






































































































































































































































































116 ELECTRONICS IN MANAGEMENT 

information. Derivation of the more efficient ways does not in
sure the acceptance and installation of new procedures. At this 
point the problems of procedural change are faced in full. 

Not all of the final cost equations required enough computation 
to warrant using a high speed computer. One of the final cost 
equations, for example, we found could be ground out on a Friden 
Calculator. We could compute a total finished product cost in 
approximately 5 minutes compared to the present method which 
took something in the order of one hour and a half. 

From experience with our first cost equation derivation, we 
possessed the technique for developing the others. We also knew 
that when the project was carried out to its completion, we had 
developed a method which would not only enable us to be able 
to derive cost and time information for a linear programming 
model but also discovered a method that would aid management 
in many other areas. We had an efficient method for revision of 
standards, for machine selection, and for a fast way of coming 
up with the cost of a new product once we knew the sequence 
that we had to go through to arrive at it. 

In summary, to effect a procedural change, one must: 
1. Have a concept. 
2. Define the boundaries. 
3. Tackle the problem. 
4. Modify objectives and/or premises if study warrants it. 
5. Present the findings. 
6. Install the system. 

The fundamental objective of any procedural change should be 
one of altering functions in order that the lowest cost (hidden 
or real) may be obtained, provided such alteration is consistent 
with sound management policies. 

Each of the six steps has critical importance to success. A 
poorly conceived concept can distort the entire process, although 
unfortunately, it does not prevent carrying a project through to 
completion. It very likely will result in additional frustrations 
and resistances along the way, and finally in an unsatisfactory 
system after installation. In fact, it is the frequency of such 
failures in the early planning stages that accounts for much of 
the resistance which the systems analyst generally faces. 

The analyst, too, must possess the same flexibility of mind and 
readiness to adjust his thinking to new concepts and new in
formation which he hopes to find among the operating personnel 
and executives with whom he works. He must always be ready 
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to modify his objectives and premises when the facts so dictate. 
And the facts may include human factors in the situation as well 
as physical factors. 

Success in the final two steps, too, depends in large part on 
certain human factors. The procedures or systems analyst some
times overlooks the importance of the human factor in the presen
tation of findings to line management. He should keep in mind 
that top management very likely: 

(1) Does not have any emotional conviction in favor of the 
new system which the systems man often develops during the 
process of his survey. 

(2) Does not have knowledge of the details of the situation. 
(3) Wants a presentation of (a) the present, (b) the proposed 

and (c) the results to be expected, with substantive evidence 
of the latter. 

( 4) Is thinking of the persons he must sell on the new plan: 
colleagues, superiors, subordinate management, union officials, 
the production man, and perhaps others. 

(5) Takes a personal risk when he approves the installation 
of a new system. 

(6) Has a bigger universe to take into consideration in de
cision-making than does the systems specialist. 

It is within such a context that the results of a survey should 
be presented to management for decision. Perhaps the basic 
presentation, whether written or oral, should be brief and 
graphic. If so, it should be backed by thorough and detailed 
documentation which may be examined if desired. Any evidence 
that the basic survey, the analysis, and the recommended changes 
have been slip-shod or short-cut casts a general pall of doubt 
over the entire survey and the validity of recommendations. 

The installation phase of procedural change is the payoff. I 
have already commented on problems of installation. I would 
only like to add that the magnitude and significance of changes 
which are necessary to effect major computer systems make the 
problems much more difficult than most procedural changes. 

Workers and worker groups may fear loss of jobs if the new 
procedures are introduced. Even top management officials may 
see the probable loss of power. 

In summary, I would say that all of the problems normally 
associated with procedural change are present in the installa
tion of new systems to include the use of electronic equipment. 
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There are, in addition, special problems associated with electronic 
equipment. However, they can be met by honest, thorough pro
cedures analysis and alert management. When met, the results 
will be more than worth the effort. I believe there are especially 
great possibilities in the use of the techniques of operations re
search to management problems. 



PERSONNEL AND TRAINING NEEDS 

R. D. ACKER 

The introduction of electronic computers to business data proc
essing has raised many problems concerning the development of 
procedures which will carry out the flow of work and make best 
use of the capabilities of the computers. 

An important phase of procedure development is the prepara
tion of the specific instructions which are needed to guide a com
puter in carrying out the parts of a procedure. When we first 
began to become involved in planning for the use of electronic 
equipment in our organization we were confronted with a basic 
personnel problem~ Should we employ personnel from outside 
our organization who were thoroughly trained in the use of 
electronic computers and the preparation of instructions for 
computers and attempt to teach them the life insurance business? 
Or should we select personnel from within our own organization 
and instruct them in the necessary electronic computer techniques 
for preparing programs and operating the equipment? We chose 
the latter step. This gave our present employees who have been 
with the Company several years an opportunity to qualify for 
jobs at higher salary levels. Also, we found this required by far 
a smaller training period. 

In the earlier stages of development work there were few 
guides available to indicate the specific qualities required for 
personnel in the electronic field. As a result of this fact and also 
because of the newness of the problems to be met, the first group 
of people employed were chosen for their pioneering qualities. 
We chose high caliber people associated with development work 
for many years who were capable of carrying out original work 
with ingenuity and perseverance. These people were also required 
to possess a firm grasp of the fundamentals of the life insurance 
business and the particular objectives of our own company. 

Associated with the choice of the original staff of personnel was 
the decision to use a genera'l purpose digital computer, at first in 
but one area of the Company's work. The area chosen was one 
where preliminary studies indicated that: 

(a) a profit might be realized; 
(b) the necessary knowledge and experience would be gained 

for further application of computers; 
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(c) the failure in actual operations to meet expected schedules 
would not jeopardize insurance policy service operations but only 
internal statistical functions. 

The original group of people selected for computer work were 
sent to the manufacturers' training courses covering program
ming and also subjects pertaining to details of operating and 
engineering. This group worked with manufacturers' representa
tives thoroughly trained in the general techniques of procedure 
development who had also studied computer applications to spe
cific procedures which we prescribed. From this experience and 
operation of almost a year, we learned: 

(a) Manufacturers' courses were too general for our use and 
contained a great deal of material for scientific application which 
we were not likely to use in our business. 

(b) The application of digital computers to data processing 
was not sufficiently advanced for the manufacturers to be ade
quately aware of the problems that were met with in the life 
insurance business. 

(c) The translation of existing procedures into machine lan
guage was not the only skill required. A broader concept of pro
gramming includes the development of procedures on an inte
grated basis from first principles; not simply the mechanization 
of what was done before. 

As a result of this experience, we established a concept of the 
type of consolidation of separate functions to be sought and then 
began to extend the scope of our activities to place further areas 
of the Company's work upon electronic computers. This planning 
included the considerations involved in acquiring additional elec
tronic equipment plus the selection and training of a larger staff. 
We decided to establish a number of project units, each one of 
which would be headed by a supervisor who would be assisted by 
a group of programmers. The idea behind a proj ect unit was that 
the members of each unit would act together as a team in develop
ing procedures for a specific area of the Company's business. Our 
concept of the duties of a programmer includes the ability to per
form in the following three areas of work: 

(a) Development and analysis of large scale procedures in
volving the use of a computer many times as a tool in the flow of 
work; this work to be done under the guidance of a supervisor. 

(b) Preparation of instructions to carry out specific programs 
upon a computer and the necessary testing and proving out of 
such programs. 
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(c) Operation of the computer and other auxiliary equipment. 
These project units are currently engaged in planning activities 

in connection with the development of new procedures to be 
placed upon a computer. Future responsibilities will include the 
actual installations of new systems and the training of the per
sonnel to maintain going systems. 

When our staff was expanded with the creation of the project 
units we chose our candidates for programmers from a group of 
relatively high-level personnel who had considerable experience in 
the Company. They were chosen with due regard to the fact that 
we did not intend to mechanize past procedures, but rather would 
develop new procedures for a computer from first principles. In 
selecting candidates the overall intent behind the program was 
to select older experienced employees with valuable insurance 
experience and re-educate them in the new electronic techniques. 

First, a group of two hundred forty-five candidates were se
lected throughout the Company by a review of the Company files 
for those persons with the desired work experience and job 
achievement as reflected by the position levels attained. The 
following qualifications were considered in this selection: 

1. A good insurance background based on practical experience 
plus completed work in insurance courses. 

2. The ability to think in mathematical terms and grasp mathe
matical concepts. 

3. Experience in procedure planning and analysis work. 
4. College training with a major in mathematics preferred. 

(This was not regarded as an essential and several selected for 
the work are not college graduates.) 

This group was invited to take a series of aptitude tests. The 
aptitudes measured were: 

(a) Mental Alertness 
(b) Quantitative Thinking Ability 
(c) General Linguistic Ability 
(d) Functional Mathematics or Mathematical Relationships 
(e) General Mathematical Comprehension 
The longest test used was the American Council on Education 

psychological examination. This test requires about one hour to 
complete. From it three scores are available. A score measuring 
Quantitative Thinking; a score measuring General Linguistic 
Ability; and a total score which is a measure of Mental Alertness. 
This test is published by the Educational Testing Service of 
Princeton, New Jersey. 
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The second test is known as the Faust-Schorling Test of Func
tional Thinking in Mathematics. This test requires no more than 
a high school knowledge of mathematics. It stresses mathe
matical relationships rather than just pure knowledge. It re
quires about 45 minutes to administer this test. It is available 
from the World Book Company of Yonkers, New York. 

The third test measures Mechanical Comprehension. It is Part 
VI of the Moore Engineering and Physical Science~ Aptitude 
Test and requires about 12 minutes to complete. It is published 
for the Psychological Corporation, 522 Fifth Avenue, New York, 
New York. 

After a series of interviews and a review of records of the 
personnel who' ranked highest in these aptitude tests we selected 
the 38 individuals needed at this time to be given programming 
training and have available a list of other suitable candidates. 
After they had been given four weeks' training, the instructor 
rated the individuals and it was determined that four people rated 
as "excellent" and nine as "very good" were in the top 10% of 
those scored on the aptitude tests. The balance who were rated 
"good" by the instructor will succeed probably with some diffi
culty and they were in a class below the upper 10% scored in the 
aptitude tests. The correlation is not perfect but is a very strong 
index that the tests do indicate the abilities for which we were 
searching. 

The 38 individuals selected are scheduled to receive the follow
ing types of training. 

(a) An abbreviated course in computer programming. This is 
a specially designed four-week course which includes the elements 
of programming and a basic concept of programming which uses 
prefabricated subroutines and a master program to combine 
them. This type of master program is called a compiler and was 
specially prepared by one of the original group of programmers. 

(b) A short course in computer logic of about one week, given 
to groups of two or three men at a time. This course was designed 
to teach the elements of the computer so that a programmer 
might be able to operate the equipment, particularly in the area 
of utilizing certain service routines relating to sorting, correcting, 
testing, etc. 

(c) The study of procedure guides and other material helpful 
in the procedure analysis and development functions of a pro
grammer. 
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(d) On-the-job supervision in performing certain elements of 
a project involving both procedure development and program 
coding as assigned by a proj ect supervisor. 

So far we can say that none of the 38 individuals has entirely 
completed his training, although most of the 10 selected in May 
1955 (the first of three selections) have been able, under super
vision, to do the procedure analysis and development work as
signed and prepare the necessary computer instructions. Their 
progress is excellent. This group's accomplishments are enthu
siastic examples of what can be done along the lines of retraining 
older personnel. The median age of this group of 10 persons is 
between 30 and 40, with one or two close to age 50. 

With the 38 programmers already selected as a nucleus, we feel 
that should further expansion become necessary it would be prac
tical to expand our programming force by adding others who do 
not have such a broad background. For example, we might use 
people without the experience background to serve as aids to the 
basic group in the more mechanical translation of procedures in
to machine instructions, or we might train others solely in the 
techniques of computer operation. So far, however, we have been 
endeavoring to develop a large group of "all-round" personnel. 



PREPARING EMPLOYEES FOR THE CHANGEOVER 

ROBERT B. CURRY 

Introduction 

You are well aware of the fantastic speeds, the unbelievable 
accuracy, the reliability, capability and versatility of not only 
the prospective, but of the present automatic data processing 
machines actually in operation today handling business appli
cations. A year ago, or at most 18 months ago, there was hardly 
a business application worthy of mention on a computer. Today, 
it is a hopeless task to attempt an accurate inventory check of 
the number of business applications installed and planned. This 
story has been told and thoroughly retold by schools and universi
ties, professional societies, manufacturers, management profes
sions, and the pioneering companies and Government agencies; 
but it has been told most widely by the greatest of all spreaders of 
news-the Press. Unfortunately, it has been spread with glam
ourous exaggeration and characterized as a second industrial 
revolution leading on to a new prosperity. 

This week, you are learning the meaning and full import of 
this coming revolution in the office, but for thousands of people 
who do not know or do not and will not take the trouble to learn, 
the terms Electronics and Automation give rise in their imagina
tion to a new class of huge Frankenstein monsters of machines 
so much superior to man himself that ultimately we will all be 
destroyed by them. The word Automation alone has conj ured up 
visions of automatic factories where machines will grind out 
products 24 hours a day without any payroll whatsoever. Auto
mation itself is a modern bogeyman. A recent poll in Detroit 
revealed that automation was second only to Communism in fears, 
for individual security. In another poll, a thousand factory 
workers replied 3 to 1 affirmatively when asked-if they favored 
the use of new and improved machines; but replied 3 to 2 against 
when asked how they felt about more automation. This surely 
illustrates the need for better public relations for automation 
and electronics in the office. 

So much has been said and written on computers,! But there 
is so much to say and to write that, in reality-relatively little 
has been said and written. This is particularly true with regard 
to human relations in computers and automation. Even here so 
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little has been said and there is so much to be said that-like the 
mosquito in the nudist can1p, you don't know where to begin. 

Let me begin by quoting one writerl on this subject as he stated 
it-a year ago: 

"As automatic computers extend their operations into new 
fields of business and industry-and the process of automa
tion reaches new heights, there becomes visible an area of 
problems which-as yet have received consideration chiefly 
by avoidance. This is the field of their human relations, par
ticularly their labor relations, and the social changes that 
may be expected to follow from the new processes." 

However, the host of problems of organizational adjustments 
and personnel displacements have been receiving increased atten
tion. This morning's session on "Personnel and Training Needs 
for Electronic Data Processing" (Robert D. Acker, Metropolitan 
Life) vividly illustrated this requirement. In this phase of the 
human relations problem, much has been written. Wayne Uni
versity and other schools have taken excellent comprehensive and 
constructive approaches to the problem of training personnel. 2 

A great deal has been written on the education and training of 
programmers. Because of training and personnel needs, this side 
of personnel disruption in the changeover to electronics has been 
covered much more adequately than that of personnel displace
ment which has received scant consideration on the constructive 
side. 

It should be emphasized at this point that my remarks on 
preparatory measures for the changeover are not a case study nor 
are they based on my organization's experience or plans. Rather, 
the measures described and set forth are attempts to state the 
idea rather than a specific application. 

Preparatory Measures 

In preparing employees for the changeover, the major concern 
is in the area of human relations. The time, effort and intelligence 
devoted to coping with the various aspects of that area will be 
directly reflected in the ultimate success to be achieved by the 
conversion. 

lFletcher Pratt, "Human Relations of Computers and Automation," in Com
puters and A utomation, December 1954, p. 6. 

2Arvid W. Jacobson, Editor, Proceedings of the First Conferenc'e on Train
ing Personnel for the Computing Machine Field. Detroit: Wayne Uni
versity Press, 1955. 
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Glowing descriptions of a computer's high speed processing of 
a tremendous volume of data, and the benefits to be derived there
from, all too often fail to take into consideration the necessary 
things to be done before a business can enter into the promised 
land of electronics. This omission is not too surprising when one 
considers that information regarding the fantastic potentialities 
of a particular computer are usually furnished by salesmen, who 
are never lacking in enthusiasm for the merits of the particular 
hardware they sell (for if they were lacking, they would not be 
salesmen long). Therefore, while being lulled by the siren song 
of happy days to come, a company or agency must not overlook 
the basic human angles of the problems to be met, and the steps 
to be taken between the time a computer is being considered or 
ordered and the time until it is delivered and the start button 
is depressed. 

In this interval one of the most important facets of the problem 
is that of preparing employees for the changeover. Adequate 
steps in this direction, or lack of them, can be the difference be
tween the organization's or agency's success and failure in good 
employee relations. 

Let us liken our subject to the mother, who in preparing her 
daughter for the advent of a new brother or sister, found a very 
unreceptive child who did not want a baby brother or sister. 
The next day the mother asked if she had told any 'of her play
mates about the new brother or sister. "No, I haven't." "Why 
not?" "Because I still think I can talk you out of it-that's why." 
We, as the little girl, cannot talk management, pregnant with a 
vast new tool, out of adopting mechanization in the office nor 
would we want to do so. What we can do and must do, however, 
is meet the psychological questions and quell unwarranted fears 
of employees concerned with the changeover to electronics. 

The key to the human relations problem may be expressed by 
a single word FEAR. In some degree, more or less, it affects all 
personnel from the newest clerical employee even to some of 
executive rank. This frightening spectre of fear is fanned by the 
press, which constantly plays up accounts of job abolishments 
to result from each new installation of large scale automation 
equipment. Two weeks ago, Business Week carried a story on 
check preparation mechanization reducing the number of em
ployees required from 750 to 350. With the continued talk that 
automation will destroy jobs, put people out of work, create a 
depression, comes a fear of losing one's work. In combating this 
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fear, neither sharp words nor a patronizing attitude will convince 
anyone that automation is a boon rather than a threat. 

Thus, it is to these fears that we must address ourselves, in 
"preparing employees for the changeover." It will be recalled 
that in time of great economic stress, the President said-the 
only thing to fear, is fear itself. That is certainly the case in 
automation. The picture is not nearly as bad though as it has 
been imagined, (it couldn't be), and as others have said, much of 
the picture as painted is false. Facts are needed, and the facts 
have to be examined before blithely succumbing to such type of 
"fear" thinking. Positive action is needed, as well as rebuttal to 
common misconceptions of the results of automation. 

Positive Actions 

Positive actions include staff participation, understanding, 
communication and training. 

The ultimate fate of the clerical worker at the hand of elec
tronics is certainly open for considerable conjecture. It is no 
wonder that employees worry about what the effect will be to 
them personally when a company announces the acquisition of a 
large-scale computer. The older employees and more senior staff 
wonder about their future, their ability to change and to meet, 
absorb, and adjust to the radical departmental and procedural 
changes evolving from the changeover. Other employees may 
worry about job reclassification, downgrading, organizational 
and geographical relocation or even the actual loss of their pres
ent positions. Several authors have pointed out the tendency that 
increased office automation will have to degrade masses of semi
skilled workers while creating a small professional elite of 
salaried employees. 3 

The introduction of a computer into a business or agency can
not help but have a radical effect on the present status of all per
sonnel. Many will find their work procedures altered considerably 
or changed entirely. Some offices will be reorganized or consoli
dated. The channeling of tremendous volumes of data to be proc
essed by a computer in a centralized location will usually mean 
the eventual relocation of some positions. The successful utiliza
tion of a computer must certainly, in time and over-all, effect a 

3J. Douglas Elliott, "Will Electronics Make People Obsolete?," in The Impact 
of Computers on Office Management, Office Management Series No. 136, 
New York: American Management Association, 1954, p. 48. 
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reduction of personnel required in data processing. In some in
stances this may represent a substantial reduction, while in other 
cases it may be negligible, depending upon how completely 
mechanized and how efficient the former operations had been, as 
well as the efficiency attained with the newly electronified system. 

Admitting then that a fear may exist in the minds of many 
employees and that they may have a reasonable basis for that 
feeling, what can be done about it? Certainly if nothing is done, 
a decline in employee efficiency and in the quality of work being 
produced will be the inevitable result. The most important thing 
that can be done is to fight fear with the most potent counter
weapons-facts. Since the procurement of a computer is always 
preceded by a detailed feasibility study, the signing of a contract 
would hardly come as a surprise to any employee of the company. 

The staff should be informed at the outset of the intention of 
management to investigate operations to the end that electronic 
equipment is being considered or planned. Any press release 
concerning actual signing of a contract for a computer should be 
simultaneous with a complete announcement to all employees. 
The announcement should give details of the location selected 
for the computer and describe some of the work to be initially 
converted. It should be noted that the era of the push-button 
office is not yet in being, and that there will be more people than 
push-buttons for the foreseeable future. However, personnel 
should be aware that some positions will be eliminated, but that 
labor turnover will accommodate personnel cutbacks involved. 
Bringing the matter to the attention of clerical personnel as early 
as possible will serve to still fears which inevitably arise as to 
what is going on. In this connection, it is noteworthy that the 
best computers and the fastest of electronic communication can
not keep pace with the output or the transmission speed of the 
office grapevine. 

Emphasis should be made that some of the main benefits to be 
derived from the computer will be the elimination of purely rou
tine operations and general increase in the "interest factor" of 
work through the release of employees from the tediousness of 
repetitious tasks, enabling them to be reassigned to work of a 
more interesting and productive nature. At this time those de
partments which will be first affected should be iisted. 

Any industrial company large enough to acquire a computer 
will very likely have a union. Employees affected by the change
over should be informed of their rights under their particular 
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union contract. Such benefits usually include the rights to trans
fer with their work, seniority displacement rights, severance pay 
and the right to re-employment as future vacancies occur. After 
the announcement, the employees will be seeking out their union 
representative. The company should be the first to tell them of 
their rights and let them receive confirmation from their Union 
representatives. 

The organization should stress plans to accomplish personnel 
reductions wherever possible by normal attrition. A sound plan 
should be outlined for placing employees from abolished positions 
in vacancies in other offices whenever feasible. Many companies 
and agencies through the effect of personnel turnover alone have 
been able to assure that no one would be displaced who wanted 
to continue working. In many industries attrition plus growth 
factors in their expansion programs will completely accommodate 
any personnel savings in the changeover. 

The cooperation of the staff is highly essential in the change
over. Just as in preceding conventional systems, successful 
change in procedures in electronic data processing are prac
tically impossible unless the clerical staff is fully cooperative. 
Supervisors must bring in the clerical staff at the beginning and 
make every effort to secure wholehearted support by a full factual 
presentation of what is in store for personnel when automation 
becomes fully operative. 

By setting forth facts to all employees at one time instead of 
allowing them to discover the news by rumor or second-hand 
information, the employees can face the future with some means 
of determining how they will be individually affected. With the 
facts in their possession, many of their fears will never materi
alize and others will be considerably lessened. The importance of 
providing effective communication of factual information from 
management to employees at this time' cannot be too strongly 
emphasized. If the plan as previously outlined is properly ad
ministered, both management and employees will enjoy the nu
merous benefits to be derived therefrom. In contrast, however, 
some organizations have insisted the acquisition of such ma
chines and the use. of machine time be kept a secret. 

With everyone informed of the proposed conversion, the next 
problem to consider is that of training; this consists of two main 
categories-general instruction and specific training. 

General instruction is a program directed at making everyone 
within the organization "computer-minded." It is not just the 
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rank and file, it is the departmental and sectional supervisory 
levels as well, that need a quieting of fears of job disruption. 
It is this group that frequently has extensive worries of whether 
they can make the grade in changing over to electronics. The 
purpose of a general training program is to acquaint all levels 
of personnel with facts about electronic computers, how they 
operate, what can be accomplished by their use and some of the 
preliminary work required to prepare data for computer proc
essing. The program is to familiarize all employees with com
puter terminology and capabilities so they will more readily 
accept a procedural conversion, and to stimulate their thinking 
regarding other procedures which could be converted in the fu
ture. An organization with a suggestion system can call upon 
that medium to advantage for the processing of employee sug
gestions regarding changes in procedures involving use of an 
electronic computer. 

In carrying out the program of general training, all educational 
media should be utilized. Periodic talks by computer users should 
be arranged for executives and personnel to acquaint them with 
accomplishments in related fields in other organizations. A glos
sary of computer terminology should be prepared and copies 
circulated to interested personnel. Some computer manufacturers 
furnish movies demonstrating their products. Others can be se
cured from accounting firms such as Arthur Andersen and Co. 
These films should be shown to employees throughout an organi
zation with wide spread or complete attendance. 

A library of books and other materials on the subject of com
puters should be started and added to as worth while material 
becomes available. A bibliography should be prepared and circu
lated to all officers and interested personnel as well as establishing 
the availability of these books. The library should also contain 
copies of at least some of the current periodicals: such as Com
puters and Automation, Harvard Business Review, The Con
troller, etc. A list should be circulated each month referring to 
articles of interest appearing in the various publications. A 
routing plan should be devised to insure that these periodicals will 
reach all executive and supervisory personnel. Other accounting 
firms issue pUblications from time to time which are excellent 
source materials.4 

4Arthur Young Journal, a monthly periodical, particularly August, Septem
ber and October, 1955. Haskins and Sells, Data Processing by Electronics, 
priv~tely published, May 1955. 



PREPARING EMPLOYEES FOR CHANGEOVER 131 

Visits may be arranged whereby interested executives and key 
employees of departments most involved in the conversion may 
see other computer installations. Visits to computer manufac
turing plants, installations and business service centers are like
wise quite profitable. 

The general training program should be designed to make 
everyone in the organization think in terms of computer applica
tions and capabilities. Concurrently with a program of general 
training a program of specific training should be conducted. 

Specific training should be available to those who will be pre
paring data to be converted to computer processing and to those 
who will operate under the new procedures. The first group will 
become the Procedures Analysts, Programmers and Coders. At 
this date of computer development, it is almost impossible to hire 
trained programmers and coders, and training is the only source 
of supply. On the subject of hiring trained programmers, it is 
illustrative to note that the national computer conferences have 
(according to the Wall Street Journal) taken on the air of hiring 
halls. 

More illustrative perhaps is a recent statement of Dr. H. R. J. 
Grosch, who heads computer activity at G. E.'s Evendale, Ohio, 
aircraft gas turbine plant: 5 

"For each of the next five years, the need for people to 
operate computers, that is to introduce information properly 
and maintain the machines will double each year. We have 
100,000 such persons now, which would mean over three 
million needed, five years hence. We won't be able to train 
that many, so the worker shortage will be greater than it 
is now." 

Management must, therefore, turn to its own personnel. The 
methods and procedures group of a company will form the nu
cleus for the task force required in preparing data for the 
computer. 

It is assumed that in making the feasibility study some of the 
methods and procedures group would have been utilized. Since 
they will have some degree of familiarity with the planned con
version, these individuals should be immediately sent to school 
for computer programming. 

By rotation every member of the methods and procedures staff 
should be sent to programming school. This should be done even 
though, of course, it is not planned to make programmers or 

5Statement made at Joint Computer Conference, Boston, November 1955. 
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coders out of aU of them. Only by receiving this specialized 
training can personnel of the methods and procedures department 
be properly qualified to evaluate procedures to be converted and 
to be able to prepare flow charts which can be utilized by pro
grammers in actual coding. 

Attention should next be directed to the selection and training 
of personnel for positions as programmers. Special aptitude tests 
to be used for this purpose are available from universities, voca
tional consultants and equipment manufacturers. Other tests 
may be secured from testing agencies and other computer users. 
Testing should be made available to selected young employees 
from each office of the company or agency. Final selection should 
consider not only the score attained but a very careful evaluation 
of the employee's abilities and attitudes within his present area 
of work. 

Additional instruction can be supplied by obtaining specialized 
personnel from the manufacturer and from other computer 
sources to give short talks at intervals of perhaps once or twice 
a month. These speakers can discuss in detail those components 
and techniques not fully covered in the regular programming 
courses. Attendance at various computer conferences and semi
nars by members of the programming staff can also serve to 
keep them informed of new developments. 

The importance of a continuing program of instruction cannot 
be too strongly stressed. It will be found that new developments 
will be available from the manufacturer or other users even 
before installation of the computer. New techniques will also be 
made public. This makes necessary a definite plan to keep the 
programmers, analysts, supervisors and department heads 
abreast of all new developments. 

The next group to be considered for specific training are those 
who will operate under new procedures as a result of the conver
sion. To aid this group, procedural handbooks or procedural 
manuals must be prepared by the methods and procedures staff. 
These manuals must reflect the details of every procedure as it 
will be carried on after the conversion. Needless to say, any at
tempt made to put new procedures into effect will be abortive 
prior to the time that all personnel is sufficiently familiar with 
the new procedures. 

In preparing its employees for the changeover, each user will 
find some variation for the specific preparatory measures enu
merated. It should be borne in mind that this is only set forth as 
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a guide. Each case must be handled on the basis of the individual 
company's or agency's circumstances. ' 

I have not attempted to cover training for training's sake
only as a psychological element of the preparation of employees 
for the changeover. There is a great deal of reassurance for the 
staff to see and know how some of themselves-not outsiders
are being trained to adapt their work to the new machines. 

Similarly, I have not attempted to cover executive leadership 
affecting intermediate supervisors but here again two-way effec
tive and informative communication is a real requirement. 

Department heads and supervisors should be kept informed as 
installation planning progresses. In addition planning should be 
made known to employees once a final determination is made in 
order to get greater cooperation and understanding. Actually, 
opinions, ideas and suggestions of the entire staff should be 
solicited before detailed routines are established, to achieve the 
full sense of participation. Many final decisions of necessity must 
be left to department and sectional supervisors. 

Analysis of Fears 

In addition to specific preparatory measures to achieve a 
smooth changeover, an understanding of fears, both real and 
imagined, of the employees should be grasped before attempting 
to cope with preparing employees for the changeover. 

In this connection J. Douglas Elliott of the Detroit Edison Com
pany6 has in an excellent article explored some of the fears, prob
lems and misunderstandings about the effect of these machines 
on employees and cites: 

"Four basic fears and misconceptions concerning electronic 
systems which need clarification in our own minds, in the minds 
of all employees, as well as the minds of the public, are as follows: 

(1) That the new electronic brains will truly become masters 
of men, reducing the worker to a subordinate position; 

(2) That only a few high-priced, highly educated specialists, 
technicians, and mathematicians will be necessary to organize 
and operate the machines; 

(3) That the few workers who are still needed will lose their 
individuality, with jobs reduced to simple repetitive tasks; and 
last, and per haps of most concern, 

(4) That wholesale layoffs will result when complete electronic 
systems are installed." 

6J. Douglas Elliott, ibid., p. 49. 
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1. Who aTe the Ma.<:;teTs, We 01" They-

Of course, Lewis Carroll in Alice in W ondeTland was talking 
about something else and not about machines, when it was 
scoffingly said, "It depends on who is master, we or they." But 
are the machines masters of men, or men masters of the ma
chines? This may seem strange to you at this time with your 
understanding of automatic-data processing systems and a knowl
edge of how unintelligent the machine really is, but it is still of 
real concern to the rank and file, the average worker and the 
public and to members of management itself. 

The real fact of the matter is-the more complicated the ma
chines have become, the more dependent they are upon man. 
Actually, the machines are so dumb you have to tell them to stop 
work; their intelligence is so low they do not know when they 
have finished a stack of work; that is pretty dumb by human 
standards. The plain and simple fact is the machine can make 
only those decisions you have planned it to make. If confronted 
with any you have not anticipated, it comes to a grinding, flash
ing halt. About that wonderful faculty of the machine's memory 
-it can remember only what you told it to remember. The 
inescapable conclusion is the machines will replace "muscles" 
but not "brains." 

2. Highly Skilled Specialists 

The second fear is that the operation of electronic data proc
essing systems will become dependent upon groups of highly 
skilled specialists to-

(1) review and analyze jobs for the machines to handle 
(analyst) , 

(2) to prepare machine instructions (coders) 
(3) to operate the machines (operator). 
It is true that a considerable amount of training will be re

quired to accomplish the above. However, it has been the experi
ence of the organizations to date that the best programmers and 
coders are the company's or the agency's own staff who know the 
company policy, objectives, procedures and practices. It is merely 
necessary for such personnel of the organization to acquire a 
thorough knowledge of symbols and codes of the particular 
machine system. 

Furthermore, the duties of the machine operators are quite 
comparable to those of a good punched card equipment operator~ 
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monitored by a programmer who will watch the console and check 
for errors, machine stops, and system failures. Some specialized 
training will be necessary, but the services of an electrical engi
neer or mathematician are not required to operate the data 
processing systems. 

3. Loss of Individuality 

The third category of fear is that the machine installation will 
so debase an employee that he will lose his individuality and 
become a robot. The exact opposite is true. The robot's part of 
the work will be mechanized as the use of machines will eliminate 
voluminous amounts of small repetitive tasks. The replacement 
of these tasks eliminates mediocre j ohs and brings new but fewer 
jobs with these jobs requiring greater responsibility, understand
ing and initiative in order to work with the new machine. John 
Diebold has stated that automation actually may have an effect 
opposite from "debasement."7 

4. Personnel Displacement 

The fear of large employee dismissals is more real in that it 
has an immediately prospective economic impact in contrast to 
the psychological impact of preceding fears and misconceptions. 
Here, since management of a company or an agency has become 
convinced the electronic machine will pay for itself or even make 
money, you cannot at the same time assure the staff there will 
not be a reduction of employees. 

In the planning and analysis work, however, there is usually 
a considerable increase in work not only preceding installations 
but later also because such activities with automatic data proc
essing systems are never complete. 

In the actual data processing operation, a reduction in manual 
manipulation and paper processing is expected and inevitable 
except in a few cases where a computer is installed purely for 
new work. 

Also, more machine operators per unit of equipment will be 
needed on an electronic system than in a normal tabUlating ma
chine installation. Because of the high cost of machines, users 
cannot afford to have them undermanned. Sufficient help ade
quately supervised will have to be available to keep the machines 

7John Diebold, Automation. New York: D. Van Nostrand Company, 1952. 
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running at all times, continuously for one shift and sometimes 
on double or triple shifts. 

However, one of the major attributes of electronic data proc
essing systems is the ability to develop information and reports 
of extreme importance to management but which without office 
automation were previously either prohibitively expensive or too 
time-consuming to be accomplished reasonably and timely enough 
for administrative consumption. In this area alone a large 
amount of additional workload is automatically generated, fre
quently far exceeding the workload eliminated by electronic 
handling of data. Management has known how much information 
and reports have cost, but has not known, although it has been 
suspicious, of the cost of not having pertinent information. With 
data processing electronically, additional work will be undertaken 
heretofore not contemplated but which requires additional and 
higher capabilities of the personnel. 8 Actually while the machines 
are causing significant changes in the work force, the mechaniza
tion is creating a net increase in jobs, not decrease in jobs. 

While a computer works its wonders without the aid of a crowd 
of little men and women sitting inside it operating thousands of 
calculating machines, it is nevertheless true that people are still 
needed on the outside to carryon a business, even after a com
puter is in operation. The picture of Before and After: A thou .. 
sand desks for clerical workers with manually operated machines, 
in contrast to a few black (or rather gray) boxes full of wires, 
tubes, relays, resistors and other electronic components-is 
merely a figment of the manufacturer's advertising and the sales
man's broad generalizations and to a degree to management's 
own picturization born of wishful thinking. 

Summing up, it becomes more apparent that the completely 
automatic office made up of only sexless and shapeless machinery 
will not become a reality. Actually, there are still going to be a 
lot of people around and in some areas of work more than before. 
Any significant savings will be confined to areas of routine data 
handling. The pictures you see of huge rooms filled with elec
tronic machines with a couple of beautiful blondes and one engi
neer sitting at the console are strictly for the manufacturers' 
advertising and management consumption. 

8Cuthbert C. Hurd, "Business Applications of Large Computers," in Tomor
row's Technology-A Symposium. Published by the Southern Research 
Institute, 1955. 
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Economic and Social Aspects 

In preparing employees for the changeover, the social and eco
nomic implications cannot be ignored but must be developed in 
order to dispel the over-all fear and misconception of automation. 
Much has been said and written on the technological advance and 
the increased standard of living resulting from automation; that 
for every job eliminated by technological improvements, more 
jobs are created in new and allied fields. Public attention has 
been further focused on this matter by the recent Congressional 
Committee investigation of automation. 

We ought to be able to accept history as proof of the point 
rather than debate any further on economic theory. Over the 
centuries, man has accomplished an amazing industrial miracle. 
He has surrounded himself with luxuries and greatly lengthened 
his hours of leisure; but no machine he ever devised has made 
humans obsolete. One outstanding example of automation that 
none of us here is too young or too old not to have seen in our 
lifetime is the dial telephone system. Recently, a little boy from 
Washington visiting in a southern farm asked how they could 
get telephone numbers without a dial and-, being told to Just pick 
up the receiver and tell the girl what you wanted, he asked: "Gee, 
do you have everything as modern as that!" Now, we would 
naturally assume that dial phones must have thrown thousands 
of telephone operators out of work, and some of the current writ
ing and talking on the subject of automation would seem to con
firm that assumption completely. But the latest Federal census, 
1950, shows that the number of telephone operators in this coun
try had increased by 79 % in the previous 10 years.9 And still the 
telephone company is advertising for more operators. 

However many total people are employed, though, it is tough 
to convince Mary Smith, an ex-payroll comptometer operator, and 
Betty Whoosis, a former file clerk in accounting that electronics 
and automation do not result in unemployment. It should be 
conceded here and now that the fear of technological unemploy
ment is a very real one to someone who is laid off when a new 
machine arrives. He knows and cares about only one thing, that 
he does not have a job. 

UU. S. Congress, Joint Committee on the Economic Report, Subcommittee on 
Economic Stabilization. Hearings, Automation and Technological Change, 
October 14-28, 1955. Washington: Government Printing Office, 1955, p. 80 . 
.see contrary testimony by Joseph A. Beirne, p. 340. 
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However, technological unemployment is only temporary and 
the answer must be provided by management and labor and the 
element of time. 

Management more and more is accepting its responbility in 
the expense of reeducating displaced personnel in newer tech
niques, retraining them in new fields, reassigning or assisting in 
employment transfer for employees so that they may continue to 
earn a livelihood and to support the community in which they 
have lived. The fact that DuPont has 35,000 persons employed 
on products new since 1951 is truly significant! The chemical 
industry, too, with all its built-in mechanization is increasing at 
a 10 % per year rate compared to a national over-all average of 
slightly less than 3 %. 

While management suspects labor of resistance to change and 
to some extent justifiably so, labor suspects management of un
reasonableness. The solution lies in cooperation of both labor 
and management in facing the over-all problem. 

One thing that must be considered and relied upon is the need 
of time to assist in technological changeover. Fortunately, it will 
take a considerable period of time, at least 3 years, to accomplish 
even the basic aspects of a change from a manual accounting to 
an electronic data processing and the full effect will be as long 
as 5 to 7 years. During this interval, management and individuals 
must work with, rather than against, the forces of nature. There 
was no insurmountable pain in the coming of the automobile
even though blacksmiths and buggywhip manufacturers started 
going out of business. 



MANAGEMENT EXPERIENCE IN THE CENSUS BUREAU 

DONALD H. HEISER 

The responsibility of the Electronic Systems Section of the Bu
reau of the Census is that of keeping the installation of two 
UNIV ACs and auxiliary equipment supplied with working pro
grams and workable data from New Year's to Christmas with 
the minimum of lost time and the maximum of output. 

I would like to mention briefly the size of our operations as 
measured by several standards and to discuss with you some sam
ple problems that are typical in the operation of large scale data 
processing equipment. 

Our equipment includes two UNIVACs, each with 8 Uniservo 
(tape handling) mechanisms, three card-to-tape converters, two 
of which are Census owned and one of which is on rental from 
Remington Rand, three tape printers, capable of reading infor
rna tion from magnetic tape and transferring it to a printed page, 
two of these are Census owned and one is rented from Remington 
Rand, one Unityper, which accepts information from a keyboard 
and transfers it to magnetic tape, and one film to tape converter 
that we call FOSDIC, which transfers information from a micro
film copy of enumerators,' documents to UNIVAC tape. 

The Electronic Systems staff includes between 50 and 60 people 
who are engaged in programming research and training, equip
ment maintenance and repair and equipment operation and 
control. 

We occupy approximately 11,000 square feet of floor space, 
which is divided into almost 4 equal parts to cover these four 
functions: 1. Operation of the two central computers, 2. All 
maintenance operations and operation of auxiliary equipment, 
3. Office space for programmers in the central group and admin
istrative and record-keeping personnel and 4. Storage space and 
cooling equipment for both UN IV ACs. 

The budget for the current fiscal year is $460,000, which in
cludes salaries of staff referred to above, maintenance, repair, 
and parts for all of the above equipment, with the exception of the 
two rented items where the maintenance is included in the rental 
price, a small amount for tape replacement and a small amount 
for equipment improvement. The budget does not include amorti-

139 
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zation of original capital expenditures nor does it include services 
such as space rentals, power, lights, etc., as provided by General 
Services Administration. 

The current workload is sufficient to keep two UNIV ACs occu
pied full time 7 days a week, 24 hours a day and we are currently 
purchasing time from another UNIVAC installation. We are also 
negotiating for the possible purchase of UNIVAC time from other 
sources to meet the peak requirements of the current Economic 
Censuses. 

Since the acceptance of our first UNIVAC in the spring of 1951, 
our lives have been full of problems and headaches. Some of these 
problems, of course, we had expected and were partially prepared 
for. Others were entirely new and consequently were the cause of 
a great deal of activity and effort. Some of these early problems 
are representative of those that are still being encountered in the 
operation of large scale computers; others are problems that may 
have been solved by now, but will serve as examples of the unu
sual or unexpected type of problems that seem to continue to 
arise. 

The use of this kind of equipment brings new problems, how
ever, and in addition puts new faces on some old. problems. A 
requirement to be met in applying computers is that very detailed 
and explicit instructions must be provided to the computer before 
it will proceed through any operations. A computer, for example, 
doesn't even know when to start or when to stop, except when 
explicit directions covering these elementary functions are in
cluded in the instructions prepared for it. This applies not only 
to a complete task but to hundreds and sometimes, thousands of 
subparts within subparts which when executed in the proper se
quence by the computer result in the solution of a complex prob
lem. The preparation of these lists of instructions known as 
"programs" involves personnel with varying degrees of skill rang
ing from the principal programmers, who must be thoroughly 
familiar with the application as well as the characteristics of the 
computer to be used, to less skilled personnel, who must be skilled 
in applying the computer instructions to accomplish specific re
sults but who need only be capable of filling in the final details in 
small pieces of a total program and need not necessarily under
stand how the pieces they prepare fit into the large mosaic which 
makes the whole. 
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Staffing 

Many of the personnel needed to perform these functions of 
general and more detailed programming need not necessarily 
receive an extended education on these specialized areas. Per
sons of good educational background and with aptitude (but not 
necessarily professional training) in mathematics, sciences, en
gineering, and related fields or who have demonstrated ability in 
planning punched card procedures can be trained in the essentials 
during a period of several weeks. They can acquire experience 
over a period of several months or perhaps a year that will enable 
them to perform effectively in this specialized field. 

The requirement for personnel to prepare programs is supple
mented by a need for operating personnel. Much has, been printed 
in the popular press about how automatic and self contained 
these devices are. You may have heard how internal checking 
facilities, or checks for accuracy which are included in the in
struction "program," can insure against incorrect results. The 
very existence of these facilities suggests that sometimes checks 
are not satisfied. When this occurs there must be human inter
vention by an operator. The art today has not reached the point 
at which these equipments can be left unattended for periods 
of even an hour unless the user is willing to take a great risk 
that during a major part of that hour the computer will just be 
stopped, waiting for the operator to press a button or take some 
other action to start it again. Because of the high cost of lost 
time and the need for fairly frequ~nt operator intervention to 
identify and correct difficulties or supply additional input ma
terial it is important that operators of large scale computers be 
more highly skilled and trained than is necessary for more tradi
tional office equipment. 

In addition to operators there is a need for maintenance per
sonnel. Here as with program preparation a wide range of skills 
is required ranging from engineers who know the design of a 
computer to far less skilled technicians. 

Thus, these new data processing facilities create job opportuni
ties for programmers, operators and maintenance personnel while 
they take over routine clerical tasks. Practically all of our staff 
now working in these various positions represent persons with 
appropriate background and aptitudes who were working in the 
Bureau of the Census prior to our acquisition of the computer, 
and who have been trained and have developed the necessary 
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experience while on the job in the Census to carryon effectively 
in the new type of function. We have had to hire from the outside 
only one or two who were already experienced in one of these 
fields. For a fixed amount of work an electronic data processor 
may sometimes effect a net reduction of substantial proportions 
in the total personnel required. The reductions, however, will be 
in the number of employees needed to perform routine work. 

Assignment of Responsibilities 

The organization and assignment of responsibilities for various 
aspects of a computer installation deserve some attention. We 
have followed an approach in which a central Electronic Systems 
operation is established with responsibility for (a) operating and 
maintaining the computer, (b) allocating computer time, (c) 
providing leadership and training in the development and appli
cation of programming techniques, (d) developing new areas of 
application, and (e) operating auxiliary equipment such as the 
printers and the devices for converting from punched cards to 
magnetic tape. On the other hand, actual preparation of pro
grams is the responsibility of our user divisions with guidance 
and assistance from the central programming group. Similarly, 
the user is responsible for bringing his work to the computer at 
the beginning of the period he is scheduled to use it. He in turn 
expects to find the computer in operating condition and an opera
tor to assist him with his, work. 

This approach seems to work quite well. It effectively educates 
the staffs of the divisions about the computer, and we believe it 
is more effective than completely centralizing the computer ser
vice, with the customer simply stating his problem and the com
puter group programming and putting it on the computer. It 
certainly has spread understanding of the computer, its capabili
ties and limitations, among the staff of our Bureau. This also has 
the effect of providing a much larger staff to draw upon when 
we have large temporary expansions of work for major censuses. 
Professional, procedural or administrative people in the divisions 
control flow of work to and from the computer, and learn to suc
cessfully program for the computer. At the time we started 
operations in Philadelphia we recruited four electronic engineers 
that we intended to "expose" to UNIVAC logic at the plant in 
Philadelphia, with the hope that these people would serve as the 
nucleus group for the maintenance operations with Census Bu-
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reau personnel. At this time we were using as operaton;; a num
ber of expert clerks who had been selected from the Philadelphia 
office of Census operations. As time went on and we needed to 
recruit additional staff, our search was in the direction of finding 
experienced technicians with electronic repair or maintenance 
background, who may have come from trade schools, television 
and radio repair shops and the like. These people we trained in 
the field of UNIVAC logic and maintenance and we also used these 
people as the operators of the equipment. This group, in addi
tion to supplying the necessary logic and technique for keeping 
the equipment in operating condition, were also used to keep the 
equipment fed with work during the time that the equipment was 
operating satisfactorily. Incidentally, this was the method of 
operating most of the large scale computers that had been put 
into operation up to that time. This seemed to be a reasonable 
way of operating our UNIVAC. However, as time went on, we 
were faced with the extreme difficulty of finding technically 
qualified maintenance personnel. 

Another factor concerns the addition of a Second UNIVAC. 
Our operations were now becoming so large that we could afford 
specialists in the two areas of operations and maintenance. Con
sequently, we have recently relieved our maintenance staff of 
the responsibility of operations of the equipment and we are de
veloping a staff of operations people whose main responsibility 
will be that of operating the equipment, which includes mounting 
and demounting magnetic tape, operation of the control switches, 
preparation of the operations logs and the like. Our present main
tenance staff consists of about fourteen people, ranging from 
grades GS-5 through GS-12 1 and the present operations staff 
consists of about twenty-three people, ranging from grades GS-3 
through GS-13. 2 To qualify as a candidate for a position on our 
maintenance staff one needs to have a certain amount of experi
ence or training in the field of electronics, but this experience and 
training need not necessarily be in the field of computation. If 
a man has mastered the fundamentals of electronics, we feel that 
he is good material for training in the logic and operating proc
ess of UNIVAC equipment. 

Our first maintenance engineers were sent to Philadelphia, with 
the hope that they would Jearn UNIVAC maintenance by working 
alongside the Eckert-Mauchly people, who were engaged in con-

lStarting salary range: $3670-7570. 
2Starting salary range: $3175-8990. 
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structing and debugging UNIVAC equipment. There was little 
formal training effort expended during this time, presumably be
cause the manufacturers considered it to be more important to 
get the equipment delivered than it was to train maintenance 
staff for customers. However, our trainees did make reasonably 
good progress and in fact did so well that they were able to get 
positions elsewhere at salaries above those that Census was able 
to pay. We eventually lost them all. 

At the time we moved the first UNIVAC out of Philadelphia to 
the Census Bureau in Suitland, we had been reduced to one engi
neer and were in the process of training a small group of techni
cians in UNIVAC maintenance. A few of these people were hired 
from outside the Census Bureau, but several were taken out of 
the Census Equipment Maintenance Shops and were trained on
the-job in UNIVAC maintenance. 

Because of our unsatisfactory experience up to this time in 
obtaining an engineering staff, we started working on the prep
aration of a special contract for engineering personnel. There 
was a precedent for the contract arrangements inasmuch as the 
maintenance of the equipment had been done, partially at least, 
on a contract basis with the Eckert-Mauchly engineers during the. 
twenty-one months of operation of the UNIVAC in Philadelphia. 
After a great deal of effort and discussion with Bureau of Stan
dards and Department of Commerce personnel we finally worked 
out a contract which permitted us to hire, at the equivalent of a 
super-grade level, an expert UNIVAC engineer who had been 
trained with the Eckert-Mauchly group in Philadelphia. The 
contract has been renewed twice with this man and he is still our 
chief consulting engineer. Even though we have been paying him 
an unusually high rate for his services, we feel that the return 
has been well worth the investment. 

Our UNIVACs are turned on for 168 hours each week. This 
means that we must have the machines manned for operations 
or maintenance 21 eight hour shifts each week. Our people, like 
most people, are used to working five 8 hour days a week and 
there are certain rules and regulations which prescribe their 
hours of duty. Because there are 21 shifts of machine-time each 
week and five shifts of man-time each week, we have become ac
customed to speak of four shifts of operation. It would be nice if 
there were four definite shifts of operation. However, this is not 
the case. Consequently, there must be considerable juggling of 
assigned hours in such a way that the 21 shifts of machine time 
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get covered by the equivalent of four groups of maintenance peo
ple and four groups of operations people. In general, most of our 
people prefer to work the daylight hours-five days per week. 
There are occasions when some of our people for some reason 
or another prefer to work the off-shift time. Maybe the man pre
fers to work the midnight shift because he is going to school in 
the day or evening, or maybe he prefers the evening shift in 
preference to rotating. In the scheduling of our personnel, we 
attempt to first locate those people with preference for off-shift 
assignments, and then to assign the remaining people on a rotat
ing basis to cover the remaining positions. We take care of Satur
day and Sunday requirements by scheduling for some people two 
off days in the middle of the week. Our present engineering staff 
includes two Grade GS-12 Engineers, one Grade GS-11 Engineer, 
and one Grade GS-7 Engineer; and a staff of technicians, Grades 
GS-5 through GS-9. We have a chief maintenance technician 
on duty at all times, and it is the res,ponsibility of this man to 
continue the scheduled maintenance work when it falls in his 
shift of duty and to provide emergency service for the UNIVAC 
and auxiliary equipment as it becomes necessary during time 
scheduled for productive operations. After a great deal of effort 
we have finally classified this position as Grade GS-9, Electronic 
Technician; we now have four people operating in this capacity, 
although only two of them are presently qualified according to 
Civil Service standards. The other two are performing a satis
factory job, but because of insufficient time in grade or the ab
sence of some other qualification, are not now permitted to enjoy 
the Grade GS-9 salary. So we have problems both in the limita
tions of Civil Service job classification standards and personnel 
qualifications standards. 

In the past few months we have enjoyed an unexpectedly low 
turnover rate of technical personnel, but we are presently becom
ing a little jittery again, believing that we are about to be faced 
with a new series of resignations. Computers are now being pur
chased by many non-government concerns; and there is a grow
ing field of electronic construction and development in the Wash
ington area. Both of these fields seem to be able to pay more 
money in general than we are able to pay, and some of them are 
able to offer more attractive working hours than we are able to 
offer. Some stigma is attached to the term "maintenance." We 
find a number of people who are more attracted by the glamour 
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of electronic construction and development than by the routine 
duties of UNIVAC maintenance. 

P hysical Facilities 

In the same way that we are somewhat restricted by personnel 
standards, we are also restricted by purchase and procurement 
procedures. To run an efficient computer operation, it is neces
sary, of course, to have adequate power, operating area, cooling 
facilities, supplies, replacement parts and the like. Most of these 
items fall in the area of someone's else responsibility. With re
spect to space and electricity, the General Services Administra
tion is responsible for supplying the space and the power for the 
regular sort of Government activity; but when special services 
and extra facilities are required, there is a considerable amount 
of arranging and negotiating necessary to accomplish the de
sired results. One UNIVAC requires something over 100 kilo
watts of electricity. This amount of power is not generally avail
able in an office building at one location, so it was necessary for 
us to arrange for the construction of a transformer vault and 
installation of a transformer to supply the necessary power. 

The first eight or nine UN IV ACs that were constructed de
pended on their cooling to be accomplished by the circulation of 
a tremendous amount of air through the central computer and 
power supply cabinets. Preparatory to the installation of the 
first UNIVAC at the Census Bureau, it was necessary to negotiate 
a contract that would cover the installation of adequate air mov
ingequipment, sufficient power, and power regulating equipment, 
and suitable operations signals and alarms. Since we were to in
stall the UNIVAC in a government building, it was necessary that 
we go to the Public Buildings Administration and acquaint them 
with the requirements as best we could learn from the suppliers 
of the equipment.3 

The Public Buildings Administration people had to study the 
problem and work out a plan for the modification of the building 
and the installation of the necessary equipment. For this we paid 
a fee. The work developed by the Public Building Administration 
resulted in invitation to bid and award of contract for the instal
lation of two large squirrel cage blowers, conduits, holes through 
the floors, an entirely new transformer room, a 750 KVA trans-

3The equipment manufacturers' installation manual was not published until 
some months later. 
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former, and suitable connecting cables and power control equip
ment. To push 30,000 cubic feet of air per minute through the 
bottom and out of the top of the UNIVAC, it was necessary to 
cut two 3D-inch square holes through a ten-inch concrete slab. 
Other smaller holes were necessary to provide for air ducts and 
electrical cables. 

One of the specifications of the building alteration contract 
called for the hole cutting to be done in such a manner as to cause 
no interference with the regular operations, in the building. It was 
assumed that suitable drilling equipment would be procured and 
that the holes could be bored with little or no interference to peo
ple in the neighboring areas. This turned out to be a false as
sumption. After trying various pieces of equipment and ways 
of getting these holes through the floor, the final result was that 
the holes were cut by compressed air jack hammers on a weekend 
and the contractor had to clean up almost the entire back half of 
the whole wing in the Census Bureau to get rid of the concrete 
dust that was everywhere. 

With the completion of the building alterations and provisions 
of power and cooling facilities for the first UNIVAC, we thought 
that with all this experience we would be in a good position to 
facilitate the installation of a second UNIVAC when the time 
came. However, by the time we got arouhd to purchasing our sec
ond UNIVAC, the manufacturers had installed a modified system 
of cooling equipment. It is still necessary to circulate air through 
the electronic chassis in the UNIVAC; but the circulation is now 
enclosed in the system and a network of cold water cooling coils 
has been arranged to keep this circulating air at a reasonably 
low temperature. Consequently, it is not necessary to cut 30-inch 
square holes through concrete slabs to install the present cooling 
system, although some smaller holes are still necessary for elec
trical conduits. Instead, it is now necessary to provide rather 
elaborate water cooling arrangements. 

Before installing our second UNIVAC, we again had to develop 
specifications, invitations, and award a contract for the installa
tion of water cooling equipment. We now have installed in the 
basement of the first wing of Federal Office Building No.3, about 
90 tons of cooling equipment and we have attempted to arrange 
this equipment in such a way that the failure of anyone com
ponent would not cut off all the capacity; rather, there would be, 
by a valving operation, half the total capacity available to the 
UNIVAC area. In addition to having the second UNIVAC served 
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by the cooled water from this system, there is also a 25 ton air
handler that cools the operating area around the UN IV ACs and 
auxiliary equipment, and there are the two auxiliary pieces of 
equipment, each of which has its own cold water cooling require
ments. In event of cooling equipment failure, we usually are able 
to keep the UNIVAC supplied with sufficient cold water, although 
we may have to suspend operation of the card-to-tape machine 
or the high-speed printer during time of shutdown of the cooling 
equipment. 

The maintenance' of the cooling equipment is still a problem 
for which we are searching for an adequate solution. When air 
conditioning equipment is installed in a government building, it is 
by past practice, the responsibility of the Public Buildings Ad
ministration to maintain. However, the Public Buildings Admin
istration, in equipping itself for the responsibility of maintaining 
air conditioning equipment, has not felt it necessary to give the 
service necessary to keep a large scale computer in operation 
around the clock. We are currently drawing specifications for the 
maintenance of the cooling equipment which will probably result 
in a year's contract with some firm qualified in the air condition
ing business to keep our equipment adequately maintained. Per
haps during this period of contracted maintenance our people in 
the UNIVAC group or the Public Buildings Administration will 
have the opportunity to get the necessary knowledge and experi
ence to continue the cooling equipment maintenance with govern
ment personnel. 

Spare Parts and Supplies 

One step toward minimizing lost time due to equipment failure 
is the maintenance of adequate inventory of spare parts. Spare 
parts inventory as originally recommended by the manufacturer 
included some $40,000 worth of material. This material was 
divided into two categories: expendable and non-expendable 
spare parts. The expendable spare parts list included such items 
as electronic tubes, fuses, resistors, and the like. The non-expend
able spare parts include major components such as chassis, 
motors, mercury tanks, and the like-all that were thought neces
sary on short notice but which in general could be repaired at 
a later time. 

Because of a large recommended inventory of spare parts and 
limited operating funds, three of the UNIVAC owners in the 
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Washington area established an arrangement whereby it would 
be unnecessary for each to install all of the spare parts. The ar
rangement provided that all of the spare parts in the recom
mended list would be in one or the other of the three Washington 
installations although not necessarily in all three of them. For 
example, the Census Bureau has never invested the $7,000 nec
essary to purchase a standby mercury memory tank because at 
least one of the other UNIVAC installations in the Washington 
area had stocked a memory tank. Likewise, there are some items 
that the Census Bureau stocks that the other installations did not 
stock for themselves. The really expendable items of course were 
stocked and will continue to be stocked by all three installations. 

Even though we attempt to establish a respectable working 
inventory of spare parts there continue to be occasions when 
something goes wrong, and we need some piece of material on 
relatively short notice. Our procurement people in the Census 
Bureau, like other normal activities, are in the habit of working 
eight hours a day, five days a week. But, since three-fourths of 
the operating time of a large scale computer is outside of this 
normal 40 hour-week, a great number of problems and special 
handling operations fall outside the normal hours of the pro
. curement people. 

Procurement people, of course, are equipped to provide service 
according to regular procurement standards; but these standards 
were not designed to provide for procurement of equipment for 
large scale computers, nor were they designed to provide service 
on a few minutes notice. Needless to say, we have had a number 
of problems in this area. 

We have also had difficulty in procuring parts and materials 
from the only known source of supply, the manufacturer of the 
UNIVAC equipment. For one reason or another, perhaps the 
pressure of delivering new computer UNIV ACs to new customers, 
the UNIVAC people have not always been in a position to supply 
spare parts or emergency service on immediate demand. On occa
sion we have had to by-pass our own procurement people and 
local factory representatives by telephoning emergency requests 
directly to representatives at the Philadelphia plant, and once 
went so far as to send one of our programmers to Philadelphia in 
her own plane to pick up a part. I believe our longest down-time 
period due to difficulty in getting a replacement part was some
thing like 32 hours, and there have been perhaps eight other lost 
time periods of a few hours due to delay in getting spare parts. 
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Magnetic tape is a pro.blem and probably will be fo.r some time 
to. co.me. Mo.st large scale co.mputers use a plastic tape with an 
o.xide co.ating as a medium fo.r intro.ducing instructio.ns and data 
into. the system and fo.r reco.rding results pro.duced by the system. 
The UNIVAC system, ho.wever, uses a metal tape which is no.t 
available from any o.ther so.urce of supply. Metal tape is a pho.s
pho.r bro.nze base with a plating designed to. give go.o.d magnetic 
reco.rding and reprQductio.n. Metal tape CQsts three to. fQur times 
as much as the same fQQtage Qf plastic tape. It, ho.wever, is 
thinner than plastic tape; and, therefo.re, Qne reel can hQld more 
material than the same length Qf plastic tape. Recently, plastic 
tape develQpments have prQduced a material called mylar which 
has sufficiently gQQd durability and tensile strength to. make a 
gQo.d base fo.r Qxide cQating fQr cQmputer magnetic tape uses. We 
are currently experimenting with the new mylar magnetic tape, 
and we believe that we may develQP an arrangement whereby the 
mylar tape and metal tape may be interchangeable. 

There are reaso.ns fo.r wanting to. use plastic tape o.ther than 
just the fact of Io.wer CQst. The o.riginal CQntract with the 
UNIVAC peQple prQvided fQr an arrangement which WQuid per
mit the Census Bureau to. purchase up to 5000 reels o.f metal tape. 
By the middle Qf 1952, the Census Bureau had taken possessiQn 
Qf apprQximately 2000 reels Qf tape, and we were already having 
difficulty in getting additiQnal tape frQm the manufacturer. 
Ho.wever, a manufacturing facility had nQt been supplied to. take 
care o.f bQth the Census' anticipated requirements and the require
ments Qf the o.ther custQmers whose demands at that time were 
beco.ming prQnQunced. The manufacturer later increased pro.duc
tio.n facilities, and as o.f the early part Qf this year was stQcking a 
relatively large amQunt o.f tape in Philadelphia. As the demands 
o.fthe Eco.nQmic Censuses, which we were abo.ut to. pro.cess, indi
cated that o.ur inventQry WQuld have to. be expanded to. several 
thQusand reels larger than we then had, we nQtified the supplier 
Qf o.ur estimated requirements and we were assured there Wo.uld 
be no. difficulty in meeting them. As a matter o.f fact, fQr several 
mQnths they were able to. make delivery Qn all metal tape o.rdered 
o.n reasQnably shQrt nQtice. Ho.wever, the inventQry o.f spare tapes 
was exhausted in Philadelphia this last ~ummer and o.ur Qwn cal
culatiQns seemed to. have been sQmewhat shQrt Qf actual require
ments, so. that during the past three Qr fQur mo.nths we have been 
fighting a disturbing shQrtage Qf sufficient magnetic tape. Tape, 
Qf co.urse, is reusable; but if the infQrmatio.n that is sto.red o.n the 



MANAGEMENT EXPERIENCE AT CENSUS 151 

tape is to be retained for some other use, this tape will be tied up 
and not available for current processing work. To help get around 
the difficulties of short tape supply, we have packed tapes in an 
attempt to reduce the amount of total number of reels necessary 
to store certain information so that the blank tape at the end of 
the reel is made available for storing information that was al
ready stored at the beginning or front of another reel. This, of 
course, takes valuable UNIVAC time and requires some arrange
ment of suitable controls and records to keep tab where the in
formation was stored. 

Tape as originally delivered to the UNIVAC was coated with a 
thin film of oil to reduce the friction and wear of tape over the 
reading and writing head and also to provide a protective coating 
against corrosion. However, experience with oiled tape showed 
that we were going to have to replace the $1,200 writing heads 
rather frequently unless an improvement were developed. This 
improvement turned out to be the installation of a thin film of 
mylar plastic tape between the reading head and the metal mag
netic tape. The function of the mylar spacer, which moved across 
the head at the rate of ten inches per hour, was designed to 
absorb the wear that the heads otherwise were taking. Prior to 
the installation of the mylar we had replaced some 11 heads due 
primarily to the effect of magnetic tape wear on the head. How
ever, the installation of the mylar spacer was not the complete 
solution to the problem. The mylar spacer itself, because of the 
static charge that it developed, was an excellent attractor of dust 
and dirt in the air, which the blowers in the tape unit were pump
ing through a hole directly behind the magnetic head. The oil 
on the tape, too, seemed to have an affinity for dirt; so, that a 
complete tape cleaning and deoiling operation was necessary after 
the installation of the mylar spacers. This was accomplished on 
our inventory of 2,000 reels in Philadelphia. Since then we have 
manually cleaned exceptionally dirty tape as it has developed. But 
as of now we do not have an organized tape cleaning program. 
We continue to operate with the tape clean or dirty as best we 
can. We have a number of tape breakages which are repaired as 
they develop. The tape may break in the middle, in which case 
we have to splice it and identify the spliced area by punching 
small holes on either side of the area which serve as signals to the 
reading and writing mechanisms to suspend reading and writing 
in the area between the holes. Broken clips and broken leaders 
occur, and these, too, are replaced by our technicians. Folds de-
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velop in tape which do not interfere with the mechanical process
ing of the tape through the tape units, but the fold itself may 
produce an area where it is impossible to procure good reading 
and writing characteristics. When folds are encountered, they 
are also identified by holes punched .on either side. 

Program Planning and Coding 

For the most efficient .operation .of a program .on a large scale 
computer, it is important that the details of a program be well 
planned out in advance; that they cover the exceptional situations 
as well as the general; that they provide adequate coordination 
between the various steps of the overall program and that there 
will be suitable checkpoints .or means of establishing the adequacy 
of the program prior to its use in a tight production schedule. 
I would guess that to date the Census Bureau has expended some
thing between 60 and 80 man-years .of programming effort. A 
year ago we had in the central programming group 8 program
mers-most .of them with a great deal of pr.ogramming experi
ence. However, the problem .of preparing programs f.or the 
Censuses .of Business and Manufacturers created a demand for 
a much larger number of people to provide adequate operating 
programs. The central programming group conducted a training 
program which resulted in UNIVAC pr.ogramming techniques 
being given t.o 50 or 60empl.oyees of the Census Bureau who were 
already operating in the subject matter divisions and in the 
fields that were to be covered in the new censuses. This training 
program was quite successful and there are now in the Census 
Bureau 25 or 30 good programmers engaged in translating the re
quirements of their own subject fields int.o UNIVAC instructions. 
Our own central group has dwindled t.o 3 persons partly because 
.of the necessity of detailing some of the pe.ople in it to cover the 
immediate requirements of the current Economic Censuses. The 
intended function .of the relatively small central programming 
group is that of providing guidance and training for pe.ople 
newly recruited into the field of UNIVAC programming; to. pro
vide a source of information and a point of dissemination of new 
techniques and procedures developed in the group .or in .other 
UNIVAC installations; and to conduct research in the area of 
new programming techniques to meet general requirements, new 
programs to fit to new equipment, or to evaluate proposed im
provements to existing equipment and to develop requirements 
for new features to be added to existing equipment. 
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Even though we have a number of people who are experienced 
UNIVAC programmers at the Census Bureau, we believe we still 
have considerable to learn about predicting UN IV AC capacity, 
program time requirements, and so on. We still fail on the side 
of underestimation of time necessary to produce operating pro
grams, and UNIVAC time necessary to process the data after 
programs are developed. We are learning in this area, but as 
of the present, we do not have adequate standards for making 
good estimates of program requirements. 

Scheduli'ng 

There are a number of problems in ascheduling time on the 
computer. Some programs operate on a very tight time schedule 
and must be processed a short time after the receipt of the data. 
Our monthly current population survey is a good example. We 
attempt to produce final results from UNIVAC within 3 or 4 days 
of the receipt of the data to be processed on punch cards. The 
whole month's operation takes something less than 40 hours of 
UNIVAC time but it is necessary to coordinate card-to-tape 
operation, UNIVAC time, printer time and the time of the subject 
matter people who must be present to give immediate answers 
to subject matter problems that may arise in the processing 
operation. 

Other jobs, particularly those requiring much more time and 
lasting for longer periods, can be scheduled in such a way that 
the bulk of the work is done in a routine manner during week
ends or night shifts when it is not necessary for subject matter 
people to be in attendance. Since maintenance of the computer 
must be fitted in with requirements of the operating programs, 
we have established some general rules which we use to guide us 
in establishing the monthly schedule of time assigned to each 
of our customers. 

Even after we have established what seems to be a reasonably 
good schedule for the following month, there always seem to be 
a number of problems and emergencies which arise that require 
special attention. When these do arise, it is necessary to do some 
juggling with the assigned time and attempt to get some degree 
of mutual agreement on a revision in the time schedule. If this 
results in a customer not having to corne in to run his program 
early Sunday morning, he is generally happy but if it requires 
that we change his assigned time from Friday day shift to mid-
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night Saturday night, he is occasionally not very pleased with 
the new arrangement. 

It may be interesting to note that when we were selling a large 
amount of our UNIVAC time to customers outside the Census 
Bureau, the scheduling and rescheduling of time seemed to be 
easier to accomplish than when we have to reschedule only among 
employees of our own Bureau. This must be due in part to the 
fact that people without a computer are anxious to get time at 
almost any cost or hardship but that the people with the computer 
think the tool should be used to serve their needs and conveniences 
rather than enslaving them to its own unreasonable hours of 
operation. 

Auxiliary Equipment 

I would like to discuss a few problems in the field of auxiliary 
equipment. At the time we took possession of the first UNIVAC 
we also took possession of two devices designed to translate in
formation from IBM punch cards to UNIVAC magnetic tape. 
Instead of using card reading units that were already in existence 
and doing a good job, the UNIVAC engineers undertook to build 
a new card reading device that would read the cards, short edge 
first, a column at a time so that the information could be tran
scribed to magnetic tape a column at a time without the need for 
a storage device that would have been required if the cards were 
fed broad side first on conventional equipment. The objective is 
understandable but the result was by no means a success. How
ever, we did struggle along with these two card-to-tape converters 
and were successful in converting several millions of cards to 
magnetic tape. There was a great deal of down time on these 
pieces of equipment and in general we had to process all of our 
cards at least twice to get acceptable tapes for processing on 
UNIVAC. This means that we were using a three quarter million 
dollar testing unit to establish the adequacy of the output of a 
40 thousand dollar unit and we were wasting additional UNIVAC 
time in attempting to salvage card-to-tape output that was almost 
good enough. The UNIVAC people have developed a new card
to-tape converter which feeds cards in a conventional manner, 
stores the information in memory and, after having transferred 
the information from memory to the magnetic tape, it rereads 
the information stored on tape twice-once to establish its read
ability and certain relations between good signals and bad signals 
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and once to match what has been recorded on the tape back 
against a set of data stored in memory from a second reading of 
the card. This unit has turned out to be a reliable unit although 
it has two limitations over that of the older unIt. One is that 
the speed has been reduced to provide for the time necessary to 
start, stop, and reverse the tape after each card. The other is 
that the number of cards that can be stored on one reel of tape is 
now of the order of only 5,000 whereas over 10,000 cards could be 
converted to one reel of 1,500 feet of tape on the Mod-1 converter. 

We still have a problem in procuring adequate high speed 
printing equipment. Three years ago, we let it be known around 
the industry that we were interested in equipment with greater 
printing capacity and we provided certain broad specifications 
for equipment that we thought might meet our needs. These 
exploratory efforts resulted in an invitation to bid on our specifi
cations for a printer to meet our requirements, and award of a 
construction contract to a company in Summit, New Jersey. At 
the time this award was made, we were confident that it would 
produce a new printer that would meet our requirements, and 
well ahead of any other source of printing equipment. We were 
partly wrong in that there is now on the market a respectably 
good high speed printing device which reads UNIVAC tape, while 
our own printer will not be delivered to us at the Census Bureau 
until sometime after January 1, 1956. We believe that our con
tract with a competitor was at least partially responsible for an 
earlier delivery of the Remington Rand printer that is now used 
in several UNIVAC installations although we are still quite con
fident that our own printer, when installed, will have certain 
features which will make it much more useful to us. 

I have previously mentioned the effort to standardize the use 
and interchangeability of plastic magnetic tape with metal mag
netic tape. Because of certain methods of production in the 
plastic tape plants, the tape comes to us on a reel that is seen 
frequently in the audio recording business. This reel has a larger 
capacity for tape but more important it has a different inside 
mounting hole diameter. Our own engineers have developed a 
new reel mounting chuck that is capable of accepting the stand
ard 8 inch UNIVAC tape reel as well as the new 101/2" plastic 
tape reel. In developing this new chuck capable of accepting 
either type of reel, our engineers have also succeeded in develop
ing a clamping arrangement that required no special nor addi
tional finger movements to engage the reel on the servo. The 
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mounting operation is simply to push the reel on to the chuck 
and the dismounting is simply to pull the reel off the chuck. This 
saves only a few seconds for each reel mounted but it is neverthe
less in the direction of making more efficient use of the equipment. 

There are a number of non-maintenance area~ in which we 
would like to have our electronic engineers and technicians spend 
time. Not only because these areas need development but also 
because the engineers and technicians themselves like the develop
ment sort of work which is a good relief from their routine 
maintenance duties. However, the limited number of qualified 
personnel and the heavy work schedule have meant that we could 
afford very little time to be spent in the development area. Engi
neering development has always taken second priority to that 
of keeping the maintenance staff trained and the equipment in 
operation. 

Conclusion 

Having listed a number of problems in the operation of data 
processing equipment, it is evident that this is an excellent area 
for operations research. There is an opportunity for experts in 
the field of statistical analysis and evaluation to apply their tech
niques to solving the recurring problems in the operation of large 
scale equipment. 

The Census Bureau has pioneered in the use of large scale data 
processing equipment. Some of the problems described above are 
due to the lack of experience by the manufacturer, government 
service agency, and the Census Bureau itself. Many are continu
ing problems, however, and have been presented that other users 
may profit by our experience to achieve maximum success in the 
utilization of this important equipment. 



ORGANIZATIONAL EFFECTS 

WALTER FRESE 

Formal organization structure is one of the more rigid aspects 
of administration. Changes in organization structure are infre
quent in most organizations because informal adjustments are 
usually sufficient to accommodate changes in demands on the 
organization. This is particularly true in those instances in which 
the changes affect only a single unit of organization. 

The introduction of electronic data processing systems, how
ever, requires such basic changes in personnel and procedure that 
changes in formal organization structure must be expected. In 
addition, substantial changes in working relationships between 
organizational units should be anticipated. The data processing 
center itself requires the establishment of a new organizational 
unit and it may change substantially the nature of units with 
which it is closely associated such as punched card processing 
units and report preparation units. 

Assuming that these generalizations are correct, a new order 
of interorganizational cooperation and teamwork is required. A 
highly flexible approach to organizational adjustment to the new 
system is essential. 

Certainly these observations seem to be applicable when EDPS 
is introduced into accounting operations. Traditionally, the func
tions of budgeting, accounting and auditing have been separate 
processes. Fortunately, trends of recent years have led to inte
gration of these three processes and the concept of financial 
operations for maximum usefulness to management. As George 
Stickney has noted, it was only in 1949 that the major Federal 
agencies embarked upon a joint accounting improvement pro
gram in which the chief budget, accounting, and auditing agen
cies participated. 

The emphasis of this joint accounting improvement program 
has been on developing accounting as a useful management tool 
in each of the many diverse areas of management responsibility 
in the Federal Government. A corollary objective has been to 
eliminate or simplify central accounting and control processes. 
Many improvements in Federal accounting from both of these 
viewpoints have been made since the program began. The devel-
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opment of an electronic data processing approach to the payment 
and reconciliation of Federal checks is one of the most dramatic 
accomplishments of the program. It involves the application of 
new techniques to mass accounting and auditing processes which, 
while they affect all agencies of Government, can most effectively 
be performed on a consolidated basis for the Government as a 
whole. 

The payment and reconciliation of checks directly involve both 
the Treasury Department and the General Accounting Office. 
About 755 (under the new program 270 employees will be 
needed) persons are directly invo.lved in present o.perations for 
payment and reconciliation of checks in these two agencies. Of 
this number about 370 are engaged in operations pertaining to 
the "payment" of checks in the Treasury Department and 385 
are involved in processes pertaining to the "reconciliation" of 
checks in the General Accounting Office. Under the electronic 
data processing system, the processes of "paying" and "recon
ciling" checks are brought together in one integrated system in 
the Treasury Department. 

It is significant to point out here that while there has thus been, 
in effect, a transfer of processes from the General Accounting 
Office to. the Treasury there has been no real transfer of func
tions. The General Accounting Office will continue to audit and 
settle disbursing officers' accounts, based on reconciliations of 
checks paid against checks issued, and other factors. It will, 
however, be relieved of the necessity for going through the de
tailed work involved in reconciling individual paid checks against 
related check issue records, etc., since this will be performed as 
one part of the integrated electronic payment and reconciliation 
operation in the Treasury Department. Assurance that adequate 
controls are built into. the Treasury system, as a result of coopera
tive systems development work and periodic reviews of proce
dures in operation, provides the basis for eliminating the many 
detailed processes now performed in the General Accounting Of
fice in connection with its function of auditing and settling dis
bursing officers' accounts. 

It is thus obvious that this change in basic approach to the 
performance of functions and the related transfer of detailed 
operations, reduction of personnel and general change in proce
dure will have a very significant organizational impact on both 
the General Accounting Office and the Treasury Department. In 
the General Accounting Office it will, of course, mean the com-
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plete elimination of the present large-scale mechanical operations 
(on conventional punched card equipment) for reconciling card 
checks as well as the clerical processing involved in reconciling 
paper checks. In the Treasurer's Office where the new integrated 
operations will be established, a complete reorganization is in
volved. In the Check Payment Division of the Office of the 
Treasurer of the United States, the Bookkeeping Branch with 15 
employees is eliminated; the Card Check Branch with 49 em
ployees is eliminated; the Electric Accounting Branch will be 
increased from 15 to 50 employees; the Examining Branch with 
61 employees is eliminated; the Proving Branch with 69 em
ployees is eliminated; the Reconciliation Branch with 7 em
ployees is eliminated; the Sorting Branch with 44 employees is 
eliminated and the Statement Branch with 82 employees is elim
inated. However, several new branches are formed: Receiving 
Branch; Electronic Branch (Data Processing) ; a new Recon
ciliation Branch; Files Branch, Control Branch and a Messenger 
Branch. 

The organizational influence extends far beyond the Treasury 
Department and the General Accounting Office. For example, 
provision had to be made for significant and fundamental changes 
in the processing of Federal checks by the 12 Federal Reserve 
Banks and 24 branches. These changes were all in the general 
direction of simplification. Among other things, the new proce
dures make it possible to eliminate (1) transfers of various 
checks from one Federal Reserve Bank to another; (2) the sort
ing and arranging of checks according to disbursing accounts, 
serial number, etc.; and (3) the preparation of statements (in
cluding listings of paid checks) for various disbursing accounts. 
These changes stem from the fact that under the new procedures 
all checks are "paid" by the Treasurer of the United States at 
the central point, whereas under present procedures most of them 
are "paid" by designated Federal Reserve Banks acting as agents 
for the Treasurer. This centralization of "payment" is made 
possible by use of the electronic data processing procedures for 
an integrated payment and reconciliation operation and would 
not be feasible, because of the large volume involved, with present 
techniques. 

In order to achieve the new system, it is also necessary to deal 
with the problem of integrating the procedures for preparing the 
checks with the basic changes that had. been worked out in the 
processing of the checks after they had been disbursed. While 
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the procedural changes in this area are not great, they involve 
the procedures for 3,000 disbursing accounts, which are subject 
to the administrative control of about 75 Federal agencies. These 
include such far-fiung activities as the disbursing accounts of 
Navy officers aboard ships, and Government officers drawing 
checks on the Treasurer of the United States in foreign countries. 

A key problem in synchronizing check issuing procedures with 
the revamped procedures for processing checks after they have 
been disbursed relates to the procedures of those disbursing offi
cers who have not been issuing checks in punched card form. For 
the past four years, representatives of the joint accounting im
provement program of the three central fiscal agencies in consul
tation with representatives of major disbursing agencies where 
checks were still being issued in paper form-the Department of 
Defense, the Post Office Department, and certain others-,-have 
been working on this problem from two points of view: first, to 
convert all issuing operations where it was feasible from the 
standpoint of volume and other considerations to the issuance of 
checks in fully punched form; secondly, to develop procedures 
which would permit mechanization in the processing of paid 
checks for those disbursing officers where it was· impracticable 
to issue the checks in the first instance in fully punched form. 

Very substantial progress was made in the first area in bring
ing about conversion of paper checks to punched card checks. 
Between 1952 and 1955 an additional volume of about 33 million 
was converted from paper to fully punched card checks. In 1955 
about 12.5 % of the total number of checks issued were still in 
paper form. Incidentally, the cost for paying for this 12.5 % of 
the total checks was approximately 63% of the total appropria
tion to the Treasurer for paying all checks. 

It is, of course, obvious that the electronic data processing 
procedures for paying and reconciling checks required a solution 
to the problem of getting the remaining 12.5 % of paper checks 
into punched card form so that they would be compatible with 
the remaining checks. The problem was solved with the close 
cooperation of the Accounting and Check Subcommittee of the 
Federal Reserve System. Under the plan which has been ap
proved, all disbursing officers for whom it is impractical to install 
procedures for preparing checks in fully punched form will issue 
a new form ·of card check which will require no punching at the 
point of issue. From the point of view of the disbursing officer 
who issues the check, it will be inscribed as to payee, amount, etc., 
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as if it were a paper check. These checks will, however, be pre
punched at the time of manufacture to identify the serial number, 
disbursing office, and other constant information. The amounts 
will be punched by Federal Reserve Banks when they receive the 
checks through the banking system during the course of their 
check clearance operations. Thus, when the checks are received 
at the central facility in the Office of the Treasurer of the United 
States for electronic processing for payment and reconciliation, 
they will be completely compatible with all other punched card 
checks. 

As one reviews the pattern of organizational relationships and 
the organizational changes required to make it possible for a 
system for centralized electronic processing of 350 million checks 
annually, it seems remarkable that it was accomplished. It could 
only have been accomplished by the fullest cooperative spirit of 
the personnel of many organizational units. 

It is perhaps significant to make one further point in connec
tion with the organizational impact of these new procedures. This 
deals with the question of centralization versus decentralization. 
For the past eight years, the predominant emphasis of the Joint 
Program to Improve Accounting in the Federal Government has 
been one of decentralization of accounting for management. The 
objective has been to establish the accounting systems at the 
points where management responsibility has been placed for the 
conduct of operations so as to make them responsive to day-to
day management needs. The basic idea is to establish effective 
internal controls within the many operational entities of the 
Government and take care of the needs at higher levels through 
reporting and review processes. This must continue to be the 
basic objective of the joint program if it is to accomplish its 
fundamental purpose of making accounting a dynamically useful 
management tool. 

At first glance it might appear that the centralization of the 
check reconciliation operations is inconsistent with this general 
policy and trend. It might he, and has been, argued that recon
ciliation of disbursing accounts (which, of course, involves com
parison of paid checks with issue records) is a basic element of 
internal control of the agency responsible for making the dis
bursements. Therefore, it could be contended that paid checks 
should be sent back by the Treasurer of the United States to the 
agencies responsible for making disbursements for reconciliation 
of their disbursing accounts as a part of their internal control 
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over disbursing activities. Fundamental analysis of the problem, 
however, disclosed that the clerical work involved in handling the 
processing of paid checks at these diverse points would contribute 
nothing of substance to the real objectives for decentralizing 
accounting for management needs. On the contrary, by injecting 
necessity for the clerical effort involved, it would tend to becloud 
the real purpose of decentralization of accounting which should 
emphasize providing management, as a basis for decisions, with 
useful and reliable data with regard to the programmed and 
actual costs of the operations for which it is responsible and the 
effectiveness with which assigned responsibilities are being car
ried out. 

Thus, the centralization of these vast clerical processes in
volved in the payment and reconciliation of Government checks 
cannot in any way be regarded as incompatible or inconsistent 
with the established policy and objective of decentralization of 
accounting for management. On the contrary, it has facilitated 
real decentralization in the light of its true purposes. 

I foresee many of the applications of electronic data processing 
as achieving even greater progress toward the goal of integrated 
systems of programming, budgeting, accounting and reporting 
for management at its many diverse levels in the Federal Gov
ernment. Use of electronic processes to eliminate from decen
tralized accounting systems clerical work and routine processes 
which can more effectively be performed at more centralized 
locations is one important element in achieving this goal. By 
removing the cloud of clerical work, such changes point up the 
real purposes in the development of management information. 
This will contribute substantially to the even broader goal of 
taking advantage of the potentialities of electronics for increas
ing the scope of useful information which it will be possible to 
develop for effective management and control of the many diverse 
and complex activities which comprise the Federal Government. 

Realization of these goals, however, will require a high degree 
of interorganizational teamwork and a willingness to work ob
jectively and open-mindedly on organizational changes in the 
light of the real ends to be achieved and the means, which are 
available to achieve them. 



EXECUTIVE PROBLEMS AND OPPORTUNITIES 
ARISING OUT OF AUTOMATIC SYSTE.MS 

LEO C. SIMMONS 

Developments in Data Processing 

Within the last few years we have witnessed a profound change 
in methods of data processing, a trend toward mechanization and 
mass production somewhat like the technological development 
which has produced our complex and highly-mechanized modern 
industries. 

Few of us stop to realize that only about 100 years ago all 
accounting was carried on solely by hand-writing and mental 
computation. Mechanization began with the adding machine and 
desk calculator, which eliminated the necessity for human com
putation but still relied on human operators to enter the data 
and assemble the results. The various posting and special-purpose 
machines have speeded up the process, but have not affected its 
fundamental nature. 

In the early part of this century the invention of punched card 
accounting made available a process by which the manual as
sembly and entry of data could be eliminated to a great extent 
in the processing of large volumes of data. When data had once 
been manually recorded on punched cards, an operator could use 
the cards in a sequence of data processing operations, carry
ing the cards from one operation to another and directing the 
processing. 

Within the last few years, however, three new developments 
have made possible another great change in data processing, by 
which it is possible to eliminate much of the human effort 
remaining. 

One of these developments was the Electronic Computer, a 
machine capable of performing a large number of operations at 
almost incredible speed, and also directing within itself a series 
of processes in a predetermined pattern, so that operator control 
and handling of data is reduced to a minimum. 

Secondly, there are the automatic production recorders and 
similar machines, designed to create the original accounting data 
in mechanical form at the point of origin, without human effort. 

The third development is the Integrated Data Processing con-
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cept, whereby an entire accounting process from raw data to 
finished result is carried out by machines, either the new types 
described or modified conventional machines, capable of accepting 
data in mechanical form such as punched cards, punched tapes 
or magnetic impulses, processing such data through operations 
which are largely prearranged and automatic, and delivering the 
result in a mechanical form which can be accepted and used by 
the next machine in the process. 

These new developments have given us the means and the 
techniques by which the creation and processing of accounting 
data can be made substantially automatic and free from human 
effort. There are two areas, however, in which human effort is 
still essential and probably always will be. One of these is the 
planning, the other the use of accounting data. Individuals must 
determine the way in which data will be processed and prepare 
the instructions which the machine will follow, and someone must 
assemble the results for use in the decision making. Despite the 
claims that the "giant brain" can be a thinking machine, no 
techniques have yet appeared by which a machine can think and 
apply judgment. Thus, the procedure specialist and the manage
ment or analytical accountant remain as the human essentials in 
the mechanical accounting process, and completely automatic 
accounting has not been and probably never will be achieved. 

The reduction of human effort through a high degree of 
mechanization greatly increases the importance of the human 
elements remaining. The methods of processing and the direction 
of the machines become of primary importance. As accounting 
becomes less a matter of quantities of human labor and more a 
matter of planning and control, a change occurs in the character 
of the accounting organization, and the executive becomes less 
the director of a working force and more the h~ader of a team 
of planners. 

This shift in emphasis from the line accounting to the staff 
functions presents one of the problems of automatic accounting. 
Even in the short time since we undertook the use of these new 
techniques, we have begun to feel the change in our organization. 
Our general office procedure division, for example, which handles 
the planning and programming for the electronic computer, as 
well as for the Integrated Data Processing Program, has greatly 
increased in size within the last two years. Correspondingly, 
executive attention has had to be directed much more toward 
the planning functions. 
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The shift from manual to automatic methods of data process
ing, of course, brings problems of human relations. A machine 
which does the work of ten men seems at first glance to have 
displaced ten workers. Actually, this may not be so. The history 
of technological improvement in industry has repeatedly shown 
that machinery which reduces the amount of labor required to 
produce a commodity has resulted in decreased costs and subse
quent increased demand. Our steel mills which formerly em
ployed an army of unskilled labo.rers now employ an even larger 
force of skilled machine operators, mechanics and technicians. 
There is some indication that this same trend may be true in 
the accounting process. The demand of top executives for fast 
and accurate data on which to. base their decisions has no per
ceivable saturation point; it has in the past been limited by the 
high cost and sometimes the physical impossibility of producing 
digested da~a at the time and in the form of its greatest utility. 
Moreover, the demands of business and government on the ac
counting function are constantly increasing and becoming more 
complex. It is entirely possible that the end result of the mechani
zation of accounting will not be decreased work, but more, better 
and cheaper accounting and statistical information. 

Even if mechanization does not involve a displacement of work
ers, it may involve a radical change in skills required. Automatic 
accounting requires fewer key-pushers and more trained me
chanics and planners. Workers will have to be trained in new 
skills, and the adj ustment may in some cases be difficult. There 
is no doubt, however, that for those who make the change, the 
future will be considerably more rewarding, both in money and 
in job-satisfaction through the use of greater skills. 

Experience with an Electronic Computer 

An example of the way in which this process works is found 
in our own experience with the electronic computer in the Na
tional Tube Division of the United States Steel Corporation. 
Installation of this computer required trained operato.rs and a 
large number of trained programmers. Programming, which is 
the preparing of instructions to which the computer will respond, 
requires a considerable knowledge of accounting procedures. and 
techniques, and for this reason, our programmers were drawn 
chiefly from our procedures personnel. To replace them, other 
persons from our accounting organizatio.ns were promoted to 
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procedures work. We have made an effort to draw our machine 
operators from the group which will be most directly affected by 
the computer's labor-saving speed; others in this group will be 
absorbed in the accounting organization in place of those up
graded as previously described. Of course, there is always some 
reduction in the number of persons in any group due to natu
ral turnover; this will help to solve the problem of displaced 
manpower. 

All of these persons affected by the changes must, of course, 
be trained in their new jobs. Our programmers, computer opera
tors and procedures men working with the computers are given 
a course of about six weeks in computer logic and circuitry. The 
programmers then receive several more weeks of specific training 
in programming techniques, and the computer operators are 
gradually trained in actual operation, under the guidance of a 
skilled operator. 

New jobs must also be learned by others in the Accounting 
Department who are assigned to new work as the result of the 
organization changes described. With us this has for the most 
part been "on-the-job" training by the supervisors; we have not 
yet found it necessary to introduce formal training programs. 

What new training or development of new skills is required of 
the executive who undertakes a program of this sort? Certainly 
some changes will be required in his habits and thinking. With 
each forward step in the mechanization of accounting, his prob
lems concerning the accuracy of performance become less and 
problems concerning the correctness of method will increase. At 
the same time, in the same way that he has already delegated 
responsibility for performance to line supervisors, he will now 
have to delegate more responsibility for methods and to rely 
heavily on the recommendations of his methods supervisors. 
Moreover, thinking in terms of mechanical handling of great 
volumes of data is quite different from thinking in terms of 
manual handling of data. 

It is possible that for some executives these changes might be 
acute, especially in an organization moving directly from a largely 
manual operation to the high degree of mechanization repre
sented by an electronic computer. In our organization we did 
not find it to be a severe problem. We have had for many years 
a highly mechanized accounting operation, using punched card 
equipment to a very great extent. As a result our executives and 
staff leaders were already "machine minded," and the changes 
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wrought by our computer were no revolution but rather an in
tensification of a way of thinking to which they had become 
accustomed. 

Actually, the degree of technical knowledge of computers and 
computer processes, required of a top executive undertaking a 
computer program, is not as great as one might suppose. It is 
essential that he be able to think in terms of the mass handling 
of data; it is essential that he be familiar to some extent with 
the technical language of computers; and it is essential that he 
have sufficient knowledge of the equipment and the operations 
so that he can understand the problems presented to him for 
decision. Beyond this, he will learn to rely on his subordinates, 
who have the real burden of acquiring technical skills. We believe 
that an executive who has a good background in punched card 
and other machine accounting methods and the ability to think 
in terms of machine processing, can acquire the additional back
ground which he needs largely by self-education without formal 
training aids. 

Another type of organization change which arises as a result 
of the adoption of large electronic systems, concerns the centrali
zation of activities which usually accompanies the installation 
of such devices. 

In recent years the trend has been toward decentralization of 
accounting functions. The difficulties of supervising the process
ing of ever-increasing quantities of data have led to an increasing 
tendency to permit each organizational unit to handle its o.wn 
work and be respo.nsible for its own results. 

With the installation of a large scale computer, this trend is 
at once reversed. Due to the tremendous capacity, it is usually 
necessary to concentrate all the work of one kind in one location 
in order to. justify the cost and effort and secure the maximum 
results from such a installation. The idea of such "data process
ing centers" appears to be gaining in acceptance as shown by the 
publicity being given to the computer installation at General 
Electric and the proposed installations at Sylvania Electric and 
the C&O RaiJroad. 

This centralization raises several problems. The most obvious 
one arises from the situation where the plant executive is given, 
to incorporate in his own accounts, final figures concerning his 
own operations for which he must be responsible, but in the 
processing of which he has not had complete control. While it is 
true that plant management could be serviced by centralized 
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co.mputing centers in exactly the same way as they were o.rigi
nally under a lo.cal service set-up such as punched card machines, 
a great deal o.f the effectiveness o.f co.mputer pro.cessing Wo.uld 
be lo.st. This Wo.uld necessitate the printing o.ut o.f many inter
mediate results of no. direct value to. the co.mputer pro.cess. 

The answer to. this pro.blem appears to. be in the realizatio.n and 
acceptance by to.P management o.f the relatio.nship o.f a data 
processing center to. the o.rganization as a who.le. The Co.mp
tro.ller has had to. rely o.n subo.rdinate executives fo.r the co.rrect
ness o.f their part o.f the co.mpany's acco.unting; he will no.w have 
the additional resPo.nsibility o.f assuring that his data pro.cessing 
group perfo.rms their functio.n co.rrectly, and the subordinate 
executives serviced by this gro.up must rely o.n this assurance. 

Ano.ther problem arising out o.f the centralizatio.n o.f acco.unt
ing through the use o.f auto.matic systems is in the co.mmunicatio.n 
between central headquarters and the o.utlying Io.catio.ns. There 
is a great need fo.r improved co.mmunicatio.n devices which will 
handle large vo.lumes o.f data rapidly and at Io.W cost. Some 
experience has already been had with telegraphic transmissio.n 
of volumes o.f data. Fo.r example, the Coal Divisio.n o.f U. S. Steel 
Co.rporatio.n receives time and production data by wire fro.m sev
eral scattered mines, processes these data at one locatio.n into. 
separate payro.lls, and re-transmits the co.mpleted payroll data 
by wire to. the o.riginating Io.cations. Such a system is practical 
with present equipment, however, o.nly because the total vo.lume 
o.f data is relatively low. To. transmit with present equipment 
the data for a payroll of tho.usands of employees, for example, 
would be wholly impractical in the time available. Present com
munication systems are designed to handle relatively short mes
sages at relatively slo.W speeds. Much has been done in recent 
years to simplify the problem o.f transmitting data in a fo.rm 
which is immediately reusable and in the conversio.n of trans
mitted data to a machine sensible form. The speed of transmis
sion has also been somewhat improved, but it is still out of the 
question to. think in terms of Io.ading a large scale co.mputer with 
input data transmitted solely by wire. 

Opportunities for Computer Applications 

Although the introduction of these new techniques of mecha
nized accounting does bring us many problems, the real challenge 
to the executive is in the opportunities which they present. The 
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two goals of any executive are, of course, either cost reduction 
or a better product; to the accounting executive, "better product" 
means better service to management through more useful and 
more timely accounting information. The new accounting tech
niques. I have described offer us opportunities for both, and our 
organization has undertaken or is planning several programs to 
take advantage of these opportunities. 

Since these new developments are primarily techniques of data 
processing, our first programs are those involving large volumes 
of data. Our biggest effort has been the conversion of payrolls 
to a large scale electronic computer. We have centralized, in 
Pittsburgh, the wage payroll processing for our entire Division, 
including wage employees in six plants located from eastern 
Pennsylvania to Indiana. We are converting to the computer by 
stages. The Gross-to-Net payroll processing for the first plant 
started in February, 1955; by June this phase was being handled 
for all plants. At present, we are handling the entire payroll 
processing for three, plants, including the compilation of gross 
earnings, gross-to-net computation, labor distribution and sta
tistical reporting. 

Some may question the selection of payroll as a first computer 
application. It is true that payroll has many more complexities 
than other routine accounting functions and requires a tremen
dous amount of programming effort. However, to us, it repre
sented the most immediate application in an area where increased 
efficiency seemed possible. In addition, our payroll system was 
already almost completely mechanized on punched cards, which 
greatly facilitated the conversion to a computer operation. 

In the field of Sales Accounting, we likewise expect to get both 
cost reduction and better accounting results through Integrated 
Data Processing. The Integrated Order-Invoice System now 
being made ready for installation in our Sales Offices and plants 
makes use of punched paper tapes as the means of communication 
between machines at various locations. Orders will be written 
at the Sales Offices with Flexowriters, which are electric type
writers capable of reading and punching paper tapes. Each Sales 
Office will be furnished with pre-punched, customer-consignee 
tapes for each customer in its district, and with product tapes 
containing the description of each item which such customers 
might buy. To write an order, the clerk selects from a file the 
proper customer and product tapes, and enters manually on the 
keyboard only the variable information such as quantity and 
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shipping dates. As the machine writes the order, it also punches 
two tapes containing all the information on the order. One of 
the tapes is used at the plants to write the invoice and the other 
is used by the General Office for automatic entry of sales statistics 
information to be processed by the computer. Since all statistical 
coding for customer and product is in the pre-punched tapes, 
errors in coding are eliminated. Similarly, neither the Billing 
Bureau nor the Data Processing Bureau can make any error in 
transcribing information from the order. By eliminating a large 
amount of transcribing of data and all of the statistical coding 
process, we will effect cost savings, produce our invoices and sales 
statistics more promptly, and eliminate most of the possibility of 
errors in transcribing or in coding information. Moreover, we 
can in the future undertake transmission of the punched tapes by 
wire, speeding up the order processing and improving our cus
tomer service. 

It is also possible through the proper use of the data obtained 
from this system to schedule plant operations. It is necessary, 
of course, to synchronize product requirements with production 
and equipment efficiency standards. However, the electronic com
puter through its tremendous speed and flexibility is capable of 
performing these operations on a daily basis, if necessary, so that 
management can schedule production with a minimum of clerical 
effort. 

We have also embarked on a similar program by which all 
clerical operations in the Stores-Purchases-Accounts Payable 
cycle can be handled mechanically in accordance with the Inte
grated Data Processing principle. Our present plans call for 
inventories maintained on punched cards or magnetic tapes, 
which will be processed mechanically to give us the priced inven
tories, stock status reports (replacing item ledger cards), con
sumption and usage reports and stores materials cost distribution. 
During the inventory processing, re-order points will be detected 
and requisitions prepared mechanically. A punched card or tape 
produced with the requisition will be used to prepare the purchase 
order and receiving reports mechanically. Cards or tapes pre
pared from the vendor's bills can be mechanically associated with 
those for the purchase order and receiving reports, achieving 
mechanical checking of the vendor's invoices, including price and 
extensions. Finally, the cards or tapes for the checked invoices 
can be used in the mechanical preparation. of Accounts Payable 
checks and the purchases cost distribution. Thus, the clerical 
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portions of the entire inventory and purchasing cycle can be 
made virtually automatic, eliminating a great amount of tran
scribing of data, hand posting, comparing and checking. 

In the application of automatic systems to the clerical process, 
one very promising field hitherto largely unexplored is the basic 
plant recording where we feel greatly increased efficiency can be 
secured. U nti! mechanization can be accomplished in this area, 
much of the possible effectiveness of integrated data processing 
is lost. 

Our program calls for the design of equipment which will 
automatically record productian infarmation in a form, such as 
punched paper tape, which is us.able in a mechanical accounting 
system. While aur efforts in this regard are largely in the de
velapment stage, we have pragressed on one project to the point 
where satisfactory results can be expected. 

This project invalves the installation of an electranic weighing, 
measuring and recording device at ane of our seamless pipe mills. 
As each piece af pipe passes across the coaling table it is weighed 
and measured by the machine. The weight per foot of each piece 
is calculated automatically and flashed to' an illuminated numeral 
board visible to' the mill aperator. The aperatar can thus control 
the wall thickness by rolling longer or shorter lengths as neces
sary. Since pipe is sold on a footage basis, it is impartant that 
heavy walls be avoided and that maximum footage be obtained 
from each piece of steel. In addition to the cantrol af weight per 
foot provided by the electronic device, the data for each piece are 
recorded in punched paper tape, which includes totals taken at 
necessary points such as the end of an order ar the end of a shift. 

'Although our emphasis so far has been on adapting these new 
data pracessing techniques to' routine accounting functians, we 
are well aware of the apportunities which they offer in other 
fields. In the engineering field, far example, I have known of 
instances where engineers have spent months attempting to solve 
complex mathematical problems, which could be solved in minutes 
on modern electronic equipment. One example of this was the 
service we were able to give to our engineers in the designing of 
an improved eliptical gear controlling the shearing operation on 
tin plate lines. The usual shear design created mechanical un
balance at high speeds and made it impossible to attain the pro
duction rates for which the line was intended. This shear design 
had been a problem for some time and the engineers had the 
formula for calculating the required gear shape, but the calcula-



172 ELECTRONICS IN MANAGEMENT 

tions required were so complex that more than two man-years 
would be required to solve it on conventional calculators; and 
several attempts at solution had been abandoned because of the 
apparent impossibility of insuring against errors. 

As a computer problem, one of our men spent a half-day with 
the engineers in charting the problem. Two men then took the 
problem to the manufacturer's service bureau in New York where 
with the assistance of expert programmers and mathematicians, 
the computer instructions were compiled in two days. The prob
lem was then solved on our computer the next day in 2Y2 minutes, 
giving an answer which was absolutely accurate and in a form 
which could be turned over directly to a gear manufacturer. 

A service of this sort should be thought of not only in terms of 
the cost savings, but also as a contribution to more effective use 
of skilled manpower. We know there is a critical shortage of 
engineers in this country; here is a way in which years of time 
of skilled technical men can be freed from routine tasks, so that 
their skill and training can be put to more effective use in plan
ning and control. 

Although the immediate result of this problem was a saving 
of two years in engineering time, the indirect benefit gained 
through improved productive efficiency can be tremendous. This 
increased efficiency could conceivably result in reduced facility 
requirements and consequent savings in capital expenditures. 

Through even a single instance of this kind we are able to catch 
a glimpse of almost endless horizons. Beyond our present goal of 
better and cheaper accounting lies the over-all company goal of 
better and lower cost production. With our computer we can 
supply management with technical information, optimum plans 
and data on suggested production methods and cost, not practical 
with manual or punched card equipment because of the pro
hibitive cost. 

The financial return from any possible technical improvements 
is almost without limit. For example, in a typical medium-size 
integrated steel mill, the total monthly cost of operation is about 
nine million dollars, of which about 55 %, or five million dollars, 
is for goods and services directly consum.ed in production. This 
aggregate production cost is the field against which the technical 
attack is directed. If mechanical computation can aid in other 
ways, as in the tin-plate gear example described previously, the 
possibilities are almost endless. 

Most certainly such opportunities do exist; some of them have 
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already come to our attention. For instance, proper operation of 
a blast furnace depends upon the inter-action of an almost infinite 
number of variables, some related, some important, some prob
ably negligible. Heretofore, any attempt to chart the theoretical 
effect of the factors on a scientific basis has been limited due to 
the infinite number of possible combinations of factors. With a 
13-hour job on our computer, we furnished the engineers with 
mathematical correlations for 39 of these variables which they 
believe might be the most significant; with this as a basis for 
study, the problem no longer appears impossible of solution. 

Conclusion 

In my opinion, no one can visualize all of the opportunities 
presented to management through the automatic systems pres
ently available or which will be available in the next few years. 
We believe, however, that the more spectacular uses of automatic 
equipment can come about only after adeptness and competence 
are acquired through background experience in the more familiar 
fields. For this reason, we have started our development with the 
standard accounting routines, keeping the wider concepts in the 
background as an ultimate goal. 

Certainly some of the work we are doing is of an experimental 
nature at present. However, if we wait until all of these systems 
have been perfected by others, we will have needlessly delayed 
many of our opportunities for improvement and possibly en
dangered our competitive position. I am sure that if we do not 
take advantage of this new equipment as soon as we can do so, 
many of these opportunities will pass us by, at least for a sub
stantial period and possibly for all time. 

We like to think, however, that our interest in better ways of 
doing things is not wholly concerned with the welfare of our 
own business. Almost everything which we do in industry today 
to improve our operations and our products, or to reduce our 
product costs, eventually improves our standard of living. We 
are inclined too often to think of cost purely in relation to money 
values, without realizing that there are also human values in
volved. However, the value of a unit of production in money is 
determined by the amount of effort or time expended to produce 
it. In reducing the costs we produce more for less. The more 
we can produce in our working time, the greater the returns to 
each of us as individuals and the greater the time we will have 
for ourselves to enj oy the returns from our efforts. 
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G. T. HUNTER 

F'Or the final presentation in this institute on electr'Onics in 
management, I have been asked t'O give a f'Orecast 'Of changes 
which may c'Ome ab'Out in management activities .. 

Electr'Onic data pr'Ocessing machines will be applied in three 
general areas. These areas are acc'Ounting and rec'Ord-keeping, 
scientific and engineering c'Omputati'On, and management science. 
I shall discuss the first tw'O areas briefly, and then c'Oncentrate 'On 
the third area which is of the m'Ost interest t'O the participants 
'Of this institute. The area 'Of management science is the 'One we 
kn'Ow the least, and the 'One fr'Om which we will get by far the 
greatest financial return and far-reaching effect 'On management. 

The excellent speakers you have already heard have discussed 
the actual machines which are nnw available. In summary, these 
machines are useful because they have input and 'Output facilities 
f'Or handling data at high speed, they can d'O arithmetic at the 
rate 'Of th'Ousands 'Of calculati'Ons a sec'Ond, they have large st'Orage 
facilities f'Or h'Olding many variables simultaneously, and they 
have the ability t'O make c'Omparisons and logical choices at the 
rate 'Of over one million per minute. 

The area 'Of accounting and rec'Ord-keeping includes such topics 
as payroll, labor distributi'On, accounts receivable, invent'Ory 
rec'Ord-keeping, and 'Others. These areas have been mechanized 
f'Or years 'On b'Oth key-driven and punched card machines. They 
are nnw being handled in increasing numbers on electronic data 
processing machines. Machines are making appreciable reduc
tions in time and c'Ost in this area. 

Payroll has been talked ab'Out more than any 'Other application. 
This is partly due t'O the fact that it is generally 'One of the 
simplest and most mechanized pr'Oces~es in a bus-iness 'Office. 
H'Owever, the application 'Of large electr'Onic machines to payroll 
cann'Ot make large dollar savings because the whole pr'Ocess itself 
doesn't cost a large number of dollars. My comparis'On f'Or this 
purp'Ose is against the cost 'Of materials, facilities, and inventories, 
which are far greater than the cost 'Of payr'Oll procedures in m'Ost 
business organizations. 

In P'Oughkeepsie we use a large electr'Onic data processing ma
chine f'Or our weekly payr'Oll of eight thousand men. This requires 
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approximately two hours a week for the calculations, and about 
two hours' use of an aux~liary machine to print the pay checks. 
The savings on this application cannot compare with those of the 
major application for which this machine is used-that of inven
tory record-keeping and analysis. The analysis is the part which 
will yield the real savings and, therefore, is the reason that this 
application should be classified as a management science applica
tion, and not as a simple record-keeping function. 

The second area, that of scientific and engineering computation, 
is the one which has used electronic machines a great deal, and is 
the one which has shown the greatest development and the great
est results up to the present. Machines have been used fo.r data 
reductio.n, design, and analysis in many fields of research and 
engineering. With the appropriate techniques it is po.ssible to 
make a mathematical model of such things as an airplane, a pe
troleum refinery, or a factory assembly line. It is then possible to 
evaluate the model under a variety of operating conditions to find 
the best design, or operating situation. This will often be faster 
and cheaper than building and studying the actual item. 

For example, in the past few months there has been a mention 
of a mistake in airplane or engine design, or both. The manage
ment decision to go ahead with this design was made in 1951, 
and today it is reported to have been in error, with a cost to the 
United States of more than one hundred and fifty million dollars. 
I would like to point out that that sum· of money is more than 
the cost of all the electronic digital computing machines that 
have been built in the United States up to the present time. This 
mistake occurred at a time when there were only a few large 
machines in existence. I am not trying to use hindsight and 
criticize what was done. Rather, I want to point out that such a 
mistake should never happen again. 

For example, the General Electric Company furnishes to its 
customers the characteristics o.f its jet engines in the form of a 
deck of 175 punched cards ready to go into a Type 701 computer. 
The customer can add to. this deck the characteristics of any par
ticular air frame design, and then simulate the flight of this com
bination inside the computer. In a couple of ho.urs of computing, 
the machine can do the wo.rk that would take a year of hand 
calculation. It can be determined very quickly that a particular 
design is good or bad. 

The reason that I say a mistake in design should no.t happen 
again is that in addition to the many machines already installed, 
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every major airplane and engine manufacturer will have from 
one to five of the very latest IBM computers installed by the 
spring of 1957. Other machines and computing facilities are now, 
and will be increasingly, available to any company. Management 
can get quickly the complete information necessary to make a 
good decision-this situation has not been true in the past. 

In another instance, engineering management reported that a 
certain compressor study would require 230 men for five years. 
The company had neither the men nor the time. Instead, they 
used a small computer and did the work with seven men in just 
four months. Here again, a computing mach-ine enabled manage
ment to save both time and money. 

The really exciting future application of computers to engineer
ing problems seems to be that it will be possible to give the 
desired results and let the machine do the actual design of the 
system. At present, people generally do the design and use a com
puter to evaluate that design. 

Machines are now being applied to data reduction for engi
neering test facilities. Several of our customers have told us that 
in the near future they will have a maximum delay of 30 minutes 
in giving the results of tests to engineers. The engineers can 
then make intelligent decisions based on adequate information. 
Here large savings may be realized since it often costs thousands 
of dollars an hour to operate a wind tunnel, engine test cell or 
other facility. 

The cost of computing facilities sometimes. is confused with 
the cost of doing computing. Management should realize that 
while the cost of more capable equipment is increasing, the cost 
per computation is decreasing. In 1955, for example, the cost of 
renting the most powerful computer in our New York data proc
essing center was $300 an hour. However, this charge is less 
than nine cents a second for up to 15,000 steps of arithmetic, 
which is the biggest bargain in doing arithmetic that has ever 
been available. I believe that the cost per calculation will continue 
to decrease. 

The third area of data processing is that of management sci
ence applications. I believe that this area offers the greatest 
potential savings to management and is, therefore, the most im
portant one. It is also the one in which the least is known at this 
time and, therefore, offers the greatest challenge and opportunity 
for people in the future. 
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The big use of machines in this area will be to process data 
and furnish a condensed set of results for people to make an 
intelligent decision. The use of machines is making the thinking 
ability of people more important than ever before. Peo.ple have 
to be able to state a problem, state a method of solution, and then 
make a final decision from the results. The machine only does a 
lot of arithmetic at high speed. If you doubt the importance of 
people, just remember that our latest computer, if given wrong 
instructions or data, produces 40,000 wrong answers a second! 
But you must place the blame for wrong answers on people, not 
on the machine. 

N ow let me give a few applications of machines to problems, 
with which I am familiar, in the management science area. 

Probably one of the most co.mplex production applications being 
done on an electronic computer occurs in the aircraft industry 
where the IBM Type 701 is used for production scheduling and 
control of shop orders. In this instance, after a contract is pro
cured a master schedule is established stating the number of 
ships, rates of production and number of days a given rate is to 
be effective. The Type 701 prepares a Base Schedule which 
shows, by shop calendar date, the exact day each ship is due at 
a given station or line position on the pro.duction line. This 
schedule may be revised as manufacturing schedules accelerate 
or retard. Following the computation of the base schedules, ships 
of a given contract are grouped into. lots for manufacturing. 
Thereafter, all fabrication and assembly parts are scheduled to 
the first ship of the lot. 

All information pertaining to the schedule, engineering descrip
tion, spares requirements, Co.st, etc. is written as one main tape 
file. A file is prepared weekly reflecting all changes in the main 
parts and schedule file. This file contains engineering and manu
facturing changes, as well as inventory information. 

This change file is processed with the main tape file and a com
pletely new revised main tape file is written. Calculations are 
made during this processing. Engineering and manufacturing 
changes are entered in the main file. Part usage by assembly 
and plane is extended and summarized by Io.t and contracts. Net 
quantities are computed for each lot in each contract. Previous 
part orders are examined and if a need for a part is determined 
it will be scheduled and written on an output tape, to later prepare 
a shop order. A scheduling operation is performed and the need 
fo.r part orders on succeeding Io.ts is determined. The machine 
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will continue to schedule quantities for each lot until a lot is 
reached which does not require the present initiation of shop 
orders. Finally, orders are written for those parts which require 
replacement. 

Perhaps the most important concept illustrated by this use of 
the Type 701 lies in the consolidation of many files (all basically 
related to the part number) into one file. The weekly processing 
of this file against one change file representative of all types of 
change creates a variety of output data and automatically revises 
the main file to current status. Thus engineering, manufacturing, 
inventory and planning information are all treated simultane
ously, for better management. 

At IBM we have used the Type 701 for calculating the Machine 
Load and Raw Material Forecast for one of our manufacturing 
plants. Basic to this application is the fact that the inventory 
control system is based upon an ordering cycle. Thus, the inven
tory position of a part, as of a particular manufacturing day, is 
analyzed by the machine. Parts on order are added to the present 
stock, and from this sum the amount of back-order parts is sub
tracted. This quantity is divided by the average daily usage for 
the particular part to give the normal production time interval 
covered by the present inventory position. From this is sub
tracted a number of days equivalent to the protective stock or 
minimum stock level. This, then, is the actual production time 
interval before replenishment is required. This interval, ex
pressed in days, is added to the current manufacturing calendar 
date to determine the first actual stock date, i.e., the date at which 
new parts should be available. The replenishment interval is 
then computed by dividing the economic lot size by the average 
usage. 

The engineering part history, or "part routing," is now intro
duced. This is equivalent to operational estimates for machine 
tools, or conversion processes, and labor and raw material. Typi
cal routing operations for each part include setup and production 
rates, raw material per part, transit times, etc. The 701 examines 
the last operation used in the part routing. The hours required 
in this operation for the particular part are computed, e.g., 
multiplying economical lot size by hours per piece and adding 
setup time. These hours are rounded to the next highest day. 
The days spent in the operation are then subtracted from the 
first stock date for the part to determine the start date for the 
part in the operation. The replenishment interval is now added 
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to this start date to determine each start date for the part in the 
given operation for the total scheduling period. Thus a series 
of start dates for a particular part through a particular operation 
is obtained. The 701 determines when a start date falls beyond 
the range of terminal day of the schedule period, terminating the 
computation. 

Returning to the first operation start date, the 701 subtracts 
transit time for the part and examines the next preceding opera
tion. Load computations are made, the replenishment interval 
added, and the process is repeated until the initial operation for 
the part is reached. Parallel with this operation, load totals for 
each operation are accumulated. Also raw material computations 
are made and summarized by time period. 

In this particular application, the effect of various machine 
routings to accomplish a particular set of manufacturing prop
erties can be arranged as part of the computer schedule. The 
effect of routing upon shop loading can be examined on the com
puter. Also, the effect of complete and partial ordering can be 
examined to the limit of time available upon the computer. 

One of the ultimate objectives in using the computer as a pro
duction management tool will be the inclusion of the effect of 
chance upon schedules. To this end, an experimental application 
was programmed on a Type 701 to determine the feasibility of 
scheduling a precision manufacturing operation in a shop. Jobs 
in the shop were rated on a priority basis based on due date and 
the amount of work yet to be done. A group of jobs was chosen 
and these jobs scheduled, taking into account the chance variables 
of machine breakdown, operator performance, rej ection rates, 
manpower availability and machine capacities. Each of these 
variables was brought into the solution by the use of density 
functions and random number generation techniques. Therefore, 
while the variables were random, their impact could be statis
tically predicted. For each permutation the schedule was com
puted several times with an average evaluated cost. Following 
this, other groups were scheduled in similar fashion, finally se
lecting that set of schedules which assured minimum ,cost. Ac
curacy of work measurement data is important> in production 
scheduling. In performing production scheduling upon com
puters, it is basic that good operational estimates be available. 
The schedule can be no better than these estimates. 

One company is currently using statistical methods to evaluate 
the work standards in a job-shop fabrication unit. In this appli-
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cation time data are gathered in the normal fashion and then 
subjected to statistical analysis to determine the importance of 
several production variables. Using the computer to perform the 
statistical calculations, final equations are developed for each 
hypothesis concerning the production variables. Prior to this, 
the data are examined by the computer for consistency about 
trend lines and in some cases the computer actually plots the 
distribution of the data. Having the equations relating the pro
duction variables, rate tables may be made which correspond to 
each particular hypothesis. The equations are evaluated for all 
ranges of production and the results compared with the actual 
data for closeness of fit. After the best standard is selected, it is 
possible to use the equations to determine the expected output 
of the workers in a particular plant. This can be done in the 
normal m.athematical computation of expectation where past data 
are analyzed by class of production variables, with the associated 
probability of production falling within a particular class. The 
rates for each class are then applied to the probability distribu
tion by class and summed, such a sum representing the expected 
production. 

When the standards are so computed it is possible to use them 
in a variety of ways for improved management, for example, in 
incentive payrolls and the scheduling of labor forces. 

The importance of using statistical methods in establishing pro
ductivity measurement lies principally in the better control the 
production engineer gains, as well as allowing for better predic
tion in scheduling labor and shop facilities. Generally, the pro
duction and industrial engineer has made little use of statistical 
and probability methods in his work. One of the reasons for this 
is the tediousness of the calculations necessary to establish sta
tistical relationships. In this instance, the electronic computer 
adds a really new and powerful tool to production engineers' 
work. 

An important application of mathematics on computers for 
production engineering has been reported by Dr. Melvin E. 
Salveson of General Electric Company. This is the problem of 
assembly line balancing, in which it is desired to establish work 
stations along the assembly line in such a way as to minimize idle 
time at each work station. In general, the component parts must 
be assembled in some specified sequence, obeying precedence 
relationships, with the elemental work tasks being defined by 
engineering standards. The problem is to group these tasks into 
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work stations, consistent with the precedence relationships, in 
such a way that the sum of the idle time at each work station will 
be a minimum. Mathematically, this problem was solved through 
the use of linear graph theory, and a combinatorial approach to 
convex sets. This is an excellent example of a problem which is 
both discrete and combinatorial. 

One of the basic tenets of management science is that the total 
view of the operation to be controlled must be employed in solving 
optimization problems. Thus, in production and inventory man
agement it is necessary to consider dynamic interaction of these 
many elements. One company in the petro-chemical industries 
has investigated the use of game theoretic methods to solve the 
problem of optimizing production rates and inventories under 
variable seasonal requirements. In this application, various al
ternative actions (initial inventories and production rates) are 
specified for the producing unit. In opposition to the producing 
unit, the effect of seasonal demand by time period on a statistical 
probability basis is assumed. By matching expected seasonal re
quirements, taking into account mean and variability, against 
alternate actions at the producing unit, a series of strategies is 
evolved. On this basis, for each time period a production rate and 
inventory can be established which will maximize the expected 
profit of the operation. 

Thus far, the notions of game theory have not been employed 
to solve management problems. Probably this is due in large 
measure to the psychological difficulties associated with attempts 
to quantify and predict the actions of a competitor. However, by 
idealizing nature as a competitor in the sense that it constitutes a 
set of variables over which we have no control, it is possible to 
use the methods of game theory in selecting courses of action 
which are essentially against, i.e., seek control over, nature. This 
method appears promising in many production engineering areas 
where sales and market forecasting must be used as the index 
upon which production is set. 

As management attempts to refine control of its production and 
inventories, it must take into account the variability of the real 
world. Mathematical models have been constructed which involve 
the use of stochastic variables. An interesting example of these 
probability methods, commonly referred to as Monte Carlo tech
niques, has been studied by one of the large petro-chemical or
ganizations. In this particular problem long and expensive 
shipping lines exist between the producing units and the market 
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where the products are to be sold. Raw material is periodically 
shipped into the producing unit and inventories held at the unit 
in order to allow producing and inventory operations to meet 
market demand. In essence, the problem was to determine the 
amount of raw material needed at the producing unit to control 
inventory fluctuations, at the same time assuring a reasonably 
constant rate of shipment from the producing unit to market 
demand. A mathematical model was built paralleling the flow 
of material from the raw state (through processing, inventory 
and shipping) to the market. At each point, variability was intro
duced through the use of frequency distributions based upon past 
experience. For exa~ple, variation in shipping time was entered 
as part of the model. Also, the variation associated with the 
normal running time of the batch-type operation, as well as varia
tions in the production set-up times, were included. Having built 
a mathematical logical model in which variability was treated, it 
is possible to study the expected operation under a wide variety 
of production conditions. In addition to this, various inventory 
control limits. could be set and, as a result of these, expected pro
duction figures could be obtained. In addition to studying the 
relationship of inventory fluctuation and controls in production 
practices, this application is important in that it demonstrates 
that the variability inherent in all real operations can be included 
as part of the calculations of a production control operation. 
Particularly, a large scale electronic computer is an ideal instru
ment for this purpose since it can rapidly generate the random 
numbers required in Monte Carlo techniques as part of the pro
cedure itself. 

A particular mathematical method which is finding increasing 
use in production and inventory management is the transporta
tion model. This is a specialization of the linear programming 
problem. The essence of this problem is the following: It is 
desired to transport an item from several dispersed sources, each 
with a given supply, to numerous dispersed destinations, each 
with a specified demand. Shipping costs from anyone source to 
anyone destination are known. It is desired to determine what 
amounts should be shipped from each source and to each destina
tion in order to satisfy all market demands with minimum over
all transportation costs. One company operating several plants, 
with a great number of warehouses dispersed throughout the 
United States for further distribution, had a capacity excess in 
the western part of the country and a demand excess in the east. 
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Because of this, considerable tonnages were shipped from western 
plants to eastern warehouses so that the cheapest distribution 
costs could not be achieved by simply shipping from each plant 
to the nearest warehouse. In this case, using the transportation 
model, a distribution was found which achieved a savings of many 
thousands of dollars. 

A national food distributing company had a similar problem, 
but included in their study seas9nal variations of supply and de
mand together with intra-seasonal costs. This problem was also 
solved by the transportation model of linear programming with 
a resultant saving of five hundred thousand dollars a year in 
transportation costs. 

In the examples which have been described, you will find two 
common keys to their solution; the application of quite sophisti
cated mathematical methods, and the use of large electronic data 
processing machines to handle the tremendous number of calcu
lations. Mathematics and machines will be the increasingly im
portant tools of management in the future. 

In conclusion, I predict a very bright future with management 
being assisted in many ways by electronic data processing 
machines. 

The biggest problem for the future is that of education. All of 
us have a tremendous job ahead to convince industry and edu
cational institutions that mathematics is the key to problem 
formulation and subsequent solution by machines. The need for 
persons today with a good background in the concepts of data 
processing is in the thousands. The need at present is increasing 
far more rapidly than the supply is being made available. As 
trained people and machines work on the problems of manage
ment science, we shall see tremendous accomplishments which 
will affect all of us for the better. 





APPENDIX A 

A LINEAR PROGRAMMING APPLICATION 
TO AIR FORCE LOGISTICS1 

I. Procedure 

1. The following description outlines a proposed computational 
technique for maintaining complete inventory control of high 
volume items. This control will permit the directing of trans
shipment of assets between bases or between bases and ware
houses, the initiation of procurement action, and the construction 
of master repair schedules. The controlling factor in such a 
computation is the minimization of over-all cost. 

2. Assumptions-general. 
a. A computation of consumption requirements and rep

arable generation for item k at each using location 
has been made. 

b. Availabilities of item k, by condition, at each location 
are known. 
Condition 
( 1 ) Serviceable. 
(2) Base reparable, i.e., able to be repaired at base 

level. 
(3) Depot reparable at base, i.e., able to be repaired 

only at depot level, but located at base, the point 
of generation. 

( 4) Depot reparable at depot. 
c. Only four types of cost are considered-transportation 

costs, average cost of base repair , average cost of depot 
repair, and unit cost of the item if procured. 

d. Base reparable items will always be repaired at the base 
where they are generated prior to shipment to another 
base. 

3. Assumptions for the purpose of this exposition. The follow
ing can be modified substantially without disturbing the basic 
structure of the computation. 

a. Serviceables at any location can be shipped to any other 
location world-wide, in one (1) month. 

lThis model was formulated by Saul Hoch and Jules Silver, Headquarters, 
Air Material Command, USAF, March 1955. 
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b. Anyone item in reparable condition can be repaired in 
one (1) month. 

c. Each item in depot reparable condition will be repaired 
in one of two specified depots. 

d. Transportation cost varies proportionately with the 
number of items shipped. Shipments will be restricted 
to minimum shipping packs. 

e. Serviceables and due-ins from manufacturer will be 
used to satisfy requirements before reparables are to 
be used for such purpose providing the minimum cost 
requirement is satisfied. 

f. It is desired to effect re-distribution of availabilities of 
item k for four (4) consecutive months, starting with 
month 1 and running through month 4. An availability 
at month 1 is considered to be available on the last day 
of that month. A requirement in month 1 is considered 
to be necessary for satisfaction during that month. 

g. A procurement lead time of three (3) months is in effect 
(includes one (1) month transportation time). 

4. Procedure 
a. Monthly gross requirements for each of m using activi

ties (r bases, m-r depots and repair centers) are com
puted starting with month 1 and running through 
month 6. (Gij; i=l, 2 .... 6; j=l, 2 .... m). These 
requirements represent the row totals. 

b. Column totals are computed as follows: 
(1) The number of serviceables of item k available at 

each location at month 0 are determined. (m co Is ) . 
(2) The number of base reparables available at month 0 

at each base are determined. Also determined are 
the number of additional base reparables that will 
be generated monthly through month 4 by each base 
(5.r cols). 

(3) Similarly, the number of depot reparables availa.ble 
at each base are determined for months 0 through 2 
(3 5 cols). 

(4) The number of reparables at each depot at month 0 
are determined. (2 cols). 

(5) From the current procurement schedules the num
ber of due-ins from each of h manufacturers of 
item k are determined for months 0 through month 
4 (5 h coIs). 
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(6) One (1) column is provided for availabilities from 
new procurement. This column total is arbitrarily 
set to be the total of the row sums (total require
ments). 

c. Costs are now entered in each cell of the cost matrix as 
follows: 
(1) If a cell represents an impossible situation (e.g., 

shipment of a reparable in month 4 to satisfy a 
requirement in month 5) enter a number F which 
is greater than the cost for any possible situation. 
Exception: in the first 3 rows of the column for 
"availability from new procurement" enter F' 
which is greater than the cost for any possible 
situation and less than F. 

(2) All other cells under "Serviceable" column head
ings. 
(a) Available at location j for location j. Enter O. 
(b) Available at location j for location p (not equal 

to j). Enter the transportation cost of ship
ping one (1) unit pack of item k from j to p. 

(3) All other cells under "Base reparables" column 
headings. 
(a) A vailable at location j for location j. Enter 

a verage cost of base repair. 
(b) Available at location j for location p. Enter 

average cost of base repair plus transportation 
cost (j to p). 

(4) All other cells under "Depot reparables at base" 
column heading. 
(a) Available at location j for location j or p. 

Enter the average cost of depot repair plus 
transportation cost (j to depot) plus transpor
tation cost (depot to j or p). 

(5) All other cells under "Depot reparables at depot" 
column headings. Enter average cost of depot 
repair plus transportation cost from depot to re
quiring location. 

(6) All other cells under "due-ins from manufacturers" 
column heading. Enter the cost of transportation 
from manufacturer to location j. 

(7) All other cells under "Available from new procure
ment" column heading. Enter the average unit cost 
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of item k (including estimate for procurement ad
ministration) plus transportation to location j. 

d. A very small cost e is selected arbitrarily (e.g., 0.01) 
and multiples of e (e, 2e, 3e .... ne) are added to the 
cells of the cost matrix as follows: 
(1) Serviceables: Consider the partial column of costs 

under a single column heading opposite the rows 
pertaining to consecutive time periods for a single 
location j as a "set" of homogeneous costs. (N or
mally, the costs will be all equal for real situations 
and F for all impossible situations). Add e to the 
first cell of each set (earliest-time period of set) 
which has a cost other than F. Similarly, add 2e to 
the next earliest-time period of each set, etc. until 
ascending multiples of 4 have been added to all 
non-F cells of each set. (See 5b, below). 

(2) Base reparables: Consider separately each sub
matrix of costs formed by s rows representing re
quirements. of a single installation (j) for s time 
periods and t columns representing availabilities 
for t time periods from a single installation (j or 
p). Add e to cell A s t of the sub-matrix. Add 
multiples of e to every other non-F cell of the sub
matrix so that every non-F cell will have a higher 
multiple of ethan the next non-F cell· to the right 
or the next non-F cell below it. 

(3) Columns and rows for depot reparables at base are 
handled as in (2) above. 

(4) Reparables at depot are handled as in (2) above. 
(5) Due-ins from procurement are handled as in (1) 

above. 
(6) Nothing is added to the cells of the column for 

availability from new procurement. 
e. An optimization computation is then made allocating 

the time-phased availabilities to the time-phased re
quirements while minimizing total cost. 

5. Results 
a. If real availabilities (excluding new procurement) are 

less than requirements during the first three (3) months 
(1, 2, 3) the computation will show the excess require
ments being satisfied from new procurement even 
though this is impossible (3 month lead time). A de-
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termination must be made as to whether such require
ments will merely not be met or whether additional 
requirements, must be added to later time-periods. If 
the latter is determined to be required, the requirements 
are adjusted and re-computation is made. 

b. The addition of multiples of e to the cost cells accom
plished the following: 
(1) Serviceables and due-ins will be used to satisfy re

quirements for time period i before satisfying i + 1 
since i has a slightly lower cost than i + 1. 

(2) Reparables will not be used to satisfy requirements 
in time period i if they can be postponed to i + 1 
since the latter time period has a slightly lower 
cost. This means than serviceables and due-ins will 
be used first. 

c. For the purpose of this exposition, it has been assumed 
than an average unit cost of item k will be used for 
new procurement. Obviously, if more detailed data are 
available, additional columns for different sources of 
new procurement, each with a separate unit cost, can be 
added. 

6. Attached is a sample matrix for 4 time periods showing 
requirements at 3 bases, availabilities at 3 bases, 2 depots, and 
1 manufacturer. 
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APPENDIX B 

THE NATIONAL BUREAU OF STANDARDS' PRO,GRAM: 
AN EXTRACT FROM THE HEARINGS ON AUTO
MATION AND TECHNO'LOGICAL CHANGE1 

The Joint Committee on the Economic Report, created pur
suant to Public Law 304, 79th Congress, of which Senator Paul H. 
Douglass was chairman and Representative Wright Patman was 
vice-chairman, held hearings on various aspects of automation, 
some of the testimony having a bearing upon electronic com
puters and their applications to data processing. The editors 
deem it in the public interest to quote parts of the testimony by 
Dr. V. A. Astin, Director, National Bureau of Standards, for 
wider circulation. 

"The Bureau's work on automatic electronic computing ma
chines began as a part of the organization's technical assistance 
program. In 1946 requests for such assistance came from three 
different sources: The Bureau of the Census, the Office of the Air 
Comptroller, and the Office of the Chief of Ordnance. The Bureau 
of the Census was exploring the possibilities of applying recent 
advances in electronics to their large data-processing problems. 
A preliminary survey showed that the prospects were very good. 
This was followed by a contract placed by NBS with the former 
Eckert-Mauchley Corp. to prepare detailed performance specifica
tions for a machine suitable for the needs of the Bureau of the 
Census. The completion of this contract was followed, in turn, 
by a purchase order placed by NBS for three large electronic 
data-processing machines; one for the Bureau of the Census, 
one for the Office of the Air Comptroller, and one for the Army 
Map Service. This order was filled by the delivery of the first 
three Univacs. 

The problem brought to the Bureau in 1946 by the Office of the 
Air Comptroller required the services of both electronics and 
mathematical experts from the Bureau's, staff in connection with 
logistics planning problems of the Air Force. A preliminary 
analysis of these requirements pointed to the desirability of hav-

1 U. S. Congress, Joint Committee on the Economic Report, Subcommittee 
on Economic Stabilization. Hearings, Automation and Technological 
Change, October 14-28, 1955. Washington: Government Printing Office, 
1955, pp. 572-573, 576-581. 
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ing available at an earlier date a somewhat more modest com
puting machine than the expected Univac. This led to the design 
and development and construction by the Bureau of its Standards 
electronic automatic computer, commonly known as the SEAC. 
The SEAC was placed in productive operation almost a full year 
before the first Univac was delivered, and it has now been operat
ing on an around-the-clock basis for more than 5 years. 

Also in 1946, the Office of the Chief of Ordnance asked the 
Bureau to study critical components and subassemblies for a 
data-processing machine which the Army was procuring for its 
Ballistics Research Laboratory at Aberdeen, Md. This led to an 
active program at the Bureau on the development of materials 
and components for use in the computing machine field and 
to the development of reliable evaluation techniques for such 
components. 

A little later the Bureau designed and built for the Department 
of Defense a mobile and more advanced machine, the DYSEAC. 
The DYSEAC was turned over to the Department of Defense in 
the spring of 1954, and is now in operation at the White Sands, 
N. Mex., Proving Grounds. The availability of the SEAG coupled 
with the Bureau's considerable experience in this rapidly growing 
field has resulted in numerous requests for technical advice and 
assistance in connection with the design and possible utilization 
of modern, high-speed, electronic computing devices. Before 
discussing more specifically the nature and importance of some of 
these requests, I should like to outline some of my own views 
concerning the importance of these new technological develop
ments to our national economy and to our general welfare. The 
relationship of these developments to our economy is, I believe, 
closely associated with the interest of this subcommittee in the 
field of automation. 

Automation is a relatively new word. It has been defined in 
many ways by various people. It probably means, the process. of 
rendering automatic. From this point of view, the newest thing 
about automation is the word itself. The development of de;vices 
to perform functions automatically is a very old activity. For 
example, the ancient Romans invented a hydraulic float valve to 
control automatically the level of water in storage tanks. I would 
prefer to consider the subject of mechanization which is a broader 
area of technology, with automation as one of its important sub
divisions. The general goal of mechanization is increased pro
ductivity; to use machines to aid man in producing more goods 
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and services. Increased mechanization and increased productivity 
have expanded together. This, has been especially noteworthy 
over the past 150 years, and particularly in the past 50 years. 

* * * * * * 
Our Federal Government has the largest business office opera

tions in the world. Hence, it seems logical that if modern data
processing machines have a place in improving the efficiency of 
large-scale office operations, there should be numerous possible 
applications within the Federal Government. Our experience has 
shown that this prospect is indeed very good. 

The advisory and consulting services of the National Bureau of 
Standards have led to a need for keeping abreast of all major 
developments involving data-processing systems. This experience 
has enabled me to provide a brief summary of the "state of the 
art" for its possible interest to the members of this subcommittee. 
It is included as an appendix to my prepared statement. 

Census Bureau 

I mentioned earlier that our first activity with modern com
puting machines was in assisting the Bureau of the Cenus. Cen
sus Director Robert W. Burgess has already told you of their 
experience with computing machines so there is no need for me to 
discuss that phase of our work. There was, however, a related 
development of the Census Bureau that should be mentioned 
briefly. This development involved automatic means for trans
lating the data on the record sheets of census enumerators into 
a form that could be fed directly into their computing machines. 

The machine we developed has been named FOSDIC (film opti
cal sensing device for input to computers). The machine reads 
marks on microfilmed copies of documents that have been marked 
with an ordinary pencil or pen, and then processes the informa
tion into electrical pulses which are recorded on magnetic tape 
for direct input to an electronic computer such as the census 
Univac. FOSDIC is designed to reduce the work that is now 
involved in converting written records into a medium acceptable 
as input by data-processing machines. This is particularly true 
since FOSDIC allows considerable freedom in design of the docu
ments and does not require the use of any special writing 
equipment. 

It is anticipated that ultimately the use of this machine will 
reduce appreciably the massive amount of paperwork entailed in 
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summarizing census information on the entire population. Al
though designed for census operations, FOSDIC may be generally 
applied to the processing of other types of information that must 
be handled in large quantities. 

With the development of many large-scale electronic computers 
in the past few years, there has been an increasing need for 
equipment to bridge· the gap between the machines and their 
sources of information. This is especially true for computing 
systems which perform relatively little computation on a large 
mass of data obtained from many sources. Considerable attention 
has been given to computers and their input-output equipment 
but relatively little to "pre-input" apparatus or instrumentation 
permitting the computer to have direct contact with sources of 
information. When human beings are considered as sources of 
information, only two partially automatic means of communica
tion are in general use. These are (1) typewriters of various 
forms and (2) special marking instruments such as punches or 
conductive pencils. An alternate method is through the manual 
preparation of punched cards. To these methods has now been 
added FOSDIC, a completely automatic machine which processes 
marks made by an ordinary pencil or pen into a form directly 
usable by the computer. 

Patent Office 

Another unit of the Department of Commerce, the Patent 
Office, has a particularly challenging problem in the area of pos
sible mechanization of patent search. Our patent system is closely 
related to the industrial growth and prosperity of the United 
States. It plays a major role in the creation of new products and 
processes, yet our patent system is at a crossroads because of 
the very increasing complexity in the continued program of in
ventiveness. The present patent examiners. are as dedicated and 
competent as their predecessors, but they face a task that is 
infinitely more complex than that of even a few decades back. 
The unprecedented pace of science and technology is producing 
new facts and inventions at a rate beyond the capacity for patent 
claim handling procedures which have been developed over the 
years so that the present staff is unable to keep the size of the 
backlog of patent applications from steadily increasing. In 
awareness of this problem, the Senate Appropriations Committee 
specifically directed the Department of Commerce to make an 
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aggressive investigation of the possibility of mechanizing patent 
search operations. In accordance with this mandate, a committee, 
headed by Dr. Vannevar Bush, was appointed. This committee 
concluded that if the patent system is to continue to make its 
contribution to our expanding economy, mechanization of the 
routine aspects of the patent search process is essential, and that 
the automatic data processing art has reached a stage of devel
opment which makes feasible its application to this complex 
problem. 

Accordingly, the Patent Office and the National Bureau of 
Standards are cooperating in a joint program of research and 
development to adapt machine techniques to these Patent Office 
operations. 

Army Quartermaster 

Our work for the Army Quartermaster Corps gave us experi
ence in coping with the problems of Government purchase and 
procurement. 

In carrying out provisions of the Armed Services, Procurement 
Act of 1947, a number of complications arise in determining the 
bidder or combination of bidders who will charge the true lowest 
cost to the Government. True costs require consideration of 
different freight rates from factories to depots. The bidder him
self may state restrictive provisions such as minimum and maxi
mum quantities, or ','block" or "hinge" bids whereby he may 
qu~te different prices on different quantities. . 

The attempted resolution of lowest cost for bids on contracts 
involving a variety of complicating factors, when carried out by 
manual methods, results in high cost both in time and manpower. 
On 1 typical operation, 700 man-hours were expended without 
trying all the possible combinations, and it was estimated that 
4,000 man-hours would have been required to calculate all 
combinations. 

A second shortcoming of manual computation is that in some 
cases it is not possible to solve the problem at all in the time 
available. For example, a proposed contract for 860,000 woolen 
jackets to be fabricated for 13 different destinations, estimated 
to involve 223,000 differ~nt combinations, had to be canceled 
because bids could not be evaluated by manual computations. 

Accordingly, a program was established in the Applied Mathe
matics Division of NBS to explore the use of new mathematical 
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techniques (called linear programming) in conjunction with the 
use of high-speed electronic computing equipment. 

The linear programming computation procedure, as coded for 
SEAC, is then used with data on the various bids received for 
each specific problem, and the machine operates on the specific 
problem by first assuming that an award satisfying the various 
restrictions will be chosen regardless of its cost. A cheaper allo
cation is then sought, and it is substituted for the first. The 
search for still cheaper allocations continues until no cheaper 
award can be found. For the typical problem, about 2 hours, of 
SEAC computation are required before the minimum cost answer 
is found. 

The direct savings achieved through the speed of electronic 
computation can be illustrated by the fact that, for a problem 
that would have required 1,000 man-hours of labor at a cost for 
manual computation of approximat~ly $2,500, the machine could 
have tried all combinations in about 40 minutes at a cost of $80 
or less. Direct savings are also achieved through the saving of 
time since bidders may limit the effective period of their bids to 
option periods of 20 days or less from the date of opening bids. 

In summary, then, the linear programming technique makes 
possible the development of solutions. to bid evaluation problems 
in less time, at less cost, and with absolute accuracy. 

Veterans' Administration 

The Bureau has also been called upon by the Veterans' Ad
ministration for work in relation to actuarial tables. In this case, 
the Univac system was used to provide the actuarial tables neces
sary for the new uniformed services survivors' benefit program. 
U sing conventional methods by desk calculation, this would have 
required an estimated 25,000 man-hours. The job actually took 
1,443 man-hours. The cost by conventional means would have 
been in the neighborhood of $200,000; it was actually completed 
for about $15,000 with the Univac. 

In the course of the entire job, the Univac computed 357,012 
numbers to 8 significant figures. The 1,443 man-hours used on 
the problem included time spent in analysis and process charting, 
flow charting, coding, preparing desk-calculated samples for 
checking, preparation for and operation of the machine, report 
writing, hand editing and checking tables, and maintenance. 

The actual time spent by the Univac in generating the numbers 
(not including checking of programs) was 41.4 hours. The total 
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time used by the computer system was, 104 hours. As a com
parative figure, a few sample values computed by hand for check

. ing purposes required 55 man-hours. 
More significantly, however, the Congress directed that this 

veterans' insurance program should go into effect within 60 days 
from the time that the act was signed. The use of the computer 
made it possible to provide the necessary tables so that the pro
gram did go into effect on schedule with maximum benefit to all 
concerned, something that would have been impossible without 
the use of these new general-purpose, high-speed tools. 

Navy Aviation Suptply Office 

The Bureau has also assisted the Navy in applying automatic 
techniques to its inventory-control and supply problems. The 
data-processing application that is now in operation at the Navy's 
Aviation Supply Office is a good example of better use of present 
resources. In the Navy supply system, there are some 13 materiel 
control centers, called supply demand control points. These con
trol points have cognizance over certain broad categories. of 
material. In the case of the Aviation Supply Office, the responsi
bility is for aircraft, aircraft engines, and supporting spare parts 
and accessories. 

The supply replenishment actions used to be based on quarterly 
distribution and procurement in accordance with predicted de
mand determined by existing inventories and demand for a previ
ous quarter. Under this control system, the regular quarterly 
actions had frequently to be supplemented by special actions prior 
to the next scheduled distribution in order to take care of fluctua
tions in actual demands. In some cases, as many as, 40 percent 
or more of the stock transactions were interim transactions re
flecting such unanticipated demands. 

In an attempt to improve the control system, the program usage 
replenishment system (PURS) technique was developed in the 
hope of attaining a more realistic balance between inventory levels 
and proj ected requirements based upon program plans. However, 

. the introduction of this system materially added to the compu
tational workload at ASO. To extend the PURS procedure to 
additional classes of material required an even greater workload. 
It was therefore reasonable to look toward the adoption of elec
tronic data-processing techniques as, a way of accomplishing this 
mission more expeditiously and more economically. 

The electronic computing equipment that has been installed is 
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now at work on this job, so that management may more effec
tively control the procurement and distribution of supplies to 
meet requirements. 

Air Materiel Command 

The Air Materiel Command of the Air Force had a problem 
of logistics control similar to that of the Navy's ASO. They are 
now using and actively exploring the further use of computers 
for logistics management. One of the problems they face is, the 
development of a system which can be expanded during an emer
gency without requiring a greatly increased staff. 

The Bureau has assisted them in this program. In the first in
stance, the Bureau assisted in the procurement of their automatic 
device. In the second instance, we are helping to assist the Air 
Materiel Command in training their supply and logistics person
nel at various bases. The interesting aspect about this program 
is that we have been successful in training GS-4 and GS-5 stock 
clerks to carry out some of the programming operations. for the 
computer. 

I have reports that they are doing quite well. What this means 
is that for some of the automatic programming, relatively un
trained people can be taught to do the work, thereby releasing 
the more highly trained for more complex work. I might mention 
here that the Bureau has now had considerable experience in 
training personnel to operate automatic electronic devices of 
this sort. I think it is one of the important values of our central 
computational and data-processing staff. 

Federal Housing Administration 

The experience of the Federal Housing Administration pro
vides an example of how more effective work can be done with the 
use of data-processing machines. In the low rent housing pro
gram administered by the FHA it is necessary to audit income 
and other statistical data concerning the tenants. With their 
present staff this can be done only on a sampling basis. Carrying 
out this operation on the SEAC it was shown that a 100 percent 
audit would be possible with the same staff. In addition, their 
staff would be able to give more attention to borderline cases 
where careful, human judgment is required. 

This list is by no means complete. But I hope it has served to 
demonstrate some of the advantages to be derived from applying 
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modern data-processing techniques to Government operations. 
There are, in fact, a host of applications which are now in the 
planning stage or, in an even greater number of cases, still 
uncontemplated. 

In recognition of the demand for Bureau services in this field 
and of the increasing use of automatic devices for Government 
operations, the National Bureau of Standards has requested and 
received initial appropriations from the Congress, for the con
struction of a pilot data-processing machine. This, machine is now 
in the planning stage and will take about 2 more years to get into 
operation. It will provide Government with a central facility for 
studying the feasibility of various automatic systems and com
ponents for use in machines to serve the particular needs of 
Government agencies. This pilot facility, which will be highly 
flexible in character, will be used to study the large variety of 
problems encountered in numerous Government operations, and 
will be adaptable for actual sample trial runs of contemplated 
systems. 

The facility will also provide our staff with increased research 
and engineering experience in order that we may stay at the 
forefront of new technological advances in this field." 
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