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AN ELECTRONICS ENCINEER'S VIEW OF CPERATIONS RESEARCH

James F. Digby

Let me begin by asking you to explore with me the reasons why opera-
tions research has emerged as an identifiable skill.

Most of us here are connected with electronics, or with aviation, or
with both. Suppose that it had somehow been possible to build eirplanes
and redio transaitters and receivers in the year 1700. I feel that I can
be fairly confident in guessing that the growth of the aviation and elec-
tronics industries would have been much, much less than vhat we have seen
in the past 50 years. Society of the 1T700's Just did not demand much
transportation or much communication.

There are a great aany more people in the world today and we humaus
have spent the last two centuries increasing our interactions with each

other. Thie is indicated in the following table.

Ascendant Ascendant
World U.S. Urban Political Coammercial
Year Population Pop. t Forms Porm in U.S.
1750 0.7 Billion Less than % Monarchy Small shop
1850 1.1 Billion 15% Democracy Company
1350 2.4 Billion 43 Democracy & Corporation
Dictatorship

This growth of population and increasing tendency to interact has, of
course, been enhanced by aviation and electronics, and is one of the domi-
pant trends of the first half of this century. This recent trend is mani-

fest ip other areas, t00, as shown by increasing numbers of the symbols of
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interaction: automobiles, social scientists, telephones, psychoanalysts,
and cocktail parties, to name Jjust a fewv.

No one should be surprised to see operations research emerge from thie
teeming mass of interecting humanity. While the practitioners of operations
research have never agreed on a single definition, it is usual to apply the
term to the use of scientific methods tc study the operations of a complex
orgapization or process; this normally goes beyond the bounds of single
scientific dieciplines, and it normally is expected to result in recommen-
dations for change. Operations research (OR) is thus much like management,
but with emphasis on scientific methods and investigation.

The kinds of activities encompassed by OR have been practiced in same
degree for centuries. The completely conscious use of scientific methods
to evaluate operations became wvidespread during World War II; this wvas
brought about primarily by injecting a fev rather enthusiastic and diligent
scientists into several headquarters as advisors. Most made good names for
themselves, somewhat to the surprise of the more conservative generals and
admirals. Good work was done, for example, in planning anti-submarine
tactics, in designing bomber formations and tactices, and in makirng the
most of airborne search procedures.

After the war the military organizations in both the U.K. and U.S.
organized their OR on a permanent basis, wvhile some wartime practitioners
began using related methods in industry. Pirst io England, emd then, in
1352, in the United States, societies were formed and jowmrnals begun. This
might be said toO represent the birth of OR as a profession. It should be
noted that the Buglish, along with their other odd customs, deplore the use

of nouns as adjec:ires, and have stuck to the term "operational research.”
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The profession has flourished. There were probably less than 500
members Of the profesgion i{n 1992 {n the Western World, and there are
probably more than 4000 today, with the proportion engaged in civilian
pursuite rising each year. Alonz with this expansion there have naturally
appeared a number of ener etic promoters. Some of these promoters, in the
good American tradition, have undoubtedly contributed much to the profes-
sion and to tha efficlency of their clients' operations. Others have over-
s0ld OR and have been guilty of poor Judgment in some ways which I will
mention later. The outricht charlatans have not been as evident as some
of us had feared, perhaps because they use less specific labels than
"operations researcher.”
Before .ettiny to the pitfalls, however, let ua consider some case
histories where OR had done good work.
First, a wvartime example that you may have heard about. (Incidentally,
I doubt if the men doing this work comsciously thoucht of it as OR.) A
great Jdsal of effort was expended during the war for each decibel that
would make our search radur have bLetter rarge performance. [t vae diffi-
cult, or expeusive, or both, to wring this out of noise figure, magnetron
power, or antenna size. But a group ‘rua Radiation lLaboratory interested
in test equipment made surveys of 1adar jerformance on field units during
the wvar, and found a disquietiig condit.ion.l The average set tested was
14 or 15 db belov the rated value for the redar. These men wvere not
labelled operstions researchers, but the OR-type recommendation stands cut
very clearly: Effort hae been inefficlently allocated; too mich attention
[;. . O'lleal and J. M. Wclf, The Need ror System Testing, sec. 15.2

of Radar System Rngineerin- (L. Ridenour, ed.), McGraw-Hill Book Com any
Inc., New York and London, 1547.
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to theoretical performance and not enough to improving actual fielc jer-
formarce through better maintenance.

My second example deals with plant.rng and harvesting peas, and is sone-
thing of a classic OR case history by now. It was ;resented Ly C. W.
Thornthwaite at the First National Meetiny of ORSA in 1952.2 A climatol-
ogist, be was engaged to acvise Seabroox Farms on irrigation jroblems.
After spending the first season watchii;s the operations of this muge farm
he saw that {rrizption was & small problem, compared to the imposition of
buge peak work loads on crews &and machines as thousards of acret of peas
ripened similtanerously. lie develojped a scale for measuring rowth and
found how many "growth units” were forthcoming each month, this being a
function of warmth and rainfall. Later, he rated various kinds of peas in
terms of growth units required between rlantinz and harvesting and verified
the jprecdictability of their growth. The next step was to work bacaward
fram the capacity of the factory to proceses peas, then to ask how many
acres would have to be harvested to get that amount. It wvas then uecessary
tc cee that the needed machinery and rrevs would be on hand to harvest the
giveu pumber of acres -- ;resumal'ly an easy requirement conpared to that
imposed by the big peax loads of the existins esystem. Frum all this he
developed a planting schedule that came close to producing a steady output
of reas to be harvested and proceesed each day.

Pinally, I will cite an example which is not strictly operations
resear-h, in that {t deals with planning for the future. This exam]le

shows the need for a comprehensive systems a;proach quite ciearly, howvever,

—_—

C. ¥. Thornthwvaite, O;erations Research in Agriculture, JCR8A, Vol. 1,
NO. 2' \rcbo lj)_\), ppa :)3 - 33.




I will use Charles hitch's description.3

Let me give you an example that cropped up in a
RAND defense study of several years ago. It was at that
time Operational doctrine for certain interceptors to
carry armament that, according to Air Defense Cormmand
estimates, gave each plane & 50 per cent probabl.ity of
killing an intercepted bomber. Well, 50 per cent looked
mighty good to most experienced Air Force hands. It wvas
lots better than anything achieved in World Wer II.

What did we find when wve examiped this doctrine in
a systems context? Resentic..y:

1. As was not the case in World War II, we wvere
really preparing for defense against one (or at most a
very fev) massive atomic strokes.

2. The total systems cost of procuring and oper-
ating the interceptors to get them into position prepared
to fire a rocket at an incominy bomber wvas extremely high,
80 high that the most lavish expenditure on armament
scarcely affected the total.

3. It wvas therefore obvious nonsense to economize
on armament.

L, The single-pass kill rrobability and the xill
yotential of the -1efense system could be incre=asec by

nearly 50 per cent simply by increasin, the armament.
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Charles !itch, An Ai'greciatioxx of 8ystecs Analysis, JORBA, Vol. 3,

No. b (Nov. 19°%), pp.
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The performance degradation of the interceptor resulting
from increased weight was of the order of ) per cent --
which, at least in the period of interest -- had a neg-
ligible impact on kill potential.
Now this again vas a trememdously important result
of looking at a problem in & systems context. A systems
analysis was not really necessary. I am sure that some
Air Force officers, using a broad systems context, thought
their way through thie one and reached the right conclusion
without so much as using the back of an envelope. But many
apparently did not, and the doctrine was not changzed until
the systems analysis was produced and presented. Systems
analysis forces both the systems analyst and his audience
to think the problem through in a systems context.

Now I bave cited several examples of OR-type work which seem to have
come up with useful results. There are dozens wore that have been recorded
in the literature and folk-lore of OR. Perhaps it would be more useful,
though, if I could alert you to some typical mistakes.

First, there ic a strong temptation for the more academic practi-
tioners of QR to fit complex problems to mathematically or analytically
tractable frameworks. While this sort of thing can be useful, it is es-
sential that factors that apply in real life be retained in the analysis
if significant, even {f it means an approximate solution. Beeking an exact
solution to an artificial problem is an academic exercise, not a basis for
decieion.

Secondly, there sametimes is a tendency to manipulate inaccurate or
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dubious data in & very camplicated and accurate series of steps. This can
be very impressive wvhile at the same time quite irrelevant to the real
problem at hand. This sort of thing might be called "OR mystique.”

Thirdly, there are the dangers of solving a problem within too narrov
a scope. The OR ran should alwvays, as & minimum, verify that ais solution
does not make more acute the problems of someone vho looks at things from
a higher level of optimization.

Fourthly, there are many temptations to be over-ambitious. There are
several cases that [ know of vherein operations researchers of considerabdle
technical proficiency used OR methods in addressing govermmental, social,
or econamic problems with demonstrably bad results. They had overestimated
the simplicity of these classes of protlems. Y might add that much re-
search needs doirg in these areas, but most of the out ut should be clearly
labelled as research rerorts and not as action recommendations.

Unfortunately, there are a few practiticoers who play up the mystical
aspects of OR. They may be those wvho tend towvard pure solutions of impure
protleas. They may be hiding some unrealistic pieces of reasoning under a
big pile of IBM cards. Whether they xnow it or not, they may be obscuring
numerical or logsical errors. It is hard to tell you howv to recognize all
the bad solutions, but Lt i{s usually a characteristic of the good solutions
that their logic shows throush in simple terms after the labor hae been
done.

What techniques of OR are lixely to be mcst useful to an electronices
en;ineer?” The following partial enumeration of techajiques often used in-

cludes peveral that are already very familiar {u electronic engineerin,.
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Probability and statistics have long ago setiled into their niche in

electronic engineeriny, so no comnent {s needed there. Mr. Johuson's paper
will provide & good example of the:r uce ic OR. Thelr offshoots, queueing

theory and Moute Carlo analysis, have not received as much atiention iu

electronics circles as tuLy ceserve. Queueing theory shoulu be especially
kelpful in solving certain provlems of large scale equipment maipterance,
same production line problems, ana in etting the maximum utilization from
comunications channels and devices. Ite value is well nncwn to the tele-
phone companies, where the theory was developed, but seems to have been
overlookel bty other cammunications speclalists.

You will hear later this romin; about a case in which Monte Carlo
techniques were used {n a strajghtforward way iu & problew that i{cvolved a
preat deal of simulation of u complicated situation. This type of use of

Monte Carlo is typical of ojerations researchers, who are often faced with

reallife situations much too complex for analytic solutions, and should be
of interest to electrouic s, “tem designers.

On the other hand, there ic a class of Munte Carlo applications in
7hich similation plays & much lesa important role. There have been appli-
cations which were considerubly more complicated from a nathematical point
of viev, but in vhich the real-life situations wvere simpler. B8ubtle wvays
of reducing sample sizc and getting the et {nformation from the sanmjle
are usel. Neutron traneport uralyses using Monte Carlo are typical of this
class. [ have hearu that {t {5 bein, used for an unalysis of shot effect
in tubes. This is the class of application that {s lirely to be of most
interest to the electronics enjineer who is concerned with the physice of

transistors or the desi n of vacuw tubes.
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Linear g_r_gg_igg“ and dynamic prog'lmings are relatively new tech-
niques which permit the solution of problems involving large numbers of

variables (perhaps thousands) and they do this in a way which 1s feasible
with present camputing machinery. Typically, linear programming is applied
to an input-output analysis of same process which consumes a large number
of items such as labor or rav materials and which turns out a number of
completed products. One minimizes some measure such as cost, subject to
certain constraints. Linear programming probably will find itse best
industrial uses in solving problems in well-established processes where

the rules are quite stable, and particularly where small increases in ef-
ficiency are significant. Dynamic programuing treats multi-stage processes
vherein the state of a system is changed from time to time by decisions or
transformations. The outcome of earlier decisions affecte the choice of
later decisions.

S8ome interesting newv applications of linear and dynamic programming
have been made in the coammunications field.6 Optimal messege routing, the
most economic plant extension programs, and certain ejuiment replacement
problems can be solved. The dynamic programming techniques can be applied
to various propagation problems involving propagation through inhomogsneous
media, to same problems in information theory, and to various control system

probleme .

George E. Dantzig, Formulating s Linear Programming Model, RAND Corp.
Paper P-893, 1956.

’R. B. Bcllman, Dynamic Programming, Princeton Univ. Press, (June 1957).

“R. I. Kalaba, M. L. Juncosa, General Systems Approaches to Tele-
cammunication Optimization Problems, RARD Eorp. Fspor F-ﬂ, 1357.
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Information theory and search theory are the next tools of OR on my
list, and I shall Just mention them by name, siunce they are more familar
to electronics engineers than they are to operations researchers.

Organizational behavior theory, threats probleas of buman group inter-

action: how information is passed, hov leaders are picked, vhat communica-
tion patterns work best, etc. Dr. Biel's talk will mention some experi-
ments in this technique which have had practical results.

Decision theory and measures of value are of interest to toilers in
the more recondite reaches of OR. Along with game theory they promise
intellectual stimulation to the electronics engineer, but, as of today,
are not likely to be used directly on his problems. Their current role is
to orient the researcher for a proper attack on some of his toughest
problems.

Operational gaming is a newly emerging technique which is more of a
descendant of the old war gamee of Prussie than of gaume theory. Gaming
involves the use of live opponents and holds much pramise, both as an aid
t0 learning and as a kind of CR laboratory. So far, I have not heard of
any applications of gaming that bear on electromics problems except those
of the military communicator.

Finally, simulation is a technique of considerable interest to the
electronics engineer as well as the aeronaut. This, of course, is the main
theme of Dr. Biel's talk, so I will say no more about it.

Let me conclude this talk with some remarks for those of you whose
interest is to join OR, rather than adapting it. Job openings iz OR, while
not myriad, are almost decimyriad. (I am using the word in its more
precise sence.) Formal training in most of the fields I have just mentioned

is 80 rare that it is not a prerequisite, although an active interest in



several of them is a good omen. Most of my friends seem to feel that
electronics engineers make excellent operations researchers (but I should
mention that most of my friends are operations researchers who were elec-
tronics engineers). The system oriented engineer is likely to be much
happier at it than the camponent designer or deep specialist. 8alaries
are about the same, but the true OR man gets his revard from his chance to
solve very complex problems, albeit usually superficial ones. He enjoys
vorking on a team wvith an astronamer, a biophysicist, and two topologists.
He has his frustrations, too, because his problems are often not solvable
in the usual sense. Hie frustrations, we may say, are the frustrations of
e complex, furiously interacting world, and he feels both frustrated and
revarded because he is involved in vhat is going on more than most people

‘l-



