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INTRODUCTION

The computer is already one of the most powerful tools availa-
ble for advancing and applying scientific knowledge. It 1s of course
impossible to predict what the future will bring, but there is no doubt
that within a very few years the large majority of engineers will be
cepaeble of using computers for the analysis and solution of their more
complex problems.

The purpose of the Seventh Industry-Education Symposium in
Ann Arbor was to bring to our attention the ways in which computer appli-
cations are presently developing in four different areas, all important
to engineers: 1in research, in design, in production control, and in in-
formation retrieval. The final presentation of the day described how the
engineering students of today are being taught to use computers.

Several of the talks, and almost all of the discussion which
followed, were taped and transcribed. Oral style was preserved inten-
tionally. This book was prepared primarily for distribution to those
who attended the symposium. Copies will not be available to the general
public, so it will be appreciated very much if material herein is not
referenced in formal publications. Thank you.
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OPENING REMARKS

D. L. KATZ

Professor of Chemical and Metallurgical Engineering

Good morning ladies and gentlemen. We are very pleased to
have you here this morning and I think the committee has arranged a
very fine program for you. Dean Attwood is here with us this morning
to bring us an official word of welcome. As you may know, Dean Attwood
has spent most of his professional career at the University. In 1957
when the late Dean Brown became 111 he became Acting Dean of the
College of Engineering and in 1958 he became the Dean of the College.
I am pleased to introduce to you Dean Attwood.
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S. S. ATTWOOD

Dean of the College of Engineering

I want to take my moment or two here to extend to you the
welcome of the University and of the College of Engineering to this
Seventh Ann Arbor Industry - Education Symposium. Each year, as you
know, we have arranged, Mr. Carroll has arranged, a general symposium
designed to be of interest to all members of our Industry Program.
This is 1n addition to more specialized meetings that are held for in-
dividual members of the program throughout the year. This Industry
Program is very beneficial to us. We appreciate the assistance that
many of the companies have given us in this program with their partic-
ipation and their financial assistance and so on. But also we hope
and feel that it 1s a two-way street. We have a good deal to give to
you people too 1in the form of these symposia and publications and
seminar lectures and such other things as we have to offer. So we
like to think of it as a very effective and worthwhile two-way street.
We appreciate your assistance both in coming and in supporting us. I
would like to extend thanks on behalf of the College to the members of
the planning committee who have done a lot of work to get this interest-
ing program together today, and particularly I want to note the work
that Mr. Carroll does in making the very careful arrangements and
those of his assistants. And I ought to thank Professor Katz too, who
will serve as chairman of this symposium. I am sure that you will have
a very pleasant, informative, and useful day. Again, let me thank
you all for coming and I hope you will enjoy your visit with us.






D. L. KATZ

Thank you, Dean Attwood. This program today on The Present and
Possible Future Roles of Computers 1s of interest to you from industry,
I am sure. But it 1s also of interest to us 1n the University. Here is
one place where we can come together and share views and the program today,
as you can see, is primarily from people in industry and so those of us
who are on the faculty are going to be eagerly listening to learn of the
things that we can from industry. Most of us have had an opportunity to
look at the various aspects of the use of computers. FEach day we find
something new; we find a different way of using them -~ and we are very
anxious to learn as much as we can. In my associations with industry I
find that this 1s one of the very important things in the management of
companies; for the management people to understand, especially the in-
termediate management who are the folks who have direct contact with the
folks who are using the computers for their work. You will see that we
have a series of four talks from people who have a good understanding of
the use of computers: in production scheduling, in research scheduling,
in engineering design, and in information retrieval. The last speaker
this afternoon will tell of some things that we are doing at the University
in preparing students (in the various aspects of the use of computers)
for industry. We will have a coffee break after the first lecture this
morning and we will, at lunch time, have a bus to take us to the Michigan
League. Following the afternoon series of papers we will have an informal
get-together with coffee at the conclusion of the meeting. This morning
we are going to start the program with the Role of Computers in Production
Scheduling. We have with us a speaker who is well qualified to speak on
this subject. He received his education from the University of Nebraska,
The University of Pittsburgh,and M.I.T. He worked for the Westinghouse
Research Laboratories before joining the RCA Company. We are pleased to
have Mr. W. E. Bahls, Manager of the Advanced Automation Systems Develop=-
ment of the RCA Electron Tube Division from Harrison, New Jersey, with us
this morning. Mr. Bahls.
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THE PRESENT AND POSSIBLE FUTURE ROLES
OF COMPUTERS IN PRODUCTION SCHEDULING

This title contains two key words, namely computers and produc-
tion. Undoubtedly these words conjure up a picture in the minds of all
present. But I am not too sure that we all see the same picture, and so
let us talk about each of these words just a little bit. I am going to
talk about production first.

Many different companies are represented here, I do not know
them all but I am sure that the nature of the production systems vary
widely. Without attempting to limit myself to the production systems you
represent, however, let us enumerate a few possible classes. We might
start with a continuous flow production system where we have a single raw
material and break it down or "crack" it into many products such as, for
example, oil refining and similar chemical processes. Another type of
continuous flow system might be one in which the reverse processing
situation applies, where we start with numerous materials which come
together and by heat, pressure, and so forth, cause a synthesis or combi-
nation to produce a desired material. In another industry the flow of
material might not be so obvious and well defined but may involve more
discrete steps in processing such as, for example, the production and
processing of steel. Instead of processing a given material through many
steps we might have an alternate situation in which we have the flow or
assemblage of many materials and parts along a prescribed production line
or agsembly line producing, for example, automobiles. Or we may consider
a much more general and less defined type of assembly line upon which
many different kinds of products may be assembled., One product may be
produced for a period and sent to "stores" after which another product
may be scheduled and produced. And finally we have an accumulation of
rather general-purpose machines which may be used for a wide variety of
purposes to produce a wide variety of products to special order, Such is
the case in many Job-shop production and assembly units.

We could go on looking for further dissimilarities and breaking
production down into categories but it is not my purpose to look for dis-
similarities, Rather I am looking for the similarities. What is there
similar about all the processes that I have mentioned? In the very broad
sense we are dealing with materials which flow or move as an input to some
sort of a process, either assembly or conversion to provide an output in
the form of a material or product. But as we view the various production

systems we find that the materials are apt to vary widely, their mobility
differs, the processes or production methods vary widely, both in purpose
and character, and there are many very widely differing degrees of mecha-
nization; but we note that they all have a similarity, namely, materials
flowing to a process to be converted into some other material.

-9-
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Now, what do we do with the materials that we produce? Well,
obviously we want to sell them. We think that there is a demand for our
product. We do not produce just for inventory. We want to produce a
product that will appeal to our customers and we want to have the prod-
uct ready at the time that they want to buy it. This, then, introduces
another aspect of our business, namely; the requirements, the scheduling,
and the controlling of the production system. We note here that we are
dealing not with the actual making of the product, but rather information
about the product and the production system, namely, what should flow
through the system and what are the capabilities of the system.

This, of course, leads us to our second important word of our
title, the word computer. Now, I am sure that when this title was sug-
gested to me the individual had in mind those large electronic computers
and probably more specifically digital computers. However, before dis-
cussing hardware for information processing I would like to go into a
little more detail as to the requirements for information processing in
connection with the production system, irrespective of whether this in-
formation or data is handled by people or by machines,

The various steps in information handling for planning and
scheduling might be briefly listed as follows: first, we must forecast
product requirements. These then must be broken down or exploded into
their various components or material requirements, Along with these we
have to introduce the associated factors of production time, and procure-
ment lead times. In addition, of course, we have such items as machine
availability, machine efficiency, manpower availability, and so forth. Now
various assumptions are implicit in this matter of scheduling. These are:
1) that we know our product and process and that we have adequate data
about the factors listed; 2) that these data may reasonably be assumed to
hold for the future; 3) that adequate data about actual performance can
be obtained quickly; and L) that the data available and to be obtained
can be manipulated at an adequate rate to match aund control the flow of
materials,

Now how have we actually handled our production planning and
scheduling in the past? Historically, data and information are taken by
people, are processed by people, and are communicated by people, either
verbally or in writing. People do not vary greatly in the amount of
information that they can handle or process in a given time., Although
I have not personally gathered the statistics in this area a figure that
is often quoted says that an average person can read in the order of 25
characters per second. Accordingly, organization structures have been set
up in such a way as to provide a kind of balance between the producing part
of the system and the planning and scheduling part of the system. Such
a balance, however, is always short-lived in an area of rapid technologi-
cal progress. And so for several decades we have seen rapid progress in
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the handling and processing of materials resulting in substantial reduc-
tions in the production or processing time. But it is fundamental in any
control system that the information handling cycle, that is the planning
and scheduling, must keep pace with the production system. And so we have
seen that the white-collar functions have been broken into smaller and
smaller sub-functions with more and more people added to handle smaller
areas of responsibility in order to process necessary data in the time
allotted.

But there is a limit to this type of thing. It introduces
other problems. In the last decade particularly, we have heard much
about the lack of broadly trained people and the communication problem.
During this period however, there have been other forces at work which
are of major importance., I refer, of course, to the mechanization of
data handling starting with smsll aids such as typewriters, adding and
calculating machines, and progressing into the punch-card, electronic
accounting machines. These were, of course, substantial aids to speeding
up and handling the large amounts of data. But they were just not enough
to keep pace readily with production developments, even though the data
processing speeds were up by several decimal orders of magnitude, And
then came the stored program electronic data processors or the computers
which are able to handle large amounts of data according to long logic
sequences and at speeds another 2 to L4 or more decimal orders of magnitude
faster than the EAM equipment,

These then were hailed as a solution to all our problems. And
so we ask: 'Have they been?" I think at this point that the only answer
that can be given is, "No." Well, what has been done with them and why
have they not accomplished all that they seem to promise? What can be
expected in the future?

I have gone to some length to point out that our historical
organization structures are set up to process information by means of
people with the aid of some machines and that a fairly fine balance has
been drawn between the information handling requirements and the processing
requirements. But rather precipitously we introduce & new machine having
much greater data handling capability than any of our old machines, but we
try to introduce it into our present organization structure. And so we put
our nice, big machine to work processing data in small steps fast and send-
ing it back and forth to groups or functions that were only broken down
this way originally because data could not be produced or processed fast,

The problem of analysing, planning, and developing new systems
to really use our new tools, the computers, as they should be, requires a
knowledge and understanding of systems engineering and business that is not
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readily found in most operating organizations today. Accordingly, we find
various staff groups building up that are trying, not only to learn how
things can be done more efficiently, but also to convince management of
the new techniques. Progress is indeed slow. Practices of many years
which have become gospel cannot be changed overnight. There is much
analysing, testing, and then convincing, to show that there is a better
way. However, progress is being made in various degrees in various areas
by different companies and industries, depending to a large extent upon the
degree of technology and scientific discipline prevailing within the
companies.,

I am going to classify the work that is being done into four
major areas as follows: 1) more detailed product definition; 2) more
detailed and specific process system definition; 3) improved instrumenta-
tion for data collection and for data transmission. (The physical data
handling system); and 4) the development and modification of systems logic
and decision rules introducing more scientific analysis, improved efficiency,
directed at optimizing of product mix, improved dynamic stability of the
production system, ete.

I would like to discuss each of the areas briefly, giving a few
examples as illustrations.

Product Definition

Normally, I think that most manufacturers believe that their
specifications are complete and adequate. Within the scope of the system
in which they are operating they are undoubtedly adequate. Everything
taken together, the people doing the procurement and assembly are able
to keep production going. However, almost invariably there are those things
that are implied which are known to people involved through experience
which are not explicitly defined. In this category we might include such
items as the use of alternate materials, special engineering tests, and
many others. Now when we substitute computers for people we find that if
we want to operate efficiently all such alternates must be either eliminated
or logical decision rules defined as to when each of the various alternates
may be applied. Not only must the machine file be built which contains all
such necessary information but provision must be made for very formal and
rapid updating for product specification changes. There is nothing quite
as frustrating as running schedule explosions against standards that are out
of date.
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Process Definition

The statements just made for product apply equally well for
process only probably more so, I should qualify that statement and say,
"in the electron tube-making industry," but it undoubtedly applies in
many others, Very often the detailed process interrelationships are
only defined in a general way and actual operational yields are determined
as a result of individual operator judgements.

Of course such a situation is completely inadequate for computer
process control, Moreover it even presents problems from the standpoint
of scheduling because of variations in appropriate yield data or produc-
tion standards. The accumulation of up-to-date production standards for
production scheduling by computer demands much more formalized routines
with fast updating for files.

Instrumentation, Data Collection, and Data Transmission

And so we come to the instrumentation, data collection, and
data transmission. 1In the two foregoing sections you may have noticed a
constant repetition about accurate and current data. People are able to
act on relatively poor and incomplete information because they also have
stores of information from other sources and have ability to reason, Jjudge,
and correct and to get additional information if they deem it necessary.
But the development of computer programs is far from such a state and
therefore the need for accurate, timely data.

Now a large portion of data gathering in industry is by visual
observation and manual recording. The conversion of such data to machine
language and the transmission to processing centers has been one of the
most costly and inadequate parts of computer systems. Moreover, there is
much work going on to remedy this situation and in this area we may
certainly expect that the progress in the next few years will be as spec-
tacular as computer development has been up to now. The attempts in this
field are many and varied but mention of a few may be in order.

One of the early devices in the field used in connection
with production scheduling and control was the Stromberg "Transactor"
for gathering data from various locations about a factory and transmitting
it automatically to a central location for computer storage and processing.
By combining a quantity of these with a disk-file data processor Hughes
Aircraft at ElSegunda, California, has been able to set up & real time
production and scheduling control system that practically eliminates the
flow of paper work through the factory.
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Librascope has a similar set-up in their "IOCS" system at
Glendale, California. Lockheed is golng even a step farther in setting
up RCA "EDGE" data gathering equipment at locations hundreds of miles
from each other and feeding them over telephone lines directly to an
RCA 304 computer with disk-file storage.

As a final example I must mention the Westinghouse plan which
will employ a completely computer-controlled on-line communication center
for message and data transmission with data directly available to the
computer,

Improved System Logic and Decision Rules

Actually we have already touched on these when we talked
about product definition and process definition. We indicated that we
had to look at our system in much greater detail than before and actually
determine what was being done and then state it in some language or way
so that the machine could act accordingly. When we get down to the
detailed digging, looking into how people actually do things we come
across this factor of decision making or Jjudgement, ILet me hasten to
point out that I am using the word decision not in its specialized sense
of statistical decision theory but rather in its very broad general
sense of choice-between-alternatives. And so as we analyze the work done
by some individual he says he does this and then this, and then comes to
a point where he employs his Jjudgement and decides to do that. And now
we try to find the decision rule, What was really necessary to make
this choice? Why did the individual act the way he did? Did he really
do some master feat of anlysis or introduce some new technique? Was a
mental brilliance required to accomplish the results obtained? Examina-
tion of many different functions by many different analysts has shown
that, for a large percentage of cases, the decision rules used by in-
dividuals in their jobs are often very simple.

Then where does this factor of judgement come in? Well, what
is really meant is that the individual, through experience and training,
and other functions of the business, or maybe only in his present function
had built up a store of knowledge and data which, with the current in-
coming data, he combines to make a simple, logical choice and probably
to update his store of data. It then becomes obvious that when the file
of data which the individual has learned or stored is available in the
form of a machine language the decision can be reduced to a straight-
forward, logical choice program which can be performed by machine. And
50 we see again the importance of those factors: adequacy of data, avail-
ability of data, and timeliness of data. Now we might ask, are these
simple decisions the "best" decisions that could be made for the company,
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or could other, more sophisticated decision rules serve the overall
purpose better? Again let us reason from the specific case to a more
general conclusion,

As companies have grown and organization functions have
developed it has become more or less common practice to set up objectives
for each function along with an expense budget and then judge performance
by how well these rules were met. But it is well known that on this
basis so-called good performance by one function may seriously affect
and lead to poor performance by another function. Thus, for example,
the sales function usually wants to maximize sales and therefore asks
manufacturing to produce against optimistic forecasts so as to be sure
to have low stock-outs, Manufacturing does not mind this but it would
like to keep a fairly steady load or at least long runs so that its
start up and learning costs are low and it has a favorable manufacturing
variance, But now comes inventory control with overall inventory objec-
tives and says: "No! No!, if you do that you will exceed my inventory
objectives." How are these conflicting individual desires to suboptimize
be reconciled? One of the most common methods prevalent in industry today
is the meeting technique. On a regular basis the individuals involved
all get together and by means of some logic, a lot of persausion, force
of personality, and what-have-you, come to an amicable agreement between
themselves.,

Now operations researchers or management scientists say that
there must be a better way. And so they set up a good hypothesis
relative to business variables and objectives, express them as mathe-
matical relations or equations, solve and come up with an economic order
quantity rule balancing expected sales against procurement or production
costs and inventory carrying costs. And so we have a nice, neat EOQ
(Economic Order Quantity) decision rule which we can program for our
computers (if we have the provision to gather the data to put in it), and
with some confidence we sit back and say that this little degree of
sophistication will pay off., At this point let me hasten to add that
the use of mathematical techniques such as this do not necessarily need
a computer for their implementation. Many production scheduling and con-
trol people have their charts, slide rules, nomographs and so forth based
upon this type of mathematical model which they manipulate manually.
However the converse is true, namely if we wish to computerize effectively
we do need the mathematical model,

At this point everything appears to be very neat and straight-
forward so we might easily be caught with our guard down, because there
is a joker in the deck. The mathematical model that we set up for our
EOQ formula is a static model, but our business situation is dynamic,
Usage is not at a constant rate but fluctuates. We usually reconcile
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the situation by forecasting future sales or usage based upon past
sales or usage and smoothing the variations by some such technique as
straight running averages or exponential smoothing. This then is used
in our EOQ formula. Now what we are actually doing is forecasting the
future state of our business system in accordance with some decision
rule (or transition matrix) based only upon the past states of our
business system. Mathematically speaking we have a Markoff process.
Now it has been shown that under the conditions of varying usage our
EOQ rule actually acts as an amplifier of the statistical variance
giving a greater variance to mean ratio in the output., If we call tke
amplification factor ¢ aud we have a system in which this process is
repeated "n" <times in series as is very common the total amplification
will be ¢n . This can result in a very high variance to mean ratio and
many of you probably have seen it in connection with military orders
that go many steps down the line,.

Now does this mean that our EOQ formula is no good? This is
not the point which I wish to convey. In many cases it will be perfectly
adequate, Actually the most practical model is the simplest one that
represents real life adequately. But we must be careful not to use some
established computational routine just because it has been formalized
and i1s readily available when the real life situation demands a more
accurate model,

When we get into the subject of mathematical models that are
useful in production scheduling we open up such a Pandora's box that it
is hard to know where to stop. We could talk about such techniques as
linear programming, critical path scheduling, sequencing queing models,
to name only a few. But further discussion would really not strengthen
the point I am trying to make. It might only show how little I really
know about them, And so although I have tried to break down or classify
into four areas the kind of work now going on in the production planning
and scheduling area, I have really only been successful in showing that
it is all one problem of systems analysis and development with at least
four major facets. And now it is time to summarize my thesis.

1. Computers are wonderful devices that can be told to do logical
manipulations and calculations at rates millions of times
faster than people.

2. At present business organization structures or systems are not
set up to utilize such tools effectively but business generally
does not recognize this and is trying to fit computers into
present structures with only nominal success,
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5. Computers must have much more adequate, accurate, and timely
data than is presently generally available in order to be
really effective.

L, Probably the best way to get this would be to have an on-line
or real-time computer controlling mechanized data gathering
and electronic transmission.

5. Such a Job as described in 3 and 4 cannot be done piecemeal
and still be effective. It requires a high degree of systems
engineering knowledge to arrive at a business structure of
people and hardware that is capable of functioning as a unit.
This business of systems engineering function must take a place
of equal importance with product engineering and the bits and
pieces of associated activities such as industrial engineering,
time and motion studies, manufacturing standards and so forth,
that are often scattered around. Many different organization
functions must be brought together into one function to produce
a coherent design unit.

6. It is possible to mechanize or automate much of the production,
planning, scheduling, and procurement routines with substantial
prospects for dollar savings and more uniform performance using
relatively simple logic and decision criteria,

7. Systems highly mechanized become easier to change because the
personal aspects are not present.

8. Because of the uniformity and continuity of machines more and
more sophisticated programs can be introduced with prospects
for economic gain.

9. Care must be exercized to be sure that the model introduced is
& reasonable representation of real life,

And so in conclusion, I believe that computers for production
scheduling and control are here to stay, but that, in the vernacular,
we have not seen anything yet. At this point let me hasten to add a
footnote. The opinions herein presented are purely my own and do not
necessarily reflect the policies of my company.



QUESTION:

BAHIS:

QUESTION:

BAHIS:

QUESTION:

BAHIS:

QUESTIONS AND ANSWERS

I would like to raise one question. In relation to the
amplification effect of a series of events. Would you
give a simple example of this?

I think an example might be orders from customers to let us
say a distributor, The forecasting and such that he has to
do must account for a certain amount of pipeline filling, as
well as the bunching of orders, etc, The result is that

he amplifies some of the variations that go on. In passing
his orders on to the next stage the same thing happens, and
the next, and the next stage with the result that you get
quite large variations.

It is a fudge factor?

Yes, that is one way of looking at it, as a fudge factor or
uncertainty factor. It is this indeterminacy for which he

has to make allowance. We have examples in such work as

J. W. Forrester's work in industrial dynamics where he illus-
trates the type of oscillation build up that you get from such
variations. The mathematics of this type of solution for the
EOQ work was recently done and is not yet published by

Herbert P. Galliher, M.I.T,

I would like to ask, how much benefit comes from the study-
ing of your production and of your products as compared to
the other. I find sometimes that the preparatory work one
goes through in order to communicate with a computer gives
one a better understanding of the total picture. Would
you speak to that?

Yes, undoubtedly substantial gains can be made Jjust from sys-
tems anaslysis studies and many reports to that effect have
been made, This is probably merely stating that as the
change in mechanization of material flow has gone on, the
question of matching the information control cycle has not
been perfect, and even a review of the control loop can show
improvements that can be made. Very often, however, this is
not the real gain that can be made with computer usage because
we find that the time cycle of the information flow loop has
not been substantially speeded up in many cases and if the
material flow demands a faster control-flow loop it will be

there somehow or other bypassing the computer control, We
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find that there are always these manual expediting flow
decisions that are made even in the computer systems. This
is Jjust a recognition that we have not analyzed the control
factor that is needed because we have our information flows
through the computer system out of phase or lagging to such
a degree that it cannot control and therefore we have to
have the other part of the system. I do not mean to say
that gains cannot be made by the study itself but I do con-
tend that we do not nearly take advantage of the gains that
are possible if we do not go through all the rest of the
systems engineering of matching the rest of the flow cycle
to the actual control requirements,

Do we have some more questions, comments? Would you identify
yourself please?

I am Robert Cruzak from Chrysler Defense Engineering. I would
like to ask how much of your operation is controlled similar

to the way you described? Is every operation controlled by
means of a computer or just partially or are you in the process
of Just initiating this control?

We are as human as the next company. And obviously I must
say no, we do not have everything controlled that way. We
are planning and taking things loop by loop, trying to build
this type of control philosophy and I spend a good bit of time
trying to initiate and doctrinate and convince people that
this is what should be done., We have employed the procedure
and are rapidly extending it at the present time, but it is
far from perfect. I believe that it is always going to be
far from perfect because as fast as we get one thing done we
are going to find material mechanization flow improved., We
have new matching processes and so this is going to be one of
those continuing types of things.

What type of display do you use to convince your top management
that this is a good system? It is difficult for the top
management to understand the computer output. It is just a
bunch of meaningless numbers to them. And you have to convert
it to say it in English,

Truer words were never spoken. That would be a rather lengthy
story to try to tell. I try to employ the best concepts of
information and communication theory by reshuffling and structur-
ing my presentation to the store of knowledge and the words that
the people that I am speaking to understand, So very often I
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get into some very simple charts and building blocks but I
continually try to introduce new words., If I do, I try to
define them and show by simple diagrams and block-diagrams
and logic~flow diagrams what I am trying to do and to be
reasonably logical in what I am stating. Now many things do
not get sold on logic because it is hard to convince people
on logic. That is not necessarily the thing they want to hear.
And so you use every technique possible such as going out and
speaking at other symposia and have feedback.

To what extent are there schools for managers to understand
this? Are there a fairly good number of schools of this kind
available to people who come in or does your own organization
do this? This is something that I see the need for in industry.
People are asking how can their managers learn these things.
They are a little suspicious. They tell me that they are not
sure that the computer people are always telling them the

right story but they do not know enough to know whether it is
right or not.

This is so true. It is like going to the doctor, is it not?
Well, I think many schools are trying to do something in this
area, and their business colleges, and I believe that this
school 1s not any exception in that respect. I have been work-
ing with a number of schools on what should be the business
education curricula for the future and I am cognizant of the
fact that there is a great recognition of the possible change
in education for business managers and, of course, as business
managers get a broader technical training and understand their
system concepts and how business is a coupled system and how

it can behave, they will be in a better position to make deci-
sions along this line and so it is one of those things that is
going to have to build very gradually. I believe that with

the tools that are available and the things that are being done
it is not going to take very many actual illustrations of hard-
ware systems before people begin to realize that, well, maybe
they should be on the bandwagon,

There are probably a number of schools that the manager could
go to in order to learn, but how do you get him to go there?

I was thinking as well of the programs that are brought to

the industry where he is on the job, where he cannot get away,
so0 to speak. How much of this is being done, of having a one-,
or a two-day, or a three-day workshop to give them some view?
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BAHLS: Well, I really am not qualified to know how much is being
done because I would be one of those small samples which would
be subject to quite a wide variance but I do know from my
contacts that a lot of people in the areas of operations
research, management science, and computers are trying to hold
meetings and symposia and get their management groups there.
I think that there is this natural thing of which John Glenn
spoke, the fear of the unknown, and it does take time to get
this indoctrination across until people realize that it is not
so complicated and some of the fears subside.

YORK: Other questions or comments?

QUESTION: Let me ask one in this same area. We have talked to you of
the managers and the middle-managers. Would you care to comment
from your experience as to what the relative aggressiveness in
this area is between those two groups? This i1s a thing to
measure the future because our next managers are going to come
from the middle man.

BAHLS: Well, T will comment. I believe that probably the greatest
area of difficulty is in the middle-management area. Although
the operating people are affected very often at the clerical
and performance level, many of the so-called middle-management
functions have been built up because we have broken down our
structure into such small units and have accordingly set up
so-called managerial positions which are really supervisory
positions, the supervising of people functions. If my thesis
is correct, and computers are used to bring many of these
functions together because they can be effectively done, some
of these middle management supervisory positions are going to
go. This, then produces fear and here is one of the problems.
Now the obvious thing for the middle manager group to do is
to learn about the new techniques. This is not always his
reaction, however. Is that an adequate answer, with not too
much equivocation?
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THE PRESENT AND POSSIBLE FUTURE ROLES OF COMPUTERS
IN RESEARCH SCHEDULING

My objective is to outline a resource leveling package and
a method of scheduling a large number of parallel research and develop-
ment projects. In attaining a complete schedule for such projects,
the accuracy, memory, and speed of a large binary computer may be uti-
lized, Hence, when I use the word "program," I am referring to the
computer program which was developed for leveling and scheduling
parallel projects.

Also, when I use the term "arrow diagram," I mean a figure
in which each job in a project 1s represented by an arrow with the
arrows joined to show the relationship which each job has with other
jobs in the project. The arrow diagram shows the flow of a project.

In determining the relationship which each job has with
other jobs in a project, it is necessary to know:

1. What job or jobs must be completed before
this job may start?

2. What job or jobs may be worked on concurrently
with this job?

3. What job or jobs cannot start until this
Jjob 1is completed?

With a job list and following these three rules, a project's arrow
diagram can be constructed.

In assigning resources to each job, both manpower and equip~-
ment should be considered. If no equipment restrictions exist, the
consideration should be given to manpower requirements. An example
of an equipment restriction would be a crane, A crane may be required
on a number of jobs and only one is available, Each job which requires
a crane should have a crane allocated as one of its resources.

The resource assigmnment is based on the assumption that
the resources assigned to a job will be used throughout the dura-
tion of the job.

One major problem in scheduling a research project 1s to

reduce excessively high resource peaks. In general, great variation
in a project's manpower pool will involve many problems and additional
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costs., Low utilization of equipment may also increase costs, In
many circumstances, the use of a particular manpower craft or item
of machinery may require the user to pay a minimum charge, Under
circumstances such as these, it is desirable that management obtain
a schedule which makes use of the resources available,

The objective of the resource-leveling feature of the
program is to furnish a schedule with the resources used at any
time as close as possible to the limits specified for that time,
without exceeding those limits. This is accomplished by shifting
certain jobs to later start times, The arrow dlagram will have
the same flow with various jobs delayed.

RESOURCE LEVELING

Each resource which is to be leveled must have an associ-
ated resource curve which limits the use of this resource through-
out the project. These resource curves are step functions which
bound the respectlve resources from above,

The program will £it the calculated resource curves as
close as possible to the required resource curves, without exceeding
the 1limits and without changing the sequencing of project arrows.

The leveling program 1s a stepping procedure. It is
comprised of a series of time steps starting at time zero and con-
tinuing until the resources are leveled,

Let Sy, 1 =1, n be the sequence of merged Early Start
Times (EST) and Early Finish Times (EFT) for a project P. This is
a monotonic strictly increasing sequence where 8] = 0 and Sp 1s the
project!s duration, The original sequence 1is obtained from the
initial Early Start Times and Early Finish Times,

The first time interval considered is the interval bounded
by 87 and Sy, All jobs in a project with an EST < 8, and EFT > S
are determined. These are the jobs in process during the interval.
For each of the M jobs in progress a priorlty parameter, y, is
calculated,

For k =1, M

"

(1) N4
(2) ¥y

0 if TF) =0
TF - (Sp =~ ESTy) + C  if TF # 0

n
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The constant C, at present set to 10,000 by the program, is used to
make all y's defined by (2) positive. C does not change the algebraic
order of the y's defined by (2) with respect to each other but it causes
all y's defined by (2) to be greater than those defined by (1). The M
Jobs are sorted in ascending order on y. The jobs which are to be de=-
layed are determined by comparing the RS (resource sums) with the RLF
(resource limit functions).

This is done in the following way:

SETX RSJ =
SET: Xk

|
o

3 =1, ¢ (q = number of resources in

L}

1 project)

(a) Increment RS, by Ry; Where Ryj 1s the amount of the i resource
of the k job, and RSJ is the sum associated with the i resource,
i ranges over all resources associated with job k,

If RSj > RLFj for any j = 1, @ Jjob k i1s delayed to the end
of the time interval being leveled. Restore the RSJ values
to what they contained before the k job was checked by
decrementing RSy by Ryx. Go to step (v).

If RSJ < RIF, for all j =1, q, job k i1s accepted as one
of the jobs %o be worked on during the time interval,
Go to step (b).

(b) If k <M increment k by 1 and go to step (a).

If k =M all the jobs in the time interval being leveled
have been considered. If any Jobs were delayed, the EST
and EFT trom time S, on to the end of the project are re~-
calculated and a new time sequence Ti is determined in the
same manner the sequence Si was determined,

The new time interval will be bounded below by T, = S, and above by
T3, where T3 may or may not be equal to S3.

The jobs which are in progress during the time interval
Tp, T3, are determined and the above procedure is repeated with one
exception, There is a feature which allows the first N(N < 25)
jobs assigned to time step Sl, S5 to have first priority in time
step Top, T3. The y value assigned to these jobs, if they are not
completed during the previous time step, is O. The y value assigned
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to new jobs which are critical in time step To, Tz 1s 1. Thus a
maximum of 24 jobs from the previous time step may have priority
over critical jobs in the following time step. If this feature
is not used then the procedure for time step Tp, T3, is the same
as in time step S;, Sp. The above procedures are repeated until
the resources are leveled.

The feature allowing jobs from the previous time step to
have first priority in the next time step is very useful.

It is possible for a job to be accepted for an interval
i and then be rejected for interval i + 1 resulting in the start of
the job being delayed until interval i + 2 or later and also in non~
optimum leveling for interval i, The use of the priority feature
prevents this from happening to the first N jobs of each time interval.
Leveling is an empirical procedure, and it is expected that a "cut and
try" approach will be used by the schedule,

The best results have been obtained by holding from four
to eight jobs from one time step to the next,

Since the leveling feature does not allow the resource
sums to exceed the resource limits, the leveled version of the arrow
diagram may depend on how suited a resource limit may be in relation
to the resource assignment, As an example, most jobs in a project
involving a resource may have 10 units of the resource allocated to
the job. To assign a limit of 18 to the resource would not be prac-
tical since the resource sum for a time interval would probably be a
multiple of 10, It would be better to assign a limit of 10 or 20,

PARALIEL SCHEDULING

Let us assume that we wish to schedule a department which
has a continually changing work load., The work load varies because
new projects are being received, old projects are being completed
and projects are being cancelled, Also, the projects may be independ-
ent but they become dependent as a result of competing for manpower
allocations. Hence, a manpower leveling package is necessary.

The program is designed for departments which consist of
a number of independent sections, As an example, a department may
consist of sections such as engineering section A, engineering sec-
tion B, engineering section C, engineering section D and engineering
section E, Each section may consist of a number of sub-sections.
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As an example, the section A could congist of a sub-section of
engineers and a sub-section of draftsmen., The computer program
i1s designed to schedule departments which consist of no more than
twenty sub-sections.

When a new project is received by the department then
the following procedures could be followed in scheduling the project.

The department supervisor evaluates the project and a
coordinator is assigned to coordinate the project, The evaluation
of a project consists of determining what sections in the department
will participate in the project. Each section will then analyze
their part of the project and determine how the sub-sections will
function in doing the work assigned to the section. In addition,
each section determines which phases of the project must be com~
pleted or can run concurrent with their phase of the project. It
may be that a section will be required to work on thelr phase of
the work at different periods durlng the project's completion time,
As an example, a project may require work to be done by the engineer-
ing sections A, B, and C. The flow of the project will first require
work by engineering section A, followed by section B and section C
working concurrently, After sections B and C are completed, section
A will complete the project. When each responsible sectlion has
evaluated their phase of the project, the coordinator constructs
an arrow diagram of the project. Each arrow in the diagram repre-
sents a Job which is a phase of the project which is assigned to
a section or sub-section group. Associated with each arrow are
the man days or hours required to do the job and the rate of work
on some unit basis., Also, the information necessary to show the
relationships which a job has with other jobs in the project and
the alphabetic and/or numerical description of the arrow is deter-~
mined, For each project the coordinator, work regquest and project
identification is part of the necessary information,

The project is then reviewed by the department supervision
and is approved or changes are made in the arrow diagram and the
associated information, At the same time the department head assigns
the project a priority number which designates the Importance of the
project relative to other projects assigned to the department.

The program will evaluate the new project relative to the
current projects in the department and ascertain the project schedule.
When evaluating a new project, the program considers the project's
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priority, the project's arrow diagram structure, float times and
manpower availability, Also consideration is given to factors
such as vacation, holiday week, cushion, transfer of manpower
and delay conditions.

It is possible to add new projects to the system with
a delay restriction. In other words, the project will be taken
into congideration and scheduled after a fixed date, This delay
may be due to outside factors which influence the start date of
the project.

It is possible to transfer personnel within the depart-
ment and keep a record of such transfers, As an example, the
section A mey have an overload of work which may have an effect
on the schedule of other sections in the department and section
D may have a light work load for a number of weeks, If the avail-
able personnel in section D were capable of performing work in
section A, then a loan or transfer of personnel could take place
for X weeks., At the end of X weeks, the personnel would automati=
cally be returned to section D.

Also, it 1s necessary to consider the vacations for
each group in determining the schedule, The program is designed
to consider the vacation schedule for the entire department.
This points out the impact that vacations play in determining
the start and completion dates of a project.

Also, the scheduled holidays are taken into consideration
in calculating the schedule, In considering scheduled holidays, the
program is designed to reduce the rate of work on each job during a
holiday week by a certain percentage, In other words, if a job was
assigned manpower at the rate of ten man days per week, then during
a holiday week the rate could become eight man days per week.

Factors such as these discussed above are very important
in obtaining a realistic schedule,

The type A output shows the vacations scheduled for each
sub~section, future changes in total manpower and cushion changes.

The type B output is a list of all projects in the depart-
ment, For each project, the type B output shows the projects priority
number, work order number, coordinator and identification., This out~
put is very important to management in assigning priority numbers and
knowing what projects make up the department's work load.
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The type C output shows a 1list of all jJobs which received
manpower allocations for the given week, The type C output for each
Job shows the priority number, work order number, coordinator, the
Job's arrow diagram numbers, identification, estimated units of work
to do the job, units of work remaining, resource group responsible
for the job, rate of work and the number of manpower units assigned
to the job for the given week, The type C output 1s a record of
every job in the department which received resource assigmnments and
the units of resources assigned to the jobs for the given week.

The type D output is designed for the coordinator., ZEach
coordinator in the department receives a list of all the jobs and
their associated information, for which the coordinator is directly
responsible., In addition, the 1list shows all jobs which could have
received manpower assignments if the manpower had been available.
Thus, 1if a job is completed ahead of schedule then the type D out~-
put shows what job or jobs should receive the available manpower,

The type E output is designed for the section leaders.
This output contains the same information as the type D output
except that it is grouped by sections, Another type of output
shows the complete information about each project in the department.

In other words, the arrow diagram structure is shown and
the associated date about each job., In addition, the actual start
and completion dates of each job is given; hence, the project's
starting date and finish date 1s printed. This output answers
many of the everyday questions which pass through the department.

The last type of output shows the workload summary for
the department, For each section, the output list shows the man-
power available, manpower loans, holiday quentities, vacation
allowance, cushion factors, net manpower available, manpower
scheduled, percentage scheduled and which weeks are involved.
This output is listed for X weeks in the future and shows the
overall picture of what 1s taking place in the department and
forms the basis for decisions by management.

A very important part of the system is the procedures
necessary to keep the schedule up to date, The section of the
program which is designed to handle this feature allows the depart-
ment being scheduled to have great flexibility in keeping the sched~-
ule up to date.

The information changes or additions which a department
may wish to make are:



1. changes in any information about any job in a project,
2. adding or deleting jobs for any project in the system,

3. changing the total manpower available in any section in
the department,

L. changing the coding symbols for a section or subsection
in the department,

5. changing from a five-day week to a six-day week,
6. switching priority numbers on projects,

T. deleting projects from the schedule,

8. adding projects to the schedule,

9. add or delete manpower loans, vacations and holiday.

The coordinator must be able to perform operations such

as those listed above very fast and efficiently if the scheduling

gystem is

method i1s

to function properly.

The primary objective of the Multi-Project Scheduling
to allow management to answer questions such as:

1. What projects make up the department work load?
2. What is the status of each prolect?

3. What 1s the present and predicted work load of
the department, sections and sub-sectlions?

Lk, How will the department's schedule be influenced
if a project 1s cancelled?

5. How will the department schedule be Influenced if
a project 1s added to the schedule?

6. How will the department schedule be influenced if
a particular project receives a crash priority?

7. What 1s the predicted start and completion date
of a new project 1f it is added to the schedule?
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8. What 1s the predicted completion date of each
project in the department?

9. What i1s the predicted start and completion
date of any job in any project?

The answers to such questions are almost impossible under
pregsent methods of scheduling., By applying advanced scheduling
techniques, such questions can be answered swiftly and accurately.

This gives a broad and very general outline of some of
the features which are available in the above program,

In contrast to the conventional methods, meny problems
are solved and many questions answered readily under this system
of schedulilng.






Donald L. Katz:

Well, if we may come to order agailn please, we are going on
to the first paper which is listed for this afternoon. We are going to
look at engineering design. This comes a little closer to the sort of
work which the students and the faculty at the University are looking
at because we do teach our students some of the beginnings of engineer-
ing design. We are privileged to have with us a person who is working
with and servicing groups in this area, Mr. Donald E. Hart. He comes
from New York State, took his master's and bachelor's degree in electri-
cal engineering at Rensselaer Polytechnic and he has been with General
Motors since 1950. He is head of the Data Processing Department at
General Motors Research Laboratories. We are pleased to have Don Hart
with us; he will speak on The Future Role of Computers in Engineering
Design.

_55-






THE PRESENT AND POSSIBLE FUTURE ROLES OF COMPUTERS
IN ENGINEERING DESIGN

D. E. Hart

Head, Data Processing Department
GM Research lLaboratories

-57..






THE PRESENT AND POSSIBLE FUTURE ROLES OF
COMPUTERS IN ENGINEERING DESIGN

Englneers are now using digital computers for all kinds of
calculations, related to all kinds of problems, and they are doing this
on all shapes and sizes of computers. The problems that engineers are
solving on computers range from simple mathematical formula evaluation
at one extreme all the way to the study of complex systems such as auto-
mobiles and missiles at the other extreme. Now I've planned to describe
briefly the various types of engineering calculations. I am sure that
you are all aware of the various kinds of things that computers are used
for. I will dwell at considerably more length on the impact of computers
on the over-all engineering design process. 1In terms of types of prob-
lems, at one end, as I have indicated, we have formula evaluation such
as table preparation, where we want to determine and tabulate relation-
ships between some number of variables, usually as reference for the
engineer at some future time. These are very small calculations. In-
cluded also at this relatively small end are things like data reduction
where we want to reduce test data to some standard form and place it in
meaningful terms which the engineer can understand. There are also a
vast array of what might be called component design calculations. This
is a natural place to start using a computer, of course. Usually for
component design the design procedure is feirly well defined. It in-
volves a combination of mathematics and the use of emplrical relation-
ships which may be in the form of tables and curves. These procedures
maybe have already been carried out and are being carried out by hand.
The computer simply provides a faster and more aceurate way of doing the
same thing. Examples of this are some types of spring design, gear de-
sign, design of solenoids, etc.

However, components usually cannot be designed out of context.
The component is being designed as part of a system where a system 1s an
assemblage of interrelated and interconnected components. The problem
of the system designer is to attempt to predict how the system will per-
form == how it will behave -~ when a specific set of components are put
together.

I would like to review with you the classical design process.
Figure 1 is oversimplified, but assume an engineer has the problem of
designing a new system to perform some function. He goes through a pre-
liminary design process which includes meking some sketches and some hand
calculations, searching the literature, component testing, discussions
with associates, ete.
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Figure 1

Before computers were available he usually couldn't follow the
computational route so he spent a good deal of time in this preliminary
design area because the only means he had for evaluating how the system
was golng to perform was to build one and try it. The process was to go
from preliminary design to the construction of a prototype, test it on
the basis of this, modify the design, and back and forth through this
process until the design had finally reached the point where it was suc-
cessful or proven to be poor and therefore abandoned. This build-and-
test process is both time consuming and expensive. Computers fortunately
became available and eliminated the bottlenecks which have previously ex-
isted in performing an analytical approach to the study of systems --
namely the computations themselves. Engineers for a long time have been
taught in school how to formulate problems, to describe their problems in
mathematical form. Unfortunately what you learn in school is how to
carry out analytical calculations, and most of the real world is nonlinear
and does not take well to analytic solutions. Numerical solutions are re=-
quired. By hand, these become onerous, time-consuming or impossible. Com-
puters eliminated this bottleneck -- the actual carrying out of the numerical
computations. This created for us a new bottleneck which is called pro-
gramming. This invelves taking the problem description and converting it
into a language which the computer can understand.
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I would like to Jjust quickly go through a series of slides
showing the levels of language which are used for communicating with
a computer. In Figure 2 we have the kind of language that a binary
computer understands. Here are strings of binary ones and zeroes in
which each line of information represents one computer word or one com-
puter instruction. The first instruction says, '"take a number from
this memory location and clear out the contents of the accumulator and
put the number in there." The second instruction says, "take another
number from this location and add it to the first one," and the third
instruction says, "take the number in the accumulator and put it back
in the memory at the location." This 1s obviously a ridiculous way for
human beings to have to describe how to solve a problem and if this
were the only method that was available computers would not be used
very much. Fortunately, we have gone through an evolutionary process
of improving the language by which people can communicate with machines.

MACHINE LANGUAGE

000101000000} 000000U0O0000000000000212000
000100000000]000000000000000000001001

000110000001 ]000000000000000000001010

Figure 2

SYMBOLIC LANGUAGE

CLA TEMP
ADD Cl
STO TEMP1

Figure 3



In Figure 3 we have the next step in the process which poses
this same set of instructions in a mnemonic form which people could more
readily learn and which involved writing down fewer symbols. CLA says
"clear and add" a varlable called temperature, then ADD to it a correc~-
tion constant C-1, and STOre the results back in memory; this 1s now a
corrected temperature. This begins to look like something the people

could understand and work with. It still involves a great amount of
detail and you notice that in this particular example there is a one-
to-one correspondence between instructions that the human being can
understand and instructions in binary form which the computer hardware
can cope with.

Figure 4 shows the development of Fortran; it stands for
formula translation. This was developed by IBM and it has been widely
exploited by thelr customers. Now we can write down an algebraic ex-
pression. We can write Jown TEMPl1 = TEMP + Cl and there is a computer
program which translates from this into the ones and zerces so that the
computer hardware is able to carry out these operations. This is close
enough to algebra so that engineers can learn this type of a language
and use 1t for describing procedures for solving their problem and get
answers on the computer in a reasonable length of time.

FORTRAN LANGUAGE

TEMP]1 = TEMP + Cl

Figure k4

Referring again to Figure 1, there has been a good deal of
work in this area of improvement of the programming process, including
the development of an increasing number of general-purpose subroutines.
We don't have to worry any more about how to take square roots or do
sines or cosines and we have black-box routines which will solve simul-
taneous equations and solve differential equations. These are reasona-
bly foolproof, and can be plugged in as a part of a larger problem.
Again we have shortened the programming time by bullding up a backlog of
things that we already know how to do and incorporating them into our
programs.
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At the other end, in the area preparation of results, the
engineer is not particularly accustomed to looking at columns of numbers
and making decisions. Plotting devices are now avallable, both electro-
mechanical devices and cathode-ray tube plotters, which will produce the
output of the computation in the form of wiggley lines on a sheet of
paper which the engineer can more readily understand.

There have also developed, during this period, things which
we might refer to as general purpose programs. A procedure has been
developed which solves this kind of problem. An example of this is gear
design. This is a design procedure which has settled down to the point
where the engineering analysis and the programming has been done in a
general form, and to use this computation procedure it is only necessary
for the engineer to fill out a data sheet and send it to key punch and
thence to the computer to get the calculations performed. He begins to
lose sight of the computations that are done. All he knows is that if
he fills out the data sheet in the form prescribed he gets back answers
which are correct and which are meaningful in the gear design area.

There are a number of these stereotyped procedures which have
been mechanized in the form of general-purpose routines. These include,
in addition to gear design, the design of solenoids, some motor and gen-
erator design, spring design, a number of design procedures in the gas
turbine area, and so on. Now one comment I would like to make, which I
will reiterate a couple of times, is that all of the techniques which
are talked about, with the possible exception of the so-called general-
purpose routines, are procedure oriented. What 1t is necessary to do
is to describe in complete detail the procedure that the machine will
use in order to solve a particular problem. What the engineer would
really like, of course, is to be able to work in the language of his own
field. We now have an engineer who has specialized in a particular field
of engineering. In order to use a computer, at the present time we force
him to become somewhat of a specialist in the computer field. What he
would like to do 1s to be able to describe his problem in the language
of his field and have the computer understand this language. 1In other
words, what we would like is to make computers into people-experts in-
stead of making people into computer-experts.

This means that we would like to go through the preliminary
design area and at this time we have in a sense a description of the
problem in the language of the engineer. Everything that is done fol-
lowing the analytical route over to evaluation of results is a process
of describing the mathematics of the problem, converting a physical
problem into a mathematical problem - and developing a procedure for
solving the problem so that you can get some results. All the engineer
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is really interested in is the results, so it would be nice if we could
simply short-cut this process and go directly from the design area to
the results for evaluation. The obvious advantages, if we can do this,
are that it again eliminates time and cost to get answers to computa-
tions. This also makes the analytical approach to problem solving even
more attractive than it is now. Now obviously I would not be talking
about this if we had not done something in this area. I would like to
describe a system (Figure 5) which we have developed which enables us
to perform this short-cutting type of operation. This system is called
Dyana and it is preceded by GMR ~ which is a little plug for General
Motors Research. Dyana is another one of these acronyms which stands
for Dynamics Analyzer. It is a programming system which was developed
for the solution of a class of dynamics problems and the technique which
we use here can best be described by an example.
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Figure 5

In Figure 6 we have a simple spring-mass-damper system. We
have a ground reference, a spring and a damper connected to a mass
labeled No. 1, a lever connecting that to point 2, another damper and
another spring connected back to ground, and a forecing function acting
on the mass. The classical approach to the solution of a problem of
this sort is to write the differential equations which describe this
system. Then, since analytical solutions are normally not so easy, Or



may even be impossible, a numerical solutlon is called for, requiring
the use of a differential equation solving sub-routine and also the
development of the surrounding programs (in FORTRAN) in order to use
this subroutine and to get information into the computer and back out.
Our approach here was to get the computer to do all of this for us. So
we wanted to develop first a means by which we could describe this
free body diagram in a form that the computer could understand, and
we used the following scheme. We first put in a header card which
says that that which follows will be the SYSTEM DESCRIPTION. We
follow this by a serles of phrases. Now we have said that there 1is
an element K, which is a spring which is connected between polnts
zero and one.

SCHEMATIC OF SYSTEM

/////l//////////////////
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01 a Ioz
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DYANA REPRESENTATION

X SYSTEM DESCRIPTION
EO0KOL, ECOCO1, EOOMOL. EOLNOZ,
E02C03, EO3K00, EFOL

X  FORCE EFOL
EFOL = 650.2* SINF (3.1415* TIME)

X PLOT ANSWERS
X01, DX02, DDX03, VS. TIME

Figure 6

Similarly, there is another element which is the damper, C,
connected between points zero and one. There is a mass at point one.
There is a lever, and we use the symbol N to designate the lever con-
necting points one and two. There is another damper between points
two and three. There is another spring between points three and zero
and there is a forcing function acting on point one. Thils then is a
means of describing the structure of the free body diagram.
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We also add to this the ability to describe algebraically
any additional characteristics in the system. One of these 1s the
character of the forcing function, and by means of another header
card, we say that we now are going to describe the force, EFOl and
we write down an equation which is now in the Fortran form, EFOl =
650.2 x sin (3.1415 x TIME). If there were other nonlinear elements
in the system, nonlinear springs or dampers, we could describe their
characteristics in a similar manner. We also indicate the answers
which we want to see. We want to plot the following answers. We
want the displacement, x, of point one, the velocity, dx, of point
two and acceleration, ddx, of point three plotted versus time. This
1s a complete problem deseription. We have now described with this
serles of statements the structure of our problem, the algebraic
character of any things which are nonlinear, and the type of angwers
we want to see, In the length of time that you have watched me I
have programmed this problem for the computer. Now let us see what
the computer does with it.
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We started out with the problem and we described this
problem in the Dyana language. Our present computer plus the Dyana
processor, which is a computer program, does the following things.
It inspects the information which describes the structure of the
problem and performs the necessary analysis to prepare a mathemati-
cal model. In effect the computer writes the differential equations
which describe the motions of the system. It then develops the
procedures for the solution of these differential equations and pro-
duces as its output a computer program which 1s capable of solving
individual numerical examples of that problem. So 1t has accepted
a problem statement and has programmed itself, so to speak, to solve
that problem. It also produces as output a data sheet which tells
what data this program requires and in what form it requires it.
This includes not only the values of the spring constants, damping
factors, and masses but also what initial conditions are required to
start the solution.

If we now prepare data for a specific example of the problem
that we want to solve with numerical values of the mass, the spring
constants, the damping factors, ete. and feed it back to the computer,
the computer carries out the computations called for and produces the
results in graphical form. I have a couple of examples which will illus=-
trate this in just a little more detail. There is one point I would like
to make, however, I commented before that in using a computer to solve a
problem in a language such as Fortran it 1s necessary to describe in com-
plete detail the procedure that the computer will use to solve the prob-
lem. In the case of Dyana we simply described to the computer what the
problem was. We told it the form of the problem -- the computer then
figured out how to solve the problem and did the necessary programming
in order to solve the problem. We did not prescribe the procedure for
problem solution. We only described what the problem was.

In Figure 8 we have an example of a somewhat simplified auto-
mobile suspension system which includes the ground, which is a displace-
ment forcing function, a tire spring, a wheel mass, a suspension spring,
a shock absorber, and a body mass. In this example we assumed that the
spring and the shock absorber were linear. This is not necessary but
it keeps me from talking quite so long. The forcing function, x5, is
shown in the figure. It is a half a cosine wave between O and f. Out-
side of this range the displacement is O.

Figure 9 gives us the Dyana description of that problem which
starts out again with a system description of the masses, springs, and
dampers which are connected. We now have two displacement equations
which are the Fortran equivalents of the equations on the previous side.
The Range Functions are simply a mechanism for describing the inequali-
ties which were used on the previous figure. Simllar methods can be
used to describe nonlinearities or discontinuities in the system.
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DYANA REPRESENTATION
SYSTEM DESCRIPTION
EOOMO1, EQ1KO2, E01C02, EOOMO2, EO2K03, EXO03

DISPLACEMENT, EX03, RFN()
EX03 = A (1.0- COSF (6.28 * V * TIME/L))
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There are certain variables that we want to have as parameters
at the time we carry out a specific solution. These are the A, the V,
and the L which appear in the previous expressions. We want to plot
the following answers. We want to plot the displacement, EX03, and the
displacement of point 2 versus distance.

Having gone through this two-phase process, first feeding
the series of expressions to the computer, getting back a program and
feeding a specific set of data to that program, namely that A = 3
inches, L = b L feet, and V = 30 mph, we got back the following plotted
answers which are EXO03 and X02 plotted versus distance, properly scaled
and labeled. (Figure 10) All the information which you see on this
plot was produced on the cathode-ray tube plotter on the 704 computer
including labeling the graph and properly keying which of those curves
is XO02.

The engineer who required a solution for a specific problem
essentially had to know nothing about a computer. The only piece of
computer information that was necessary for him to feed in at the time
that he gave the data to this particular program was the increment
which must be used for the numerical solution of the differential equa-
tions and how many points he wanted to use in plotting the answers.
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Some statistics on this are somewhat interesting. The pro=-
grarming time, this is the time from when an engineer came in the door
with that particular problem until it had been programmed in the Dyana
language, was about one hour. The time that the computer took, and
this was on the 704 computer which we don't have any more; the time it
took to translate from the Dyana language into the Fortran program for
the solution of the problem, was three minutes. The time for trans-
lating from Fortran into machine language was 4.7 minutes. The time
per solution, the time for reading a set of data and producing this
plotted output, is 2.2 minutes. The elapsed time from "problem in the
door" to "hard copy graph out" was about six hours. The cost of this
amounted to $15.00 worth of programming time, about $40.00 worth of
computer time for the development of the program, about $15.00 per
answer. So about $50.00 worth of set-up cost, $15.00 per answer, and
one-day service.

There are two versions of this Dyana system. One 1s transient
response and the other is frequency response. Figure 11 shows a tor-
sional equivalent of the frequency response system in which again we
describe the system in terms of masses, and springs, and dampers and
indicate that we want to see the following answers, which are the ampli-
tude of point 1 and the amplitude of point 2 plotted versus frequency.
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Figure 12 is the type of plotted answer which we get, again
properly scaled and labeled. Similar statistics of this: the program-
ming time is considerably less, about 15 minutes of human being time
to perform the programming and five minutes of computer time to compile
the machine language program and 3.8 minutes per set of answers. Elapsed
time, again less than one day. Costs: $40.00 worth of set-up and $20.00
per answer.

Over-all, we have found that by employing the Dyana system
for the kind of problem for which it works, which is in general any
kind of a problem describable by a series of ordinary differential
equations, we are achieving between five- and ten-to-one reduction over
using the Fortran algebraic language for solving the same problem.
Problems that once took us two weeks to do, we are now doing in a day
or two.

Now, I would like to review what we have accomplished here.
We have picked a falrly narrow area in the case of Dyana. However,
we in the automobile business deal with a large number of vibration
problems. For those problems where this particular approach works,
we have greatly short-cut this process. We take the problem described
in the language of the engineer and produce results for evaluation.
The computer does all of this part of the task for us. As a result of
shortening this cycle time, we can meke some general comments. If it
takes less time and costs less money to do this, the engineer is willing
to take the analytical route more often, and he is able to be somewhat
less conservative. He is more willing to follow his intuition and
attempt to try more radical designs. This in effect, then speeds up
the evolutionary design process. The design of a thing which goes into
production is a continual evolutionary process. It 1s also an iterative
process. We start out with the preliminary design and we end up with
some results to evaluate. They are not as good as we would like so we
get some new ideas, we make some changes and we go around this loop X
number of times until finally we get something which 1s satisfactory
and are ready to build and test 1t. So we build it, test 1it, gather
data, analyze this data and find some shortcomings. We may then do
more analytical work and modify the prototype until ultimately, either
because we are done or production is ready, we stop. The evolutionary
design process 1s a sort of an inch~worm process in which, If the ex-
pense of producing any stage in this is large, the engineer only reaches
out a little ways from where he is, where he's real confident that he
is going to be successful, and tries it. If it doesn't cost very much
he is willing to reach out farther and try more radical designs and
therefore hasten the development process.

Now let's look for a minute at the role of the engineer in all
of this. I am not suggesting that we have about reached the point now
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where we can perform complete synthesis and the engineer can sit at his
desk and write down on a sheet of paper, "design automobile," and feed it
to the computer.

For simple systems, we are able to do some kinds of synthesis.
This is true in the case of gear design. The engineer now can, in effect,
write down on a sheet of paper, "design me a pair of gears,”" and the com-
puter program carries out the necessary iterations and adjustments in or-
der to balance the life of the two gears in the gear set, in order to pro-
duce a gear pair which has maximum life, and which optimizes certain other
characteristics. Most systems, however, are too complex for this and re-
guire a number of compromises. There are always certain side conditions
which we have to consider. The conditions of size and shape, not to men-
tion cost. Many of the compromises and side conditions, are not quanti-
fiable in yes-no decisions. And this is the point which was made by the
first speaker this morning; that if you can quantify these decisions in
terms of a series of individual yes-no binary choices, then the computer
can carry out the decision process for you. But in the design of a complex
system which is either all or part of an automobile there are too many com-
promises involved and too many decisions that have to be made which are not
quantifiable. So our objective then should be to use, rather than replace,
the decision-making power of the human being. We want to take advantage
of the engineer's know-how and intuition, all of what we loosely lump to-
gether and call experience. We want to take advantage of all of the ex-
perience of the human being and employ it and get the computer to do those
things which are more mechanical. For the most part, we're not doing syn-
thesis. Synthesis at the present time requires analysis plus human review.
The human being looks at the results and says "What will I do next?" and
on the basis of his experience and knowledge picks the next thing to try.
In the cases where we have gone through this loop enough times perhaps we
have begun to see the types of decisions that the human being mekes - and
this is what happened in the case of gear design. The human being was in
the loop early in the game, but finally we were able to put down a set of
rules that the human being used to decide a measure of goodness and which
way to go in order to find something which is better. Once we had quanti-
fied these rules, we could put these into a computer program and take the
human being out of the loop.

But this is, as I indicated before, being done only for very
simple systems, so the computer is functioning mostly as an analysis tool.
Dyana is another tool which mekes it even easier to use the computer, but
it still is only an analysis tool. The decisions about what to do, what
to try, what to try next, are made by the human being. Other problem-
oriented languages like Dyana are being developed and will be developed,
and these will be developed whenever it is possible to set down the rules
by which human beings perform their tasks.

Through this process we will continually extend the abilities
of the computer. We started out early in the game extending the abilities
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only in little short steps, e.g., we taught the computer to take square
roots. Some of my assoclates disagree with the terminology I use such as
"teaching the computer" or "computer learning." I use these terms not to
imply that the computer is taking on human characteristics but rather be-
cause these terms have meaning in the human context which we can relate

to equivalent operations in the computer area. The computer, over a peri-
od of time, has gained an ability to do more and more things and if we ap-
plied the same terminoclogy to a 10-year old boy we would say that he was
learning. In effect, we in the computing business are in the process of
attempting to educate a computer, to make it smarter, to make it possible
for it to take on and carry out for us more complex tasks.

There is an advantage in teaching computers instead of people
to do these things. The computer has a relatively perpetual memory. If
we teach a man to do something and he does it well he gets promoted, and
if he doesn't he gets fired, and so we lose the individual. If we use
people to carry out operations, we must train successive generations of
people. If we can train computers to do the same thing, hopefully we can
perpetuate this capability.

The man plus the computer make a problem-solving team. The man
has the decision-making capability, and the computer has the calculating
and information processing capability. There is considerable effort which
is needed in order to make this combination into the most effective team.
There is the problem of inter-communication between the man with the prob-
lem and the computer. The technique which is now used is that the engi-
neer, given a computer program which is already checked out, sits down and
fills out a data sheet, gets it key punched, and sends it to the computer.
The calculations are performed, the results are printed or plotted and
are sent back to the engineer. The turn-around time to go through this
system is 2, 3, 4 hours depending upon how much work load there is at that
time and where the bottlenecks are. And it may take this 2, 3, or L4-hours
of elapsed time in order to get 15 seconds of computer running - on the
T090 presently about half of our 200 runs per day take a minute or less.

Ideally, what we would like to do is to place the engineer at
the computer and give him a console so that he can push some buttons and
operate some keys in order to direct the course of the calculation, and
give him a printer and maybe some kind of a graphical output device so
that he can see his results almost immediately. But since blg computers
cost $10.00 a minute the human being is too slow to keep up with the speed
of a computer with present techniques. In the future however, it will be
possible for a central computer to service many such consoles without in-
terference between them. In addition to this, through the communication
channels which were mentioned earlier it may be possible to make these con-
soles remote from the computer itself. Work on the application of such
consoles is going on at places like MIT and Carnegie Tech.
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As we use a computer more and more we have moved the bottleneck
in the design process. A new bottleneck is building the prototype to
test. One thing which will ultimately help in this area is the technique
of numerical control. At the point when the engineer finally says, '"Yes,
this is the design I like," we have existing in the computer memory a
mathematical description or a numerical description of the component,
part, or device which is to be built and tested. The computer is capable
of preparing a control tape which can be fed into a numerically controlled
machine tool in order to machine this part, perhaps with overnight service.
From the biased view of the computer man we look upon the numerically con-
trolled machine tool as just another kind of output device for a computer
out of which come hard parts instead of printed pages. When we have a
prototype which is successful, these same machine tool control tapes may
ultimately be used in the production process itself. When this happens
and where it happens will largely depend upon the volume of production.
For short-run production this is feasible today, for building a million
parts for automobiles it probably is not.

There is another bottleneck which is implicit. During the de-
sign iteration process a whale of a lot of paper work gets produced. Each
time one goes around this iteration there are engineering records produced
on what was tried, when it was tried, and what the results were. Records
are kept on both the analytical and the experimental results. Drawings
are produced. Shop orders are written to get things built, purchase orders
are written, and invoices are received. Ultimately engineering releases
are written in order to start production, and then there follow a succes-
sion of engineering change notices.

A tremendous amount of coordination and liaison is needed in or-
der to keep track of what is going on, in order to keep design and produc-
tion coordinated, and to coordinate the various phases of engineering.
Some of the scheduling and planning techniques which were described by
Mr. Gray hopefully will help as time goes on, but there is much which can
be done through much more mundane application of computers. Hidden away
in the design process is an enormous paper work overhead. Paper work rep-
resents information, and the computer is an excellent information process-
ing machine. Unfortunately the world of computers has sort of been di-
chotomized. We talk about engineering doing design calculations -- solv-
ing mathematical equations, and the production area doing data process-
ing -- keeping track of schedules and inventories, etc. Perhaps each of
these groups is using the same computer, but they are using it in differ-
ent ways and neither is much aware of what the other is doing. Communica-
tion between engineering and production is probably still carried out on
forms which were designed before 1920. 8o, as a final message, I have a
strong personal feeling that the design process can be improved as much
by using the computer for data processing in the engineering paper work
area as in the area of the more complex design calculations themselves.

Thank you. I'm sure you have some questions and comments.
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Would you ldentify yourself please, for the record.

I huve two questions. One rather short one. Would you
call this Dyana program a sort of a sophisticated com~
pller program?

Yes. It takes a description of a problem in a language
which is somewhat more natural for the engineer. And

it then performs a language translation, if you will,
and develops a procedure and writes a program in another
form which the computer is able to use for solving the
problem.

All right. ©Now the main question then, is how much of
the memory or how much of a memory does this routine
take itself?

The Dyane processor (compiler) is about 20,000 instruc-
tions long.

You call them instructions?

Yes. Individual words in the machine memory. And it
writes, actually a Fortran program which then requires
the Fortran compiler for translation down to machine
language. This was originally written for a TO4 computer
with 8,000 words of memory so there are several blocks

in the program.

Does this require several passes then?
Yes. But actually the Dyana compiled time is faster than
the Fortran compiled time. I was talking about minutes

of machine time to carry out the Dyana compiling process.

What sort of limitations do you have as far as defining
functions are concerned?

There 1s one limitation on the size of the system. We use
two-digit numbers for describing the connection points so

that this limits the system to 99 connection points between

components. In terms of describing nonlinear springs
or dampers or if you have a black box which you want to
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install in the system which has some sort of transfer
characteristics these can be incorporated by describing
their characteristics with a sequence of Fortran state-
ments. Empirical curves or tables of measured points
may also be used.

I presume you can keep adding to thls program.

Yes. We designed it for mechanical problems. By analogy
it has been employed for electrical network problems and
heat~transfer problems. If somebody wanted really to work
with electrical network problems, he should extend the
program's dictionary so that it has L's and C's and R's

as well as M's and C's and K's. Nobody has done this yet.

PROF. GALIER (U. of M)

QUESTION:

ANSWER:

PROF. YORK
QUESTION:

You represent a class of industrial computer users., If
you could tell the University people what engineers
ought to know about computers, what would you say?

I feel that they should be imbued with the philosophy
that a computer can solve problems and that there really
isn't any mystery about how they do this., I think that
perhaps what the computer offers in the University en~
viromment is an opportunity for the student to learn

how to solve problems. Many students who come out of

the University after 4 and 5 years have never really
solved a problem. They have solved pieces of problems

but they have never been faced with all of the detalls

of planning and getting answers to a complete problem.

The computer offers this possibillity. The ability to

code in a specific language 1s less important, I think,
than the student having had the opportunity 1n the
University to actually use the computer to solve problems
and have an idea of how the computer works. This he does
not get, obviously, from listening to people lecture about
it. This he only gets by doing it. So I think experience
in the use of a computer is very important.

(U. of M)

In your diagram of the operation of the Dyana system,
which essentially is a one-step description of the
sequence of calculations from the engineering analysis
to the evaluation of results, you talked about the possi=
bility of having numerical control to build a prototype.
Now the important step to the engineer is that we need
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the feed~back from the prototype. Does this go to the
engineering group which then tells you that your equa-
tions may be in need of modification or does it go to
you, or do you both monitor the results?

ANSWER : As far as I am concerned, I'm running a computing center
and what the engineer does on the computer is his busi~
ness. He 1s for the most part doing the development of
his problem descriptions and the method of solution.

The data that he supplies to the computer is his data.
He gets the answers back. $So he is the man who gets
the prototype built, performs the tests, and gets the
answers. The computer is a tool which the engineer i1s
using to solve his own problems.

QUESTION: As I understand it, the computer is selecting a problem
attack and solution from a resolved approach so that all
the elements does is to insert into it a description of
the elements and the general pattern of the solution.
What I'm after is, suppose the solution that you have
put into the computer gives him an answer which the pro-
totype doesn't check. This means really that your pre-
solution needs modification. Does he just come back
and pound on your desk or do you worry about this too?

ANSWER: We worry about this too. In the case of Dyana, he
might get in trouble in either of two places. This
is in describing his system which is the input to the
Dyana process or in the solution of the differentilal
equations. And he can get in trouble here if he has
an unusual situation and he hasn't properly selected
the step sizes. I couldn't conceive of the prototype
being built until this other iteration had been completed
several times. He is doing paper studies, and if he's got
the normal engineering skepticism which he ought to have
and knows there is nothing magic about a computer then
he's looking at the plots of the results and he's corre~
lating these with some other considerations such as energy
balance and so0 on. Any normal engineering checks which
he can incorporate, he is incorporating. If the results
which he gets look doubtful, he is going to check more
thoroughly. It is not until he is satisfied with the
analytical results that he 1s going to go and get one
built.
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I would like to raise a question this way. Earlier in our
work here at the University we had some abhorrence of what
you call standardized or canned programs for classes of
problems. We had begun to look back and see, well, there
are programs for getting functions and handling certain
mathematical procedures. Now we see here with the Dyana,

a program for handling a class of problems. I had a recent
visit with a man from Imperial Chemical from England and

he told me that they now are operating on the basis that
their computing groups are providing programs for all kinds
of classes of problems. They only teach their engineers
how to use the programs for classes of problems and how to
combine them. They have a hundred or more classes of prob-
lems that they have the program set up for. The question
is, as I gather it from what you're saying, that this is

a feasible way in engineering, How much lack of under-
standing do you discern among the engineers as to how to
use Dyana, for example, in a problem. How much don't they
understand? Is it relatively foolproof so that say a new
young man comes to you and you ask him to solve a problem,
give him the material on Dyana, the kinds of information he
can put in it and the kinds of results he can get out. How
much of a problem is there for him to understand this and to
actually have this short cut in the time that you're talking
about. Is there a lot of problems or is it a relatively
straightforward thing?

It is relatively straightforward. He can make errors of
misinterpretation in reading the manual and here he can
come back and get his duestions answered. Let me answer
this in a somewhat roundabout way. There is always a

sort of a feeling deep down inside that you're getting

the engineer to use the compuber and eventually he's

going to forget how to be an engineer. But this is no
different than the way life has always been, even before
computers. A procedure was developed, let's say for engine
test data reduction. This was developed 10 years ago and
the engineer got kind of tired of doing this so he assigned
this task to the junior engineer who was just assigned to
the department. Whenever a new junior englneer came into
the department, it was unloaded on him. This got unloaded
on a successlion of generations of junior engineers until
after 10 years had passed, the man who was now doing it
didn't have the faintest notion of what he was doing. He
was carrying out blindly a prescribed procedure. And I
know this is true because we worked with one group trylng
to get a description of this procedure so we could put it



on a computer, and it took about six months to figure
out what the man was really doing. And the computer

is causing the same thing, only more so. The advantage
with the computer is that, assuming you lean on people
hard enough, the procedure that the computer is using
is documented and it remains invariant with time. It
will give the same answer a year from now that it got
today and you don't have the problem of the noise which
1s generated when a procedure is passed from one genera-
tion of people to the next., So I can't get terribly
worked up about this problem of people forgetting what
they are doing because the computer is doing it all for
him. I think the computers are going to do the sort of
thing pzople ought to forget how to do.

UNION CARBIDE CO.

QUESTION:

ANSWER:

QUESTION:

ANSWER:

QUESTION:

ANSWER:

I might say, Jjust a comment on this one question. We
are using Dyana which we got from SHARE (a computer
users orgenization) with a very minimum of correspondence
or communications with General Motors Research, with a
fair amount of success. We also are doing almost what
was indicated on the chart; using Dyana within our APT
system (which is a program for numerically controlled
machine tools) with a good deal of success. This is
Just to indicate that these things are actually being
used., When they are developed, they are actually being
used not only by us but by a great many other people
who got similar programs out of SHARE and have their
own people to use them.

Thank you. Yes.

Suppose a problem involved a solution, say of a differential
equation. Would you be required to put the time into it
or would it be variable or does this happen automatically?

With the present differential equation-solving technique
which we're using, this time increment has to be specified
externally.

You have to specify it? How do you know when you've got
it right?

Well, here we are back again to the point that the engineer
has to know something about what he is doing. There is
somewhat of a tendency here to have complete blind faith

in this electronic box. This is particularly true when
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you bring somebody in and fire them through a three-day
Fortran course and give them the computer. This is
dangerous. We do our best in the development of the
various routines, such as differential equation routines
and square root routines, etc., to build in checks and
let the man know whenever something went wrong. The
normal course of action in Fortran was that 1f you supplied
a negative number to a square root routine, it took the
square root of the positive value and continued blindly
along. Now this may be all right, but it also may not.
We have bullt into our process a means by which every
time something unusual of this sort happens the engineer
gets a print out on his answer sheet showing that some~
thing may be wrong, and the computation proceeds 1f possible.
Similar types of checks can be put into the routine for
differential equations., It is still possible of course
to get wrong answers and additional external checks need
to be made.

GALLER

QUESTION: You said you weren't too worried about the engineer for-
getting what he knew. Now, again at the University, for=
getting assumes that he knew it, and somewhere along the
line he did hayve this understanding. As far as the
University is concerned, I think, we should be concerned
about going into the principles involved, and what is
beyond the black box.

ANSWER: Yes, we might question, how you teach differential equa-
tions, for example. Perhaps, we ought to spend less time
in how to get analytic solutions to differential equations
and more time on how to get numerical solutions to differ-
ential equations. Because by the time the present freshmen
get out of the University, most of them will have access to
some kind of a computer somewhere. They won't even think
in terms of getting analytic solutions. Now 1f a man is
trained to be a mathematician, this is a different problem.
If he is trained to be an engineer he is concerned with
gsolving problems, and the numerical technlque is the best
one to learn because it is the one he's going to use.
Obviously we can't train people who just know how to poke
holes in cards and feed them to a machine. We might sort
of loosely, perhaps, divide people into two kinds, and
this is an oversimplification., I am not talking about
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male and female. These are going to be the procedure
developers and the procedure users. A lot of engineers
are now coming out of school who have learned how to

use various tables and monograms and techniques and

tools in order to solve problems., Others are more
analytically oriented and are developing the new tools,
the new tables and the new techniques which these prob-
lem-solving types are going to use. The computer really
hasn't changed that, except in perhaps accelerating the
process and providing better tools to the man who is
going to be a problem solver. This is the kind of man
that lagt year was using engineering tables, charts, and
graphs. Next year he will be using black~box routines
and a electronic computer. But this is still a tool
which he 1s using to solve a problem. Now we still

need the other kind of engineer, sclentist, mathematician
or combination thereof who are developing the tools, and
these people obviously have to know what is going on down
ingide.

My question rather anticipates the next speaker on infor-
mation retrieval. You have talked about building up a

history of programming techniques. In other words, you

are building up a history of information. Are you also building
up a history of information on ports themselves? In other words,
instead of starting out to redesign a component each time from
scratch, do you automatically look back through the previous
designs of similar components to see if there is something

you can use? Are you setting up a master file of parts
information, let'’s say for an automobile? This would be

the basis of all paper work you've described. The systems
design might then be looked on as merely being adjustments

to previous systems rather than the whole problem all over
again,

This is being done in the operating divisions of General
Motors in which going through the design process is largely
an iteration from last year. You salvage as much as you can
out of last year and use it this year. 8o here files of
information are using the large disk files, random access
memory devices, in order to keep parts' histories. To a
large extent we have not yet gone to the extent the military
has gone where they're filing all drawings on aperture cards,
properly coded, so that they are retrievable and the drawings
can be reproduced.
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Do you see any reductlion in design time as the result of
adjustment instead of the recalculation of the entire
program?

The problem here 1s no different than it is in the
retrieval of literature. It is a question of economic
pay~off. Is 1t cheaper to find results of somebody
else's experiment or to rerun the experiment? If the
information is readily retrilevable in a reliable manner
then it is cheaper to retrieve the information than it
is to do it over., I'm afraid at the present time for
much of this, if you don't have an individual who
remembers, then it is probably cheaper to do it over.
Hopefully this will not always be true.
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INFORMATION RETRIEVAL AS A DYNAMIC
ENGINEERING TOOL

Once=upon=-a-time it was not too difficult to find nearly
everything that had ever been written about any given subject. A
scientist or engineer could keep reasonably up-to-date with all
known significant work going on in his field. But, times have changed.
Over the past few years, it has become increasingly apparent that our
limited and rapidly diminishing ability to retrieve the pertinent re-
corded past and our inability to keep adequately informed of current
work in even narrow areas of technology are taking a high toll in
wasted talent, time, and resources. And, even though we are now awaker
ing and beginning to do something about the information problem, this
situation will undoubtedly grow considerably worse before it is im=-
proved.

It is not our purpose in this presentation to add more words
to the huge volume already published about the much publicized techni-
cal information explosion. We will leave observing the global picture
up to those in government and education who are equipped to do so.

Ours is a "meanwhile, back at the ranch" story. We are concerned with
the practical problems associated with implementing Information Retrieval
as a useful engineering tool in industry. However, it has been an im-
proved understanding of the nature and implications of the technical
information problem in general that has stimulated the development of

our Technical Information Center and our use of automation to cope with
the problem more effectively and economically on a local level.

We believe that an information service in industry must take
an active rather than the traditional, passive, part in the technical
activities of its users. To be capable of performing information re-
trieval is not enough. The real value of information retrieval lies
in its application to specific technical problems whose solutions are
related to the technical and financial success of our user group,
General Electric's Flight Propulsion Division. Therefore, we have
attempted to develop an aggressive technical information program based
on selective information retrieval and the automatic dissemination of
useful information to those whom it will help.

A brief review of the FPD Technical Information Center, its

capabilities, its Automatic Information Retrieval System, and its ser-
vices is presented herein.
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I. The FPD Technical Information Center

The technical information program of our Center is character-
ized by its pragmatism. Services are added and modified to meet the
changing needs of the business and are dropped if no longer required.

We are fully cognizant of the vital need for a '"value received" approach
to technical information services. Every effort is made to identify
areas of maximum pay-off potential toward which to direct our efforts.

We provide technical information services for more than 2500
scientists and engineers engaged in the research and development, test-
ing and production of aerospace propulsion and space power components,
accessories and systems. Most of our clients perform applied research
and development in a wilde range of technologies related to the Division's
products.

To provide our technical information services on a volume
basis yet with a reasonable degree of selectivity and quality control,
we have found that three different capabilities are required in our
Center as indicated in Figure 1.

FPD TECHNICAL INFORMATION CENTER
3 CAPABILITY AREAS

I T I T I ]
TECHNICAL {TECHNICAL tINFORMATION \ AEROSPACj ‘TECH. INFO. | |CONSULTANTS
FO.

DOCUMENTS | | LIBRARIES || SYSTEMS MATLS INFO.| [APPLICATION
-ACQUISITION  -LIBRARY :-H D -SPECIALIZED  -LIAISON "MGM'T.
-PROCESSING  SERVICES | | |- OPERATE INFORMATION -EVALUATION  -TECHNICAL
‘INTERNAL  -LIBRARY || |-PROCESS SUPPORT -FORECASTING  SUBJECT
REPORTS FACIUTIES SELECT -LIAISON -SALES AREAS
- AUXILIARY INDEX -GUIDANCE -SPECIALIZED
SERVICES ABSTRACT SERVICES
{SEARCH
f t
TECHNICAL | INFORMATION  TECHNICAL SUBJECT
DOCUMENTS SYSTEMS MATTER
Figure 1

First, people skilled in library science are required to cope
with the large flood of documents with which the Center is concerned and
to provide conventional library and auxiliary services.
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Secondly, technical people with educations and experience in
appropriate areas of technology are required to perform technical in-
formation analysis, abstracting and indexing on a selective basis. This
is an important key to effective and efficient information retrieval
which appears to be overlooked by many people. We are convinced that
careful selection of documents to be introduced into a retrieval system
and their description by really significant index terms is prerequisite
to a reasonable degree of retrieval selectivity, completeness, effi-
clency and usefulness.

Thirdly, technical people trained in information systems work
and documentation are required to develop and operate the Center's sys-
tems and to perform the documentation and information systems research
and development to improve and extend existing systems and to exploit
new opportunities for service. Because of the extent to which we have
automated the handling of technical information, machine programming and
systems analysis capabilities are particularly essential to our Center's
operation.

Our present staff of eleven professional and ten supporting
personnel (Figure 2) includes all three capabilities. In addition,
outside consultants are used to extend the Center's capabilities as re-
quired. These people, using our Automatic Information Retrieval System
(AIRS) as a major tool, are now providing several services to meet a
wide range of specific information needs.

CONSULTANTS:
FPD TECHNICAL INFORMATION CENTER Management
JéOpmﬂ'ons Research
MANAGER |~~~ Chemist
Secretary — | GER ather Division technologies as reqd.
| [ [ [ l
TECHNICAL TECHNICAL INFORMAT'N AEROSPACE TECH. INFO.
DOCUMENTS LIBRARIES SYSTEMS MATERT INFO. APPLICATIONS
Supervisor Supervisor Supervisor Project Engr. Specialist
- Acquisition Speclalist —Librarian | Stenographer i‘ Engineering Assistant
— Clerk . ,
— Clek Librarian [ Information Systems Engineer
- Keypunch Operator Clerk — Indexing and Vocabulary Specialist
—T1.5. Reports Clerk - Computer Programmer
Lml Reports Clerk — Technical Information Specialist

— Technical Information Specialist

Figure 2
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II. The Automatic Information Retrieval System

We do not intend to promote the present General Electric
Automatic Information Retrieval System as the ultimate solution or a
pattern for the solution of the IR problem, or as a fine example of
the application of information theory. However, it is an operating
system that is utilized and has been functioning with some success for
five years.

AIRS operates on the GE Flight Propulsion Division's IBM
7090-1401 computer system. This 1s but one of the many applications
currently running on these computers. The 1401 is utilized solely to
load the punched card input on to magnetic tape for the 7090, and to
print or punch the various output tapes generated by the T090.

An inverted coordinate uniterm or keyword index and abstract
tapes compose the recorded information for reference purposes for AIRS.
The uniterm index presently occupies about one-half a reel, approxi-
mately 1200 feet, of magnetic tape. Of the present vocabulary of
7000 index terms, 5000 terms (majors) are contained on the index tape.
Another 2000 terms (minors) have been used less than three times and
are not yet included in the tape file. These terms are searched manu-
ally. Updating the index (Figure 3) is accomplished by posting new
access or document serial numbers to the terms that were used to de-
scribe the documents.

bow AIRS works
INFORMATION INPUT
-
s g NS, PROCESSING
9.‘ o~ ACCESS NUMBER
\ 27 KEY WORDS ABSTRAGT

Willulh = 4
THEAY

PART 1l

G)
MICROFILM (0 (g o
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The abstract tapes contain indicative abstracts and source
and security data for each document recorded in the system. Each
abstract tape contains up to 10,000 abstracts posted serially by access
number. There are now over 65,000 documents in the system with their
abstracts on seven reels of magnetic tape.

Searching

The search programs are organized in two segments. Figure L
illustrates the first segment, or Part I, of a search run. This is the
keyword coordination or comparison part of the search system. Search-
ing the index is done for many customers simultaneously. The search
programs have the capacity, during a single run, to define 1300 simul-
taneous multiterm products and an unlimited ability to relate these
questions. Figure 5 illustrates individual searches and their composites
or sum. A typical search run may consist of 100-200 multiterm products
and 50 or so sums. This would probably require from two to five minutes
of 7090 main-frame time. Search output contains the search questions,
customer identification and the resultant access numbers.

At the searcher's option a search may be terminated or tempo-
rarily held at the end of term coordination. For some purposes this
result suffices (Figure 6). Also, a searcher may review the listing
to see if it would be justified to continue into the second segment,
or Part II. He may also elect to adjust the results to print the ab-
stracts for only certain areas. Usually the two parts of the search
are run consecutively through the 7090.

Part IT of the ATRS is an abstract look-up program (Figure 7).
During this segment of a search run abstracts identified by access num-
bers found during the index search are located and written on an output
tape. A complete index and abstract search (Parts I and II) results in
an output tape which contains access numbers, customer identification,
and abstracts with their bibliographic and security data. Contents of
the output tape are then printed by a 1401 computer. An abstract is
shown in Figure 8.

How AIRS appears from the customer's viewpoint is illustrated
in Figure 9. The customer reviews his literature research problem with
one of the TIC's literature researchers. The searcher will interpret
the problem and will formulate the search questions by using index terms
selected from the uniterm vocabulary which he groups in appropriate
logical combinations. He will attempt to cover all the ramifications
of the problem and to allow for specific-generic relationships as well

as synonyms.
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Because of the system's large simultaneous search capacity,
the searcher may develop very elaborate search strategy to be as com-
plete yet selective as possible in his search. Also, many different
searches for several customers will be on the same run. Following the
search run the literature searcher reviews the abstracts which have re-
sulted and passes on only those abstracts he considers pertinent. The
customer then makes his selection of those documents which he wishes to
review in detail and requests them from the Center's Library. This
cycle is usually completed within a twenty-four hour period.

Within the search system there are several options and con-
trols which allow for a variety of types of searches and which prevent
certain common and expensive errors. To avoid an unreasonably large
output of abstracts on some particular question being run the searcher
may exercise a quantity control on the number of abstracts. In which
case only the more recent abstracts will be printed. Those in excess
of the limit are deleted. Another important option is our ability to
exercise an access number range control. Since there is a high corre-
lation between access number and date of entry into the file, this con-
trol gives the searcher the ability to vary chronologically the output
of the search. Also, it enables us to provide a Current Awareness Service
for our clients.

In the event that a searcher has misspelled a search term the
program will halt after the completion of all term coordinations. This
forces the searcher to review the results before continuing to print
the abstracts.

In the past year a considerable amount of reprogramming on the
system has been done for the purposes of taking advantage of the 7090's
capabilities, lowering operating costs, correcting certain problems,
and increasing the capability of the retrieval system.

At present the system can define approximately 1300 simultaneous
search questions. The previous limit of 99 was found to be inadequate
for a large volume of customers on a single run. This situation occurs
with Current Awareness type searches, where a great many individual pro=-
files are screened against the recent acquisitions.

As the file steadily grew and with the increasing need to
batch customers on a single run search failures or "tilts'" as they were
called, occurred with increasing frequency under the original logic.
This situation was caused by heavily posted search terms filling the
storage area and preventing the completion of a search.
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The logic of the system was modified to select the smaller
terms in an individual search and to use these as filters to the more
dense terms. A secondary tape was incorporated for storage of terms
rejected on the first pass of the file. This secondary tape is read
up to five times in order to complete the search run. Since these
modifications to the search program logic, the "tilt" situation has
not re-occurred.

Under the original logic of the Abstract Look-~Up Program
(Part II) the abstract tapes were read serially. This program has
been rewritten to allow the simultaneous searching of two abstract
tapes, and it also incorporates buffering, packed output, and a print
scheduler. These modifications have reduced the operating time for
this program by as much as 50%.

Costs

Using a computer for IR has introduced a new and significant
item of expense into the Technical Information Center's operating bud-
get. It has also focused attention on the costs of information search-
ing, both manual and with computers. Contrary to the popular miscon-
ception that information services are "free," only a cursory examination
of any information service or library will reveal that literature or
information searching involves considerable costs.

We have spent considerable money to develop, maintain and
operate the Automatic Information Retrieval System. Our automation ex-
penses for 1961 and those forecast for 1962 are shown in Figure 10.

The 16% decrease in total automation costs forecast for 1962 is largely
attributable to reduced programming requirements and to improved oper-
ating economies. These figures reflect not only those costs due to our
Automatic Information Retrieval System, but also include several support-
ing services. It should be pointed out that 1962's automation expense
forecast represents less than 10% of the Center's total operating costs.

Cost of performing retrospective searching is shown in
Figure 11. This operating cost is based on today's file of over 65,000
documents. It is interesting to note that the search price range of
$115 maximum to $22.50 for 10-12 machine questions for a customer (the
price depending upon batching) compares with a range of $130 maximum to
$20 minimum for eight machine questions per customer and a file less
than half of today's in the early days of our 7OL system.
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AIRS AUTOMATION COSTS...
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Search cost data is of particular concern to us because we
sell our information services to our customers. There is an actual
transfer of accounting dollars from a :ustomer's operating expense
budget into ours as a sales credit. Therefore, we must understand our
costs well enough to competitively price our services.

IITI. IR and Dissemination Services

At the risk of oversimplifications, the ideal goal toward
which our Technical Information Center strives is to identify and re-
trieve from the vast volume of technical information which is availa-
ble throughout the world all that which is, or will become, useful to
the scientists and engineers of the Flight Propulsion Division and to
exclude all that which is not, or will not become, useful to our users;
then to send to the man who needs it, only that information which will
help him and to reach him when it will be most useful to him. Candidly
speaking, we have no idea of how far we really miss the ideal. We
know for a fact, however, that we err far more toward incompleteness
than toward surplus. For nearly all of the information we select, pro-
cess, and disseminate, 1s retrieved through one or more of our services
at one time or another for our users., The Information may be sent, on
our initiative, to a Current Awareness Service subscriber, or it may
be asked for by a user as a result of a retrospective search or because
of some other special service. The following discussion highlights
those services directly related to our ability to retrieve and dissemi-
nate technical information on a selective basis.

Current Awareness Program

A Current Awareness Program conducted by the Center attempts
to keep specific individuals abreast of world-wide technology in subject
areas of key importance to them. The Current Awareness Service principle
is illustrated in Figure 12. The Technical Information Center's monthly
input of potentially useful information is estimated to be between
15,000 and 20,000 items in the form of reports, books, memoranda, techni-
cal society papers, journal articles, patents, abstracts, etc. This in-
put is in more than 20 broad subject areas, such as physical sciences,
fluid mechanics, mathematics and computation, propulsion systems, manage-
ment and administration, and materials and processes. At the Center's
present level of operation, about 5,000 of these items are evaluated,
and out of these, 1,000 are selected and indexed into the Automatic In-
formation Retrieval System for dissemination and retrieval. By defining
an individual's information needs and setting up his interest profile
expressed in the retrieval systems language (keywords), he is periodically
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given a very selective look by the Automatic Information Retrieval
System at the Center's indexed input of 1,000 documents per month and
automatically receives abstracts of new material entered into the file
since he was last contacted. Thus, in effect, in less than an hour's
reading time per month, a Current Awareness Service client scans 5,000
new documents of potential value to him, carefully reviews the contents
of 1,000 of them and then focuses his attention on only a few for de-
tailed study.

Information Searching

Information searching is provided by the Center's two engi-
neers who specialize in this field. Both specialists have been in the
Division for ten years in various engineering activities and, as a con-
sequence, are well acquainted with the Division's products and key techni-
cal personnel.

Through the use of technical people as information specialists
the Center attempts to perform its information research on a more se-
lective basis thereby assuring its scientific and engineering clients
of more complete yet more carefully screened search results. The major tool
of the searcher is the Automatic Information Retrieval System. But for
exhaustive searches of world-wide technology AIRS serves only as a start.
The Center's searchers use other sources as required. However, AIRS 1is
the only approach by subject into GE internal reports and it is fairly
complete in this respect.
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Efforts of the Center's information speclalists are augmented
as required by outside technical information services and consultants.
For example, a consulting chemist retained by the Center over the past
several months has conducted a continuing survey of several sources on
subjects having to do with the purification of Alkali Metals. His work
is monitored by the Center's Aerospace Materials Engineer who dissemi-
nates survey results to several scientists and engineers throughout the
Division who have need for the information.

Aerospace Materials Information Project

The AMI Project was established to better meet the information
needs of about 125 materials scientists and engineers in six materials
groups in the Flight Propulsion Division. The Project is staffed with
an experienced metallurgical engineer and a chemical assistant. The AMI
Project functions are illustrated in Figure 13. To accomplish its pur-
poses, the Project serves as a continuing technical liaison between its
materials clients and the Center. The Project has brought to the Center
a far better understanding of its materials users' needs than ever be-
fore possible. This has resulted in a significant upgrading of the
Technical Information Center's acquisition, information processing,
retrieval and dissemination efforts in subject areas of direct concern
to the Division's materials laboratory and engineering groups.
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In addition to the alkali metals information survey referred
to earlier, the AMI Project is currently engaged in a large scale cur-
rent awareness effort (Figure 14). By correlating the information re-
quirements of its clients, the AMI Project has established a bi-weekly
input of abstracts from the American Society for Metals Documentation
Service, As they are received, the abstracts are screened and distrib-
uted to appropriate materials clients. On a monthly basis, the Automatic
Information Retrieval System is used for selectively disseminating its
current input in the same subject areas to the same materials clients.
Thus, the Division's aerospace materials scientists and engineers are
now participating in a current awareness service of considerable scope
and depth, yet in brief enough form for rapid assimilation.
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Figure 1k
FIND-X

FIND-X, a computer-produced manual version of the Automatic
Information Retrieval System, is available for installstion in areas
geographically removed from the Technical Information Center. Con-
tained in four search books and 25 abstract binders, FIND-X provides
limited immediate manual access into the Automatic Information Retrieval
System's file. For an exhaustive search of the file, an engineer may
request a machine search. But while waiting for search results (usually
within 24 hours) the engineer may "dig out" at least a few references
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on his own from FIND-X. Also, by browsing FIND-X, the engineer may
estimate the fruitfulness to him of a machine search. One FIND-X is
already in use in the Small Aircraft FEngine Department's Library in
Iynn, Massachusetts, and the Technical Information Center expects to
lease the system to other groups within General Electric. Should de-
mand Justify the cost, FIND-X will be modified into a machine-printed
manual uniterm system with an appropriate vocabulary and thesaurus.

Small Scale Retrieval Devices

Speclal purpose, small scale retrieval systems are set up
and maintained by the Center for the use of specific engineering groups.
The information indexed into these systems is also available in the
Automatic Information Retrieval System. Consequently, a specific group
of engineers can do its own retrieval work with its manual retrieval
systems at their desks while at the same time the information is availa-
ble to others via AIRS. A "Peek-a-boo" punched card system, a manual
uniterm coordinate index and a keysort system are currently in use in
three engineering areas in the Evendale Plant.

Abstract Bulletin

The Center's abstract bulletin, TIPS, is issued weekly, 50
times each year. Bach issue contains 200 to 250 abstracts of new ac-
gquisitions. TIPS is a product of mechanization. It is one of four
different products obtained from the punched cards prepared for a parti=-
cular document. As shown in Figure 15, the Center derives the input for
its Automatic Information Retrieval System, conventional catalog cards,
library circulation cards, and TIPS items from the same packet of punched
cards for a document. TIPS is a general dissemination tool and accounts
for 75% of all loan requests received by the Center's two libraries.

AutoCom

An experimental technical information tool under development
by the Center has been dubbed "AutoCom" for automatic communication.
The system utilizes an electronic telephone answering device to collect
input for the Automatic Information Retrieval System. By using his
phone (as shown in Figure 16) =-- inside or away from the Plant; day or
night =-- a scientist or engineer may call in information which he thinks
may be of interest to others or which he may wish to refer to at some
future date. In response to instructions he receives over the phone,
the information contributor identifies himself and gives bibliographic
data, an abstract, and his choice of index terms for each item he calls in,
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Figure 15
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The key to Automatic Communication lies in the fact that when
information i1s fed into the retrieval system, the contributor's
identity is maintained in association with his contribution. Thus,
when that information appears as machine output during either a retro-
spective search or a current awareness run, the recipient of that
particular abstract bearing the contributor's name, title and exten-
sion may be fed to a person of related interest and experience or,
perhaps, to one who even 1s actively engaged in related or overlapping
research. Hence, "AutoCom" may correlate people as well as recorded
information. And not to be overlooked is the information selection
function served by such a device. With several hundred scilentists
and engineers using "AutoCom,'" the Technical Information Center's nor-
mal acquisition efforts may be greatly extended.

IV. Conclusion

Developing and implementing an aggressive IR program in an
industrial R & D organization is not easy. The problems encountered
in attempting to handle technical information on a selective basis are
more complex than is generally realized. Progress toward their solu-
tion is expensive. Raising the caliber of our information service has
been accomplished through the use of technically qualified personnel
and automation. This has meant an increase in the level of financial
support required by the Center of nearly 55% over the past five years.
However, we are now providing far more information, more carefully
screened and processed than ever before. Our acceptance as an aggres-
sive engineering service function is on the rise. The sclentists and
engineers toward whom our efforts are directed are beginning to make
effective use of our specialized services such as Current Awareness.
Higher management is now gaining a better understanding of the informa=-
tion problem and of our role, and is taking a longer range view toward
our work. But it was only after four years of continuing struggle
through periods of widely fluctuating financial support that we achieved
today's tentative status of stability. And, we are sure that until we
can concretely demonstrate the real impact of our IR services on the
technologlical and financial well being of the Flight Propulsion Division
our continued acceptance by higher management will be tentative and will
be largely dependent upon persuaslon rather than visible results.

Therefore, not only are we concerned with the problems asso-
ciated with IR and the use of computers but just as importantly, we need
to learn how to measure the end results of IR, i.e., values galned from
its application as an engineering tool. In our opinion, there is a real
need for a practical study of this problem because we believe that herein
lies the key to successful solutions for the many IR problems intensified
by the technical information explosion.



Donald L. Katz:

The last paper is on the increasing competence of the engineer-
ing graduates in the use of computers. We have .one of the men from the
Computer Committee of the College of Engineering, Mr. Richard Wilson, who
1s going to speak to us. He 1s a graduate of Carnegile Tech, and took his
graduate work at Lee High and his doctorate here at the University. He
is an Assistant Professor of Industrial Engineering. He has, as I said,
been on our computer committee since its organization and is active in the
area, in fact, he has written the part of our project report on how com-
puters are integrated into the educational process for industrial engi-
neers. He is going to speak to us, in a general way, on increasing the
competence of engineering graduates in the field of computers. I am
pleased to present to you Professor Wilson.

-85-






THE INCREASING COMPETENCE OF ENGINEERING
GRADUATES IN THE USE OF COMPUTERS

Richard Wilson
Assistant Professor

Industrial Engineering
The University of Michigan

-87-






THE INCREASING COMPETENCE OF ENGINEERING
GRADUATES IN THE USE OF COMPUTERS

I would like to address myself to two questions this afternoon,
the first, "What is the state of computer knowledge possessed by engineer-
ing graduates of today and the immediate future?" and second, "what are
the implications of this knowledge for you, as people who will be employ-
ing these graduates?" I am indebted to the previous speakers here for two
reasons: first, I think they have fairly well established the fact that
computers are an essential, or if not essential, at least a vital tool for
engineering and industry, and second, I am indebted to the previous speakers,
in particular Mr. Hart, for giving part of my talk. So if you hear repeti~
tion, this will I hope strengthen my conclusions. If you hear some dis-
crepancies you will then find points for later argument and discussion.

Let me begin, first of all, by describing the situation here
at Michigan as best I can. We have been blessed for a number of years
with a very liberal and I might add, particularly for Dr. Galler, a
very effective computing center operation. The computing center has
operated on the basis that students are essentially free, and I mean
free in a literal sense of the word, to come and use the computer with
relatively little control over the kinds of problems that they may wish
to try or even over the practicality of these problems. So it has in
this sense invited experimentation on the part of the student which I
think at the educational level we will agree is probably desirable.

The computing center here has also made, I think, a marked
contribution to the ability of students to communicate with the machine
in their development of a Fortran type language which is easy to learn
and utilize and therefore facilitates the student's learning to
communicate with our current IBM 709. So, we have computing facilities
which are readily available to the student. We have a language avail-
able which is easy to learn. We have auxiliary machines and equipment
which are also available to the student, and in summary we have an
environment which is very conducive to the student to turn to computers
if he so desires.

Now, it is fairly apparent that the students are not going to
turn to this equipment unless they have some initial guidance. For this
purpose there are courses and planned opportunities for students to make
use of the machine. To be specific, the computing center has offered
optional, noncredit lectures in programming using the MAD language. The
computing center is now offering, in conjunction with the engineering
college, a one-credit course which is open to anyone at the sophmore level,
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This 1is agalin directed toward the use of MAD language and hence the use
of the computer with some additional orientation to the mathematical-
numerical concepts involved. This is currently, I understand, being
taken by roughly a thousand students. I do not know what percentage of
these are engineers but I am sure it 1s quite large. The voluntary
courses normally enroll, I would guess, somewhere in the order of 100+
students who receive no credit. Now it must also be obvious to you
that there are a large number of other courses which are offered with
various degrees of emphasis and various orientations toward computer
work., In particular, it is obvious that the electrical engineering
department is oriented toward design concepts of computers and in this
area have a large number of courses, both digital and analog. It is
also obvious that the industrial engineering department is interested
in the application of computers to systems design and data-processing
problems,. The mathematics department is offering courses in numerical
analysis as well as machine and compiler language development. We also
have a master's, and doctorate, interdisciplinary program in communica-
tion sciences which is concerned with theoretical understanding of
communication and processing of information.

These are all programs which are specific in their computer
content., That i1s, they are oriented or directed toward the introduction
to, or expansion of, knowledge in the computer field. In addition to
this in the last several years the Engineering College has been fortunate
enough to have a grant from the Ford Foundation with three primary
objectives. The first of these was to look at and implement ways of
training and updating faculty in the use of digital computers in their
fields. ©Second, to study and look at ways of implementing and intro-
ducing computers into current engineering curricula and to determine
what 1mpact this will have upon the content of these programs. And
third, to examine the implications toward education of various kinds
and size of equipment. What is desirable and efficient for instructional
use, or what is required to handle instructional loads which may be
placed on computing facilities. Now the result of this over the several
years has been that we have had the opportunity to educate, for periods
of a semester or a full summer, some 75 faculty members from universities
throughout the country. We have had symposia which have brought addi-
tional faculty here for periods of a week or less., We have published a
group of brochures and publications, one of which Professor Katz spoke
of in describing our attempts to introduce computers into various pro-
grams in the college., What are the results computer orientation in the
educational environment?
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Figure 1 is simply a listing of some of the general problem
areas in which faculty members who have worked on the Ford Foundation
project have prepared as useful problems for computer analysis and
presentation to their students. These are chosen at random from the
complete set of problems which were developed and my only purpose in
selecting these is simply to show their diversity, and large number
of different fields from which computer applications are possible.
Those of you who are familiar with each field may be able to appre-
ciate the potential of computer application.

TYPICAL SAMPLE PROBLEMS

OPTIMIZATION OF REACTOR OPERATION
HEAT BALANCE FOR AN IRON BLAST FURNACE

MOMENT DISTRIBUTION TABLE FOR CONTINUOUS
BEAMS

VIBRATION OF BEAMS ON SPRING SUPPORTS

PROPAGATION PROPERTIES FOR ELECTRICAL
TRANSMISSION LINE

QUEUEING DYNAMICS PROBLEM

EFFECT OF PRESSURE AND PROPELLANT RATIO ON
HYDROGEN-OXYGEN ROCKET PERFORMANCE

Seventy-five or a hundred problems have been developed for
computer usage in connection with specific courses, These courses are
not computer courses; quite the contrary. These courses are traditional
engineering courses such as kinematics, mechanical design, unit operations,
and data processing. These are not all computer oriented but the attempt
is being made to show how the computer has an impact and can be utilized
effectively in these particular areas.

Next let me describe some of the computer work in a particular
field of industrial engineering. We are requiring that all of our
students take the one-hour course in programming so that when they hit
our department we will find them confident to use the machine if they
find it necessary. We are then requiring them to take an additional
three-hour program which is essentially split into two areas: the study
of data-processing systems and secondly the study of the application of
simulation to manufacturing systems.
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One of the ways we have approached this is to permit the
student to work a problem which is of his own choosing. Something
unique happens at this point. I am not sure how to explain this, but
something happens when you turn a student loose with a computer in the
sense that he suddenly has a completely new concept of the kinds of
problems and the things which he can now handle. Let me substantiate
this in several ways, first bhy listing or describing very briefly the
kinds of problems which students choose to work on in connection with
computers, Some of these are abstracted from their previous experience
and others represent hopeful experience, I suppose. Let me explain
that the course in which these students were enrolled is an undergrad-
uate level course which is elected or required to be taken by Junior,
senior and a few graduate students, If a man comes in with military
experience we find that he frequently wants to work on a problem from
his field. For example, we have had a man from the artillery who wrote
a computer program which would represent the data processing problems
of an artillery captain in the field who is equipped with a certain
mixture of tank, infantry, and artillery capability and faces an enemy
of like or different, but known capability., He would like to process
the known information about the capability of the enemy in order to
determine which avenue of advance should be used, and furthermore, what
his mixture of tank, artillery, and infantry ought to be in the face of
the mixture of enemy concentration,

We have had another student who tackled a problem of simulating
a interceptor-bomber raid in an attempt to evaluate the effectiveness of
the interceptors against certain configurations of bombers glven hypo-
thetical parameters relative to the reliability of the radar, the relia-
bility of the interceptor plane, and the reliability or probability of
a hit, ete,

We have had a mechanical engineering student who took a belle-
ville snap-spring problem, a straightforward problem in the mechanical
engineering design sense.

Another student tackled a very messy combinatorial problem
which can best be described as a pallet-loading problem, I suppose, in
which you have a given area possibly 40 x 48 inches, and boxes of various
configurations. You would like to load this pallet with the maximum
number of boxes, or conversely with the minimum void spaces.

We have had students who have successfully flow-charted and
programmed the personal income-tax computation on a somewhat restricted
scale, In a sense they are doing the same job which the internal
revenue department is trying to do except they are doing it for the
individual tax-payer. Maybe the individual can make use of the internal
revenue computer facilities eventually, Another student, a handsome
young man, probably attractive to the young ladies, decided he would
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look at the problem of the sorority rushing selectlion procedure, which
incidentally 1is not an easy problem, There are 25 or so sororities which,
at the end of rushing period indicate first, second, or third preference
of girls and up to 600 girls who also indicate first, second and third
preference of sororities., And in some way you have to match these in
order that you get some maximum satisfaction for both the girls and the
gororities., Of course some of these girls do not get bids and some of
the sororities do not get their quota either. We had another student

who, indlcative of his interest, attempted to simulate the game of tennis
and the scoring process which goes on in the play of this game,

Now these programs, in part, are trivial in the sense of
being practical tools. On the other hand they quickly demonstrate to
the student a certain important thought process. Let us take the ex-
ample of the tennils simulation. The man is forced to ask himself what
are the parameters, or what are the factors which describe the game of
tennis in terms of the simulation, and is this valid? He 1s mature
enough to recognize that some of the things may turn out to be quite
frivolous and merely an intellectual exercise. In any case, it is
obvious that the instructor could never think up these problems. The
students Just explode with all sorts of ideas and the computer offers
them a new way of thinking about these problems and the feeling of a
tremendous amount of creative power.

There are lots of other probably more stimulating and more
realistic efforts going on at higher graduate levels. This is the sort
of thing, in any case, which is going on at the University of Michigan.
We can fairly say that all engineering undergraduates at the University
of Michigan will have at least a minimum of knowledge of how to program
in a compiler language by the time they graduate. I am sure that most of
them will have a far more sophisticated idea of the capabilities and the
applications of computers in their field. Now, I would like to broaden
our horizon here and look at the Implications of what is going on in other
schools, insofar as we can from this spot.

In Figure 2 is a preliminary compilation of the results of a
survey which the Ford Foundation people under Dr. Katz have carried out.
This survey was sent to all engineering colleges and this figure repre-
sents a summary of the responses tabulated in terms of the number of
engineering students, enrolled at the undergraduate level in all of thege
colleges which were surveyed. At the time I made up this chart returns
were incomplete. In any case, we had returns from colleges at which about
90,000 engineering students were enrolled. Out of these 50,000, 40,000
or almost a half, are required to be able to program at some level. Twenty-
six thousand, or about a third, are required to program in some or thelr
departmental programs. The remainder from which we have reports indicate
that they are not required to program. Perhaps as a matter of prestige.
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or maybe as recognition of the inevitable, in most cases, these colleges
were studying this requirement and indicated that they expected to do
This is a snapshot picture of what exists now.

something about it.
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Let us look at Figure > for signs of the future. The top curve
is an indication of the total number of students enrolled in engineering
colleges for their first, or bachelor's degree. We see that this has had
wide fluctuations the last 13 years. The University of Rochester has been
making an annual summary of responses to a survey about the computing
centers at various schools. This is a report covering only those schools
which chose to respond. It does not by any means indicate all schools
which have computers. But as a rough guess, the second curve is a con-
servative indication of the number of engineering students at colleges
with computing centers. Now the interesting thing, in the light of to-
day's symposium, is possibly the third curve which indicates the number
of engineering students who must take programming or must use the com-
puter at some phase of their undergraduate degree program. We can see
that this has only really gotten off the ground in the last several years
and it is moving at a fast clip.

Now the implication I think is fairly clear. I think we would
be safe In saying that all engineering colleges will have access to, or
will be using, computers in their educational work in a very few years
if they currently are not already. Secondly we can extrapolate from the
data and say that you can expect that practically all engineering under-
graduates will have some knowledge of communication with computers.

All right, now, we can look at our second question in this
light and ask ourselves what does this mean to you in industry who will
be hiring these students. These are speculations about what may happen.
But first, what characteristics will these students have which students
ten years ago maybe did not have?

OBJECTIVES OF EDUCATION

A. FACTS

B. INTELLECTUAL SKILLS
COMPREHENSION
TRANSLATION
INTERPRETATION

. APPLICATION

. ANALYSIS

. SYNTHESIS

. EVALUATION

Mmoo O

Figure k4
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Now, it is always good once in awhile to look at what we are
trying to do in education. A group several years ago attempted to de-
fine the goals of education, particularly in the cognitive realm which
is clearly the realm of engineering. These are the six basic goals of
education which they felt fairly defined all levels or all of the rami-
fications of goals in cognitive education, Figure 4. The first and
probably the simplest level is an accumulation of facts. Memorization,
in a sense, files this information in your brain and knows how to get
it back out when you want it. The second level is a development of in-
tellectural skills, these including comprehension, that is, if you read
a document do you understand it? Translation: can you then translate
this problem in English, for example, into a mathematical model of the
words; and thirdly, can you interpret what this then says? Could you
translate it or interpret it back to someone else so that he would also
understand it?

Next, we like to think that our students in various courses
are learning to apply these intellectual skills to the solution of
problems which may be not new, but may be characteristic problems of a
type they have seen before., Fourth, we hope that they build some degree
of confidence in the area of analysis, that is, given the characteristics
of a system can they analyze i1t and describe how it will behave under
other values of the parameters? Fifth, we hope they build confidence
in synthesizing elements together into one comprehensive design, and
sixth we hope that they build some element of judgement or evaluation,
whether this be Jjudgement of the desirability or Jjudgement of the merits
or contribution which their work is currently making.

Now tieing in with what Mr. Hart said earlier, I would like
to look at the fifth goal, synthesis, in a little more detall. Figure
5 will define more carefully what synthesis is interpreted to mean or
what the characteristics of a product of a synthetic or design process
are.

CHARACTERISTICS OF SYNTHESIS

1. PRODUCT IS A UNIQUE COMMUNICATION

2. PRODUCT IS A PLAN OR PROPOSED SET OF
OPERATIONS TO BE CARRIED OUT

3. PRODUCT IS A SET OF ABSTRACT
RELATIONSHIPS

Pigure 5
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First of all, the result of such a synthesis effort is unique
to the man or the group who made it. It is a unique communication.
Secondly, it describes in some generality or detail what ought to be
done, what the sequence of operations sre, what the activities which
ought to be engaged in, in order to carry out this plan are. And thirdly,
we expect that it would be in general, describable, or maybe necessarily
described in abstract terms.

In Figure 6 we see that this activity of synthesis involves a
personal expression on the part of the designer or the person who is
engaged in it. It involves independence of thought, since presumably
the particular problem has not been solved before. It hence also in=-
volves creativity on the part of the individual engaged in it. Now,
my contention is that these are the characteristics which students are
discovering or these are the activities which students are engaging in
in a new way when they tackle problems on the computer. They have dis-
covered -- without our telling them since I guess maybe we did not even
realize this ourselves, ~- they have discovered that the process of going
to the computer involves the student in these characteristics. In a
sense, programming a computer -- even a trivial program -- requires the
kinds of activities which are inherent in synthesis, at a micro-level.

If this is true, 1t helps to explain why students become so
overly engrossed in many cases in the process of using the computer;
they become overenthusiastic. They spend more time at this activity
than probably is warrented and my assertion here is that they become

SYNTHESIS EMPHASIZES :

1. PERSONAL EXPRESSION
2. INDEPENDENCE OF THOUGHT

3. CREATIVITY

Figure 6
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immersed and satisfied because they realize that this process is
inherently creativity or synthesis. They therefore learn how to
synthesize at a fairly early stage in their engineering program.

The result of course in new self-confidence., It is a new
willingness to tackle problems which may really be beyond their
capability. In any case, they have the world by the tail at this
point.

I want to make a series of statements about what I think
this augurs for those of you who will be receiving these young men.
First of all, I think that these men will have an appreciation of the
capabilities of computers in various possible applications, in partic-
ular in their own field. They will also have some understanding of
the implications of computers for a broad class of applications.

Secondly, if they have had this kind of practice in pro-
gramming computers, they think about problems differently. They have
essentially been reinforced in this process at a micro-level of crea-
tive thinking, They have recognized the need for defining the prob-
lem quite carefully, for deciding what are the important variables
or for choosing the variables they wish to look at, then relating
these abstractly and analyzing their results.

Thirdly, chances are that a large proportion of these fellows
will want to be involved in computer work. As a matter of fact, if
they have some small exposure to computers, they will want to expand
this type of experience until it has become tedium rather than learning.
So it may well be that the first interest of many in approaching industry
will be that they would like to flow-diagram and even program some of
the problems which they would be working on, It is possible, and I see
this happening in some cases, that these fellows will be selective
about the companies they want to work for based upon whether they think
they can get thls kind of additional computer experience in that company.
I think, also, that it is very likely that they will need some guidance
from you to restrain them from attempting to use computers unwisely in
some cases, And I think, finally, that the result of this will be that
they will be able to handle, and they will be far more efficient in
handling, a larger class of engineering problems than graduates of ten
years ago or more, I think they will have a new conception, as Mr., Hart
pointed out about how they will tackle many of their engineering problems
They wlll no longer be concerned about the computational limitations
because they will realize that somewhere the ability exists to do this
computational job very quickly and rapidly.
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Now, my general conclusion is that these fellows are going to
be valuable, 1f they get the opportunity to use their new ideas and if
they also get some guidance to keep them from going haywire in overen-
thusiasm. I think this is a picture of the kind of young man which all
engineering schools will be sending you soon.

I would entertain questions at this point, whether it be de-
tails about the kinds of effort which 1s going on at the University or
whether it be continuation of this subject of what this means to you.



QUESTION:

ANSWER:

QUESTION:

ANSWER:

QUESTION:

ANSWER:

QUESTION:

ANSWER:

DISCUSSION

You indicated that these computer courses are required in
electrical engineering at the sophomore level. Are there
other curricula in the University that require computer
courses?

All but two of the engineering departments now require this
same course and also at the sophomore level.

Outside of engineering, how many of the folks are using the
computer in terms of education?

I don't think anybody is requiring the course. I find more
and more people being couseled into it and the Mathematics

Department is thinking of requiring it for certain programs
in the department, like statistical and actuarial; I think

the Engineering School so far is the only college requiring
the course.

You mentioned the Ford Foundation report. Can you give me
the name of it and is it available?

There are quite a number of such reports. One of them is
available as you walk out of the room; there is one on the
table out there which you can pick up. If you would like
some of the others, such as annual reports in fields other
than the one covered in this report you could write to the
Ford Foundation Project of the Engineering College and ask
for copies of our annual reports. There are documents on
teaching analog and digital computers. Each of these re-
ports includes a large number of sample problems which have
been presented or developed by people in various disciplines
of engineering.

What is being done in the area of business problems such as
income tax computations and inventory control, and things
like that?

Well, this falls into two areas as I see it. Our industrial
engineering course in data processing devotes roughly half
of the semester to data processing problems relative to the
computer. There are other courses in various departments
which approach the mathematics of these kinds of problems
but not necessarily with computers. The Business School
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also offers a course in electronic data processing but
possibly with more emphasis on financial controls as
opposed to manufacturing control, scheduling, inventory,
etce.

How do you get all these students on the machine?

I would be glad to say just a word about that. We had 60
courses in the College of Engineering last spring, I be-
lieve it was and presumably a similar number now, where the
students have a number and are permitted to solve the prob-
lem on the computer. We have key punches scattered in the
various engineering buildings and a couple of places where
the students can throw their card decks. They are picked
up, taken to the computing center and brought back with the
results. We feel that a high percentage of our students will
in the course of a year or two, all of them we think eventu-
ally, have had computer experience through this system. We
have had experience in the analog fileld and I think most of
our students are taking a laboratory course in which analog
computers are used.

In this closed-shop technique you have, what advantage does
a student have if he wants to trouble shoot his program? If
this is all automatic what benefit does he get out of the
program?

Well, it depends what you mean by trouble shooting. T think
what you are asking is how does one correct his program with
the restriction that he can't get to the machine itself. Well,
we do our best to educate the student while he's writing his
program to call for print-outs of the numbers that are going
to make a difference to him as he goes along. Knowing which
of these numbers comes out, which ones are printed out, he can
diagnose what went wrong. I'd like to mention that we have
simple format descriptions for use when we want to print some-
thing out. We have developed for the MAD translator very
simple statements like 'read data'" for input "print results,
ax+yDbecosc,"ete., for output, so that for getting in-
termediate numbers out for checking a program you simply write
"orint results" and a list of things you want to see. It's
very easy for the student to get numbers out and we encourage
people to do their coding this way, away from the machine.

Why do you start programming with sophomores? Why not fresh-
men for example?
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Well, maybe you'd like to speak about the programming course
itself. The reason we probably don't start with the fresh-
men 1s that our sophomore courses aren't geared to begin
using the computer. We think there's no point in having a
gap between the time students learn the basic material in
programming and they begin using it in a course. T would
recommend teaching it just before the semester in which you
are going to have a problem course which uses the computer.
You can speak to the teacher of the course, Dr. Galler.

Do you teach programming for the same reason that the stu-
dents do their own keypunching? If you had a professional
programming staff would that have made it unnecessary for
students to program their own problems? In other words why
do you teach programming?

Well, we don't think it would be adequate learning for the
student if professionals wrote his programs. I think that
there is an analogy to learning what the sine and cosine is
before we turn to the computer. We can then go ahead and
forget the details because this subroutine is now available
as part of the library. In terms of what Mr. Hart sald, we
can learn something and then find it no longer necessary be-
cause we now are able to properly use it. I think that pro-
gramming is the same kind of thing. Until a man has pro-
grammed, he doesn't fully appreciate what is the essential
part of the machine, what are its limitations as well as its
capabilities. We need people who are programming specialists
in this area, but in general I think our philosophy is that
we want the student to be able to program in order to under-
stand computer capabilities. Then, if he is interested in
pursuing this he may then go in this direction. Otherwise
he may go in a different direction which may draw upon the
programming specialists in this area when needed.

I wonder if it isn't partly a function of the phase of the
operation at the University that each man has to do his own?

I'd like to speak to that. We believe that the people learn
the logic of solving the problem by programming it. We think
that's the way in which they are learning. Maybe they learn
more about the logic of solving the problem by going through
the programming process than they do in completing its solu-
tion. I think everybody, in order to really get an apprecia-
tion of the computer needs to face that moment of truth when
he gets to the computer to find out whether the program is
going to run or not. There's a lot of difference between a
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nathematical description of a problem and a description of
the detailed procedure by which the problem is to be solved.
These are interrelated. You learn the techniques of problem
formulation and the approaches to the solution of a problem
oy dealing with the final procedures that a computer is able
to cope with. This is part of the learning process in using
the computer and there's a big, massive gap between a mathe-
natical description of the problem and a procedure for solv-
ing that problem. The engineer needs to be aware of these
orocedures in order to gain a true appreclation of what a
computer can do and what it cannot.

QUESTION: Is mathematics made easier?

ANSWER: Quite the contrary. I would say it's mathematics made more
relevant. The use of the computer doesn't make mathematics
easier. Tt now permits us to make problems easy and requlres
better mathematics.

QUESTION: You mean more precise answers?

ANSWER: Yes. But it also opens up to us the problems which have
escaped solution either because of thelr computational diffi-
culties or infeasibility or because they represent random pro-~
cesses for example, which perhaps cannot be described by
mathematical formulations. You can't hope to have the people
at the computing center knowledgeable enough so they can make
decisions in all the areas which are coming to the computer
these days. TYou've got to teach engineers what the computer
can do so they are in the best position to decide how to use
it in their own field.

Well, may we change the line of the discussion. Would you
like to bring up the discussion of the previous topics?

QUESTION: What about this idea of the remote console attached to a
computer?

ANSWER: Yes, I'm sure that this is one of the things of great interest.
Well, maybe five years from now we will have remote access, a
console for access to the big computer and we'll be able to
carry on problems in the classroom that they would like to
solve right then and there. I know that Professor Perlis at
Carnegle hopes someday, maybe to have typewriters around his
campus so that the student can go anywhere, go to the computer,
solve his problem, call off the program, try some new solutions,
get the answer back and go his way. This is the sort of remote
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control that he's thinking of. I'm sure that it will
have a lot to do with educational process.

Could I ask a question on that one? Are engineers sup-
posed to be such fast thinkers that they have to be in a
console now? It's a different kind of engineer than I'm
used to. That is, you've written a program and see the
answers. Do you have to be there at the console to make
the changes or should you go back to your desk and think
about it a couple of days -- or is this again more gadgetry?

This would depend upon the type of problem you were con-
cerned with. I think what we're talking about is making
this available to people should they have problems which
were adapted to this. Certainly you wouldn't be forced

to using it. If we can adjust parameters on a digital com-
puter the same way people do on analogs and it's useful, we'll
do it. Other uses are for watching the path of a conver-
gence of an iterative process to make sure that you catch
it before it spends 10 hours computing and never worked at
all. During debugging, where you feed-back right away

that you've made a mistake, you can correct it, and so on.
Remember that you don't have to be able to think fast be-
cause the machine will be fast enough to be able to go on
and do somebody else's problem while you think about your
ad justments.



CLOSING REMARKS

D. L. Katz

I would like to suggest that we conclude the final session.
For those of you who are interested, Bryce Carnahan, Assistant Director
of our project, as well as Dr. Galler and Professor Wilson, will be
glad to discuss your questions with you. In concluding, I would like
to thank Mr. Bahls, Mr. Gray, Don Hart, Mr. Hubbell and Professor Wilson
for their presentations and all of you for your comments and questions,
and we appreciate your being here for this industry-education program.
We are very appreciative of your presence. We hope that you will stay
around and have some coffee and have a little discussion in the halls
afterwards.
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