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6 PROCEEDINGS OF THE EASTERN COMPUTER CONFERENCE 

Keynote Address 
J. G. BRAINERDt 

AS CHAIRMAN of the Eastern Joint Computer n. Committee I add my welcome to that of Dr. 
Travis and express the hope that this meeting 

will be beneficial and stimulating to all of us. Before 
discussing the conference, let me give our thanks to the 
three committee chairmen, Dr. Travis of the Program 
Committee, Dr. Verzuh of the Local Arrangements 
Committee, and Mr. Edwards of the Publication Com­
mittee, to Mr. Porter who was chairman of the Local 
Arrangements Committee until his work took him out 
of this region, and to all others who have contributed 
time and effort to create this meeting. 

As is customary, all in attendance will receive printed 
copies of the proceedings, and there it will be possible to 
acknowledge by name the many committee members 
who have worked to make the conference a success. 
Numerous others not formally associated with commit­
tees have helped, and to them also our thanks are due. 

The Joint Computer Committee was set up early in 
1951, and the first Joint Computer Conference was held 
in December of that year in Philadelphia. The Joint 
Computer Committee is a body sponsored by three 
technical societies to conduct conferences and carry 
out certain other work so as to avoid duplication of ef­
fort on the part of its sponsors. There are now held 
annual meetings both on the West Coast and in the 
East, and this is the fifth annual meeting of what is 
now known as the Eastern Joint Computer Conference. 

Customarily, one major topic is selected, and invited 
papers are presented, building up the subject until a 
comprehensive coverage is obtained. I wish to empha­
size that all the papers at this meeting are results of 
invitations to the authors, and have been selected to 
bring out principles, rather than specific applications, 
within the chosen topic of computers in business and 
industrial systems. In connection with the latter phrase, 
"industrial systems," the topic is not intended to cover 
the engineering-scientific-mathematical applications of­
ten discussed, but rather applications in the commercial 
and planning aspects of industry including such a topic 
as inventory control. 

The purpose of this meeting is two-fold: first, to 
present for engineers and others in the field a back­
ground of fundamentals in order that they may better 
carry out their work of creating computers for business 
and industry, and, second, to present the same funda­
mentals to all others who may have an interest in using 

t Moore School of Electrical Engineering, University of Penn­
sylvania, Philadelphia, Pa. 

computers. It happens this year that our topic is such 
as to have an almost equal appeal to both groups. The 
program is so drawn up that it blends somewhat natu­
rally, at the end, into a timely topic which should be of 
major interest to both creators and users, namely that 
of standardization of some aspects of the field. 

In one sense it is fitting that I should be speaking now, 
for I was associated with the creation (at the institution 
with which I am connected) of the ENIAC, the first 
electronic general-purpose large-scale digital computer. 
The usual person's close association with the decimal 
system leads to an emphasis on integer multiples of ten, 
particularly with regard to anniversaries, and the pres­
ent is almost exactly the tenth anniversary of the initial 
operation of the ENIAC. The ENIAC may soon be 
retired, but it has to its credit more computation than 
was performed for all the formal mathematical tables 
ever published in the world before its advent. This is no 
mean accomplishment, but mathematical tables and 
mathematical calculation are not our interest this week. 

Many persons in the computer field will feel at least 
vaguely familiar with the time of start of the first big 
electronic machine; but few either in the computer 
field or interested in the application of computers to 
business will know that what was probably the first 
paper on the use of large electronic machines in business 
might have appeared in print almost at the same time 
as the inauguration of the ENIAC, had not reviewers 
considered it too "futuristic" for publication. The author 
was Professor Matz of Penn's Wharton School of Fi­
nance and Commerce, and it took him more than six 
months to convince the appropriate people that his 
articles, "Electronics in Accounting," based on his 
acquaintance with the EN lAC, was not unreasonable 
and should be printed in the Accounting Review (the 
journal of the American Accounting Association), 
where it appeared in 1946. 

The first applications of the large digital electronic 
computers-we use the inadequate term computer for 
much of what is sometimes called data processing equip­
ment or information transformer or another name, as 
well as for machines strictly "numerical" in intent-to 
repeat, the first applications were in the engineering­
scientific-technical-military fields. In the ten years 
since their inception, computers of the type under dis­
cussion here have come to have important positions in 
control and the general area of automation, in the vast 
nebulous territory of Operations Research, and in 
many other classes of application, even including as 
you know a potential use in the translation of lan-
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guages, but it now seems apparent that, at least as 
judged by number, the largest field of use will be in the 
business-commercial-financial area. In ten years the 
hesitancy which marked the reception of Professor 
Matz' paper has given way to optimism and acceptance, 
popular, semi-popular, and technical articles galore, and 
a feeling on the part of many that is most briefly ex­
pressed by the cliche, "the coming clerical revolution." 

These ten years have seen discussion move from a 
few particular machines to talk of-and I emphasize 
those words "to talk of"-hundreds of the large com­
puters, thousands of medium-sized ones, and an indus­
try which may possibly be measured in the billion-dollar 
annual gross business class in the not far distant future. 
Estimates of personnel needs in the field which seemed 
extreme only a year or so ago appear much more reason­
able now. Current optimism has its foundations, over 
and above such specific knowledge as actual orders on 
manufacturers' books, on one assumption and one 
contrast or challenge. The assumption is that prosperity 
and all that implies will continue in the United States. 
The contrast is between two basic facts, which will be 
labeled (a) and (b) for convenience. 

(a) After allowing for cyclical changes and other fac­
tors, the number of production workers in manufactur­
ing has not substantially changed in the last ten years. 

(b) Against this is to be set a statement appearing in 
the magazine Time, which an economist advisor could 
not check immediately but which gives an idea of trend 
at least, that "the number of office workers has actually 
risen from 5,100,000 to 8,100,000 in the last ten years." 

With increasing production, increasing population, 
and improving average standard of living, statement 
(a) indicates that production workers are increasing 
their per capita productivity-as is well recognized, the 
figure usually quoted being about two per cent per year, 

although recently there has been a tendency to predict 
a higher rate. Increased mechanization-or automation 
if you like-in which computers will playa more and 
more prominent part in the future, accounts for a large 
portion of the two per cent per year. Statement (b) 
indicates that the accompanying piling up of clerical 
detail, to which must be added the increased demand 
for services such as banking which require much clerical 
work, has not been even remotely overcome by what­
ever increase in per capita clerical productivity may 
have occurred. Here lies the opening for office automa­
tion (as well as for other methods of increasing clerical 
productivity), and here is the basis for Time's sister 
magazine, Fortune, to write of "The Coming Victory 
over Paper," with a heading inside the article, "Rescue 
by Electronics." 

In the last ten years of our lives, which are the first 
ten years of the large-scale electronic digital machines, 
the field of computers has matured at a rapid rate. We 
have seen increased emphasis placed on peripheral equip­
ment and on storage, and increased attention given to 
common and automatic programming, to cite only a few 
examples. There has been a relative transfer of research 
and development work from university laboratories to 
industrial research laboratories, except for numerous 
classes of special cases. There have been many technical 
developments and we know there are many more to 
come. 

There has been a change in the center of gravity of 
application of the big and medium digital computers to­
ward the business field. Our topic and program are a 
recognition of this. The program is so arranged that 
there will be ample time for discussion at most sessions, 
and it is our hope that we have avoided rush so that 
thoughtful attention can be given here, and in these 
three days, to the import of each session. 
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Computers as Tools for Management 
J. s. COLEMANt 

I T IS A REAL pleasure to speak at this national meet­
ing of electronic computer engineers. Each year 
your Joint Computer Conference has marked a new 

step forward. This year's conference seems to me to have 
special significance in that you are here to assess the 
capabilities of digital computers for handling business 
computations. I say "special significance" because I 
believe that in this area, where the computer becomes a 
tool for management decisions, there is a great potential 
for the growth of a new major industry. 

In these circumstances, it would seem necessary to 
look to the fundamentals right now, early in the 
growth period. Most of the business applications of the 
computer, which we have planned up to this point, have 
led in one direction: greater speed in the processing of 
business data. To achieve this goal, we have aimed at 
more and more complete office automation. Probably 
that was a sound choice of a starting point. For business 
became interested in the elctronic computer when it was 
pointed out that the machine can effect great savings in 
the processing of data. Hence this application of the 
computer was the foot in the door needed to get this 
industry off to a sound start financially. 

A number of effective applications of this kind are in 
sight, and the number of good applications will gradu­
ally increase. Although it seems over-optimistic to call 
office automation, to the degree that we currently fore­
see it, a "second industrial revolution," nevertheless, it 
appears certain that an evolutionary process is under 
way. It will clearly take a number of years to exploit the 
various possibilites over a wide variety of types and 
sizes of business. 

But in spite of the encouraging start that has been 
made, is the long run significance of electronic comput­
ers for business to be found principally in their ability 
to process data, however tremendous a speed they may 
achieve? I think not. Adding machines and accounting 
machines introduced less spectacular but highly signifi­
cant improvements in their day. And I dare say, as the 
mushroom cloud of this electronic computer explosion 
settles down, the power of high speed and routine data 
processing will not exceed the over-all power of the 
simple adding machine in cutting the costs of business. 
The inventors of the steam engine and the automotive 
engine will in the day of atomic power still hold their 
positions in the history books. 

Considered merely as a data-processing tool, the com­
puter is only one more cost-cutting device-and not yet 
completely proved, at that. Much more significant is the 
use of the computer in solving management problems 
of a high order. For, when it is employed as a tool for 

t President, Burroughs Corp., Detroit, Mich. 

management decision-making, the computer achieves 
much more than its negative role of cost-cutting. It can 
then play an important part in decisions that will in­
crease the revenue of the business and .maximize profits. 
I t is this latter and broader application of the computer 
that I should like to discuss, for here, I believe, lies the 
best hope for the future of the industry. 

Perhaps I should pause here a moment to explain my 
use of the term "the electronic computer industry." 
At present you are faced, as electronic computer engi­
neers, with a series of fascinating challenges. The chal­
lenge which you have clearly mastered is that of scientific 
and engineering computation. You are on the threshold 
of establishing some areas of effective business applica­
tion. You are actively developing computers for control 
of military equipment and aircraft. You are groping 
toward use of computers in industrial process control. 

With this variety of basically different and basically 
important applications, there is the prospect for emer­
gence of electronic computers as a major industry. Al­
though you are working in parent companies in the 
business machine field, the electronic and electrical 
machinery field, the aircraft field, and others, I do not 
think that you should any longer shy away from the 
term, the electronic computer industry. Of course, despite 
its rapid growth this is still an infant industry, not only 
in age, but in other important respects. Economically, as 
most of you no doubt know, it is largely a dependent of 
the parent companies which are creating it. 

This year's Joint Computer Conference is intended to 
bring computer designers together with management 
users of computers for business applications. This 
tempts me to suggest: Why not bring together, next 
year or sooner, management and computer engineers to 
consider the economic aspects of our infant industry? 
From management's point of view I'm forced to ask: 
How long will we have the state of indecision as we go 
from vacuum tubes to germanium diodes, to transistors 
and bimags; is the end in sight in memory system prog­
ress from mercury delay lines, to electrostatic storage, 
to magnetic core memories before we operate as a true 
business? We are in the midst of a fabulous rate of 
technical development, but some degree of stability is 
necessary before electronic computers step out of the 
infant industry stage. 

Alongside the need for establishing economic self­
sufficiency, there is still the challenge of making com­
puters truly useful on a widespread basis. At this meet­
ing on use of computers for business applications, I think 
it is fair to say that although technical development of 
computers has gone far, the test of just how useful com­
puters will be in business lies almost entirely ahead of us. 

My purpose, then, is to examine with you the pros-
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pects for a broader use of computers as tools for manage­
ment information and decision-making, for it seems to 
me that it is this concept which constitutes a major 
challenge to the industry. We cannot completely sepa­
rate this concept from that of routine data-processing. 
When one deals with the use of computers for account­
ing, the question of reports for management and the 
possibilities of better control by management are always 
present. But I submit that this is just scratching the 
surface. 

Management already has more reports than it can 
handle. What it needs is help in exploring all the alterna­
tive solutions to its problems, so that it is better pre­
pared to choose the best one. For this task, the com­
puter is an important instrument. Let me illustrate what 
I mean. It is useful, of course, for the general sales man­
ager to know that sales in the North Central Region are 
below quota for the month. And the computer is an ex­
cellent instrument to use in preparing the sales data 
report which gives him this information. But far more 
useful-in fact, of first importance-is the ability to do 
something with this knowledge, which is in itself quite 
sterile. Hence, a far more profitable use of the computer 
is in the preparation of alternative solutions to the sales 
problem. When the sales manager can see what each of 
several decisions involves, then he can choose the most 
effective one. Used in this way, the computer is not just 
part of a fire alarm system; it is part of a sound fire pre­
vention program. This application cannot be regarded as 
a mere by-product of office automation. Rather, it is a 
major objective. What I am proposing is not something 
new, of course. I t is, however, a redirection of emphasis. 

Already encouraging signs exist that the importance 
of this kind of application is being recognized. There is 
the growing partnership between management, scien­
tific research, and mathematics which is usually referred 
to as operations research. A few examples where opera­
tions research, management problems, and the use of 
computers have come to a point of common focus in­
clude the use of linear programming, the Monte Carlo 
method, and the game theory for optimum strategy. 
Much has been written on these subjects and I shall pur­
sue them no further. In fact, if I did you might question 
me about the details and our staff experts are too far 
away for consultation. 

Other mathematical methods which require extensive 
computations are finding important uses by manage­
ment. For example, in the Burroughs Corporation, re­
cruitment of personnel now relies quite heavily on the 
results of an extensive program of correlation of work 
performance with psychological test scores. Computa­
tions to determine the significant correlations were car­
ried out on the electronic computer at our Research 
Center. Without such a computing facility, our program 
along these lines might never have been carried through. 

As another example from the experiences in my own 
firm, we have made good progress toward setting mar­
keting targets for our various products on the basis of 
national figures on the levels of employment and income 

in the major areas of business where we find our custom­
ers. The computations required to determine quotas for 
each of our branches have been a stumbling block. This 
year a small scale electronic computer solved the prob­
lem. Broadly speaking, these examples indicate that 
computers are becoming a valuable tool for some of the 
recent developments in sci~ntific management. 

There is a quite different approach, in which, al­
though computers would serve as a data processing tool, 
the key objective would be improvement in manage­
ment controls rather than the automation of clerical 
operations. The objective of some firms which are inter­
ested in electronic computers is to use the computer to 
permit complete integration of their market forecasting 
and actual sales activities, with production and inven­
tory control. This is a truly challenging prospect in those 
types of business in which a high proportion of the man­
agement functions must go into line activities involving 
production and inventory control on the basis of sales 
prospects and orders in hand. 

An electronic computer for handling management 
control functions would provide a facility for storing 
records of sales forecasts, sales orders, production capa­
bilities, and inventories, and converting this informa­
tion to production and shipping orders. The computing 
machine would be able to apply the best available in­
dustrial engineering techniques such as well-known pro­
duction log size formulas and newly developing produc­
tion and inventory planning procedures to determine 
the best production plans. Success of such an approach 
will require not only the electronic computer and exten­
sive research on the computing program, but also an 
effective system of rapid communication between sales 
order points, production facilities, and the computer. 
For this reason those companies which are striving for 
this goal of computer use have shown especially great 
interest in the development of integrated data processing 
in which all types of business records provide for coded 
output, such as punched tape, to facilitate long distance 
communication and input to computers. 

A concept of this sort cannot, of course, be envisaged 
in all types of business, anymore than the concept of 
office automation with high speed computers applies to 
the handling of all business records. The first prospect 
for use of computers along these lines would be in large 
scale manufacturing in which alternative product 
models, or a line of similar products, share the use of 
manpower, raw materials, and capital equipment. The 
automotive industry, producers of small machine parts 
such as screws, bearings, and gears, and the radio and 
television industry, are examples. Large scale retail 
trade offers similar possibilities, without the element of 
production control, but with tremendous problems of 
inventory control. 

These applications have to do with system control 
rather than automatic data processing. And how much 
more it means to business than mere cost-cutting, im­
portant as that may be. Let's say that a company uses 
an electronic computer just for the sake of saving 
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money. We'll suppose that it uses the increased speed 
effectively and saves $200,000 a year. That is a sum 
none of us wi11100k down our nose at. But let us say that 
this same company puts its computer to work at de­
termining the number of salesmen necessary to cover a 
territory effectively. Or suppose that it uses the com­
puter to arrive at a decision that a regional sales set-up 
is better than a national set-up with all control from the 
home office. It is not difficult to see that these latter two 
problems and their solutions are vastly more significant 
to that company than its economy measures. For these 
latter two affect the growth of the company, its reve­
nues, its whole competitive position. Used in this way, the 
computer can help maximize profits and reduce expenses 
in a very basic manner. I t could become part of the very 
lifeblood of the company, for lack of which a company 
could fail to survive. 

A further indication of this fact is the manner in 
which operations research was born. In the Battle of 
Britain the military turned to science for help. Cost­
cutting was of very minor significance at that time when 
the country was fighting for survival. This science was 
employed to arrive at the optimum use and distribution 
of men and material. And it was the outstanding success 
of this critical effort that led to the interest which busi­
ness now has in operations research and its tool, the 
electronic computer. 

It is interesting to note, incidentally, that the use to 
which the equipment is to be put must determine the 
type of equipment selected. Routine data processing and 
improved decision-making may be conflicting objectives 
if the same equipment is chosen for both purposes. This 
fact again indicates the importance of setting our aim on 
the proper target. 

I have discussed two distinct concepts of an impor­
tant role for electronic computers in management analy­
sis and control: first, as an analytic tool based on opera­
tions research and other aspects of scientific manage­
ment; second, as a system control tool bearing on pro­
duction, inventory, and the related phases of industrial 
operations. Both approaches include large elements of 
speculation, but are based on significant trends and offer 
realistic challenges. The analytic concept suggests that 
electronic computers are linked with general develop­
ments toward scientific management, and that the time 
may come when at least the larger companies find it 
desirable to have a computer available for analytical 
computations on management problems in the same 
way as they are currently finding it desirable to acquire 
computers for engineering computations. The system 
control concept implies application only to certain types 
of business, but in those areas the computer may become 
an essential tool rather than merely a desirable one. 

Before proceeding further with these ideas, it will be 
well to introduce a third line of evidence that computers 
are on the way to becoming tools of manageme'nt-the 
various activities along these lines by government 
agencies, primarily by agencies of the Department of 
defense. The problems of military logistics are by-and­
large the equivalent to many of the problems of business 

management. Since the end of World War II each of the 
mili tary services has been carrying on extensive pro­
grams of logistics research, in which electronic com­
puters have served as a major tool. 

The Navy has sponsored an active "Logistics Re­
search Project" by contract with George Washington 
University in Washington, D. C. The Air Force has a 
Directorate of "Management Analysis Services" in the 
Pentagon for intimate contact with Air Force planning 
problems, and sponsors longer range logistic planning 
research by contract with the Rand Corporation, in 
California. The Army carries on logistics research 
through its operations research program under contract 
with Johns Hopkins University. In each of these logis­
tics research programs an electronic digital computer is 
about the only major piece of research equipment. The 
Air Force has placed a digital computer in the very 
bowels of the Pentagon for planning calculations. 

The logistics research programs are parallel to the 
prospective use of computers as a tool for general busi­
ness planning and analysis based on developments in 
scientific management. At the same time the military 
services have been exploring the possibilities for use of 
computers in the day by day control over the operation 
of their supply systems, an approach which parallels the 
possibilities for business system controls over production 
and inventory. The Air Force has begun a careful pro­
gram of trial and analysis of use of computers for con­
trol over movement of Air Force supplies, and the Navy 
and Army have similar programs. 

The leadership being taken by the military depart­
ments in these developments is parallel to an earlier 
period, when ballistic calculations and other technical 
military problems paved the way for the initial develop­
ment of electronic computers and paved the way to 
their widespread use in science and engineering. In the 
area of management computations, military research 
programs have again assumed leadership. The reason is 
clear: human lives may depend on it. We are reaching 
the point where we want to know whether corporate 
lives may also depend on it. There is little doubt that 
industry, like the defense agencies, will take steps to 
find out. At this stage it is the research spirit toward 
logistics by the defense agencies which has done most to 
pave the way to use of computers in management anal­
ysis and control. If industry develops similar research 
programs on a fairly widespread basis, we can hope for 
rapid progress. 

If the problems to be solved were a relatively straight­
forward matter of further development, we could speak 
with greater confidence about the rate at which we can 
progress. At this stage it is most important that we 
recognize the underlying problems and foster the re­
search to solve these problems. In the first place the 
complexity of business management makes careful re­
search necessary in order to determine the proper scope 
of the targets for application of scientific methods and 
corresponding use of computers. 

In management system controls the problems are 
more complex than in the more purely technical system 
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problems such as industrial process control. Manage­
ment problems will require more extensive research to 
isolate the key factors, the interrelations, and techniques 
for obtaining good solutions from an environment of 
innumerable human factors and from broader manage­
ment considerations which cannot be expected to fall 
within the scope of a scientific management approach. 

An equally fundamental, but related issue lies in the 
uncertainties of making predictions which surround the 
problems of management. The very word management 
i,mplies decisions which involve prediction of the out­
come of alternative courses of action. I have recently 
seen the difference between human decision making and 
the choices made within mechanisms such as electronic 
computers nicely clarified by the statement that success­
ful human decisions can be and generally are made with­
out complete information, in fact, often with very 
scanty information. A machine, on the other hand, can 
make choices only on the basis of the information which 
it contains-it can only deduce consequences from what­
ever information has been fed into it. 

This way of putting it seems to imply that the ma­
chine can only be a data processing tool. But, I am by 
no means retreating to that point of view. The machine 
can only be a tool, but a distinction should be made be­
tween a tool for clerical work, and a tool for management. 
The underlying question is whether a scientific rather 
than a rule-of-thumb approach can be found for some 
of the areas of management prediction. The approach 
cannot be a science involving certainties, such as is gen­
erally the case in the physical sciences. Instead, it must 
be a systematic method of determining possible out­
comes, the relative probabilites of these outcomes, and 
methods, for basing decisions on the probabilities. 

Research on business prediction and on the evaluation 
of uncertainties has been going on in recent years. The 
results have provided some useful guideposts for man­
agement, but do not as yet provide a general approach 
to anyone well-defined area of management. We can 
do a fairly scientific job of market sampling on partic­
ular products; we can assume, or hope, that forecasts of 
the levels of general economic activity made by govern­
ment and industry economists are based on increasingly 
scientific methods; we may find linear programming or 
other results of operations research applicable on some 
production and inventory problems, but these are at 
present isolated techniques, which, on the whole, deal 
with factors in management situations rather than the 
management situations as a whole. 

Since any prospective science of business management 
will have to be a science for dealing with nothing but un­
certainties, we have the further problem of determining 
whether any proposed 'scientific approach is actually 
superior to management decision on the basis of expe­
rience and intuition. We will perhaps have to go on a 
conviction rather than proof that the scientific approach 
is the desirable one, just as we go on conviction that the 
weather man is more often right than wrong. 

That may be enough for us, but it may not be enough 
for the business man who is the prospective customer. 

He must be taught to have confidence in operations re­
search and the part which the computer plays in it. 
He is from Missouri and he must be shown that the new 
science is superior to his intuition. May I suggest that in 
dealing with him, you be neither discouraged nor sar­
castic. It is essential that management learn both to 
understand and trust your findings. The best way to 
bring this about would seem to be to explain what you 
are doing simply and in language he can understand. Of 
course, he need not understand the intimate details of 
either electronics or operations research any more than 
he needs to understand how the tax expert or controller 
arrived at his figures. But you must remember to go 
slowly with him, and to show that you are interested 
in his problems. If some areas of business decision can 
thus be brought into a scientific framework, then the 
prospects will be good for electronic computers to be­
come important management tools. 

These comments on the types of research which are 
going on and which lie ahead with regard to use of 
electronic computers as "management computers," have 
not brought us to any questions of computer system de­
sign. To some degree this is an expression of the wide­
spread feeling that our ability to design electronic 
computers has run far ahead of our knowledge of how to 
use them. 

Generally speaking operations research approaches a 
phase of management or a business system as though it 
could be analyzed by the same general methods as are 
used on engineering analysis of technical equipment. 
This suggests that the use of computers as management 
tools is likely to have a good deal of resemblance to their 
use as tools of engineering. If scientific methods for 
analysis of management problems make substantial 
headway, then computers will be important for solution 
of those management problems, just as they are for 
solution of engineering problems. If operating controls 
over certain phases of business by means of computers 
are based on technical analysis of business systems, that 
will be quite similar to engineering analysis of complex 
machinery in order to use computers in controlling 
technical processes. 

In the important developments of scientific manage­
ment undoubtedly computers have been an important 
stimulus. Technical methods may be as important in 
problems of management as they are in problems of 
engineering, but the problems in management are more 
complex. The possibilities of actually working out solu­
tions became much more promising when electronic 
computers became available. Thus, electronic computers 
have helped pave the way,to a new spirit of research on 
management, just as they have brought us into a period 
of research on methods of business data handling. 

In my opinion the concept of "computers for manage­
ment" is a challenge well worth considering. It is a large 
undertaking in which the computer industry can pro­
ceed only in partnership with management analysts and 
with management itself. If the computer industry pro­
vides leadership, I believe it will be taking a long step 
toward opening new markets for its products. 
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Computers in Basic Business Applications 
F. J. PORTER, JR·t 

I N APPEARING before you to tell you of the trials 
and tribulations of the businessman who tries to 
use the equipment you are designing and building 

for basic business applications, I presume I should 
qualify myself as an electronics expert. A friend of 
mine, struggling to make one of the big machines work 
on a business problem, defined an electronics expert as 
"a man who hasn't yet received his computer." Under 
this definition I qualify fully because my company, the 
Consolidated Edison Company of New York, has not 
yet received the two Univacs and the one 70S it has on 
order. Next April after they are delivered I presume 
we shall appreciate to the utmost the point of his defini­
tion. Today, ignorance is bliss. 

Since we are not yet in operation at Con Edison, my 
personal experience upon which these remarks are based 
only goes through the early study, decision, organiza­
tion for programming and initial pr'ogramming stages. 
The problems of operation are still ahead of us. Never­
theless, I believe I can show you enough about these 
initial problems to cause you to realize that problems 
do not stop with the design and construction of a com­
puter but are just as severe and just as baffling in some 
cases on the application side of the picture as they are 
on yours. 

Then I shall try to outline a few areas you might 
want to study from the business angle so that the equip­
ment you produce may be of utmost value to the user. 
I believe that one of the greatest needs of the computer 
industry today is a closer liaison with the user, for you 
can only sell that which is of some benefit to him and to 
produce anything else is an economic waste. 

THE BUSINESSMAN'S PROBLEMS 

The electronic digital computer burst upon the 
business world some five or six years ago in a rash of 
articles in the magazines directed to business manage­
ment. "Giant Brains" were the beginning of "Automa­
tion." "The Automatic Office" was certain to make 
people obsolete. The day of the millennium had come! 
These startling and breathtaking concepts, akin very 
much to the dreams of the future which appeared when 
the atom was first split, caused quite a stir and presented 
us with the first problem that every businessman faces 
when he begins to look at this field. He must find out 
what the shouting is all about. 

Study and Training 

The first step in this is education. He knows right at 
the start that someone must decide whether or not to 
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proceed into office automation. Since the decision must 
be made with judgment, foresight, and care, the prob­
lem cannot be left entirely to junior members to study. 
Someone in a fairly high place in the organization and 
in whom the top management has confidence must take 
the time to acquaint himself with the problem and the 
equipment. In many companies this has taken the form 
of a committee, either of middle management personnel 
reporting to a top executive or of top executives guiding 
specially assigned middle management personnel. This 
latter is the approach used in Con Edison. Two of us 
spen t a considerable part of our time for several years 
studying the field and reporting periodically to a com­
mittee of Vice-Presidents and associated executives .. ' 

This process of self education for the businessman 
starts with the reading and studying of everything he 
can find in print. He will then talk with the manufac­
turers' representatives at great length and perhaps visit 
actual installations. At this point he will probably feel 
that he still needs to know more about the detail if he 
is to be able to understand and evaluate not only the 
manufacturers' claims but also the problems his own 
staff will bring to him, for he soon will see the need for 
full time personnel in this field. He may want to enroll 
in the manufacturers' programming courses, especially 
the shorter ones, and thus gain at least a working knowl­
edge of equipment and programming techniques. This 
knowledge will enable him to guide his staff with some 
degree of intelligence and will help him to listen more 
critically to the basic sales pitches of "fixed vs variable 
word lengths," "internal vs external checks," "plastic 
vs metallic tape," and so forth. 

I t must be obvious to you that this is a time-consum­
ing task and that it is no small or insignificant problem 
the businessman faces when he approaches this field. 
Yet the pot of gold which seems to be at the foot of the 
computer rainbow appears to be so large that it cannot 
be neglected. He must take the time and make the ef. 
fort to learn all this even though he may sometimes 
wonder privately whether it will be as big as he thinks 
when he reaches it. ' 

Businessmen or Scientists 

Early in the approach to the automation problem, 
the businessman is confronted with a jumble of tech­
nical terms more or less meaningless to him. "Bits," 
"binary adder," "flip flop," "minimum latency," and a 
host of others dance before his eyes and cause him to 
wonder whether this whole subject isn't just too tech­
nical for him to master and wouldn't he be wiser to re­
tire gracefully and leave it all to the engineers. Most 
businessmen are not engineers and those of us who are, 
are of a vintage when Mark I was not even a gleam in 
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Doctor Aiken's eye and the best vacuum tube we had 
was a little thing called an "Audiotron" which had no 
base but was suspended from binding posts on the front 
of a panel by the leads to its elements. 

After a while this mood of dark despair passes as 
further study and thought shows that engineers are not 
needed to apply this equipment to existing business 
problems. We do not need to know how the machine 
thinks or the language in which it thinks so long as it 
hears and speaks in a language intelligible to us. And 
since both the input and the output of most computer 
systems are in familiar alphanumeric characters, the 
businessman can communicate with the equipment 
relatively easily. 

Furthermore, a much more fundamental reason soon 
appears. Digital computers of course were first used for 
scientific purposes and from this grew the legend that 
only scientists could understand them. The truth of the 
matter is that scientists were needed to understand the 
problems to be solved and not the internal operations of 
the machine, which really do not need to be thoroughly 
understood to use them. Reasoning from this, the 
businessman suspects that since he has business prob­
lems to solve, he should use businessmen who knew the 
problem thoroughly, to solve them. Now I do not say 
that engineers or mathematicians might not do the job 
better, provided they knew as much about the business 
problem as did the businessman. But I am satisfied from 
our experience that it is entirely possible to train busi­
nessmen who have had extensive experience with spe­
cific business problems how to use a computer. From 
what I know of business problems I suspect that this 
will be easier than to try to teach computer experts the 
complexities of business. 

Is There An Application? 

About the time he has reached this stage of his de­
velopment, the businessman begins to face up to his 
next problem. Does he have an application which can 
economically use a digital computer? If he does, then 
he should build up a staff as quickly as possible because 
they too must go through a time-consuming period of 
training before they can tackle the procedural and pro­
gramming task. If not, he should reduce the amount of 
time he is spending in the field to just enough to keep 
abrep.st of new developments which may change the 
picture. How can he find out quickly without making 
too elaborate a study? 

Here is where his judgment, experience, and careful 
thinking will payoff. He must pursue several different 
lines of investigation and then reach a decision. A quick 
survey of the areas that might be affected within his 
own company will tell him whether or not he now in­
curs sufficient operating expenses to support the cost 
of proposed equipment out of savings in these expenses. 
The same knowledge of his operations will tell him 
whether he is presently highly mechanized or whether 
there still remains much manual work which could be 

done on an electronic data processing system. Talking 
to manufacturers' representatives can be of help, es­
pecially if they are familiar with his business, but he 
must keep a little salt handy just in case the salesman's 
enthusiasm outstrips his good judgment. He can in­
quire as to what others in his industry have done in the 
same area and what other industries have done in the 
same business function. Having accomplished all this, 
he should then dream a little about what untapped po­
tential there may be in the way of faster and better re­
porting, centralization of operations and radical changes 
in method. Now he is ready to decide whether or not he 
has an application for a digital computer. 

If the answer is yes, the next problem confronting 
him is to make a careful economic evaluation of the appli­
cation and the possible types of equipment to handle it. 
This includes the preparation of procedural charts to 
show how the major flow of work will take place; a study 
of the personnel and equipment requirements; and a 
consideration of the subsidiary problems encountered. 
This is obviously a careful, lengthy task and suggests 
that now is the time to assemble his staff if it has not al­
ready been done. 

Selection of Staff 

The fundamental problem of staff selection is of 
course, who? Should he go out into the highways and 
byways and hire young engineers and mathematic ians 
(if he can get them) or should he be content with older, 
more experienced methods men, who have grown up in 
the business but have a minimum of formal training. 
The first approach gives him a bright, enthusiastic, 
eager group fresh from study but lacking in business 
know-how, while the second provides plenty of experi­
ence but perhaps a lesser enthusiasm for change and a 
less recent exposure to organized study. Again he reverts 
to his previous fundamental decision that knowing his 
business is all-important even at the expense of some 
enthusiasm, and draws the bulk of his staff from experi­
enced methods and supervisory personnel. However, to 
prevent the group from being too conservative he leav­
ens it with a sprinkling of young men, drawn if possible 
from his own organization. We have found at Con Edi­
son that teaming young and old makes ideal program­
ming groups, for the experience of the older man and 
his knowledge of the business act as a brake on the im­
petuosity of the younger man who in turn brings an en­
thusiasm for new and untried methods which stimulates 
the older man. He needs, however, to place in charge of 
this staff a man of broad experience in the particular 
business operation being studied and one who not only 
has a flexible and open mind but is a good organizer as 
well. 

Buy Now or Wait? 

As the staff proceeds through training to the eco­
nomic study, the businessman begins to think about his 
next problem. How much weight must he give to tech-
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nological obsolescence? Or to put the problem in his 
terms, "Should he jump in and get a computer now or 
wait until there are further developments in the equip­
ment field?" Obviously, the field is going to change and 
obviously better equipment will be produced. But by 
waiting he prolongs the day when savings will start to 
accrue. If he plunges now he will probably have to 
change again in five years and incur additional change­
over costs. If he waits, the industry may always 
dangle before his eyes the prospect of better equipment 
to come. Somewhere along the line he must decide to go 
ahead, foregoing the possibilities of the future for the 
realities of the present. 

Here again his judgment probably will give him the 
best guide. Many firms who see immediate profit in 
using computers have gone ahead now, fully realizing 
that sometime in the future it will all have to be done 
over. Many of us feel that the experience we gain out of 
proceeding now rather than waiting is worthwhile even 
if we only bl eak even now, because we will be in a better 
position to evaluate the equipment that is to come. Fur­
thermore, by going into the marketplace now, we are en­
couraging the manufacturers to proceed with future de­
velopments. We realize they have to sell equipment if 
they are to have the resources to improve. Some com­
panies feel differently, however, and each businessman 
must decide the technological obsolescence question for 
himself. 

Re-Think? 

Now that his staff is selected, trained, and hard at 
work on an economic study, the businessman feels he 
can relax for a time and turn his attention to some of 
the other problems of his job. Unfortunately he is soon 
disillusioned. The staff begins to bring him basic prob­
lems beyond their authority to settle. One of these is 
the re-thinking problem. It is a pet belief of many work­
ing in the computer field that this equipment is so new 
and so different, with so many exciting possibilities, that 
totally new concepts of data handling are necessary to 
use the equipment effectively. These people contend 
that we should re-think our entire data handling process 
to secure the ultimate advantage of computer tech­
niques immediately. 

There is another school of thought which seems to me 
to be the prevailing one of the moment. Re-thinking is a 
time consuming process. It is creative work, and creative 
work is usually slow. Furthermore, it not only requires 
the development of the new things we want to do, but 
means that we must secure acceptance of completely 
new concepts by our organizations. This may be a for­
midable stumbling block. Where there appears to be an 
immediate saving possible by applying computers to 
present procedures with only such changes as are inher­
ent in the equipment or are relatively easy of accom­
plishment, many businessmen will prefer to take the evo­
lutionary rather than the revolutionary approach. After 
they and their organizations have experience with the 
new equipment they feel they will be in a better position 

to re-think the data processing problem. This is the ap­
proach we took at Con Edison. It is our intention, once 
we are in operation, to review our accounting system 
design carefully to see whether a more thorough re­
vision is then justified. 

Extent of Reorganization 

No sooner does he decide this question than the staff 
asks the businessman how far they should go in plan­
ning on reorganization of the functional structure of the 
company. They point out that the big computers thrive 
on volume and if everything can be brought to one place 
under one direction, the computer can operate most ef­
ficiently and with the greatest money saving. Now the 
businessman really has a problem on his hands. What 
the staff says is true, yet to reorganize may cut across 
many long established lines of executive authority and 
affect many organizational sacred cows. The business­
man can find no ready-made answer to this problem 
for it is different for every company. Each must solve 
it as best he can in the light of the conditions he is 
working under. But you may be sure he will step light­
ly and move carefully before he gives the staff an an­
swer. How did we solve it at Con Edison? We were al­
ready highly centralized and we have tremendous vol­
ume, so we did not have to face this one. 

Invisible Records 

From his own private study of electronic data proc­
essing, the businessman knows that his basic business 
records are going to be in the form of invisible mag­
netic dots on long pieces of magnetic tape. This wor­
ries him right from the start of his studies. How will 
he refer to his records and how fast can he secure neces­
sary information? He knows he can't keep the cus­
tomer-or the president of the company-waiting too 
long for answers to questions. He knows that his in­
ternal auditors will want to see records of some kind 
and that government auditors of various types will 
need to be satisfied. And yet he also knows that there 
is no electronic device on the market which will give 
him access to these data fast enough and cheap enough 
to solve his problem. To top it all he is still just a little 
bit uncertain himself about this idea of having every­
thing invisible. Suppose something goes wrong-he 
won't even know the data has been destroyed. Or sup­
pose he has to take his records to court, will the judge 
accept a roll of magnetic tape? 

All of these doubts and needs drive him early to 
make the basic decision that there must be frequent 
printouts of information of sufficient completeness to 
enable clerks to answer questions, display records and 
audit books. The magnitude of this printing job bothers 
him a little when he begins to add up the lines to be 
prepared each day. For example, in Con Edison for 
payroll and revenue accounting alone it will amount to 
about 650,000 120-character lines per day. But he 
puts it down as one of the costs of the job and starts 
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to press the manufacturers for higher speed printers to 
accomplish it as cheaply and quickly as possible. 

Preparation and Programming Costs 

As the staff delves deeper into their study, they be­
gin to bring up more problems. The heat load in this 
equipment is tremendous and heavy air conditioning 
expenditures are going to be needed. Some air condi­
tioning must be run continuously to maintain constant 
humidity. Power usages are large and in some cases 
voltages of nonstandard types and of unusual accura­
cies are necessary. The architects must be consulted to 
make sure that the proposed location of the equipment 
is strong enough to bear the weight. He finds he is defi­
nitely out of the electric typewriter and keypunch area 
and into the heavy equipment field. The costs to pre­
pare the site 100m large and cause some raised eye­
brows when mentioned in high places. 

The businessman has long realized he must provide 
for considerable programming cost. His early study in 
the manufacturers' courses showed him that the lan­
guage of the computer is so different from anything 
they had known before that he must be prepared to 
have his staff spend much time in learning it and learn­
ing how to apply it in an efficient manner. So while he is 
prepared for large numbers of man years in this area, 
he is somewhat startled when the staff points out that 
analyzing, charting, and coding-the essentials of pro­
gramming-are not the whole problem. Much funda­
mental work must be done in the design of the account­
ing system itself before programming can be started. 
All procedures must be reviewed to be certain that 
every minor detail is either provided for or omitted for 
cause. All forms must be reviewed and altered where 
necessary. New ones must be designed. New and origi­
nal control procedures must be developed so that he 
knows that the process is operating properly and is not 
failing to record sales somewhere along the line or is 
paying employees too much or too often. A plan for 
converting his present operations without too much 
disruption of normal business must be developed and 
the people to man it must be secured. Finally, new pro­
cedures must be written and the employees who are to 
operate the new system trained in their duties. Our 
businessman sighs, picks up his papers, and walking 
into his superior's office, says "Well, Joe, it looks nearer 
to forty than twenty man years to program that com­
puter for revenue accounting." 

As he sees what his staff must go through to prepare 
for computer operation, another horrible thought 
goes through his mind. What will be the problem of 
keeping these procedures up to date and making 
changes in them? Business operations are never static. 
Laws change and new methods must be developed to 
comply with them. Just as an example, ask your Pay­
roll Department management what they had to do to 
comply with Internal Revenue Department rulings 
when sick pay was declared exempt from income tax. 
Competitors come up with new ideas, and methods must 

be devised to meet them. Top executives want new or 
additional figures or figures on a little different basis. 
These things all must be· accomplished in relatively 
short periods of time. 

The businessman talks to his staff about this and 
secures little consolation. It looks like a problem to 
them too but hopefully they tell him that perhaps after 
they are more experienced they can make alterations 
in programming faster and more accurately. Certainly 
he will need a permanent force of trained programmers 
working constantly on his problems. Perhaps he will 
just have to tell that Vice-President that he can't have 
changed figures as rapidly as he would like. The busi­
nessman sighs again and mutters to himself that he 
will cross that bridge when he gets to it. 

Machine Availability 

In talking details with the manufacturers' represen­
tatives, the businessman finds he must change some of 
his concepts of machine availability. He is used to the 
virtually 100 per cent availability of typewriters, adding 
machines, billing and even punch card machines, with 
short maintenance periods once every three or four 
JTIonths. Suddenly he finds that anything better than 
80 per cent usable time is looked on with pride by the 
computer people and he must give up his machine on 
almost every shift for appreciable amounts of preven­
tive maintenance. He can foresee difficult scheduling 
problems if he is to accomplish his results on time with 
the interruptions which begin to be apparent. He now 
realizes that he must add considerably to the time 
estimates his staff is) preparing, to allow for this prob­
lem and probably will have to count on overtime or 
partial additional shift operation as a more or less regu­
lar thing. 

Problems continue to come to him from all sides. 
Having a detailed economic study from his staff show­
ing an advantage in using computers, a decision must 
be made as to which manufacturer to patronize. This 
is not always obvious from the study. Many sales pres­
sures will be brought to bear and many of the conflict­
ing claims of the manufacturers must be evaluated be­
fore he can make up his mind. 

When a decision is reached, the staff must be ex­
panded to handle the over-all job. The same problem of 
"who" presents itself but on a larger scale. It is really 
beginning to hurt the organization to take our more ex­
perienced supervision, and internal organizational 
problems must be met. If the work force affected by 
computers is organized, the Union must be informed of 
the decision and suitable negotiations must be under­
taken in line with normal Company-Union policies 
in such matters. Sometimes these are very time­
consuming. 

AREAS NEEDING STUDY By DESIGNERS 

AND RESE4.-RCHERS 

I could continue at some length but I believe I have 
said enough to convince you that the businessman user 
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has problems just as baffling and just as difficult to 
him as many of your problems are to you. Now I would 
like to strike into the realm of opinion and point out 
those areas where I believe the designer and researcher 
might work to make this new equipment more usable. 
Naturally the opinions expressed herein are my own, 
based on my experience alone, and do not necessarily 
reflect the official views of my company. I believe, 
however, that my associates in Con Edison are sub­
stantially in agreement with them. 

Programming Costs 

The first one is the programming area. Many of us 
are appalled at the size, and of course, the cost of the 
programming problem. When we see the necessity of 
thinking in terms of 40, 50, and even 70 to 100 man 
years for programming the initial operation and the 
establishment of a fairly large force of permanent pro­
grammers we become disturbed. These represent in­
vestments which only the largest companies can pos­
sibly afford. Unfortunately, we see nothing today which 
indicates that programming has any relation to the size 
of the user. It appears to be practically as expensive to 
program a 5,000-man as a 25,000-man payroll, pro­
viding the complexities are the same. The same detail 
must be worked out, the same analysis done, the same 
charting and coding. Only the volume or time on the 
computer is different. How can the smaller company 
afford an electronic computer? 

Now I know, of course, that work is being done to 
help this problem. Automatic coding may supply some 
of the answer but it only attacks a small part of the 
programming operation. It still seems to be well ahead 
of us on any kind of universal business basis although 
some individual firms appear to be making headway on 
compilers for their own particular problems. Perhaps 
it can never be general but must be tailor-made for 
each application. If so, this will greatly limit the use­
fulness of automatic coding. 

Another point may help the programming problem. 
Much of our time is being spent now in the fundamen­
tal design of the business procedure being programmed. 
The programmers cannot analyze, chart, and code until 
they have something to work on. Much pioneering 
must of necessity be done in developing basic pro­
cedures to accomplish business operations such as 
preparation of payrolls, billing, stock control, purchas­
ing, etc. Once a number of these installations are devel­
oped and in operation, parts may be adapted by others 
without all of the basic soul-searching now necessary. 
Perhaps through the good offices of the manufacturers 
there may be a better interchange of this basic system 
design data. But I fear this hope presupposes a greater 
degree of uniformity between companies in accomplish­
ing basic business operations than now exists or may 
practically be expected in the immediate future. 

There are possibilities in special purpose equipment 
with at least a few built-in program steps but this ap-

proach, too, has disadvantages which I shall cover later. 
Perhaps a study of the instructions you have built into 
the equipment would be of assistance. Are they all 
necessary? Are there enough? Which ones are seldom 
used? Could several be eliminated by some new instruc­
tion or could programming be simplified by a different 
type? Are the instructions needed in one industry the 
same as in another? Is it possible to build in special in­
structions or omit others without prohibitive costs? I 
have heard of nothing that is being done along these 
lines at present. 

Physical Size 

Let us leave programming now and consider the phys­
ical size problem. The machines you are making are just 
too big physically. They generate too much heat; they 
use too much power; they're too heavy. Peripheral 
equipment components have the same difficulties. The 
need for four boxes taking up several hundred square 
feet in order to print on paper seems hard to under­
stand. Why cannot at least the power supply units be 
included with the control units and the tape handling 
mechanism be built right into the printer? Probably 
transistors will help the power-heat-weight problem, 
but where are they? Four years ago they were going to 
replace the vacuum tube but we are still using tubes. 
Can printed circuits help this problem? What is being 
done to reduce the number and size of components? 

Perhaps part of the trouble again is the general pur­
pose concept as against the special purpose concept. If 
equipment could be produced in small units which 
could be assembled by plugging or in some similar man­
ner, we could have only what we need for a particular 
application whereas now we have to take everything or 
nothing. I seem to have a dim recollection, however, of 
a line of radio equipment produced many years ago, I 
think by De Forest, which had the same idea but which 
never became very popular. Whatever the solution, 
this is an area needing consideration. 

Lack of Standardization 

The next area which seems to me to need study is the 
lack of interchangeability of equipment or to say it 
more correctly, the lack of standardization within the 
computer field. Why shouldn't the magnetic tapes of 
one manufacturer run on the tape mechanisms of the 
others? Why shouldn't the various computer codes be 
alike'so that a tape from a Univac could operate an 
IBM high speed printer, or 705 tape punch cards on 
a Sperry Rand tape to card machine? And why shouldn't 
tapes all be alike instead of some being made of plas­
tic, some of metal, and some of paper? Isn't one of 
them just out-and-out better than the other? 

I suspect that you may answer me by saying that 
these are more business than design problems because 
they enter the field of sales policies, patents, economics" 
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and so on. To some degree this is true, of course, but 
you also bear some of the responsibility by insisting on 
the last fine measure of perfection in technical detail 
rather than compromising some of the perfection of 
your design to accomplish uniformity. Perhaps a slight­
ly less efficient computer might be more useful to the 
buyer if he were able to use it with a competitor's piece 
of peripheral equipment which is better than yours 
or which you have not even produced yet. I believe it 
is a serious question whether all computer manufac­
turers can produce complete lines of equipment so that 
all business operations can be performed without com­
bining the equipment of several makers. I even doubt 
the over-all industry-wide economy of trying. If there 
were a greater degree of standardization among some 
of these essentials, it would be possible for each manu­
facturer to restrict himself to those machines he hap­
pens to be best fitted to produce without having to 
spread himself ruinously over the whole field. If some 
thing like this does not develop, the businessman is al­
most forced to restrict his purchases to the products of 
a few large manufacturers who have the resources to 
build all necessary components. I suggest that these 
thoughts be kept in mind when you are tempted to 
argue for technical perfection at the expense of inter­
changeabili ty. 

Random Access 

Earlier in my talk I mentioned the shadow of doubt 
which exists in the businessman's mind about invisible 
records and the need for random access to them on a 
high speed basis. This is still one of the weakest areas of 
the new electronic systems of data processing and 
much more work needs to be done in it. The random 
access devices now on the market are a step in the right 
direction but they are quite inadequate. Several million 
alphanumeric digits per machine are scarcely sufficient. 
We need to think in terms of a hundred million digits 
or more per machine. Con Edison's customer history 
file will contain almost a billion and one-half digits for 
some 2,700,000 accounts and you can imagine what an 
insurance company with five or ten or even twenty 
million policies would need for premium billing. 

Here I see no technical answer even on the horizon 
and I must leave this problem to you. I do feel however, 
that we in business have not given you quite a fair mark 
to shoot at because we are not settled in our own minds 
just how many digits of information we need to store 
nor how fast we need access to them. The needs quoted 
above for Con Edison are based on five hundred digits 
per customer yet already one utility is talking about 
storing as few as two hundred. Perhaps experience will 
show us how we can get along with even fewer. Access 
time is another difficult problem to answer and no one 
of us is willing to commit ourselves on it. After we have 
had more experience in both of these fields we can, 
no doubt, give you more realistic specifications to 
guide you. 

Sorting Techniques 

Most business applications have one or more groups 
of input documents which come to the computer sys­
tem in random order. For example, pay checks and 
dividend checks are returned by the bank mixed up, 
meter readings and cash payments are in no special 
order, and purchase orders do not follow the stock se­
quence. All of these must be placed in the sequence in 
which the data are carried on tape if they are to be 
posted speedily and economically. Usually the control 
is a number of some sort such as an employee number, 
account number, or stock number. The input data 
must be sorted either before putting on tape or after. 
Both methods present problems. Sorting before pre­
supposes that the document has some automatic sort­
ing medium in it such as punched holes or readable 
dots and is more or less of standard size. Sorting after 
transfer to tape is slow and wastes computer time. 
Better sorting techniques need to be devised, and this 
is largely a technical design problem. Perhaps special 
purpose machines restricted to sorting and equipped 
with only enough hardware to accomplish it, are the 
answer. This may be a matter of economics and per­
haps here again we in business have failed to give you 
a clear specification of how much sorting we have and 
how fast it needs to be done. If you need these data, 
they are much more readily available than the data on 
random access. 

Equipment Reliability 

Another area where work needs to be done IS the 
area .of equipment reliability. This divides into two 
parts-availability of equipment and reliability of re­
sults. In the availability problem the maintenance en­
gineer and the businessman are quite far apart. No 
businessman wants equipment that he has to shut down 
frequently and yet the maintenance engineer knows the 
need for constant overhaul. Perhaps there is some 
middle ground upon which they can meet. Most busi­
nessmen are willing to concede that maintenance is 
necessary but will insist that unless they get 95 per 
cent useful time out of a machine it has a reduced value 
to them. To have to give up a machine for an hour or 
more every day or every shift just for preventive main­
tenance in addition to actual breakdown, seems to him 
to be a hardship. You may point out that this is an eco­
nomic problem and better machines can be built if we 
are willing to pay for them. This may be true and it 
may eventually come to that. Just at the moment, 
however, the disruption to our carefully timed business 
processes alone makes maintenance a major factor in 
the decision to use an electronic computer and I 
feel that work should be done to provide more available 
time with presently available equipment. If it cannot 
be improved, then you need to tell us how much more 
it will cost to bring it up to our standards. We can 
then decide whether or not we are willing to spend it or 
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accept the alternative of reduced usefulness. 
The second area of equipment reliability has to do 

with the reliability of results. Here we encounter one 
of the basic differences in the philosophical concept of 
computers. One school holds for internal hardware 
duplication sufficient to assure practically perfect opera­
tion while the other depends on less hardware and more 
programmed checks. Which is right only time will tell 
and after we businessmen have more experience with 
each we will be better able to judge their merits for 
ourselves. But I think you need to do some work in this 
area too. This is not only a sales pitch. There must be 
some facts to work on. Surely you must be building up 
a body of data on the pros and cons of this question. 
Can't you computer designers reconcile these two con­
flicting camps and give us at least a theoretical answer? 
Perhaps your answer will be that there is no one best 
way and each has so much to be said for it that there 
is a place for both concepts. Just at the moment, how­
ever, the businessman finds himself between two fires 
and has difficulty deciding between them because each 
sounds so logical when he hears it advocated by its ex­
ponents. 

SPecial vs General Purpose Equipment 

The last area needing consideration that I want to 
discuss with you for a minute is this question of special 
vs general purpose equipment. Here is an area where 
there is still a wide difference of opinion. Most of today's 
equipment is general purpose, probably for historical 
reasons, yet we do begin to see some signs of the devel­
opment of special purpose equipment. This will be use­
ful in specific cases but it is yet to be determined if it is 
the final answer. Business changes so rapidly and so 
much that equipment restricted to today's needs may 
not be at all usable next month or next year. If you 
can design and build special purpose equipment con­
siderably cheaper than general purpose equipment, per­
haps we can afford to use it while it fits our purpose 
and then discard it. If you cannot do so because of de­
velopment costs and lack of volume production, we 
shall have to continue to use the larger general purpose 

equipment. 
You are probably aware that this problem is giving 

many persons considerable concern, but you may not 
be aware that the electric and gas industries are trying 
to do something about it. Jointly they have engaged 
the computation laboratory of one of our large univer­
sities to carryon a research project to determine 
whether or not special purpose equipment is practical 
for the utility industry, and if so, the nature of it. I 
understand some of the banks have done about the 
same thing. What the result will be is of course uncer­
tain. But I believe you should weigh carefully with us 
the question of whether or not we need all the things' 
you provide now and what would be the savings by 
eliminating some of them for certain applications. 
Again perhaps we need to study this as much as you do 
because we may not have outlined our needs to you ac­
curately and clearly enough to enable you to visualize 
what they represent in hardware. 

If you will review my remarks, particularly those 
dealing with areas to be studied, you will be struck as 
I was by my frequent reference to the need for closer 
coordination between the designer and the user of the 
equipment. This is the note on which I should like to 
close. You have produced some marvelous pieces of 
equipment and we in business are grateful for them. 
But in the evolution of any new field there comes a 
time when basic invention must give way to refinement 
and improvement aimed at greater usability. I think 
we are very close to that point today. This can only be 
accomplished by a careful study of the needs of the 
user and the development of an awareness of the man­
ner in which your designs fall short of maximum con­
venience. I do not know the mechanics of accomplish­
ing this either on the design side or the user side but I 
believe that it is the next major step which needs to be 
taken if the computer industry is to flourish and we in 
business are to have the best machines for our prob­
lems. I sincerely hope that the immediate future will 
see the development of this close cooperation. If my 
thoughts and remarks today act as a stimulant toward 
that end I shall feel that they have been worthwhile 

Discussion 
w. K. Halstead (RCA): What steps are 

you taking for interchange of data between 
the Univac's and the 70S? 

not be better to draw programmers from 
each activity; or, in other words, let each 
activity program its own problems? 

E. L. Harder (Westinghouse): What job 
will Consolidated Edison put on the com­
puters on order? What is the expected payoff 
on the computer use? 

Mr. Porter: We are not taking any steps 
for that purpose. We believe that we have 
sufficient volume to justify machines in both 
areas. The IBM Company in New York 
City has a service bureau, and Remington 
Rand has a service bureau, both within a 
few blocks of our office. We feel there is 
sufficient backup in that area to support us. 
We have sufficient assurance from the manu~ 
facturers that they will assist us if necessary. 

R. S. Gillett (National Security Agency): 
In a multiple activity application would it 

Mr. Porter: I think it would be. Actually, 
that is one of the things we have done in 
building up our staff in the general and 
customer accounting area; revenue account~ 
ing, as you know it. We have drawn people 
from the sales, auditing, purchasing, and 
engineering departments. Our thinking 
there is not only to bring the viewpoints 
of those departments into the problem, but, 
when the job is completed, to allow those 
people to go back to their own departments 
and view the problems of their particular 
departments to see if some of the spare time 
of the computer could be used. 

Mr. Porter: The Univac will take on 
customer accounting which includes every­
thing from the time the meter reading is 
brought in to the time the bill is calculated 
and includes the processing of collection fol­
low-up, statistical and rate analysis, and 
similar data. The work on the 70S would be 
payroll to be followed probably by store 
accounting and the other areas such as ac­
counts receivable and general accounting. 

On the payoff until we have completed 
our installation we cannot be sure but 
certainly think that within five years we 
will be pretty well in the clear. 
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Operations Control with an Electronic Computer 
B. F. BUTLERt 

I CONSIDER it a great privilege to participate in the 
discussions of this conference. I can think of no 
more timely panel topic than the Role of Computers 

in Business. We are all familiar with the enormous im­
pact that computers are having on industry today, and 
the promising future for computers that lies directly 
ahead. I believe we should face this dynamic situation 
with full realization of both the potentialities and the 
difficulties that confront us. 

The role that electronic data processing equipment is 
expected to play in the national economy is reflected by 
the capital investment in such equipment. Electronic 
data processing machines installed now, plus those com­
mitted for delivery during the next two years, represent 
a capital investment of over one billion dollars. This 
mammoth investment is in equipment that may be 
obsolete in five to seven years. This means that a return 
on the capital investment of about 20 per cent annually 
must be obtained in order to break even at the estimated 
obsolescence. Twenty per cent of one billion dollars is 
$200,000,000 annually. In other words, the benefit 
to the national economy must be approximately 
$200,000,000 annually in order to break even on this 
billion dollar capital investment. 

In terms of the individual data processing machine, 
the business manager should be able to recover his 
capital investment in five to seven years and obtain a 
reasonable rate of interest on his capital. If the equip­
ment is procured on a rental basis these considerations 
are factored in the rental fee. In any case, when the 
business manager invests in an electronic data process­
ing machine, either by purchase or by monthly rental, 
he has incurred a major expenditure that must be com­
pensated for in operating benefits. C 

I cannot help feeling that many of the decisions to 
buy or rent electronic data processing machines are im­
petuous acts on the part of some executives who feel 
intuitively that the large computer will pay big divi­
dends. This brashness is based upon the deep seated 
belief that electronic data processing machines per se 
will reduce paper work enormously. There seems to be 
little realization that this billion dollars worth of ma­
chines can generate paper in quantities never before 
possible. The executive may find himself creating a 
flood of paper from a battery of high speed printers 
each grinding away incessantly, like the sorcerer's ap­
prentice who summoned the broom to carry water but 
could not stem the flood. 

I am reminded at this point of the supervisor of a 
tabulating installation I visited a few years ago. He 
measured his productivity by the miles of tabulating 
paper he consumed. With great pride he told me that 

t Hanford Atomic Products Operation, General Electric Co., 
Richland, Wash. 

during the previous month he had supplied the account­
ants in his company with 700 miles of tabulating paper. 
Just think what that ambitious fellow could do with a 
battery of present day high speed printers. Whether 
electronic data processing machines reduce paper work 
or become paper generating monsters depends upon the 
quality of the planning and thinking through process 
prior to using the machine. Unless superlative plans are 
evolved, the paper generating characteristics of the 
machine will dominate. 

The quality of the data processing planning depends 
upon the competence and versatility of the scientists 
and procedure analysts responsible for the systems 
work. I say "scientists and procedure analysts" because 
I believe such a combination of talents is a necessary 
prerequisite to effective data processing. And I say 
"prerequisite" because I believe the systems work 
should be done prior to procurement and installation 
of the data processing machine. 

Usually we find procedure analysts on the systems 
team. We do not seem to err in this direction. On the 
other hand we are all familiar with installations where 
untold difficulties were encountered because the sys­
tems team lacked the necessary scientific components. 

Now that I have belabored the need for an adequate 
return on capital investment, and the need for a team 
of scientists and procedure analysts to do the systems 
work, let us turn to one of the basic principles essential 
to successful operations control. 

Let us consider a very simple type of operations con­
trol, the traffic light on a street intersection. I think we 
can all agree that this is an effective control system. 
Yet, while it is doing its controlling, the traffic light 
does not do many of the things we normally associate 
with operations control. For example, it takes no meas­
urements, it performs no analysis, there is no feed back 
and there is no paper generated. The green and red 
lights merely go on and off in a predetermined manner. 
What is it then that makes the traffic light an effective 
means of control? It is the traffic rule that the driver 
of the vehicle shall go when the light is green and shall 
stop when the light is red. Rules of this type are fre­
quently referred to as decision rules. And it is the 
presence of effective decision rules that make for efficient 
operations control. Frequently, however, decision rules 
are ill defined or entirely lacking. When this is true I 
think we can say quite dogmatically that effective 
operations control is unlikely. 

In its simplest form the decision rule tells us when cor­
rective action is necessary to maintain control. Statis­
tical quality control charts are a good example of this 
type of operations control. When the measurements fall 
within the confines of the control chart limits the deci­
sion rule says that no investigation is warranted. When 
a measurement falls outside the control limits on the 
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chart the decision rule says that the process is probably 
out of control and an investigation is warranted to 
locate and remove the assignable cause. 

Budgetary control is another example of operations 
control where the simplest form of decision rule is used. 
Here actual expenditures are compared with pre-estab­
lished budgets. If we are within budget limits the de­
cision rule says that no investigation is called for; if 
we exceed the budget the decision rule calls for an inves­
tigation of the causes. 

Note that this is a very elementary type of control. 
The measurements and decision rule merely tell us 
whether to consider the operation in or out of control. 
I t tells us whether or not to take corrective action. It does 
not however, tell us what corrective action to take. 
Further analysis of the data is required to determine 
the corrective action necessary; or additional data or 
experimentation may be required to locate and remove 
the cause of the difficulty. 

In the next level of sophistication in operations con­
trol the decision rule not only serves to indicate when 
corrective action is required, but also stipulates what 
corrective action to take. It is this level of control that 
should be attained with general purpose electronic data 
processing machines: In many situations all the impor­
tant factors that enter into a routine decision are known. 
In such cases the data processing machine can be pro­
grammed to analyze these factors and record the result­
ing decision. 

The highest level of operations control is attained 
when the decision rule is fed back automatically to the 
operation to obtain the necessary corrective action. In 
this case we have automation. It is here where the spe­
cial purpose computer excels. 

So much for the importance of decision rules in oper­
ations control. I think I have made the point I wish to 
stress, namely, that effective decision rules are neces­
sary for efficient operations control. 

Let us turn our attention to Fig. 1 which illustrates 
graphically the relationship between planning, decision 
rules, measurements, and analysis in operations control. 
Note that two closed loops are shown. 

OPERATIONS CONTROL 

Fig. 1 

Let us consider the planning function first. The use 
of decision rules requires that we think ahead. We must 
program into our data processing system each decision 
that will be reached under each set of conditions that 
might occur in the future. This calls for a different kind of 
thinking than we are normally used to. Ordinarily we 

reach a decision after we review the data. The decision 
rule requires that we plan before the data is collected 
what our decisions will be under various sets of condi­
tions that might occur in the future. 

The plans that are designed to control future opera­
tions are executed by the inner loop shown in Fig. 1. 
Appropriate measurements from the operation are fed 
to the decision function to obtain control instructions 
that are fed back to the operation. 

It is not always possible, or even desirable, to have 
decision rules that will take care of all contingencies. 
There will be circumstances when a careful analysis of 
the situation is preferable to a precast decision. In such 
cases the outer loop in Fig. 1 should be called into play. 
Here the measurements from the operation are ana­
lyzed and special plans are evolved for handling the 
control situation. The outer loop also serves to keep the 
inner loop in adjustment, or to change the character-
stics of the inner loop to take care of changing condi­

tions. 
It is in the outer loop where operations research 

comes into play, specifically in the box marked analysis. 
As Mr. J. S. Coleman has mentioned, management is 
interested in knowing what alternative solutions there 
are to business problems. Unlike engineering problems 
there is rarely one "best" solution to a complex business 
problem. The most we can hope for is a number of al­
ternatives each with advantages and disadvantages. 
As Mr. Coleman mentioned, it is here where techniques 
like linear programming can be helpful. 

We have used linear programming models up to 150 
order in size. We have found that linear programming 
does not give a detailed schedule by which the entire 
operation can be run. The power of this technique lies in 
the ability to vary the conditions, capabilities, require­
ments, and value criteria that surround the operation, 
and to obtain the consequences of such changes. As 
Mr. Coleman indicated, it is a tool for exploring operat­
ing alternatives. 

It is interesting to note that at first our operating 
people did not accept the results given by this model as 
valuable, because detailed supporting schedules were 
not prepared as "back-up" data. Increased under­
standing, however, has led to much g.reater confidence 
in the model and the results of manipulating it. Equally 
important is the fact that the attempt to understand 
this model has shown operating people that there are 
certain concepts, or principles, in their operation that 
allow them to understand the important aspects of the 
operation without complete dependence on intuition on 
the one hand, and massive detail on the other. 

Let us consider a simple example of operations control 
so that we may better understand the implications of 
Fig. 1. We shall assume that the operation to be con­
trolled is the central heating system in your home. If the 
thermostat instructs the furnace to turn on at 60° and 
off at 65° this is our decision rule. The inner loop on 
Fig. 1 executes this planned control. The temperature 
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is measured and the thermostat sends instruction to the 
furnace to turn on and off. However, if the housewife 
feels cold she is performing the analysis indicated in the 
outer loop. If she decides to raise the temperature she is 
now performing the planning function. If she adjusts the 
thermostat to turn on at 70° and off at 75° she has 
changed the decision rule to conform with her analysis 
and planning. 

we may become the victims of our intended benefactors. 
And now I have come to the end of my story. The 

point I have been attempting to stress is that there is a 
right way and a wrong way to go about operations con­
trol. The right way includes the use of effective decision 
rules. The wrong way entails reserving decision until a 
review of the control data has taken place. This usually 
means that reams of paper are reviewed in an attempt 
to reach a decision. The decision is delayed, and the 
corrective action may be late. 

The inner and outer loops shown in Fig. 1 can be 
utilized in operations control with or without an elec­
tronic computer. The example of the central heating 
system illustrates this. Nevertheless, it is the advent of 
electronic methods of control and computation that has 
increased the potentialities of operations control by a 
very large factor. I feel that we are justified in treating 
operations control with an electronic computer as a 
major event in industrial evolution. And I think there 
is every evidence that future historians will treat it as 
such. Surely it is not difficult to foresee a bright future 
for electronic controls. But it is the transition period, 
the period of electronic adolescence we are now entering, 
that we must use discrimination with our onrushing bil­
lion dollars worth of electronic data processing ma­
chines. Unless our competence matches our brashness 

In business we are about to face a serious shortage of 
personnel due to the low birth rate during the depres­
sion. This will have the effect of increasing the role that 
electronic computers will play in business. Many impor­
tant tasks will remain undone unless the machines do 
them for us. This will be true not only in the factory, 
but in the office and scientific laboratories as well. 
Electronic computers will be called upon to obtain 
greater productivity from the limited manpower re­
sources. 

Discussion 
W. M. Young (Pepperell Mfg. Co.): 

There are two kinds of obsolescence-engi­
neering and economic. When you gave a 
figure of from five to seven years for obsoles­
cence which kind did you mean and how did 
you arrive at your figures? 

Mr. Butler: That is quite a question. 
I think I was referring to both engineering 
and economic obsolescence. It may be possi­
ble that some of the larger machines used 
by large companies can be hand-me-downs 
to small companies and perhaps this might 
be an economical thing for the small com­
pany to do. 

Talking in terms of the business manager 
who is making an investment I think it is 
the engineering and scientific development 
that will take place that will make his ma­
chine economically obsolete in from five to 
seven years. I think if he doesn't take the 
new machines in that time his competitors 
will and it will be an economic factor. 

J. A. Sperling (Western Union): From 
your experience on operations research can 
you give us an example of how you have 
seen it used in practice? 

Mr. Butler: Well, we have been conduct­
ing operations research at the Hanford 

And so we have before us the challenge of the business 
world to fashion electronic data processing into a power­
ful managerial tool capable of assuring an accelerated 
prosperi ty. 

Atomic Products Operations now for about 
two years. We have constructed certain 
mathematical models which represent the 
operations. These models usually run from 
somewhere between 100 to 150 equations. 
With these models we have been able to 
develop numerous operating characteristics 
that have been extremely beneficial. 

For example, on the very first run that 
we made, using this model, the model 
questioned the reopening of an old plant 
that had been shut down. Millions of dollars 
would have to be appropriated to reopen 
this plant and operate it. Our operations 
research indicated that Hanford could be 
operated without the use of this plant. This 
called for a considerable reversal of plans as 
the result of our very first run. Although no 
action was taken as a result of this first run, 
management subsequently decided against 
the reopening of the plant. It is difficult to 
tell exactly how much influence operations 
research had in this decision. Undoubtedly 
it has some influence. 

Figures on capital investment in equip­
ment were estimated from the number of 
machines now in operation plus the number 
of machines that have been ordered for de­
livery. The obsolescence figures are an 
opinion. 

Now, other benefits that have come from 
this same operations research have been in 
the area of giving management a better 
understanding of the operations, a different 
way of looking at it. We had always looked 
upon the Hanford Works as the plant for 
manufacturing plutonium. However, when 
we looked upon it as a uranium processing 
plant we got a much better understanding 
for planning purposes. This is pretty sketchy 
but it will give you an idea of what we are 
attempting to do. 

We not only manufacture plutonium but 
we operate the village of Richland, a transit 
system and some hundred miles of railroad. 
We made a study of the transportation 
system and presented to management some 
42 alternative ways that they could operate 
this business. We were able to show the 
tangible cost savings of each alternative 
from zero up to a half million dollars a year. 
However, as the savings went up the in­
tangible deterrents in the form of employee 
and public relations went up. At first man­
agement felt they could do nothing with 
the results of this program, but later 
adopted one of the alternatives. This gave 
some measure of the value management 
was placing on employee-management rela­
tions. 
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The Place of the Special Purpose Electronic 
Data Processing Systems 

R. E. SPRAGUEt 

I N RECENT literature and discussions the words 
Special Purpose Computer have been appearing 
with greater frequency, for example, in an editorial 

by John Diebold in August, 1955 Automatic COf4trol en­
titled "There's A Need For Special Purpose Com­
puters." At a recent meeting at Stanford Research 
Institute, eminent business representatives reached the 
conclusion that special purpose systems should be 
given more attention in business and industrial appli­
cations of "electronics." 

A careful analysis of the reasons behind this apparent 
trend and of the place of the Special Purpose Systems 
would seem to be in order. 

HISTORY 

To fully understand the status of special purpose 
machines, it is necessary to trace the history of develop­
ment of the so-called "general purpose computers" 
otherwise known as "internally programmed data proc­
essors." Unfortunately, it is also necessary to outline 
some of their weaknesses. That this has not been done 
to any great extent in the past is partly because of a 
lack of enough knowledge in the applications end of 
the "electronics" business, and partly because the ma­
jority of concentration in the field has been focussed 
on the use of programmed machines. 

Many lay persons have stated that the first com­
puters were designed to solve scientific and engineer­
ing problems and that this is the principal reason they 
have been so slowly applied to business problems. 

As a former general purpose computer designer start­
ing in the early days of the field, I can say that this is 
not entirely true. 

TURING SYSTEM 

As early as 1939 a British mathematician named 
Turing proposed a theoretical system which would 
solve any problem that could be presented in logical 
terms. The system had properties possessed by the con­
siderably later-developed internally programmed com­
puters. 

The first internally programmed computer de­
signers essentially developed Turing's ideas. They 
realized that it was possible with available electronic 
components to build machines which would solve any 
problem or carry out any sort of data processing de­
sired whether it be a scientific or business application. 

The concentration of design, however, was first on the 
mechanizing of Turing's principles. 

t Manager, Field Operations, Teleregister Corp., Stamford, Conn. 

Thus the intention of the early designers was not to 
build a machine to solve scientific problems, but rather 
to produce a machine that would, following certain 
theoretical principals, "do anything." 

To understand one of the reasons why the machines 
were applied slowly to business applications, it is neces­
sary to explain these principles. The most fundamental 
of the ideas is that all logical data processing operations, 
be they scientific or commercial, can be constructed 
from a reasonably small set of very basic logical data 
manipulations (from this point on referred to as in­
structions). Some of these are: 

a) Storing data in a memory of some kind; 

b) Adding: 

c) Subtracting; 

d) Multiplying; 

e) Dividing; 

f) Shifting, inserting and extracting data to and 
from other data; 

g) Comparing relative status (or order) of pieces of 
data; 

h) Moving data from one location in storage to 
another. 

The internally programmed machines were designed 
with a memory or storage medium to hold data and 
with the ability to carry out sequences of these ex­
tremely basic instructions. 

The sequences themselves (from this point on, re­
ferred to as programs) were stored in the same "mem­
ory" as the data and very complicated operations, 
and hence any kind of data processing could be per­
formed. 

Decision instructions built into the machines enabled 
them to perform alternate programs or to repeat a pro­
gram depending on prior results or on predetermined 
standards. 

PROGRAMMING TIME 

As attempts were made to apply these machines to 
business problems it became apparent over a long pe­
riod of time that programming for business applications 
was a much longer, more tedious task than anyone had 
imagined. This was not as true for scientific problems 
although, even in that field, programming and program 
debugging! times were underestimated in the begin­
ning. 

1 The job of checking out a program in actual operation for errors 
and omissions. 
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INPUT-OUTPUT 

To be fair it should also be mentioned that develop­
ment of reliable means for rapidly getting data into 
and out of the machines lagged considerably behind 
the machines themselves. Business data processing in 
general involves a much higher percentage of processing 
time devoted to inputting and outputting. However, it 
can be safely stated that this problem has been reason­
ably solved in the last few years and that the program­
ming problem has not. 

ALPHABET ANALOGY 

To see what led to the present situation in program­
ming, an interesting analogy can be drawn. The first 
internally programmed computer designers theorized, 
in effect, that by building machines which could carry 
out a universal set of very basic instructions, it should 
be possible to make them do almost anything. 

This is analogous to saying, "By creating a small set 
of characters known as the alphabet, it is possible to 
create the English language." 

That it can be done, no one doubts; but the time and 
effort required to do it could very easily be under­
estimated. 

In order to create the English language from the al­
phabet, it would fi.rst be necessary to make up words, 
then sentences, then paragraphs, etc. 

In a similar sense, to create the programs to enable 
an internally programmed computer to accomplish any 
type of business data processing, it has been necessary 
to build up larger and larger spheres of operations from 
the basic set of instructions. This is what takes all of 
the man hours. 

I make the analogy of the alphabet to point out that 
the idea of building upon instructions basic enough 
that the machine can do anything means using ex­
tremely basic instructions. They are so basic that for 
any given program it takes very many of them and a 
great deal of programming attention to the minute de­
tails of the over-all operation. 

There are indications that the General Purpose Com­
puter manufacturers recognize this problem. Several 
machines have had less basic instructions (such as sort 
and merge) added to their repertoire. 

Today, little doubt exists that programming times 
and costs are high. For example, it has taken, in one 
known case, many man years to complete just the first 
of several programs intended for a machine being ap­
plied to commercial work. So far it appears that pro­
gramming costs will approach the cost of the computer 
itself. 

One of the factors increasing programming costs are 
the wages now being drawn by skilled programmers. 
They are a very scarce commodity. After a business­
man's own personnel become skilled in programming, 
(an expensive training is involved), they become very 
hard to hold. Turnover is high. This situation, by aU 
educational indications, will continue for several years. 

SPECIAL PURPOSE SYSTEMS 

Special purpose systems which might better be de­
scribed as tailor-made or custom designed systems get 
around the programming problem by being constructed 
out of much less basic operations (by analogy, sen­
tences instead of letters) which are all selected to fit 
the exact requirements of the application. These opera­
tions are built-in rather than programmed. If any 
variations take place in the sequences of these macro 
(rather than micro) steps, they are controlled auto­
matically by input devices. 

No programming is necessary. No programmers 
(highly paid compared to operators) are necessary. No 
programming training is necessary. The machine opera­
tors can be easily trained and can be nons killed. The 
devices they operate are quite familiar to them and use 
language on the keyboards that has always been in use 
in their business. 

The user of the special purpose system needs only to 
concern himself with renting or purchasing the equip­
ment and a small amount of training of operators he 
usually already has employed. Naturally the systems 
study necessary for any electronic mechanization must 
also be performed in advance. 

ADDING ApPLICATIONS 

Special purpose systems have other general advan­
tages. Arguments have been advanced that if a special 
purpose system user desires to add another application 
or to expand his initial application, it is harder or more 
expensive to do this with a special purpose than with a 
general purpose system. 

I t is true that more equipment would have to be 
added but it is also true that properly designed special 
purpose systems can easily be expanded or added to. 

As for cost, if the cost of programming for a new ap­
plication approaches the cost of the general purpose 
equipment, as has been previously pointed out, then 
the total cost of the final general purpose system with 
programming may well equal the total cost of the final 
special purpose system. 

DELIVERY 

Another argument advanced in favor of the general 
purpose system is the time delay involved to acquire 
the additional special purpose equipment as opposed to 
buying the general purpose machine at the outset with 
no further delays. Actually, such reasoning begins to 
make less and less sense as businessmen become more 
aware of the time required to prepare, check out, and 
put into operation a new program. Times far in excess 
of those originally estimated have extended program­
ming periods to as much as one year and longer. The 
delivery schedules for special purpose equipment are in 
the same range. 
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SIZE OF ApPLICATION 

General purpose computers come in certain standard 
sizes. If a business has an application just a little too 
large for one size or smaller than the smallest general 
purpose computer capacity, then the business is pay­
ing for more than it uses until additional applications 
are programmed. Special purpose systems can be made 
to tackle any size application with no more built into 
the equipment than is actually required. 

MECHANIZING BY DEGREES 

The special purpose system has a psychological and, 
in some cases, practical advantage over general purpose 
systems. This is the possibility of "walking before you 
run" by building equipment and training operating 
personnel on only one application or part of one at a 
time. 

This has the double advantage in the special purpose 
system of saving money in equipment costs and pro­
gramming and also the attendant reduction in the 
amount of disruption of the organization. Special pur­
pose input and output equipment and input languages 
can be designed to match the procedures already in 
practice. Semi-manual operating procedures can be 
used at first giving management a more secure "feeling" 
that the entire electronic system is not out of their con­
trol. 

While it is possible to walk before you run with the 
general purpose system, there is a very great tendency 
to go "whole hog" in mechanizing an application. When 
this is done, management has the feeling that they can't 
reach into their data processing system, that they have 
lost touch with it. 

More changes in operating procedures are necessary 
because input and output devices used with general 
purpose computers are standardized. Many "still re­
quired" manual operations have to be changed and 
forced to meet the rigidity of the general purpose input 
and output system. Codes must be learned or standard 
keyboards used, etc. Thus hidden transition costs must 
be added to general purpose equipme1)t and program-
ming costs. . 

SCHEDULED SYSTEMS 

In listing these general advantages, I do not mean to 
imply that a custom-designed system with a wired-in 
program can be economically used in all business appli­
cations now being programmed for General Purpose 
Computers. In fact, credit for the success of special 
purpose systems in some types of applications can be 
attributed to a different factor. General purpose com­
puters are regimented (scheduled) devices with but a 
single input and single output. Generally speaking they 
perform one operation at a time in serial fashion. 

While, there are exceptions here and there, the ma­
chines patterned after Turing's superb logic cannot add 

while they subtract, or print out while they read in, or 
multiply while they print out, etc. This is because they 
are all designed with a single control unit which reg­
ulates all operations in a serial fashion. Again, speaking 
generally, to make a general purpose machine do more 
than one thing at a time would require more than one 
control unit. This would double that section of the ma­
chine and introduce crosstalk problems if the control 
units were sharing the same memory. Also, some defini­
tion must be made as to which control unit takes prece­
dence, implying a super control unit. 

Some progress has been made in the direction of 
parallel operations2 by using buffer registers, time shar­
ing and building separate units for special operations 
such as sorting. However, the general purpose ma­
chines are still fairly limited compared to special 
purpose systems in this respect. 

SPECIAL ApPLICATIONS 

Certain types of "on line" applications just naturally 
generate requirements which do not fit these regi­
mented general purpose computer characteristics. Some 
of these req uiremen ts are: 

1) Multiple simultaneous inputs. 
2) Multiple simultaneous outputs. 
3) Output answers both printed and visual at input 

points which originated requests for the answers. 
4) Simultaneous inputs from many remote locations 

with immediate answers back necessary. 
5) Necessity of interrupting regular data processing 

flow to handle inquiries. 
6) Necessity of processing data on a schedule regu­

lated by some random control such as customer 
calls. 

An of these requirements have been met very suc­
cessfully by special purpose systems over the past few 
years.3 Another type ,of application not efficiently 
handled by General Purpose Computers is that involv­
ing the physical handling of paper as well as information 
processing. Special purpose systems which look promis­
ing are under development for these applications. 

AUTOMATIC PROGRAMMING 

One significant activity called automatic program­
ming may reduce total general purpose system costs. 
The basic idea in this activity is that the computer 
should do part of the programming job thus cutting 
time and personnel costs. 

However, the idea applied to business problems has 
not proven too successful as yet. There are too many 
variables and differences between one business appli­
cation and another to allow much standardization of 

2 Notably on the UNIVAC, BIZMAC, ELECOM 125. 
3 Examples: Teleregister's Reservisor at American Airlines and 

Teleregister's Stock Exchange Bid Asked System at Toronto Stock. 
Exchange .. 
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so-called sub-programs. It is possible to prepare very 
generalized automatic programs for a given type of 
business application, such as payroll, but only at the 
expense of a good deal of computer time. The additional 
time is required for the computer to delve into the many 
possible variations between one company's payroll and 
another and to decide which of these variations should 
be satisfied. 

may be worth several hundred dollars per hour while a 
programmer's time is worth perhaps three to six dollars 
per hour. Thus the savings in programming costs will 
not be as high as one might expect and they will be 
partially canceled out by higher processing costs. 

CONCLUSION 

The Special Purpose Data Processing System appears 
to be taking its place in many applications which have 
requirements that do not match the characteristics of 
general purpose computers. Also, as more and more 
businessmen, and for that matter, technical people 
realize the exceedingly long times and high costs in­
volved in programming, they may turn to the possi­
bility of special purpose systems. 

MACHINE COSTS 

On the larger computers, the cost of machine time 
devoted to automatic programming such as compiling 
and generating routines may amount to an appreciable 
portion of the cost of personnel programming for the 
specific application. This is true because machine time 

Discussion 

E. L. Harder (Westinghouse): Please 
give some examples of the special purpose 
computers that you are talking about; that 
is, examples of specific applications being 
considered. 

Mr. Sprague: It is rather hard to dig out 
any clear-cut examples that can be said to 
have proved themselves economically. Of 
course, I am familiar with one and that is 
American Airlines at LaGuardia Field. I am 
sure most of you have seen enough literature 
on that so I don't have to describe it but it 
has proved itself. The Toronto Stock Ex­
change bid-asked storage system which I 
mentioned earlier is another example. 

Another type of machine that is appear­
ing now is that represented by the Reming­
ton Rand file computer. It can be used with 
a number of input and output devices that 
make it adaptable to special purpose appli­
cations. 

Teleregister is also working on other 
types of special purpose equipment which 
will make appearances within the next year; 
primarily on inventory control and trans­
portation systems. 

R. A. Butterworth (General Electric): 
"With special purpose equipment, no pro­
gramming, or high-priced programmers, are 
required." Who, then, specifies the character­
istics of, and designs, the special purpose 

equipment? Also, what happens to the 
special purpose equipment when a change 
in procedure is indicated by, say, operations 
research? 

Mr. Sprague: The specifications are laid 
down by the customer operating personnel 
and the special purpose manufacturer. Up to 
a certain point the systems studies performed 
by both the manufacturer and customer are 
very similar to those of a general purpose 
system. Beyond that point, rather than 
enter a programming phase-and this in­
cludes all those jobs that require instruction 
-the engineers of the manufacturer enter 
into a computer design stage. A certain 
amount of money that appears in the final 
price, or rental price, of a special purpose 
system represents this engineering. When a 
change occurs from the original design, that 
change could be entered if realized soon 
enough by the manufacturer. Of course, if 
the equipment has been completed it would 
be necessary to expand or alter it in some 
way. This could be done if the deisgn has 
some flexibility for making changes. Actual­
ly, in one of Teleregister's present equip­
ments expansion possibilities have been al­
lowed to take care of the possibility of double 
the present volume of storage as well as 
information traffic. 

J. H. Burns (Liberty Mutual Insurance 
Co.): Did I understand you to imply that 
special purpose computers require less sys­
tems research than general purpose com­
puters? Could you explain? 

Mr. Sprague: No, I don't think I meant 
to imply that, other than to state that the 
certain areas in the system study area, let 
us say, associated with input and output 
equipment and changes in operating pro­
cedure, would not have to be affected im­
mediately; particularly if the input-output 
equipment takes present procedures into 
account. 

To give you an example, rather than 
use a standard typewriter keyboard for 
entering information on reservations, one 
designs a special keyset which uses input 
systems familiar to the operating personnel 
of a reservations bureau. 

L. C. Hobbs (Sperry Rand): With 
special purpose equipment are you not ex­
changing logical designers for programmers? 
If the problem remained the same for special 
purpose computers then canned programs 
could be used for general purpose machines? 

Mr. Sprague: Yes, you are to some ex­
tent exchanging logical designers for pro­
grammers. The question of whether canned 
programs can be used more economically 
than logically designed elements in a ma­
chine, centers around the question of how 
elementary the commands are as opposed to 
built-in operations in a special purpose ma­
chine. Taking anyone application, it seems 
to me that the number of program steps can 
be greatly reduced when wired into a special 
purpose system, because of the use of macro 
(rather than micro) steps. The simpler the 
application, the greater will be the advantage 
gained by "wired in" programs. 
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Electronics in Financial Accounting 
B. J. BENNETTt, K. R. ELDRED GEt, T. H. MORRINt, J. D. NOEt, AND O. W. WHITByt 

ELEMENTS OF FINANCIAL ACCOUNTING 

T HERE ARE FOUR essential elements in financial 
or dollar accounting. One of these elements is 
represented by the document of authorization. 

Another is a set of records for legal purposes. A third is 
a set of records for analysis, and a fourth is a set of 
records for control. 

In any accounting system for management of money, 
documents of authorization are essential and these 
documents, bearing the signature of the authorizing 
agent, must be preserved for legal purposes and for con­
trol of the system. The set of records required for legal 
purposes must be available to settle questions of 
equity, since ownership of various portions of the 
money being handled must be clear at all times. The 
records for analysis must show the amount of money 
that is available at any time. They must also show the 
dollar amounts which are tied up by the processing 
method and which, hence, are not available for other 
uses. The records for control are needed for control of 
accuracy of the accounting procedure and as a basis for 
managemen t decisions concerning funds. 

This discussion will concen trate on bank accoun ting for 
commercial checks. It will not stress general principles, 
however the problems, conditions, and solutions for 
commercial check accounting do apply to many dollar 
accounting problems. Commercial check accounting in­
volves all of the above elements of financial accounting 
systems, and it has been the subject of a five-year study 
by Stanford Research Institute for the Bank of Amer­
ica-a study that has resulted in an integrated system 
to handle commercial check accounting. 

This discussion will attempt to point out the principal 
factors which affect design of a system to handle com­
mercial checking, to show the consequences of these 
factors, and to describe, briefly, a system developed 
under their influence. 

Before proceeding with a description of the problems, 
let us first examine the operations that take place in the 
handling of commercial checks. 

WORK FLOW IN NATIONAL BANKING 

The actual work flow within the national banking 
system is very complex. It would be quite simple, al­
though quite pointless, if each customer who wrote a 
check presented that check only at the window of the 
bank at which his account is held. This is far from the 
case. As a national average, only one out of five checks 
drawn on a given bank is charged immediately to an ac-

t Stanford Research Institute, Menlo Park, Calif. 

count in that bank. The other four must be returned 
through the national network of other banks. 

To go into details of all possible means by which 
checks and deposit slips travel from bank to bank, 
would be an impossible task for this brief paper. How­
ever, certain concepts are important, and simplified 
diagrams can be used to establish these concepts. I t is 
useful to define "clearing items," "transit items," "go­
backs," "float," and the so-called "on us" items. It is 
also illuminating to note the volume of work and the 
pressure of time involved in the banking system. 

Fig. 1 illustrates a clearing arrangement. This figure 
is very simplified and shows flow in only one direction, 
i.e., from Bank A to Banks Band C. In looking at this 
figure, bear in mind that two other flow arrangements 
should be superimposed upon it, i.e., from Bank B to 
Banks A and C, and from Bank C to Banks A and B. 

INCOMING 
ITEMS 

CLEARING ITEMS 

INCOMING 
ITEMS 

Fig. 1-Clearing arrangement between competitive banks 
in same area. 

The problem is this: Each bank receives over the teller's 
window, or through themail.amixture of items belong­
ing to its own accounts and items belonging to other 
banks. These must be sorted out and exchanged. This 
commonly takes place through a clearing house which 
is financially supported by all the banks involved. 
These competitive banks agree to exchange items at a 
specified hour each day and each of them keeps a record 
of exchange in its so-called general ledger accounts. 
Bear in mind that clearing arrangements deal with 
banks located in the same geographical area. Also note 
the "on us" items which are charged to accounts in Bank 
A. This represents a great volume of work. 

Fig. 2 illustrates some of the ways in which the same 
problem is handled when the banks are in different geo­
graphical areas. Three areas are shown, each having a 
group of banks with local clearing arrangements and 
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showing the flow of transit items, i.e., those which are 
presented at one bank but belong in another. In this 
case, many combinations are possible and Fig. 2 shows 
only three kinds of situations. In Area 1 is shown one 
bank of a system composed of many banks or branches 
controlled by a head office. Area 2 shows a single large 
bank with no other branches but with clearing arrange­
ments with local competitors. Area 3 indicates two 
smaller banks, each with its own clearing agreements, 
but for which the Federal Reserve Bank performs the 
function, in some respects, of a head office. Again this 
figure shows flow in only one direction and there is ac­
tually flow in all directions. This is a very simplified 
picture-in actual practice there are many more ar­
rangements. 

.AR E A I II AREA m 

FEDERAL 
t-----+-------;+I RES E RV E 

BANK 

OTHER BANKS 

Fig. 2-Transit arrangements. 

Perhaps these comments on clearing and transit give 
a hint of the complex network which exists. Now add to 
this the figures on volume of work handled in the sys­
tem. In 1939, approximately 3! billion checks were 
written. During 1952, this rose to 8 billion and-if the 
trend continues-1960 will see 14 billion, and 1970, 22 
billion checks written. Everybody hastens to point out 
that this trend may not continue at such a pace but no 
one argues with the fact that the volume is growing. 
Another factor of extreme importance has emerged 
from national studies. Each check is handled an average 
of 6 to 8 times during its progress through the banking 
system. By "handled" is meant the actual entry of the 
dollar amount of the check through a keyboard. 

To the complexity of the work flow and the volume 
of data handled, one must add a time element. During 
the process of all this exchanging of checks, a certain 
number of "go-backs" occur. These are checks which 
cause overdraft or are drawn against uncollected funds, 
checks which are postdated, have stop payments against 
them or have irregular signatures, and checks which are 
missorted. These "go-backs" must be detected rapidly 
by the receiver and returned to the sending bank. The 
amount of time which can elapse before "go-backs" 
can be refused by the transmitting bank is rigidly fixed 

by agreements between banks and varies, depending 
upon geographical area, between approximately 3 hours 
and 48 hours. 

The concept of "float" is also important. Brief men­
tion was made, in the opening sentences of this discus­
sion, to funds which were "tied-up" by the processing 
method: As an example, suppose Mr. Smith deposits in 
his bank in Boston, a check for $1,000 given to him by 
a man who has an account in San Francisco. Then sup­
pose Mr. Smith immediately writes checks which use 
up half of that $1,000 deposit. If it takes three days for 
the Boston bank to collect from San Francisco, the Bos­
ton bank has loaned Mr. Smith $500 for those three 
days. There are many more ways in which "float" can 
occur, but this should illustrate the idea. 

From all this emerges a very complicated system 
problem. A large number of individual pieces of paper 
travel through a very complex network. The present 
manual system demands handling them over and over 
again, each time incurring the possibility of human 
error, and a rigid time limit surrounds the entire opera­
tion. Out of this system, two distinct but closely related 
problems emerge. One is the transit operation. The 
other is the problem of keeping track of the "on us" 
items, i.e., the bookkeeping on the accounts held with­
in each bank. 

The five-year program which the Institute carried out 
for the Bank of America dealt with the bookkeeping and 
clearing for its branch banks. This was chosen because 
it is a large volume job, it is one of extreme importance, 
it needs speeding up to reduce float, and it primarily af­
fects internal procedures. The transit problem im­
mediately involves other banks, their procedures, and 
their standards. Out of this five-year program, tech­
niques have evolved for the bookkeeping and check 
handling work and extensions in techniques are being 
developed which are applicable to the transit problem. 

FACTORS AFFECTING SYSTEM 

Now, let's look at some of the main factors in this 
job and consider them from the standpoint of how they 
affect system design. A few of these factors seem unique 
to the banking business, but counterparts can be found 
in most applications which involve dollar accounting. 
Among those which are most important are the follow­
ing: the need for economy, the volume and nature of the 
source documents, the high degree of accuracy required, 
the fact that system changes must be evolutionary, not 
revolutionary, and the nature of the filing problem re­
quired to keep track of the information. 

Net economy is essential, of course, and this must 
include all factors-operating cost, equipment amorti­
zation, and the effect of the national tax structure. As 
of this time the computer industry must face fairly 
short equipment write-off periods, since the average 
user cannot help looking upon the venture as experi­
mental, and because he has a fear of obsolescence. Hence 
equipment write-off is, today, a big factor. 
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The need for economy has one important influence on 
the handling of commercial checks. It dictates centraliz­
ing a large number of accounts within a given machine 
and, hence, implies central bookkeeping. This is largely 
because control circuits required to handle all operations 
represent an investment so great that it is necessary to 
spread this investment by handling a maximum num­
ber of accounts, thus decreasing the cost per account. 

The time schedule is very rigid. Even though the vol­
ume of work may vary a great deal from day to day, it 
is difficult in bank accounting to carryover part of one 
day's work into the next in order to reduce the peak 
load and hence reduce the maximum rate at which the 
system must assimilate and process data. As mentioned 
previously, this rigid time schedule arises because of the 
clearing arrangements and the treatment of "go-backs." 
However, another important point affecting the time 
schedule arises from the fact that it is necessary to 
"prove" the day's work to find errors just as soon as 
possible after the receipt of the last item for the day. 
Furthermore, it is not practical to hold an entire day's 
work, then to process it at high speed after the last 
item has been received, since this would greatly in­
crease system cost and complexity. Hence, it is neces­
sary during the day to do all the work possible so that 
when the last item is received, most of the actual post­
ing to individiaul accounts and altering of current bal­
ances is finished so that the system can proceed direct­
ly with a recapitulation and balancing. 

This combination of time schedule and large volume 
of information forces one to consider simultaneous 
operation of the input, sorting, posting, and printing 
functions. 

I t is also necessary to have means for a rapid diag­
nosis and correction of errors so that the entire system 
can be balanced quickly at the end of the day. The 
tight time schedule obviously calls for minimization of 
down-time. Therefore, careful attention must be given 
to maintenance procedures. 

The third principal factor affecting system design, 
i.e., the volume and nature of the documents, raises 
some very difficult problems. 

The large number of checks and deposit slips which 
must be handled demand high speed processing and 
transcription. While it is possible to read the informa­
tion from these documents when they are returned to 
the bank so that this information can be processed, it is 
still necessary to sort, examine, and file the checks and 
return them to the customer. Therefore, any system de­
signed to deal with the commercial checking account 
business cannot ignore the paper-handling and tran­
scription problems. Furthermore, during the multiple 
handling of each of the items, they become mangled, 
torn, folded, punched full of holes, stamped with en­
dorsements, and scribbled upon with pen and pencil. 
These bedraggled documents are the ones which must 
be handled at high speed and from which information 
must be obtained through automatic means. 

Consider the next factor-the need for accuracy. The 
banking business in particular demands very careful 
accounting procedures. Errors will be made in an ac­
counting system whether this system is composed en­
tirely of human beings or is entirely mechanized. How­
ever, it is essential that these errors be found and cor­
rected before they have a chance to affect the customer. 

Therefore, any machine designed for this purpose 
must place a very strong accent on detection and cor­
rection methods. 

The fifth factor which was mentioned-system 
changes must be evolutionary-may come in for a lot 
of argument from those who can clearly see easier ways 
of doing things and are impatient when faced with pro­
cedures which seem redundant or unnecessary. How­
ever, the banking business is in very close contact with 
its customers. Furthermore, commercial check account­
ing is so standardized that competitive banks really 
haven't much to offer other than service. Slight differ­
ences in service to a customer can often determine 
where he does his business. Under these circumstances, 
no bank will change the customer',S habit without care­
ful thought and any change is usually brought about in 
a very gradual fashion. 

It is difficult to generalize on the effect which close 
dealing with the public has on system design. In the 
specific system in this paper-that is, a system to 
handle the accounting in the commercial checking busi­
ness-a number of things are traceable to the influence 
of the public's habits. For example, it was not possible, 
at the outset, at least, to spread the job of statement 
printing over all the working days during the month, 
since customers were already used to receiving state­
ments at a given time. It was also considered inadvis­
able to abbreviate the statements-that is, to give to 
the customer only the net results of his month's trans­
actions. Instead, it was considered essential to continue 
the present practice of providing a detailed record of all 
activity in each account. Also, customers have for years 
been able to obtain a special statement upon request, 
and this condition was carried over into the automatic 
system. 

It was not possible to standardize on the width, 
length) or thickness of the check and deposit slips used 
by the customers. Furthermore, when it was desirable 
to preprint certain information on checks and deposit 
slips (such as the account number) it was impossible to 
restrict the printing of checks to a few suppliers, since 
many customers have their own printing arrangements 
and refuse to change them. This has an important bear­
ing on the tolerances which can be expected in such 
printing operations and on the complexity of printing 
equipment which can be allowed. 

Further effects were felt in the inability to standardize 
on service charge schedules. The system had to cope 
with several schedules on regular commercial accounts 
and also had to recognize the 10-plan (pay as you go) 
accounts, as ~well as the student 10-plan accounts re-
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quiring a different charge rate. The customer today also 
is used to obtaining information on his current balance 
whenever he so desires and this was carried over. Stop 
payments and holds had to be handled on short notice. 

A last but important aspect of dealing with the pub­
lic is the impossibility of controlling the volume of ac­
tivity in a given customer's account. The number of 
checks the customer cashes can vary widely during dif­
ferent times of the year. This is obviously a point which 
can hardly be changed by any evolutionary process; 
therefore, the automatic system must be designed to 
cope with such fluctuations. 

The nature of the filing problem is also worthy of 
note since it does affect the system. A large per cent of 
the file is affected during each working day in commer­
cial check accounting. In the Bank of America system, 
for example, approximately one-quarter of the accounts 
have entries made to them every day, and, on an over­
all average, each entry involves about four items. Not 
only is it essential to have a complete record of this ac­
tivity for use in service charge calculations, error de­
tection, and printing of statements, but the data must 
be kept collated or at least must be kept so that the data 
on one account can be rapidly pulled together, to pro­
vide a complete record of that account. This requires a 
high-volume storage system organized in a manner that 
gives reasonable access time. 

The same conditions apply to the filing of actual 
checks and deposits; i.e., the physical pieces of paper, 
with the further requirement that it is necessary to 
"pay the signatures" on the checks, and this is easiest 
to do when all the checks of the given account are 
grou ped together. 

THE ERMA PROGRAM 

Let us now turn to a brief description of the equip­
ment which was developed by Stanford Research Insti­
tute for the Bank of America to handle its commercial 
check accounting problem. The general area of work 
handled is shown in Fig. 3. The bookkeeping for several 
branches is handled by the automatic equipment, and 
communication with this central location depends large­
lyon messenger service. The first system handles the 
data for 32,000 active accounts, plus 8,000 clearing 
items, giving the equivalent of about 12 average-sized 
branches. At least 36 more units are needed and subse­
quent models will be made to handle 50,000 accounts. 

Out of this program came techniques for high-speed 
handling of checks of assorted weights, sizes, and con­
ditions; a means of automatically reading information 
from these checks while moving at high speed; and an 
automatic data-handling system. It is not the purpose 
of this paper to describe any of these in detail. However, 
these techniques are of interest here because they do 
represent the output of a program faced with the re­
strictions and demands which were discussed above. 

The techniqu.es used in the first engineering model of 
the equipment for this commercial check processing 

system employed binary coded numbers printed in mag­
netic ink for automatic reading of data from the docu­
ments. Further development work produced a system 
capable of reading Arabic numerals printed in mag­
netic ink wi thou t recourse to binary coding schemes. 
The first equipment produced using this character­
recognition approach was employed in the traveler's 
check accounting operations. However, the develop­
ment relates very closely to the commercial check book­
keeping being discussed, since the character recognition 
approach will be used in future models of that equip­
ment. More will be said of this later. 

INCOMING ITEMS TRANSIT AND 
CLEARING 

.... -~~~'J6--... 

I I , I I I 
RETURNED 

TO 
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LISTS 

~----------------~RETURNED 
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Fig. 3-Central bookkeeping with ERMA. 

Let us first consider the ERMA computer. A brief 
summary of the job being done by this electronic data­
processing system is as follows: For each of the 32,000 
active checking accounts which it is handling, it records 
the checks and deposits and keeps the current balance 
altered accordingly. It scans all incoming items to see if 
they correspond to "stop payments" or "holds" and to 
see if they result in overdraft or withdrawal below the 
hold level. It sorts the incoming items, which are en­
tered in an entirely random order, and collates succes­
sive day's work so that all the activity for one account 
is kept together. It calculates service charges for each 
account, posts these charges automatically, and prints 
statements for all accounts. In addition to those opera­
tions, which represent the backbone of the work, the 
system provides lists necessary for analysis and control 
of the accounts. This includes such things as lists of cur­
rent balances, lists of overdrafts, stop payments, holds, 
lists of credits and debits entered during any day, and 
summaries of the work handled, grouped in order to 
provide quick diagnosis and correction of errors. 

I t is a special purpose machine, with a wired program, 
rather than a stored program. It uses magnetic drum 
and tape storage and is based on standard vacuum tube 
circuits and relay switching networks. The system is 
large, containing approximately 8,000 tubes, 34,000 
germanium diodes, and 2,400 relays. Two magnetic 
drums provide a storage of 3,000,000 bits, and 12 mag­
netic tapes provide 400,000,000 bits used in a manner 
which allows storage of 37,000,000 alphanumeric char-
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Fig. 4-Main frame. 

Fig. 5-Tape units. 

Fig. 6-Circuit packages. 

acters. Input is through a combination of keyboards for 
manual entry of dollar amount and magnetic scanners 
for automatic entry of account numbers. Auxiliary in­
put for such items as customer name and address is 
through punched paper tape. The bulk of the output is 
through a line-at-a-time printer. However, printed out­
puts for special interrogations can be obtained through 
the printing mechanism associated with each input key­
board. These keyboards are essentially mechanical add­
ing machines with electrical "read in" and "read out." 
The system uses excess-3, binary-coded-decimal nota­
tion on the magnetic drums and a similar but expanded 
code on the tapes to handle alphanumeric data. 

Fig. 4 gives a view of the main body of the computer 
but does not show the tapes, inputs, high speed printer, 
power supplies, or maintenance console. Fig. 5 shows 
one of the tape units mounted in the tape racks and also 
shows the front of one of the circuit package racks. Fig. 
6 shows several circuit packages. Twenty-four different 
types of packages are used to cover all logical functions, 
input/output functions, and communication with 
memories. Relays are also housed in plug-in packages. 
Fig. 7 shows the magnetic drums, and Fig. 8 gives a 
view of one of the manual input stations. 

The machine shown in these figures is an engineering 
model designed with an eye toward production and 
maintenance. It will go into actual operation and will 
handle the work of a number of branches. This will al­
low a thorough shakedown of the operational features 
of the machine, as well as the engineering aspects, be­
fore further models are produced by a manufacturer. 
The point of view which was adopted in the design of 
the machine was fairly extreme. It was made to perform 
nearly all of the functions which could be desired in a 
system for this purpose. Operational experience will 
help determine areas where compromises should be 
made. 

The diagram of the work flow through this centralized 
system (see Fig. 3) indicates that the checks and deposit 
slips are sorted into account number order after infor­
mation has been transcribed from them for processing in 
the computer. Fig. 9 shows the engineering model of 
the sorter developed for this job. This particular model 
is a ten-pocket sorter, plus reject pockets, and is used to 
sort on a decimal basis on one digit at a time. The checks 
are automatically picked up from a stack at the far end 
of this picture by a controlled vacuum system. They are 
then transported between belts at a speed of 150 inches 
per second. After the checks are picked up and auto­
matically registered against one edge, the binary coded 
account number printed on each check in magnetic ink 
is read and interpreted and a memory system is set so 
that the appropriate pocket gates will be opened when 
the check arrives. The gating on each pocket is ac­
complished by controlled vacuum ports in the drums 
shown above each pocket. The system operates at a 
speed of ten checks per second. (The techniques have 
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Fig. 7-Magnetic drums. 

Fig. 8-Manual input station. 

Fig. 9-Check sorter. 

recently been extended to handle forty checks per sec­
ond.) This system works with checks of various sizes 
and thicknesses; width may vary between 2! inches and 
4 inches, length between 51 inches and 9! inches, and a 
thickness variation between 12 pound paper and punch 
card stock. Typical checks which are processed by this 
sorter bear all the earmarks of the public's tender care. 
They are bent, tOt:n, limp, and disfigured in every con­
ceivable way. 

While the work on reading of binary coded numerals 
was being carried out, plans also progressed for a more 
difficult but more desirable method, namely, reading 
numeric characters without the use of binary codes. This 
is more desirable bec __ ause it avoids some of the printing 
problems connected with binary coding, it facilitates 
visual checking by operating personnel, and it requires 
less room on the document. Again, magnetic ink was 
used because it is not affected by over-stamping and 
other visual mars. Reading is accomplished in the first 
developmental system with a single magnetic head. 
Head width is considerably greater than the height of 
the characters being read, thus easing the registration 
problems during printing and automatic handling of 
the paper. The system also tolerates a relatively larger 
skew angle which may be developed either during the 
printing or reading operation. 

An ideal way of obtaining field tests on this method 
was found in the travelers check operation, in which a 
punched card must be produced for every travelers 
check after it is returned to the bank. This card is used 
in the present travelers check accounting system. This 
application was ideal for a test of character reading in 
the sense that the printing could be carefully controlled 
through one or two commercial printers, and the charac­
ters normally used on these travelers checks are rela­
tively large-about 6 characters per inch. 

Fig. 10 shows a view of the travelers check scanning 
equipment which automatically transports travelers 
checks past the magnetic reading head, picks off wave­
shapes characteristic of the numerals being scanned, 
decodes these numerals by sampling the wave form and 
converts these samples into binary code. In one scan of 
the check, the serial number of the check is read, as well 
as a digit denoting the dollar amount and a digit used 
for a "nines check," and a punched card is produced. 
Checks which are not satisfactorily read for anyone of 
a number of reasons are automatically fed into a reject 
pocket and a rej ect card is punched and off-set in the 
stack for easy identification. The electronic portion of 
this scanner consists of about 170 tubes. Approximately 
50 of these ttibes are used for the actual decoding oper­
ation. The others are used for control, arithmetic check­
ing, and buffer storage for the punch. The small cabinet 
with a large number of control knobs in Fig. 10 is a spe­
cial test device used to detect errors during a trial run 
in the laboratory. The error rate was so small that it 
could not be detected adequately without special gear. 
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Fig. 10-Travelers check scanning equipment. 

This unit is finished and will be put in to operation as 
soon as checks bearing the magnetic numerals are in 
use in sufficient numbers. Preliminary tests using a 
specially printed run of 100,000 travelers checks gave 
the following results: Out of the first 10,000 check 
passes, two errors were found; i.e., cases in which the 
scanner thought it produced correct results but which 
were proven incorrect by the external detection equip­
ment. Additional error detection circuits were added to 
the decoder and no further errors occurred during the 
next 90,000 check passes. Rejected items, i.e., cases in 
which the scanner said that it could not read properly, 
ran as follows: Two per cent rejects occurred during the 
first 38,000 checks. (Analysis showed that 1.4 per cent 
were rejected because of malformed experimental print­
ing type.) During the remaining check passes, 0.76 per 
cent rejects occurred, excluding the cases in which bad 
type caused reject. Currently, in the daily operation of 
the scanner, the machine generally rejects about 0.1 per 
cent of the checks and seldom rejects as much as 0.2 
per cent. 

One further area of development should be men­
tioned. Automatic paper handling systems of much 
wider application can be built if the dollar amount can 
be printed on the check in a manner which can be tran­
scribed automatically. These dollar amounts might be 

written on the check by check-writing machines in 
large corporations, or they might be post printed by·the 
banks during the first manual processing after the items 
return to the banking system. In any case, this poses the 
the requirement of making the printing mechanism rela­
tively inexpensive, hence printing tolerances cannot be 
held very closely and the character recognition system 
must be able to cope with these wider tolerances. 

This post printing and reading, which has great po­
tential in such areas as the department store and oil 
company credit business as well as in check handling, is 
now in the development stage. 

CONCLUSION 

This paper has attempted to show the magnitude of 
the check handling problem in national banking and the 
factors which influence the design of a system for auto­
matically handling this problem. It has implied but not 
attempted to prove that bank check handling problems 
are fairly representative of financial accounting in gen­
eral, particularly credit handling and centralized money 
management. It has implied, and it should again be 
emphasized here, that means for automatic handling 
and transcription of basic documents are an essential 
part of any system designed for this kind of operation. 
The paper has described an experimental program which 
resulted in equipment for actual use. This equipment by 
no means represents the ultimate, but it does represent 
progress and a good starting point for future develop­
men t in the area defined by the general principles of 
financial accounting. 
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Discussion 
J. D. Mountain (Mountain Systems, 

Inc.): What kind of numbers were printed 
on the checks in magnetic ink, the account 
numbers or dollar amounts? 

Mr. Noe: The Bank of America people 
have not released actual figures on costs and 
savings. However, they would not have 
gone through with the program had they 
not foreseen adequate returns on the invest­
ment. 

N. J. Dean (Laboratory for Electronics): 
Are all checks posted as individual entries 
or are they posted as a single list total when 
there is a large enough number on one ac­
count? 

Mr. Noe: The first system has just the 
account numbers printed and these are in a 
coded form. Subsequent systems will also 
include dollar amounts and hence replace 
most of the manual input operations. On 
travelers checks the job is simplified, there 
being only four dollar amounts to deal with; 
number one for ten, two for twenty, three 
for fifty, and four for a hundred. 

J. Svigals (IBM): Does ERMA satisfy 
the need for economy? What is its cost and 
how much will it save? 

T. C. Morrill (Liberty Mutual Insurance 
Co.): Can ERMA be applied to other types 
of work than commercial banking and, if 
so, is it available for sale? 

Mr. Noe: The equipment is not now 
available for sale. The question of future 
sales will be handled jointly by the bank and 
the manufacturer who produces it. The 
system, as it stands today, is very special 
purpose in that it handles only this particu­
lar dollar accounting job; but we who have 
been working with it feel it can be extended 
without too much difficulty to handle other 
jobs in the dollar accounting area. 

Mr. Noe: They are posted as individual 
entries. For one thing, most of the items 
come in unsorted; in other words, in entirely 
random order. Also they do need posting 
individually at this stage because it is neces­
sary at the input of the machine to protect 
it against human errors. For this reason the 
operator lists each item and accumulates 
the dollar amount, comparing the total 
with the total on the list which came with 
the batch. This insures that she didn't 
punch the wrong key or that an item didn't 
fall down the elevator shaft while being 
carried to the central ERMA office. 
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The Manual Use of Automatic Records 
A. G. OETTINGERt 

Summary-Records that are to be processed automatically 
necessarily must be stored in media accessible to a machine and in 
codes suitable for machine interpretation. Consequently, such records 
may be not readily accessible to the unaided human clerk. Steps 
that may be taken to provide adequate facilities for the occasional 
manual interrogation and processing of automatic records are sug­
gested and examined. 

I N THE BROADEST sense, access to any auto­
matic system is manual, human intervention being 
required in the operation of every system, if only 

to push a button to start it the first time. The problem 
of concern here thus arises from questions of degree. 
An automatic system operating unattended has its own 
tempo, a tempo often several orders of magnitude 
greater than the fastest human tempo. Information can 
be said to be processed automatically, if processed at 
the system's own tempo, and manually, if at a clerk's 
tempo. In general, the performance of any fully specified 
process can be controlled by circuit elements or by 
program steps, and hence may be regarded as auto­
matic. It is chiefly the unforeseen, the rare, or the 
random which necessitate some form of manual inter­
vention in the automatic process. A given system might 
thus be operated automatically at one time, manually 
at another. For example, the printing of all the informa­
tion in the storage unit of a system by a printer oper­
ating at the system's own tempo, i,s an "automatic" 
process. The same information, displayed item-by-item 
on a monitor typewriter or some other display device, 
at the tempo of a button-pushing operator can be said 
to have been obtained manually. Between these two 
extreme cases, there is a whole spectrum of information 
processing rates and of system efficiency. 

The automatic tempo of a system and the influence of 
manual intervention on the operation of the system 
depend on several factors; those of greatest importance 
here are the rates at which information can be intro­
duced into the system, processed, and extracted, and 
the size of the information files. The files will be assumed 
to be large and the rates to be determined chiefly by 
the characteristics of the input, output, and storage 
facilities of the system. The problem of manual access 
to automatic records is therefore but one facet of the 
broader problem of designing data processing systems 
with optimal input, output, and storage facilities. It 
will be useful to analyze some of the characteristics of 
this broader problem in order to appreciate the particu­
lar effects of manual intervention on the efficiency of a 
system. 

Storage devices are commonly classified as "random­
access" or "serial-access." This classification unfortu-

t Instructor in Applied Mathematics, Computation. Laboratory, 
Harvard University, Cambridge, Mass. 

nately is confusing, for it is not precise, and it masks 
some important and useful distinctions. Storage devices 
now lumped as "random-access devices" may meet any 
one or more of the following essentially distinct and in­
dependent criteria:1 

1) Information can be extracted from the device at 
random as rapidly on the average as if extracted 
in the order natural to the device. 

2) The average access rate to information in the de­
vice is negligible with respect to the rate at which 
the information is required for use by associated 
equipment. 

3) The basic unit of data (character, word, or block) 
is located by specifying suitable coordinates 
rather than by search. 

The first criterion is based on a characteristic per­
taining exclusively to the storage device. For any 
storage device, the access time to an item depends on 
the location of the item itself and often also on the 
location of the previously selected item. There exists, 
consequently, a preferred or "serial" order of selecting 
items, for which the average access time per item is a 
minimum. A device whose average random access time 
is comparable to its serial access time, is now charac­
terized as "random-access." 

As for the second criterion, if any arbitrary item of 
information can be supplied from storage as needed 
by the' system with a negligible delay, the storage device 
again is termed "random-access" regardless of its specific 
physical nature. The third and last criterion is inde­
pendent of time and often of the physical nature of the 
storage device as well. Again, however, it is common 
to designate any storage device addressed by coordinates 
as a "random-access" device. 

I verson has proposed to clarify the terminology by 
restricting the designation "random-access" to devices 
satisfying the first criterion. He adopts the following 
more precise terminology to characterize storage de­
vices: 

random-access or serial-access, according to whether 
or not a storage device satisfies the first criterion; 

immediate-access or delayed-acce;s, with respect to the 
second criterion; 

coordinate-access or search-access, with respect to the 
third criterion. 

The distinction between immediate access and de­
layed access can be applied not only to the storage 
elements of a data processing system, but to the whole 
system as well. In this case, the characteristics of the 

1 The author is indebted to Professor K. E. Iverson for suggesting 
these distinctions. 
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system input and output devices must also be taken 
into consideration. For example, consider a system pro­
vided with immediate-access internal storage and single 
input and output channels. Since the internal storage 
is immediate-access, the over-all access rate is limited 
effectively only by the input-output channel. Suppose 
that the delay between the receipt of an inquiry at the 
input and the delivery of an answer by the output2 

is well below the patience break-point of the inquirer. 
Then, provided that the interval between successive 
inquiries is greater than the pipeline time, the system 
may be termed an "immediate-access" system. On the 
other hand, if inquiries arrive at a higher rate, one may 
arrive while the single channel is still tied up by the 
previous inquiries. The system, in this case, is a de­
layed-access system. Furthermore, if this input channel 
is normally preempted by routine operations, any in­
quiry must interrupt the routine operation, delay its 
completion and, because of differences in tempo, 
greatly lower the efficiency of the system. 

It is convenient for further discussion to define a 
measure of the efficiency of an automatic system as a 
data processing tool, in terms of its advantages in 
speed, cost, accuracy, etc., relative to alternative tools. 
Such a measure might well be defined bY,analogy to the 
definition of the mechanical advantage of rope and 
pulley fame. 

Inasmuch as new automatic systems should be im­
provements on existing manual or automatic systems, 
it seems natural to measure the automatic advantage 
of new systems relative to the existing system. How­
ever, any other suitable reference systems may be used. 
For example, if operating rate were the only significant 
factor, the automatic advantage (AA) of a new system 
might be defined as 

AA 

where rn is the operating rate of the new system, and 
rr that of the reference system. 

Since, in reality, operating rate is but one of many 
factors of importance in the evaluation of a system, 
the automatic advantage might be better described as 

AA = fern, Cn, l~, Pn, ... ) + I, 
f(rT! Cn lr, Pn ... ) 

provided that the form of the "value" function f can be 
specified. The variables r, c, and 1 represent respectively 
the operating rate, cost, and load factor of the system, 
and p the cost of system personnel. Many other vari­
ables could and should be included in a realistic ex­
pression. The additive term I is a handy adjustable 
factor representing intangible benefits, and may be used 
to set the automatic advantage at ~ny desired value. 

In the absence of an explicit definition of the form 

2 This delay has been called the "pipeline time" of the system in 
"File Reference," by J. A. Postley, Rept. P-691, Rand Corp., 1955. 

of the function j, the automatic advantage is barely 
more than a qualitative indicator of efficiency. How­
ever, in considering the effects of manual intervention 
on the efficiency of an automatic system, the resulting 
change in efficiency is of prime interest. A knowledge 
of the exact magnitude of the automatic advantage is 
therefore not essential if this measure is to be used only 
as an aid to clarity in exposition. Parenthetically, it 
should be clear that the explicit specification of the 
form of the function j is equivalent to a precise knowl­
edge of the relative worth of two systems. That a 
problem of such importance has not yet been solved to 
anyone's complete satisfaction is an indication of its 
complexity. 

On the basis of the more refined definitions of access 
characteristics and the measure of efficiency presented 
in the preceding paragraphs, it becomes possible to 
consider in some detail the effects of manual interven­
tion on the efficiency of automatic systems. For the sake 
of clarity, a specific example will be used. This example 
will be drawn from banking applications. 

Banks today are keenly interested in developing 
automatic systems for checking account bookkeeping. 
Reduced to its simplest terms, the problem is that of 
keeping a record of each depositor's balance, increasing 
it when deposits are made and reducing it as checks 
are drawn. The problem is complicated by the need to 
handle and store the checks themselves, from the time 
they arrive at the bank until they are returned to the 
depositor. 

In the course of a day's work, the bookkeeping de­
partment of a bank branch handling some 30,000 ac­
counts of different types may post 65,000 debits and 
7,500 credits. During business hours, the same depart­
ment may also be required to answer the inquiries 
classified in Tables I and II, as well as to perform the 
special procedures listed in Table III. The figures in 
these tables are averages based on actual operating 
statistics. 

It is striking that no more than one per cent of the 
accounts are affected by the inquiries or special pro­
cedures. The volume of special cases is dwarfed also 
by the volume of routine debits and credits by a factor 
of two hundred. In the initial confusion attending any 
large scale systems study, it is natural to concentrate, 
attention on the major production operations. Distract­
ing special cases tend to be neglected until a preliminary 
study has led to a sketch of a system meeting the major 
operating requirements. 

A preliminary study of this kind might well lead to 
the system sketched in Fig. 1. The basic file main­
tenance unit is assumed to be a general purpose com­
puter part of whose time is to be allocated to the check­
bookkeeping operation. The account records are as­
sumed to be kept on magnetic tapes, and a single tape 
input mechanism CD is provided to make these records 
accessible to the file maintenance unit. The natural 
order of access to records stored on a given tape is 
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TABLE I 

DAILY INQUIRIES CLASSIFIED BY SOURCE 

Teller 47 
Customer by telephone 49 
Others (credit dept., loan dept., etc.) 65 

Total 161 

TABLE II 

DAILY INQUIRIES CLASSIFIED BY TYPE 

Does a given person have an account? 5 
What is the balance of account X? 85 
Has a certain check been posted? 7 
Has a certain deposit been posted? 5 
Is there a stop-payment order on account X? 13 
Is there a hold order on account X? 34 
Others 12 

Total 161 

TABLE III 
SPECIAL TRANSACTIONS (DAILY) 

New accounts opened 39 
Changes of address 12 
Accounts closed out 27 
Statement requests 22 
Overdrafts 58 

Stop-payments initiated 36 
Stop-payments revoked 18 
Holds initiated 56 

Total 268 

therefore the order in which they are recorded on this 
tape. However, anyone of the set of tapes may be 
placed on the input mechanism as readily as any other. 
Debits and credits ordered in the natural account order 
are presented at the input ®. Physically, the debit 
and credit file might be checks and deposit tickets im­
printed with a machine-readable code, or a magnetic 
tape on which the proper entries have been recorded 
previously. The output ® is an updated magnetic 
tape account file. 

The system, as sketched, provides the file mainte­
nance unit with immediate access to account records. 
In part, this is insured by the common ordering of the 
two input files. Furthermore, between thirty and fifty 
per cent of all accounts are activated in the posting oper­
ation. Tape travel time between active accounts can 
therefore be considered negligible, especially if pro­
vision is made to advance both input files to the next 
account while one is being processed. The system, 
therefore, is of balanced and efficient design, and has 
an automatic advantage determined chiefly by the cost 
of the computer time used for the check-bookkeeping 
operation, the cost of the key-punching and sorting 
required to prepare the debit and credit file for process­
ing, and the gains in speed and accuracy provided by 
automatic operation. 

It will be assumed now that the automatic advantage 
of this system is attractive so far as the performance of 
routine posting operations is concerned. It remains to 
consider the effects of the inquiries and special pro-

cedures listed in Tables I, II, and III. A number of 
these cases may be treated very simply by adding to 
the basic system the elements indicated by broken lines 
in Fig. 1. An additional input mechanism 0 is provided 
to introduce inquiries and special transactions into the 
processing unit from a ~le ordered, again, in the natural 
order of the account file. Magnetic tape could be used 
for this "special" file, but since few accounts are affected, 
paper tape or cards might be adequate. A "service file" 
® is provided at the output to deliver answers to in­
quiries and to bring special transactions to the attention 
of the operating staff. 

~-~-~ 
BASIC FILE MAINTENANCE 

UNIT 

PROVISION I 
FOR I 

~~~ 
Fig. 1-File maintenance and consultation. system. 
Basic System: 1) Ordered account file-mput. 2) Ordered ac-

count file-revised. 3) Ordered transaction file: . . . 
Provisions for "Exceptions": 4) Ordered mqumes and specIal 

transactions. 5) Ordered service file. 

The prOViSIOn of such additional facilities increases 
the cost of the system, but as operating speed is vir­
tually unaffected, and the system is made more power­
ful, the automatic advantage probably suffers but little. 
In principle, this procedure is applicable to any trans­
action whose consummation may be delayed until the 
next regularly scheduled pass of the proper account 
tape. In practice, the frequency of these transactions 
must be sufficient to warrant the provision of the added 
equipment. Among the special transactions listed in 
Table III, the opening and closing of accounts, and 
address changes probably satisfy these conditions. Re­
quests for statements are clearly a borderline case. A 
one day delay can usually be tolerated, but if a large 
depositor has been favored with a surprise visit by his 
auditor, his request for immediate delivery of a state­
ment cannot lightly be deferred. Overdrafts must be 
reported in time for management consideration and 
action prior to the daily deadline for the return of checks 
drawn against insufficient funds. Stop-payment and 
hold orders3 must be noted at once. A request by a 
customer or a department of the bank for the balance 
of an account cannot be deferred for a day. The addi­
tional facilities indicated in Fig. 1 are inadequate to 
these contingencies, and other solutions must be sought. 

3 A stop-payment order issued by the maker of a check instructs 
the bank not to pay the check when it is presented .. A hold order, 
issued by a teller or a bank officer freezes all or a portt~:m of the 1;>al­
ance of an account. Tellers issue hold orders when cashmg or certtf~­
ing a check to maintain a balance sufficient to cover the check when It 
reaches the' bookkeeping department. 
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Tellers and customers frequently telephone the book­
keeping department to ask for the balance of certain 
accounts. As the figures of Table II indicate, such calls 
are likely to occur eighty-five times a day, and they 
represent fifty per cent of all inquiries. If the system 
of Fig. 1 happens to be processing the very reel of tape 
on which the account in question is stored, an answer 
conceivably may be obtained in a matter of seconds. 
In general, however, the system will be processing some 
other reel, or working on an entirely different problem. 

A tape file containing all the account information for 
30,000 depositors now customarily held on ledger cards 
is likely to require from ten to fifteen reels of tape. To 
answer an inquiry using the system of Fig. 1, it is 
necessary manually to select the proper reel, interrupt 
the operation of the system, remove the reel being 
processed, mount the new reel, set the machine to the 
proper search procedure, and start it on its way. Surely 
it is conservative to assume that at least two minutes 
will be required for these operations. Conceivably, the 
inquirer will have his answer within three minutes. 
This delay approximates that presently required for 
the manual consultation of a file of ledger cards, and 
therefore seems acceptable. Thus, for reasonably spaced 
inquiries, the system is of immediate access. Eighty-five 
inquiries, at two minutes each, do however require three 
hours a day of system time. In comparison, the time 
required to perform the 70,000 routin~ daily postings 
may be approximately two hours. Answering a rela­
tively minute number of inquiries thus adds some 150 
per cent to the estimated operating time. If, as assumed, 
it had been planned to parcel the time of the file main­
tenance unit among several applications, the number of 
applications must be reduced correspondingly. The re­
sult is an increased allocation of operating costs to 
check-bookkeeping, with the consequent reduction of 
the automatic advantage of the system in this applica­
tion. Processing the inquiries in this way offers little, 
if any, compensatory advantage over the purely manual 
consultation of ledger cards. Equivalent manual labor 
is required, and the delay in answering may even be 
increased. Indeed, it seems to be true in general that 
file consultation alone does not warrant the use of auto­
matic equipment. In the system sketched in Fig. 1, as 
in many systems, the automatic advantage in routine 
posting or file maintenance must be substantial enough 
to leave a net automatic advantage when file consulta­
tion is taken into account. 

A possible variant of the system of Fig. 1 is one with 
several tape input mechanisms. Indeed, it is more 
common for machines to have several tape mechanisms 
than not. Selection among tapes can then be automatic, 
and relatively rapid coordinate access to any of these 
tapes is possible. To the extent that manual tape han­
dling is eliminated, the provision of multiple tape mech­
anisms tends to increase the automatic advantage of 
a system. However, since the automatic advantage is a 
function also of equipment cost, a net reduction of auto-

matic advantage may result from an increase in the 
number of tape mechanisms. The most efficient number 
of tape mechanisms depends on too many factors to be 
specifiable here, but systems with multiple tape mech­
anisms are probably satisfactory in many applications. 
A corollary improvement can be obtained by separating 
the file consultation and file maintenance operations. 
The provision of an independent file search unit can 
relieve the file maintenance unit from most interrup­
tions. A conflict occurs when both units require the 
same tape at once, but interruptions due to this event 
are far less frequent. For large files, access time to 
records in a multiple-tape system probably remains 
comparable to manual access time to ledger card files. 
Furthermore, the provision of a file search unit adds 
significantly to the cost and again may reduce the over­
all automatic advantage. 

Another method of handling inquiries is based on the 
periodic printing of selected contents of the automatic 
file to provide a readable file for manual use. The in­
formation in a given printed record cannot include 
changes in the automatic file made after printing. 
Nevertheless, if the file is inactive, or if approximately 
current information is adequate, this limitation may 
not be serious. In principle printed files could be pro­
duced as frequently as might be necessary to provide 
information of adequate currency. Printing time and 
cost do, however, limit the practicable printing fre­
quency. With a large file, printing time and cost may be 
economized by setting a long interval between suc­
cessive printings of the whole file, while providing more 
frequent printings of the information in active accounts 
only. These "incremental" prints then serve to keep the 
main printed file current. Unfortunately, consultation 
of the printed file becomes ever more difficult as in­
cremental prints are added to the original. Especially 
where file activity is high, this may lead to a manual 
file maintenance problem comparable to the one which 
the automatic system was intended to solve. Thus, in 
general, file printing is probably more of an expedient 
than a satisfactory solution. 

The examination of alternative methods of treating 
inquiries and special transactions presented in the 
preceding paragraphs has been based on the tacit as­
sumption that the system sketched in Fig. 1 is funda­
mentally sound. However, it is clear that the automatic 
advantage of the system in file consultation is not im­
pressive. The system as a whole has a net automatic 
advantage only if it excels in file maintenance. It re­
mains to examine alternative basic designs. 

One important alternative is the use of random­
access storage devices instead of tapes. Another is the 
use of a new type of unit records. A third is the opera­
tion of several smaller, slower processing units instead 
of the one large, fast one. Innumerable methods based 
on varying degrees of integration of clerks and machines 
suggest themselves. Only the first two alternatives will 
be treated in any detail here. 
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Random-access storage devic~s of the drum or of the 
"juke-box" type offer little advantage over tapes in the 
routine file maintenance operation, so long as the order­
ing of transactions is of negligible cost. Serial-access 
times to tape, drum, or "juke-box" being comparable 
and immediate in this case, the lower cost of tape gives 
it a decided edge. If, on the other hand, the use of 
sorting to arrange incoming transactions into the 
natural order of a serial-access file is precluded by cost, 
only random-access devices remain of immediate­
access and their relative automatic advantage is en­
hanced. A detailed analysis of the influence of sorting 
requirements on the relative automatic advantages of 
serial- and random-access storage systems is beyond 
the scope of this paper, but the interested reader is 
referred to the works of Hosken and of Gregory else­
where in this volume, and to those of Ashenhurst and 
Seward.4 

In the treatment of inquiries and special transactions 
the random-access devices potentially offer substantial 
advantages. Insofar as they are used with coordinate 
access, any addressable unit of information is very 
nearly as accessible as any other. Hence, the interrup­
tions of file maintenance activities for answering in­
quiries can be several orders of magnitude shorter than 
with tape. The automatic advantage of a system with 
random-access storage, regarded as a function of oper­
ating rate only, can thus be significantly greater than 
that of a tape system. 

Despite these advantages, random-access storage is 
not a panacea. Interruptions of file maintenance ac­
tivities, although shorter, are still present and can be 
eliminated only by the provision of multiplexing facili­
ties. Other things being equal, random-access storage 
devices have little if any advantage over serial access 
devices when search access rather than coordinate 
access is used. Finally, the cost of random access storage 
facilities for the estimated 2 X 108 binary digits in 
30,000 accounts far exceeds that of ten to fifteen reels 
of tape. Thus, if regarded as a function of operating rate 
and storage cost only, the automatic advantage of a 
system with random-access storage may be appreciably 
smaller than that of a system with tape. The inclusion 
of sorting costs in the evaluation of the automatic ad­
vantage favors random-access devices, but serial-access 
devices are by no means excluded from consideration. 

There is a real possibility that random-access devices 
can play an important role as auxiliary immediate­
access files in systems using tapes to store the main 
files. Thus, for example, information regarding holds 
and stop-payments might be stored in such a device, 
where it would be readily accessible both to tellers and 
other inquirers and to the file maintenance unit. Since 

4 See Hosken, J. c., "Evaluation of sorting methods," Gregory, 
R. H., "Document processing." Ashenhurst, R. L., "Sorting and 
arranging," Theory of Switching, Progress Report No. BL-7, Harvard 
Computation Lab., 1954; Seward, H. H., "Information sorting in the 
applicatbn of electronic digital computers to business operations," 
Report R-232, Project Whirlwind, M.I.T.; 1954. 

only ten per cent of the accounts are affected by holds 
and stop-payments at any time, this possibility is 
economically attractive. There is reason to believe that 
inquiries tend to affect a relatively small proportion of 
the accounts, and that generally the same accounts are 
affected. Should this be true over sufficient periods of 
time, there might be some advantage in segregating 
these accounts into a special file. This file might then 
be held in random-access devices, while the bulk of the 
account file remains on tape. 

It has been suggested that banks do not really need 
to record; all transactions in conventional ledgers, that 
it is sufficient to maintain immediate-access records of 
balances and to print transaction details only at state­
ment time. In this case, the immediate-access storage 
requirements would be reduced by a factor of ten or 
more. The automatic advantages of both serial- and 
random-access storage devices are apparently increased 
thereby, although in different proportions. This ap­
parent increase is due, at least in part, to an improper 
choice of the reference system used in determining the 
automatic advantage. 

Many banks actually have adopted the suggestion 
to maintain immediate-access records for balances only, 
in the form of the so-called "post-to-check" plan. In 
brief, this plan eliminates the ledger card file altogether 
by recording the current balance on the face of the last 
check or deposit ticket posted. The checks themselves 
thus provide an immediate-access record of current 
balances, as well as a delayed-access5 record to trans­
action details. In some cases, these details are tran­
scribed to statements before they are issued, in others 
the statement merely gives the balance. For many 
reasons, the application of this plan so far is largely 
confined to "special checking" accounts. However, in 
evaluating the automatic advantage of an automatic 
system in which only balances are to be stored with 
immediate access, it is clear that the reference system 
used in the evaluation must be one akin to a post-to­
check system, and not one using an immediate-access 
file of complete transaction records. It makes little 
sense to simplify a procedure merely to obtain an ap­
parent increase in the automatic advantage of a pro­
posed automatic system, when the same simplification 
of an existing system might yield an equal or greater 
automatic advantage. 

A second basic design alternative to that of Fig. 1 
would depend on the use of unit account records, rather 
than of cuntinuous media of the tape or drum type. 
The major unit records now commonly used in auto­
matic systems are the well-known punched cards. These 
cards have been superseded by magnetic devices in 
some applications chiefly because of their low informa­
tion density. However, low information density is a 
characteristic of accepted punched card technology, 
ra ther than an inheren t property of unit records. 

Ii With respect to inquiries. 
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A card of the size of a standard punched card could 
easily hold 20,000 binary digits on one magnetically­
coated side, and a 9!" X9!" ledger card commonly used 
in checking account bookkeeping could easily hold 
80,000 binary digits. Storage capacity of this magnitude 
vastly exceeds the requirements for anyone account. 
Furthermore, the uncoated side of the card could read­
ily be used for essential reference information in 
ordinary printed form. When file maintenance opera­
tions can readily be performed with the use of ordered 
files, moderate card feed speeds are adequate to provide 
immediate access to a magnetic card file. If the tech­
nological problems of feeding the cards and of reading 
the magnetically-recorded information can be solved 
economically, a system based on these cards may well 
rival the automatic advantage of tape or drum systems 
in ordered file maintenance operations. 

File consultation in a magnetic card system could be 
performed by methods very similar to those now in 
use with ordinary ledger cards. Inquiries now answered 
by clerks within three minutes would continue to be 
answered at the same rate and at the same low cost. 
Objections regarding accidental disarrangement of the 
files might well be overcome if as much effort were de­
voted to the improvement of unit record files as has 
been spent on the development of tape and drum de­
vices. For example, the use of a device akin to the 
familiar rod threading cards in a library catalog could 
prevent the complete removal or the accidental dis­
ordering of cards, while still permitting ready consulta­
tion. Urgent but infrequent transactions such as the 
noting of stop-payment or hold orders could be per­
formed by temporary manual entries on the face of the 
cards. A permanent record can be made later by intro­
ducing appropriate entries into the transaction file for 
normal processing by the file maintenance unit. Such a 
combination of the best features of manual and auto­
matic operations seems worthy of careful investigation. 

Many other alternatives will readily come to the 
mind of the reader and, all in probability, many of the 
methods described here are under consideration in 
scientific or industrial laboratories. However, there are 
no published experimental data or records of experience 
which, to the author's knowledge, could justify con­
cluding that the problem of manual access to automatic 
records has been solved. 

In conclusion, it should be noted that many of the 
design problems examined in this paper have their 
source, at least in part, in inadequate specifications of 
the operating requirements of data processing systems. 
Accurate information regarding the source, distribution, 
and frequency of inquiries is notably lacking. No re­
liable specifications are available regarding exactly how 
promptly certain inquiries must be answered, or regard­
ing just how dire the dire effects of delay would be. The 
marginal cost of treating exceptions is frequently not 
considered. For example, the cost of permitting an 
occasional overdraft or of reimbursing a depositor for 
the amount of a check paid in spite of a stop-payment 
order should be weighed against the cost of guaranteeing 
against occasional lapses. It may then be decided that 
protection against fraud is worth any cost, but the 
value of this protection must then be included in the 
determination of the automatic advantage of a proposed 
system. A lack of reliable data in cases where the dis­
tinction between milliseconds and minutes or hours is 
a matter of hundreds of thousands of dollars, leaves 
many a crucial decision to the whim of hunch or pres­
sure. 
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Discussion D. R. Klusman (American Tel. & Tel. perhaps it is because you work on the inside 
of automatic machinery. 

N. Dean (Laboratory for Electronics): 
What percentage or random inquiries refer 
to detail items rather than balance summary 
information? 

Dr. Oettinger: I have a feeling that 
probably a majority-well, certainly more 
than 50 per cent-refer to balances, and I 
think probably a most substantial part refer 
to balances only. 

N. Dean (Laboratory for Electronics): 
What percentage of special transactions 
must be handled immediately; that is, 
before end of sorted input? 

Dr. Oettinger: I think that, in general, 
transactions like holds require immediate 
action but again reference is to the balance 
only. As far as the delay allowed for some 
of the others, this is one of the questions to 
which a detailed answer would be appreci­
ated by myself as well as you. 

Co.): Are you aware of any large scale 
storage systems under development that 
appear to meet most of the requirements 
satisfactorily, including random access of a 
reasonable rate? 

Dr. Oettinger: I am not the expert in 
this field and perhaps Mr. Ridenour's paper 
this afternoon or tomorrow might give some 
of the clues. 

B. W. Taunton (First National Bank of 
Boston): Will you ask the members of this 
audience how many of them actually check 
the detail items listed in their monthly state­
ments furnished them by the banks with 
respect to their own checking accounts? 

Dr. Oettinger: Raise your hands; every­
body who looks at their detailed items. 
(Vast majority of hands raised.) I don't 
know whether this is a reflection on the trust 
in which the banking industry is held, but 

G. W. Patterson (University of Penn­
sylvania): You stated that only one per cent 
of the accounts in a bank are involved in 
special inquiries. Is this on a daily basis? 
How does this percentage increase as longer 
intervals of time are specified? 

Dr. Oettinger: This is a very good ques­
tion and a very important one. The figure 
of one per cent is a daily figure and there are 
reasons to suspect-this is only a hunch­
that in certain types of inquiries the same 
accounts are involved day after day. It 
would be nice to have a definite answer. If 
the same accounts were involved they could 
be separated in a special file. This is one of 
the design parameters for which I would 
like to know a definite value. I just don't 
know the answer to your question but I 
hope an answer will be forthcoming. 
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or a good salesman. C. Kagan (Western Electric Co.): Would 
you say that economical maintenance of 
records in several sequences compels the 
use of random access devices; assuming a 
large file of 100,000-80 digital records, 100 
transactions a day, that may have to be 
posted in several of the file units within a 
particular sequence as well as in the same 
number of file units in all other sequences? 

J. Smith (Smith Mfg. Co.): What are 
examples of coordinate and random access 
machines? 

pendent of one another; one could use a 
random access device with either coordinate 
or search access. 

J. Smith (Smith Mfg. Co.): If the mem­
ory core matrix is coordinate access, what 
is used to indicate which coordinates to use? 

Dr. Oettinger: I have a rough idea of 
what that means, but the only answer I 
could give would be as involved as the 
question was. I would be happy to see Mr. 
Kagan privately. The answer would require 
a study of multiple ordering, and the rela­
tionship of this problem to the whole storage 
device problem is extremely complicated. 
The only thing I can say is that there are no 
good answers to this, and that anyone who 
claims to have an answer is either deluded 

Dr. Oettinger: Well, a random access 
device-for example a magnetic drum-is a 
random access device because the informa­
tion can be obtained at random from any 
position on the drum in roughly the same 
time as if in natural order. Coordinate access 
refers to the direct selection of individual 
items without search. Let's say we are talk­
ing of words; with coordinate access, every 
word can be selected independently from 
all the others. Many of the high speed drums 
are accessible in this form. On the other 
hand, there are others where only blocks are 
accessible by coordinates and words within 
the blocks are accessible only by searching 
the blocks. These characteristics are inde-

Dr. Oettinger: The intersection of a set 
of wires specifies a core; this is actually one 
of the most graphic types of coordinates. 

H. Groelinger (National Bureau of 
Standards): You seem to imply tape search­
ing usually is a function of special inquiries. 
These, however, never decrease but steadily 
and consistently increase. If this is coupled 
with a business' desire to increase its service 
to its clients, would you not conclude that 
the adverse effect of "tape searching" can 
be ignored? 

Dr. Oettinger: If the gentleman wants to 
see me I would be glad to debate this issue. 

Evaluation of Sorting Methods 
J. c. HOSKENt 

INTRODUCTION 

I HAVE BEEN asked to report to you on the present 
state of the art of sorting. In order to do so, I have 
obtained help and information from more people 

than I can thank individually. My former employers, 
Arthur D. Little, Inc. have allowed me to spend many 
hours of their valuable time, and my present employers, 
The Farrington Manufacturing Co., of their, I am glad 
to say, even more valuable time, on sorting out the in­
formation received. 

Definition 

For my purpose, sorting means putting things in 
order according to some numerical, alphabetic, or geo­
graphical key. The things sorted may be mail or checks, 
which in themselves should arrive in one piece at a 
specified destination, or items of information which may 
be transferred from one medium to another without 
loss. 

Importance 

Sorting is an important subject. To lower costs per 
unit of output, people usually increase the size of their 
operations. But under these conditions, the unit cost of 
sorting, instead of falling, rises. Sorting is a major rea­
son for using punched cards. Up till now it has often 
been a major reason for not using magnetic tapes and 
otherwise high speed systems. 

t Farrington Mfg. Co., Industrial Center, Needham Hgts. 94, 
Mass. 

Why Sort? 

The usual reasons for sorting are: to enable informa­
tion to be found easily, as in a telephone directory; as a 
step in bringing together pieces of information, for 
example, in reconciling incoming checks with billing 
information; to bring files up to date, as in an inventory 
system; in sorting mail and handling checks; in making 
a summary report. 

How Sort? 

In order to get sorting done expeditiously, you can 
either hire someone who knows the alphabet, or, as 
they do in the post office, someone who knows geography 
and is a good pitcher; you can use filing devices, like 
card indexes; you can build a specialized machine like 
Erma's sorting mechanism [1]; you can use punched 
card sorters; you can use electronic clerical machine 
sorters. 

Techniques 

In all the various sorting systems, a relatively limited 
number of techniques is used. These I propose to de­
scribe in turn. 

Terms 

Before discussing the various techniques, let me 
define one or two terms for my purpose. 

An item, sometimes called a record, is a unit which is 
being sorted. It may be a letter in the mail, a check or 
the details of a transaction, such as what Mrs. Murphy 
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bought at Filene's yesterday, or the number of parts 
#3792 extracted for job #767. 

The key (or designator) is the information on the 
item which indicates the order in which it is to be 
sorted; e.g., the address on an envelope in the mail, the 
part number in an inventory system, the catalog num­
ber in a mail order transaction, the subscriber's name 
in a telephone directory, or the town or district in a 
fulfillment system. 

A string is defined as a number of items whose keys 
are in ascending or descending order. 

A block is a number of items read into a computer in 
one operation in some systems. 

Distribution 

The simplest technique and probably the oldest is 
distribution. This is the system used in the post office 
where mail is sorted into geographical categories. The 
number of categories in each sort is limited by the ac­
curacy of the mail sorter's aim, and is usually about 
twenty. Each of these categories is subsequently broken 
down into 20 more and so on. 

Digital 

The next technique is generally known as digital, 
but also as column, character, decimal, alphabetic, or 
diverging sorting. This is the method normally used in 
sorting punched cards. 

Merge or Mesh 

The next technique is known as merge, mesh, or 
collate. This is the most commonly used in machines 
using magnetic tape. 

Inserting, Address Calculation, Selection, Exchange 

Several other techniques are practical in dealing with 
information carried in a relatively high-speed memory, 
such as a magnetic drum. One of these is the method of 
inserting, a special form of which is called address calcu­
lation; another is the method of selection, in one form 
called "nth" degree selection; another is the method of 
exchange. 

A void Sorting 

The last important technique is to avoid sorting 
altogether. This can be done by making somebody else 
do it. An example in ordering parts from inventory is to 
supply a form containing all the part numbers in order 
and to make the person ordering fill in requirements on 
this form. Another method is to use a large rapid or 
random access memory. Several of these are gradually 
becoming available. 

ILLUSTRATION OF TECHNIQUES 

Distribution Systems 

As mentioned earlier, the oldest of the distribution 
systems is mail sorting. The Canadian post office [2] 
has recently been bringing this up to date by translating 

1\"'~ __ ""P:---16 

I 29 
,··..,....--30 

~ 
(a) 

(b) 
(a) Intertype matrix bar sorter mechanism. 
(b) Intertype matrices showing binary keys. 

Fig. 1 

the address on the envelope into a coded key which is 
printed on the back of the envelope in dots and can 
subsequently be read by photo-electric devices control­
ling the sorting operation. Other mail sorting systems 
are being developed in Europe. Another system of this 
kind which has been at work for a long time is the 
matrix bar sorter which returns the matrices to the 
magazine in an In tertype [3] or Linotype [4] type­
setting machine [Fig. lea) and (b)]. In this case, a 
binary key is permanently cut in the metal of the 
matrix and the matrix is slid along the matrix bar till 
it reaches the first point where the voids in the matrix 
bar match with the teeth in the key: Here it falls off into 
a pocket. 

Jack Rabinow [S] some time ago developed an in­
genious conveyor belt sorter [6] of this general type for 
the Bureau of the Census (Fig. 2). In this case, each 
item to be sorted is placed in a carrier on a moving 
belt or chain and at the loading station a series of cams 
attached to this carrier is set up to represent the key of 
the item. The carrier then passes along over a number 
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Fig. 2-Rabinow belt sorter at the Bureau of the Census. 

DISTRIIUTIOH SORT 

00 10 20 30 ~ 50 60 70 10 90 
TO TO TO TO TO TO TO TO TO TO 
09 19 29 39 49 59 69 79 89 99 

017 028 032 OU 076 091 
013 
019 
018 
016 

(b) 

0 2 3 4 5 6 7 I 9 

013 0161017 0'1 019 
(c) 

00 10 20 30 ~ 50 60 70 80 90 
TO TO TO TO TO TO TO TO TO TO 
09 19 29 39 1/1 59 69 79 89 99 

105 128 140 157 167 172 196 
101 123 146 154 173 

122 175 
(d) 

(a) Keys distributed into "hundred" blocks (first step). 
(b) The first "hundred" block distributed into "ten" blocks (first 

step of second round). 
(c) The second "ten" block of the first "hundred" block dis-

tributed into "unit" blocks (second step of third round). 
(d) The second "hundred" block distributed into "ten" blocks 

(second step of second round). 

Fig. 3-Distribution. sort. 

of pockets. At each pocket, a series of two-way switches 
is actuated or not by the cams. When the cams reach 
a pocket having a similar setting in its in terroga ting 
switches, a solenoid unloads the item from the carrier 
into the pocket. Systems of this kind can be made with 
very large numbers of pockets and are suitable for mail 
applications and for census applications. 

The theory of the distribution sort can best be illus­
trated by a series of diagrams [Fig. 3(a) to (d)]. 

Digital Systems 

The theory of digital systems can be seen from Fig. 
4(a) to (g), p. 42. The new Underwood [7] Rapid-Sort 
(Fig. 5, p. 43) is a device for digital (or distribution) sort­
ing items like checks, sales slips, or invoices, which are 
not machine-coded. Each item in turn appears at the top 
of a pile and can be read by the operator who then presses 
a typewriter key corresponding to the digit or character 
against which sorting is being done. The item is then 
rapidly transported into the corresponding pocket by 
a series of driven and idler rolls. As soon as the item has 
passed through the solenoid operated gate, the keyboard 
is unlocked and the key for the next item can be pressed. 
Up to 50 pockets are available on this machine. 

Card sorters in general operate on the digital system. 
The familiar IBM [8], Remington Rand [9], and 
Underwood-Samas [10] sorters all operate on generally 
the same principle. The mechanism of the IBM sorter 
(Fig. 6) is the easiest to describe and is shown in Fig. 
7(a) and (b). At the reading station the solenoid opens 
a gap between two of the chute blades as the card is 
fed forward. Thereafter the card is guided by the chute 
blades into the correct pocket. In the others, cards are 
guided into pockets by gates. The correct delay be-: 
tween reading and gate opening is derived from a me­
chanical disc and bail memory. 

The Eastman Kodak Minicard system (Fig. 8) has a 
digital sorter with a circular transport system and is 
arranged so that cards can be automatically fed into 
and out of the pockets. No manual operation is there­
fore required between paSEes. 

Having studied gamesmanship under Stephen Potter 
[12], I was naturally constrained to turn to Jack Potter 
[13], for instruction in sortsmanship. He is buil:iing a 
tape sorter which is exactly analogous to the standard 
card sorter. By making use of a single drive system for 
all the tape mechanisms, and by using other shortcuts, 
he hopes to be able to produce a ten-.tape sorter for 
something less than $10,000. The logical system in this 
device can, of course, be extremely simple since all it has 
to do is to count to the correct digit position in the key, 
detect the digit and transfer the item to the tape cor­
responding to that digit. The information from the 10 
tapes in turn is then transferred to the input tape and 
the operation repeated for the next digit. 

Presumably the Marchant Tape Information Proces­
sor [14] now being developed with quick change tape 
magazines will provide comparable results. 
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DIGITAL SORT 
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SORT OM LIAST II_PlCAMT DIGiT 
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~ 102 303 794 ~.J 926 857 878 019 
@ 012 473 834 695 846 377 908529 
800 122 123 014 945 956 411 658 789 
910 101 03~ 213 044 105 596 347 098 939 
620 101 172 903 154 635 656 567 598 309 
270 321 532 013 654 225 296 m 698 459 
830 421 432 803 444 835 !66 497 678 879 
o 1 2- 3 4 5 6 7 8 9 

I I I I I I I I I I I (b) 

101 172 903 154 635 656 567 591 309 ;ici 101 032 213rT05 =\ i~"7 =: ;;;\ 
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o 1 2- 3 4 5 6 7 • , 
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I (c) 

1
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11111111111 
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SORT ON SECOND DIGIT I 

529 
128 

309 028 879 
908 019 926 939 878 591 
906 018 225 635 459 678 691 
105 017 123 635 747 658 377 789 497 
303 617 123 835 347 157 167 m 789 296 
903 014 122 834 846 857 467 376 487 596 
803 213 321 833 645 156 567 376", 296 
102 013 421 032 945 956 766 173 386 795 
101 012 120 532 044 656 665 473 785 695 
101 610 820 432 444 154 265 172 980 794 
800 910 620 830 140 654 465 270 780 790 
o 1 234 567 8 9 

I I I I I I I I I I I (e) 

013 421 032 945 956 766 173 386 795 
012 120 532 044 656 665 473 785 695 
610 820 432 444 154 265 172 910 794 
910 620 830 140 654 465 270 710 790 

o 1 234 567 • 9 
~ SORi OH MOST SIGNIFICANT DIGIT 

102 
101 
101 

803 
800 

11111111111 
012.3456789 

SORT ON MOST IGNIFICANT DIGIT 
173 
172 
167 698 879 

098 157 695 878 

098 154 497::: 795 857 
044 ~ ;~ 487 658 794 856 980 
g~~ 123 386 486 656 790 846 956 

123 377 473 654 789 835 945 
019 122 296 376 467 645 789 834 939 
018 120 296 316 465 598 635 785 833 926 
017 105 270 347 459 596 635 780 830 910 
014 102 265 321 444 567 620 m 820 908 
013 101 225 309 432 532 617 766 803 906 
012 101 213 303 421 529 610 747 800 903 

(f) 

(g) 

(a) Begin sorting on least significant digit (beginning of first 
round). 

(b) Finish sorting on least significant digit (end of first round). 
(c) Sort "zero" column by second digit (beginning of first step of 

second round). 
(d) Begin sorting "one" column by second digit (beginning of 

second step of second round). 
(e) Complete sorting on second digit (end of second round). 
(£) Sort "zero" column by most significant digit (first step of 

third round). 
(g) Complete sort on most significant digit (end of third round­

final step). 

Fig. 4-Digital sort. 
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Fig. 5-Underwood Rapid-sort. 

Fig. 6-IBM card sorter model 82. 

G PRINCIPLES 

Chute Blades 

\ 

Carrier 
Roll Shaft 

Magnet Coils 

(a) 

(b) 
(a) The card is fed forward and pushes up the chute blades. 
(b) The brush A senses the code hole and makes the solenoid let 

the remaining chute blades down so that the card can enter 
at this point. 

Fig. 7-0perating principles of IBM card sorters. 

n 
\--
10 
1...1 
11/1 

I 

~21111 

CODE -'r. mO
" 

'C-~ ,. 

70 COLUMNS .:. , '. 

, (WHEN NO IMAGES) :-. ',~ . 

42 BITS PER COL.UMN 

~ '"':~ ~
-,---

12 IMAGES MAXIMUM . - ,." 

OPEN CODE FIE LD -
....... FIXED-CONTROL FIELD 

SORTING FIELD 

Fig. 8-Eastman Kodak Minicard format. 

161111 

In their check-handling system for banks, Interna­
tional Telemeter [15] attach a heat-sensitive punched 

. tape to the edge of each check. From then on the 
checks can be handled in decks on a sort of double 
skewer and independently on nearly standard punched 
tape handling equipment. In sorting, the key is read 
from the holes in the punched tape and when the check 
reaches the correct position a paddle wheel moves up 
one notch and removes the check from the conveyor 
(Fig. 9). 

Fig. 9-International Telemeter check sorter. 

In the Burroughs [16] Todd [17] Addressograph­
Multigraph [18] system for handling checks, the key 
and other information is contained in dots on the check 
printed in fluorescent ink [Fig. 10(a)]. The checks are 
physically sorted by the Todd sorter shown in Fig. 10(b) 
to (g), p. 44. ' 

Another check sorter, which is also applicable to other 
documents, is made by Halm Instrument Co. [19] and 
used in conjunction with Intelligent Machines Research 
Corp. equipment, among others. The Halm sorter [Fig. 
11(a) and (b), p. 45] is designed in such a way that the 
check is never gripped by anything- more violent than a 
suction cup. The idea is that it shall do no more harm to 
the checks than occasionally throwing them on the floor. 
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(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

(a) Check imprinter. 
(b) Over-all view of sorter. 
(c) Checks being fed from the top of the pile. 
(d) Skewed belt and balls align check with edge of track. 
(e) Reading section open showing check entering chute blades. 
(f) Distribution section open showing check entering turning bar. 
(g) Check entering pocket upside down to maintain original 

order. 

Fig. 10-Todd check-sorting equipment using fluorescent ink dot 
code. 
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(b) 

(a) Twelve pocket pneumatic sorter. 
(b) Detail showing reading head and transfer discs with suction 

ports. 
Fig. ll-Halm sorter. 

ERMA was somewhat coy about her sorting equip­
ment and all I have is a photograph (Fig. 12) taken in 
the dark. I was, however, told that her sorting mecha­
nism involved electrical, mechanical, and air-operated 
devices. No doubt in the immortal words of T. S. Eliot 
she "gives promise of pneumatic bliss." 

The Automatic Message Accounting System (Fig. 13) 
devised by the Bell Laboratories [20, 21] for the tele­
phone companies is one of the few examples of punched 
tape sorting equipment. This operates on a decimal­
digital system. 

The Sperry Rand File Computer [43] is primarily an 
inventory machine but has been built to have as much 
flexibility as possible. Its coding distributor and large 
capacity drum memory allow the machine to be pro­
grammed to perform a digital sort on two decimal digits 
at a time thus halving the number of passes required 
with a normal digital sort. 

Fig. 12-ERMA photographed in the dark. 

Fig. 13-Bell Automatic Message Accounting System. 

Mesh or Merge Systems 

These systems are the commonest with magnetic 
tape equipment. The theory of two of them is explained 
in Fig. 14(a) to (m), pp. 46 and 47, and Fig. 15(a) to 
(g), pp. 48 and 49. 

The Underwood Elecom File Processor [22-24] uses 
a two-wa y merge sorting system. 

The RCA Bizmac Sorter [25, 26] uses a two-way 
merge system. 

Univac [27-31] at first used two-way merge sorting 
and the Univac sort generator was the first major 
automatic routine to be completed. It has been in use 
since 1951. A three-way sort routine has now been de­
vised for Univac. Also available is a more sophisticated 
merge system making good use of the high speed mem­
ory and known as the Arranger [32]. 

For the IBM 705 [33-36} a sophisticated three-way 
sort routine is available. 

The Datamatic 1000 [37,38] allows a very fast read 
in from its wide tape and its sorting capabilities are 
rumored to exceed those of the other machines. 

Time is saved at the beginning of most of these 
merge-sort routines by reading blocks of items into the 
internal memory and there sorting them into strings at 
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BINARY MESH (MERGE) SORT (EQUAL STRINGS) 

(a) 

INPUT 

TAPE 8 

INPUT REGISTER 

TAPE C TAPE D I OUTPUT I 
(b) 

COMPARE INPUT REGISTERS 

INPUT ... 1 _______ ...... 

TAPE 8 

m 
INPUT REGISTER 

TAPE C TAPE D I OUTPUT I 
(c) 

(a) Input tape; items represented by strips; the length of the 
black part representing the key. 

(b) Beginning of first pass; input from Tape A; output to tapes 
B & C; two input registers each holding one item. 

TAPE A 

TAPE C 

INPUT 

TAPE A TAPE I 

INPUT REGISTER 

1 ...-------,'_t. 

:-JI •• TA.P.E.C.IIIII-,OUTPUT fjl···T~ 
(e) 

'''PUT REGISTER 

TAPE C TAPE D 

OUTPUT ..... 

(f) 

(c) Read first two items into input registers. 
(d) Compare, read smaller and then larger into Tape C. 
(e) Read next two items in ascending order into Tape D. 
(f) Repeat till Tapes C & D each contain a series of strings of two. 
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J OUTPUT I I 
J 

TAPE A TAPE 8 

'" INPUT REGISTER 

TAPE C TAPE D 

INPUT 

(g) 

OUTPUT I 
TAPE A TAPE 8 

INPUT REGISTER 

TAPE C TAPE 0 

INPUT 

(h) 

OUTPUT 

TAPE A TAPE '8 

INPUT REGISTER 1 
TAPE C TAPE D 

INPUT 

(g) Exchange input and output; read from each input tape into 
corresponding input register; compare; read smaller into 
output Tape A; immediately replace with next item from the 
tape the smaller came from; compare and read smaller into 
Tape A. 

(h) 'Continue thus until the first two strings of two in Tapes C & D 
have been merged into a string of 4 in Tape A. 

OUTPUT 

TAPE A TAPE 8 

(k) 

OUTPUT 

TAPE A TAPE B 

INPUT REGISTER 

(1) 

TAPE C TAPE D 

OUTPUT I 

(m) 

(j) Merge the next two strings of two into a string of 4 in Tape B. 
(k) Repeat till all strings of two have been merged into strings 

of 4 in Tapes A & B. 
(I) Merge these into strings of 8 in tapes "C!& D and then into 

strings of 16 in Tapes A & B. 
(m) Merge these into a string of 32 in Tape C. 

Fig. 14-Binary mesh (merge) sort; equal strings; input in random order. 
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TERNARY MnH (MUGE) SORT (UNEQUAL STRINGS) 

INPUT 

TAPE ,. TAPE B TAPE C 

INPUT REGISTER 

(a) 

COMPARE IIII'UT REGIITERS 

L INPUT 
TAPE 8 TAPI C 

"- --....... 
INPUT REGISTER 

OUTPUT BtIf'FER 
::::J 

TAPE D TAPE E TAPE F I OUTPUT I 
(b) 

REA:> SMAlLEST IIiTO OUTPUT IIU"IR 

INPUT 

TAPE A TAPE B TAPIC 

IIiPUT REGISTER 

r/' 
OUTPUT BUFFER 

TAPE 0 TAPE E TAPE F 

I OUTPUT I 
(C) 

COMPARI INPUT WITH OUTPUT IU"IR 

INPUT 1 .... _____ .... 
TAPE I TAPIC 

INPUT REGISTER 

OUTPUT IUFFER 

TAPE D TAPE E TAPE F I OUTPUT I 
(d) 

(a) Input Tape A; items in random order. 
(b) Read first three items into input registers. 
(c) Compare A with B and smaller with C; read smaller into 

output buffer D. 
(d) Read next item into empty input register; compare with out­

put buffer D; if larger continue. 

(e) 

(f) 

(g) 

(h) 

COMPARE IHPUT REGISTeR. 
REAO SMALLEST INTO OUTPUT IU"IR 

INPUT I I ,--I ----... 

TAPE P 

TAPE 0 

i 

TAPE I -INPUT REGISTER 

OUTPUT BUFFER 

TAPE E I OUTPUT I 
(e) 

COMPARE INPUT WlTN OUTPUT IU"ER 
HOLO UNTIL CHANGE OF OUTPUT TAPeS 

INPUT I 1 
., 

'-
TAPE 11 

HOLD -'l 
INPUT REGISTER 

OUTPUT BUFFER 
:::::J 

TArE f i OUTPUT I 
(f) 

COMPARE INPUT REGI$TlAS 

INPuRTET SMAlLER INTO OUTPj IUFFEj 

TAPE B 

HOLD -INPUT REGISTER 

OUTPUT BUFFER 

TAPE E 

(g) 

COMPARE INPUT WITH OUTP'JT IUF"R 
HOLO UNTIL CHANGE OF OUTPUT TAPn 

'---____ --' INPUT 

1. TAPE A 

HOLD -----it 
TAPE B 

HOLO -INPUT REGIITER 

TAPE E 

(h) 

TAPIC 

TAPE F 

TAPI C 

TAPE f 

TAPIC 

TAPE F 

TAPIC 

TAPE F 

Read output buffer into Tape D; compare input registers; 
read smallest into output buffer D. 
Read next item into empty input register; compare with out­
put buffer D; if smaller hold until change of output tapes. 
Read output buffer into Tape D; compare remaining input 
registers; read smaller into output buffer D. 
Read next item into empty input register; compare with out­
put buffer D; if smaller hold until change of output tapes. 
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TAPE A 

MOLD 

TAPE D 

INPUT 

COMPARE IIII'UT WITH OUT .. UT tU .. 'ER 
t."AllGE 0' oUTPUT TArts 

TAPE a 

HOLD ~ -INPUT REGISTER 

4(" OUTPUT BUFfER 

TAPE E 

I~OUTPUTI 

(j) 

COMPARE INPUT REGISTERS 
READ SMALLEST INTO OUTPUT aUFnR 

IHI'UT 

TAPI C 

TAPEf 

TAPE A TAPE a TAPI C 

~OUTPUTI 

INPUT REGISTER 

OUTPUT IiUFFEi ! -
TAPE E 

(k) 

TAPE f 

~ '-, .. """ .~u ~~-_ INPUT I I ~I ~ 
TAPE A TAPE a 

TAPE D 

~OUTPUT 

INPUT REGI'lER 

OUTPUT BUFFER 

(1) 

.3 ~~~._ 
~--IIII'UTI I 

TAPE A 

TAPE D 

~OUTPUT 

TAPE 8 

INPUT REGISTER 

OUTPUT lUI' FER 

(m) 

TAPIC 

TAPE F 

TAPIC 

-

(j) Read output buffer into Tape D; read remaining input register 
into output buffer D j read next item into empty input 
register; compare with output buffer D; if smaller change 
output tapes. 

(k) Compare input registers; read smallest into output buffer E. 
(1) Continue in the same way to read a string into Tape E. 
(m) Continue to read a string into Tape F. 

(n) 
(0) 

(p) 

(q) 

_______ --', OUTPUT L., _____ --J 

T .. PE .. T .... E a TAPI C 

INPUT REGI'lER 

(n) 

COMPARE INPUT REGISTERS 

'-------~ OUTPUT I I 
TAPE A TAPE 8 

_____ ..... 4 ....... 
OUTPUT IUffER 

INPUT REGI~TER 

- -
TAPE 0 

~'~" 

(0) 

OUTPUT 
TAPE A TAPE I TAP! C 

I 
OUTPUT BUFFER 

INPUT REGISTER 

TAPE D TAPE E TAPE F 
INPUT 

(p) 

INPUT UGISTEII 

OUTPUT aU"11I 

TAPE D TAP! E TAPI .. 

_____ -----.1. OUTPUT I 

(q) 

Continu~ to read further strings into the output tapes in turn. 
~hange mput t? 0l!tput; rec;td first item of each input tape 
mto correspondmg mput register; compare and read smallest 
into output buffer A. 
Continue to merge Tapes D, E, & F into strings in-Tapes-A 
B, & C. ' 
Change input to output and merge these strings into ~one 
string in Tape D. 

Fig. lS-Ternary mesh (merge) sort; unequal strings; random input. 
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high speed. This takes the place of the first few passes. 
Another method of time saving, used for example in the 
705 routine mentioned, is to read the information from 
the input tape into the internal memory in large blocks. 
This saves much of the time used normally in starting 
and stopping the tape. The Arranger [32] routine al­
ready mentioned makes use of the internal memory to 
convert the input into variable length strings, any of 
which may contain more information than the capacity 
of the internal memory. In merging it effectively uses 
parts of the high speed memory as large in pu t registers 
and output buffers to reduce the number of passes 
needed. 

The National Cash Register Co. [39] designed a 
processor, the Model 303, which incorporates a built-in 
sort command to sort the contents of a full drum channel 
and a built-in merge command to merge two sorted 
channels. 

Address Calculation 

Address Calculation, a relative newcomer among sort­
ing routines, was lately described by Mr. Isaac of 
SRI [40]. In a way the system is similar to that used in 
the Savasort [40] hand sorting system shown in Fig. 16. 

Fig. 16-Savasort manual sorting device. 

In this manual system the operator makes a guess at 
the approximate position in the file, turns the file to 
that point, and then checks the exact position in which 
to insert the item. The address calculation method for 
rapid access memories requires some knowledge of the 
characteristics of the keys of the items to be sorted. 
From the information, an approximate relation is es­
tablished between the key and the address in which it 
has to be inserted. Suppose that 50 items are to be sorted 
into 100 pockets and that their keys are random num­
bers between 0 and 999. Suppose the pockets are num­
bered 0 to 99. A good approximation at sorting would 

be obtained by dividing the key by 10 and inserting in 
the pocket corresponding to the answer. Fig. 17(a) to 
(h) shows the theory and the routine for making slight 
corrections, if the pocket happens to be full. This system 
is only efficient if the number of pockets available is 
nearly twice as great as the number of items',Otherwise, 
too much comparing and moving is needed. 

Another insertion is used by Monroe [42] in their 
Monrobot under some conditions. They program the 
search so that the required address on the drum is 
traced as being first in one half, then in one half of that 
half, and so on. 

Selection Systems 

The theory of this technique is shown in Fig. 18(a) to 
(j), p. 52. 

A variety of this technique has been described by Mr. 
Friend [44] under the name "Nth Degree Selection." 

A similar method has been used by the ERA group 
of Sperry Rand [43]. 

The system is used by The Laboratory for Electronics 
in Diana (of the Chase National Bank) [45, 46]. Their 
system [Fig. 19(a) and (b), p. 53] uses slow-speed, high 
capacity drums and sorting is not normally used until a 
printed output is required. By means of a selection sys­
tem, after an initial run of a few minutes, the Diana 
sorter produces sorted information at the rate of 2! 
items per second, which is enough to match the speed 
of a line-at-a-time printer. Sorting on the Diana com­
puter takes twice as long. 

Exchange Systems 

This method has very simple logic but requires too 
large a number of operations to be of much use gener­
ally. Items in addresses 1 and 2 are compared and the 
one with a smaller key read back into address 1. The 
key of the remaining one is com pared with that of the 
item in address 3 and the smaller read into address 2 
and so on. Walter Soden [47] has suggested a modifica­
tion which he claims reduces the number of operations. 

Avoid Sorting 

The Clevite [48,49] "TapeDRUM" [Fig. 20(a) and 
(b), p. 53] which effectively gives magnetic drum type 
access to a page at a time of information carried on a 
wide tape, can be used by various means to avoid sorting. 
For example, where information about transactions is 
coming into a system and has to be used to update a 
large file, the file can be held on the tape of a "Tape­
DRUM" and the incoming items can be temporarily 
stored on a normal magnetic drum with enough ca­
pacity to hold the number of items which comes in in the 
time required for the "TapeDRUM" to go through the 
whole length of the tape. In use, the "TapeDRUM" 
scans a page at a time and wherever the key of an item 
on the high-speed drum corresponds with the key of an 
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(a) Read into calculated addresses. (e) Address full; compare; if larger move up one address. 
(b) Address full; compare with item in address; if smaller move (f) Address full; compare; if smaller move item in address up one. 

down one address. • 
(c) If empty read in. (g) Read into empty address. 
(d) Address full; compare; if larger move up one address. (h) Fifty items inserted in 100 addresses. 

Fig. 17-Address calculation sort. 
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(a) By a series of comparisons, select smallest key in each track 
(one revolution). 

(b) Read these items with the number of the tape they came from 
into the three partial sort tracks. 

(c) Select item with smallest key in each partial sort track and 
read item into final sort track. 

(d) Replace each item removed from the partial sort tracks by 
the next smallest in the track it came from. 
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(e) Select the smallest in the final sort track and read it into the 
output. 

(f) R,eplace this by the smallest in the partial sort track it came 
from; replace the latter by the smallest left in the track it 
came from. 

(g) Read out the smallest in the final sort track; replace as before. 
(h) Continue selecting and replacing. 
(j) Continue as before. 

Fig. 1S-Selection sort-example: 9 tracks each containing 3 items are sorted by using 3 partial sort tracks, 
1 final sort track and an output. 
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(a) (b) 

(a) Arrangement of tracks on drums. 
(b) Schematic of selection sorting routine. 

Fig. 19-Diana system of selection sorting. 

(a) (b) 

(a) General arrangement. 
(b) Detail of drum and wide tape. 

Fig. 20-Clevite TapeDRUM. 

item on the "TapeDRUM," that item is transferred to 
the "TapeDRUM." If the final information has to be 
sorted by more than one key, two "TapeDRUMS" can 
be used. 

Examples of large capacity rapid access memories 
other than that of Diana are the IBM multiple mag­
neticnisk memory [50, 51 ] usually known as the Juke Box 

[Fig. 21(a) and (b), p. 54] and the Potter [13] and 
Telecomputing [52] rapid access magnetic tape mem­
ories. All of these are especially suitable for systems 
in which the information has to be arranged always 
according to one key. The Photoscopic [15, 53] infor­
mation storage system (Fig. 22, p. 54) being developed 
by International Telemeter operates on different princi-
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(a) 

(b) 

(a) The read-write head is raised or lowered and inserted me­
chanically. 

(b) The disks which hold up to 5 million characters. 

Fig. 21-IBM 305 disk (Juke Box) memory. 

Fig. 22-International Telemeter Photoscopic Memory. 

pIes. In this case, the information is contained in a 
photographic film attached to a rotating glass disk. 
The access time in this system is much smaller than 
in the other systems and an access time of 50 milli­
seconds to any word in a 20 million bit store is being 
talked of. The main difference between this system and 
the others is that, being photographic, the information 
is not erasable. There are, however, a number of applica­
tions where this is not very important. Examples are a 
mail-order catalog, a dictionary, and the information 
required for sorting mail down to mailmen's routes. 1£ a 
relatively small number of corrections and additions are 
required, this can be achieved by using a magnetic drum 
memory in parallel, having a capacity some small pro­
portion of that of the Photoscopic store. 

COMPARISON OF SYSTEMS 

A great deal has been written about methods of com­
paring the speeds of various sorting routines [54-59] 
but in a paper of this kind all I can do is to provide a 
bibliography and extract some generalizations. In 
choosing between various sorting systt::ms, it appears 
to be unsafe to reach a decision without first examining 
all the requirements, all the available equipment and 
several possible systems. It can be said in general, how­
ever, that distribution systems are likely to be faster 
when the number of possible keys is small compared 
with the number of items; that digital systems are good 
when the number of possible keys is about equal to the 
number of items and where very simple logic is a help; 
and that merge systems are suitable when the number 
of possible keys is large compared with the number of 
items, where more complicated logic can be used to 
speed up the process, or where items are partially or­
dered to start with. 

Actual sorting time cannot be computed until infor­
mation is available on the number of words per item, 
the number of digits in the key, the number of items, 
the speeds of the various parts of the sorting mechanism, 
and the details of other clerical functions which can be 
combined with sorting. 

To achieve economy in a clerical system, it is neces­
sary that the various parts be in balance; that is to say 
tha t no one function such as tape handling acts as a 
bottleneck and prevents other parts of the equipment 
from operating at full capacity. In line with this reason­
ing, many of the recent improvements in sorting have 
been brought about by increasing the speed at which 
information can be read in and out of tapes (vide the 
Datamatic 1000 [37], which uses 3 inch wide tapes 
traveling at 100 inches a second read at a rate of 56,000 
characters per second). The use of ample buffer storage 
which permits reading, computing, and writing at the 
same time is now common practice. 

In some cases, economy is achieved by separating 
sorting and computing functions. The commonest case 
is where the information is on cards which can be sorted 
very economically. In many clerical systems involving 
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magnetic tape files which have to be kept up to date a 
very large proportion of the tape handling time is taken 
up in sorting input transactions and merging these 
with the main file. In a typical case 5,000 items out of 
a file of 100,000 may have to be brought up to date. 
If this were done in acorn pu'ter, most of the com pu ter 
operating time would be spent searching tape and only 
a small part of the time in computing. One approach to 
this problem, used in Bizmac [26], Miniac [14], and 
Elecom [24], is to have a separate relatively un­
sophisticated fixed program selecting, merging, and sort­
ing machine which prepares short tapes for the main 
computer's concentrated attention. The logic of select­
ing, merging, and two-way merge sorting is very simi­
lar. Of course, this choice would not be economic if it 
involved idle computer time. This again emphasizes the 
necessity for analyzing the job and using balanced ma­
chine elements. Diana [46] has a separate sorter with 
some additional parallel computing components which 
allow a sorting output twice as fast as that from the 
computer. 

I have touched lightly on many facets of a wide field. 
I shall have accomplished my purpose if I have sorted 
and put in logical order the gist of the great volume of 
material which has been generated about sorting over 
the past few years. 
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Document Processing 
ROBERT H. GREGORVt 

CURIOUSLY, the ACM First Glossary of Program­
ming Terminology has no entry for the word 
"document." The American College Dictionary 

defines it as "a written or printed paper furnishing in­
formation or evidence, a legal or official paper." With­
out becoming lexicographers, we might observe that 
"write" means "to trace or form (characters, letters, 
words, etc.) on the surface of some material, as with a 
pen, pencil or other instrument or means; inscribe." 

Quite clearly these definitions reflect long-existing 
techniques for economically reducing information to a 
form suitable for storage and evidential use, if neces­
sary. The definition of a document is quite restrictive 
for it specifies a substance (paper), the method of mak­
ing marks on it (writing or printing), and its use (furn­
ishing information or evidence, legal or official). Actual 
or potential use of business documents for legal or offi­
cial purposes occurs frequently. Laws and regulations 
covering content and retention have an important bear­
ing on areas of documen t processing open to change and 
the rate at which changes can be made. 1 Interestingly, 
however, "writing" is defined broadly enough to en­
compass most or perhaps all of the output techniques 
used in conjunction with computers for preparing legible 
copy. 

FUNCTION OF DOCUMENT 

The traditional function of business documents is to 
identify the parties to and nature of a transaction and 
to serve as a temporary storage medium (but often for 
rather long periods) for input to record-keeping sys­
tems. 

A small firm has a high proportion of its transactions 
with other firms (interfirm) so that the evidential 
aspects of a document for settling disputes may be 
fairly high. A large firm, on the other hand, has a high 
proportion of intrafirm transactions so that internal 
responsibility and managerial control are more impor­
tant objectives. The record-keeping systems of indi­
vidual firms, whether large or small, are usually opera­
tionally disjointed and incompatible (in view of the 
techniques available at any time) so that manually or 
mechanically generated documents serve as the con­
necting link for manual input for the records of both 
firms involved in a transaction. The notion is widely 
held, although some exceptions will be pointed out later, 

t School of Industrial Management, M.I.T., Cambridge, Mass. 
1 For example, contents, to some extent, but more particularly 

retention periods, for business records and supporting documents 
are specified by both federal and state laws dealing with income tax, 
insurance contributions, unemployment taxes, wages and hours, and 
utility regulations. Retention periods often run from one to six years. 

that information may be machine processable by one 
firm but that others must handle it manually with little 
or no benefits from technical developments of the past 
fifty years or so. 

Substantial intrafirm economies have been and will 
continue to be achieved in data processing. A striking, 
but far from ultimate, development in this area is inte­
grated data processing built around the intensive use of 
punched paper tape within a firm. Little has been done 
to date, however, to improve interfirm information pro­
~essing. The originator ordinarily relies upon manual 
processing and almost universally the recipient is forced 
to do so. Important technical developments in docu­
ment processing and their widespread adoption may 
greatly change the traditional nature and use of docu­
ments. 

HISTORY OF DOCUMENTS 

We tend to think of documents as being individual 
pieces of paper, either thick or thin, serving as the initial 
record of a transaction.2 This has not always been the 
case, however, even after the widespread usage of paper 
in Italy and England by the 14th century. In the in­
fancy of modern accounting some 500 years ago (and 
today in commercially less-advanced countries), the 
initial record of a transaction was made in a memoran­
dum or waste-book. Such a book was notarized by a 
government official upon the user's representation that 
it would be kept currently although the bookkeeper was 
not available momentarily, and that it would contain 
a true and correct copy of transactions. In case of dis­
pu te, it served as prima facie evidence.3 This type of 
record, instead of individual documents, had several 
important features. Paper was economized by use of 
variable record length, only one party to a transaction 
had a copy of the record, the initial steps in the record 
keeping were kept current and the memorandum served 
as the basis for someone skilled in record keeping to 
treat more formally, when convenient. 

As another example of nondocumentary records, for 
a long time the English governmen t recorded collections 
by making notches on split sticks. Tally sticks had some 
good record keeping characteristics. Both parties had 
unique duplicates of the transaction record (by splitting 
the stick and giving part to each party) which ,vere dif­
ficult to manipulate. Pen, ink, and paper replaced tally 
sticks so that they were abolished by Parliament in 1782 
and finally discontinued in ,1826. Disposing of these 

2 "Paper," Encyclopaedia Britannica, vol. 17, pp. 229-30; 1945. 
3 Paciolo, Luca, from Geijsbeek's translation, "Ancient Double 

Entry Bookkeeping," Denver; 1914. Reprinted in A. C. Littleton, 
"Accounting Evolution to 1900." New York, American Institute 
Publishing Co. 1933, p. 64-65. 
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records as "secret waste" by burning them in Parliament 
stoves generated a lot of heat and some light on the 
record disposition problem, as Bowden observes, for the 
building itself was burned down.4 

Two other important, but often overlooked develop­
ments in document generation and processing in the 
nineteenth century were the development of carbon 
paper with its related duplicating techniques and in­
vention of the typewriter. The deluge of paper resulting 
from these inventions is still growing. 

The auditability of documents is considered an im­
portant feature whenever any change is proposed. Dur­
ing the thirteenth century, and for several centuries 
thereafter, the word "auditing" itself meant "to hear" 
for few could read and very few could write. Auditing 
consisted, in part, of a public hearing of the results of 
the fiscal activities of governmental officers by dele­
gated representatives of citizens. Details of receipts 
were tested against common or public knowledge of 
what should have been collected and details of payment 
reports were made sufficiently public to reduce the 
temptation to fraud. 5 Today auditors look aghast at 
any suggestion that documents not be produced at cer­
tain points in the record generation process because, 
not too facetiously perhaps, they demand an oppor­
tunity to exercise their ability to read. 

These extremely brief comments on the historical 
development of documents should make the points 1) 
that the nature of documents represents a rough eco­
nomic balance of the technical factors, including the 
skill of people, available at any time, and 2) readability 
was not necessary in the early development of auditing 
to satisfy auditors who, in fact, might not have been 
able to read. 

IMPROVEMENTS IN DOCUMENT PROCESSING 

An economic appraisal of the problem of improving 
business data processing involves balancing the costs 
of making a change and using the new technique against 
the benefits derived. Determination of the cost of docu­
ment generation and processing is difficult because 
numerous documents may be considered imperative 
with only a limited amount of freedom concerning time 
and place of origin, nature, content, utilization, and 
disposition. Any particular purpose may have only by­
product costs associated with it because the basic docu­
ment will be developed and used without regard to the 
specific purpose at issue. 

Assignment of value to documents is difficult because 
they are considered to be outside the main stream of 
revenue production and merely reflect what is happen­
ing. Experimentation to try to find a nearer optimal 
balance between document cost and value is, in itself, 

4 B. V. Bowden, ed., "Faster Than Thought." London, Sir Isaac 
Pitman and Sons, Ltd., p. 246-47; 1953. 

5 A. C. Littleton, "Accounting Evolution to 1900." New York, 
American Institute Publishing Co., p. 262-4;1933. 

expensive because of the pervasive nature of documents, 
both within and between firms, and the cost and delay 
in making changes for experimental purposes. 

The broad areas in which document processing is be­
ing or can be improved include the following: 

1) Make the document independent of manual pro­
cessing either (a) after generation or (b) at genera­
tion and thereafter. 

2) Separately process the information and the docu­
ment. 

3) Eliminate a document by making some other 
document serve the purpose or by entirely dispens­
ing with documentation. 

Each of these possibilities deserves some elaboration. 
'The first suggestion is that document can be made sub­
stantially independent of manual operations after their 
initial generation by means of the integrated data pro­
cessing concept. Some of the facilities were already 
available, but a few large companies did a substantial 
amount of work with office equipment manufacturers to 
perfect the use of punched paper tape as an intercom­
munication and document preparation device.6 A 
punched paper tape is created with the initial document 
so that modified versions can be made later by manual 
or perhaps mechanical addition of only a small amount 
of information (quantities, prices, etc.). The whole ar­
ray of office equipment (typewriters, adding machines, 
calculators, bookkeeping machines, telegraphic com­
munication devices, addressograph machines, and pro­
duction recorders) are integratable so that manual 
operations are substantially reduced after intial genera­
tion of a document which itself may be in a reproducible 
form. 

Integrated data processing as practiced thus far, 
seems to be limited to a firm including home office, out­
lying offices, and branches. Document processing with­
in the firm is speeded by faster communication and re­
duced manual processing. 

Substantial opportunities for economies lie in inter­
firm communication by integrated data processing. The 
problems of standardizing intercommunication, for ex­
ample, in order to make one firm's purchase order the 
counterpart of another's sales order, appear to be so 
great that probably little progress will be made in the 
near fu ture. 

Important strides in mechanizing data processing 
are being made through the use of document reading 
devices. Character recognition machines are available 
from several manufacturers to read either one or per­
haps a variety of type styles. In one verison of this tech­
nique developed for oil company credit accounting the 
plan is to have service statiQns imprint punch cards with 
the customer's number from a charge plate. The novel 
feature of the technique is to machine read the custom-

6 H. F. Van Gorder, "Achieving greater productivity in account­
ing through integrated data processing," N.A.C.A. Bull., vol. 35, 
pp. 1708-31; August, 1954. 
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er's number and punch it into the same card. The 
amount of the sale will be manually punched into the 
'card so that the original record becomes machine pro­
cessable thereafter. 7 This approach to document genera­
tion and processing is an alternative either to giving a 
customer a block of punched cards containing his identi­
fying number, or to punching his number into a card at 
the service station by means of a punching device and 
a credit card in the form of a punch card master plate. 8 

These three versions of solutions to the oil companies 
credit sales accounting problems rely upon semi-auto­
matic generation of punch cards before distribution to 
customers or at the service station. Complete mechani­
zation of document generation or its elimination by 
direct communication to a district office is not yet con­
sidered feasible (for example, the gasoline pump con­
tains a small multiplying unit which might be modified 
to produce a suitable form output showing quantity, 
price, and amount) because of the cost of equipping 
numerous service stations and the low utilization of 
rather expensive communication lines. 

Less sophisticated than character recognition devices 
are magnetic and photo electric spot readers used by 
several banks for travelers and personal check process­
ing. Account identification numbers are imprinted on 
paper checks before release. When received at the bank 
on which drawn, a clerk punches the amount (for per­
sonal checks) and the reader picks up the identification 
number to start the processing operation. The initial 
operation for traveler's checks may consist of getting 
the number into form suitable for collating against is­
suance information to reconcile checks paid. The identi­
fication number and amourtt for personal checks may be 
fed into a computer for current record keeping, accord­
ing to the plans announced by one bank and more fully 
described at yesterday's session. 9 Personal checks have 
to be sorted for return to the person writing them. This 
means that both the information and the physical evi­
dence of the transaction must be sorted to fulfill the 
general specifications of the present banking system 
whereby documents are returned to originators. 

The approach to check processing outlined above has 
severe limitations because only the bank on which a 
check is drawn can process it economically. At present, 
however, about two thirds of the processing task is 
done while a check circulates through other banks. More 
will be said later about interfirm data processing which 
is an acute problem for banks. 

Department stores have a difficult problem of data 
processing centering upon credit sales. Every transac­
tion requires information about customer credit and 
accounts receivable, inventory-sales analysis, and sales 
person earnings. Manual preparation of a sales slip and 

7 News Release concerning Scandex, March 2, 1955, Farrington 
Mfg. Co. 

S "Sohio launches IBM credit card system," Natl. Petroleum News, 
vol. 47, pp. 81; March, 1955. 

9 "Cutting bank's paperwork," Business Week, p. 141; October 
1, 1955. 

related operations might be eliminated by ingenious 
combinations of tokens or cards for each factor involved. 
Periodically, new techniques are announced to solve 
part or all of this difficult problem. Canning and others10 

described a "central records" or "delayed-processing" 
approach at the 1954 Western Joint Computer Confer­
ence for the department store data generation problem. 
More recently NCR announced that it had a solution 
to offer for two phases of the problem.ll 

The history of the idea of automatic data input for a 
centralized system for a department store is lengthy. A 
punch card central records system designed to solve 
some of these problems in essentially the same way as 
that proposed by Canning, considering the technology 
of the time, was temporarily installed in a department 
store about 1930.12 Little effective work has been done 
since that time. 

The second area suggested above for improving docu­
ment processing involves separation of the information 
from the paper itself. This approach has large possibili­
ties, if the input document can either be disposed of 
entirely or filed and replaced by a summary or detail 
list after processing. The opportunities are severely re­
stricted, however, if the original document must be de­
livered as evidence. 

Some examples will illustrate this point. United States 
banking practice presumes that a check will be delivered 
to the person paying it. Any scheme for processing the 
information on a check (essentially instructions for a 
bank to charge one account and credi t another) sepa­
rately from the check itself is expected to provide for 
sorting the checks for return to the payer. Some in­
genious processing techniques have been used or pro­
posed for making the information and paper check end 
up at the same point.1s These include attaching a 
punched paper tape14 or a piece of punched card to the 
paper checks and preparation of a duplicate punched 
card for every check. More recently, a committee of the 
American Bankers Association suggested that machines 
be developed to simulate manual operations in order to 
make check handling automatic. 

Banking practices in some European countries and 
elsewhere does not provide for returning checks to the 
person writing them. If the number of referrals is rela­
tivly low, the no-return plan has some merit. Informa­
tion can be taken from the check at an early stage for 
automatic processing by most economical techniques 
and the check itself disposed of as desired. Jacobs and I 

10 R. G. Canning and others, "Trends in Computers: Automatic 
Control and Data Processing." New York, A.I.E.E., 1954; "Businesss 
data processing: a case study," pp. 80-104. 

11 "Electronics counts the stock," Business Week, pp. 57-58; 
February 5, 1955. 

12 L. F. Woodruff, "A system of electric remote-control account­
ing," Elect. Engrg., vol. 57, pp. 77-87; February, 1938. 

13 A survey of the proposed methods is given in R. H. Gregory, 
and Herbert Jacobs, Jr., "A study of the transfer of credit in relation 
to the banking system," M.I.T., Dynamics Analysis and Control Lab., 
Rept. No. 87, July 1, 1954, 26 p. 

14 G. W., Brown, and L. N. Ridenour, "The processing of informa­
tion-containing documents," Proc. West. Comp. Conf., 1953, New 
York, The Institute of Radio Engineers, pp. 80-85; 1953. 
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made the proposal a year or so ago that the "check" 
(either paper, punch card or in any form suitable for 
transmission between paper and bank) consist of a de­
positor's instructions to his bank to make payments to a 
specified party. Upon entering the banking system, the 
bank's relation to a depositor could be verified and the 
information separated from the "check" for processing 
in computers within the bank and by wire circuits be­
tween banks. If a tangible check were used, it could be 
returned to the depositor without having traveled any 
further than his bank. If the instructions were in­
tangible, the bank concerned could acknowledge the 
transaction without returning anything, if so desired. 
Our proposal, you might like to know, has evinced some 
interest in commercial circles but little in banking. 

The Treasury Department plans to separate the in­
formation from the check itself in its payment-recon­
ciliation procedure even though the check is a punch 
card. When received from Federal Reserve banks, the 
unsorted checks will be put through an input device to 
take off the check number and amount and assign the 
check a transaction number for any subsequent refer­
ence required. The check itself will be filed in trans­
action sequence and the payment-reconciliation pro­
cedure carried out in terms of the check number on a 
computer. 

The application of management science and other 
techniques is supposed to improve the art of manage­
ment by, among other things, reducing the volume of 
paper used in decision making. The 21st century man­
ager may look at, say, a scope output of the marginal 
cost of producing widgets, and, if the system itself is 
not capable of making adjustment, the manager will do 
so. In the meanwhile, however, low-cost document 
preparation through X thousand line a minute printers 
will undoubtedly increase the amount of documents for 
busy managers to read. Relief from the flood of papers 
will, at best, come slowly. 

The third avenue suggested above for improving 
document processing was the elimination of the docu­
ment by making some other document serve the pur­
pose or by dispensing with it entirely. For example, six­
teen banks operate a clearing house for settlement of 
freight accounts between carriers. The plan provides for 
carriers to deposit freight bills with a bank which then 
transfers funds from the freight customers' to the car­
riers' accounts, thus eliminating use of checks and sev­
eral clerical procedures. An operating improvement in­
volves bill validation by carriers instead of shippers or 
receivers, thereby further reducing the procedures. 15 

The partial elimination of documents in business will 
result from several causes. As pointed out above, the 
economics of document creation and use will essentially 
control the situation. The cost of operating offices 
geared to documents in the traditional or even rela­
tively new sense has increased greatly over recent years 
relative to the cost of production operations. We can 

15 "Freight payment plan," Banking, vol. 47, p. 108; April, 1955. 

look forward either to processing at lower costs or dis­
continuance of some documents. 

Continued growth in the size of firms will reduce the 
need for interfirm communications but increase the need 
for intrafirm communications. This, however, is pre­
cisely the area where a ~rm has the most freedom to 
modify its information system including, within some 
limitations, the elimination of documents. Centraliza­
tion of data processing at headquarters for a large firm 
will reduce the intrafirm communication problem be­
cause the output of one application will more often be 
the input of another. 

The small amount of interfirm integrated data proc­
essing that has been accomplished to date indicates 
that it will be a long time before two firms transfer in­
formation directly from one system to another by direct 
interconnection. The Bureau of Standards did enough 
exploratory work on data processing shared by two com­
puters to show that interconnection is feasible for non­
standardized computers, if the master computer is suf­
ficiently flexible. 16 The possibilities for document elimi­
nation by effective interfirm communications are enor­
mous. 

INTRAFIRM VS INTERFIRM IMPROVEMENTS 

Improvement in document processing should, in the 
rational world of economics, be determined by balanc­
ing 1) the cost of operating the system utilizing the 
new technology versus the old, 2) cost of transition 
from one to another, and 3) the advantages derivable 
from the new technology. Transition costs tend to be 
quite large when the technology changes abruptly-the 
substantial outlays by industry to study the feasibility 
and application of computers is an example in point. 
Further, important changes raise numerous uncertain­
ties about the new system vs the old and especially 
operating costS', system performance, and changes in in­
ternal control relationships. 

Intrafirm improvements in document processing are 
substantially easier to make, although I feel that the 
oportunities are far less striking than for interfirm 
improvements. Changes within the firm require the co­
operation of a finite number of management and operat­
ing personnel, and auditors-both internal and external. 
Interfirm improvements require that these and a much 
larger number of outsiders (e.g., customers, suppliers, 
creditors, etc.) affected by any change will sympa­
thetically, at least, accept any change. It seems to be 
quite difficult to convince any large number of com­
panies of the interfirm opportunities available. 

The problem of processing of about ten billion checks 
in the U. S. each year will serve as an illustration. The 
precise size of paper checks has been an expensive prob­
lem in terms of extra handling, errors, low employee 

16 "First Annual Progress Report on Applications of Electronic 
Data Processing Techniques to Supply Management Problems," 
NBS Rep. 3786, Washington, D. c., Dept. of Commerce, 1954. "Data 
processing shared by two computers," pp. 28-33. Also M. E. Stevens, 
"An Experiment in Data Processing Shared by Two Computers," 
NBS Rep. 3602, Washington, D.C., Dept. of Commerce, 1954. 
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morale, poor work, and customer complaint17 for many 
years. Little standardization has been achieved as the 
variety of sizes seems nearly as great as ever. The basic 
stumbling block to standardization with manual pro­
cessing is that the economies available for the system 
as a whole are not proportionately available for indi­
vidual banks. Either group action is taken or little is 
done. Given a sufficiently improved processing tech­
nology, however, one might expect to find standardi­
zation develop to permit exploitation of the technology. 
This has happened via punched cards as reflected by 
their fairly widespread usage. It is rare, however, for a 
punched card check to be processed mechanically by 
both the depositor and the bank. Punch card checks 
created by a bank for small depositors are usually 
manually processed by depositors, although mechanical­
ly processed by the bank on which drawn. Generally, 
with a few notable exceptions, large depositors create 
and mechanically process their punch card checks with 
so little uniformity that they must be manually pro­
cessed as paper checks by banks. Punch card checks are 
manually processed almost universally in interbank 
operations because of the lack of standardization of 
card checks either issued by both large depositors of 
several banks ot prepared by various banks for small 
depositors. Banks apparently consider the problems of 
interfirm improvement of document processing so great 
that they spend their energy on improving manual or 
simulated manual operations within their bailiwick18 

with insufficient regard to the advantages of an indus­
try-wide attack upon problems of interfirm (banks and 
depositors) document processing.19 

PRECISION IN DOCUMENT PROCESSING 

A number of companies report economies in docu­
ment generation and processing by reducing the pre­
cision of the data involved. 

Statistical quality control techniques enable de­
termination of the quality of data generation, and if out 
of control, furnish clues to find the source of difficulty at 
far less cost than complete duplication or 100 per cent 
inspection. Bear in mind, however, that quite different 
problems are involved in determining the level of 
quality and developing a desired quality. Several com­
panies, including Standard Register, Aldens Inc., and 
United Air Lines use statistical quality control tech­
niques to achieve a better balance between the cost of 
document preparation and the value of the resulting 
quality.20 

17 R. C. Deering, "Co-existence with automation," Banking, vol. 
48, p. 58; September, 1955. 

18 Another development, and probably a noteworthy one, in 
bank processing of check is ERMA developed by Stanford Res. 
Inst. for Bank of America and discussed at length elsewhere in these 
proceedings. Brief details are given in "Cutting bank's paperwork," 
Business Week, p. 141; October 1, 1955. 

19 Bank Management Commission, Savings and Mortgage Di­
vision, "Automation of Bank Operating Procedures," New York, 
American Bankers Association 1955. 

20 "Controlling clerical errors," American Business, vol. 24, p. 
13; February, 1954. 

Study will probably indicate that identical process­
ing is not required for all documents of a given type so 
that strata may be developed for different processing 
methods based on, say, dollar amounts involved. For 
example, one bank postpones the inspection of signa­
tures on checks for less than $500 until after the checks 
are paid.21 The American Hard Rubber Co. reported 
that it did not verify the accuracy of its invoices for less 
than $1,000.22 The controller feared that his punch card 
preparation of invoices might result in fantastic 
amounts; not that invoices would be too small. A small 
error ratio experienced by one company warranted 
adoption of a plan for checking carbons of customers 
bills after originals were mailed in order to avoid delay. 
Few mistakes arose, but the potential damage was 
large so that customers were advised of mistakes.23 

An error analysis that I made several years ago indi­
cated that invoices received by one firm were probably 
not worth verifying if less than $500. In fact, invoices for 
small amounts, as prepared by vendors tend to have a 
downward bias so that determination of errors often in­
creased the amount to be paid.24 

Reduced precision in document preparation and 
record keeping is probably suitable for numerous bus­
iness operations. Rarely are decisions made on the basis 
of four significant digits and often less are available. 
Reductions in precision apparently have not gone be­
yond eliminating pennies and then almost exclusively 
in internal records. External transactions are usually 
continued with penny precision. Cents elimination is a 
step in the right direction, but might be extended to 
still more digits and applied to interfirm transactions. 
The idea was adopted by business only recently and has 
not spread widely because the cost of rounding a num­
ber seems to be too high with the office machines and 
methods in use. Reduced cost of rounding by computer 
programming and the higher cost of storage may result 
in wider adoption. 

In summary, document processing techniques in use 
at any time reflect an economic balance of the factors 
available. New developments are adopted after a time 
lag that is increased by the cost of introducing the new 
technique including the cost of disruption in changing 
from one to another. Change is accelerated by large rela­
tive gains (considering both costs and revenues) from 
the new system in relation to the old. Realistically, 
nearly all techniques of document processing, from 
quite old to very advanced, will continue in use by bus­
iness at large and even within a firm for different pur­
poses. 

21 A. O. Dahlstrom, "Using numbers instead of names for deposi­
tors," Banking, vol. 47, pp. 48-49; August, 1954. 

22 J. A. Sonnischen, "Electronics in the Office Problems and Pros­
pects," Office Management Series, No, 131, New York, American 
Management Assn., 1955; "Preparing for electronization: what the 
smaller office can do now, part I, streamlining operations," pp. 14-22. 

23 Phil Hirsch, "Job formerly requiring 300 hours now completed 
in 50 hours," American Business, vol. 34, p. 19; June, 1954. 

24 R. H. Gregory, "The accuracy of invoices received for payment," 
The Controller, vol. 21, pp. 11-13; January, 1953. 
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Original Documents in Retail Accounts Receivable 
v. H. ROMANt 

I T IS indeed a pleasure to discuss the retail accounts 
receivable function. This is especially true as the 
Eastern Joint Computer Conference has not gen­

erally included the so-called paper processing type of 
subject in their program and we who have a prime in­
terest in this particular field are always happy to 
spread our story as widely as possible, especially among 
individuals such as you who are primarily interested in 
the application of new techniques to all types of busi­
ness problems. 

Before getting on with the subject let me briefly out­
line the part economics plays in the picture. In the so­
called data processing or paper handling area of activity 
which includes retail accounts receivable and other 
clerical and accounting work generally, the economic 
benefit resulting from introduction of new techniques is 
one of the major factors of justification. Unlike the re­
search, technical, or management decision fields of op­
eration, clerical and accounting activities usually in­
volve the application of considerable manpower to 
handling a large volume of paper and any improve­
ments, methods-wise, are primarily in the direction of 
reducing this manpower cost. Any cost reduction is 
consistent, of course, with providing for management 
the information it requires sufficiently current, to oper­
ate the business most advantageously. 

The design and operation of a retail accounts receiv­
able system will differ with its application to the various 
kinds of industry. The petroleum industry credit card 
activity has been selected as the subject for this discus­
sion. It was a good choice as it involves a sizable volume 
activity, the detail of which generally originates among 
a large number of retail outlets located over a wide geo­
graphical area. In the larger companies the credit card 
operation represents their largest paper processing job 
and requires more clerical help than any other function. 
It also follows that accuracy and a desirable presenta­
tion of the billing is a must from a customer relations 
viewpoint. 

Principal requirements of an oil company accounts re­
ceivable system include: 

1) Issuing the customer a form of authorization to 
obtain products on a credit basis. This may be a 
credit card, with an account number of 7 to 10 
digits, issued quarterly, annually, or for some 
other specific period. Another form is a book of 
invoices preprinted to indicate the customer's 
name and credit card number or prepunched with 
tabulating equipment to indicate the credit card 

t Manager, Organization and Methods Div., Standard Oil Co. 
of Calif. 

number and other significant data. 
2) The accurate and intelligible preparation of the 

charge invoice at the service station in the mini­
mum amount of time. 

3) Communication or physical transfer of the com­
pleted invoices to the accounting office. 

4) Processing of the charges in the accounting office, 
handling customer cash remittances and prepa­
ration of monthly billing for mailing to customers 
with copies of the invoices representing the cur­
rent month's charges. 

5) Preparation in the accounting office of various 
reports for credit control and statistical require­
ments. 

For the purpose of discussing the subject in some de­
tail let us visualize a field accounting office which has 
150,000 active credit card accounts and processes 
900,000 invoices and 150,000 customer remittances per 
month. Billing is on a 20-cycle-per-month schedule. 
On a daily work load basis this volume represents the 
processing of 45,000 invoices and preparation of 7,500 
customer statements. 

Under a fully manual system the customer is sup­
plied with an addressographed or typed credit identi­
fication card. The service station salesman is required 
to prepare an invoice for each delivery writing the cus­
tomer's name, credit card number, date, and the detail 
of products purchased with price per gallon and total 
amount of the purchase. 

Upon receipt of the invoices in the accounting office 
they are comptometer-added to reconcile with the in­
voice transmittal report, then processed and manually 
sorted for maintenance of cycle controls and to arrange 
them in account number sequence. Sorted invoices are 
then filed behind respective customer account guide 
cards pending cycle closing and customer billing. 

Billing is accomplished by comptometer or adding 
machine addition of the charges for each account and 
entering the total on a statement addressographed with 
the customer's name, address, and other indicative in­
formation. The statement with copies of current 
month's charge invoices is mailed to the customer. The 
file record may be a duplicate copy of the invoices or a 
microfilm record of the originals. In most systems a 
copy of the customer statement is used as the accounts 
receivable ledger. Another copy of the statement is 
used for credit administrative purposes and is manually 
processed to indicate the age status of past due balances. 

Customer remittances are handled currently and at 
each billing cycle closing any unpaid balances are 
carried forward to the new statements to indicate the 
previous balance owing. 
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This brief outline of a manual procedure does not do 
justice to the job in keeping with the manpower re­
quirements. An approximate force of 100 people is re­
quired to perform the clerical and accounting detail 
associated with 150,000 active accounts and the proc­
essing of 900,000 invoices and 150,000 remittances 
each month. 

The foregoing, while related to a manual system, does 
of course include the use of addressograph equipment 
for imprinting statements and customer credit cards; 
but it does not provide any form of mechanization at 
the service station or in the accounting office for auto­
matic handling of the invoice paper volume, statement 
preparation, and related detail. 

In any area where the volume of documents to be 
processed reaches the magnitude we are discussing 
there exists a more or less constant search for equip­
ment and methods which will more economically pro­
vide the necessary end results. Some progress has been 
made and recent developments in the electronic equip­
ment field give much encouragement for the future. 

Before commenting on the more recent developments 
I would like to briefly outline some punch card tech­
niques which are now being used. One method is to 
provide each customer with a book of tabulating card 
invoices prepunched with the customer account num­
ber and preprinted with the customer name. They are 
presented at the service station where the station iden­
tification, date, and detail of purchase is entered on the 
card. The 51-column portion of the card invoice is given 
to the service station attendant and the stub portion is 
the customer's record of purchases made. Upon receipt 
of the invoices in the accounting office the amount of 
the purchase is key punched into them and they are 
ready for machine processing through the various steps 
with conventional punch card tabulating equipment. 
This system has both good and objectionable features 
when viewed from the customer relation, accounting, 
cost, and other viewpoints to be considered. 

Another system recently introduced provides the 
customer with a plastic credit card in which the ac­
count number is punched. Each service station is 
equipped with an imprinting and punching machine 
into which the credit card and tabulating card invoice 
are inserted. The machine senses the account number 
from the punching in the credit card and mechanically 
puncp.es it into the tabulating card invoice along with 
imprinting other identifying information. Upon receipt 
in the accounting office processing is similar to the sys­
tem previously mentioned. 

Still another approach now in the process of develop­
ment is a credit card in which the account number is 
punched, and supplying the service station with a ma­
chine which may be set to punch both the account num­
ber and the amount in the tab card invoice. Processing 
in the accounting office is as previously outlined. 

One other system used to cqnsiderable extent with a 
manual or tabulating accounting procedure is the is­
suance of a credit card with a small printing plate, indi­
cating the customer's name and account number at-

tached to the reverse side of the card. The service sta­
tion is provided with an imprinter which imprints the 
invoice with the customer's name, account number, 
date, and other identifying information from the credit 
card. This approach is intended primarily to reduce the 
time of the customer at the station. It does, however, 
also materially aid in the "accounting office processing 
by providing accurate and easily read account numbers 
for manual sorting or punching purposes. 

Any system which incorporates the use of a machine 
at the service station must give full consideration to the 
type and cost of this equipment. The type of machine is 
important from a maintenance and registration toler­
ance viewpoint. It must be durable and simple to oper­
ate, and provide against registration differences beyond 
tolerances acceptable in subsequent accounting office 
processing. The initial cost of the machine must of 
course be within the range of economic justification 
with consideration to the large number required for 
equipping the thousands of retail outlets. 

More recent developments toward complete auto­
mation in the retail accounts receivable field include 
the use of electronic equipment, such as character sens­
ing machines, high speed sorters and line printers, and 
key punch equipment having special facilities to expe­
dite the punching requirements. Now let me briefly 
describe a selection of equipment to perform the ac­
counts receivable operation utilizing these new develop­
ments to achieve maximum automation results. The 
machine selection is predicated upon using specific 
equipment for specific purposes in keeping with the 
maximum input and output speeds and weighing the 
cost of performing the over-all job. 

The credit authorization is a plastic card embossed to 
indicate the customer's name and account number. The 
last digit of the account number is designed as a check 
digit and represents the unit number of the sum result­
ing from a mathematical formula applied to the preced­
ing digits of the account number. The service station is 
equipped with an imprinter which is used to imprint 
the embossed customer name and credit card number 
from the credit card on a 51-column tabulating card in­
voice. A paper carbon copy of the invoice is given to the 
customer at time of delivery. 

When received in the accounting office the imprinted 
tab card invoices are first processed through the elec­
tronic character sensing equipment which reads the ac­
count number, checks the reading with the check digit 
of the number and, if in agreement, actuates the auto­
matic punching of the number in the invoice. The speed 
of the electronic sensing and checking is in excess of 200 
cards per minute and is presently much beyond the 
speed of available punching equipment. 

In those instances when an imprinter is not available 
and the customer account number has been manually 
entered on the invoice it is manually punched in the 
card with a high speed key punch machine equipped 
with a device which verifies the number with its check 
digit, thus eliminating the necessity for otherwise veri­
fying the accuracy of the punching or the number it8elf. 
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For punching the amount of the charge in the card 
invoice a key punch with adding machine and printed 
tape attachment is under development. The tape with 
subtotal and total printing will allow for balancing the 
invoices with the transmittal reports received from each 
service station, and simultaneously serve to verify the 
key punched amount. 

All sorting to establish cycle segregation and for ar­
ranging the invoices in account sequence can be ac­
complished with a high speed Electronic Sorter operat­
ing at a speed of 1,000 cards per minute. 

For addition of the invoices and cash remittance 
cards to establish cycle and other type controls an 
Electronic Statistical Machine with an input and out­
put speed of 450 cards per minute is available. 

Preparatory to the billing operation the work of car­
rying forward previous unpaid balances, application of 
current month's cash, summarizing of current month's 
purchases and the preparation of a current month's bal­
ance card with past due amounts properly aged may be 
performed with an Accumulating Reproducer having an 
input and output speed of 200 and 100 cards per minute 
respectively. 

The customer statement is a tabulating card with the 
51-column portion designed to be mailed by the cus­
tomer with his remittance to the accounting office. 
Preparation of the statement is performed with a Line 
Printer equipped with a bill feed device for feeding the 
card form statements. The speed of existing conven­
tional tabulating card line printers leaves much to be 
desired. One hundred or 150 lines per minute does not 
keep pace with other developments in the equipment 
field. However, a new 900 line per minute printer has 
been announced, first deliveries to be made in early 
1956. The design of this equipment with its summary 
punching facilities will meet the requirements of the 
accounts receivable function and provide the input and 
output volume required. With such a machine the step 

just referred to in which the previous month's balance 
and current month's charges are summarized and the 
past due balance is aged on a new summary card could 
be discontinued and the summary operation combined 
as a by-product of statement preparation. 

The methods just described represent the combi­
nation which will, in my opinion, do the particular job 
most economically and meet customer and management 
requirements. While some of the equipment, such as the 
electronic character sensing machine, new type key 
punches, and high speed electronic line printer, have 
yet to be tested under the users' operating conditions it 
appears all of this equipment will prove satisfactory 
and be available in the near future. Some of the other 
machines referred to and the methods outlined are al­
ready being used in some of the punch card mechanized 
applications throughout the country. 

As stated at the outset of this discussion, the type of 
accounts receivable system will differ with its applica­
tion to various industries and also with different kinds 
of accounts receivable problems within an industry. In 
the case of credit card accounting, we are faced with a 
very large input problem, very simple computing re­
quirements, and a sizable output requirement. The need 
for interim data on specific accounts between billing 
periods is practically nonexistent and there are no sales 
analysis, inventory control, or spot reference require­
ments involved. We are faced primarily with a very large 
data processing chore of sorting and adding invoices, 
application of cash, and preparation of monthly state­
ments and credit data. 

The possibility of utilizing a large scale electronic 
data processing system for this work has been con­
sidered and will warrant continued close follow-up and 
analysis. It appears to me that a machine designed es­
pecially to meet the requirements must be conceived in 
order to keep the cost factor at a level where the eco­
nomics will favor such equipment. 

Discussion the cost would be the rate of pay applicable 
to a file clerk type of activity. 

with his copies of invoices received at time 
of delivery. For that reason, while we would 
like to get away from returning the tickets, 
I don't foresee any relief in this area. J. B. Peistrup (Shell Oil): Will you give 

estimated savings in key punch operations 
through utilization of electronic scanner? 

Mr. Roman: Whether statistics will hold 
up I don't know but we figure another ten 
per cent reduction of over-all manpower as a 
resul t of scandex. 

E. G. Aghib (Remington Rand): Could 
the speaker furnish details and the manu­
facturer's name of the plastic plate charge 
card punching device? 

Mr. Roman: Farrington Manufacturing 
Company, right here in Boston. The em­
bossing work itself can be accomplished 
with an addressograph graphotype machine 
having a special set of dies in it. Of course, 
where we intend to use scandex the dies have 
to be uniform for scanning purposes. 

J. Svigals (IBM): How much does it 
cost, per account or per transaction, to proc­
ess data under the present system? 

Mr. Roman: One clerk is required for 
approximately 1,400 accounts. On this basis 

J. Thomson (RCA): Do you foresee the 
time when it will be unnecessary to provide 
the customer with a copy of each transaction 
document, keeping these on file in some form 
for reference as required? 

Mr. Roman: I wish I could be more 
optimistic on that score. We have some situ­
tions that differ from other types of accounts 
receivable systems. Department stores, be­
ing more centralized, normally include all 
charges on the statement for the month in 
which purchases were made. Bank com­
mercial account statements are quite simi­
lar. Credit card accounts receivable are 
quite different. Our cards are honored by 
selected companies in other geographical 
areas and vice versa. C;edit deliveries made 
while on an extended trip do not all reach 
the customers' billing office in sufficient time 
to be included in the statement for the month 
in which purchase was made. To give the 
customer a statement indicating the total 
monthly billing would not be sufficient, with­
out copies of the invoices, for reconciling 

G. E. Gourrich (Telecomputing Corp.): 
How are these efforts being coordinated so 
that the information produced at the station 
can be fed into the electronic computer when 
many people work on the system? 

Mr. Roman: Various companies are de­
veloping systems to meet their respective 
problems. 

Mr. Gourrich: With the manufacturers. 
Mr. Roman: The manufacturer has not 

yet been brought into the picture specifical­
ly. Equipment we have looked at to date is 
not economically justifiable. Anything large 
enough, memory-wise, is too costly. 

Mr. Gourrich: Could you give any guide 
as to cost requirements for a point of !sale unit 
at the gas station? -

Mr. Roman: The cost requirement for a 
punching unit at the gas station varies 
anywhere from $30 to $60, and there is one 
under development, to cost approximately 
$90, which will also punch the amount in 
the card. 
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The Computer and Its Peripheral Equipment 
NATHANIEL ROCHESTERt 

INTRODUCTION 

M ULTIPLICATION SPEED was once an ac­
curate measure of the speed of an automatic 
calculator, because the prominent problems of 

that earlier day required a lot of multiplication but had 
only a little data, demanded relatively little memory, 
and had short answers. Today, things are profoundly 
different. One now speaks of problems limited by tape, 
still others limited by printing, logic, and so forth. Be­
hind these statements is a tacit understanding that some 
of these limits would recede if high speed memory were 
larger. This situation is discussed in this paper with 
particular emphasis on the peripheral equipment which 
surrounds the largest currently available machines. 

Beginning with problems which are mostly calcula­
tion, the discussion proceeds by successive stages to 
problems which are almost entirely input and output. 
At each stage there is a description of relevant equip­
ment that is about to become available or that has re­
cently become available. Most of the examples are 
IBM machines because the author had access to cur­
rent information about these and could thereby make 
the illustrations informative and precise. In conclusion 
there is a treatment of a number of special topics. 

MEMORY 

! f 
PAPER ARITHMETIC PAPER 
TAPE f---- ~ TAPE 

READER AND LOGIC PUNCH 

PAPER TYPE-
TAPE r---- WRITER 

READER 

Fig. 1-Typical early calculator. 

PARTIAL DIFFERENTIAL EQUATION 

Fig. 1 shows a typical calculator of a few years ago. 
This example establishes a reference point from which 
to start, although it differs from subsequent examples 
in that it does not represent a powerful machine that 
would be widely useful today. A problem, which this 
machine could do, was a partial differential equation 
such that both the program and the array of numbers 

t Manager of Information Research, Engineering Laboratories, 
International Business Machines Corp., New York, N. Y. 

could fit in memory at once. The operation consisted of 
loading the program and data into memory, performing 
a few dozens or hundreds of iterations in each of which 
the data were worked over to make them fit a little bet­
ter, and finally the resulting data were punched out on 
tape. Later the tape was run into a separate typewriter 
'and the answer printed. 
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625 MESH POINTS 
6250 NUMBERS 750 

Fig. 2-Partial differential equation. 

Today a large partial differential equation just will 
not fit into present high speed memories. The example 
shown in Fig. 2 is a hydrodynamics problem. There are 
6,250 numbers which have to be worked over. The cal­
culator must go over the mesh about 1,000 times and, in 
each trip over the mesh, stop at each point to make a 
30 millisecond calculation. The mesh could be stored on 
tape or drum; tape has been chosen for this illustration. 

The method is to read the first 750 numbers into the 
calculator and make one set of calculations. Then the 
first column of 250 numbers is written on tape and the 
next column read in. This goes on until the whole mesh 
has been covered to complete a single iteration. 1,000 
such iterations might be needed. The balance of time is 
shown in Table I. 

TABLE I 

Activity 

Calculate 
Read and write magnetic tape 
Print one line every iteration 
Print 125 lines every 10 iterations 

Hours 

4.4 
.4 
.1 

1.6 

6.5 

Most of the time is spent in calculation, as it should 
be for this kind of a problem. The next largest amount 
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of time is devoted to printing out the whole array of 
numbers periodically. On the IBM 704 this can either 
be done on a directly connected printer or written on 
magnetic tape and printed later on a separate tape oper­
a ted printer. 

The magnetic tape consumes only 6 per cent of the 
time; however paper tape could not have been used 
because it would have taken 150 hours or more. The 
present trend is to go to larger fast memories and elimi­
nate tape from problems like this. The purpose is not 
so much to eliminate the 6 per cent of time lost running 
tape, but to make possible some other methods of prob­
lem solution. The limitation, imposed by tape, of having 
to go through the mesh in an orderly fashion prohibits 
some mathematical techniques. In keeping with this 
trend, a 32, 768-word core memory is being designed for 
the 704. 

INVENTORY CONTROL 

Many scientific problems require more running of 
tape and less calculation. However, it is most conven­
ient, at this point, to go over to commercial problems. 
Ordinarily, commercial problems require more input 
and output while scientific problems require more cal­
culation. Consider the inventory control problem shown 
in Fig. 3. 

400 MILLISECONDS 

Fig. 3-Inventory control. 

At the start of the operation the main inventory is on 
the old master file tape. During processing, data are 
read from this tape, updated, and written on the new 
master file tape. 

The punched card reader is used to introduce trans­
actions. For each transaction, such as a withdrawal 
from stock, there is a punched card. These cards are me­
chanically sorted to the same sequence as the main file 
before the file maintenance operation begins. Ordinarily 
only some of the stock items are active. In this example 
a rather difficult condition has been chosen because only 
one item in ten is active. 

The sequence of steps begins with the reading of the 
first transaction card. Then the first master record is 
read. If the part number does not match that on the 

transaction card, this record is written on the output 
tape and the next record is read by the calculator. The 
appropriate IBM data processing machine for this 
operation is the Type 705 which would do this reading 
and writing simultaneously. When the correct master 
record was found, it would be updated with the infor­
mation from the card. It is assumed, for this example, 
that on this occasion, three reports on the activity are 
prepared simultaneously. One would be printed direct­
ly, and the others recorded on tape to be printed later. 
When the active record was found, records would be 
written on most or all of these outputs as well as on the 
new master file. 

The utilization of time is shown in the lower part of 
Fig. 3. This timing chart is drawn for a medium speed 
printer which prints 150 lines per minute. A single print 
cycle takes 400 milliseconds. Simultaneously, the card 
reader runs, and since it is faster, it spends part of its 
time waiting for the printer. During each print cycle the 
central processing unit must communicate with the card 
reader and printer. The time required for this is indi­
cated at the left of the middle timing bar, but the 5.5 
milliseconds required is too short to show up well. 
Then there is some time, indicated by C, for calcu­
lation, and time, indicated by t, to write two output 
records on tape. Time is also required for a variable 
number of master records. As indicated by the spaces 
marked T, if no more than 12 are needed to reach the 
next master record which matches a transaction, the 
printer will not be delayed. If there are 12 or more in­
active records in succession, the printer would have to 
wait because the problem would be tape limited. 

This is an appropriate point to discuss the question 
of whether the card reader and printer should be direct­
ly attached to the calculator or whether the calculator 
run should be preceded by a card to tape operation and 
followed by a tape to printer operation. It is possible to 
disconnect a card reader with both its control unit and 
a tape unit from the central processing unit and oper­
ate these separately as a card to tape machine. The 
central processing unit can then work simultaneously 
on another job. The same thing can be done with the 
printer. If this is done these various units can all oper­
ate at once and no one has to stop and wait for the 
others. Often, but not always, this will reduce the cost 
of such a job. Usually it will increase the elapsed time 
from the reading of the first card to the printing of the 
last line. Also, it will require more human intervention 
in the form of moving reels of tape around and schedul­
ing three instead of one machine operation. The choice, 
then, often depends upon whether one considers speed 
and convenience or cost to be the controlling factor. 
At other times no compromise is needed because one 
mode of operation or the other will be superior in every 
way. 

While there are a great variety of forms of problems; 
the form illustrated on Fig. 3 is one of the most com­
mon. There is a master file containing business record~ 
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to be read and written; and a detail file containing cur­
rent transactions to be read. Also, there are almost al­
ways some outputs of current transactions. These are 
things like invoices, orders, paychecks, or premium 
notices, reports to inform executives so that they can 
run the business, and data for subsequent machine 
operations. This basic form has many minor variations. 
There may be several detail files to be read and merged 
as the operation proceeds. There may be a variety of 
current outputs. There may even be more than one mas­
ter file, although with the advent of magnetic tape this 
has become less common. Since the subject is mainly 
machines rather than problems, this common form of 
problem will be used to illustrate the next stage of in­
creased emphasis on input and output. 

PREMIUM NOTICE WRITING BY 

MULTIPROGRAMMING 

Some parts of premium notice writing, in insurance, 
are like the previous example but there are apt to be 
about 100 inactive records in the master file for every 
active record. Notice that even in the inventory prob­
lem the central processing unit was spending most of 
its time running tape and only a little time calculating. 
This next stage involves a problem which would be ten 
times worse. It is clear that different equipment is in 
order. 

Fig. 4-Multiprogramming. 

Fig. 4 illustrates a system for efficiently handling 
even this extenuating case. The trick used is called 
"multiprogramming" and it involves doing two or more 
different jobs at once. The peripheral equipment above 
the dotted line in Fig. 4 is involved in the difficult file 
maintenance job while that below the line is involved in 
a different task. The calculator in the middle takes turns 
helping the two different teams of peripheral equipment. 
The Tape Record Coordinator at the top runs its mas­
ter tape units almost autonomously while passing over 
inactive records. Then when an active record is found, 
the calculator briefly interrupts the work it was doing 
below the line to deal with this active record. Multi-

programming allows the calculator to spend most of its 
time on the job below the line (Fig. 4) and also allows 
the master file at the top to run almost continuously. 

Now consider this in more detail. The Tape Record 
Coordinator has a 1,024-character core memory. It can 
do quite a few different things but it is not relevant to 
describe them all here. What it does in this application 
is to simultaneously read from one tape and write on 
another. It does this in response to an instruction given 
by the calculator. When it has finished doing this, it 
signals the calculator. The calculator picks up the first 
few characters from the record in the core memory of 
the Tape Record Coordinator. These should be ar­
ranged to contain the indicative information so that the 
calculator can see if it has found the record it wants. If 
so, the calculator transfers the whole record to its own 
memory, does the necessary calculation, returns it to 
the Tape Record Coordinator, sets the Tape Record 
Coordinator going again, and returns to the other job. 
If not, it merely sets the Tape Record Coordinator going 
and likewise returns to the other job. When it is passing 
over inactive 250 word records, the calculator needs to 
spend less than i per cent of its time supervising the 
search. All the rest it can devote to the other job. 

Multiprogramming often requires that both programs 
be in memory at once. This requirement is one of the 
factors that led to the optional 40,000-character core 
memory of the Type 705 calculator. 

RANDOM IMMEDIATE ACCESS 

The extreme case of a poor ratio of active to inactive 
records comes with a large file, say one million records, 
when access to one record is needed. One of the more 
awkward versions of this problem arises when a cus­
tomer is waiting on the telephone and a file reference is 
needed before finishing the phone call. Sometimes it is 
even necessary to bring the file up to date for that trans­
action before answering the telephone again. The next 
phone call might be from that same customer's wife, 
and it might be necessary to know what the man had 
done in order to converse intelligently with his wife. 

An older solution to this problem is to have a large 
card file and have a clerk select the appropriate card 
while the customer waits. If soon after the transaction, 
another clerk attempts to select this same card from the 
file he will find that it is missing. Thus he will learn that 
there has been a recent transaction. 

With a tape system there are expedients to alleviate 
this problem. Books can be printed to describe the file 
as of a certain date, and addenda can be published to 
keep it up to date. However, the proper solution is to 
have a large enough random access file memory. A step 
in this direction is IBM's 5,000,000-character Random 
Access Memory which has an access time that varies 
between 0.2 and 0.6 sec. This can be regarded as a har­
binger of bigger things to come. 

This last example completes the sequence of prob­
lems which cover the gamut of requirements from prob-
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lems which are primarily calculating to problems which 
are primarily data flow. The treatment has, however, 
by-passed a relevant matter of great importance. 

FLEXIBILITY OF PERIPHERAL EQUIPMENT 

Peripheral equipment can be divided into two classes. 
The first class, discussed above, consists of equipments 
which communicate by wire with the central processing 
unit. The other class, to be discussed now, is auxiliary 
units. There is a fundamental principle to be ex­
pounded, but first some examples are needed. 

One typical requirement for auxiliary units arises in 
payroll. One usually does not want to print any checks 
until the payroll calculation is complete and the controls 
and checks have balanced. However, once the calcula­
tion is complete, it would be very wasteful to tie up the 
calculator while printing checks. In the 705 system this 
necessity can be met by disconnecting the printer, its 
control unit, and one tape unit from the central process­
ing unit and connecting them as a separate installation 
as shown in Fig. 5. This printer has a speed of 150 lines 
per minute. 

Fig. 5-Medium speed tape to printer. 

When a faster printer is needed there is a 500 line per 
minute printer and two different 1,000 line per minute 
printers. Fig. 6 shows such an installation. There are 
two tape units, a storage and control unit, and a 
printer. Notice the two tape units. Only one runs at a 
time, but because there are two, printing need not be 
interrupted while changing tapes. 

The tape units may be disconnected and the high 
speed printer with its control unit used as direct output 
on a calculator. Alternatively the printer may be dis­
connected and the storage and control unit used as a 
buffer between the tapes and the calculator. The ad­
vantage of this connection is that information may be 
transferred between the calculator and the storage unit 
at the rate of 43,500 characters per second whereas the 
tape speed is 15,000 characters per second. Therefore, 
the use of a tape buffer allows simultaneous calculation 
and running of tapes. 

For a larger, more powerful installation, the Tape 
Record Coordinator mentioned previously may be 

used as a buffer. The rate of information transfer be­
tween it and the calculator is 111,000 characters per 
second, thus reducing the time used by the calculator for 
tape reading by a factor of 7.4. 

The point illustrated by these various connections of 
peripheral equipment is that there are usually several 
different requirements to be met by a data processing 
installation. In order to meet them most efficiently, 
multipurpose units are needed. The examples illustrate 
a few of the many possible ways of interconnecting 
these devices. An installation can not only be tailored 
to the requirements of a particular location but can also 
be reconnected from hour to hour to meet the varying 
needs at that location. 

Fig. 6-High speed tape to printer. 

The exponents of special purpose equipment often 
overlook the fact that at nearly every installation there 
are a variety of jobs to be done. If special purpose equip­
ments are used, they must be small enough to run con­
tinuously on each of the special purposes and there 
must be enough different equipments to handle the dif­
ferent jobs. Even this is not usually enough because the 
work to be done at the end of the year may be very dif­
ferent from the work to be done at the end of the month, 
which in turn may be different from the work in the 
middle of the month. The stored program solved this 
flexibility problem for the central computer; an impor­
tant current trend is toward peripheral equipment with 
corresponding flexibility. 

Another consideration is maintenance. If the periph­
eral equipment can function either connected to the 
central processing unit or separately, it is possible to 
service the input-output equipment of a calculator with­
out tying up the calculator. 

GROUPING 

No comprehensive treatment of current trends in 
peripheral equipment could omit the subject of group­
ing records on tape. It is necessary to leave blank spaces 
on tape between sections filled with information to pro­
vide a place for the reading head when the tape stops. 
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They are necessary because the signal that comes from 
the reading head is proportional to the tape speed. 
Therefore, the signal goes to zero when the tape stops. 
If there is recorded information under the head when 
the tape stops, that information is lost. The blank 
spaces, i" long, are sufficient to record 150 characters. 
Therefore, if the system is to realize a major fraction of 
the potential tape speed, the sections of recorded in­
formation must be long compared to 150 characters. 

Fig. 7 shows the efficiency of tape as a function of the 
length of recorded information. If the length of re­
corded information is 150 characters it will equal the 
space between records. This will mean that half the 
time devoted to running tape will be lost and the effi­
ciency will be 50 per cent. Using the full 1 ,024-character 
capacity of the Tape Record Coordinator as the record 
length yields an efficiency of 87 per cent. 
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Fig. 7-Efficiency of tape. 

The requirement of long records for tape efficiency 
runs counter to a requirement for calculator efficiency. 
For efficient data processing and for conceptual sim­
plicity planning and programming the job, one wants 
the record length tailored to the application. Fewappli­
cations have record lengths that are long enough to 
realize most of the potential tape speed. Therefore, pro­
vision has been made to handle groups of records. From 
the point of view of the tape unit grouping seems to pro­
vide long efficient records. However, the programmer 
and the central processing unit retain the advantages of 
flexible record length. 

Provision has been made in several places in the Type 
705 and its peripheral equipment for grouping. The 
notation on magnetic tape is shown in Fig. 8. Here an 
ungrouped tape is shown on the top and a grouped tape 
below. Within a group the records are separated by 
special symbols called record marks, which are copied into 
memory when the tape is read. The groups are marked 
off on tape by blank spaces. In memory a special charac­
ter is used as a group mark. Certain instructions have 

features which make it convenient to deal with groups 
inside the calculator. The Tape Record Coordinator and 
other peripheral equipment also have features to simpli­
fy grouping. When short records are appropriate it is 
usually best to group records. 

~~~~~pt 

j~B~, 
~ RECORD MARKS 

Fig. 8-Ungrouped and grouped records. 

CONCLUSION 

Current trends in peripheral equipment for auto­
matic calculators can be summarized as follows: 

1) The communication link between the machine and 
its environment is being strengthened so that ma­
chines can automatically handle a wider range of 
tasks. 

2) Flexible peripheral equipment can now function as 
an integral part of a large calculator and then be 
disconnected to function separately while the cal­
culator does other things. This provides a means 
of adapting a data processing installation to the 
wide range of jobs encountered at a typical single 
location. 

3) File reference jobs with a very low ratio of active 
to inactive records have become practical with the 
advent of multiprogramming. This method utilizes 
special peripheral equipment which handles the 
time consuming parts of file reference while the 
calculator busies itself on other work. The full 
power of the calculator is applied to the short, 
hard parts of a file reference job but is not wasted 
during the long easy parts. 

4) Effective magnetic tape speed has been rising, not 
only by increasing intrinsic speed, but by buffering 
and grouping, both of which increase the percent­
age of the intrinsic speed that is realized in prac­
tice. 

5) Peripheral random access memories with millions 
of characters of data and with access time of a 
fraction of a second are becoming available and a 
trend toward even larger peripheral memories is 
evident. 

6) A counter trend toward larger high speed internal 
memories is taking some kinds of wor~ away from 
the peripheral equipment. 

The impact of these trends is to allow automatic cal­
culators to shoulder an increasing burden, to relieve 
people of more and more menial tasks, and to steadily 
raise our standard of living. 
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Discussion 
L. W. Armstrong (Dept. of the Army): 

Please discuss the place of an auxiliary file 
maintenance sorter-collator machine in a 
large scale system; for example, selection 
of active records from master file for your 
stock control problem? 

Mr. Rochester: I think that question 
refers to another solution of the problem 
which is handled by the Tape Record Co­
ordinator. On a file maintenace job where 
there is a small percentage of active records 
you can't allow the calculator to wait while 
reading inactive records; so one solution is 
to have a cheaper device which runs through 
the main file and selects active records. 
These can be run into the calculator and it 
can be run efficiently. 

E. L. Harder (Westinghouse Electric 
Corp.): Some special purpose computer 
applications are dictated now by waiting 
time to the main computer. What break-in 
schemes are being developed? 

Mr. Rochester: A very nice arrangement, 
of course, would be to have some scheme so 
that the action in the calculator is auto­
matically interrupted whenever something 
interesting is found. But a problem arises in 
that you can't necessarily interrupt what is 
going on in the calculator. If there is some­
thing in the accumulator you can't break in 
at an arbitrary time. 

For that reason we chose one of the 
several solutions. That is to have the calcu­
lator periodically ask the peripheral equip­
ment, "Are you ready?" This doesn't seem 
to waste very much time. 

K. Cutler (Liberty Mutual): You men­
tioned that it is possible to have five million 

characters of random access storage. I do 
not see how this can help a company with 
large master file volume. Does IBM plan on 
increasing this capacity? Otherwise the cost 
would be tremendous. 

Mr. Rochester: That is perfectly correct. 
The five million character memory doesn't 
help somebody with a much larger file. 
However, we are going by easy stages into 
this problem but I can assure you that 
eventually the computer industry will 
provide you with very, very large random 
access memories which will be large enough 
for your biggest files. What I can't tell you 
is just when this will happen. I hope that the 
five million characters we have will be an 
indication of good faith on our part. 

R. S. Gillett (National Security Agency): 
Would not large capacity magnetic drums 
with direct loading from tape provide a 
satisfactory intermediate storage with ran­
dom access? 

Mr. Rochester: Yes, large magnetic 
drums are one of the possible solutions. 
What these various solutions amount to is 
that you have magnetic material and you 
have information stored in this magnetic 
material, and somehow you have it arranged 
so it moves mechanically by the head and 
there are quite a number of schemes for this. 
You can imagine magnetic plates, or rods, 
or discs. Our choice in this was discs but 
other people have chosen other things. I 
would say they are all roughly comparable; 
although you can see that we figure the discs 
are the best. 

E. M. Stone (No affiliation): The per­
centage of time, effort, money, and empha­
sis devoted to peripheral equipment, rather 

than to the computer itself, seems to be 
increasing. Can you give some idea when this 
shift in emphasis started and to what extent 
it has gone? 

Mr. Rochester: Well, I think this shift 
began right at the beginning. In other words, 
first it was realized that it was possible to 
make the machines which could do any­
thing that you were willing to instruct them 
to do within some very wide limits. The 
early machines had the characteristics of 
being universal machines. People thought 
that was enough of a hurdle. I think the 
very first machines in 1946 had the dis­
advantage that you couldn't really realize 
the potential of the internal machine be­
cause you couldn't give it information in 
and out rapidly enough. So the computer 
industry has been hard at work on this ever 
since. Probably right now half of a large 
computer is peripheral equipment and the 
other half is the central machine. I think 
this is a reasonable ratio. 

G. Wence (Social Security Administra­
tion) : A tape file of 120 million accounts is to 
be updated once each year. 10,000 references 
per day must be made to the file. Is not 
special purpose equipment indicated? 

Mr. Rochester: One problem I discussed 
had one active record in hundreds. This 
problem has one active record in 12,000. 
There is no question that you wouldn't 
want to tie up a big calculator waiting for 
all these inactive records to file by. I am 
sure special equipment is indicated there. 
I am sure once you found the one record in 
12,000, you would want to bring the full 
power of the calculator to bear. Therefore 
it is nice to have the other equipment to 
help in this long searching time. 

Computers With Remote Data Input 
E. L. FITZGERALDt 

INTRODUCTION 

THIS DISCUSSION concerns the current status of 
remote input technology for commercial data proc­
essing installations. It deals with a few of the prob­

lems and implications of 1) the electro-mechanical 
recording of data on a storage media at a remote geo­
graphical location, 2) the transmission of the recorded 
data to a central computer, and 3) the conversion of the 
transmitted information to a form suitable for com­
puter input. This general purpose approach precludes 
consideration of special purpose, on-line computer 
applications. 

t Graduate School oflndustrial Management, M.LT. Cambridge, 
Mass. 

The balance between allowable cost and acceptable 
input data time lag determines the techniques used to 
accomplish remote input. When the original recording 
media is acceptable as computer input, punched cards 
or magnetic tape for example, and the time value of the 
data is low, mail or messenger service can be used effec­
tively. The only significant difference between this 
technique and central document recording is the in­
duced time lag. As time requirements, either real or 
imagined, become critical, other means of data trans­
mission must be selected. Cost per character of input 
jumps sharply as teletype, voice frequency telephone 
circuits, radio, or microwave channels are designed into 
the data flow system. This additional cost may be com­
pounded by a lack of flexibility in the choice of char-
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acters or symbols transmitted and the necessity for 
conversion equipment at the terminal computer. After 
the initial step to higher speed transmission, additional 
increases in speed and allowable cost are accommodated 
by switching between media or adding parallel trans­
mission channels to existing facilities. 

The methods and equipment currently used for re­
mote computer input are only in their initial stages of 
development. Fortunately, the primitive state of re­
mote input technology has not, to date, seriously hin­
dered the application of computers to busiQ-ess data 
processing. The majority of commercial computer ap­
plications presently involve conventional accounting 
and yontrol systems not requiring the use of high speed 
data accumulation or dissemination. It appears, how­
ever, that many proposed business data processing 
applications involving the nebulous concepts of pro­
jection and real time control are awaiting the develop­
ment of more advanced remote input equipment and 
techniques. 

Despite the problems involved in adapting systems 
and equipment to existing communication media, sig­
nificant advances are being made in the use of remote 
input for commercial data processing installations. One 
of the most ambitious projects in this field was initiated 
on October 4, 1955, when the Sylvania Electric Prod­
ucts Company began construction of a new data proc­
essing center at Camillus, New York. The 50,000 square 
foot installation, expected to employ approximately 300 
persons, will receive all of its data from remote locations. 
Hardware involved will include a large scale computer, 
high speed teletype equipment and 12,000 miles of 
leased wire communication circuits. The data flow 
system will be a series-parallel arrangement. Six area 
offices will be linked directly to the center and each 
area office, in turn, will be connected with from four to 
six sub-facilities. Prime output for this installation will 
be frequent summarized reports of production and mar­
keting data with conventional financial and accounting 
reports relegated to a by-product status. This type of 
radical approach has frequently been proposed as the 
most profitable long-range approach to business data 
computer applications. Future results at Sylvania 
should provide an excellent opportunity to examine this 
promising, if unorthodox, hypothesis. 

ApPLICATIONS 

Investigation indicates that most conventional re­
mote input applications fall into one of three categories: 
1) those involving input data with a high time value, 
2) applications where central processing is more eco­
nomical than remote processing despite the added burden 
of transmission costs and 3) remote input applications 
involving only a portion of the total input data but 
allowing uniform cutoff dates despite geographical sep­
aration of reporting functions. 

Typical of the first category of application where in­
put information has a high time value are those involv-

ing source documents that affect company income. For 
example, the processing of summarized sales informa­
tion. In one department of the Du Pont Company, re­
gional sales offices prepare sales orders on a teletype 
machine connected directly to a nearby warehouse. The 
duplicate copy of the sales transaction reproduced on 
the teletype machine in the warehouse is used to initiate 
shipment of the order. In the sales office, a paper tape is 
produced automatically by the teletype machine as a 
by-product of this operation. It contains specific por­
tions of the information recorded on the sales order 
form. In content, 15 to 20 per cent of the information 
transmitted to the warehouse is recorded 'on the tape. 
These sales summary tapes are accumulated and trans­
mitted from each sales office, daily, to a central data 
processing installation. There, statistical computations 
can be made on the data to determine significant sales 
trends in different products, generate or modify pro­
duction schedules and allocate finished goods shipment 
to and between the remote warehouses. 

Another type of remote input application justifiable 
because of the speed and capacity of the central com­
puter is that involving the processing of repetitious 
engineering calculations. An example of this is the use of 
the General Electric computer installation at Evendale, 
Ohio, by G. E.'s Medium Steam Turbine Department 
in Lynn, Massachusetts-l,OOO miles distant. In De­
cember 1953, the Lynn group began transmitting tur­
bine design data over a teletype line to Evendale for 
processing on an IBM 701. The computer output was 
later converted to punched paper tape and transmitted 
back to Lynn. Initially, the design parameters to be in­
vestigated were punched into cards direct from a stand­
ard data sheet furnished by the design engineer. These 
cards were run on a tabulating machine, certain control 
totals taken and a summary card punched. All the cards 
were then converted on a punched card-to-paper-tape 
device and transmitted by teletype. At the computer, 
the paper tape received was converted into cards and 
these listed on another tabulating machine to check the 
control totals against the summary card. The feedback 
of results followed the same procedure in reverse. Re­
cently, IBM Transceivers (punch card transmitters and 
receivers) were installed to eliminate conversion be­
tween paper tape and cards. The resulting increase in 
accuracy was sufficient to eliminate the listing and check 
total operations. The average computer running time 
for each solution is about 5 minutes. Current volume is 
approximately fifty computer solutions per week. 

The second major category of application mentioned 
previously were those involving remote input of data 
which, despite transmission costs, can be processed 
cheaper at a central computer. An example is the proc­
essing of construction site payrolls. A typical construc­
tion site starts off with a few men, builds up to many 
hundreds or thousands, and then declines to zero in a 
period of 12 to 18 months. The problems of mechanizing 
payroll procedures on location for these applications are 



Fitzgerald: Computers with Remote Data Input 71 

evident. The system is either over-designed or woefully 
inadequate, depending upon the stage of completion of 
the project. The transmission of the payroll data to a 
central computer can produce economies for this type 
of application because the processing is always within 
the capacity of the hardware, the minimum to maxi­
mum processing time range is compressed, and the 
necessary accounting and control data can be easily 
extracted in a form suitable for subsequent home office 
processing. Additional economies may be realized, in 
some instances, by combining a number of similar pay­
rolls in to one processing run. 

EQUIPMENT 

The techniques now used for remote computer input 
can best be understood by describing remote input data 
origination and then following the operations back to 
the central computer. 

Currently, commercial computer installations with 
high speed remote input applications use data origina­
tion devices which produce either punched cards or 5 
channel punched paper tape. Despite the disadvantages 
of the 5 level code stemming from the necessary inclu­
sion of the upper and lower level shifts required to 
handle alpha-numeric data, it has gained wide accept­
ance from office equipment manufacturers and users 
because of its compatibility with existing communica­
tions systems. The trend toward early recording of 
source documents in mechanical form has been pro­
moted widely under the name of "Integrated Data 
Processing" or the "common language" concept. 

Frequently, the data produced on common language 
paper tape machines has its format and content deter­
mined by the requirements of the originating operation. 
The sales order analysis application mentioned earlier 
is a case in point. In that example, an order, invoice and 
acknowledgement are produced on the originating de­
vice. While the volume of data extracted can be varied, 
the necessity for a clean format on the customers' 
copy precludes the insertion of zero field fills and special 
function symbols. Thus, the problem of unscrambling 
the data fields on the by-product tape is passed on to the 
terminal conversion equipment or the central computer. 

The actual transmission of the input data, whether 
recorded on cards or tape, may be handled in a number 
of ways. If recorded on cards, duplicate cards may be 
produced at the terminal computer by transmission be­
tween two IBM Transceivers, utilizing either a teletype 
line or a voice frequency telephone line. When a tele­
type line is used with a Transceiver (Fig. 1), the speed 
averages about the same as a conventional teletype ma­
chine; six or seven characters per second. Over a tele­
phone voice circuit, however, the maximum transmis­
sion speed jumps to 15 characters per second with up to 
4 pairs of Transceivers theoretically possible on one 
voice circuit. When a telephone voice channel is used, 
the Transceiver contains a pluggable channel selector 
that determines which of the four allowable frequencies 

the machine may transmit or receive on. A program 
card, wrapped around a rotating drum, is used on both 
the transmitter and receiver for format control and to 
insure that all columns transmitted are received. The 
device has a number of self-checking features. A cursory 
survey of 15 of the estimated 77 commercial Trans­
ceivers in use as of November 1, 1955, indicated an ex­
tremely low error frequency. If the input data is on 
punched cards at the remote location but the volume of 
transmission too small to justify a Transceiver hook-up, 
the data may be converted to five channel paper tape 
for teletype transmission. 

Fig. 1. 

There are a number of systems for the transmission of 
five channel paper tape over teletype lines. Tape read­
ers, transmitters, nonprinting paper tape punches and 
printing tape punches may be combined with either a 
common carrier wire service or a private wire. Private 
wire agreements involve the lease, on a monthly basis, 
of the lines and the transmitting and receiving equip­
ment. Common carrier agreements may also involve 
lease of the equipment but alternate methods of pay­
ment for line usage are available. For example, some 
tariffs are on a per connection basis with a minimum 
charge for three minutes and an incremental charge for 
each minute thereafter. One common carrier charges by 
the word at a rate 'which is a function of monthly vol­
ume; another charges by the word with a day to night 
tariff differential of about three to one. (Private wire 
rates are calculated at a fixed amount per air mile and 
vary for different scheduled periods of usage per day. 

The choice of private wire or common carrier service 
for teletype transmission depends on volume, avail­
ability of service, maintenance arrangements and ratio 
of equipment cost to line cost. Frequently, a combina­
tion of private wire and common carrier service results. 

Volumes of less than 300,000 characters per month 
are frequently more economical on common carrier 
services such as TWX, Telemeter, or Western Union. 
Above that volume, private wire service usually be-
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comes more attractive. If the distance to the remote 
location is short, the actual line rental is a small part of 
the total system cost. For example, in a ten-mile circuit, 
approximately 15 per cent of the total equipment and 
line rental costs are applicable to line rental. The choice 
of service in this case is usually based on factors such as 
equipment offered, maintenance policy, and conven­
ience. When the circuit extends 750 miles, however, the 
line costs jump up to approximately 75 per cent of total 
system cost and line charges become a major factor in 
service choice. 

CONVERSION AT TERMINAL COMPUTER 

When cards or tapes are received at the terminal 
computer, they are marked for visual identification. 
Transceivers are available which print as well as punch 
while receiving. With paper tape, a typing reperforator 
is normally used as the receiving device. This unit 
punches the tape and also types on the tape the data 
received. If tapes are received from a number of loca­
tions for processing during one master run, they are 
assembled in batches until cutoff time and, if the com­
puter does not utilize paper tape input, converted to a 
form suitable for computer input. With paper tape, the 
most direct way to do this is with a paper tape to mag­
netic tape converter or a paper tape to punched card 
converter.' 

Fig. 2. 

A prototype paper tape to magnetic tape converter is 
in use at the Du Pont Company's Univac installation. 
(Fig. 2). Functionally it is a keyboard to magnetic tape 
device, a Unityper II, connected with a paper tape 
reader. It produces, in addition to a magnetic tape copy, 
a printed copy for use as a reference document. Data is 
recorded on magnetic tape in blockettes of 120 charac­
ters. Provision was made for the elimination of any 
blockette by the inclusion of a special code symbol at 
the end of the data to be erased. Thus, station directing 

codes for the teletype network and other identifying 
symbols are recorded on the printed copy and then 
erased automatically from the magnetic tape. A flexible 
decoding matrix on the unit has permitted a wide lati­
tude in determining which of the 46 nonfunctional pa­
per tape characters shall be used with which of the 63 
Univac characters. 

The Sperry-Rand Corporation now has under test a 
high speed paper tape to Univac magnetic tape device 
utilizing a photoelectric tape reader. This device will 
permit conversion speeds, from paper to magnetic tape, 
of up to 200 characters per second. 

Fig. 3. 

Computer output for transmission from the central 
computer to remote locations may be handled with a 
magnetic tape to paper tape converter, a card to paper 
tape converter or a direct card transmission on a Trans­
ceiver. An interesting magnetic tape to paper tape con­
verter is in use by Du Pont. (Fig. 3) The device consists 
of a low speed magnetic tape reader connected to a 
paper tape punch. Format control and the inclusion of 
the necessary station directing teletype codes are re­
corded on tape during the output editing run on the 
computer. Figure and letter shifts are automatically 
punched in the output tape as required. Standard edit­
ing routines for low speed Univac output printers are 
used to arrange the format compatible with the receiv­
ing teletype equipment at remote locations. A commer­
cial version of the Univac magnetic tape to paper tape 
converter is expected to be available in 1956. 

An alternative to tape or card conversion at the ter­
minal computer may become practical with a self­
checking magnetic tape transmitter and receiver about 
to undergo field trials. This Sperry-Rand device reads 
information from magnetic tape at a remote location, 
transmits the data over a voice frequency telephone 
circuit at a rate of 150 to 200 characters per second and 
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reproduces the data on magnetic tape at another trans­
mitter-receiver on the terminal end of the wire. 

ACCURACY 

The facilities of the communication utilities are not 
designed to provide the low undetected error frequency 
found in modern computing systems. Lacking self­
checking transmitting and receiving equipment, it has 
become standard practice to design the data flow system 
to cope with the expected errors. The degree of addi­
tional complexity this builds into any given application 
depends upon the possible consequences of undetected 
errors in that application. The resultant system is usu­
ally built up of document counts, sequential numbering 
systems, control totals and program checks in the proc­
essing instructions. In this latter case, the expected 
occurrence of numeric data, instead of alphabetic, in a 
numeric field is tested, non-existent product 'code num­
bers are brought to the operator's attention, payroll 
checks above a maximum expected amount are noted 
and other logical choices executed. 

In 5 level paper tape systems, experience has indi­
cated that the rando'm mutation or dropping of a single 
character is rare. Most system errors destroy a string of 
characters and thus increase the probability of the bad 
transmission being detected. The single numeric sub­
stitution error in a numeric field not under a control 
total, while rare, generally causes the most concern. 
These are seldom as probable as might appear, however, 
considering that only 9 of the possible 32 mutations 
would result in erroneous numeric input. 

To qualify as an undetected error, a teletype muta­
tion must penetrate visual inspection, field distortion 
checks on conversion equipment, logical computer pro­
gram checks and batch, sequence and control total veri­
fication. Errors which do not slip through the system 
frequently present more of a problem than those that 
do. If detected before computer processing, retrans­
mission of the data batch is adequate. Errors detected 
during processing cause all data associated with the 
transmission to become suspect in view of the error 
grouping phenomenon mentioned earlier. In some cases 
it is feasible to have error correction routines available 
at the computer which will back-out of the master file 
all previously processed input associated with the sus­
pect transmission. 

Self-checking data transmission and receiving equip­
ment eliminates many of the remote input problems of 
the system designer and programmer. The IBM Trans­
ceiver is the only su'ch device currently available. Each 
character read from the card to be transmitted is en­
coded into a four-out-of-eight pulse train. At the re­
ceiver, the impulses are checked to see that they are a 
legitimate four-out-of-eight representation. If an in­
valid character combination is received, an error condi­
tion is set up in the receiver. The next request-for-card­
release signal, sent by the transmitter at the end of 

each card, is denied by the receiver and operation stops. 
After recognition of the bad transmission by the oper­
ators on each machine, the card is re-transmitted. 

One major difficulty involved in designing teletype 
equipment with built in checking is that the five level 
code itself offers no easy way for the inclusion of parity 
checks to detect dropped or mutilated characters. Cur­
rently there are a number of organizations working on 
systems to permit the inclusion of checking procedures 
without unduly complicating the encoding or decoding 
functions. For example, one large teletype user is de­
veloping a simplified system for teletype equipment by 
which a parity check is made along each of the five chan­
nels on tape. When the carriage return and line feed 
functions are performed on the originating teletype ma­
chine, the parity balance for each channel is punched in 
the tape. At the receiving machine, the carriage return 
and line feed symbols alert the system to decode the 
next character as the parity check. It is understood that 
the Bell System is working on a similar technique which 
automatically scans the bits in each channel and in­
cludes the parity check punches after a fixed number of 
characters. Western Union is reported to be working 
on a system which transmits each bit twice, polarized 
first in one direction and then in the other. 

REMOTE PROGRAMMING 

The definition of remote programming used here re­
fers to the preparation of computer instructions by per­
sonnel geographically separated from the computer 
installation. It implies that a remote location would 
transmit detailed coding, pseudocode or the problem 
description to a central computer where a processing 
run would be scheduled and the results transmitted back 
to the source. Input data for the run could come from 
either the remote location or master files maintained at 
the computer. 

Currently, there is little demand for this technique. 
The noise about central data processing for better man­
agement control has not yet subsided enough for de­
centralized operating units to be heard. Current 
organizational thinking indicates that decision making 
should be executed at the lowest possible level in an 
organization. It is hoped that the next major area of 
business data processing application will be directed at 
supplying better information to decentralized manage­
ment functions. One objective might be to enable each 
remote function to better relate its operations to those 
of the organization as a whole. Central data processing 
with remote input-output facilities and adequate re­
mote programming technology could make this feasible 
by enabling remote interrogation of master files at the 
central installation. This type of application represents 
a logical projection of the current trend in data process­
ing. 

The problems of remote programming differ from 
those of conventional programming only in order of im-
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CONCLUSION po"rtance. The problems of remote debugging shift the 
emphasis to the reduction of error probability and de­
velopment of adequate diagnostic routines to enable 
easy detection of programming errors which do occur. 
Experiments with remote programming, utilizing ex­
tensive program diagnostic routines, have been success­
fully carried on by General Electric's Medium Steam 
Turbine Department. Results indicated that the diag­
nostic routines and improved desk checking m01;e than 
compensated for the absence of programmers from the 
computer by decreasing expected debugging time. 

Remote input applications for business data process­
ing installations are feasible with existing technology. 
The shortcomings of current conversion or transmission 
equipment can be circumvented with proper data 
system design. 

Automatic coding techniques, which reduce the num­
ber of instructions written to produce a given program, 
should facilitate remote programming by reducing error 
frequency and minimizing programming effort. The 
difficulties involved in debugging current automatic 
routines when errors do occur, however, indicates the 
desirability of including adequate diagnostic routines to 
provide the remote programmer or operator with per­
tinent error detection and correction data. The prom­
ised development of one automatic coding routine 
utilizing verbs and nouns as pseudocode input could be a 
significant factor in facilitating remote programming. 
This approach would provide a communication channel 
enabling the remote programmer to specify precise 
program requirements in a verbal flow chart meaningful 
to those who process it. 

Data utilized in remote input applications is fre­
quently a by-product of an operation which governs its 
format and content. As source document mechanization 
spreads, through the paper tape "common language" 
concept, more data in a form compatible with transmis­
sion facilities will be available for the improvement of 
central accounting and control operations provided 
unnecessary function codes are not required by the 
terminal conversion equipment. 

Early remote input applications indicate manage­
ment is becoming aware that present business reporting 
techniques which indicate change over a fixed time pe­
riod must be supplemented by techniques which indi­
cate the rate of change. As this awareness penetrates, it 
is reasonable to expect a rapid growth in this area. 

Remote data transmission is a two-way street. The 
benefits derived from the rapid accumulation and proc­
essing of source documents for centralized reporting 
should be compounded by utilizing the same facilities 
to make the resultant data available for better decen­
tralized operation. 

Discussion 
L. Difford (Department of Defense): 

Would you care to discuss the use of a central 
computer and remote inputs for obtaining 
quickly a national radio or television index? 

Mr. Fitzgerald: I would weigh very 
carefully the feasibility of high speed trans­
mission and processing in a case like ,this. 
Perhaps the major problem here is the me­
chanical recording of large amounts of 
source data over a short period of time. It 
might be possible to work out a system by 
which the viewers could be called on the 
telephone, receive a recorded message and 
requested to dial "yes," "no" or a TV chan­
nel number. The resultant impulses might 
then punch a tape for subsequent automatic 
processing, much like the communication 
utilities do with their automatic message 
accounting systems. 

Lt. Col. McPerson (U. S. Army): What, 
in general, is the state of the art of "on line" 
transmission of data? 

Mr. Fitzgerald: I have had little con­
tact with "on line" processing of business 
data. It appears that such applications are 
currently limited to special purpose banking, 
inventory and reservation equipment. 

R. E. Wright (Teleregister Corp.): Would 
you discuss error detecting and correcting 
features of present equipment designed to 
reduce system faults due to transmission; 
that is, line hits and repeater errors? 

Mr. Fitzgerald: I presume you are refer­
ring to teletype networks and voice circuit 
transmission using Transceivers. I know of 

no teletype equipment with either error 
detecting or correcting features. Errors are 
usually detected by checks built into the 
data flow system and corrections made by 
re-transmission. The IBM Transceiver de­
tects mutilated characters by use of a self­
checking four-out-of-eight pulse code. 
Matched program cards on the transmitter 
and receiver detect dropped characters. Cor­
rection is made on the spot by the operator 
by retransmission of the card in which the 
error occurred. 

P. W. Larsen (Teleregister Corp.): 
Would you please comment on developments 
for direct input from remote points without 
going through tape or punched card medi­
ums; for instance, keysets used for both 
input and output which are directly con­
nected to a com pu ter via leased circuits? 

Mr. Fitzgerald: This "on line" area of 
business applications currently appears to 
be limited to special purpose computers 
utilizing muliplexing on input and output. 
Most remote input applications of this 
type use teletype lines and paper tape buf­
fers. I know of no keyboard input devices 
on special purpose magnetic drum machines 
located more than a few hundred feet from 
the central hardware. Perhaps few com­
mercial applications have arisen which can 
economically justify utilizing long line 
leased circuits for the relatively slow input 
of direct keyboard entry. 

Lt. H. S. Brun (Signal Corps Engineering 
Laboratory): Why not interconnect com­
puters through buffers rather than slow 
speed terminal and conversion equipment? 

Mr. Fitzgerald: Actually the paper tape 
which necessitates the use of conversion 
equipment is a buffer. It takes up the slack 
between data origination speed and efficient 
computer input speed. Unfortunately, the 
data stored on paper tape usually does not 
have the same pulse code representation as 
that of the central computer. This leads to 
the use of conversion equipment which in­
creases the access time to the data. Com­
puters could be linked together over leased 
lines with more efficient buffering, such as 
magnetic cores, if the input-output speeds 
were carefully balanced and their programs 
synchronized. 

H. TIger (Rand Corp.): What steps are 
being taken to eliminate the volume of ex­
pensive converting and/or intermediate 
equipment? 

Mr. Fitzgerald: Unfortunately, there 
appears to be a trend toward building 
more logical operations into paper tape con­
version equipment. In some cases, it is 
necessary for the data originator to program 
function codes for' converter operation into 
the input data format. This approach should 
be balanced against the possibility of passing 
format control on to the central computer 
by performing only code conversion on the 
converter. 

G. Licht (Wayne University): Do you 
think that the present shortage of trans­
mission facilities (lines) will seriously affect 
the creation of far-flung computer systems? 

Mr. Fitzgerald: I understand only real 
shortage of transmission lines is in the area 
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of high quality voice circuits and broadband 
circuits for facsimile transmission. The 
waiting periods for procuring leased circuits 
have been shortened considerably during the 
past year. The cost of leased lines for remote 
input rather than circuit availability ap­
pears to be the determining factor in most 
applications. 

G. E. Reynolds (Air Force Cambridge 
Research Center): Please expand on the use 
of verbs and nouns in diagnostic routines. 

J. A. Sperling (Western Union): Pseudo­
coding using verbs and nouns as checks of 
accuracy; can you give us a simple example 
of how this is done? 

Mr. Fitzgerald: Automatic coding tech­
niques permit the programmer to write 
computer instructions in a simplified form 
called pseudocode. The computer is used 
to convert these into legitimate instructions. 
Conventional pseudocodes are meaningful 
to the remote programmer but do not define 
the problem to a person at the central com­
puter. The use of verbs and nouns as pseudo­
code will permit the remote programmer to 
specify exactly the operations desired in a 
discrete form. This should decrease error 
probability by reducing the volume of in­
structions transmitted and allowing logical 
verification by the central computer staff. 

J. Smith (Smith Mfg. Co.): How many 
characters per minute can be transmitted 
on one Transceiver? If you used enough 
teletype machines to occupy a full voice 

channel, wouldn't the output be more than 
the four Transceivers? 

Mr. Fitzgerald: Approximately 15 char­
acters per second can be transmitted over 
one Transceiver, with up to four pairs 
possible on one voice circuit for a total of 60 
characters per second. I understand that 
the communication utilities can put up to 
sixteen teletype channels on one broadband 
circuit for a possible 160 characters per 
second. The necessary repeaters and band 
splitting equipment, however, pushes the 
rental of sixteen teletype circuits up to about 
five times the rental of a voice circuit. 

F. J. Cahill (Arabian American Oil Co.): 
Does tape to tape converter automatically 
code from five channel to six, seven or eight 
channel and vice versa? 

Mr. Fitzgerald: The paper tape converter 
shown (Fig. 2) converts only from five level 
paper tape to seven level Univac code. 
Likewise the other one, the magnetic tape 
to paper tape device (Fig. 3) converts 
only from seven level Univac code to five 
level teletype code. 

D. R. Klusman (American Telephone & 
Telegraph Co.): At what monthly volume 
of data do you think serious study of mecha­
nized data transmission facilities is war­
ranted? 

Mr. Fitzgerald: I would say 200,000 
characters per month. 

P. J. Ullman (New York City Housing 
Authority): With 100 window posting 

locations in various parts of New York City, 
covering 75,000 accounts, what system 
would be indicated for centralized account­
ing? 

Mr. Fitzgerald: Window posting ma­
chines are available which create a by­
product punched paper tape. These tapes 
could be mailed, or transmitted by teletype, 
to a cental accounting office. Paper tape 
to card converters or a paper tape to mag­
netic tape converter could be used to convert 
the data into a form suitable for centraJ data 
processing equipment input. 

J. S. Woldringh (Shell Research Labora­
tory, Amsterdam, Netherlands): What kind 
kind of checking possibilities are available 
to insure that no errors are introduced in the 
wire transmission stage, such as in the case 
of radio transmission? 

Mr. Fitzgerald: I suspect that the princi­
ple of Transceiver checking is applicable 
since there is now a Transceiver network 
operating between Morocco and Washing­
ton, a 3,000 mile span, over a radio channel. 
If they are using conventional Transceivers, 
each pulse burst is checked for a legitimate 
four-out-of-eight code and correlated with 
a column on the master program cards. 
After the last card column, the transmitter 
sends an end of card request pulse to the 
receiving transmitter. If everything is ac­
ceptable and the two master program cards 
are in register, the receiver automatically 
sends back a card release signal. 

Developments In Programming Research 
c. w. ADAMst 

T HE MEN AND WOMEN who design the kitch­
ens of tomorrow, the new automobiles, or the 
new office machines aim at functional as well as 

esthetic appeal. They strive to improve functionally in 
two ways-by mechanization anp by systematization. 
These are the two basic approaches to the simplification 
of the tasks of life. These, then, are also the two paths 
to be explored and developed by programming re­
search. 

Unfortunately, the sensuous delight which I personal­
ly derive from enunciating such polysyllabic words as 
mechanization, systematization, and (best of all) auto­
matization, seems not to be shared by others. I suppose 
I must, therefore, beg Noah Webster's forgiveness and 
keep myself up with the times by dropping a syllable or 
two. Consider with me, then, what are the possibilities 
for the automation of computer programming through 

t Westinghouse Electric Corp., Philadelphia, Pa., Assistant 
Professor of Digital Computation on leave from M.LT., Cambridge, 
Mass. 

mechanation and through systemation. Investigation of 
these possibilities comprises the field of programming 
research-or P /R as it might be called. 

MECHANATION 

In order to mechanize anything, one must first sys­
tematize it. One of the greatest stumbling blocks in pro­
gramming research is the obsessive urge to mechanize. 
This seems to drive many researchers to attempt to 
mechanize procedures which have not yet begun to be 
system a tized. 

Of course, there are certain aspects of computer pro­
gramming which lend themselves well to mechaniza­
tion, and much effort has been spent in developing pro­
grammed techniques to deal with these. 

In the early days, program research was largely con­
cerned with what now seem like very rudimentary prob­
lems indeed. Strange as it seems, many computers were 
nearly completed before anyone even established how 
they would load instructions into the storage element 
to get the problem started. 
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Mechanation consists of transferring from men to 
machines as much of the effort, both physical and men­
tal, of a given task as can economically be handled on 
the machines. Thus, simplifying the coding of a com­
puter program by making the computer perform as 
much as possible of the clerical effort is mechanation of 
coding. That part of the mechanation which is achieved 
by computer designers is called "logical design"; the 
part achieved by programmers is called "automatic 
coding." 

AUTOMATIC CODING 

The ACM Glossary defines automatic coding as "any 
technique in which a computer is used to help bridge 
the gap between some 'easiest' form of describing the 
steps to be followed in solving a given problem and some 
'most efficient' final coding of the same procedure for a 
given computer."! I have heard two major criticisms of 
this definition-one that it is too broad, the other that 
it evaluates the techniques a priori. Stephen E. Wright, 
in a sparkling d-"Evaluation of Automatic Program­
ming"2 presented at the ACM Meeting in September, 
1955, said of the definition: "in effect it says that auto­
matic coding is any good technique of problem prepa­
ration using a computer." He suggests, "as a working 
definition," that "automatic coding translates instruc­
tions that a computer cannot execute into instructions 
that a computer can execute." This is usually done by 
"a routine executed by the computer itself, although a 
smaller computer, a coding machine, or punch card 
equipment may be used." 

Whatever the definition, the bulk of the work on 
automatic coding up to now has resulted in routines 
which perform some variation of one or more of these 
six functions: 

1. Conversion to Binary of decimal data, decimal in­
struction addresses, and mnemonically-written opera­
tion codes. This is a minimum function for binary com­
puters to have and is one which built-in decimal arith­
metic virtually obviates, although even decimal data 
must usually be edited from convenient input format 
into the form desired for machine processing. 

2. Subroutine Adaptation by means of relative ad­
dresses and preset parameters. (This function as well as 
conversion to binary is performed in the EDSAC at 
Cambridge by only forty-one "initial orders"3-the 
loading routine which was written more than six years 
ago by David Wheeler and which still stands as the 
leading example of programming virtuosity.) 

1 "First Glossary of Programming Terminology," Association for 
Computing Machinery, 2 E. 63 St., N. Y. 21, N. Y., p. 5; 1954. 

2 Paper not yet published. 
3 M. V. Wilkes, D. ]. Wheeler, and S. Gill, "The Preparation of 

Programs for an Electronic Digital Computer." Addison Wesley 
Press, Cambridge, Mass. pp. 15-21,159-162; 1951. 

3. Storage Allocation of programs written with symbolic 
addresses and literal addresses. In these a programmer 
turns over to the computer the task of assigning instruc­
tions and data to specific storage locations. Instead, he 
indicates the operands in his instructions by freely 
chosen symbolic addresses or, in the case of small con­
stants, by writing the number itself in place of choosing 
any actual or symbolic address. Symbolic coding, which 
was first described independently by Maurice Wilkes of 
Cambridge University and by Nathaniel Rochester of 
IBM, is a feature of almost every new automatic coding 
system. Literal addressing, which had been suggested 
by David Wheeler while he was at Illinois, was redis­
covered by the developers of the IBM 702 Autocoder 
and is included in that system. 

4. Program Latency Reduction. In a serial storage sys­
tem such as a magnetic drum, the speed of processing 
can often be greatly increased by judicious selection of 
the locations in which individual instructions and data 
are stored. This is often called optimum programming, 
a term which seems not to describe the process or its 
results but merely the wish behind it. Because latency 
reduction is a cut-and-try process, Barry Gordon of 
Equitable Life recently made the interesting suggestion 
that a large computer, with its greater computing effi­
ciency and auxiliary storage facilities, could be used to 
do a better job of preparing a reduced latency program 
for a drum computer than could economically be done 
on the small drum computer itself. 

A different sort of latency problem arises when a 
program is too long to fit in primary storage, be it cores 
or drums, but must be stored on a slower, serial auxil­
iary, either drum or tape, and then brought into high 
speed storage one segment at a time. Mechanized pro­
cedures for dealing with this storage hierarchy problem 
are being developed at Remington Rand, M.LT., and 
elsewhere. However, the greatest promise seems to rest 
in the FORTRAN system being designed under John 
Backus at IBM. 

5. Translation of Macrocoded Instructions. This is the 
area most widely identified with automatic coding. The 
translation starts with the decoding of instructions writ­
ten in some macrocode. The term pseudo code is more 
commonly used, but I tend to favor macrocode as being 
more meaningful. So far as I know, this term, like the 
term literal address, originated with the developers of 
the IBM 702 Autocoder. In any event, the decoding 
operation determines which library subroutine, with 
what values of parameters, is needed to make the com­
puter perform the equivalent of the macrocoded in­
struction. Then the required subroutine is selected and 
adapted to the situation. In some cases, the subroutine 
is generated, a technique which is very useful but not as 
exciting as it seems. Generation is merely a special case 
of subroutine adaptation in which the subroutine is un-
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packed, unwound, or otherwise expanded from some 
skeletal form to its final form. 

Let us return to the matter of selection. Once a sub­
routine has been selected, it can either be performed on 
the spot, before the next macrocoded instruction is 
translated, or it can be recorded to produce a machine­
coded program to be performed later. 

In the first case one has an interpretive routine, which 
produces numerical results; in the second case, a com­
piling routine which produces programs. The differ­
ence between interpretive and compiling techniques is 
entirely one of economics. When macrocoded instruc­
tions are repeated cyclically within a program or when 
a program is reused, the interpretive routine must re­
translate whereas the compiling routine need not. On 
the other hand, interpreted programs require less stor­
age than compiled ones do. The original concept of an 
in terpreter, in fact, was as a means of saving storage 
space at the expense of computing time by condensing 
coded references to commonly needed subroutines into 
as little space as possible. Now that larger internal stor­
age elements, more auxiliary storage, and more elabo­
rate built-in operations are available, the interpretive 
routine seems to be on its way out. For example, the 
two most important features of Speedcode and the 
other interpretive routines written for the IBM 701, 
namely floating point arithmetic and address-modifica­
tion facilities, have been built into the IBM 704. In 
demonstrating the usefulness of such facilities, the in­
terpretive routines have served us well. Their brief 
careers have not been in vain. 

The success of a translator, be it a compiler or an in­
terpreter, depends largely on the macrocode which it is 
designed to tranlate. In choosing this code or language, 
the program researcher is faced with much the same 
problems that beset the designer of a computer. What 
facilities will be useful? Will each be worth the cost? 
Before these questions can be answered one must know 
who is to use the language. Will it be for engineering 
computation or for business data processing? Will its 
primary purpose be to reduce the effort required of an 
experienced coder who is on intimate terms with his 
computer? Or will it be intended to simplify the task of 
the novice or the occasional coder? Generalized Pro­
gramming, as developed under Dr. Mauchly at Reming­
ton Rand aims at the experienced user. The Summer 
Session Computer4 at M.LT. and the EASIAC at Michi­
gan are for training purposes only: Algebraic Coding,4 
originated by Laning at M.LT., appeals to the occa­
sional coder, while FORTRAN at IBM and A-2 at 
Remington Rand are intended to satisfy the occasional 

4 "Symposium on Automatic Programming for Digital Com­
puters," sponsored by NMCAP, office Of Naval Research; May 
13-14, 1954; proceedings available through the Office of Technical 
Services; pages 40-68 (all 16 papers discuss various coding systems 
for handling scientific and engineering computations). 

user and the experienced one as well. B-Zero, which like 
A-2 is the product of Dr. Grace Murray Hopper's group 
in Remington Rand, extends some of these ideas into a 
form more useful in business problems, while Dr. 
Mitchell's BIOR is aimed at the most important prob­
lems of business coding that seemed capable of mechani­
zation (input, output, and rerun routines), and is in­
tended for the professional business user. 

One other purpose of translation has been less thor­
oughly explored, although a number of ideas have been 
described by Dr. Saul Gorn5 at Aberdeen Proving 
Ground. Let me read part of a letter I received from 
E. F. Cooley, Director of Methods Research for The 
Prudential Insurance Company, which has over one 
hundred people engaged in planning and programming 
for IBM 650'8 and for seven IBM 702's and 5's. Says 
Mr. Cooley, "we are interested in any method anyone 
may devise for conversion of the machine instructions 
for one computer to the proper instructions for a differ­
ent machine. When you included this sort of thing in 
your M.LT. classes, we thought of it as an interesting 
trick but perhaps of little importance. But it is a sure 
enough problem under our present circumstances where 
we will program the same work for both the 705 and the 
702 and a good portion of it for the 650 also." Mr. 
Cooley's problem is not likely to be solved soon. Such 
translations are simple in principle but extraordinarily 
difficult in practice when one attempts to preserve or 
increase efficiency in the face of various word lengths, 
instruction codes, .tape facilities, and other logical dif­
ferences in the machines. 

6. Aids to Mistake Diagnosis. Locating mistakes that 
planners and coders inevitably let creep into their pro­
grams is something that everyone talks about but that 
very few do anything about. But, they say, compiling 
or interpreting reduces the likelihood of mistakes by 
reducing the number of instructions to be written and 
by eliminating the detailed coding of input, output, 
loading and other relatively straight-forward routines 
in which most of the careless mistakes are made. This is 
true, but it is not enough. One of Mr. Wright's criticisms 
of automatic coding, while ill-founded in principle, is all 
too valid in practice: "There is little doubt that actual 
addresses are far more convenient than symbolic ad­
dresses in error detection." Program researchers should 
hang their heads in shame over the number of program­
mers who make full use of powerful symbolic address 
and macrocode translation facilities in preparing their 
programs, then join Mr. Wright behind the buttons and 
indicator lights in extravagant, horse and buggy tech­
niques for debugging these same programs. Certainly it 
is difficult to apply manual debugging techniques to 
programs prepared using automatic techniques. To be 
effective, automatic coding must go all the way, not 

Ii Ibid., pp. 74-83. 
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stop short where the going gets rough. 
The proper way to debug a program, once it has been 

carefully written and at least casually checked by hand, 
is to put it on the computer, note all the symptoms, and 
take the program back to the desk for diagnosis and 
correction. Such/a procedure requires that there be an 
efficient way to put the problem on the computer, re­
cord any data which might help in the diagnosis, and 
get off. With regard to the recording of symptomatic 
data, selective tracing and changed word post mortem 
routines have been in very successful use here and there 
for years. Of course, it goes almost without saying that 
these routines shquld perform a retranslation from ma­
chine language to the symbolic address and macro­
coding notation employed in writing the program. Trac­
ing and post mortem retranslation techniques are rather 
difficult to develop when auxiliary storage is employed, 
especially when programs are segmented on a drum 
or tape, but these difficulties should not be insur­
mountable. 

The quick change from one program to another is not 
possible when numerous switches must be set, buttons 
pushed, and tapes mounted, dismounted, and labelled. 
But switches need not be set, numerous buttons 
pushed, nor more than one tape mounted or dismounted 
if the proper program was available to get things started 
during a trial run. Switches, in fact, should never be 
used. Push-buttons may often be the best means of com­
municating to the program just what variation is de­
sired, and are indispensable for starting the computer 
in the first place, but program alteration should be pro­
grammed and be controlled from punched cards, tapes, 
type-ins, or push-buttons, not from switches which may 
be left in the wrong position when the next program is 
run. All of the test data which is to be generated or has 
been prepared in advance can be on one tape or one 
deck of cards for the trial runs. A supervisory program 
can then, working from specifications from the single 
input, disperse data out to the proper tapes and other­
wise prepare for the actual trial run. Logging and re­
cording of symptomatic data should also be automatic. 

Not only during trial runs but also during actual 
operation should the routine control of the co~puter 
be given to the program rather than to the operator. 
Bruse Moncrieff at RAND Corporation is working on a 
routine for the 702 to accomplish this. Says Bruse, "fol­
lowing the rule that we ought to mechanize first those 
aspects of the total situation which either cost the most 
or annoy us the most, I have turned my attention to the 
problem of the day-to-day operation of an automatic 
data processor. The things that annoy programmers 
the most are operators, so I am attempting to all but 
program him out of existence. There are certain phases 
of his work, mostly involving manual dexterity, which 
of necessity have been preserved. I have tried to remove 
all the thinking from his job, since this is what people 

do least efficiently. I like to think of this proposed rou­
tine as an automatic supervisor rather than operator 
since it will be telling the human operator what to do."6 

ApOLOGY 

At the start of this paper, I indicated that to me pro­
gramming research is the investigation of ways of auto­
matizing the preparation of computer programs through 
systemation and mechanation. Because of the pre­
occupation that all program researchers have had with 
mechanation, I have thus far devoted my remarks en­
tirely to a brief survey of what has been done and what 
might yet be done in this area. In this survey I have 
mentioned the names of some computers, coding sys­
tems, and people. I trust that those computers, systems, 
and people will not feel unduly flattered and that the 
many I have had to omit will not feel unduly hurt. 

ONE PACKAGE 

It has taken longer than I would have imagined, but 
the computer manufacturers are at last realizing that 
they need not teach their customers the innermost 
workings of their computers, not even the details of the 
beautiful excess-three or the diabolically clever biqui­
nary code they have so ingeniously used. By the same 
token, let us treat the work of the program researchers 
like that of the logical designers. Let us offer the cus­
tomer a package, complete with techniques for using it. 
Let us no longer act as if basic automatic coding tech­
niques were not a part of the system. If the customer 
wants to modify the automatic routines, by all means let 
him, just as we will let him modify the electronic or the 
mechanical features if he wishes. But give him the op­
tion of taking the system in a package, as is. 

SYSTEMATION 

To make the package acceptable, the designers and 
the program researchers must do a thorough job of sys­
tematizing the use of their computer and of mechaniz­
ing as much as can effectively be mechanized about its 
use. This requires much more systemation and much 
less mechanation than we are developing today. More 
powerful machines open up great new possibilities for 
using them; we cannot waste time in obviously mis­
directed or repetitive programming effort. Let us, for 
the business problems of today, mechanize only those 
housekeeping functions which can be made routine to­
day. Once we devise a truly systematic approach, the 
question of what else to mechanize and how to mech­
anize it will become easy to answer. Let us therefore 
turn our most talented researchers now to the great task 
of systematizing the job of planning, coding, debugging, 
and operating a program. ' 

6 Letter soon to appear in "Computers and Automation." 
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Discussion Univac people there in the beginning. Mr. Adams: That is a good question. 

R. A. Kirsch (National Bureau of Stand­
ards): Do you think that the possible future 
use of large fixed memories or slow memories 
combined with very small, fast memories 
will cause an increased interest in inter­
pretive techniques? 

B. Colten (Datamatic Corp.): Are you 
familiar with any current research toward 
self-diagnosis procedures between prepared 
programs and computing systems? 

Automatic techniques originated on com­
puters having storage for only about 250 
words total. Therefore, the minimum would 
be quite small. On the other hand, most 
present day automatic coding systems use 
routines of between 4,000 to 20,000 coded 
words of instructions and data. 

Mr. Adams: Not particularly so. I think 
there is a great potential for research into 
the effective use of storage hierarchies (i.e., 
making use of large slow memory facilities 
in conjunction with small, fast ones). 
Possibly large fixed storage would encourage 
use of interpretive techniques, but large 
erasable storage would very likely lead to 
compiling techniques just as it led the 

Mr. Adams: I am afraid I don't know 
what self-diagnosis would be other than to 
have the automatic routine detect any ob­
vious errors that the coder had made. This, 
of course,. is part of what one gets when he 
uses symbolic addresses and psuedo-codes, 
both of which provide a fair amount of re­
dundance that can be and should be checked 
as a matter of routine. 

J. F. Rafferty (National Bureau of Stand­
ards): At the SEAC computer installation 
at the Bureau of Standards the program­
mers were interested in devising a way to 
record the engineers on magnetic tape, read 
them into the machine, and press the "Mem­
ory Clear" button. Conversely, as an engi­
neer, I have been interested in reports such 
as yours on the attempt to programJ.the 
programmers out of business. 

J. O. Pederson (N.S.A.): What is the 
minimum auxiliary memory needed to apply 
to automatic programming techniques? 

Storage and Retrieval of Information 
LOUIS N. RIDENOURt 

T HE HISTORYof the development of moderninfor­
mation-processing machines is largely the history 
of the development of competent memory systems. 

These must be capable of storing digital information for 
longer or shorter times, of making desired information 
available with no more than a given delay, and of having 
total information-storage capacities suited to one or 
another demand. 

Because memory-system design is so fundamental to 
the design of information-processing machines-and to 
systems which use those machines-I intend to subor­
dinate my discussion of memory-system hardware to a 
discussion, which I think is long overdue, of the inter­
action between machinery and methods. It is customary 
to believe that an operational requirement calls into 
being the equipment and devices that are needed to 
meet it. This always happens to some degree, and may 
occasionally occur in a fairly pure form. Far more often, 
however, our thinking about ways in which a given in­
formation-processing job might be done is unduly con­
stricted by the availability of what appear to be suitable 
system elements. 

Now it is perfectly true that the development of the 
individual components making up an information­
processing system is a long and expensive task, not to 
be undertaken lightly. There is always a major com­
pulsion to make do with what is available-especially 
since system design, if it employs available components, 

t Director of Research, Missile Systems Div., Lockheed Aircraft 
Corp., Van Nuys, Calif. 

is a pencil-and-paper exercise, cheap to conduct and 
easy to alter. Nonetheless, I have a feeling that the 
failure of system designers to demand the components 
they would really like to have may be leading to a tend­
ency of the component designers to provide, not the 
components which system designers really want and 
need, but rather those which seem easy to reaIizecin the 
current state of the art. 

The foregoing statements are rather sweeping, and it 
will be best for me to attempt to support them in spe­
cific terms. I shall do this by discussing memory-system 
design. First of all, let rve distinguish among the major 
categories of memory systems, as they appear today, so 
that the discussion can be still further specialized to 
only one type of memory. 

The earliest memory requirement to arise, and the 
one that is absolutely fundamental to the realization of 
any sort of information-processing machine, is that of 
providing the operation registers of the machine. In the 
logical unit of a machine there are ordinarily several 
specialized storage registers which are used to hold com­
puter "words"-that is, numbers, instructions, or alpha­
numerical entries-which are to be compared, added, 
shifted, or otherwise operated upon. It is possible to 
design a purely serial machine in which most or all of 
these operation registers are indistinguishable from the 
storage registers of the inner memory, but this is some­
thing of a tour de force, since any such serial machine 
can be very greatly speeded up by providing it with a 
few specialized operation registers. 
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In the ENIAC, which was the first really high-speed 
electronic digital computer, great attention was paid to 
the design of the operation registers. They were com­
posed of ten-element ring counters, each element being 
a vacuum-tube toggle. Numbers were carried in the 
registers as arrays of decimal digits. While detailed 
design changes have occurred since the realization of the 
ENIAC, its operation registers are really not so very 
different from those used in more recent machines. The 
vacuum-tube toggle (no doubt soon to be supplanted by 
the transistor toggle) is still the basic element. Though 
this is a relatively expensive way of realizing a storage 
system for digital information, its use is justified by the 
fact that the total storage needed in the operation regis­
ters is small, while a considerable premium is placed on 
high operating speed. 

As we proceed through this catalog of information­
storage systems, the cost per bit of stored information 
will fall, in consequence of the fact that the required 
storage capacity is rising. Concurrently, the operating 
speed of the memory will decrease. The next class of 
memory system, in this hierarchy, is the working mem­
ory internal to the information-processing machine­
what von Neumann called the "inner memory." 

This is an array of storage registers, each capable of 
storing a computer word. The operating speed of the 
inner memory, which is measured by the average time 
needed to obtain from it a word selected at random, is 
rather less than the required operating speed of the 
operation registers. Nevertheless, this speed must be 
high enough to be in reasonably good balance with the 
speed of the operations carried out in the logical unit. 
Speaking very roughly, this means that about half the 
total operating time should be used in getting words out 
of the inner memory and putting them back again; the 
other half is used in carrying out the actual logical 
manipulations. 

For the purposes of our present discussion, it is inter­
esting to note that in the ENIAC, as it was originally 
designed, the auxiliary storage registers forming the 
inner memory were realized in exactly the same way as 
the operation registers were. They were also arrays of 
vacuum-tube ring counters. Since registers of this con­
struction are extremely complicated and expensive, 
there were only 20 of them provided in the original 
machine. l It soon became clear that a larger inner mem­
ory was required, and that a sufficiently large one could 
never be provided by copying the design of the op­
eration registers, because of prohibitive complexity 
and cost. 

The next generation of machines following the 
ENIAC was mainly patterned either after the 
UNIVAC or else after the machine built by von Neu-

1 It is true, but beside the point, that additional registers which 
could be consulted by the machine were provided in the form of 
"function tables." These were arrays of switches which could be 
set once for all at the beginning of a problem. They were not "inner 
memory" in the proper sense, since the machine itself had no capabil­
ity to alter the _entry in any function-table register, only to consult it. 

mann and his colleagues at the Institute for Advanced 
Study. In both these types of machines, a major design 
innovation was the provision of an inner memory of 
greatly increased total capacity. This made possible the 
realization of the stored-program concept. In machines 
of the UNIVAC type, the larger inner memory involved 
the acoustic-delay-line type of information storage; in 
machines of the "Institute family," use was made of 
the electrostatic storage schemes pioneered by F. C. 
Williams and his co-workers at Manchester. 

Both the new schemes for realizing inner memory met 
the requirements of lower cost per stored digit than the 
cost of the vacuum-tube toggles of the arithmetic regis­
ters; both, unfortunately, had severe disadvantages 
which are now leading to their replacement. The delay­
line memory is either quite expensive or else rather 
slow, though it can be made to be highly reliable. The 
electrostatic memory is far cheaper for a given size and 
operating speed, but difficult to make adequately re­
liable. In either case, the limitations of the inner­
memory hardware have had a tendency to restrict the 
total size of existing inner memories to capacities which 
are rather too low to permit the realization of proper 
balance in applying machines to many common prob­
lems. 

Fortunately, there is now coming into universal use a 
type of inner memory system which appears to have 
quite satisfactory properties. This is the coincident­
current magnetic-core memory system which was 
pioneered at M.LT. and at RCA. While the operating 
speeds required of an inner memory demand that the 
magnetic-core memory be provided with rather ex­
pensive vacuum-tube drivers, the magnetic-core mem­
ory is cheaper than earlier types of inner memory in any 
realistic size, is very much cheaper in larger sizes, and is 
tremendously reliable. 

While there are other developments aimed at the 
realization of inner memory systems, notably the ex­
ploitation of ferroelectric storage schemes, the mag­
netic-core memory promises to be adequate for quite a 
time to come. 

Even when a modern information-processing machine 
has been provided with an inner memory of adequate 
size, it is still imperfectly matched to its input and out­
put organs. Its internal speed of operation is usually too 
fast to enable the machine to be matched directly with 
readers of punched cards or punched tapes, common 
input devices; or with card or tape punches, or printers, 
at the output. Because of this, and because the total 
size of inner memory systems has been less than ideal 
on account of the limitations of earlier types of inner 
memory, it is now conventional to interpose some type 
of magnetic tape or drum storage between the world of 
men and the world of the computer. 

The magnetic drum in vol ves an average random­
access time which is equal to the time taken for half a 
revolution of the storage surface. Generally speaking, 
this time is about a thousand times longer than the 
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random-access time typical of a modern inner memory. 
However, the rate at which information can be read 
from tapes or drums, once the desired information has, 
been located, is comparable to that possible in reading 
into and out of the inner memory. Thus a reasonable 
balance between buffer memory and inner memory is 
usually achieved by reading information in sizeable 
blocks from a magnetic drum or tape to the inner mem­
ory, or vice versa. 

In the foregoing historical sketch of memory-system 
development, we have touched on three rather differ­
ent requirements: the operation registers of a machine, 
its inner memory, and the input-output buffer. In all 
three cases, the current state of technical development 
can offer adequate means of meeting the requirement. 
Operation registers are realized in terms of vacuum­
tube (soon transistor) circuits. Magnetic-core memory 
systems appear to be ideal for inner memory. Mag­
netic drums and magnetic tapes serve the buffer role 
quite well, though there appears to be a possibility that 
magnetic-core arrays using relatively cheap drivers, as 
can be done when the random-access time is lengthened, 
may be competitive in this application. 

In addition to the types of memory system which 
have thus far been discussed, one more kind is im­
portant. It is especially important to the application of 
information-processing machinery to the requirements 
of business and industry. This is the very large file of 
current information, whose use and management may 
be the chief task of an information-processing system. 
In contrast with the other types of memory, this type 
has not yet been properly mechanized. 

Let us first define what is meant by "large." Opera­
tion registers ordinarily total a few hundreds, or at 
most a few thousands, of bits. Inner-memory systems 
may involve the storage of a few hundreds of thousands 
of bits; input-output buffers, as we have defined them 
above, generally store a few millions of bits. The large 
file, on the other hand, must hold something in the order 
of 109 to 1010 bits. The subscription file of a mass­
circulation magazine, for example, may contain 1,000 
bits of information for each of five million customers. 

This total quantity of information is sufficiently great 
to make major requirements on the storage means. To 
date, attempts to meet these requirements with actual 
hardware have not been too successful. Just as the de­
sign of the operation registers was carried over into the 
realization of the inner memory in the original ENIAC, 
here it has peen the case that the design of input-output 
buffers has been pressed into service to meet the needs 
of the large file. Thus devices using magnetic tape have 
been widely proposed. 

The information density which is possible with mag­
netic tape is not very high. Current practice is to record 
perhaps 200 bits per inch along a track, and to space 
tracks about ten to the inch. Thus we have some 2,000 
bits per square inch, so that a file of 1010 bits will re­
quire 5 million square inches of magnetic recording sur-

face, or 130 miles of half-inch tape. This enormous 
quantity of tape creates access-time problems; attempts 
to meet these problems are responsible for the invention 
of the Tapedrum built by Clevite-Brush and of the 
MASS by the Telecomputing Corp., which latter device 
uses thousands of individual lengths of magnetic tape, 
each with its own reading and writing means. 

While such devices reduce somewhat the disabilities 
of magnetic recording to cope with really large files of 
information, I think it is quite apparent that a wholly 
different storage scheme is required. The use of photo­
graphic means of storing digital information has been 
proposed, and some development work has been carried 
out, notably at Eastman Kodak2 and at the Interna­
tional Telemeter Corp.3 When suitably mounted to 
permit adequate registration in the reading process, a 
photographic emulsion can readily store more than a 
million bits per square inch, so that a file of 1010 bits 
uses only 104 square inches of recording surface, or an 
area equivalent to that of a few hundred punched cards. 

One of the objections that used to be urged against 
the use of photographic recording of digital information 
is that this type of recording is not erasable, in the 
sense that magnetic recording is. It has become clear 
that this objection is not well founded. For many types 
of records, permanence and insurance against accidental 
erasure or alteration are very important virtues; so is 
the ability, which photographic recording provides, to 
enable ready human reading of any part of the record. 
,Changes and additions to the file, which for any given 
day's activity are small in total volume compared to the 
file itself, can be handled by a much smaller erasable 
file which forms part of the total file system. Each night, 
the entries on the erasable file can be transferred to the 
permanent photographic file. 

Of course, the permanency of photographic media also 
implies that sorting, collation, and interfiling are not 
easy. Meeting this objection is the basic design con­
sideration underlying Eastman Kodak's so-called Mini­
card system, with which you are familiar. It is my 
opinion that there is a better answer, and discussing it 
will lead us back to a discussion of the interaction of 
methods and machinery which is the main purpose of 
this paper. 

In the case of human records, as opposed to the ma­
chine records we have been talking about, file manage­
ment usually involves: 

1) Ordering the record. Entries are filed alphabetical­
ly, or on some other systematic scheme, and new 
entries are interfiled in ther proper order relative 
to those already filed. 

2) Purging the file. When a new entry replaces an old 
one either partially or completely, the old item is 
removed and discarded. 

2 A. W. Tyler, "Annals of the- Computation Laboratory of Har­
vard University," vol. 16, pp. 146-150; 1948. 

3 G. W. King, G. W. Brown, and L. N. Ridenour, "Photographic 
techniques for information storage," PROC. IRE, vol. 41, pp. 1421-
1428; October, 1953. 
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3) Providing random access to any item of the stored 
information. 

utes. In the course of this exhaustive reading of the 
file, we can find all entries that are wanted, whether the 

These requirements are so familiar that they seem to 
be inescapable. Actually, they are requirements which 
have been imposed on us by the slowness of the reading 
process. Random access to any item of the record is re­
quired only because we cannot read through the whole 
record rapidly enough to find what we want, no matter 
where it is located. Ordering the file is a help to random 
access; it lets us know roughly where to look for a stored 
item. Purging the file is required to keep the total size 
of the file down to manageable limits, and is otherwise 
necessary because we do not wish to read the file ex­
haustively in order to determine which items of infor­
mation are modern and which obsolete. 

• file is ordered or not. Having found all entries, we can 
readily determine which of two or more contradictory 
entries is the more recent, and therefore the one to be 
believed. We can conduct many searches in parallel 
while reading through the file, so that the effective ran­
dom-access time can be quite low, on the average, even 
though we have made no formal provision for random 
access. 

Thus we see that a machine file-because we can read 
it exhaustively in so short a time-does not require to 
be ordered, does not require to be purged, and can pro­
vide random access to any item of the information it 
holds without the elaborate provisions for random ac­
cess which are so familiar in the case of human files. 
High reading speed is a substitute for sorting, for inter­
filing, for purging, and indeed for most of the things 
that are commonly thought to be inescapable when a 
filing problem is considered. 

So far as files kept and consulted by human beings 
are concerned, these are all sensible restrictions. But 
when we talk about files that are to be kept and con­
sulted by machines, we must question them. In mag­
netic-recording technology, a single reading station can 
handle about 105 bits per second; the reading station 
of a photographic file is between one and two orders of 
magnitude faster. Let us make the conservative as­
sumption that we have the ability to read the file at a 
rate of 106 bits per second per reading station. Given a 
hundred reading stations, then, we can read a file con­
taining 1010 bits in 100 seconds, or less than two min-

These remarks have only an heuristic value, and in­
deed only an heuristic intent. The development of large 
machine-memory systems will go on its way despite 
them. But it does seem important to realize that the 
filing methods we are all familiar with are inappropriate 
to the capabilities and requirements of the information­
processing machines we are now learning how to build. 

Discussion 

C. Mooers (Zator Co.): We are all 
familiar with the many difficulties in ter­
minology in the computer and related fields. 
This paper seems to be leading to another 
such confusion. "Information Retrieval" 
has been in use for five years in connection 
with machines for discovering information 
in a library of documents or books. A simple 
computer memory system does not of itself 
perform "Information Retrieval." In the 
sense now quite well established there must 
in addition be some sort of scanning and 
selection upon the record in the memory, 
giving an output of a document call number. 
Thus "Information Retrieval" should be 
distinguished from the simpler "Memory 
Access." 

Mr. Ridenour: This is an entirely valid 
comment on what I actually said. At the 
time I submitted a title for this paper, I 
had intended to go on to show how the 
ability to perform rapid and complete read­
ing of a large file eliminates entirely the 
necessity for the indexing which is the funda­
mental basis of information retrieval in the 
sense that Mr. Mooers uses the term. As it 
turned out, I omitted this from my discus­
sion, since it would have required more 
time than was available. I apologize to Mr. 
Mooers for not discussing the problem which 
is closest to his heart. 

R. W. Hughes (Federal Telecom Labs.): 

Please comment on magnetostrictive lines 
for computer memory use. 

Mr. Ridenour: To be honest, I have had 
no experience with such lines. I believe that 
they are quite comparable with other types 
of acoustic delay line in having the same 
virtues, such as high reliability, and the 
same disadvantages, such as relatively high 
cost per stored digit. 

J. L. Hill (Sperry Rand): Do you have 
any offerings of logical or arithmetic sys­
tems commensurate with the proposed 10 
mc reading rate you indicate substitutes 
for interfiling, purging and random access? 

Mr. Ridenour: If the circuits external 
to a memory system cannot work at the 
reading speed, the combination can usually 
be brought back into balance by providing 
several parallel logical circuits which work 
out of a single reading station, which latter 
operates serially by definition. 

J. C. Hosken (Farrington) : How do 
you put the information into the photo­
graphic memory? 

Mr. Ridenour: At Eastman Kodak this 
is done by means of a system involving a 
punched-tape reader which operates a series 
of shutters in front of lights which then 
either do or do not expose a corresponding 
square area on the photographic card. While 
there are other ways of entering information, 
this is a perfectly straightforward and satis­
factory one. The basic requirement is to 
write into the photographic medium a great 
many bits at a time. When this is done, the 

writing rate can be very high. In this con­
nection, it is interesting to observe that one 
200-foot reel of 7 -inch aerial reconnaissance 
film transported 1,000 miles in a B-47 air­
craft amounts to a communication channel 
that is about 108 bits/sec. wide. 

B. Lippe! (Signal Corps): Do you think 
there would be merit to a large permanent 
file-for example, photographic-paralleled 
by a smaller magnetic file with additions, 
deletions, and so forth; arranged so that the 
latter can override the former if it holds 
the entry wanted? 

Mr. Ridenour: Yes, indeed. You just 
invented how to do it. It has to be done 
that way. 

R. E. Wright (Teleregister Corp.): Do 
you know of any work being done on a large 
random access memory utilizing physically 
small magnetic cards? 

Mr. Ridenour: No, I don't. I have heard 
talk here and there but I don't know of 
anyone working on that. 

Moderator Weiner: The following com­
ment from John F. Rafferty of the National 
Bureau of Standards is addressed to Pro­
fessor Adams. At the SEAC computer in­
stallation at the Bureau of Standards the 
programmers were interested in devising 
a way to record the engineers on magnetic 
tape, read them into the machine and press 
the "memory clear" button. Obviously, as 
an engineer, I would be interested in progress 
reports on the attempt to program the pro­
grammers out of business. 
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The Role of Communications Networks In 
Digital Data Systems 

R. c. MATLACKt 

Summary-Communications have played an important role in 
linking together teletypewriters in manual and automatically switched 
networks. There is a rapidly growing need for higher speed com­
munications to transmit digital data from remote to centralized loca­
tions. New engineering and maintenance approaches are necessary 
to take advantage of the existing widespread voice communication 
facilities. Since this plant has been primarily designed for voice 
transmission, new techniques are desirable to insure reliable high 
speed data transmission and switching. This would be facilitated by 
use of a universal language and standardized speeds of transmission. 
The speaker will discuss these problems as viewed by a communica­
tions supplier and will present his views on future development. 

I AM SURE that we have all dreamed of the future 
possibility of having quick and easy access to an 
electronic computer in order to obtain from its 

memory a fast and painless answer to a question. As 
extensive decentralization has taken place in industry, 
it has become more difficult to keep top management 
informed with up to the minute data regarding all 
phases of operation. It is almost universally believed 
that this difficulty will be overcome by high speed trans­
mission of current information to a centralized data 
processing center from a large number of remote loca­
tions. Obtaining easy access to a computer from remote 
locations and keeping its memory current, is a problem 
of communications requiring the use of a digital lan­
guage. In recent years, even the general public has be­
come accustomed to seeing information represented in 
coded form on punched cards. In the Bell System, we 
have developed extensive ,record communication serv­
ices based on punched paper tape. 

Coding by marking or punching is an old art. The 
speed capability of electronics has necessitated the de­
velopment of new recording methods such as magnetic 
tape which, in turn, accentuates the need of higher 
speed communications systems. Computer engineers 
have suggested that the existing widespread telephone 
network may be utilized to rapidly accelerate the use 
of systems which will automatically process practically 
all types of existing business records. Before discussing 
these future development possibilities, I would like to 
briefly discuss existing data communications networks 
in order to provide some background information which 
I feel will help in an understanding of the future, since 
most developments are evolutionary rather than revo­
lutionary in nature. 

Communications have played a vital role in the trans­
mission of data ever since Morse devised his well-known 
code in 1838. This was followed shortly thereafter by 

, t Special System; Engineer, Bell Telephone Labs., New York, 
N. Y. 

successful telegraph printers. In 1874, Emile Baudot 
greatly accelerated this progress with his 5 unit select­
ing code which became, and still remains, the common 
language code for telegraph printers, more familiarly 
known as teletypewriters. 

Two general types of services are now furnished by 
the Bell System. These are known as (1) teletypewriter 
exchange service, commonly referred to as TWX and 
(2) private line services. 

The Bell System TWX service is furnished to fill the 
need of customers who have a limited amount of point­
to-point data to transmit per day or have the need to 
communicate with any of a large number of other TWX 
customers. An example of this latter case is the need of 
a travel bureau of a company to quickly arrange and 
confirm wide-spread hotel reservations for its em­
ployees. At the present time in the Bell System, there 
are approximately 37,000 teletypewriter exchange sta­
tions employing 3,352,000 miles of circuits. The sys­
tem averages approximately 89,000 calls per business 
day with each call averaging 8 minutes. Messages are 
transmitted either on line, as they are typed by the key­
board operator, or automatically, by placing a previous­
ly prepared perforated tape into a transmitter distribu­
tor. Speed is limited in the on line case to the capability 
of the operator whereas the automatic method is limited 
by the system capability, which is 60 words per min­
ute. 

The second, or private line type of services are quite 
varied in nature. There are service offerings of teletype­
writer, voice, telephoto, facsimile, telemetering, pro­
gram, and television. In the data transmission field, 
these private line circuits are capable of information 
rates varying between the limits imposed by a 170 cycle 
telegraph channel to a 4.5 mc television channel. At 
the present time, the largest Bell System private line 
service is teletypewriter. It runs the gamut from leas­
ing a pair of wires to a customer who furnishes his own 
teletypewriter terminal equipment, to the leasing of a 
complex automatic switching system and wire network 
along with the associated teletypewriter equipment. 
These large automatic systems compare in functional 
complexity to modern computers. They playa vital 
role in data processing systems now in use by many large 
companies. 

Private line teletypewriter service is furnished to a 
particular customer for his exclusive use for a specified 
period. These periods range from eight hours per day 
on specified days, up to twenty-four hours per day, 
seven days a week. A few typical arrangements are: 
1) point-to-point service, 2) party line service, where a 
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number of stations are all connected to one line and one 
or more are arranged to only receive; this type of service 
is arranged for various press associations who sometimes 
have as many as 300 to 400 stations on a line, and 3) 
large automatic message switching systems. A typical 
large system in use consists of 2 switching centers, 94 
sending stations, 143 receiving stations, and 23,000 
circuit miles. Daily traffic averages 48 thousand mes­
sages with an average length of 17 words. Automatic 
swi tching is accomplished by the use of address charac­
ters preceding the message and by end of message char­
acters following the message. Bell System private line 
teletypewriter services now aggregate approximately 
42,000 stations employing about 4,000,000 miles of cir­
cuits, which is slightly greater than the TWX service 
with regard to both stations and circuit miles. A cost of 
$0.11 per message is experienced by one company which 
has an efficiently loaded, large system. In this case, the 
message averages 40 words in length and travels 500 
miles. This cost represents only the revenue paid to the 
Bell System and does not include additional company 
operating costs. 

Teletypewriter services now in use have nominal 
speed capabilities of 60, 75 or 100 words per minute, 
with corresponding bit rates per second of 46, 57, and 
74 based on the standard 5 unit code. An average tele­
type word is assumed to be 5 characters plus a space. No 
error detection facilities are provided, but these services 
are engineered to rigid transmission standards. Cir­
cuits are engineered from end-to-end so that the error 
rate is never worse than one in 44,000 characters. Aver­
age telegraph circuits, however, have transmission 
error rates of about one in 8,000,000 characters. These 
error rates include the normal random summation of 
various sources of transmission distortion, but do not 
include distortion due to interruptions, static, magnetic 
storms, etc. The above error rates cover only the trans­
mission and do not include operator amd machine errors. 
A regenerative repeater which retimes the signal ele­
ments is inserted in over-all circuits comprised of many 
links, in order that the transmission standards will be 
met. 

The teletypewriter services were planned primarily 
as a means of communicating ordinary text. Because 
teletypewriter machines do not use an error detecting 
code, computer people have sometimes been reluctant 
to use the service for business and other nonredundant 
data. In view of the high degree of error control main­
tained, as described above, the teletype service is suited 
to many business uses. The automatically switched 
networks should, in particular, be of interest to those 
designing integrated data processing systems. Work is 
underway to develop an economical and reliable error 
detecting scheme for use with the 5 unit code. 

Having looked at the present facilities for transmit­
ting data, let's look at the future. In the first place, it is 
now clear that high speed digital data communication is 
going to be necessary to support the further mechani-

zation of business and industry. At the present time, 
there is a growing need to transmit data in the fastest 
possible manner from widespread remote locations to 
centralized data processing centers in order that in­
formation there may be as current as possible. In fact, 
we in the Bell System have had numerous inquiries 
from manufacturers of computers and business ma­
chine equipment, as well as from users of such equip­
ment, as to what developments are planned for use 
over private line networks and for use over the tele­
phone network. 

In the private line field, it is possible to utilize chan­
nels which vary in discrete steps of bandwidth all the 
way from telegraph to television. Examples are: voice 
channels with upper usable frequencies varying from 
2,400 to 3,300 cycles; 5,000 and 15,000 cycle program 
channels; carrier group channels such as 48 and 96 kc; 
and 4.5 mc television channels. At the present time, only 
the voice and telegraph channels are being used for data 
transmission, but the broader channels, along with 
suitably designed modulators and demodulators will 
be considered when the demand materializes for higher 
speed data transmission systems. We have, under de­
velopment for the SAGE project, a data transmission 
system capable of transmitting 1,600 bits per second 
over a private line facility. In order to realize this speed 
of transmission, the circuits must have some delay 
equalization treatment and some of the carrier systems 
must be adjusted to improved impulse noise standards. 
Also under development, is a double sideband amplitude 
modulation system with an expected capability of trans­
mitting 750 bits per second over a standard voice band­
width private line facility. The Teletype Corporation 
has, under development, a punched paper tape trans­
mitter and receiver which can be arranged for 5, 6, or 7 
bit codes and a speed capability of 60 to 100 characters 
per second. 

Computer engineers have made numerous inquiries 
regarding the possibility of the Bell System's using the 
regular telephone switched network for data transmis­
sion. It has been pointed out that this is particularly at­
tractive to small businesses and agencies who have 
limited amounts of traffic and desire to transmit small 
volumes of traffic on an intermittent basis. Since this. 
network is practically universally available and is 
rapidly being arranged for customer direct distance 
dialing within the United States, it h~s very attractive 
possibilities for this use. It has been proposed that the 
telephone be used in the usual manner to establish a 
connection to a data processing center. As soon as the 
connection is established, a suitable data input device 
would be substituted for the telephone. 

I would like to discuss now some of the engineering 
problems in connection with this particular proposal. 
As you know, the telephone plant has been basically 
engineered for voice transmission and the only criterion 
is that a satisfactory voice transmission circuit will be 
furnished. However, voice transmission requirements 
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are much less severe than data transmission require­
ments, particularly with respect to impulse noise and 
delay distortion. The telephone plant is made up of 
many different kinds of voice and carrier facilities which 
vary widely in bandwidth, delay, and noise characteris­
tics. Slow speed data transmission in the form of direct 
current dial pulses and numerous alternating current 
signaling and data transmission schemes are widely 
used to establish and disconnect telephone connections. 
Several years ago, the Bell Telephone Laboratories 
initiated a research program to acquire fundamental 
knowledge of high speed data transmission over tele­
phone circuits. The main purposes of this program were 
to explore faster and more efficient ways of establishing 
telephone connections. Much has been learned from this 
and other similar projects regarding high speed data 
transmission over telephone circuits. 

Extremely high accuracy of data transmission is a 
must, and this presents a most pressing problem. The 
general trend in the computer field has been to add 
parity checking to all data processing equipment and 
arrange the characters in block form on magnetic tape 
with space between the blocks. Block lengths vary be­
tween approximately 70 to 120 characters. A likely way 
of transmitting them is by start-stop operation, where­
by checking equipment at the receiving end will, at the 
end of a block, send a return signal to the transmitting 
end to advance to the next block if there were no errors, 
or back up and repeat the block in the event there were 
one or more failures to parity check or check that the 
correct number of characters per block were received. 
A considerable amount of study and experimenting is 
necessary to determine the optimum block length for 
transmission purposes. If the block is too long, too much 
time will be wasted by retransmission of blocks that 
have only one error. If, however, the block is too short, 
the return signal time will become an appreciable part 
of the transmission time. This is greatly aggravated by 
echo suppressors which are used on electrically long 
circuits in order to prevent the annoying return signal. 
Transmission is possible in only one direction at a time 
since the opposite direction is purposely suppressed in 
order to avoid echoes. As the direction of transmission 
is reversed, the echo suppressors do not immediately re­
verse, but take as much as 120 milliseconds on a long 
circuit such as from coast to coast. This is not noticeable 
in voice transmission, but is a time loss with data trans­
mISSIOn. 

Many of our modern carrier systems are designed 
with compandors which is an abbreviation for compres­
sion and expansion. Their purpose is to compress loud 
speech and expand weak speech at the transmitting end 
and reverse this process at the receiving end. By means 
of these compandors, very decided signal-to-noise ad­
vantages are obtained for voice, and transmission is 
much improved over noisy circuits. These decided sig­
nal-to-noise advantages lead, of course, to an engineer­
ing of the telephone channel with a correspondingly 

greater physical noise before the compandor is inserted, 
than would be the case if the channel were to be used 
without compandor. This higher noise level is detri­
mental to pulse type transmission and therefore special 
design measures are necessary to make a high speed 
data transmission system function reliably over com­
pandored facilities. In spite of these difficulties from a 
technical viewpoint, it appears possible to design a fast, 
highly reliable data transmission system suitable for use 
over the telephone switched network. The primary 
function of the network, however, is to carry telephone 
conversations and this function must not be jeopar­
dized. Special input and output lines (i.e., subscribers' 
loops) and additional facilities to increase the traffic 
capacity of the network probably would be minimum 
req uiremen ts. 

It is interesting to speculate as to what type of serv­
ices might be provided. Indications so far are that there 
will be need for two distinct types: a very simple slow 
speed arrangement whereby a message can be sent by a 
simple keyset to a computer or machine and a return 
answer by voice from a computer or machine; and a 
means of sending all forms of digital data from tape to 
tape at the highest possible speed. An example of the 
first case would be if you wanted to find out how many 
piece parts of a specified number were in stock at a 
given factory. Connection to a computer might be 
achieved by dialing a telephone number type code, fol­
lowed by a proper code to determine how many of the 
desired piece parts are available. The computer would 
give the answer in digital form, or by means of a conver­
tor the answer might be transmitted back to you in 
voice. This is, of course, a very simple arrangement and 
many variations of increasing complexity are possible. 
For example, the question could be transmitted by 
means of a teletypewriter and the computer would type 
the answer on the teletypewriter. This type of service 
is on line transmission, but since it is visualized that a 
high percentage of this type of traffic would be local in 
nature, high speed is not a vital factor. 

A large number of speculative types of service are 
possible which involve the second type of service which 
was previously mentioned. These types of service in­
volve the transmission of all forms of digital data from 
tape to tape at the highest possible speed. A typical 
example would be a typewriter keyboard associated 
with the necessary equipment to code the characters on 
magnetic tape as they are being typed. When desir­
able, the tape would be placed in a transmitter and the 
information sent over a connection after being estab­
lished by dialing in the conventional manner. The 
necessary equipment at the receiving end would place 
the signals on a tape which would be a duplicate of the 
sending tape. Included would be the necessary check­
ing equipment to advance the transmitting tape block 
by block as previously discussed. A great many varia­
tions of this basic plan are possible. For example, one 
might conceive a mixture of all different types of digital 
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data placed on the tape in message form such as com­
puter data, punched card data, and teletypewriter 
data. This would require that messages of different 
types be preceded by characters indicating the type of 
da ta and followed by end of message characters. It 
would be possible to place the tape in a suitable reader 
associated with switching equipment which could moni­
tor the code directing characters and transmit the mes­
sage to the proper end equipment such as computer, 
card reader, or teletypewriter. It is obvious that this 
type of switching requires a common language code in 
order that certain characters can be reserved for only 
that use. I would like to urge that serious consideration 
be given to standardization in the field of data trans­
mission. I realize that rigid standardization is unde­
sirable because it tends to stifle the progress of a new­
born art. I feel, however, that some reasonable amount 
of standardization which will not block progress is 
possible and will avoid a lot of future headaches. 

entirely speculative in nature for the purpose of stimu­
lating some thinking regarding the long range aspects 
of the data transmission field. I would also like to 
acknowledge that much of the information regarding 
the existing TWX and private line systems was obtained 
from Messrs. L. A. Gardner and E. R. Robinson of 
Bell Telephone Laboratories. 

Concluding ideas are summarized as follows: 

1) The continued mechanization of business will 
require expanded digital communication facilities. Un­
less the communication problems are solved, the full 
benefits of mechanization will not be realized. 

2) The computer and the communication industries 
each need the cooperation of one another in working 
out standards for data transmission. 

I would like to emphasize that the discussion regard­
ing the use of the telephone switched network has been 

3) And finally, let me say to all those designing in­
tegrated data processing systems, "Don't leave the com­
munications problems until the end. Call in a communi­
cations man early in the project and use his specialized 
knowledge to help you design an optimum system." 

Discussion 

J. H. Waite (R.C.A.): Are you aware of 
any efforts being made to develop error 
detection and auto-correction techniques for 
teletype communications? 

Mr. Matlack: Yes, as mentioned yester­
day by Mr. Fitzgerald, although I am not 
aware of it, Western Union is working on 
that and I mentioned that the Bell System 
is also working on it. Of course, an obvious 
way of including error detection is to trans­
mit the message twice. This is a waste of 
time and better methods can be used. Error 
correction requires much more redundancy 
and we feel it is sufficient to be able to know 
that there is an error without correcting it; 
that is, action can be taken if you know an 
error is there rather than include all the 
redundancy necessary to correct the error. 

M. S. Rubin (Filene's): Is it now possible 
to transmit seven channel magnetic tape 
data over a conventional telephone wire, not 
teletype? If not, what can you tell us about 
current work being done? 

Mr. Matlack: It is not presently pos­
sible and, as I indicated to you in my con­
clusion, I have only spoken about the engi­
neering considerations of this. There are 
many policy questions involved which have 
not as yet been resolved regarding the use of 
the telephone switched network for this type 
of service. 

Capt. B. R. J aco bellis (Signal Corps): 
What form will the error detecting code 
take? 

Mr. Matlack: Is this with respect to 
teletype or the future type system? In the 
case of the teletype system there are several 
possible ways of doing this, such as on a per 
line basis. When the carriage returns to 
the next line it is possible to add across the 
rows of characters and come out with what 

is equivalent to a sum, odd or even, and type 
whatever random character happens to 
come up there. That is one way of doing it 
and was mentioned by Mr. Fitzgerald 
yesterday. 

There are other ways of adding every 
so often, say every 20 characters, or 30, 
or whatever you want to pick and how 
accurate you want to make the system. 
You can add a redundancy check character 
and then remove it at the terminating end. 

With regard to future systems I think 
it leans towards a seven bit code with one of 
these as a check bit. 

E. L. Lach (Western Union): What per­
centage of accuracy can be expected with 
the five channel error check under develop­
ment with your firm? 

Mr. Matlack: I can not answer that at 
the present time because we have not tested 
it. 

C. K. Budd (Signal Corps): Is the Bell 
System interested in standardization of digi­
tal code language and if so, what is the 
present status of work on such a project? 

Mr. Matlack: Preliminary discussion 
with interested computer manufacturers and 
users has been started under the sponsorship 
of the JCC. I think this will come out more 
in the panel discussion that is coming along. 
I would prefer to delay this question until 
that time. 

W. L. Poland (Daystrom Instr.): In 
transmission at 750 bits/sec over typical 
voice lines, what is the expected average 
error rate? 

Mr. Matlack: This is going to depend, 
as I mentioned in the paper, on how long we 
make the block length. Nothing has been 
picked as yet and tests are just now begin­
ning to determine error rates. It is very de­
pendent on how long the block length is. 
If you make the block indefinitely long there 
is bound to be an error in transmission to, 

upset some of the characters. However, 
if the block is only a few characters long the 
chance of an error is practically impossible. 
Therefore, some compromise has to be 
effected as to block length. 

H. E. Tompkins (Burroughs): How does 
the ratio of cost to bandwidth vary for the 
different bandwidth channels available? 

Mr. Matlack: In the private line field 
in the Bell System the higher you go in 
bandwidth the cheaper it is in terms of bits. 
For example, consider slow speed teletype­
writer at 100 words a minute. The private 
line charge is roughly $1.50 a mile per month. 
An ordinary voice channel, which has, in­
stead of 100 words per minute, a capability 
of roughly a thousand words a minute, is 
$3 a mile per month. That goes up to a full 
4.5 mc which is in the order of $35 a month. 
There are additional terminal charges for 
connecting it in at the time it is connected. 
However, that gives you an idea. The cost 
per bit is going down tremendously as band­
width goes up. 

J. McDonnell (IBM): A large com­
puter installation costs $2 to $5 per hour to 
operate. Do you know the comparable 
costs for voice, radio, carrier and TV line 
for a 1,000 mile station to station operation? 

Mr. Matlack: No, I can't give you the 
comparative breakdown of that. Of course, 
our voice facilities are carved out of several 
different things, such as our coaxial cable 
and our microwave relay. All of those are in 
use for providing transmission. I think you 
do know pretty well, if you take a station to 
station toll charge rate on the telephone, a 
thousand mile call would be roughly for 
three minutes on the order of $1 to $1.50. 
That would be my guess without actually 
looking at a rate schedule. In this three 
minutes you could transmit in the order of 
say at the rate of 700 bits per second and 
that extended over your three minute period 
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you are pumping in a fair amount of infor­
mation, particularly if it is coming from one 
isolated spot, and this is the point we 
should all keep in mind. 

There are voice channels carved out of the 
microwave system which are carrying tele­
typewriter messages. 

thinking is that it will be in the direction of 
the seven bit code. 

W. A. Hunt (IBM): How often, on the 
average, do noise bursts occur and how 
long do they last on lines such as the SAGE 
type? 

When you eventually get down to it 
someone has to make these records. When 
you talk about millions of bits you are talk­
ing about a lot of people originating data. 
In cases of short transmission time you can 
handle the output work of small offices quite 
easily. When you get into the higher eche­
lons with computing centers, the need for 
high speed transmission and longer times 
becomes necessary. Where you can take a 
private line facility and keep it loaded a high 
percentage of the 24 hours it is the most 
economical method. 

L. J. Score (Commercial Controls Corp.): 
Has any thought been given to six, seven, 
eight bit transmission with parity or other 
checks? 

Mr. Matlack: This is practically im­
possible to answer. These noise bursts occur 
in a random fashion. For example, lightning 
comes along and you get a burst of high 
impulse noise in the line. Some switchman 
working on the frame accidently touches a 
tool against the line causing a burst. Some 
error rate will be specified as the result of 
tests underway. This will include all factors 
causing errors such as impulse noise. 

E. Donahue (IBM): Has Bell experi­
mented in the field of data transmission 
through short wave radio hookups and, if 
so, what results have been obtained? 

Mr. Matlack: No, we have not expressly 
experimented with the short wave radio. 
However, our ordinary teletypewriter trans­
mission facilities are going over microwave 
relay in some cases from coast to coast. 

Mr. Matlack: Yes. As I mentioned, I 
think, in connection with an earlier question 
on the longer range aspects of this problem, 
we are considering a seven bit code. Our 
difficulty with the teletypewriter five unit 
code-and this is in connection with our 
automatic switching system-is that we 
must avoid a code which will cause dis­
connection of that system. Therefore, you 
cannot put over existing systems a new 
code unless that code is controlled and, of 
course, requires new equipment design for 
the code. So it is an economic question and 
we feel that in order to use the equipment 
the thing to do, where high accuracy is 
a must, is to provide some other type of 
parity check within the five unit code. As 
we go to newer high speed facilities our 

I mentioned in the teletypewriter field 
we are engineering in the worst case to an 
error of one in 44,000 characters. As you in­
crease the bandwidth, you obviously let in 
more noise. However, depending on the 
measures you take, you may still be able to 
get a very high error-free rate so far as 
random noise is concerned. But it is such a 
random occurring thing that there is no real 
way to say how often it will occur. 

\ 

/ 

Standardization of Computer Intercommunication 
H. R. J. GROSCHt 

I AM GOING to start today by taking a little differ­
ent approach to the problem of standardization. 
Mr. Matlack and members of the panel are con­

cerned primarily with the specific problem of standard 
media, but I would like to speak, at least for a few min­
utes, about the philosophy of standardization in general 
rather than about our particular problem. What is stand­
ardization? What are the permissive functions of the 
American Standards Association? What, indeed, does 
a printed standard of the ASA do for its sponsors and 
for newcomers in the technical field? 

Many times, in discussing this area with individuals 
and with organizations, I find there is considerable ig­
norance and even fear about the forces behind the 
standardization movement. I can't speak to you as an 
expert, although I have been on several ASA subcom­
mittees, and I am not authorized to speak about broad 
policy, but you should know something about the phi­
losophy of the standardization movement. You should 
know, for instance, that standardization is a means of 
registering good methods of achieving technical ends. 
Decisions in the standards committees are made by con­
sensus. If a consensus cannot be achieved no standard 
is issued. Standardization is merely a recognition of this 
consensus. No member of the standards committee in-

t Manager, Investigations; Aircraft Gas Turbine Development 
Dept., General Electric Co., Cincinnati, Ohio. 

volved, be he an individual member or a society mem 
ber, is obligated to follow the adopted standard in any 
way. There is no such obligation implied or expressed 
in the philosophy of standardization or in the consti­
tution of the American Standards Association. On the 
contrary, mechanisms are provided to register standard 
designs, standard methods, so they are available for 
those who wish to use them. 

Senior people in our field, such as Bell and IBM, often 
hold back because their experience is so great they don't 
want to have their activities restricted by the intrusion 
of novices. There is no chance of that happening-I re­
peat, no chance. If someone wants to invent a 13-hole 
paper tape they have the express permission of the 
ASA to do so. The dimensions and tolerances of that 
tape should be registered so if someone else wants to 
have a 13-hole tape he can find out how his predecessor 
did it, but there will be no pressure to abandon the 13 
for two 7's. 

I want to talk for a few minutes about the computer 
art and the way it has developed. People are talking 
about intercommunication between million dollar ma­
chines over thousands of miles of distance. Yet eight 
years ago a prime article of commerce was a punched 
card table of reciprocals. And with this tremendous 
growth has come a desire to exchange a great deal more 
information than was necessary in the early days. We 
used to trade IBM panel diagrams and things like that. 
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But now there is a present and pressing need for the 
trading of mass information. 

In fact, I would like to point out that Mr. Matlack is 
being very conservative when he talks about voice 
transmission and the Bell System. It is my belief that 
within a few years transmission of digital information is 
going to overwhelm the transmission of crude human 
voices. We are participating in a technological burst 
which is going to alter such things a great deal. 

As the mass flow of information accelerates it is more 
and more important that we make a clear statement of 
the problems which warrant standardization and set up 
some kind of cooperation to tackle these problems. I 
think of three areas where the transmission of masses of 
information in business-remember, this is supposed to 
be one of the themes of our conference-is becoming in­
creasingly important. First is the centralized company 
where information has to flow radially between the out­
lying sales offices and factories and the central organi­
zation. True, many of you have heard me say that there 
are no human beings at the center capable of listening 
to this information, but if we replace obsolete executives 
with large computing machines this becomes a practical 
method of running a business. 

A second class of transmission of large quantities of 
data arises from a decentralized operation like General 
Electric. Here there is a flow over most of the meshes of 
a rather complex network. There is no single point 
where all information must concentrate. Requirements 
of band width and tape length will be different. Never­
th~less, the total number of bits transmitted per day is 
undoubtedly much greater than in a radial system. 
Moreover, it is not out of the question that an outfit 
that wishes to decentralize authority-and that is fun­
damental in G.E.-may still wish to centralize informa­
tion as to how that authority is being used or misused. 

There is still a third and in some respects more inter­
esting possibility than the other two. That is the serial 
communication of information up or down between 
supplier, the main business, and customer-a really en­
thralling possibility. We have had a slight touch of this 
in my operations in General Electric, where we have _ 
sent information about our new engines to computers in 
aircraft companies on the West Coast. We have sent 
the information in computer language; not, it is true, 
over telephone lines-the time schedule was not that 
demanding-but at any rate the 701 's talked to each 
other in their own language without too much interfer­
ence from human beings. We regard ourselves as the 
"business" and North American, say, as the "customer." 
This can be inverted and North American might re­
gard us as the supplier and send the information on the 
combined engine and airframe on to the Air Force as a 
customer. The Air Force might submit it in still further 
automatic transmission form to "Aviation Week"! 

Here are at least three imaginary situations; each of 
them different, as regards the way in which communi­
cations travel, and each of them capable of generating 
tremendous amounts of information. It is unnecessary 
to list all the various channels and physical media that 

may be involved in this intercommunication, ranging 
from the old punched card to the fanciest mul tichannel 
magnetic tape. 

How many people in this audience know that there is 
no formal American standard for paper tape? There is 
no standard issued by the ASA or any international as­
sociation that gives the dimensions and tolerances and 
paper stock requirements on even five-channel tape, let 
alone the less common types. I was shocked to hear this 
from ASA, especially when I found there was already a 
standard on remote and telemetered supervisory equip­
ment, pumping stations on pipe lines and so on, for 
which one can pick up a telephone and dial a number 
and get a meter reading miles away. There is a standard 
on something that specialized, but not on paper tape! 

The hardware involved in computer intercommuni­
cation may be divided into three classifications. First, 
and most important, is the primary hardware which is 
capable of recognizing a signal or generating a signal. 
Here I am referring to the type of magnetic recording, 
and to the lateral spacing and n um ber of channels across 
a magnetic tape. In the case of perforated tape, the 
equivalent properties are the size and position of the 
holes, and thickness of stock. In punched cards, IBM 
80-column, Minicard, Remington Rand, and other types 
each have fixed dimensions and tolerances, and ma­
terial requirements. If this single most important item 
is standardized it is then possible for various input and 
output mechanisms to at least generate and receive 
messages. 

Second, there is a hardware problem involved in the 
acceptability of the signal, In many magnetic and paper 
tape systems, there is a built-in redundancy check 
which makes certain combinations of signals which get 
by the head of the tape uni t, unacceptable to the rest of 
the electronics. One might say, standardization of pri­
mary hardware is required if the computer is to hear a 
signal, and of secondary hardware if it is to pay attention! 

Finally, if the message has gotten past the hardware, 
there is the third element of agreed code. A general pur­
pose computer is perfectly willing to accept, to coin a 
phrase, standard gibberish because it is capable of trans­
lating that gibberish into its own language by pro­
grammed manipulation. So, if the bit code internal to a 
computing machine uses a certain set of ones and zeros 
to represent the letter "f," and if that set happens to be 
Western Union notation for the letter "a," no harm has 
been done providing a general purpose program is used 
as part of the communications network to interchange 
"a" and "f" in the message. 

The first item of business, then, is insurance that the 
message can be gotten into the system at all. We should 
talk about tape punching mechanisms, numbers of 
channels, and recording heads. Secondly, we should in­
sure that the signals are acceptable to the logic of the 
communications system. Lastly, if possible, we should 
register common codes so that "a" will always be "a" 
and "7" will always be "7," or so that we can program 
the translation. 

So much for the individual characters. Now, how 
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about the problems of semantics, the problem of doing 
something useful with this set of bits which was sent 
from computer to computer. This involves the user of 
the machine as well as the builder of the machine. I 
think many of this audience are familiar with efforts on 
the West Coast to standardize computer language in 
the broad sense of the word. First, something about 
motivation: many of the users of digital systems have 
been and will be faced with the problem of changing 
machines. During 1956, for instance, my group will be 
operating a 701 through at least April and will be begin­
ning to use three 704's. These machines have different 
languages. They have rather similar character represen­
tation and identical reading equipment. But programs 
we have written for the 701 are not usable on the 704. 
And how much more difficult the situation would be if 
we were switching from a small IBM machine to a 
larger machine built by a competitor with very different 
philosophy. 

This is a very long term problem in standardization, a 
very difficult one, but one which may properly be given 
as a charge to some working committee. 

It is clear we face a dynamic situation, not a static 
one. Grace Hopper has been talking about this for years 
and those who have heard her speech eight or ten times 
have observed trends; there are changes. There are go­
ing to be further changes, especially among those of us 
just now getting on the bandwagon. We must regard 
standardization of hardware and semantics as tempo­
rary. And we have already passed the point of optimum 
beginning. Our practices are already divergent in many 
respects. I am not trying to call for restrictive measures. 
Someone pushing 31-channel tape? Fine, by all means 
let's try it, but let's not have two different seven-chan­
nel systems if we can register a permissive standard 
that all new designers can refer to. Usually the saving in 
design cost to the late comer will be so great that he will 
willingly-I repeat, willingly-conform to the estab­
lished standard. One way to minimize the effect of a changeover is to 

have written your programs initially in a pseudo­
language-a pseudolanguage which both the 701 and 
704, say, can translate into their own preferred lan­
guage. This means that if the 701 programs were 
originally written in a pseudolanguage, which compil­
ing and interpreting routines then translated into "pure 
701," a different set of routines could be used to take 
original programs in the pseudolanguage and translate 
into "pure 704" with no further thought on our part. 

This will help hundreds of users of large machines 
and thousands of users of small machines in the next 
years. Our industry was worth a few thousands a month 
ten years ago and will be worth a billion dollars a year 
by 1962. It is important that we move to help ourselves 
by using these techniques of standardization at the 
earliest possible moment through member societies of 
the lCe, in the lCe itself, in the fraternity of com­
puter users, <:Lnd through the manufacturers. 

Discussion 
c. Adams (Westinghouse): Would you 

care to pick the date on which the message 
volume will exceed that of TV and that of 
voice? 

Mr. Grosch: I don't care to, but I will. 
Mr. Adams: When will this information 

volume exceed the volume of bits trans­
mitted by the United States mail? 

Mr. Grosch: I will make a guess at the 
first one. As we improve the technique of 
TV transmission, perhaps by sending only 
the derivative instead of the complete image, 
and as integrated data processing in digital 
form goes up, this intersection might be as 
soon as four years from now. 

As for the second question, one school 
generation, at the present rate! 

M. Harper (Sperry-Rand): How efficient 
will ypur translated 701 routines be when 
run on the 704? 

Mr. Grosch: We decided that the effi­
ciency would be so low that it would be 
better to use the pseudolanguage idea and 
rewrite some of our 701 programs in the 
pseudolanguage. It is difficult to think of a 
method of bringing in the indexing capabil­
ities of the 704 when translating a 701 pro­
gram. Of course, the opposite would be more 
easily possible; one could call in for each 
indexing instruction a complete subroutine 
of conventional 701 variety; but to go the 
other way requires the recognition of a 
pretty large chunk of program. 

H. Livingston (Burroughs): What rules 
would be used in establishing a pseudo-

language? Would the pseudolanguage apply 
only to the foreseeable future? 

Mr. Grosch: Part of the problem is 
certainly caused by the unforeseeable extra 
capabilities of future machines; part, by the 
somewhat unforeseeable utilization of these 
machines. Look, maybe it isn't as desperate 
as all that. We are talking quite a bit at this 
meeting about business problems. The 
language of business is messy: it is historical, 
it is poorly chosen, it is extraordinarily 
redundant. But the total dictionary of 
business terms-and I mean information, 
not just words-is really pretty limited. I 
would think, for instance, that it would be 
much easier to generate a pseudolanguage 
for accounting problems than differential 
equations. Most of you know that there is a 
strong effort to generate a pseudolanguage in 
which the input would be algebraic, and 
I just can't believe that the problems of 
accounting require a more imaginative 
language than that. What those problems 
require is more imaginative accountants. 

R. Gillett (NSA): Does not the lack of 
standardization mean that the investment 
in programs makes a user reluctant to change 
to a new computer? 

Mr. Grosch: Well, as long as there is a 
shortage of new computers I don't suppose 
this is a governing item. In talking to my 
management about moving to bigger and 
better and more expensive machines I 
usually say that the way to get around the 
problem is to have a highly professional 
group which in the first place is willing to 

learn a new language, in the second place is 
capable of cooperating on a pseudolanguage, 
and in the third place, is able to change over 
efficiently. I suppose if the day ever comes 
when there are surpluses of large computing 
machines, and price wars between the manu­
facturers-that will be the day!-the qual­
ity of programming of these conventions 
by the manufacturers will be the deciding 
item in the switchover. 

Mr. Schleicher: Has a good dictionary 
of computer terminology been compiled and, 
if so, where? 

Mr. Grosch: There have been several 
glossaries. The IRE Committee on Elec­
tronic Computers had a subcommittee on 
nomenclature of which I was a member. 
Grace Hopper helped work up another. 
There are two or three such efforts published 
-one by the IRE, and one by Ed Berkeley. 
Again, I think the crux has been the feeling 
that it was restrictive. A lot of people felt 
that once there was a definition of "flipflop" 
or "programming" they were stuck. That 
isn't the purpose. A standard on terminology 
simply warns an author that he should 
explicitly define new words, or words he 
uses in a non-standard way. It would be 
perfectly proper to have a subcommittee of 
the standardization effort I am describing 
consolidate these efforts. 

I wonder if I might mention again the 
word "consensus." No standard is pub­
lished by the ASA unless a consensus of 
the members of the working committee has 
been reached. 
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Statements from Manufacturers on Standardization of 
Magnetic Tape Records 

M. E. Femmer (IBM):, Ladies and gentlemen, IBM 
is very pleased to be invited to participate in this dis­
cussion. We hope also to be able to participate in future 
programs of this type. Perhaps of more significance, we 
will welcome opportunities to work with our associates 
on committees and similar groups to help establish 
suitable industry-wide magnetic tape standards. 

As an engineering and manufacturing corporation, we 
have long recognized the suitability and desirability of 
standards in all phases of our operation. We have used 
them internally to simplify design, reduce costs, and 
provide greater manufacturing flexibility. We have on 
many occasions worked with others in establishing 
standards in areas of activity outside our own organiza­
tion. Our past experiences encourage us to continue in 
this type of activity. 

The Data Processing Field is an extremely vigorous 
and dynamic one. It has grown in a very few years from 
scattered laboratory efforts to an industry in its own 
right. Indications of continued growth of the Computer 
Industry make present consideration of standards very 
timely. Magnetic computer tapes are even more recent 
than the processing systems. It is not surprising, then, 
with such growth, that so few standards, if any, have 
been established in the tape area. As working partici­
pants in this active field, we in IBM feel that stand­
ardization should be approached with real intent but 
with some caution. It must always be clear that the 
standards adopted will not stifle or impede rapid tech­
nological progress which is certain to continue for some 
time. 

In this context a standard might be loosely defined 
as an agreed upon common specification in a particular 
area. If the area of activity shifts rapidly as a result of a 
significant technical break-through, the present common 
specification is no longer applicable, and additional 
standards become necessary. 

It should be further noted that we are not attempting 
to standardize on particular designs. We do, however, 
endorse standardization that is meaningful to the 
customer or user of the equipment. 

We have a genuine interest in the success of this pro­
gram and with such an interest we would like to suggest 
a starting program of sufficiently large scope that it will 
test our mutual abilities to work together on an in­
dustry-wide basis. The starting program should not, on 
the other hand, involve so many considerations that it 
might prejudice the early success of the venture. 

Specifically, as a starting program, we suggest that an 
attempt be made to standardize on the physical char­
acteristics of tape. This would include such character­
istics as dimensions, tolerances, weight per unit length, 

and tensile strength. These are basic characteristics but 
extremely important. Without agreement on these, 
other standards will have little value. 

In addition, we further suggest, as a starting program, 
that an attempt be made to standardize on tape reels 
from an engineering point of view. 

These will be significant first steps. As a minimum, 
they will insure that tape is completely physically 
transferable from one manufacturer's tape unit to 
another. If such a starting program can be successful, 
we encourage the further consideration of additional 
standardization measures. 

Again, may we express our genuine and continuing in­
terest in this program, and also our thanks for this op­
portunity to express our position. 

R. B. Lawrence (Datamatic Corp.): Datamatic Cor­
poration is happy to be invited to participate in this 
panel. I would like to call to your attention a recent 
document which some of you may have heard of. It is 
this little green book published for the Society of Ac­
tuaries, called "Current Status of Magnetic Tape," and 
dated June, 1955. This contains quite a lot of informa­
tion on the different kinds of tapes, recording density, 
organization of information laterally and longitudinally 
on the tape, etc., in rather useful reference form. 

Dr. Grosch has just made a comment which is worth 
re-stating. The topic of standardization should be ap­
proached with the idea that it involves agreements to 
set up useful revisable specifications in a given area, 
usually one which has been given intensive technical de­
velopment by several organizc:ttions over a perie>d of 
time. No standardization program should constitute a 
barrier to further expansion of the boundaries of the art. 

I think we might very briefly mention some of the 
diversities in various machines presently using magnetic 
tape: tape speed around 100 inches per second, some­
times 75; tape width one-half inch, five-eighths inch, 
three inches; information channels from 7 to 31; a wide 
range of track widths and recording densities; recording 
synchronous or asynchronous. 

One important question for consideration might be 
the standardization of techniques for avoiding bad sec­
tions of tape, both those occurring in manufacture and 
those developing subsequently. 

As concerns the question of making usable in one 
machine information which has been put on tape in form 
suited for another machine, there is, of course, the pos­
sibility of converting to cards and back again. This 
method is already at hand but is expensive and slow. 

There is also the possibility of translating individual 
tapes from machin,es A, B, and C to and from a common 
language, but it appears that the incentive to do this 



Standardization of Magnetic Tape Records 91 

will probably come only from economic pressure by 
users who own or contemplate owning two or more 
quite different types of equipment. 

Finally, one can devise buffers to make tape A directly 
usable in machine B, etc. 

I think this is perhaps all the time I have and may I 
again state that Da tama tic Corporation is pleased to 
participate in this panel and will be pleased to partici­
pate and cooperate fully in any industry standardization 
program. 

D. N. MacDonald (Electro Data Corporation): I 
would like to say at the outset that I hope optimism on 
the subject of standardization is not prerequisite for 
this discussion. While we are certainly in strong agree­
ment on the efforts for standardization, it is necessary 
to take a realistic view of some of the problems involved. 
Dr. Grosch has mentioned the many variations in paper 
tape standards which are still with us after a number of 
years, and we are all aware of similar problems in 
punched card storage: In other fields the problem is 
equally serious as any of us with three-speed record 
players will attest. The problem of standardization on 
magnetic tape is considerably more severe, of course. 
First of all, we are dealing with a medium which is 
undergoing rapid technological improvements. Sec­
ondly, in distinction to some other storage mediums, 
the control information for its use is recorded directly 
on the tape and the format and type of control informa­
tion is, of course, intimately tied up with the design of 
a particular central computer to much the same degree 
as a drum or core internal memory. These factors plus 
the demand from the field for ever increasing systems 
performance outweigh at the moment the demand for 
file standardization. However, even though we take a 
gloomy view of the possibility of a universal common 
language, there is another possibility. 

Taking a parallel from similar problems in the opera­
tion of the United Nations, we can avoid the bleak pros­
pects of a battery of mechanistic interpreters by adopt­
ing a simplified standard tape medium for communica­
tions between systems while retaining a highly inte­
grated file peculiar to each machine. Each manufacturer 
would then have to provide conversion facilities only to 
this one machine esperanto instead of to all other 
languages and the development of local tape systems 
could proceed without endangering the ability to inter­
communicate. While such an approach is a compromise, 
its adoption could readily form a basis for further 
standardization in the future. 

M. J. Stolaroff (Ampex Corporation): Probably one 
of the greatest problems whic.h plagues any new and 
rapidly-growing industry is the problem of standardiza­
tion. As a new art is first developed and begins to un­
fold, standardization is out of the question, as not 
enough is known about the various possibilities and 
potentials of the art to decide upon the advantages of 
any given set of conditions. Furthermore, to insure that 
the new technology develops across the broadest pos-

sible front, and thereby makes the maximum contribu­
tion to our technology, it is important that new direc­
tions not be stifled by coercing creative talent into pre­
determined channels. However, the great danger arises 
in that, once momentum is gathered in a particular 
direction, and particularly if investment in tooling and 
production methods has been made, it becomes more 
and more difficult to abandon the methods already fol­
lowed to adopt more standard procedures. And the 
longer standardization is delayed, the greater is the ex­
pense and confusion created when it ultimately becomes 
necessary to standardize. 

Many of these problems have recently been faced in 
the relatively new and fast-growing magnetic recording 
industry. As largest suppliers of professional magnetic 
recording equipment, we have faced and been forced to 
resolve many standardization problems in the broadcast 
and professional sound recording field, as well as the 
extensive field of instrumentation recording. As a result 
of having large quantities of equipment in operation in a 
great variety of services, we are well aware of the prob­
lems that can be encountered when interchangeability 
of recordings is ignored. For example, you may imagine 
the predicament of the record manufacturer with a 
vault of priceless master recordings, who buys new 
equipment and finds the azimuth of the record and re­
produce head gaps somewhat different than previously 
employed. Yet such a situation may well be encountered 
in the computer field, if many valuable program tapes 
are accumulated, and recording standards are changed 
on new equipment, or acquisition of a different suppliers' 
components is contemplated. 

Ampex, some years ago, adopted the policv of furnish­
ing standard track spacing for recording so that as data 
gathering systems grow and become more complex, in­
terchangeability of records will always be possible. 
Thus once a data reducing center is established, it is 
possible to add more and more data gathering facilities 
and still make use of established analysis centers. The 
need for standardization in the field of flight test re­
cording has been sufficiently recognized so that the lead­
ing suppliers of magnetic recording equipment for this 
field have mutually agreed upon standards for track 
spacing to permit in terchangeabili ty. 

In the computer field, standardization appears to be 
even more vital, as the possibilities for applications 
through our industry and the need for exchange of in­
formation are potentially far greater than any other 
past field of magnetic recording. A firm supplying mag­
netic recording equipment for computer applications 
such as ourselves can build heads to order with special 
windings and special channel spacing; yet we recognize 
that the utilization of the equipment will be greater if 
desires for expansion and integrating of additional 
functions can be made witHout facing the problem of 
interchangeability. In particular, if the major comput­
ing systems operate with standard requirements for 
recordings, it becomes possible for many smaller firms 
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to produce special equipment-data-gathering systems, 
data-conversion processes, and similar auxiliary devices 
which will allow greater flexibility and greater utiliza­
tion of the central equipment. Thus by agreeing upon 
standards at this time, a great step can be made aiding 
the more rapid growth and diversification of the com­
puter industry. 

I t would appear that the problem of standardization 
can best be approached in a series of steps, starting with 
fairly simple problems and proceeding to steps of in­
creasing complexity. The first step would be to stand­
ardize on track widths, track spacing, and tape width. 
This would permit various tapes to be played on the 
same tape transport. With this much standardization, it 
might still be necessary to plug in different read and 
write amplifiers for tapes recorded in different manners, 
but it would still be possible to utilize the same tape 
handling mechanism. 

The next step of standardization would involve pulse 
configurations, and would cover such things as packing 
density and pulse shapes. With these characteristics tied 
down, it would then be possible to use common read 
and write amplifiers. 

The next step of standardization would begin to ap­
proach the problems of coding, computer language, etc. 
In this area the problem gets a great deal more complex, 
and may take a considerable amount of time and effort 
to reach agreement. However, if we start with the 
simpler steps first, very appreciable gains are possible, 
and more and more equipment will be interchangeable. 

At Ampex, we have recognized the need for stand­
ards, and have formed a Standards Committee for the 
express purpose of foreseeing and dealing with stand­
ardization problems. The chairman of this committee is 
our Director of Research, Mr. Walter Selsted. Mem­
bers of this committee belong to many of the national 
standards committees in various industries. Just as we 
have worked with magnetic recording equipment manu­
facturers in the past to achieve standards for instru­
mentation data and the broadcast industry, we will be 
most happy to collaborate with other equipment manu­
facturers in the computer field to resolve this problem, 
which if neglected, will grow ever more pressing. 

J. R. Stovall, Jr. (Sperry Rand): We at Sperry Rand 
are very happy to cooperate in tape standardization. 
Unfortunately, however, we are close enough to the 
problem to have moments of pessimism. We agree that 
the motives are good, and that standardization can be 
achieved somehow. Beyond this general feeling, the 
difficult work is still to be carried out. 

For purposes of clarification, let us note the two pri­
mary types of needs for standardized tapes as a com­
munication medium. 

1) There is a need for communication between com­
puters within a company or within Government 
branches, often between remote points. Of course, 
as you might suspect, Sperry Rand prefers to solve 
this problem by selling only Sperry Rand com-

puters to all points within a company or within 
the Government-but this solution is, I suppose, 
not practical. 

2) There is a problem of communication between dif­
ferent companies or between different branches of 
the government. Extensive use of magnetic tape 
for this purpose is perhaps doubtful. 

The users' reasons for desiring standardization are 
quite obvious. The manufacturers' reasons are some­
what less obvious. To understand the manufacturers' 
point of view, let us look at their exact reasons for co­
operating in standardization. And, let us also look at 
some of the history of standardization efforts in other 
fields. 

As for the manufacturers' reasons to cooperate, there 
are mainly two: Firstly, we as manufacturers are always 
anxious to please the customer, and the customer wants 
standardization. This often tends to override any other 
reasons we may have. Secondly, if our equipment is 
standardized in language, we can sell it into installa­
tions of competitive equipment, as a part of the system. 

Historically, standardization among manufacturers 
has most easily occurred when there are a large number 
of manufacturers, none of whom feels that he has a pos­
sibility of dominating the market. This situation does 
not exist in the computer field, where there are perhaps a 
dozen or so main competitors, and where several are 
making a huge effort to achieve the largest possible 
share of the market. This perhaps means that an un­
usual amount of coercion may have to be used to pro­
duce standardization. A classic example in the history 
of standardization can be seen in the phonograph record 
field. This was standardized for years on a 78 rpm record 
with certain technical properties. Then after the war, 
the desire on the part of the manufacturers to both im­
prove the records and to dominate the field (which 
motive was stronger, I will not say) resulted in our 
being subjected to three separate standards, 331, 45 and 
78 rpm. Recently, in fact, 16 rpm records were in­
troduced for the automobile phonograph market. 

A final, and even more difficult problem, exists when 
we consider what is being asked of logical designers and 
engineers in standardizing on tape methods. (Again, 
these comments are not intended to be pessimistic, but 
to be realistic.) First of all, we are asking the designers 
of tape, tape units, and computers, to agree on some 
very complicated and interrelated factors in design. We 
are not actually asking them to standardize on what is a 
single and separate thing, such as a tape and tape unit. 
A tape unit feeding a computer is an integrated system. 
The reading method, the writing method, the code, the 
use of redundancy, the computer checking system, etc., 
are factors affecting the computer logic. All these and 
other characteristics reflect themselves throughout the 
system. 

I think that a pertinent example to show the difficult 
nature of the problem is this: The particular combina-



Standardiz«t-i{}n of Magnetic Tape Records 93 

tion of tape unit and computer chosen depends upon 
the particular approach of the engineers who did the 
logical and engineering design work. Identical results 
can be obtained by quite different combinations of in­
dividual type of tape, pulse codes, pulse densities, tape 
speed, variable or fixed item length, checking system, 
etc. Hence to get the engineers to agree on the detail 
system that is best, is very difficult, since many of the 
technical factors are obscure, and any changes agreed 
to will cause repercussions throughout the system with 
no improvement in performance assured. 

Aside from these technical factors involved in stand­
ardization, the rapidly changing state of the art in this 
field is a considerable barrier to standardization. None 
of us in this meeting, I am sure, feel that a plateau has 
been reached in the magnetic recording art. Advances 
are being made at a rapid rate. So, at best, the standards 
will last for only a few years. Yet they must last long 
enough for the manufacturers to be willing to commit 
themselves without restricting their competitive posi­
tion. 

As a final comment, I would endorse two points made 
by previous speakers. 

1) Computers have the inherent ability to translate 
foreign codes, and thus can provide their own com­
patibility. However, this is often awkward, and 
expensive of computer time. 

2) A computer's individual code can be translated 
(between the tape and computer) by a black box 
to and from a separate common language. If this 
system is to be the answer adopted, then we 
should consider the fact that the common language 
used might well be the communications common 
language. We already have a joint committee or­
ganized for communication language standardiza­
tion. Tape standardization effort, in this case, 
must be coordinated with communication lan­
guage standardization. 

In conclusion, I wish only to say that I hope some 
formal means of working towards standardization will 
result from this conference. 

W. W. Wetzel (Minnesota Mining and Manufactur­
ing Company): Mr. Chairman and members of the con­
ference, I am honored to be able to represent my com­
pany at this meeting. 

From the point of view of a tape manufacturer, I must 
agree that interchangeability of tapes from one machine 
to another appears to be desirable. As to standardiza­
tion, it would be advantageous if agreement could be 
reached on the following items: tape width and the 
tolerance of width, tape length and its associated 
tolerance, maximum tape thickness, the type of mag­
netic coating, and the reel design. 

Magnetic tape is only one small component in a com­
plex computer. I therefore feel somewhat in a position 
of the manufacturer of sparkplugs who is called upon to 

recommend standards of automobile design to such com­
panies as General Motors and Ford. I do believe that 
the responsibility for standardization is the primary re­
sponsibility of the equipment design engineer. When 
computing systems can be standardized I am certain 
that we manufacturers of components shall be happy 
to cooperate on tape standardization. 

L. W. Armstrong (Department of the Army): How­
ever desirable redundancy may be as a checking device, 
it doesn't seem to have much place in the program for 
this morning. In the course of the remarks of the pre­
vious panelists, and particularly those of Dr. Grosch, 
I took my blue pencil and eliminated from my notes 
those things that I thought would be repetitious. Un­
fortunately, this has left me with nothing to say that I 
had planned. What I think I will do instead then is to 
address myself to the manufacturers of data processing 
equipment and to the communications industry in an 
attempt to drive home, from the viewpoint of one using 
organization, what the stakes are that we are playing 
for in this game. 

Mr. Fitzgerald, yesterday, cited three criteria for de­
termining whether or not there was a real need for re­
mote data input. I believe that he implied that if any 
one of three situations were present, the need could be 
assumed to exist. These three situations were: a high 
time value, a central processing point, and multiple 
operations at a single data processing center. All three 
of these situations are met at most of the Department 
of the Army's proposed data processing installations. 

Mr. Butler spoke of a requirement for about $200 mil­
lion return on the present investment in data processing 
equipment. By a happy coincidence, $200 million is 
about one per cent of the total value of the inventories 
in the Army Supply System. This Supply System is 
large and complicated and it is world-wide. The system 
centers in some sixteen supply control points and ex­
tends throughout the Technical Service and Army 
structure throughout the United States, Europe, and 
the Far East. In providing better management of these 
stocks, there certainly is a high time value. The existing 
command structure already provides a requirement for 
central processing and at most of the central points 
there are many functions other than stock and supply 
control which are amenable to computer solution. 

If we can improve the management of these stocks, 
so that their total level may be reduced by only one 
per cent, we come out with Mr. Butler's figure. We are, 
therefore, obviously playing for very high stakes. We 
must have and will have a compatible communications 
net for transmission of digital data. This is the area in 
which we have our greatest concern. 

I will further state that in my personal opinion satis­
factory devices do not exist today for the transmission of 
digital information. In closing, I will say that the De­
partment of the Army considers this to be so important, 
not just in terms of the management of our resources in 
peacetime, but in terms of what may happen if we ever 
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see the blinding flash, that if manufacturers are not will­
ing (there is no question about their ability) to furnish 
such communications systems the Armed Forces will 
supply them for their own use. 

S. N. Alexander (Bureau of Standards): I find myself 
in an even worse position than Mr. Armstrong. Not 
only have all my points already been stated in one form 
or another, but they have now been stated several 
times. Accordingly, I will use this opportunity to com­
men t on this si tua tion by saying that I am impressed 
by the surprising amount of agreement that there is at 
this time. This is gratifying and encouraging because 
it indicates that there is a reasonable possibility of ac­
complishing something. I believe that if this possibility 
is to develop into something practical and immediate, 
we will have to be willing to accept limited objectives 
for now. A push for early standardization, I am strongly 
convinced, is not wise. I am sure it will bring restric­
tions and limitations that will represent a very poor ex­
change for the advantages that may come from early 
standardization. 

We need to recognize that we are just passing out of 
the formative period during which the present data 
processors were created by borrowing heavily from the 
techniques of the communications field. We are just 
beginning to design machines around components that 
did not exist earlier and that have been devised to serve 
the needs of the data processing field. I recommend that 
we proceed cautiously and give this new field a chance 
to grow along paths of its own inclination. When the 
natural tendencies in this field are evident from the 
interplay between the designer and the user, then it will 
be time to consider standardization. Ultimate stand­
ardization should have as a part of its basis the ex­
perience that comes from seeing some of the results of 
natural selection. 

In order to provide some intermediate short-term ef­
forts at standardization, it would seem advisable to try 
to have at least one input-output terminal on each data 
processing facility which operates in a coded notation 
that can be standardized and yet not restrict the char­
acteristics of the facility to which it is attached. If this 
criterion can be met, I doubt if it matters greatly what 
form the common input-output unit takes. This follows 
from the fact that it will probably not endure for long 
because the rate of development is so rapid. 

This choice ought to be geared with or related to the 
growing need for transmission of information between 
data processing facilities. If this can be accomplished, 
then the interim standardization would make a doubly 
useful contribution. Here again, it probably would not 
be wise to strive for unusual efficiency in providing an 
output to feed into a communication network as well as 
means to receive from a communications network. Even 
if we attain only a limited means of transferring in­
formation between facilities, this should be an accept­
able goal for the immediate future. There is presently 

no assured justification for exchanges of large volumes 
of information on a daily basis. There are other alterna­
tives that can be employed until we have the operating 
experience to indicate the volume and speeds with 
which information needs to flow between a related 
group of data processing centers. Once the medium is 
properly identified and specified, an appropriately engi­
neered class of equipment wIll arise to meet the need. It 
is very important that we have operating experience on 
which to base our extrapolation into new equipment 
requirements and suggested standardization. 

Thank you very much for this opportunity to express 
my views. Again, I must say that the surprisingly large 
areas of agreement encourage me to expect some sub­
stantial activity to come out of the start we have made 
at this Joint Computer Conference. 

R. C. Matlack (Bell Telephone Laboratories): I men­
tioned earlier, when I was discussing the transmission 
problems, that a JCC-sponsored committee had been 
formed to explore the possibility of standardization in 
the data transmission field. The initial objective was 
rather modest and several computer people, one user, 
and a representative of the Bell System sat down to ex­
plore whether or not they felt something could be done 
in the way of standardization. This organizing commit­
tee has met and feels that something can be done in the 
way of standardization such as discussed by the panel 
speakers this morning. This organizing committee will 
report to the JCC that we feel a standardization com­
mittee should be formed and be composed of representa­
tives of computer manufacturers, communications, and 
users to tackle the problems about which we feel there 
is a reasonable case for agreement. In other words, learn 
to walk before we run. I feel optimistic regarding future 
standardization in this field. Thank you. 

J. Wegstein (National Bureau of Standards): Does it 
seem feasible to separate standardization into: 

1) Standardize the form of storing data on magnetic 
tape for communication. 

2) Standardize equipment itself. 

M. J. Stolaroff: As I previously mentioned, I think 
there is merit in taking standardization in degrees. I 
believe that the items which we wish to standardize are 
those things which are routine, well established or un­
derstood, or relatively inconsequential. By tying down 
the things that are known or do not particularly matter, 
we then release our creative talents to tackle the more 
complex problems and applications. Thus standardiza­
tion makes the known areas established, and we can 
concentrate our attention on the areas where it is more 
critically needed, on the growing edge of knowledge. 

M. Goldstein (Remington Rand): Assuming informa­
tion is represented in exactly the same manner, tape 
widths and reels are the same size, and so forth, how 
compatible are metallic and plastic magnetic tapes? 
(No answer.) 
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Conference Summary 
JAY W. FORRESTERt 

I WILL summarize the conference, try to estimate 
what the future of the computer field seems to be, 
and do a little lobbying for a pet subject I am trying 

to promote. 
Measured by attendance, it was a very successful 

meeting. The first of these meetings, in 1951, was in 
Philadelphia, and 880 people attended; 1952, had 1,100 
people; 1953 had 1,400 people; 1954 had 1,750; and the 
registration here is 1,950. Now, if you plot these, as I 
have done, they fall on a very nice straight line with 
five points, and we should therefore be justified in ex­
trapolating this to 4,600 people in 1965-if the hotel 
arrangements committee wants to make its reservations. 

At the first of these meetings in 1951, I also had the 
fun of being summary speaker and making a forecast of 
the future. Perhaps the only way I can justify coming 
back again this afternoon on the same subject is to take 
the position of a psychology professor of a friend of, 
mine. When the friend went back to a college reunion, he 
asked the professor if he was still giving the same kind 
of hard questions. The professor said, "Yes, in fact 
they're exactly the same questions." The friend was 
surprised, "Well, don't all your students get a hundred 
by now?" The professor said, "Oh, no, they are the same 
questions, but the correct answers are different every 
time." 

We have had, I think, several classes of papers at 
• this meeting. I would like to divide them into different 

categories. The initial paper by Mr. Colemen I want to 
put in a class by itself, and I will come back to it later. 
We have heard five papers on the application of ma­
chines to the reduction of clerical cost, three on the sub­
ject of large files, three on remote data inputs, a few 
miscellaneous papers, and a continuing discussion of 
standardization. 

On the whole, I have been impressed by the similarity 
between this conference and conferences held five years 
and also ten years ago. Ten years ago was the beginning 
of the design phase. Five years ago was the period when 
engineering applications were getting underway. Today 
we are talking abou t business applications. The one 
thing in common is that at none of these periods have 
we known what we were talking about .... 

There is a lot of backing and filling. I don't mean this 
in a derogatory sense-we've been in an exploratory 
phase. Should we sort or shouldn't we; special purpose 
computers or general purpose ones; standardization, 
where to do it, if at all? Programming-is it a big prob­
lem or is it going to come as a package with the ma-
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chines? All of these questions arise in trying to get a 
feel for the problem and to see what is going to unfold. 

Going to the subject of standardization, I have little 
to add. I t struck me that one speaker this morning had 
a very practical suggestion to standardize on commun­
ication tapes rather than on tapes for the inside of the 
machine itself (that is the actual working tapes). I 
doubt that standardization of the magnetic tapes which 
are intimately connected with the internal machine will 
progress as rapidly as the technical development in the 
field. In other words, any standardized tape will lag be­
hind the state of the art by several years. In the mean­
time, we might standardize on something that can serve 
usefully even if old and obsolete. In other words, use it 
as we now use the five-hole paper tape even in some of 
the highest speed machines. The five-hole paper tape as 
a communication medium is very useful. We can update 
this one step to some newer, higher speed technique but, 
while doing so, recognize it as a technique that can use­
fully exist while technically obsolete. 

We should couple communication tape standardiza­
tion with the standardization of communications cir­
cuits. These two go hand in hand. I did not detect in the 
previous discussion, a recognition of these two being 
almost one and the same item. They must, I think, be 
talked about together because the tape standardization 
we get may simply be a way of recording the standard 
signals that are going on the wire networks that tie 
machines together. If we are able to communicate into a 
standard set of communication networks, then we've 
gone a long way towards the kind of standardization I 
think most of the people in the field really need. 

We have had several discussions of the large file for 
business purposes. I can't add to this except to give my 
own opinion-the problem is going to be solved, solved 
fairly successfully, and in two to three years, at least on 
a development basis. The people who are taking the long 
range view of their planning might be well advised to 
think in terms of the kind of systems that could be set 
up around a reasonably successful file for large amounts 
of business data. 

Now, while we are predicting, look at the rate elec­
tronic developments are progressing. We have had a 
technical advancement of about a factor of ten per year 
in this field for the last decade. Speed, storage capacity, 
reliability-one of these has gone up by a factor of ten 
almost every year, and is the reason why the field con­
fuses people who now enter it for business applications. 
This rapid evolution is still in progress, and it appears 
that presently foreseeable techniques can insure a fac­
tor of ten improvement per year for a few more years. 
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The users, the people in business, plead for stability. 
But I don't think they really want stability. The ma­
chines are not yet good enough for them; and, their own 
ideas, in fact, aren't stable. They don't known precisely 
what they want. I think this is an evolving field, and 
there is no more stability in the business applications 
end of it, at the moment, than there is in the electronic 
end. 

It was only ten years ago that computer speeds were 
the speeds of relay devices, and they were measured in 
tenths or hundredths of a second. A little later we had 
gas tubes with speeds in milliseconds, and then vacuum 
tu bes working in microseconds. Now we have people in 
solid-state physics with transistors and magnetic mate­
rials who are talking about measuring time in milli­
microseconds. It is obvious that we need a new measure 
of time. We've just about worn out the second, and per­
haps we next should start using the jiffy. The jiffy you 
know has been defined by some physicists as the period 
of time it takes light to travel one centimeter. 

As an industry, the field is growing very rapidly. 
Several hundred million dollars worth of electronic com­
puting equipment has now been sold. Even more impres­
sive is the fact that the backlog, the -unfilled orders for 
this equipment, equals or exceeds the total amount de­
livered thus far. This, along with other observations, 
leads to the conclusion that the computing capacity in 
this country is doubling about every two years. I think 
there is every reason to believe that it will continue to 
double every two years until we reach several hundred 
times the present computing capacity. 

We can divide electronic computer evolution into five 
year periods, each period with its paramount signifi­
cance. 1945 to 1950 was the period of electronic design. 
From 1950 to 1955, attention has been focused on the 
solution of scientific and engineering problems. 1955 to 
1960 will encompass the upswing in the commercial 
data-processing applications-the things that we have 
started to talk about at this convention. 1960 to 1965 will 
probably mark the shift of major attention to the use of 
digital computers as the central elements in real-time 
control systems, 

In anticipation of the 1960-1965 period, computers 
already are calculating punched-paper and magnetic 
tapes which are fed into newly designed machine tools 
for high speed, accurate automatic control of the 3 to 5 
control axes. In recent news releases from the Air 
Force you have seen some of the story on SAGE, the 
Semi-Automatic Ground Environment System. Gen­
eral purpose digital computers, as outlined in these re­
leases, are to be the nerve centers for tieing together 
the flow of information in our forthcoming new air 
defense system. This type of control system, we can as­
sume, will develop further into a high speed automatic 
control and regulation of future civilian air traffic. Bet­
ter air traffic control will come none too soon. The 

papers this morning say that there are now firm orders 
from the commercial airlines for 100 jet transport planes 
-the kind that will fly New York to Los Angeles in four 
to five hours. Delivery will begin in 1959. 

Further on real-time control, consider the chemical 
plan ts and oil refineries. The trend has been towards 
ever increasing use of servo-mechanisms and automatic 
controls. In the last thirty years the automatic controls 
in an oil refinery have risen from a negligible part of the 
capital cost to some 15 per cent of the investment in a 
refinery. The kind of refinery I'm talking about costs 
$100,000,000, and includes $15,000,000 worth of auto­
matic controls. I believe we will see digital computers as 
controllers and monitors of operation in these plants to 
permit closer control, higher speed chemical reactions, 
larger outputs, and a better product. In many of these 
plants one would need to increase the value of the out­
put by only a fraction of one per cent to amortize one of 
today's million dollar computers. 

Another real-time control application of computers 
which is being explored is in the management of elec­
trical power generation and distribution. In the past, 
computational studies of power networks have been 
limited to the use of the AC calculating board for the 
solution of losses and stability of the power line net­
work. As systems grow and power generation sources 
diversify, the problems become even more complex. In 
a combined hydrothermal power system such as found 
in the Pacific Northwest, the economical generation of 
power depends on the locations of the generators, the 
destination of the power, the cost of fuel which might be 
used in the thermal plants, the efficiency of each plant, 
the availability of reservoir water for hydrogeneration, 
the coupling between hydro plants (because the water 
that flows through one becomes the supply of water to 
another further down stream), the snow depthsjn the 
mountains and therefore the probable summer water 
supply, and the necessity of maintaining river naviga­
tion depths at all times-(you must not shut off the 
water and collect it all behind a dam or the salmon can't 
swim up stream, and the ships can't move). Such power 
network analysis is thereby expanded to the nonlinear 
equations describing the economic and statistical as­
pects of day-to-day electrical load dispatching. The 
avoidable electrical transmission losses alone in such a 
system are great enough to pay for a computer installa­
tion when people learn how to use it. Already, the data 
sources for that kind of system mostly exist. Telemeter­
ing over the power lines themselves to obtain informa­
tion and to exercise control is a fairly common practice. 

Now that we have a decade of past in this field, as well 
as a present and future, we have a full cast of characters 
on the stage of computer development. We have those 
who try to picture the future; we have those struggling 
to make the present successfully approximate past 
promises; and we have those who are trying to keep the 
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whole affair financially solvent. It is a little like the re­
lationship between the neurotic, the psychotic, and the 
psychiatrist. The neurotic dreams of castles in the air; 
the psychotic lives in them; and the psychiatrist collects 
the rent. 

Now, let's return to the paper by Mr. Coleman at the 
opening session. I have heard po discussion of it among 
the people I've talked to, and yet, to me, it was by far 
the most important and challenging talk that was pre­
sented. I don't have direct quotes; but from my notes, 
he said, "as a data processing tool, the computer is just 
another in a long sequence of techniques to cut costs." 
And most of the papers here were devoted to ways of 
cutting costs, and often displayed uncertainty of suc­
cess. Mr. Coleman further said, "as a tool for helping to 
reach higher-order management decisions, the computer 
shows the brightest hope for the future." 

And herein lies, I think, a distinguishably different 
and important field of application-the use of com­
puters by management for processing data in ways not 
now attempted by human clerical systems. In spite of 
the confusion, the difficulties, and the problems that do 
exist at the present time, the routine conversion of cler­
ical work to machine execution is relatively straight­
forward-at least where it is economically feasible. 
Mechanizing present clerical procedures is not, however, 
the most exciting or most rewarding of the applications 
to which machines will be put in business. Looking a 
step beyond the present, one can see that the new elec­
tronic techniques will lead to changes in our manage­
ment structures and functions. Many of the routine 
decisions that are now thought to require human judg­
ment will be recognized as amenable to automatic exe­
cution. Better information and new forms of presenta­
tion will then help management to make the decisions 
truly requiring human judgment. Perhaps we can't de­
fine what we mean by "truly requiring human judg­
ment," but we can keep pushing the threshold back and 
using management talent for the higher and higher level 
creative contributions which we haven't yet learned to 
describe and to mechanize. A great deal of present in­
dustrial management time is expended on tasks that 
could well be mechanized. Leadership is thereby lost 
from more productive purposes. Just as automation 
places a new premium on workers' skill at the factory 
production level, so, I think, will computers place a pre­
mium on management skill at the planning level. Given 
new tools, management will be obligated to use them. 
Moves such as the guaranteed annual wage to stabilize 
the industrial cycle will force management to use every 
facility at its command to smooth and predict these 
production demands. 

Automatic production methods have reduced the 
cost of the goods which we, as consumers, buy. Over the 
last hundred years the productivity in this country has 
gone up by a factor of six. In other words, one sixth as 

many man hours need be expended for an average essen­
tial of life today as a hundred years ago. This is real 
productivity, independent of the money level and infla­
tion. I expect the next big point of attack in industrial 
productivity will be on the problems and costs of dis­
tribution. About 50 per cent of the retail price of many 
manufactured items is directly traceable to the cost of 
distributing the product after it leaves the factory. 

As an example of a future trend, there already are 
some who believe a reorganization of distribution 
methods and the use of electronic computing equipment 
for the control of inventories, distribution, and factory 
production scheduling could reduce the retail price of 
items like refrigerators and electric stoves by as much as 
$200. You won't save that much by cutting the existing 
clerical cost in a business. 

The business activity of the country at the present 
time is at the level of about 360 billion dollars of gross 
national product. Many persons expect this to expand 
by 1965 to 500 billion dollars a year. Such an expansion 
would be a continuation of the trend which has brought 
the United States (which has only six per cent of the 
world's population and seven per cent of the world's 
land) to a level of 50 per cent of the world's factory out­
put. In doing this the industrial capital investment per 
worker has increased from $500 a century ago to about 
$15,000 per worker at the present time. 

Simultaneously, an important change has occurred in 
the family income distribution pattern for the country. 
Traditionally, in the past, this has been a triangular dis­
tribution with a small number of people receiving the 
highest incomes, and progressively more people in the 
income brackets below, with the largest number of 
people in the lowest bracket. This has been the past 
pattern for the world. This distribution is changing in 
the United States to a diamond shaped distribution 
with a few people at the top and the bottom and the 
largest number of families in the middle income group. 
This new income pattern means a larger excess of in­
come over the cost of the essential necessities of life. 
This larger "disposable income" (as the economists call 
it) will lead to a greater competitive effort to attract 
these discretionary funds. It will lead to greater efforts 
in market research and still greater striving for higher 
productivity of goods per man hour of labor expended. 
The trend toward scientific logical industrial manage­
ment is increasingly evident. The organization of the 
Operations Research Society and the Institute for 
Management Sciences in the last few years is indicative 
of this trend. 

As we build this kind of a world then let us be sure 
that we will be able to look back on it with pride and 
satisfaction. Let us take care not to be like an associate 
of mine who arrived in a small airport served by only 
one airplane a day. He arrived in time according to his 
ticket; but the ticket was made out wrong. He was actu-
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ally four or five minutes late, and the plane was just 
leaving the runway. The airline was quite distressed 
over the error in the ticket, and they sent up a radio 
message to have the plane come back. It landed. He was 
feeling very important to receive this special attention 
and was very self-satisfied as he walked up the aisle 
until he heard a lady behind him say, "It wasn't worth 
it." 

Or, more seriously, let me read you some quotations1 

from the acceptance speech by W. L. Everitt of the 
University of Illinois on his receiving the 1954 Medal of 
Honor at th~ annual IRE banquet. The title of his talk 
was, "Men Who Play God." Dr. Everitt said, in part: 
" ... But in a different sense, do you realize that you, 
too, the members of the Institute of Radio Engineers 
are 'men who play God.' ... Other engineers have cre­
ated machines from the materials of the earth, which 
supplement man's muscles. But the electronic engineer 
has given and is giving to these machines sense organs, 
nerve systems, and reasoning power .... Every day we 
hear of more and more machines which can supplement 
or replace man's brain power and sense organs as well as 
his muscles. As someone has said, 'Machines are becom­
ing so human they can act without using any intelli-
gence ... . 

" ... A wise man said, 'God cannot be solemn or he 
would not have blessed man with the gift of laughter.' 
We have not yet built into our machines a sense of hu­
mor, although some of them do make us laugh .... 

" ... This world of automation we are building is our 
world. Be sure that when you play God you do it rever­
ently, thoughtfully, and honestly with full attention to 
the fact that you are building not only machines but a 
world in which you and your children are going to live. " 

All this leads us to some of the social and public re­
lations' responsibilities of our new and growing industry. 
Look around you. We recently had a series of Congres­
sional hearings on automation by the Subcommittee on 
Economic Stabilization of the Congressional Joint Com­
mittee on the Economic Report. This developed from 
Congressional concern over the social implications of 
new materials and data-handling devices. Furthermore, 
there is a very real fear of science and technology in the 
minds of large segments of our population. I heard a 
psychologist the other day discussing some word associ­
ation studies made with elementary school students. He 
was very distressed by the results. He found that the 
public, as represented by school children, associate 
science and scientists with such words as evil, villain, 
and atom bombs. These are the things that come to 
mind rather than the associations you would prefer. 

There is need for a better public understanding of 
computers for many reasons. The industry itself needs 
more designers. It is going to need people who are able 

1 PROC. IRE, vol. 43, p. 3; January, 1955. 

to use, to operate, and to maintain these machines. In 
the papers that we have heard on banking and credit 
card accounting, it is clear that the public needs to 
understand not only how some of these new. methods 
work, why they should be used, and how they will give 
a better product, but people need also to understand 
how they must have a certain amount of forebearance 
and permit some changes from our present systems of 
accounting, billing, and sales recording. 

I propose, then, that the only place that we will be 
able to find all of these people (the future engineers, the 
operators and other nonprofessional workers, and the 
public) is to go into the high schools of the country. 
Graduate school is much too late a time to introduce the 
universal field of computation into our academic insti­
tutions. It is important that undergraduates, probably 
in the freshman year, be introduced to the logical pre­
ciseness of digital computer programing. As an exercise 
in preparing complete unambiguous descriptions, pro­
graming has a universal value and is well within the 
grasp of the undergraduate or even the high school stu­
dent. It is a misconception to believe that digital com­
puters can be understood only by the engineers and 
mathematicians. I recently had an opportunity to ob­
serve an effort to find, in the Boston area, forty persons 
to be trained as computer programers. We gave special 
attention to the basic traits required rather than to the 
particular branch of formal education. The work re­
quires intelligence and logical reasoning; and for what 
we were doing, it seemed advisable that recruits should 
possess aptitude for spatial perception. Accountants, 
actuaries, and business administration students quali­
fied. You might be interested in this example. One of the 
highest scores on the apititude tests was made by a 
music major from a nearby women's college. The young 
lady came to work. The initial reaction in an engineering 
organization was one of raised eyebrows when she came 
around to her supervisor and asked what the words 
"sine" and "cos" meant. Within six weeks, however, she 
was making improvements in computer programs that 
had been worked out previously by experts. Computer 
programing requires interest, enthusiasm and a cer­
tain set of basic traits which don't necessarily go with 
any particular line of formal education. 

In the next two decades, automation in the factory 
and electronic information processing in the office will 
free many men and women from their present types of 
work, and it will be necessary to attract many of these 
to the design, construction, maintenance, and manage­
ment of electronic information-handling systems. We 
must reach into the high schools and to the public with 
the message that these new developments are under­
staffed and crying for more people rather than their 
being the bugaboo that will create unemployment. 

Gabriel Hauge, who is economic advisor to President 
Eisenhower, three weeks ago in this room gave a talk at 
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the Boston Conference on Distribution in which he out­
lined the President's economic philosophy, One of the 
cornerstones of this philosophy is the anticipation of an 
expanding economy and a future shortage, rather than 
surplus, of labor. It is important, therefore, that devices 
continue to be developed to improve our productivity 
per man hour. If new equipment is to be fully effective, 
it will require better public understanding. 

Now, if you don't believe that computers are of inter­
est to the high school level, look about you. I will cite 
two instances that have come up recently. We have been 
approached by students who want to make computer 
exhibits for the science fairs that are held throughou t 
the country. As you know, students build science ex­
hibits and have competitions, and the winner of the 
school goes to a state fair, etc. They want computer ma­
terial in the science fairs and for school assignments. 
I will read you a letter which came recently: 

"October 3, 1955 
Dean of Electronics 
Massachusetts Institute of Technology 

Dear Sir: 
I am in the eighth grade, and I am doing a report on "Man's 

!hinkin~ Machines." I would appreciate any pamphlets, or any other 
mformatlOn that you have on the electronic brain, or any like instru­
ments that are thinking machines. 

Thank you very much. You can send the information to: Jon 
Leon, 211 Pine Point Drive, Highland Park, Illinois. 

One of my future ambitions is to go to M.I.T. because I want to 
be an engineer. 

Yours truly, 
Jon Leon" 

We had a real problem. I am at a loss to know how to 
answer that letter ,adequately. We did the best we 
could. We sent him information, but I don't think it 
was a satisfactory answer. There isn't, so far as I know, 
adequate material, suitably written, to answer that kind 
of letter. In this, the data-processing industry is lagging 
behind other industries. Other people are doing more. 

Let me read to you from an editorial on the back of a 
recent investment news letter.2 It's a little long, but I'd 
like to read it all: 

"Time and again we have been reminded by educators and 
industrial leaders that we are not training enough new scientists and 
engineers to keep pace with world scientific development-But what 
to do about it? 

Well, a significant step in the right direction has been taken by a 
group out in Chicago known as "Industrial America, Inc." They are 
sp~msori~g the distribution of American Industry Educational Hobby 
K'tts whlch are produced by such well-known industrial concerns as 
Radio Corp. of America, Taylor Instrument Co., American Optical 
Co., Bauer and Black, Gemological Institute, etc. 

The world famous Museum of Science and Industry in Chicago 
has collaborated on the design and creative side of the project and 
each kit contains an illustrated booklet prepared under the guidance 
of Encyclopedia Britannica. 

Actually, these kits are scientifically planned do-it-yourself educa­
tional toys designed for the 8 to 12 + year age bracket. They pack a 
te~rific wallop of intriguing interest to the youthful mind, and enable 
chtldren to really delve into the major sciences on their own. 

2 Paul Talbot, "The Back Yard," United Business Service Bos-
ton, Mass.; October 31, 1955. ' 

The electronics kit, for example, contains all the necessary parts for 
youngsters to learn how to transmit and receive messages on their 
own home-built radio sets. 

With the weather kit, boys and girls can build all the instruments 
needed for their own complete weather station and learn how to ob­
serve and forecast weather. 

The medical kit contains X-Ray Eddie, an inflatable plastic ana­
tomical model that enables children to see how the body's blood 
stream, breathing, digestion, and bone structure functions. Y oung­
sters can even take each other's blood pressure with instruments 
made from the kit. 

Priced reasonably and available in many toy and department 
stores, these "American Industry" kits should be very popular items 
during the coming Christmas season. Also-the scientific interest 
they genera te may well fill our Engineering Colleges in the 1960's." 

To follow up that editorial, I went yesterday to 
F. A. O. Schwartz, the toy store which is three or four 
blocks from here, to look at such hobby kits. They are 
really quite impressive! They're well done! I would 
judge from the prices, that run around $20, that they are 
completely on their own financially. I think the price is a 
matter of importance. They are not inexpensive toys, 
and they are not million dollar computers. If you look 
at what they do in their particular fields, you find we 
could do the equivalent. 

Since I have not run into any opposition to the impor­
tance of contacting the high school level. I expect that 
most of you would agree that something should be done. 
The problem is, what will we do to keep from dropping 
the subject with everybody agreeing but nobody doing 
anything. I would therefore like to make a proposal that 
we arrange to have a team of full-time men-perhaps 
five or six, one donated by each of the several large in­
dustrial concerns in this field-who would work to­
gether, not as ordinary professional committee members 
meeting occasionally but as full-time working men with 
no other goals for a period of a year, and that they do 
this under the auspices of the Joint Computer Commit­
tee that sponsored this conference. I have not, cleared 
this with the Committee, but I've talked to some of the 
members who seem to think it is a good idea. Get some 
people together who are interested in this educational 
program and give it to them as their full-time job, give 
them sponsorship a~d support from industry, and let 
them go to work. 

The toy kits, I have mentioned (I think it is only 
necessary to provide material, designs and ideas and 
that it would be best to let somebody already in the 
field, like Industrial America, Inc., carry out the manu­
facturing and distribution). Another approach is to 
make arrangements with a good author who knows the 
high school audience level and help him to write on 
computers, automation, the kind of work the people 
will do with these machines, and the impact they will 
have on society-in other words, answer the questions 
that the youngsters are asking. There are some very 
good books in the science kits along this line. Also 
the group could encourage exhibits for our science mu-
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seums. I am very sure that the science museums would 
enthusiastically participate if they had a little encour­
agement and some sources of information. Particularly, 
the group should plan to help the high school science 
teachers in various ways (narrated film strips, experi­
mental supplies for lab work, etc.). 

I think one of the most important educational con­
tributions would be do-it-yourself instructions that 
would allow the youngsters to make things represen ta­
tive of computers and computing circuits, and automa­
tion and controls, out of the parts that are readily 
available to them without expenditure for hardware. 
For example, supply instructions for electronic counters 
made of discarded radio parts. Or, the country is strewn 
with perfectly good relays out of automobile voltage 
regulators that have been discarded because the service­
men don't know how to test them. I watched a service­
man work on my car. He tried to adjust a 12-volt sys­
tem to 7! volts by reading the 10 volt scale of a meter 
that he had connected to the 50 volt range-a fine set of 
relays to build toy computers from when he finished. 

Now, you ask how to finance such an educational 
program. There are many ways, but let's take the 
straightforward approach of considering it a normal and 
important part of doing business in a new field. There 
are about 30,000 high schools, and they have in them 
about 7,000,000 students. I went through a list of in­
dustrial companies last night. By picking about five 
companies which are predominately in the electronic 
data-handling field, one totals a combined yearly sales 
of 1.2 billion dollars. I would suggest that these com­
panies might well afford to take one-tenth of one per 
cent (0.1 per cent) of sales for a joint industry educa­
tional program at the high school level. This makes a 
yearly budget of $1,200,000; it is $40 apiece in each high 
school. Compare this with the two, three, five per cent, 
or higher, that each of these companies is spending on 
physical research to develop equipment to be sold to the 
bewildered public. 

C. B. Caldwell, Vice-President of Sears, Roebuck for 
Personnel and Employee Relations, pointed out recently 
that we spend millions to eliminate friction in machines, 
but practically nothing to eliminate friction between 
people. We are talking here about eliminating friction 
and misunderstanding. 

Touring lecturers now supplied by a few companies 
are not enough. They don't reach enough people nor the 
small places. They don't reach the rural communities. 
And let me point out that the rural communities are 
important. A recent analysis of names in "Who's Who 
in Engineering" was made on the basis of the percentage 
of each college's engineering graduates included. Col­
leges in the rural areas rank high. This survey showed 
Dartmouth at the top, second, University of Nebraska; 
fourth, Kansas; fifth, Missouri; ninth, South Dakota 
State; tenth, Missouri Mines; fifteenth, Iowa; and eight­
eenth-MIT. I think this is significant. The people 
that are on the country's farms are important to us in 
new technical fields. 

You can look at the relationship of the computer field 
to the farm in an entirely different way. Perhaps we can 
help solve another problem that has been brought on by 
technological changes-the farm surplus problem whose 
solution has been sought by legislation rather than edu­
cation. Fifty per cent of our farms produce ninety per 
cent of our food. That means that fifty per cent of our 
farms produce ten per cent of our food; it's the fifty per 
cent that produce the small end that make the farm 
problem. The others can make a financial success of 
farming without controls and price supports. 

Look at the relationship between the computer in­
dustry and the farm support program on a dollar basis. 
The computer industry-again the four, five or six com­
panies which are major producers of computing equip­
ment-pay about $90,000,000 a year in taxes. In federal 
expenditures, about one per cent of the federal budget 
goes to the farm price support program. That means 
that the companies in this industry are putting one per 
cent of $90,000,000 or $900,000 a year into the farm 
price support program. That is $30 per high school. 

$30 to $50 per high school per year should carry a 
very successful program. You see, the kind of money it 
takes is relatively small compared with what we spend 
in research, compared to supporting farm programs that 
exist because of lack of education to lead people into 
other activities, compared to other public relations ex­
penses, and indeed compared to advertising costs that 
try to attract engineers from the end of an educational 
pipeline which we are making insufficient effort to fill 
at its source. 
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