by 
the manager of the department making the request. This is another reason 
for getting it approved by supervisors of the requesting department before 
approaching the data processing department. It is useless to pursue the idea 
without management approval. 

When presenting the idea to the data processing representative do not 
minimize the request. Some people are prone to hold back because they think 
they are asking for too much. This is because they are thinking in terms of 
manual systems rather than mechanical systems. The things that seem very 
complex may be quite simple and the reverse is sometimes true. It is usually 
preferable to present the whole problem at once rather than trying to get 
a portion approved now and then more pieces later on. Piece-meal installation 
can be quite costly. The whole plan should be presented and data processing 
people should decide the best schedule for installing it. The person present­
ing the plan should take an objective approach. He should visualize the plan 
company-wide. Mechanization makes possible broader capabilities, wider 
ranges and integrated operations. The individual's vision must develop to 
keep pace with these as he steps from the manual to the mechanical strata. 

Once a system has been installed and the personnel are familiarized with 
the reports being issued and are in frequent communication with the data 
processing department, some of the formality can be dispensed with. The basic 
principles still apply. All requests for changes or for extra work such as 
special reports must still go through the manager of data processing. He 
cannot possibly manage his department properly unless he is aware of all 
work being performed. Every request should be in writing and should be 
signed by the manager of the requesting department. Of course, the initial 
contact is greatly simplified because it was made previously. Both parties are 
now familiar with the system that has been established and is operating; 
therefore, there is much more common ground between them and communica­
tion is easier. A special request or a request for a ne"v report based on an 
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existing system can be made rather quickly by a phone call to the manager 
of data processing. He will probably be able to analyze the request in just a 
few minutes and appraise its feasibility. If he cannot grasp it completely over 
the phone, he may request a conference to discuss it more fully. Or if he is 
too busy to discuss it at the time, he may suggest another time when he will 
be free to devote sufficient time to it. Data processing managers are trying to 
give everyone in the company service, manage a department, install new 
systems, discuss proposed systems and get reports out on a rigid schedule. 
All of this must be accomplished at a faster pace than normal because the 
department operates at a machine tempo which is much faster than a manual 
tempo. 

The formal approach of using written communication should be used for 
the initial contact when management lines are not rigid. When letters to the 
data processing manager do not produce results, then copies should be sent 
to the member of management to whom he reports. If results are still un­
satisfactory, a complaint should be expressed through the management of the 
requesting department to the general manager. This should be done with care 
and only after several attempts at communications have failed. 

The data processing department is a service organization and is there to 
help each department perform its function more easily. On the other hand, 
it must be remembered that it cannot set up over-all systems and do every­
thing that everybody wants whenever they want it. Some data processing 
departments are overly cooperative and try to give more service than they are 
capable of giving. This results in much good-will for awhile until reports 
start to slow down and control is lost because of an overload in the data 
processing department. 

In requesting service, an attempt should be made to understand the prob­
lems faced by the data processing department and cooperation with any plan 
presented by the data processing manager that is logical. He might ask some 
penetrating questions about the particular operation. He is trying to determine 
the feasibility of the request and this cannot be done without the facts. The 
most commo~ qualification which the rejected requests lack is sufficient volume 
to warrant the cost of mechanized processing. Before making a request 
reasonable estimates should be made of the number of transactions that will 
be processed in a given period of time. This is certain to be one of the first 
questions asked. There is no set number of transactions above which 
mechanization is more feasible than manual methods. Much will depend on 
the type of application and the complexity of the processing. For instance 
some engineering applications have a very low volume, comparatively speak­
ing, but complex calculations of mathematical formulae make the applications 
feasible to be calculated by punched card methods. 

It is also a good idea to estimate the time that would be required to perform 
the application by the manual system. This will assist the data processing 
manager in determining the feasibility of the request by a comparison with 
the time and cost of performing it mechanically. 

The existing system should be thoroughly understood. Requests should not 
be made by people who do not have a thorough knowledge of the existing 
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system. Ideas. sometimes sound good only because all of the facts aren't known. 
The person making the request should thoroughly understand the existing 
system and We effect upon it of the mechanization being proposed. It should 
not be necessary for the data processing personnel to study the existing system 
in minute deta,ils to uncover any pitfalls that might exist. It frequently happens 
that data prpcessing personnel know more about the operational details of 
some departri1ents than do the people who are working in those departments. 
This is caused by the inability of these people to answer questions. Conse­
quently, the· data processing people have to probe every comer to get their 
answers. This is very educational for the people in data processing but is 
quite time-consuming amI is certainly not the most practical approach to 
mechanization. 

In making a request never try to explain how it can be accomplished; 
always explain what is required. Some people who have been to a computer 
class or read a book on the basic principles of punched card data processing 
consider themselves experts in the field. This is a mistake. Unless an individual 
is directlyeJ;gaged in this profession, this knowledge is only useful insofar as 
it will assist)' that individual in performing his assigned task. 

Telling the manager of data processing how to set up a report is not the 
way to get service. He is the expert -let him decide how. The individual 
making the request has achieved his purpose if he is able to quickly com­
municate his ideas to the data processing manager. The exact method used 
to accomplish the desired results and the feasibility of mechanization should 
be left entirely up to the data processing manager or his representative. 

Changing A System 

Systems are dynamic. A report which is good today may have to be revised 
for tomorrow. Changes are inevitab1e in our business society for it is in a 
progressive, dynamic state and progress can come only with change. 

The need, for Hexibility has been recognized by the manufacturers of 
punched card equipment and constant progress has been made in the Hexibility 
of the equipment. The mechanized system must be able to keep pace with 
necessary changes just as much as the manual systems. The problem is that 
it is usually more difficult to make a change in a mechanical system than in a 
manual system. While this is sometimes a problem, it can also be a blessing by 
blocking changes that are not beneficial. The axiom that progress can come 
only with change is not necessarily true in reverse. Changes can be made that 
are not progressive. Therefore, every proposed change should be thoroughly 
analyzed before it is incorporated. The over-all system, its objectives, and its 
principles must be understood and respected. Poor judgment in making changes 
can breed confusion from what started out as a good system. There is a 
tendency to push through changes to solve a problem in a particular area. 
This is very dangerous because this type of change is often quite logical on 
the surface but damages the system as a whole. People who are working in 
a localized area and are disinterested in the system as a whole are the most 
difficult to cope with because their viewpoint' is narrow and their objectives 
are limited. 



Relationships with DP Department 205 

When proposing a system's change, always analyze the over-all system and 
not just the segment directly related to the change. 

Assume that Department A has an application established on a mechanical 
system and reports are being received from the data processing department 
on .a regular basis and are serving the purpose for which they were intended 
quite well. Department A has an added requirement placed upon it which is 
costly to do manually. The people in Department A discuss this new require­
ment and observe that there is a possibility of fulfilling this requirement by 
making some modifications to the application which is mechanized. The effects 
of this change on the present system are thoroughly analyzed, and it is con­
cluded that the change would not damage the existing system. In fact, it 
would tend to produce a better system in the long run. It may be necessary 
to consult with the manager of data processing to determine this. Once an 
application is mechanized, changes become so involved with internal data 
processing operations that professional assistance is required in analyzing the 
effect of changes. Before data processing people are contacted, the fact should 
be firmly established that the change is necessary and it should be clearly 
defined. 

It is not uncommon for the data processing department to recommend 
changes that will increase the efficiency of the system. Sometimes a minor 
change can be made that will save several hours of processing in the data 
processing department and have no ill effects upon the system. Whenever 
such a change is suggested, its effect upon the reports issued and the use 
being made of them must be thoroughly analyzed. The purpose of this type 
of change is to save the company money. If the change is going to create 
problems in other areas that will offset the savings made in the data process­
ing department, then the purpose is being defeated and the change should 
not be made. Requests for this type of change should be received open­
mindedly and reviewed in a cooperative manner. If analysis shows that the 
change will benefit the company, then it should be made; if benefits will be 
offset in other areas, then it should not be made. 

Changes to systems should be thoroughly analyzed and scheduled into the 
data processing department much the same as new systems. Major changes 
sometime require just as much coordinatio:1 and set-up time as the installa­
tion of a new application. Minor changes may require anywhere from a few 
minutes to several man-days of effort in the data processing department. 

One type of change that is to be avoided whenever possible is the expan­
sion of the size of a field in a card. This is necessary when sufficient space was 
not allowed in the first place. For instance, in setting up a payroll application, 
let us assume that four digits have been reserved for rate, two digits for whole 
dollars, and two digits for cents. Three years later the rate structure of the 
company is changed and under the new structure, three digits are allowed for 
cents. This makes possible a rate such as $1.75~ per hour which is recorded 
in the card as "01755." The expansion of a field by a change such as this 
usually causes a major revision in card forms because the field was originally 
set up as 4 digits and now 5 digits are needed. Invariably, there is not an 
empty column available in the position in which it is needed. A revision of a 
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card form tends to obsolete all of the cards that are stored as historical records 
for that application. It also forces a rewiring of control panels which is very 
time consuming. Procedures must be changed and operators oriented to the 
change. Obviously, every effort should be made to allow adequate space for 
each field at the time the application is installed. 

Reports should be prepared in the most usable sequence possible. If a re­
port would be more useful in another sequence or with other levels of 
totals, the data processing department should be so notified. Sometimes it 
is not practical to make the change because of other requirements. Other times 
it may be very simple to make the change and may even simplify the opera­
tion. This is impossible for the layman to determine; therefore, it is best to 
merely make the suggestion to the data processing manager and let him de­
cide which action to take. He cannot be expected to take any action unless he 
is notified of the situation. All sound suggestions for improving a system should 
be cleared with supervision and then relayed to the manager of data processing. 
As much time as possible should be allowed in making a change, so that it 
can be appropriately scheduled without disrupting the day-to-day operations 
of the department. 

Discontinuing Reports 

"There are too many reports." This statement is common in every company 
that uses punched card methods regardless of how austere the operation is. 
The statement is almost never made by a person who visualizes the over­
all picture; it establishes a lack of objectivity on the part of the person mak­
ing the statement. This is not always the case; sometimes there really are too 
many reports which are the result of a complicated system. In companies 
where management philosophies are uncertain and constantly changing, a va­
riety of reports is more likely to result than in a stable, well-managed com­
pany. It is not necessarily the fault of the data processing department; it may 
be beyond their control. Each individual in a company who receives reports 
from the data processing department can assist in this by notifying the depart­
ment of any report that is no longer being used and ask to be removed from 
the distribution of that report. 

A phone call is usually sufficient for this; however, a written memo may 
be used. If the report continues to be received it indicates that the request 
was forgotten or handled improperly and a follow-up should be made to the 
data processing department. Some people go overboard on dropping reports 
during an austerity program and then they are revived one by one in the 
months that follow. This can be quite costly and time consuming. Always be 
positive that a report is no longer needed before requesting that it be stopped. 

It is not possible to measure if there are too many reports. The number of 
reports necessary will vary with the size and type of company, the kinds of 
applications involved and the degree of mechanization. The reports are under­
going a never-ending analysis by the people preparing them and by the people 
using them. It is logical to assume that most reports issued are necessary. At 
any rate an intelligent person will not criticize until he has analyzed the 
reports issued and found that many are unnecessary. Strangely enough, the 
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statement is sometimes made by people receiving reports yet when they are 
questioned as to which reports that they receive can be discontinued they are 
unable to reply satisfactorily. 

Some data processing departments attach a card to each copy of each 
report periodically (about every six months) requesting that the recipient 
analyze the report for possible discontinuance. The recipient is requested to 
sign the card certifying that he is using the report if such is the case, and to 
return the card to the data processing department. The data processing de­
partment processes t.he returned cards and makes no changes on reports on 
which the cards have been returned. 

The reports for which cards have not been received are discontinued. If 
several copies have been returned and some have not, the number of copies 
is merely reduced to correspond to the number of cards returned. Even a 
reduction in the number of copies can reduce costs. No processing time is 
saved but paper costs are reduced and the costs of removing carbons, bursting 
and distributing reports are reduced. Most people do not realize the increase 
in paper costs as extra copies are added. For instance, on stock paper which 
is just plain fanfold, lined paper, two parts cost three times as much as 
one part and three copies cost almost five times as much as one copy. One 
type of form costs as follows: 

1 part -
2 parts-
3 parts-

$4.00 per thousand sets 
$12.00 per thousand sets 
$19.00 per thousand sets 

Errors 

The data processing department does make errors. To expect otherwise is 
unreasonable. Mechanization should reduce the number of errors but it can 
increase the intensity of the errors that do occur. For instance, under a manual 
system small errors will occur rather frequently but large, glaring errors will 
be caught because of the constant human analysis. In the mechanical system, 
everything is standardized and the machines seldom make errors so the 
number of errors is greatly reduced. If, however, a serious error does occur 
such as $10.00 being recorded as $10,000.00, it is less likely to be caught 
because human beings are not analyzing the data. For this reason, source data 
must be thoroughly checked before it is sent to the data processing depart­
ment. Likewise, the finished reports should be scanned as they are received 
to audit for anything that looks unusual. 

Errors should be very uncommon. Amount fields should be controlled by 
predetermined totals whenever possible. That is, an adding machine tape of 
the amount field on the source documents should be prepared to accompany 
the documents to the data processing departments and all punched card 
decks and reports must balance to these tapes. 

Every error should be brought to the attention of the manager of data 
processing. Do not go to the operator who ran the report. Reruns must be 
tightly controlled in a data processing department because they represent lost 
time and can cause havoc with schedules; therefore, the manager should 
know about them. 
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Errors are most likely to occur when inefficiency exists, when changes are 
being made to the system, or when exceptions are being made to the process­
ing. Errors should be uncommon in a standardized procedure where reports 
are being processed in the same manner each time. This is another reason 
for standardization - it develops accuracy. Exceptions should be avoided 
wherever possible and handled manually, if necessary, to keep the mechanical 
system functioning efficiently. Whenever a change in system is being made or 
when exceptions are being processed, extra effort should be expended in 
auditing the reports that are issued to catch any errors that might be made 
as soon as possible. Another time when extra auditing may be profitable is 
when the procedure is being processed by a new operator in the data 
processing department. New employes will invariably make some mistakes 
until they become familiar with the company. 

Errors take many shapes and forms in the mechanical system. Probably 
the most common error on reports is the sequence. Sorting is a rather tedious 
task and the human element is more involved in this operation than in most; 
consequently, errors are more common. An error made in sorting will usually 
be reflected in the final report by causing the data to be out of sequence. 
An illustration of this would be on a job cost distribution which is supposed 
to be in order by job number but comes out like this: 

Job Number Hours 
1000 100.5 
1001 91.2 
1002 7.6 
1012 84.3 
1009 76.2 
1015 2.6 

Note that the cards for job number 1012 are out of sequence. They fall 
between job number 1002 and job number 1009 but they should be after 
job number 1009. 

A type of error that should be extremely uncommon is for a report to be out 
of balance. It is the responsibility of the data processing department to issue 
reports that balance. To do otherwise is a serious error on the patt of this 
department. 

Do not be too hasty in accusing the data processing department of making 
an error. About 75 per cent of the complaints received by data processing 
departments are unwarranted. They come as a result of people jumping to 
conclusions and as a result of a lack of understanding of the system. Many 
people who receive reports do not have a thorough understanding of the 
system nor of the report which they receive. Before accusing the data 
processing department of making an error, a little analysis should be 
made. The content of the report should be reviewed and any exceptions that 
have been forced through the system should be considered for the possible 
effect that they could have had on the report in question. The error may also 
have been caused by an error on the source data, in which case, no blame 
should be placed on the data processing department. If the report can be 
used and no ill effects will result from the error or if it can be corrected 
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manually without too much trouble, then that course of action should be 
taken. Always report the error to the data processing department even if it 
does not require a rerun. In most cases the data processing manager will be 
satisfied with this and will merely take whatever corrective action is necessary 
to prevent the error from reoccuring. In some cases, however, he may insist 
upon rerunning the report because of its importance or the possibility that 
the error could cause future problems. As previously stated, be sure to report 
every error to the data processing department. 

~,,1ost data processing people take pride in the accolTIplishments that they 
can perform by using their equipment. One of their principal attributes is 
accuracy; therefore, they are inclined to be even more sensitive than most 
people about being accused of making errors. By the same token, they want 
to know every error that occurs so that they can do something about it. 

Whenever a report is received which appears to be in error, the first step 
should be to try to reason out a logical explanation for the data being as it is 
shown on the report. If no logical explanation of the error can be found, then 
the data processing department should be contacted and the part of the report 
in question pointed out to them. They should be able to give a logical explana­
tion of the condition. If they agree that an error has occurred the need for a 
rerun should be discussed. Schedules may not permit the time required to 
rerun or a rerun may not be necessary provided the error can be corrected 
or circumvented manually. At any rate, the thing to consider is whether a 
rerun is in the best interests of the company as a whole. If it is the opinion of 
the parties involved that the expense of rerunning the report would not be 
worthwhile for the company, then it should not be rerun. If on the other hand, 
it is felt that the report should be corrected in the best interests of the com­
pany in spite of the amount that a rerun would cost, the report should be 
corrected. 

Machines are certainly not perfect but they make very few errors which 
are not detected by some mechanical or procedural checking feature. The 
possibilities of a human error or a procedural Raw- are infinitely greater than 
a machine error and the layman should not guess as to what caused the error. 

Many things that appear to be errors are really not errors at all. Statistics 
are very deceiving. If, after careful deliberation, the report still appears in­
correct, contact should be made with the data processing department to 
request assistance in analyzing the report. 

Schedules 

Unfortunately, data processing departments sometimes miss schedules. This 
reputation is not always justified because many things can cause reports to be 
issued behind schedule, some of which are beyond the control of the data 
processing department. 

Probably the most common reason for missing schedules is because the 
source di>cuments upon which the completed report relied are received in the 
data processing department too late. Source documents that are late disrupt 
the planning and scheduling of operations within the data processing depart­
ment and not only cause reports to be issued late but also cause inefficiency 
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in the data processing department and can cause increased costs due to 
overtime work which may be necessitated. The department should not be 
blamed for issuing reports behind schedule when the source data was re­
ceived late, but they usually are. The people receiving reports are often not 
the same people who are preparing the source documents. Consequently, they 
are not fully cognizant of the situation all of the time. There is a tendency to 
blame someone and since the data processing department issued the report 
hte, they get the blame, even though an analysis might show they are not 
~t fault at all. 

Changes to the system and exceptions can also cause missing schedules. 
rJ 'hey create more work in the data processing department and require much 
(ilOre supervision than routine operations. Special requests can also disrupt 
schedules. It is not uncommon for the data processing department to be 
notified to drop everything else and get out a special report for management. 
Naturally, all of the regular report schedules suffer under such conditions. 

Schedules are usually set rather tight in a data processing department. One 
of the advantages of mechanization is speed; therefore, reports are issued 
as rapidly as data can be processed. If something goes wrong internally, such 
as a machine breakdown or a report being out of balance, much time can be 
lost and reports will be issued behind schedule. It is best to keep schedules 
tight and be reconciled to an occasional slip than to make the schedules so 
loose that the schedule will never be missed. These tight schedules keep every­
one on their toes and prevent other jobs from being scheduled in ahead. 

It is usually not necessary to notify the data processing department when a 
report is received late. There should be a record of the distribution of reports 
in the data processing department and a control over late reports. If a report 
is habitually received late, then contact should be made. Perhaps the schedule 
is too tight or there may be a misunderstanding about the schedule. At any 
rate, the data processing manager should be consulted about the problem so 
that some type of action can be taken. 

One of the other principal advantages of mechanization is speed. Con­
sequently, the data processing people are sensitive about schedules so they 
should be approached diplomatically. No track star likes to be accused of being 
slow on his feet. It is best to approach the data processing department with 
a request that the schedule on the particular report be analyzed. 

End of Chapter Questions 
1. What is probably the most important single factor in the installation of a 

punched card system? 
2. What human elements are decreased bv mechanization? Increased? 
3. What two human ingredients are nece;sary for mechanizing a system? 

Why are they often lacking? 
4. Why is communications so important in installing a system? 
5. Why isn't it advisable to keep the plans for a proposed punched card 

system secret? 
6. Discuss passive and active resistance to a new system. 
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7. What are the basic differences between manual and mechanical systems? 
8. Why should source data going into a mechanical system be checked 

before being sent to the data processing department? 
9. What benefits normally result from mechanization that could have been 

achieved with the manual system? 
10. Why is standardization so vital? 
11. Upon what is the workability of a system dependent? 
12. How should a person who is participating in the mechanization of a 

svstem be mentally conditioned? 
13. How should error; be handled? 
14. What is the root of most problems that arise? 
15. How should incompetence be handled? 
16. What steps should be taken before submitting a request for data process­

ing services? 
17. To whom should all requests for new reports, special reports and changes 

to reports be directed? 
18. What actions are necessary when requesting work from those data process­

ing departments that have the reputation of taking a negative approach to 
all requests for their services? . 

19. What is the most common qualification that rejected requests lack? 
20. Why shouldn't the person making the request tell the manager of the 

data processing department how it should be accomplished? 
21. What should be considered when proposing a change to a system? 
22. Which type of change should be avoided? 
23. How can a person determine whether "too-many" reports are being 

prepared? 
24. How much does the sheet cost increase from one copy paper to two 

copies? To three copies? 
25. What effect does mechanization have on errors? 
26. When are errors most likely to occur? 
27. \Vhat is the most common error on reports? 
28. Why should every error be reported to the data processing manager? 
29. What is the most common reason for missing schedules? 
30. Why isn't it necessary to notify the data processing department when a 

report is received late? 



CHAPTER 13 

Data Processing Services 

A substantial portion of the data processing sphere is involved in the per­
fonnance and sale of services. These services fall generally into two types: 

1. Consulting Services 
2. Processing Services 

They are usually perfonned by companies which are organized solely to 
perfonn this type of service for other companies. 

Consulting Services 

Consultants have become an important part of the business and industrial 
world. It has been estimated that more than $200 million is spent each year 
in the United States for consultant fees. Because of the rise of mechanization 
and automation in the office and the extreme popularity it has experienced 
with management, it is assumed that a substantial portion of this amount was 
spent on punched card systems. 

The Need For Consultants 

Today's management is involved with so many problems that it must call 
upon outside help to solve some of the more complex technical problems. 

The problems of an expanding clerical force is common as has been dis­
cussed in earlier chapters. Rising overhead costs that skim away the profit 
can create nightmares for the management of a company. The systems become 
so complex and interwoven that the members of management cannot find 
time to weed out the unnecessary from the necessary. Neither do they have 
the time nor the ability to thoroughly analyze the problems and decide upon 
the proper systems changes and the correct amount and type of mechanization 
for their individual cases. This is no reflection on management, they are human 
and cannot be expected to know everything. In fact, in some cases, members 
of management are quite capable of doing this because of their backgrounds 
and experience, but these will have limitations in other areas. Many com­
panies have decided to mechanize and have installed equipment and revised 
systems successfully without any outside help. Others have been unsuccessful 
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and have failed completely, have called for outside consulting services, or 
have hired competent personnel to solve their problems. 

A consultant supplies management with the facts about a particular prob­
lem. The final decision still rests with management, just as the success or 
failure of the solution will rest with them. It might be said that a consultant 
merely sells opinions. Because he is a specialist in a given field, his opinion 
should be based upon years of experience and research of the problems in­
volved. One of the primary considerations to make when considering a con­
sultant is to examine his qualifications. 

Selecting A Consultant 

There are a number of pseudo-experts in the field of data processing who 
pass themselves off as management consultants. Beware of systems men, 
auditors, accountants, etc. who have been to a few computer classes and claim 
to be experienced in the field of data processing. Be sure that the individual 
who will come into your company and make the study has several years' 
experience directly in the punched card data processing field. You are buying 
a service and you have a right to know whether the person selling has the 
proper qualifications to deliver the goods. 

Consulting services can be received from a number of different organiza­
tions. Management consultant firms are probably the most common. Some of 
the larger auditing companies have management consulting sections which 
specialize in this type of work also. Data processing service organizations 
usually offer this type of service along with machine processing services. An 
often overlooked source of expert advice is the equipment manufacturers. They 
have specialists in virtually every facet of data processing who will come in 
and offer advice at no charge. There are also a few firms that specialize in 
data processing consulting services and offer a few highly trained people who 
do this type of consulting and nothing else. 

Needless to say, some of these organizations offer a more objective point 
of view than others. One can hardiy expect an equipment manufacturer to 
recommend that a company purchase their competitor's equipment, even 
though it may be more adaptable to that company's particular problem. 

The type of assistance that is needed may have a bearing upon the best type 
of consulting service to employ. 

Some of the problems for which data processing consultants are employed 
are as follows: 

1. Management may want an investigation of overhead costs that are 
mounting as a result of increased volume of paperwork and expand­
ing clerical sections. 

2. Management may feel that present systems are not capable of getting 
reports out soon enough. 

3. Management may want an analysis of inaccuracies and lack of con­
trol in present systems. 

4. Management may desire a purely objective and impartial opinion 
of ways that its operations can be improved. 

5. Management may realize the value of and the need for mechaniza-
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tion but does not have the technical ability available nor the time 
to make a study and install the necessary systems. 

6. Management may realize that the solution to a given problem lies 
in mechanization but it doesn't know how much equipment is 
economically feasible nor which line or type of equipment to install. 

7. Management may want to move rapidly to install a system which 
will generate substantial savings. Top-notch assistance is needed for 
a short duration. 

S. Management may have political problems within its company and 
desire someone who is completely objective to step in and coordinate 
the installation of a system. 

9. Management may suspect that the punched card data processing 
deparbnent in their company is not producing as much as it should 
or that it is poorly managed. 

10. Management may suspect that its punched card data processing 
operation is producing unnecessary reports or that its applications 
are poorly planned and uncoordinated. 

A well-qualified data processing consultant will invariably produce a savings 
to the company within a year which will exceed his fee and it will usually 
be several times greater. No system is perfect and an experienced person can 
quickly spot changes which will result in better control, faster processing, 
or elimination of duplicate efforts. This is only true, of course, if there has 
not been a systems study in the past several months. 

The amount of money spent for consultant fees mentioned earlier indicates 
that management has accepted the need for and the deSirability of using out­
side assistance in solving some of its problems. This gives management a sense 
of security by having virtually an unlimited staff of experts available to solve 
specific problems at any time without having to employ each type of expert 
full time on its own payroll. 

The most frequent error made is in employing a management consultant to 
solve data processing problems who is really not an expert in this particular 
field. Be absolutely sure that the person who is going to come in and make 
the study is well-qualified because you are buying his opinions and they will 
be no better than his qualifications. This person should have several years' 
experience in the punched card data processing field and have a reputation 
in the installation of successful machine systems. A few machine classes Simply 
do not make anyone an expert and it is dishonest for these pseudo-experts 
to pass themselves off as specialists. 

There are many competent people available but there are many incompetents 
also. A consultant should be selected with care. 

To give an example of the qualifications which are frequently required, 
let us take the case of a "feasibility study." This is a term that has sprung 
into general use since the advent of electronic computers. It refers to an 
extensive study which is made of a company's systems to determine where 
improvements can be made. The study is usually begun with the thought of 
determining whether it is feasible for the company to get an electronic com­
puter. It frequently happens, however, that a feasibility study reveals the 
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impracticality of a computer for the particular systems involved and conven­
tional punched card equipment, accounting machine equipment or even con­
tinued manual systems are recommended. Assuming that the recommendation 
is made to get computers or conventional punched card equipment, the 
question then becomes which equipment to select. 

The persons selected to make a feasibility study should have several quali­
fications. They must be expert systems people because the existing systems 
must be thoroughly explored and understood by them. A systems background 
will enable them to spot weaknesses in the existing systems and recommend 
improvements. 

They must have a thorough knowledge of the various functions of a com­
pany and how each fits into the overall operation. The operations of engineer­
ing, manufacturing, finance and other activities must be understood individually 
and as they fit into the integrated whole. They must understand the philos­
ophies and goals of the company's management and be able to inject these 
into the integrated systems wherever pOSSible. 

They should know a great deal about the various types of equipment and 
its capabilities. Otherwise" they will not be able to intelligently recommend 
the best equipment for the company's individual needs. 

They must assume an objective point of view and approach each problem 
from the viewpoint of management. Patience must be one of their virtues 
because feaSibility studies frequently require several man-months to com­
plete, and the more involved ones can require several man-years. 

Of course, the people assigned to a feasibility study team are expected to 
be able to get along well with others and possess the necessary tact and 
diplomacy to accomplish their task without arousing personnel problems and 
creating ill-will toward the action being undertaken. 

No one person could possibly possess all of these qualifications. Manage­
ment is usually hard pressed to find any suitable personnel within its own 
company who can be released from their present duties to conduct a feasibility 
study. This is the reason why outside help is frequently obtained. This is not 
to imply that a consulting firm possesses all of this talent in one man, but 
they do have people who specialize and have made it their life's work. On 
larger studies, several people may be used to work along with personnel in 
the company. On smaller studies, management may want one person to come 
in and coordinate the study through a rapid, well-organized plan of action 
which will arrive at a conclusion with the least possible disturbance of present 
operations and personnel. In any case, the person conducting the feasibility 
study must have a variety of unique talents and a varied background. This 
type of person is most likely to be found in a reputable consulting service 
organization. 

A company desirous of obtaining outside assistance should first determine 
exactly what it expects and then investigate the various types of consulting 
firms. One should be selected which has a good reputation in the specific areas 
in which assistance is required. 

The best way to ascertain the capabilities of the various data processing 
consultants in each locality is to contact various companies who have used 
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their services and get their recommendations. The companies contacted should 
be those who required data processing recommendations; it would accomplish 
little to find that a given management consulting firm had an excellent reputa­
tion in the engineering field. The important thing is, what was their record in 
the data processing field? 

If it is impossible to gain this information from other companies, the next 
best thing is to contact a few consulting firms and inquire concerning their 
capabilities in the data processing area. Naturally, the information received 
will be much less objective. By sifting the facts from the sales talk, it may be 
possible to select a competent consultant on this basis. 

It is usually not necessary to sign a contract when engaging for consulting 
services as far as the consulting firm is concerned; however, in some cases 
the company or organization may require that a contract be signed, particu­
larly in government organizations. If the consultant's work is unsatisfactory, 
it would be of little benefit for the company to have a contract which would 
require the completion of the job. The consulting firm does not usually want a 
signed contract any more than would any other professional group, such as 
lawyers or doctors. It is customary, however, to furnish a letter of agreement 
which includes the work to be performed, estimated fees and target completion 
date. 

Many different fee arrangements are used. The fee can be on an hourly, 
daily, weekly or monthly basis. The multiplication of the fee by the time 
required to do the engagement is the cost to the client. Other expenses such 
as travel, if required, can be either included in the fee or billed separately. 
There should be a clarification of this point if extra expenses are involved. 
This would be especially true where a company has two or more widely 
separated locations which the consultant must visit. In this case the cost 
of travel, per diem, etc. should be billed separately to the client at a pre­
determined rate. 

It is not advisable for a company to pay a data processing consultant on 
the basis of savings that are realized as a result of his study. While this seems 
to have some merit on the surface, it has been found to be unworkable in 
most cases. The difficulty arises in ascertaining how much savings came as a 
result of the consultant's recommendations as opposed to company personnel 
suggestions. The intangibles involved and the possibility of open disputes over 
who should receive recognition for which savings make this plan unworkable. 

When the services of a data processing consultant are required, it is not 
advisable to get estimates from several different firms. The reputable firms 
operate on a professional basis and practice a strict code of ethics. The im­
portant point is to select a well-qualified reputable firm. This does not mean 
that only the large nation-wide firms are acceptable. There are many small 
firms that are just as reputable and may have representatives in certain localities 
that are more competent. 

Cost, while important, should not be the major consideration. When buying 
opinions, the qualifications of the consultant and the integrity of his firm 
are far more important. A reputable firm "vill give a cost estimate based on 
the maximum length of time that the engagement will require and every 
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effort will be made to complete within that length of time. When competitive 
estimates are solicited, an unethical firm has the advantage by presenting a 
minimum time requirement to complete the assignment. If the unethical firm 
receives the assignment, he must then skimp on the work or persuade the 
client that unforeseen circumstances have arisen which will require more time. 
Consequently, either an unsatisfactory job will result at the lower cost or, 
if allowed to spend more time, the unethical firm will end up costing just 
as much, or more. than the competent, ethical firm would have cost. 

Utilizing the Consultant 

Once an agreement has been reached and a data processing consultant is 
on the scene, utmost cooperation should be shown to him. It is in the best 
interests of the company that he be made aware of the company's problems 
as quickly as possible. He will have many questions to ask which are designed 
to penetrate to the core of the company's operations in the shortest possible 
length of time. The personnel with whom he is put in contact should be those 
best qualified to answer his questions. 

If there is an existing punched card data processing department, there will 
undoubtedly be very deep penetration into its activities. It will behoove this 
department to have available a list of all reports issued and their distribution 
(the names of persons and the departments to whom the various copies of 
the reports are sent). Sample copies of all reports will probably be required 
also. An up-to-date organization chart of the department which includes all 
data processing personnel, their classifications, rates of pay and the shift on 
which they work will be required as well as any machine utilization records 
that are available. 

When a data processing consultant has made a study and submitted a pro­
posal, it is sometimes practical to retain the consultant to implement the plan 
provided it receives the approval of management. If competent personnel are 
available within the company, this probably will not be necessary. If man­
agement accepts the proposal and wants to insure its successful implementation 
but is in doubt concerning the ability of its own employes to accomplish 
this, then it logically follows that the consultant who made the recommenda­
tions be retained for the implementation. 

Many good plans have been spoiled by poor implementation. Expert advice 
is needed just as much in installing a new system as was needed in originating 
it. If the recommendation is to mechanize a system or application, a rather 
drastic change in systems will result. Personnel must be oriented, machines 
and supplies must be ordered, forms must be changed and countless other 
details must be taken care of, especially when a punched card data processing 
department is being installed. In this case, it may be wise to hire a competent 
manager for the new department long before the machines are installed to 
do the necessary systems work and take care of the many details required. 
If a well-qualified manager cannot be obtained, then consideration should be 
given to the retention of a data processing consultant to guide the intricate 
installation of the new department and assist in getting the first few applica­
tions converted from manual to punched card systems. Consultants retained 
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for this purpose do not nOlmally assume line authority in the company; that 
is, they do not actually give orders, but merely advise and recommend how 
and when to take the necessary actions. The company's employes should do 
the actual work. The consultant's responsibility is to train, counsel, advise 
and guide the company's employes. 

It is obvious that the cooperation of the firm's personnel is essential be­
cause, in the final analysis, they are the ones who must actually make the 
system work. The company's management can pave the way by keeping its 
personnel informed of what is happening and what the future plans are. One 
of the greatest handicaps that a consultant can encounter is resistance from 
the people with whom he must work. 

Another service furnished by some of the larger consulting firms consists 
of highly technical advice. In the field of data processing, this type of service 
might be utilized where a «special purpose" type machine is needed that does 
not exist. This group of highly-trained technical people (most of whom are 
Ph.D's) will develop the desired machine. In other areas, they may analyze 
a company's product to determine why sales are not meeting expectations. 
They will even re-engineer the product, if necessary, and improve its weak 
points. They will assist in developing new markets, even in foreign countries. 
These services are quite expensive but some of the results achieved have been 
quite good returning their investment many times over. 

In conclusion to this section on data processing consulting services, Article I 
of the Association of Consulting Management Engineers, Inc. Code of Ethics is 
quoted.~ 

«We recognize that the practice of management consulting is a pro­
fession and that the chief characteristics of the professional approach are 
objectivity and integrity. The true professional assumes responsibility for 
seeing that the client benefits from his services, and the amount of his 
financial return is not the principal measure of success." 

Processing Services 

Punched card data processing services are performed by a wide variety 
of different organizations. These different organizations have at least one 
characteristic in common and that is that they process data and issue reports 
for other companies by utilizing punched card equipment. 

Some of the different types of organizations engaged in this business are: 
1. Large nation-wide companies with branches in most of the principal 

cities. 
2. Medium-sized companies with a few offices localized in a small section 

of the country. 
3. Small single-location companies. 
4. Companies engaged in other types of business who gain extra revenue 

by renting time on the equipment in their punched card data process­
ing department. 

*Professional Practice in Management Consulting by Association of Consulting )Ianage­
ment Engineers. Inc. 
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Service bureaus bring the advantages of punched card data processing with­
in the grasp of virtually any company regardless of its size. The services 
performed are paid for on the basis of the time required to perform them. 

Why do companies use service bureaus? 
Some companies, because of their limited size or type of activity, simply 

do not have sufficient applications to justify their own punched card data 
processing department. Yet, they may have one or two applications such as 
payToll and labor distribution which are ideal punched card jobs. The source 
documents can be sent to a service bureau and the pay checks and labor 
distribution reports will be prepared on punched card equipment. Thus, the 
small company reaps the benefits of the most up-to-date data processing 
equipment plus years of experience by qualified people which would be 
completely uneconomical and impractical for them to attempt to achieve 
wit.~in their own company. 

One of the most frequent uses of this type of service is to process seasonal 
and peak load work. Many companies are faced with an abnormal amount of 
data to process at certain times of the year. Food processors are busiest during 
the harvest season, distribution companies can require yearly sales analysis 
reports and many companies have yearly inventories. 

Each of these has a tremendous amount of data to process at one time and 
it usually must be performed on a rather tight schedule. This creates a 
problem, even in companies with their own punched card equipment, because 
it is usually fully utilized with the regular jobs which must continue to go 
out on schedule. The service bureaus offer an ideal solution to this problem 
because they can handle the peak load work without disrupting the company's 
regular operations. Without this type of outside assistance, chaos can result 
and the result could be much more expensive than if the job had been 
"farmed out." 

One of the complaints frequently voiced about punched card data process­
ing departments is that the costs are difficult to control. There are machines 
involved, extra shift rental, personnel, supplies, etc. There is a tendency for 
these departments to grow and grow as one report after another is added. 
If the machines are available and a report is needed, it alone does not cost 
the company anything to mechanize. This is a common vein of logic which 
is used by people desiring to have their own work performed by machines. 
It is true only to a point; at some time a saturation point is reached, at which 
time additional costs must be incurred. This frequently happens in expanding 
companies. Increased volumes of data on all applications soon use up all 
available machine and personnel time and force significant additional costs. 
When this saturation point is reached, it is very difficult to screen out the 
"marginal" applications and stop doing them to avoid incurring additional 
costs. Conversely, it frequently happens that reports can be discontinued but 
no savings to the company is apparent because the same amount of money 
is being spent for personnel and machines. 

By using the service bureaus, the exact cost of each job can be determined. 
Before an application is mechanized, the savings can be compared against 
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what it will cost. The picture is much clearer. If it costs more to have it done 
outside, it is probably better to continue with the present method unless other 
factors such as better controls or schedules affect the difference in cost. Like­
wise, whenever a report is no longer needed it can be dropped and imme­
diate cost savings will result. 

Naturally, this flexibility which a company has by using these processing 
services becomes impractical when the cost conSistently exceeds the cost of 
having one's own punched card data processing department. There are also 
disadvantages of having work performed outside the company which must 
be considered. These will be discussed later in this chapter. 

Companies with significant fluctuations in their general economy should 
consider doing their work at a service bureau because the cost varies directly 
with the amount of work being performed. Immediate cost savings can be 
realized when austerity demands it by dropping reports and redUcing volumes. 
Rapid expansion is possible as the economic pendulum swings the other way. 
Reports can be added as they are needed and can be afforded. This control 
over expenditures is exceedingly difficult with a punched card data processing 
department because many of the costs are fixed and switching equipment and 
personnel to keep pace with the economic picture is difficult and expensive. 

Some executives are inclined toward mechanization and its advantages but 
they desire to move with caution. They want to see it work on their own 
jobs before they will commit their company to an installation of equipment. 

The service bureaus offer these executives an opportunity to test out their 
own jobs. This gives a company the advantage of expert advice and assistance 
immediately. It also gives them a chance to get their problem application 
mechanized and work the "bugs" out of it. It further familiarizes their em­
ployes with some of the principles and peculiarities of punched card data 
processing. All of this paves the way and makes for smoother sailing when 
and if they decide to install their own punched card data processing de­
partment. 

In the event that the application should prove to be unsatisfactory, it is a 
great deal less expensive to return to the original system than it would be to 
"scrap" a punched card data processing department. 

Surprisingly enough, a great deal of the work performed by service bureaus 
is for companies which have their own punched card data processing depart­
ment. This is usually for a peak-load type project. These departments are 
frequently loaded to capacity with regular work and large special jobs are 
sent outside the company because it costs less than overtime would cost or 
because the company simply does not have adequate equipment or sufficient 
personnel to handle the job. If the job which arises is a large one-time opera­
tion or if it is a peak-load caused by an abnormal volume of data which is 
considered to be temporary on a regular application, it is well to consider 
getting assistance from a service bureau. If, however, the abnormal volume is 
expected to extend over a long period of time, or if the job is expected to be 
repetitive on some semblance of a scheduled basis, it may be well to con­
sider an expansion of the punched card data processing department. 

The supervision of the data processing department has a responsibility to 
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study each work load problem as it anSlS and make recommendations to 
management for the best course of action to follow in each individual case. 
The supervision must exercise judgment and prudence in maintaining an 
efficiently-operated department that has a proportionate balance of personnel 
:;.nd equipment to work load. If sufficient machines and people are kept 
available to handle peak loads, then the department will operate inefficiently 
during a normal work load period. Obviously, this is not economically sound. 
Sound management dictates that only enough equipment and personnel will 
be maintained to process the normal work load. 

Peak loads can then be sent to a service bureau for processing without 
disrupting the normal work flow. Sometimes the additional work can be 
absorbed by overtime. The smaller special jobs and temporary abnormal 
volumes of work on existing applications can often be easily processed by 
working extra hours. There are many disadvantages to overtime which tend 
to make it impractical for prolonged periods. It cre:..tes a strain on the per­
sonnel and affects the quality of the regular work. It may also cause excessive 
absenteeism which nullifies the effect of the time gained by working overtime. 
It is also much more expensive (usually 50 per cent more) and tends to be 
less productive because people are tired from working their regular hours 
and, consequently, operate less efficiently. The machines, of course, do not 
tire and cost nothing extra for overtime worked in addition to a normal work 
shift. Prolonged overtime may affect the equipment by increasing the amount 
of maintenance required to keep it functioning properly. 

These factors must all be considered in determining how to process peak 
loads. The supervisor of the data processing department must carefully weigh 
the pros and cons of each individual case and make a decision in the best 
interests of the company. The fact that service bureaus exist and are available 
for just such work on a short notice gives supervision more flexibility and an 
opportunity to serve the company better. 

Many service bureaus operate on a 24 hour day - seven day a week basis. 
This makes overnight and week-end service available on those special jobs that 
require immediate action. They usually have sufficient equipment and per­
sonnel to handle virtually any sized job. The larger service bureau companies 
have the further fleXibility of being able to spread the extra large jobs out 
over several branches. 

Another reason why a punched card data processing department might 
use the services of a service bureau is because of excessive absenteeism. Illness 
sometimes strikes several persons in a department rendering it virtually in­
operative. Since this type of person is skilled, it is usually impossible to obtain 
people on a temporary basis. Many service bureaus will send experienced 
people into a company to operate equipment and process applications as 
well as processing work in their own installations. It is good to know that such 
a service is available in case it is needed. It is comparable to an insurance 
policy except no premiums are required unless catastrophe strikes and assist­
ance is needed. 

It might be well to emphasize here the importance of having well-written 
up-to-date procedures. This type of assistance is virtually impossible without 
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adequate procedures to follow. It would be almost useless to bring anyone in, 
regardless of their experience and capability, and expect them to process your 
work if good procedures do not exist. No pretext is made that this is an easy 
solution to the problem. Even with the best of procedures, it would be difficult 
for experienced personnel to come into your department and begin issuing 
reports unassisted. In an emergency it would be difficult but possible, especially 
if someone fairly familiar with the work or the reports issued could assist. 
Again, good procedures are a must! 

Sometimes reports are required which cannot be prepared on the equip­
ment which exists in the company. This is especially true of the small installa­
tions which usually have low-capacity equipment. In the larger metropolitan 
areas practically any size and type of equipment is available in one or more 
of the service bureaus in the area. These range all the way from a simple 
numeric key punch to a large-scale computer. 

It has been estimated that 10 to 15 percent of the work now performed on 
conventional punched card equipment could be processed more economically 
on a computer. Undoubtedly much of this work is performed in companies 
which cannot now and probably never will have sufficient volumes to warrant 
a computer of their own. Many of these companies utilize a service bureau 
computer to process their applications which are particularly adaptable to 
a computer operation. This course of action is frequently more desirable than 
an expansion of the company's data processing department. 

Here again, the responsibility of determining the practicability of this 
approach with alternative possibilities lies with the supervision of the data 
processing department. They should be sufficiently familiar with the com­
pany's systems, with their own operations, and with existing service bureaus 
facilities available in the locale to make a wise decision concerning the best 
course of action for the company to follow. This requires a very objective 
approach because the personal ambitions of the supervisor may be involved. 
It is his duty to take a purely objective approach and make a decision without 
regard to his own personal stake. Only in this way can he fulfill his responsi­
bility to the company. 

In commenting on computer service bureaus, John L. Bums, president of 
Radio Corporation of America, had this to say, "The computer service center 
is a kind of electronic gas station where small businessmen can have their 
paperwork serviced while they wait. . . . The day may not be far off when 
it will be as easy for a small businessman to visit a data processing center 
as it is for a housewife to visit a laundromat."~ 

The number of service bureaus which have sprung up is truly amazing. For 
instance, in 1960, the Los Angeles area contained 20 separate companies en­
gaged in processing data punched in cards as their main source of income. This 
does not include dozens of other companies whose punched card data process­
ing departments do work for other companies. Other metropolitan areas have 
a proportionate number. Even relatively isolated areas which contain a fair 
amount of industry frequently have a service bureau available. 

>1<"JO:ln L. BU:!lS on Automation," B:si::lcSS AutcmJt;.0:1, Sept" 1~<;,J. 
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Disadvantages 

One of the principle disadvantages of service bureaus is the physical separa­
tion of the company for whom the work is being performed and the service 
bureau. This creates communications, confidence and delivery problems. The 
telephone helps alleviate some of the communications problems but it certainly 
is not as advantageous as having the equipment available in one's own com­
pany. The physical separation creates problems of getting the source data to 
the serlice bureau and picking up the completed reports. The degree of 
inconvenience which this creates varies with the work being performed, the 
number of trips required, the efficiency of the application, the distance 
that must be traveled, and the personalities involved. The expenses gener­
ated because of this physical separation such as mileage to pick up and 
deliver, cost of person's time making trips, etc. should be added to the 
service bureau's charges in evaluating the feasibility of this type of an 
arrangement. 

The fact that source documents must be relea3ed can be a problem. Refer­
ence to source information is virtually impossible while it is being key punched 
by a service bureau. Documents leaving the company can be especially trouble­
some where government confidential work is involved such as is frequently 
found in companies engaged in government contract work. 

This problem is sometimes solved by the rental of key punches and verifiers 
and recording all data in punched card form before it is sent to a service 
bureau. Since these are relatively inexpensive machines, this often proves to 
be the most economical, especially when weight is given to the retention of 
source documents within the company. 

Another disadvantage frequently voiced is that so:ne service bu:-eaus do 
not get work out on schedule or that the reports which are issued are in­
correct in some manner. This is very unfortunate sin'2e these organizations 
pose as experts at this type of operation. As in every other type of business 
there are some who are not well qualified. It is ahvilVs advisable to mect and 
investigate the persons managing the service bure~u. Do they have gO'Jd 
reputations in their field? Are they well qualified? Are other customers satis­
fied? This is a very competitive field. In mo~t area" there is more than one 
service bureau to choose from. Only a well-qualilicl one is worthy of a 
company's contract. 
This does not mean a well-qualified service bure:m will never issue a report 

late and will never make a mistake. Everyone is h:.1man and errors will occur. 
Some people, however, are more conscientious a:1d will establish controls to 
assure a reasonable degree of accuracy. This is why it is well to investigate. 
Extremely low prices are suspect. rhis is freque::.1tly an indication of poor 
quality. Low prices are inconsistent with the salaries expected by qualified 
operators and with the cost of adequate controls and balancing operations. 

Of course the disadvantages just expressed are not unique with service 
bureaus. It can also be found in data processing departments within companies. 
It does seem more alarming, however, when found in a service bureau because 
this is a company exclusively engaged in this type of work and selling its 



224 Principles of Punched Card Data Processing 

services at a profit. It behooves such a company to maintain a competent 
staff because it is posing as an expert in this field. The personnel found in 
punched card data processing departments are frequently not real experts in 
the field. In fact, they may be quite inexperienced in managing installations 
of this type. They are there because the company cannot afford to pay the 
wages required to obtain an expert or because an expert could not be found. 
The management of a service bureau is expected to be of a high calibre. The 
success of their company depends upon them. They should be thoroughly 
qualified and should be paid accordingly. In fact, the availability of this out­
standing talent is one of the advantages of using a service bureau; it is possible 
to obtain expert advice and assistance in developing mechanized systems. 

Methods of Charging 

There are numerous methods of charging used by service bureaus. All of 
these have as their basis the time required to process an application through 
each machine. The hourly rate of each machine is different because the rental 
paid by the service bureau to the equipment manufacturer varies. When a 
service bureau is making an estimate of the cost to perform a potential job, 
they must first flow chart the entire operation step-by-step. The time is then 
developed which will be required for each step. This varies with the volume 
of cards, amount of machine set-up time required, handling time, etc. Charts 
are available which indicate the processing speed of each machine. Experience 
dictates the amount of time to allow for variables. Once the time has been 
inserted for each step based on a predetermined volume of cards, it is extended 
by the charge for the machine used. The charge includes machine cost, opera­
tor's salary, overhead, and profit. 

The costs of all steps are then added together for a total cost to perform the 
job. This is frequently quoted on a "per thousand card" basis. This means 
that the customer pays the estimated amount for each one thousand cards 
processed on the "per thousand card" basis. 

Some estimates include the costs of supplies such as cards and paper, others 
do not. This should be specified in the contract which is signed between the 
service bureau and the customer. Other charges which can be indicated 
separately or pro-rated over several months' fees are the costs of setting up the 
job such as wiring control panels, writing procedures and assisting in systems 
work for the customer. 

Some customers want their own control panels wired because they con­
template having their own installation some day or they may already have it 
and furnish the panels for the job. Other customers have their applications 
wired on panels owned by the service bureau. 

It is obvious that the costs of service bureau work are not cut and dried. 
The person estimating the cost must be well-qualified to arrive at a fair bid 
to both the customer and the service bureau. When getting bids, it is usually 
wise to contact two or three different reliable service bureaus if there are 
that many available. Each bid must be analyzed to be sure that all contain the 
same things. Obviously a bid which contains only processing costs would be less 
than one \"hich includes material cost or control panel wiring changes. This does 
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not imply that it is wise to scour the area for the lowest bid. Quality is ex­
tremely important and the service bureau which can give quality and good 
scheduling at a reasonable cost may be better than the lowest bid which, out 
of necessity, shortcuts controls and good operating techniques. 

Another method of charging used is to keep a record of the time on each 
machine used and to charge the customer an hourly rate for each machine 
which is the same rate used in estimating. Supplies are charged on top of this 
or the customer can furnish his own. Under this method, the customer can 
make all of the changes that he wante;; to or get special jobs and extra opera­
tions performed at will without changing the contract. The more work the 
customer creates, the more it costs him. Under the card volume type of con­
tract, it is not as flexible because changes are not built into the estimate and 
the cost of changes would eat away the profit for the service bureau. Con­
sequently, added work or changes to existing jobs usually requires a change 
to the contract. 

This method places a certain amount of trust in the service bureau to keep 
time properly and to always have competent people working on the applica­
tion. This is not as difficult to control as it might seem, especially if an estimate 
has been submitted at the time the job is started and each bill is compared 
with the prior month's bill for each application. Requests for changes should 
be made in writing and filed with the bills received from the service bureau 
to substantiate the increased costs which they generate. 

Many service bureaus try to standardize certain applications to give their 
customers a better price. This usuallv requires that the customer sacrifice 
something that he w~nts for the sake of staddardization which results in lower 
cost to him. Common applications for standardization are payroll and labor 
distribution. One service bureau could have ten different customers whose 
payrolls vary from 25 to 500 employes each. The payrolls and labor distribu­
tion reports for these ten companies are processed together giving each com­
pany the benefit of increased efficiency by a volume operation. The same 
procedure is fo!lo,,'ed and the same control pan.els are used thereby eliminating 
the usual set-up costs. At the point of writing paychecks, the cards are sorted 
apart by customer code number and each customer's paychecks are listed on 
that company's paycheck IOlID. The layout of all of the paychecks are the 
same so that the same control panel is used for all ten sets of paychecks. 
Only the company name, bank name and number and signature is changed to 
suit each company. 

This standardization reduces systems work, control panel wiring, cost of 
control panels and wires, and handling time. There is a customer code number 
punched in the cards so that they can be segregated on the Sorter at any 
time. Under this standardized system the labor distribution, paychecks, payroll 
register, deduction registers, quarterly payroll reports, and W-2 statements 
can be prepared much more economically than if each company had its own 
peculiar system. 

Any company, regardless of size, which has one or more systems that 
require considerable clerical time should investigate the possibility of utilizing 
this type of service. There is no cost to investigate and it is a good method of 



226 Principles of Punched Card Data Processing 

obtaining professional advice. A service bureau representative will examine a 
company's operation and advise whether mechanization appears practical. 
If desired, a study will be made and an estimate submitted which can be 
analyzed and compared with present costs. Even if the decision is against 
mechanization, some benefit is usually derived from a systems survey by an 
outside party. 

End of Chapter Questions 
1. What are the two types of services offered in the data processing field? 
2. \Vhy does the management of a company use the services of a consultant? 
3. \Vhat is the primary consideration when arranging for a consultant? 
4. Where can data processing consulting services be obtained? Which is the 

least objective? 
5. What are some of the problems for which data processing consultants 

are employed? 
6. How does a data processing consultant produce substantial net savings 

to his client? When might he fail to do this? 
7. What is the most common pitfall in employing a management consultant 

to solve data processing problems? 
8. What qualities does a well-qualified data processing consultant possess? 
9. How can the qualifications of a data processing consultant be checked? 

10. Why is a signed contract of little value? 
11. Why isn't it advisable to pay a data processing consultant on the basis 

of savings realized from his effort? 
12. Is it advisable to get estimates from several different firms? Why? 
13. What consideration should be given to cost? 
14. What information should be presented to a data processing consultant 

at the time he begins his study? 
15. What are the consultant's responsibilities to the company's employes? 
16. What are the chief characteristics of the professional approach? 
17. What types of organizations perform data processing services? 
18. Why is the term "service bureau" applied to data processing service 

organiza tions? 
19. Why does a company have work performed by a service bureau? 
20. When does the cost of using a service bureau become impractical? 
21. What are the advantages of using a service bureau? Disadvantages? 
22. When do companies with their own data processing department utilize 

the services of a service bureau? 
23. Why is it advisable to have clear procedures in the data processing 

department? 
24. What methods of charging for their services are used by service bureaus? 
2.5. What are the advantages of "standardized" applications? Disadvantages? 



CHAPTER 14 

The Future - A Challenge 

What does the future hold for punched card data processing? 
It has been stated that someday the punched card will take its place in the 

Smithsonian Institution alongside the notched stick. This may be true. The 
ever-increasing volumes of data to be processed clamor for a faster method of 
recording, processing and reporting. 

In the meantime the economies offered by the slower series of machines 
offered by equipment manufacturers will make possible a more universal 
use of punched card equipment. The low cost of this equipment makes it 
possible to bring the advantages of data processing into the smallest companies. 
The day is rapidly approaching when data processing will be universally 
accepted as an integral part of business organizations just as purchasing, sales, 
accounting and engineering are considered integral functions. 

The significance of data processing in the business and industrial world 
has made great strides in the past decade, and there is every indication that it 
will be even more phenomenal in the next 10 years. An ever-increasing number 
of companies are elevating the data processing department to a staff position 
directly under the general manager or executive vice president. Many managers 
of data processing departments now have the title of vice president, especially 
in insurance and financial institutions. The elevation of this department permits 
it to service the whole company, not just a segment of it. It is an accepted 
fact that whenever this service department is placed under another function, 
that function will invariably get the greater share of the service. This is natural 
because each department tends to exploit the resources at its command and, 
of course, the data processing people are human - they are anxious to please 
their boss. This combination often results in marginal applications being 
mechanized while more fertile areas in other departments remain untouched. 
Elevation of the data processing department a high level in the company 
facilitates its utilization for the welfare of the whole company. 

Another trend in the development of data processing is to centralize data 
processing functions within the data processing department. Exponents of 
this theory contend that the operations of processing data, whether manual, 

227 



228 Principles of Punched Card Data Processing 

mechanical or automated, are a science in themselves and can be performed 
more efficiently by specialists in this field. The processing of data is extracted 
from the various departments of a company and assigned to the data process­
ing department. This relieves production control people of paperwork and 
allows them to concentrate on production control, sales people can concentrate 
on selling, etc. The duplication of data processing functions that is so prevalent 
in most companies today would be abolished because the processing of data 
would all be performed within one department. Likewise, systems improve­
ment would be easier because of the elimination of departmental barriers. 

This theory certain1y has a 10t of merit and is s10wly gaining in popularity. 
Many small companies have been operating this way on a limited scale for 
years, especially in the operation of payroll and accounting. Some larger 
companies are now experimenting in limited areas and it seems to be working 
satisfactorily. One of the problems encountered is the wide variety of talents 
that must be assembled under one manager to process the gauntlet of data 
that circulates through a company. 

Unquestionably, the greatest advancement in the field of data processing 
as a whole and specifically in punched card data processing was the invention 
of the electronic computer. In fact this has been proclaimed by some to be 
one of the greatest achievements of the 20th century. It is certainly true that 
many of the scientific advancements of our century would have been extremely 
difficult and even impossible without the assistance of these machines. 

There have been hundreds of books written about computers and it is 
not our intent to duplicate their efforts here. It is felt, however, that a brief 
introduction will be beneficial to the reader in making him conversant with 
this subject and assisting him to bridge the gap from mechanization to automa­
tion of data processing. 

Introduction to IBM Data Processing Systems* 

Technological advance in data processing is fast moving and far reaching. 
What is in the future? No one really knows. The undiscovered ways in which 
data processing systems can probably be used seem almost boundless. With 
each new application, data processing systems have demonstrated still newer 
ways in which they can be used to help man enlarge his capabilities and ad­
vance civilization a little farther. 

In the opinion of some scholars, data processing is not just one more new 
industry or innovation, but a giant step forward in man's utilization of science 
and knowledge as a means to progress. Ultimately, some say, the changes that 
may come in the wake of these developments will prove more momentous 
than those of the industrial revolution. Infinitely more is ahead than is in the 
past. 

Data Processing: 

Data processing systems ordinarily consist of a combination of units includ­
ing input, storage, processing and output devices (Figure 69), They are 
deSigned to handle business or scientific data at electronic speeds with self-

*Reprinted from Introduction to IBM Da/;(t Pl'ocessiilY Systems" (c) 1960, by Interna-
national Business Machines Corporation, 
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Figure 69-IBM 7090 Data Processing System 

Figure 70-In-manufacture Test of Large-scale IBM Data Processing System 

checking accuracy. The key element of these systems is the processmg unit, 
a high-speed electronic computer. 

These electronic data processing systems are a post-World War II innova­
tion. Within two decades, they have progressed from experimental laboratory 
equipment to machines whose capabilities are exceeded only by the range of 
applications to which they can be put (Figure 70). 

Machines are devised by men for a purpose. In the case of data processing 
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machines, the purpose can be expressed simply: they offer man a means to 
increase his productivity. 

They do this in two ways. First, they enable man to increase his output 
per hour and the quality of his output; this is true whether it be in research, 
production, problem solving, or the distribution of goods and services. Second, 
these machines increase productivity by encouraging careful and intelligent 
planning. 

Data processing machines came into being primarily to meet the increasing 
need for information under increasingly complex conditions. High-speed data 
processing machines were not essential to the agricultural economy of a century 
ago. If they were, much greater effort would have gone into their development 
at a much earlier date. For while electronic techniques are new, the concept 
of automatic data processing is not; others perceived it more than a century ago. 

As a manufacturing economy developed during the 19th century, it became 
clear that expanded markets would require mass production techniques. 
Machinery was introduced to increase productivity. It became possible to 
tum out more and more goods with less human effort. The work week 
shortened. Wages and profits went up. Benefits spread throughout the whole 
economy. 

During the last quarter century, further changes have taken place. In 
many respects, they are as Significant as the changeover from an agricultural 
to an industrial nation. Science has moved into the forefront of human activity. 
Research has grown to a multibillion dollar a year undertaking. New tech­
nology has provided a new impetus for corporate growth. Service industries 
have multiplied. Patterns of consumer spending have changed. 

As these changes gained force, they manifested themselves in many ways. 
Informational needs greatly increased. Data assumed new importance. Clerical 
tasks multiplied. Paper-handling tasks appeared as if they would overwhelm 
all productive activities. 

Today, more people are engaged in the handling, processing, and distribu­
tion of goods and services than are engaged in their production. One dollar 
out of every eight in wages and salaries in the United States now goes to a 
clerical worker. White-collar workers in manufacturing industries have in­
creased by more than 50 percent in the past 10 years, while employment 
in all manufacturing has increased by only six percent. 

Despite these fundamental changes in our economy, clerical mechanization 
has not kept pace with production line developments in the factory. 

Great opportunities and challenges lie ahead. An example of what can be 
done is the development of magnetic character senSing for the banking 
industry. The estimated 10 billion checks that circulate annually in the United 
States present a staggering task in data handling for banks. Each check drawn 
on a bank must be handled at least six times before it is cancelled and returned. 
Even when, business machines were- introduced to handle part of' this chore, 
operators were needed to transfer data from the checks to a form in which 
the data. could be used by the machines. 

Magnetic character sensing,. developed by .computer manufacturers in co­
operation with the American Bankers As~ociation (ABA), permits data to 



The Future - A Chaiienge 231 

Figure 7l-Magnetic Character Sensing 

be read directly by both man and machine (Figure 71). By agreement among 
computer manufacturers, check printers, and the ABA, banking documents 
such as checks, deposit slips, and debit and credit memos can be printed in 
magnetic ink. Printed information about the bank of origin, depositor's account 
number and other essential data can be read directly by the machine. Only 
the specific amount of each check or deposit slip need be recorded on the 
document in magnetic print. And this need be done only once by an operator 
to process the document through its whole routine. 

In addition to the growing need for mechanization of clericai routines and 
management procedures, there is the tremendously expanded need for data 
processing to match the new rate of technological growth and scientific re­
search. The demands for information are enormous. More and more, data 
processing systems are depended on for information to run enterprises, ad­
minister institutions, direct research and plan endeavors. 

Regardless of the product or problem, the nature of the enterprise or institu­
tion, wherever there is need for information upon which human· judgments can 
be based, there may also exist a need for a data processing machine. 

The Growth of IBM Data Processing: 
Although data processing equipment is a tool of astonishing versatility, the 

automatic processing of data is so recent that only 30 years ate.needed to 
trace its biggest period of growth. 

Punched cards were introduced during the census of 1890, but the data 
processing' industry, as recently as 1930, amounted to little more than a 
fledgling, although a . lively one. 

Thre~ significant achievements appeared in the late 1920's and early 1930's. 
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The first was a punched card that provided 80 columns of information - almost 
twice the capacity of the older 45-column cards. The second was the automatic 
multiplier; previous machines had been able only to add or subtract. The 
third was the alphabetic accounting machine. Modest though these improve­
ments might seem in the light of current technology, they represented sub­
stantial advances in the speed, versatility, and usefulness of business machine 
systems. 

Most of the development in the middle 1930's came in punched card 
equipment and in key driven accounting machine systems. In the postwar 
years, long after electronics had profoundly changed the industry, these electro­
mechanical developments continued and new devices appeared from year to 
year. Far from side-tracking electromechanical developments, the new com­
puters gave fresh impetus to advances in this field. 

For example, before the appearance of electronic data processing machines, 
it was thought that 150 lines per minute was maximum for a printer. Today, 
many electromechanical printers print 500 lines per minute; some go as high 
as 1,000. 

World War II caused a swift change of pace in data processing develop­
ments. Much of the momentum came from the urgent demands of science 
which was suddenly put to work on an unprecedented scale developing new 
weapons. In aircraft design and ordance development, new and prodigious 
requirements for data were encountered. And as work got underway on the 
atomic bomb, scientists found themselves faced with new dimensions in calcu­
lation. 

Both here and abroad, the first two large scale computers were developed in 
university laboratories. The earliest, the ENIAC, came from the University of 
Pennsylvania; Europe's first, the EDSAC, came from the laboratories of 
Cambridge University in England. 

In these machines, the switching and control functions, once entrusted to 
relays, were handled by vacuum tubes. Thus, the relatively slow movements 
of switches in electromechanical computers were replaced by the swift motion 
of electrons. By this changeover, it became possible to increase the speed 
of calculation and perform computations 1,000 tirries as fast as before. 

Almost concurrently with the use of electronics came another major develop­
ment that was to widen the capabilities of data processing systems and expand 
their opportunities for application. This advance is embodied in what is called 
a stored program computer. At the start, machine instructions were programed 
on interchangeable control panels, cards, or paper tapes. Detailed instructions 
had to be wired in or read into the machine as the work progressed. Data 
put into the computer were processed according to the instructions contained 
in these preset devices. Only in a limited way could the computer depart from 
the fixed sequence of its program. 

It soon became apparent that these programing techniques inhibited the 
performance of the computer. To give the computer greater latitude in work­
ing problems without operator assistance, scientists proposed that the computer 
store its program in a high-speed internal memory or storage unit. Thus, it 
would have immediate access to instructions as rapidly as it called for them. 
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With an internal storage system, the computer could process a program in 
much the same way that it processed data. It could even be made to modify 
its own instructions as dictated by developing stages of work. 

The earliest computer to incorporate this feature was completed in 1948. 
Subsequent computers extended the principle until it became possible for a 
computer to generate a considerable part of its own instructions. 

Because the computer is capable of making simple decisions, and because 
it is capable of modifying instructions, the user is relieved of a vast amount 
of costly and repetitive pro2:ramin2:. 

The 'early 1950's sa~ th~ intr;duction of medium and large scale data 
processing systems, specifically deSigned to take over the burdensome clerical 
chores that beset so many growing companies. 

Though essentially similar to previous computers in the way they processed 
data, these new business systems differed substantially in various parts of their 
make-up. In scientific research, most problems call for relatively small numbers 
of items to be subjected to intensive machine processing. In business opera­
tions, the reverse is more often true. Here the need is for machines that 
accommodate vast numbers of items while the processing, by comparison, is 
ordinarily quite simple. 

Modifications in these new business systems were addressed to the twin 
problems of input and output. 

Early computers had used punched cards and paper tapes for the input of 
information. Now a method was perfected for storing information as magnetized 
spots on magnetic tape. This new technique provided input speed 50 to 75 
times that of cards. It brought improvement in input, output, and storage. 

After the Korean War, man'sneed always seemed to be one jump ahead of 
the computer's ability to handle the logical and arithmetic labors of his reason­
ing. The demand quickened especially in such fields as nuclear physics and 
space technology where work on the H-bomb and ballistic missiles presented 
problems that put a severe strain on the capacities of existing machines. Still 
more speed was needed. 

A substitute for earlier storage devices appeared in the early 1950's - the 
magnetic core. A magnetic core is a small ring of ferromagnetic material. 
When strung on a complex of fine wires (Figure 72), these cores can be 
made up into a high-speed internal storage system. An array of cores - some 
magnetized in one direction, some in the other - represents items of infonna­
tion. Items in a core storage can be located and made ready for processing 
in a few millionths of a second. 

Almost at the same time, other engineers perfected magnetic drum storage. 
Access time on the drum was substantially slower than that on the core 
system, but storage capacity was substantially increased. And while access 
time on the drum was slower than that of the core, it was faster than that of 
magnetic tape. 

Other conditions peculiar to business led to still more developments. A 
major one is a system that overcomes a problem - batching - often en­
countered in data processing. For example, when magnetic tapes are used to 
store information in a computer, the user must accumulate information in 
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batches before putting it on tape. Otherw.ise, the computer would be pro­
hibitively costly and time consuming. But when this limitation is applied to 
business practice, it means that each item of information can be only as current 
as the batch in which it is bundled for delivery to the computer. In ordinary 
operations, hours and sometimes days may elapse between batches. 

The limitation is compounded when the user calls for the retrieval of a 
piece of information. The computer is forced to search through a long reel of 
information for the piece. Access is slow; time is lost. 

Batching and searching requirements frequently present serious drawbacks, 
even in scientific work. In business, the difficulty becomes much more acute, 
especially in accounting procedures. Here is a requirement that can be met 
only by in-line data processing. 

In-line data processing came with the development in the middle 1950's 
of random access systems, such as the IBM RAMAC® 305. A stack of mag­
netic disks in the RAMAC (Figure 73) stores up to 10 million digits of infor­
mation. The discs rotate at 1,200 revolutions per minute past access arms 
that move quickly to any point of any disc to deposit or retrieve data. 

Meanwhile, continuing developments in pulse electronics and solid state 
physics led to still newer and better components. There are practical limits 
to the size and capacity of a machine operated on vacuum tubes. Tubes are 
bulky; they demand considerable power; they produce heat and create air 
conditioning problems. 

Figure 72-Magnetic Core Plan 
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Figure 73-IBM RAMAO® 305 

In some switching functions, the vacuum tube was replaced by a smaller 
semi-conductor diode that has the advantage of demanding less power. A 
further advance came when tiny transistors were introduced in place of the 
vacuum tubes in the computer. Not only can these transistors be packed into 
smaller units, but they have greater reliability. The changeover to transistors 
is now accomplished. 

Research scientists have already advanced to still further stages in design. 
Some are studying the use of microwave phenomena as a medium for per­
forming computer logic. Others are studying the behavior of materials and 
electrons at extremely low temperatures (cryogenics). 

As always, the objective is to develop a better, more versatile, more useful 
computer - one that will work faster, store more information, demand fewer 
instructions, require less power, and occupy less space. 

The Future: 
Future computers will inevitably introduce changes in the way we work, in 

the way we learn, and even in the way we provide for our armed defense. 
Research even now points the way to some changes which may be nearer at 
hand than we suspect. 

For the moment, computer users are handicapped in communicating with 
these machines. Instructions must be coded laboriously into machine language. 
Instructions conveyed in a few spoken words to a human being may require 
hundreds of logical movements in a computer - and this is a problem because 
the computer must be instructed in each movement. 

The new science of automatic programing seeks to make programing easier 
and more manageable. The goal is to build and program computers so that 
they accept instructions in everyday English. Ultimately, computer scientists 
hope to develop machines that read ordinary printed matter and respond to 
spoken words. 

Soon there will be a common national - or international - machine language 
for computers. With a common language, machines will be designed to operate 
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by the same instructional language. A program generated for one machine can 
then be used by any other; the difficult task of creating a program need be 
tackled only once. Greater cooperation will be possible among users, and 
progress will be speeded in the science of computer use. 

Already there is one significant step forward in the case of machines that 
read. Magnetic character sensing, as previously indicated, utilizes numbers 
and letters printed in a way that can be read by machines as well as man. 

Another development points to further mechanization in engineering design 
work. Computers will eventually assume routine engineering tasks, freeing 
engineers for more productive work. Not too far in the future engineers should 
be able to call on computers for the design of highly complex systems. All that 
will be required is a statement of the engineering problem in mathematical 
equations. The greatest difficulty in achieving this technique is that of stating 
design criteria unequivocally and in a form that can be programed into a 
computer. 

Computers, by 1980, will probably be quite different from today's. Storage 
and processing units as powerful as today's largest may be the size of a tele­
vision set, perhaps smaller. Already there are systems where a single com­
puter serves a number of inquiry stations. Such systems can be expanded to 
produce larger networks and integrate widely scattered business operations. 
Beyond that, it may be possible to query the computer merely by talking into 
a microphone. Eventually, the computers may even be able to answer by voice. 

Among the problems that challenge systems engineers is the paperwork that 
gluts so many administrative channels. Information, they say, can be com­
municated and processed more accurately and cheaply by network-integrated 
data processing systems. Some even contemplate a time when paper bank 
checks will disappear in many transactions. 

Instead of handing an employe his paycheck, a paymaster in 1985 may 
simply instruct a computer, housed in a bank, to credit the employe's earn­
ings to his bank account. 

At this point, a chain reaction begins. The company's account is debited 
by the amount of the paycheck. This information goes to the company's 
accounting machines for processing and storage. Now, assume that the employe 
wants to buy something that costs more than he wishes to pay for in cash. 
The salesclerk asks for identification, a card that identifies the customer to 
the salesclerk and to the computer. The clerk instnlCts the bank computer to 
debit the customer's account by the amount of his purchases. The same amount 
is credited automatically to the store's account. Information on the sale goes to 
the store's computer for processing with sales, financial, and inventory data. 
Periodically, the customer gets a statement on his deposits and computer 
transactions. 

Still other scientists have turned their talents to developing what they 
prophetically call information centers. 

The science of information retrieval by machine is under rigorous study. As 
our society grows, the information it generates will increase; the task of finding 
what one is looking for will become increasingly difficult and time consuming. 

Information centers of the future would collect, catalog, and retrieve infor-
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mation electronically by machine. Queried about a subject, a center could 
provide specific source references, cross-references and subdivisions of subject 
matter. Or, asked a question, it could give a direct answer. 

Such a development would mean immediate access to more information 
than was ever before instantly available. A man might never have the ability 
to know all that he might want to know, but he would have the means of 
finding it as he had need. 

Everywhere the pace of technological advances has quickened. During the 
next 25 yearsj man will journey into space; he may reach the nearest planets. 
He will look about him on earth. He will pose questions and search for 
knowledge. He will make discoveries not yet imagined. 

In such a world and at such a time, man will have greater and more press­
ing need for business machines than ever before. These needs, in tum will 
dictate machine advances. 

The Data Processing System 
Data processing is a series of planned actions and operations upon informa­

tion to achieve a desired result. The procedures and devices used constitute 
a data processing system (Figure 75). The devices may vary; all operations 
may be done by machine, or the devices may be only pencil and paper. The 
procedures, however, remain baSically the same. 
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Figure 75-Data Processing Systems 

Figure 76-Sources of Data 
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There are many types of data processing systems. These systems vary in 
size, complexity, speed, cost and application. But, regardless of the information 
to be processed or the equipment used, all data processing involves at least 
three basic considerations: 
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1. The source data or input entering the system. 
2. The orderly, planned processing within the system. 
3. The end result or output from the system. 
Input may consist of any type of data: commercial, scientific, statistical, 

engineering and so on (Figure 76). 
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Figure 77-Data Processing by Computer 

Processing is carried out in a pre-established sequence of instructions that 
are followed automatically by the computer (Figure 77). The plan of process­
ing is always of human orgin. By calculation, sorting, analysis or other opera­
tions, the computer arrives at a result that may be used for further processing 
or recorded as reports or files of data. 

Functional Units: 
All data processing systems can be divided into four types of functional 

units: input devices, output devices, storage, and central processing unit. 

Input and Output Devices: 
The data processing system requires, as a necessary part of its information­

handling ability, features that can enter data into the system and record data 
from the system. These functions are performed by input-output devices 
(Figure 78) linked directly to the system. 

Input devices read or sense coded data that are recorded on a prescribed 
medium and make this information available to the computer. Data for input 
are recorded in punched cards and paper tape as punched holes; on magnetic 
tape, as magnetized spots along the length of the tape; and on paper docu­
ments as characters printed in magnetic ink. 

The method of recording data for machine use and the characteristics of 
each medium are discussed later. 

Output devices record or write information from the computer on IBM 
cards, paper tape, magnetic tape, or as printed information on paper. The 
number and type of input-output devices connected directly to the computer 
depend on the design of the system and its application. 

Special data conversion operations are associated with all computer systems 
to transcribe information recorded on one medium to another. For example, 
information on punched cards can be transcribed automatically to magnetic 
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Figure 78-Input-Output Devices (Courtesy of International Business Machines 
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tape. This operation may take place on-line, utilizing the computer, or off-line, 
utilizing input-output devices independently. 

Storage: 
Storage is somewhat like an electronic filing cabinet, completely indexed 

and almost instantaneously accessible to the computer. 
All data must be placed in storage before they can be processed by the 

computer. Information is read into storage by an input unit and is then avail­
able for internal processing. Each location, position, or section of storage is 
numbered so that the stored data can be readily located by the computer as 
needed. 

The computer may rearrange data in storage by sorting or combining differ­
ent types of information received from a number of input units. The computer 
may also take the original data from storage, calculate new information and 
place the result back in storage. 

The size or capacity of storage determines the amount of infonnation that 
can be held within the system at anyone time. In some computers, storage 
capacity is measured in millions of digits or characters, providing space to 
retain entire files of information. In other systems, storage is smaller and data 
are held only while being processed. Consequently, the capacity and design 
of storage affect the method in which data are handled by the system. 

Central Processing Unit: 
The central processing unit is the C'ontrolling center of the entire data 

processing system. It can be divided into two parts. 
1. The arithmetic-logical unit. 
2. The control section. 

The arithmetic-logical unit performs such operations as addition, subtraction, 
multiplication, division, shifting, transferring, comparing and storing. It also 
has logical ability - the ability to test various conditions encountered during 
processing and to take action called for by the result. 

The control section directs and coordinates the entire computer system as 
a single multi-purpose machine. These functions involve controlling the input­
output units and the arithmetic-logical operation of the central processing unit, 
and transferring data to and from storage, within given design limits. This 
section directs the system according to the procedure originated by its human 
operators. 

Stored Programs: 
Each data processing system is designed to perform only a specific number 

and type of operations. It is directed to perform each operation by an instruc­
tion. The instruction defines a basic operation to be performed and identifies 
the data, device or mechanism needed to carry out the operation. The entire 
series of instructions required to complete a given procedure is known as a 
program. 

For example, the computer may have the operation of multiplication built 
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into its circuits in much the same way that the ability to add is built into a 
simple desk adding machine. There must be some means of directing the 
computer to perform multiplication just as the adding machine is directed by 
depressing keys. There must also be a way to instruct the computer where in 
storage it can find the factors to multiply. 

Further, the comparatively simple operation of multiplication implies other 
activity that must precede and follow the calculation. The multiplicand and 
multiplier must be read into storage by an input device. This device must 
previously have had access to the record or records from which these factors 
are to be supplied. Once the calculation is performed, the product must be 
returned to storage at a specified location, from which it may be written out 
by an output device. 

Any calculation, therefore, involves reading, locating factors in storage, 
perhaps adjusting the result, returning the result to storage, and writing out 
the completed result. Even the simplest portion of a procedure involves a 
number of planned steps that must be spelled out to the computer if the 
procedure is to be accomplished. 

An entire procedure is composed of these individual steps grouped in a 
sequence that directs the computer to produce a desired result. Thus, a com­
plex problem must first be reduced to a series of basic machine operations 
before it can be solved. Each of these operations is coded as an instruction 
in a form that can be interpreted by the computer and is placed in the main 
storage unit as a stored program. 

The possible variations of a stored program provides the data processing 
system with almost unlimited flexibility. One computer can be applied to a 
great number of different procedures by simply reading in or loading the 
proper program into storage. Any of the standard input devices can be used for 
this purpose, because instructions can be coded into machine language just 
as data can. 

The stored program is accessible to the machine, providing the computer 
with the ability to alter its own program in response to conditions encountered 
during an operation. Consequently, the machine exercises a limited degree of 
judgment within the framework of the possible operations that can be 
performed. 

Console: 

The console provides external control of the data processing system. Keys 
tum power on or off, start or stop operation and control various devices 
in the system. Data may be entered directly by manually depressing keys. 
Lights are provided so that data in the system may be visually displayed. The 
system may also be operated from the console to trace or check out a pro­
cedure one step at a time. 

On some systems, a console typewriter provides limited output. The type­
writer may print messages, signaling the end of processing or an error con­
dition. It may also print totals or other information that enable the operator 
to monitor and supervise operation. 
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Data Representation 

Symbols convey information; the symbol itself is not the information but 
merely represents it. The printed characters are symbols and, when under­
stood, convey the writer's meaning. 

The meaning of symbols is one of convention. A symbol may convey one 
meaning to some persons, a different meaning to others, and no meaning to 
those who do not know its significance. 

Presenting data to the computer system is similar in many ways to com­
municating with another person by letter. The intelligence to be conveyed 
must be reduced to a set of symbols. In the English language, these are the 
familiar letters of the alphabet, numbers, and punctuation. The symbols are 
recorded on paper in a prescribed sequence and transported to another per­
son who reads and interprets them. 

Similarly, communication with the computer system requires that data be 
reduced to a set of symbols that can be read and interpreted by data process­
ing machines. The symbols differ from those commonly used by people, because 
the information to be represented must conform to the design and operation 
of the machine. The choice of these symbols and their meaning is a matter 
of convention on the part of the designer'S. The important fact is that informa­
tion can be represented by symbols, which become a language for the com­
munication between people and machines. 

Information to be used with the computer systems can be recorded o~ 
four media: punched cards, paper tape, magnetic tape and magnetic ink 
characters. Data are represented on the punched card by the presence or 
absence of small rectangular holes in specific locations of the card. In a similar 
manner, small circular holes along a paper tape represent data. On magnetic tape, 
the symbols are small magnetized areas, called spots or bits, arranged in specific 
patterns. Magnetic ink characters - the arabic numerals 0 to 9 and four 
special characters - are printed on paper. The shape of the characters and 
the magnetic properties of the ink permit the printed data to be read by both 
man and machine. 

Each medium requires a code or specific arrangement of symbols to repre­
sent data. These codes are described later in this section. 

An input device of the computer system is a machine designed to sense 
or read information from one of the recording media. In the reading process, 
recorded data are converted to or symbolized in electronic form; the data 
then can be used by the machine to perform data processing operations. An 
output device is a machine that receives information from the computer system 
and records the information on either punched cards, paper tape, magnetic 
tape or printed forms. 

All input-output devices cannot be used directly with all computer systems. 
Data recorded on one medium, however, can be transcribed to another medium 
for use with a different system. For example, data on punched cards or paper 
tape can be transcribed onto magnetic tape. Conversely, data on magnetic tape 
can be converted to cards, paper tape or printed reports. 

As there is communication between people and machines, there is also 
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Figure 79-Machine-to-:yfachine Communication 

communication from one machine to another (Figure 79). This intercommuni­
cation may be the direct exchange of data, in electronic form, over wires, 
cables or radio waves; or, recorded output of one machine or system may 
be used as input to another machine or system. 

Computer Data Representation: 
Not only must there be a method of representing data on punched cards, 

paper tape, magnetic tape, and in magnetic ink characters, but there must also 
be a method of representing data within a machine. 

In the computer, data are represented by many electronic components: 
vacuum tubes, transistors, magnetic cores, wires and so on. The storage and 
How of data through these devices are represented as electronic signals or 
indications. The presence or absence of these signals in specific circuitry is 
the method of representing data, much as the presence or absence of holes 
in an punched card represents data. 

Binary Mode: 
Computers function in what is called a binary mode. This term simply 

means that the computer components can indicate only two possible states or 
conditions. For example, the ordinary light bulb operates in a binary mode: 
it is either on, prodUcing light; or it is off, not producing light. The presence 
or absence of light indicates whether the bulb is on or off. Likewise, within 
the computer, vacuum tubes or transistors are maintained either conducting or 
nonconducting; magnetic materials are magnetized in one direction or in an 
opposite direction; and specific voltage potentials are present or absent (Figure 
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Figure 80-Binary Indicators 

80). The binary modes of operation of the components are signals to the 
computer, as the presence or absence of light from an electric light bulb is to 
a person. 

Representing data within the computer is accomplished by assigning or 
associating a specific value to a binary indication or group of binary indications. 
For example, a device to represent decimal values could be designed with four 
electric light bulbs and switches to tum each bulb on or off (Figure 81). 

The bulbs are assigned arbitrary decimal values of 1, 2, 4, and 8. vVheu 
a light is on, it represents the decimal value associated with it. When a light 
is off, the decimal value is not considered. With such an arrangement, the 
single decimal value represented by the four bulbs will be the numeric sum 
indicated by the lighted bulbs. 

Decimal values 0 through 15 can be represented. The numeric value 0 
is represented by all lights off; the value 15, by all lights on; 9, by having 
the 8 and 1 lights on and the 4 and 2 lights off; 5, with the 1 and 4 lights 
on and the 8 and 2 lights off; and so on. 

The value assigned to each bulb or indicator in the example could have 
been something other than the values used. This change would involve 
assigning new values and determining a scheme of operation. In a computer, 
the values assigned to a specific number of binary indications become the 
code or language for representing data. 

Because binary indications represent data within a computer, a binary 
method of notation is used to illustrate these indications. The binary system 



The Future - A Challenge 245 

of notations uses only two symbols, zero ( 0) or one ( 1), to represent all 
quantities. In anyone position of binary notation, the 0 represents the absence 
of a related or assigned value and the 1 represents the presence of a related 
or assigned value. For example, to illustrate the indications of the light bulb 
in Figure 81, the following binary notation would be used: 0101. 

The binary notations 0 and 1 are commonly called bits. The 0 bit is de­
scribed as no bit and the 1 bit is described as a bit. Although 0 or 1 bits are 
necessary to illustrate the condition of a binary indication or a group of binary 
indications. the 1 bits are the bits {!enerallv referred to. For examole. the 
binary not~tion 0101 of Figure 81 w~uld be"' described as having a bli: i~ the 
1 and 4 bit positions. The assumption is that there are no bits (0 bits) in the 
2 and 8 bit positions. 

Binary Number System: 
in some computers, the values associated with the binary notation are 

related directly to the binary number system. This system is not used in all 
computers, but the method of representing values using this numbering system 
is useful in learning the general concept of data representation. 

The common decimal number system uses ten symbols or digits to repre­
sent all quantities, and the place value of the digits signifies units, tens, 
hundreds, thousands, and so on. The binary or base-two number system uses 
only two symbols or digits: 0 and 1. The position value of the bit symbols 
(0 or 1) is based on the progression of powers of 2; the units position of a 
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binary number has the value of 1; the next position, a value of 2; the next, 4; 
the next, 8; the next, 16; and so on (Figure 82). 

In pure binary notation, the binary digits or bits indicate whether the 
corresponding power of 2 is absent or present in each position of the number. 
The 1 bit represents the presence of the value and the 0 bit represents the 
absence of the value. The place value of the digits does not signify units, 
tens, hundreds or thousands, as in the decimal system; instead, the place 
value signifies units, twos, fours, eights, sixteens and so on. Using this system 
the quantity 12, for example, is expressed with the symbols 1100, meaning 
(1 x 2;,) + (1 X 22) + (0 X 21) + (0 x 2°), or (1 x 8) + (1 x 4) + 
(Ox2) + Ox1). 

Figure 83 shows the binary representation of the decimal values 0 
through 16. Note that the decimal digits 0 through 9 are expressed by four 
binary digits. The system of coding or expressing decimal digits in an equiva­
lent binary value is known as binary coded decimal (BCD). For example, 
the decimal value 265,498 would appear in binary coded decimal form as 
shown in Figure 84. 

Computer Codes 
The method or system used to represent (symbolize) data is known as a 

code. In the computer, the code relates data to a fixed number of binary indi­
cations (symbols). For example, a code used to represent numeric and 
alphabetic characters may use seven positions of binary indication. By the 
proper arrangement of the binary indications (bit, no bit), all characters can 
be represented by a different combination of bits. 

Some computer codes in use are: seven-bit alphameric code, two-out-of-five 
fixed count code, bi-quinary code, six-bit numeric code, and the binary system. 

Code Checking: 
Most computer codes are self-checking; that is, they are provided with a 

built-in method of checking the validity of the coded information. This code 
checking occurs automatically within the machine as the data processing 
operations are carried out. The method of validity checking is a part of the 
design of the code. 

In some codes, each unit or character of data is represented by a specific 
number of bit positions which must always contain an even number of 1 bits. 
Different characters are made up of different combinations of 1 bits, but the 
number of 1 bits in any valid character is always even. With this code system, 
a character with an odd number of 1 bits is detected and an error is indicated. 
Likewise, a code may be used in which all characters must have an odd num­
ber of 1 bits; an error is indicated when characters with an even number 
of 1 bits are detected. 

This type of checking is known as a parity check. Codes which use an even 
number of 1 bits are said to have even parity. Codes which use an odd num­
ber of bits are said to have odd parity. 

In other codes, the number of 1 bits present in each unit of data is fixed. 
For example, a code may use five bit positions to code all digits but only two 1 
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bits will be present in each digit. Digits having more or fewer than two 1 
bits cause an error indication. This system of checking is known as a fixed 
count check. 

Seven-Bit Alphameric Code (Binary Coded Decimal): 
In this code, all characters - numeric, alphabetic and special - are repre­

sented (coded) using seven positions of binary notation. These positions are 
divided into three groups: one check position, two zone positions and four 
numeric positions (Figure 85). 

The four numeric positions are assigned decimal values of 8, 4, 2, and 
1 and represent, in binary coded decimal form, the numeric digits a through 
9 (Figure 86). Note that a is represented as 1010, actually the binary number 
for 10. The B and A zone bits are not present (00) when the numeric digits 
a through 9 are represented. 

Combinations of zone and numeric bits represent alphabetic and special 
characters. The B and A bits provide for three possible bit combinations: la, 
01, and 11. Figure 87 shows the zone and numeric bit combinations used to 
represent numeric, alphabetic, and special characters in the IBM 705. Data 
Processing System. In other systems using this code, there may pe special 
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Figure 90-Bi-quinary Code 

characters not shown; these characters, however, follow the same scheme of 
bit arrangement. 

The C position, known as the check bit, is used for code checking only. 
Because the seven-bit alphameric code is an even parity code, the number 
of bits used to represent a character must have an even number of bits or 
the character is considered invalid. The check is present in a character when 
the sum of the zone and numeric bits used to represent the character is odd. 
If the number of bits in a character is even without the C bit, the C bit is 
not used. 

Two-Out-of-Five Fixed Count Code: 
This code uses five positions of binary notation with the assigned values 

of 0, 1 2, 3, and 6. In the basic code, decimal values are represented by bits 
present in only two of the five bit positions (Figure 88). The total number 
of possible combinations is ten - one for each decimal digits. The digits 1 
through 9 are each composed of two bits, the position value sum of which 
equals the number to be represented. Zero is designated by the 1-2 bit 
combination. 

Alphabetic and special characters are represented as a two-digit number. 
For example, the letter A is equal to the coded decimal value of 61 and is 
composed of the two coded decimal digits of 6 and 1 (Figure 89). 

Each digit that is moved in data processing operations is tested to assure 
that it has two bits, neither more nor less. This is a fixed count check. 

Bi-quinary Code: 
The bi-quinary code consists of seven positions of binary notation. Two 

. positions, the binary positions,. have assigned values of 0 and 5. The remain­
ing positions, the quinary positions, have assigned values of 0, 1, 2, 3, and 4. 

The digits 0 through. 9 are coded by a combination of one binary bit and 
one quinary bit. l'he sum of the bit position values equals the number to 
be represented., Figure 90 illustrates the bit combinations used to code the 
digits 0 through 9. 

Alphabetic and special characters are represented as two digits. For example, 
a letter A is equal ~o a decimal value of 61 and is composed of the coded 
decimal values, 6 and 1 (Figure 91). 
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Each digit that is moved in the various processing operations is tested to 
assure that it is composed of one binary bit and one quinary bit only. 

Six-Bit Numeric Code: 
In this code, six positions of binary notation are used. The positions are 

divided into three groups: one check bit, one Hag bit, and four numeric bits 
with the assigned values of 8, 4, 2, and 1 (Figure 92). The decimal digits 0-9 
are represented in binary coded decimal· fonn, using the four numeric bit posi­
tions (Figure 93). Only bit combinations whose sum is 9 or "less are used, 

The F (flag) bit is used for special indications not related to the actual 
coding of the digits. For example, the presence or absence of a Hag bit in the 
units digit of a numeric data field detennines the sign (+ or -) of the field, 

The C bit is used for parity checking. The six-bit numeric code is an odd 
parity code, so each digit must consist of an odd total number of bits, includ­
ing C and F bits. The C bit is present only when an even total number of bits 
are in t.~e numeric bit and F bit positions. 

Alphabetic and special characters are represented as a special. two-digit 
numeric value. For example, the letter A is equal to a decimal value of 41, 
and is composed of the coded decimal digit 4 and 1 (Figure 94). 

Binary System: _ 
Computers using this system of data representation are typified by the IBM 

704, 709, and 7090 data processing systems. 
For these systems, the basic unit of irifonnation is the word. A word consists 

of 36 consecutive bit positions of infonnation which are interpreted as a unit, 
much as a character or a digit in other systems (Figure 95). 

The bit positions within the word have a place significance related to the 
binary number system. That is, the place position of a bit in the word -deter­
mines the value of the bit. In the binary number system, the decimal vaiues 
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of the places (from right to left) are 0, 1, 2, 4, 8, 16, 32, 64, and so on 
(Figure 95). 

Although the place values of the bits of a word are always that of the 
binary number system, they can be interpreted or processed in such a way as 
to represent other than a binary number. For example, a 36-bit word (Figure 
95) can be interpreted as one 36-place binary number, as a 9-digit decimal 
number, as six alphameric characters, or as any predetermined representation 
established by the programmer. 

Data Recording Media 
Punched Cards: 

The punched card is one of the most successful media for communication 
with machines. Information is recorded as small rectangular holes punched in 
specific locations, in a standard size card (Figure 96). Information, repre­
sented (coded) by the presence or absence of holes in specific locations, can 
be read or sensed as the card is moved through a card reading machine. 

Reading or sensing the card is basically a process of automatically con­
verting data recorded as holes to an electronic language and entering the data 
into the mac\line. Cards are used both for entering data into a machine and 
for recording or punching information from a machine. Thus, the punched 
card is not only a means of transferring data from some original source to a 
machine, but also is a ~common medium for the exchange of information 
between machines. . 

Punched cards provide 80 vertical columns with twelve punching positions 
in each column. The biVelve punching positions form twelve horizontal rows 
aCross the card. One or more punches in a single column represents a charac­
ter. The number of columns used depends on the amount of data to be 
represented. 

The card is often called a unit record because the data are restricted to the 
80 columns and the card is read or punched as a unit of information. The 
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actual dt-ita on the card, however, may consist of part of a record, one record) 
or more than one record. If more than 80 columns are needed to contain 
the data of a record, two or more cards may be used. Continuity between the 
cards of one record may be established by punching identifying information 
in designated columns of each card. 

Information punched in cards is read or interpreted by a machine called a 
card reader and is recorded (punched) in a card by a machine called a 
card punch. Data are transcribed from source documents to punched cards 
by manually operated card punch machines. 

Punched Card Code: 
The standard punched card code uses the twelve possible punching positions 

of a vertical column on a card to represent a· numeric, alphabetic 'or special 
character (Figure 96). The 12 punching positions are divided into two areas: 
numeric and zone. The nrst nine punching positions from the bottom edge of 
the card are the numeric punching positions and have an assigned value of 
9, 8, 7, 6, 5, 4, 3, 2, and 1, respectively. The remaining three positions 0, 1l; 
and 12 are the zone positions. (The 0 position is considered to be both a 
numeric and ZOlle position). 

The numeric characters 0 through 9 are represented by a single punch in a 
vertical column. For example, 0 is represented. by. a single punch in the ,0 
zone position of the column. . 

The alphabetic characters are represented by: two punches jn a single 
vertical column: one numeric punch and one zone punch. The alphabetic 
characters A through I use the 12 zone punch and a numeric punch 1 through 
9, respectively. The alphabetic characters J through R use the 11 zone punch 
and a numeric punch 1 through 9, respectively. The alphabetic characters 
S through Z use the 0 zone punch and a numeric punch 2 through 9, 
respectively. 
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Figure 98-IBM Card-Column Binary 

The standard special characters $ # % and so on, are represented by one, 
two, or three punches in a column of the card and consist of punch con­
figurations not used to represent numeric or alphabetic characters. 

Row Binary Data Representation: 
Row binary describes one method of recording binary information on cards. 

In this system, the information is arranged serially across each row of the 
card (left to right) starting at the 9-row, continuing to, and including the 
12-row (Figure 97). Each punched hole is regarded as a binary 1. No punch 
indicates a binary O. 

In the IBM 704, 709, and 7090 systems, 72 columns of the card are used. Binary 
information is represented as follows: each of the 12 rows of the card is split 
into two parts; the left half consists of columns 1 through 36, and the right 
half consists of columns 37 through 72. One full word of binary information· 
(36 bits) can be punched in any half row; 24 words may be contained on 
a card. 

Column Binary Data Representation: 
Binary information may also be recorded in a columnar binary fashion. 

With this method, data are arranged in parallel with each column of the card 
containing 12 information bits. Thus, one full 36-bit word for the IBM 704, 
709, or 7090 systems would require three card columns. The entire card 
could contain twenty-six 36-bit words (Figure 98). 

Paper Tape: 

Punched paper tape serves much the same purpose as punched cards. 
Developed for transmitting telegraph messages over wires between two 
machines, paper tape is now used for communication with other machines as 
well. For long distance transmission of data, machines convert data from 
punched cards to paper tape, information is sent over telephone or telegraph 
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wires to produce a duplicate paper tape at the other end of the wire, and 
reconvert the inform a tion to punched cards (Figure 79). 

Data are recorded as a special arrangement of punched holes, precisely 
arranged along the length of a paper tape (Figures 99 and 100). Paper tape 
is a continuous recording medium, as compared to cards which are fixed in 
length. Thus, paper tape can be used to record data in records of any length, 
limited only by the capacity of the storage medium into which the data are 
to be placed or from which data are received. 

Data punched in paper tape are read or interpreted by a paper tape 
reader and recorded by a "paper tape punch. Data are transcribed from source 
documents to paper tape by manually operated tape punching devices. 

Eight-Channel Code: 

Data are recorded (punched) and, read as holes located in eight parallel 
channels along the length of the paper tape. One column of the eight possibl€ 
punching positions (one for each channel) across the width of the tape is 
used to code numeric, alphabetic, special, and function characters. Figure 99 
shows a section of a paper tape illustrating the eight channels and several 
coded characters: 

The lower four channels of the tape (excluding the feed holes) are labeled 
1, 2, 4, and 8 and are used to record numeric characters. The numeric charac­
ters 0 through 9 are represented as a punch or punches in these four positions. 
The sum of the position values indicates the numeric value of the character. 
For example, a hole in channel 1 is used to represent a numeric one; a com­
bination of a 1 and a 2 punch represents a numeric 3. 

The X and 0 channels are similar to the zone punches in punched cards. 
These channels are used in combination witlJ. the numeric channels to record 
alphabetic and special characters. The coding for the alphabetic and special 
characters is shown in Figure 99. 

To check that each character is recorded correctly, each column of the 
tape is punched with an odd number of holes. A check hole must be present 
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in any column whose basic code (X, 0, 8, 4, 2, 1) consists of an even number 
of holes. 

A punch in the EL channel is a special function character used to mark 
the end of a record on the tape. The tape feed code consists of punches in 
the X, 0, 8, 4, 2, and 1 channels and is used to indicate blank character posi­
tions. The paper tape reader automatically skips over areas of tape punched 
with the tape feed code. 

Five-Channel Code: 

Data are recorded (pullched) and read as holes in five parallel channels 
along the length of the paper tape. One column of the five possible punching 
positions (one for each channel) across the width of the tape is used to code 
numeric, alphabetic, special, and function characters. Figure 100 shows a 
section of paper tape illustrating the five channels and several coded characters. 

Because there are only 31 possible combinations of punches, using the five 
punching positions, a shift system is used to double the number of available 
codes. When the letters (L TRS) code punch precedes a section of tape, the 
characters that follow are interpreted as alphabetic characters (Figure 100). 
\Vhen the figures (FIGS) code punch precedes a section of tape, the coded 
punches are interpreted as numeric or special characters. 

Ten of the 31 codes are used for coding both the alphabetic characters 
P, Q, W, E, R, T, Y, U, I, and a and the decimal digits 0 through 9, respec­
tively. Jnterpretation depends on the shift code, LTRS or FIGS, preceding 
these characters. Likewise, the code for special characters is identical to that 
of other alphabetic characters. The actual alphabetic code that is equivalent 
to a given special character code varies, depending on customer requirements. 

The function characters - space, carriage return (CR), and line feed (LF)­
are the same in either LTRS or FIGS shift. The space code is used to indicate 
the absence of data on tape. The actual function of the CR and LF characters 
depends on the machine with which they are used. 

Magnetic Tape: 

Magnetic tape is the most recently developed medium for recording data 
for machine processing; it is the principal input-output medium used by com­
puter systems. 

Magnetic tape is similar to the tape used in home tape recorders. It is a 
plastic tape, one-half inch wide, and coated on one side with a metallic oxide. 
Data are recorded as magnetized spots or bits in the metallic oxide (Figures 
101 and 102). Information recorded on tape is permanent and can be retained 
for an indefinite time. Previous recordings are destroyed as new information 
is written. This means that tape can be used repetitively with significant 
savings in recording costs. Several types of magnetic tape are available to 
meet varying requirements of strength, durability, reliability and cost. 

For handling and processing, tape is wound on plastic reels containing up 
to 2400 feet of tape. (Lengths as short as 50 feet may be used.) The magnetic 
f".,p ". which functions both as an input and output device, moves the 

md a<'l .)mplishes the actual reading or \-vriting of information 
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Figme lOl-~1agnetic Tape-Seven-Bit AlphameriC Code 

on the tape. Data are recorded in seven parallel channels or tracks along the 
tape. Seven bit positions across the width of the tape (one in each channel) 
provide one column of data. The spacing between columns of bits is auto­
matically established by the magnetic tape unit used in writing. 

Records of data on tape may range from one or two characters to several 
thousand. The size of the record is limited only by the length of tape or the 
capacity of the storage units that data will be placed in or removed from. 

Seven-Bit Alphameric Code: 
The seven recording tracks or channels on tape are labeled C, B, A, 8, 4, 2, 1 

and correspond to the seven bit positions of the seven-bit alphameric code. 
A character is represented by the presence or absence qf bits in the seven 
channel positions of one column, across the width of the tape. Figure 101 
shows characters in the seven-bit alphameric code as they, appear on tape., 

To verify tape reading and writing, each character is checked for even 
parity. In addition to this vertical parity check, a horizontal (longitudinal) 
parity check is made on each record. At the time a record is :written, the bits 
in each horizontal row are counted. At the end of the record, a check character 
is recorded. This character has a bit corresponding to ~ach channel row with 
an odd bit count. Thus, when the record is read, each channel row of the 
complete record, including the check character, should s'a.tisfY the even parity 
condition. The check character serves this purpose only, and'is never included 
as part of the record when data are transferred to the computer system. 

Tape written in the seven-bit alphameric code can 'be used by several data 
processing systems, providing a means of intercommunication from one system 
to another. There are instances, however, where special characters, peculiar 
to only one system, are written on tape. For this reason, consideration must 
be given to the characters used when tape written on .one system may. be 
used on another. 

Binary System: 

Binary information recorded on tape is related primarily fo the IBM 704. 
709, and 7090 data processing systems. With these systems the basic unit 
of information is the word - 36 consecutive bits ,- compared to the character 
or digit of other systems. "'j" ' 

To record a word of data on tape, the seven bit {l"Jsitions 
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Figure l02-Magnetic Tape-Binary System 

on tape are used; however, the C bit position of the column is for parity 
checking purposes only, and is not considered a part of the word. Thus, six 
bits of information can be recorded in each column. A word of 36 bits is repre­
sented in six consecutive columns on tape (Figure 102). 

To verify accuracy of tape reading and writing, each column of bits must 
consist of an odd number of bits and is tested to insure odd parity. As tape 
is written, check bits are automatically added to the columns that have an 
even number of bits. In addition to this vertical parity check, a horizontal 
(longitudinal) parity check is made on each record. At the time a record 
is written, the bits of each horizontal row are counted. 

At the end of the record, a check character is recorded. This character 
has a bit corresponding to each row with an odd bit count. When the record 
is read, each row of the completed record, including the check character, 
should satisfy the odd parity condition. 

Magnetic Ink Characters: 
Another method of representing data on paper media for machine processing 

is with magnetic ink characters - a language readable by both man and 
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machine. Magnetic ink characters are printed on paper as the arabic numerals 
o to 9 and four special characters (Figure IDS). The shape of the characters 
permits easy visual interpretation; the special magnetic ink allows reading or 
interpretation by machine. 

The printing (inscribing) of magnetic ink characters on the paper docu­
ments is done by machine. The paper documents, primarily bank checks and 
deposit slips, may be random size paper or cards ranging from 2%' inches to 
S% inches wide, from 6 inches to 8~4 inches long, and from .OOS inch to .007 
inch thick. 

-The IBM 1201 proof inscriber inscribes documents in addition to perform­
ing the normal proving functions related to banking procedures. The IBM 
1202 utility inscriber, a specially designed electric typewriter, is also used 
to inscribe documents. After documents are inscribed, the IBM 1210 reader 
sorter reads the inscribed information from the documents and converts this 
information to a machine language. At this point, the information -may be 
entered directly into an IBM 650 data processing system or recorded on 
magnetic tape as input to other systems. 

End of Chapter Questions 
l. Why is it advisable to elevate the data processing department to a high 

level in the company? 
2. \Vhat are the advantages of centralizing the data processing functions of 

a company within one department. 
S. What has been the greatest advancement in the field of data processing?_ 
4. What is the purpose of data processing machines? How do they accom-

plish this? 
5. Explain the stored program concept. 
6. How much did magnetic tape improve the input speed of computers? 
7. What is meant by in-line data processing? 
8. Ho\;v' can computers eliminate checks? 
9. What is the science of information retrieval? How can it be assisted 

by computers? 
10. What are the three basic considerations of data processing? 
11. What are the four types of functional units that comprise a computer? 
12. vVhat are the various methods of recording input data for machine use? 
IS. What are the various methods of recording output from the computer? 
14. What determines the amount of information that can be held within a 

computer at anyone time? 
15. What are the functions of the central processing unit? 
16. What is a program? 
17. What is the purpose of the console? 
18. What is a word? 
19. What is one of the most successful media for communicating with data· 

processing machines? . 
20. What is the fastest input-output media used by computers? 
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