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Let 11e bef31n by aeking you to explore vi th • the reaaone vey opera-

tiona research h&a emerged ae an i<Yntifiable ak.ill. 

Moat of ua here are connected v1 t h electronica, or vi th aviation, or 

vith both. Suppose that it had acmehov been pOaaible to build airplaoea 

aDd radio tn.naaittera and receiv.n in the year 1700. I feel that I can 

be fairly confident in gueaaing that tbe grovth of t.be aviation and elec-

tronica indlletr1ea vould bave been a&ch, 1a1ch le,. tban what we bave eeen 

in the past 50 yeara. Society of the 1700 '• just cUd not demand IIUCh 

tl"'Ulaport.ation or aACb c~icatiOD. 

Tbere are a great any 110re people in the world today and we hUII&.Ila 

have apent the laet two centuriea 1ncreu1ng our interaction• vith each 

ot.ber. This 1a indicated in the follOWing table. 

Aac.ndant Ascendant 
World u.s. Urban Political CClllllle rc ial 

Year - Population Pog. ! roi'IU rona in u.s. 

1750 0.7 Billion Leas than ~ Monarchy S..U ahop 

1850 l.l Billion 1 5~ Damocracy ea.pany 

1950 2.~ Billion (:)+~ DeiiOC racy • Corporation 
D1ctatorah1p 

Thla grovth of popW.ation and 1ncreu1ng tendency to interact baa, of 

course, been enb&nced by aviation and electronics, and 1e one of the doai-

D&Dt trendl; of the first half of thin century. Thia recent trend is ani-

feat in ot.ber areaa, too, u ahOvn by izlcreaaine; llUIIbera of the a:-b<lla or 
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i nteraction : autamobilea, soci al acienti sta, telephone&, paychoanalyat1, 

and cocktail partie11 to name juat a fev. 

No one 1hould be aurpr ic;ed to aee operation• research emerge fraJl thil 

teeming muG of inte~cting humanity. While the practitioner& of operat1001 

research bave never agreed on a lingle d.efini t1on, U. i e u1U&l to apply the 

te~ to the u.e of acicntific methods to s tudy the operations of a complex 

orS~&D.ization or proceas; this nonaa.ll,y goea beyond the bounds ot l ingle 

ecientific disciplinea, and it nonD&l.ly ie expected to result in recc..n-

datione for change. Operationa research (OR) is thua much like ~~&n&gement, 

but with emphasis on acient1f1 c metbOdD and i nvestigation. 

Tbe kinds of a ctivities encoaapaased by em bave been racticed in 1ome 

degree for centuriea. 'l'be campletely conac oua use or scientific method• 

to evaluate operation• bec.ae vi deapre&d during World We.r II; th11 was 

brought about primarily by inJecting a rev rather enthnaiastic and dili@llnt 

acienUsta into several beadquartera u &dvtaora. Moat made good ~• tor 

t.beluelTes, sa.ewbat to the surprise of the .ore conaervatiw generals and 

adJairal.a. Good vork was done, for exaapl e , i n planning anti·IU~ine 

tactics, i n designing bomber f onationa and tactic1, and in maldr.g tbe 

moat of airborne eearch procedures. 

A!'ter t~ var the mil! tary organization• i o both the U .JC. and U .8. 

organized the i r OR on a pe~ent basil, vbile aa.e wartime practitioner~ 

began uai..og related 11ethods in industry. Pirst in lngl&Dd, aa4 then, in 

1952, in the Uni t ed St.& tee, societies were fomed and JCMrn&ls begun. This 

lllight be said to represent the birth of 01 aa a profeaaion. It abould be 

noted tbat the Inglish, along vith their other odd cu1tau, d.eplor. the use 

of DOU.nl as adJec ( l ·ree, &Dd have 1tuck to the tenn "opentioll!! reM&rch." 

·' 



F-129* 

-3- 

The  profess ion has  flourished.    There were probably less than 500 

members of the profession In 1^2  in the Western World, and there are 

probably more  than 1*000  today,  vlth the proportion ensaü»d in civilian 

pursuits  rising each year.    Alon^ vlth this expansion there have naturally 

appeared a number of ener ;etlc proooters.    Sooe of these pronoters,   in the 

good American tradition, have undoubtedly contributed much to the profes- 

sion and to tbs efficiency of their clients' operations.    Others have over- 

sold OR and have been guilty of poor Judgment in oome ways which I will 

mention later.    The outright charlatans bav» not been as evident as some 

of us had feared, perhaps because they use less specific labels than 

"operations researcher.* 

Defore ^ettin^ to the pitfalls, however,  let us consider tone case 

histories where OR had done good work. 

First, a wartime example  that you may have heard about,    (incidentally, 

I doubt  if the men doing this work  consciously thour;ht  of it as OR.)    A 

great deal of effort was expended during the var for each decibel that 

would make our search radar have better rar^e performance.    It was diffi- 

cult, or expensive, or both,   to wring this out of noise figure, aagnetron 

power, or antenna site.    But a group from Radiation Laboratory interested 

in test equipment made surveys of radar i«rformaoce on field unite during 

the war,  and found a disquietii.g condition.      The average set tested was 

1U or 13 db below the  rated value  for the  radar.    These men were not 

labelled operations researchers,  but the OR-type  reconeendation stands  out 

very clearly:    If'ort has been  Inefficiently allocated;   too much attention 

T».  D. O'Ueal and J. M. Wolf,  The Need for System Testing,  sec.  1^.2 
of Radar System Injdneerins. (L.  Rldenour,  ed.), McGraw-Hill  Book Company 
Inc.,  New York and Lonaon,  1^*7• 
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t-o  theoretical ]*rfonnance «md not enou^ to Improving ftctuai  fiele i^r- 

fomance throur^i better maintenAiice. 

My second exafflple deale vith plajitm^ amd harvesting peas, and  1B toot- 

thing of a claGslc OR case history by nov.     It was i resented by C. W. 

2 
Thornthwalte at the  First National Meeting of ORSA  in 1952.      A  ollmatol- 

oglst,  be was engaged to advise SeabrooK Farms  on irriöstlon jroblens. 

After spending the  first season watcM:.e   the  operations of this huge  farm 

he  saw that  irrigation was a small problem,  compared  to the  imposition of 

huge peak work loads on crevs and machines as  thousands of acres of peas 

ripened slmxltaneously.    He devel0i>ed 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 kindi of peas in 

terms of growth units  required between planting and harvesting and verified 

the predictability of their growth.    The  next step was to work bacuward 

from the capacity of the  factory to procese  pea»,  then to ask how many 

acrer, would have  to be harvested to get  that amount.    It was  then uecessary 

to see that the needed machinery and  rrews would be on hand to harvest the 

given number of acrep  -- jresunaMy an easy requirement compared  to  that 

imposed by the big peak  loads of the existing eyntem.    Frcm all  this he 

developed a planting schedule  that came  close  to producing a steady output 

of pear,  to be harvested and procepsed each day. 

Finally,  I will  cite an example which  is  not strictly operations 

research,   in that  it deals with planning for the  future.    This exacrj le 

shows  the need for a comprehensive system« approach quite ciearly,  however. 

 5  
C. W. Thornthwalte,  Operations Research  in Agriculture,  JCRSA,  Vol.   I, 

No.  2,   (Feb.   ijji),   pp.   jj   -  3^.      —— — 
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I vill use ChArhe» Hitch's description. 

Let ae give you      an example       that cropped up in a 

BAND defense study of several years ago.    It was st that 

tljne operational doctrine for certain Interceptors to 

carry arnanient that, according to Air Defense Coemnd 

estiBstes, gave each plane a $0 per cent probability of 

killin« an intercepted bomber.    Well,  [>0 per cent looked 

mighty good to most experienced Air Force hands.    It was 

lots better than anything achieved in World War II. 

What did we  find when we examined  this doctrine  in 

a systems context?    Issentic^y: 

1. As was not the case in World War II, we were 

really preparing for defense against one (or at most a 

very few) 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 incoming bomber was extremely high, 

so higb that the most lavish expenditure on armament 

scarcely affected the total. 

3. It was therefore obvious nonsense to economize 

on anaaaent. 

k.    The  single-pass kill probability and the kill 

potential of  the  lefense system could be   increased by 

nearly >0 per cent simply by  Increaslrir; the armament. 

Charles Hitch,  An Appreciation of Systeas Analysis, JüHßA,   Vol.  j, 
No.  k  (Nov.  ly S),   pp'  WT- W. 



The perfor.nce degradation of the interceptor reaul ting 

tram increaHd veigbt was of the order of 5 per cent --

which, at least in the period of interest -- had a neg-

ligible impact on kill potential. 

Nov this as-in vas a trem.emdoualy important result 

of looking at a problem in s ayetems context. A ayetesu 

an&lysis vas not re&l.ly nece11ary. I am aure that aome 

Air P'orce officers, using a broad eystezu context, thougtlt 

their way through tbi1 one and reached the rigbt concluaion 

v1 thout so JDUch aa uling tbe back ot' an envelope. But many 

apparently did not, and the doctrine vaa not chanc;91d until 

the .ystema an&ly1i1 wu produced and preHnted. Systema 

&D&l.ysil forces bot.h the syeteas &n&lyst and his audience 

to think tbe problem t.hrougb in a syetema context. 
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Nov I have cited several example a or OR-type vork which seem to ban 

cc.e up vith uaef'ul re&ulta. There are doz.ena UION that haw been recorded 

in the literature and folk-lore of OR. Perhaps it 'JOU.ld be 1110re useful, 

though, if I could alert you to ocae typical mistakes. 

Firat , there iG a strong temptation for tbe more academic practi-

tioners of OR to (it complex probleas to matbemat1cal.ly or an&lytica.lly 

tractable frameworkl. While this aort of thing can be ueet'ul, 1 t is ea-

sential. tba t rae tore tba t apply in real 11 t'e be retained in the analyd a 

it elg111t'icant, even i f it Mans an apprJxillate solution. Seek.i~ an exact 

solution to an artificial problem is an academic exerciae 1 not a basil tor 

decision. 

Secondly 1 there s~tiAes i a tendency to manipulate inaccurate or 
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dublous data is n. very coopllcated and accurate series of steps.    This can 

be very lapresBive while at the Game time quite Irrelevant  to the real 

proble« at band.    This sort of thln^ might be called "OP n^stlque." 

Thirdly,  there are the dangers of solving a problen within too narrow 

a scope.    The OR xan should always, as a nlnljnum, verify that als solution 

does not sake more acute the probleas of someone who looks at things from 

a higher level of optlitlzatlon. 

Fourthly,   there are many temptations to be over-ambltlous.    There are 

several cases that I know of wherein operations researchers of considerable 

technical proficiency used OR methods In addressing governmental, social, 

or economic problems with demonstrably bad results.    They had overestimated 

the simplicity of these classes of problems.    Z might add that much re- 

search needs dolrg in these areas, but most of the output should be clearly 

labelled as research reports oui not as action recacmendations. 

Unfortunately,  there are a few practiticners who play up the mystical 

aspects of OR.    They may be those who tend toward pure solutions of Impure 

probleas.    They may be hiding some unrealistic pieces of reasoning under a 

blA pile of IBM cards.    Whether they Know it or not, they may be obscuring 

numerical or logical errorE.    It Is hard to tell you bow to recognlte all 

the bad solutions, but it is usually a characteristic of the  good solutions 

that their logic shows throu^i in simple terms after the labor has been 

done. 

What techniques of OR are likely to be aoet useful to an electronics 

en^neer". The following partial enumeration of techniques often used In- 

cludes o*veral  that are already very  familiar in electronic engineering. 
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ProbAbillty ana statistic« have  lon^ a«^ »ettied into tLeir niche  in 

electronic  eo^inoerln^,  so no comment  is  neeJLeu  there.    Mr. Johnaon'c paper 

vill provide  a good examj^le of their u&e  ic OR.    Their offehootfi,  ^ueuein^ 

theory and Monte Carlo analyr.is,  have  not received at much attention in 

electronics  circles as tL^y deserve.    Queueint üieoi'y  ahoulu be eeijeclallj 

helpful in  solving certain proolema of large scale e^uipaent naintei*ance, 

acne production line problems, ina in jetting the maxlauai utilizatioa from 

coaBuni cat ions channels and devices.     Itt  value  is well  »uicvn to the tele- 

phone cootp&nies, where the theory was developed, but saems to have b«»«n 

overlooked by other comnunications specialists. 

You will hear later this nomin0 about a case  in which Mont« Carlo 

techniques  were used  in a straightforward way  in a probltu th^t  involved a 

^reat deal of simulation of a. complicated situation.    This  type of use of 

Monte Carlo is typical of o^-eration« researchers, who are often faced with 

reallife situations much too complex for analytic solutions,  and should be 

of interest  to electronic a,--tem designers. 

On the other hand, there is a class of Monte Carlo applications in 

which simulation plays a ouch less  important role.    There have been appli- 

cations which were considerably more  coaplicated froc a mathematical point 

of view, but  in which the real-life situations were  simpler.    Subtle wsys 

of reducing sample size and getting the mout information from the sample 

are used.    Neutron transport analyses  uslnt, Monte Carlo are  typical of this 

daub.     I have heara that it  is being used  for an tinalyels of shot effect 

in tubeb.     Fhlß  is the class of application that is lively to be of most 

interest to  the electronics en^neer who is concerned with the physic« of 

transistors  or the design of V»CU\.CJ tubes. 



L1De&r ;zroe-1y4 and d,yD!aic progn.•1ng5 are relatively oev tech­

niques which permit the sol ution ot problems involving large awabera of 

variables (perhaps tbouaands) and tbey do tbia in a way vhicb 11 feaaible 

\11 tb present cCIIp'Uting macht aery. Typic&lly 1 lioe&r prograDIIli.ng 1a applied 

to an input-output anal.yais or &<llllt roceu which coD.a"U~Des a large number 

ot 1 tems such u labor or rav uteri &ls and which tuma out a number or 

ca~~pleted product&. Ooe ILiniaizes same •asure such ae coat, subject to 

cert&in constraints. Linear progammi~ probably vill find 1 ts beat 

induatr1&l. uses 1n aolving probleu in well-established processes where 

the nU.es are quite atable, and p&rtic:v.larly where ma.ll increases in et-

ticienc:y are sigxliticant. Dynu.ic prognllllling treata a.llti-sta~ proceasea 

vberein tbe state or a system i s cb&nged frca t iae to tiM by decisions or 

tranatorations. The oute<ae ot earlier decision• a.ttect& tbe choice of 

later decisions . 

801111e int reat ing nev ap ltca"t i ons of linear and d,ynaaic prognui111ling 

6 
have been made in the cCWI!!!!m 1 cations f i eld. Optim&l mesaage 1"0\.lting, tbe 

1110at e cor.omic plant extensi on prograaa 1 and certain e,t.ui.taent replacement 

probleu can be solved . Tbe ~c prog1"Ulmillg techniques can be applied 

r.o vari OUB propagati on robl.eaa involving propagation through 1~pneoua 

• dia, to some problem.s in 1nfon~~ation theory, and to vartoua control ayetem 

probleme. 

4 
George B. Dantdg, Fonau.lati.I!& a Linear Progrw,a!Di Model, BANI) Corp. 

Paper P-893 , 195 • 

SR. 1. BE.ll.Mn, I>xnaa!c Progr-=1y, Princeton Univ. Press, (J\&De 1957). 

~. I. Kalab&, M. L. Juncoaa, Genen.l 8yatAu Approaches to 'l'el.e­
c._..m1 cat1on OA>t1Air.ation Problema, iWID Corp. Papei'P-964, 1957. 
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Intozw.t.10D taaeop and March t.beoey are the next. t.ools of OR on my 

list, aDd I aM.l.l Just ••tion U.. by ~ 1 si.Dce they are 110re t'am1 lar 

to electl"'Dics engineers than they are to operations reaearcbllr1. 

OrpnizaUoD&l. bellavior t.Morz, threats probleu of m..n group inter­

action: hov 1ntorw.t1on is paaMd, bov leaders ue pi cked, vbat ccmamica-

tion patt.erns vork best, etc. Dr. Biel's ta.l.k Will mention sex. expert-

.ent.s in We tecbnique wbicb have bad practical resulta. 

Dee1&10D tbeol)' and IIIIIUW"es 2£ ~ are of interest to toilers 1n 

tlae IliON recoDdi te reacbea of <11. Along vi tb i!!!!!. tbeol)' they p raaiM 

intellectual sti.allat1on to tbe electronics engineer, but 1 as of toci&J', 

are aot likely to be used directy on hie roblelu. Tbeir current role 1a 

to orient tJae reHarcber for a proper attack on some of his toupst 

prob~. 

0perat10D&l pie& 1s a newly ~rging technique vblch 1s 1110re or a 

desceDdaDt ot tbe old var pmes of Pruaaia tban of sue t.beory. G&a.lna 

1DY01..-es tbe uae of live opponents &DC bolda IIUch prca1se, both as an aid 

to learning and as a k1Dd of OR laboratory. So f'ar, I bave not beard of 

~ applications of gam1 ng that bear Oil electroaJ.cs proba.. except those 

ot the a111tar)' c--.u.mu.1cator. 

Fina.J.l¥ 1 ai.aLilation 1a a technique of coneiderable interest to the 

electronics engineer as wll as the aeronaut. Thia, ot course 1 1a tba •in 

~ of Dr. Biel'e talk, 10 I v1ll ~ no more about it. 

Let - conclude this tal.k vi tb 11011e remarks for tboae of you wbose 

interest 1a to Join OR, rat.ber tb&n adap ting 1 t. Job openiaga in OR, wbi.le 

aot ~riad, are allloat dec~. (I am using the word in ita 1110re 

precise sence.) Formal training in moat of the fields I bave just -.atioa.c:l 

is 10 rare that it is not a rerequisite, althougb an a ctive interest 1D 
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several ot tMia !! a good c.eo. Moat of lD\Y friends seem to feel tbat 

electl"'ftica engioeere make excellent operationo reMarcll.ers (but I should 

..at10D tbat moat of ~ t'r1ende are operations researchers who were elec-

troo1ca eng1Deera). Tbe system oriented engineer 1a likely to be IIUCb 

happier at it tban t.be campoDent deaigper or deep apecia.liet. Salaries 

an about tbe SU~e, but tbe true OR -.n gets hie reward t'rclm h1s cbance to 

aolft very cc:.plex probleas, al'be1 t ueu&ll.y superfic ial ones. He enJoys 

working on a teu vith an aatronall!r, a bio~e1c1et, and tvo topologhta. 

He baa his fnL8trationa, too, because his problems are often not solvable 

1o Ute u8\&&l. aenae. H16 frustration•, we may ea.y, are the fNetraUons of 

a ca.plex, rurtoualy 1.Dteract1ng vorld, and be teela both tro.atrated and 

revarded because be is 1.Dvolved in wbat 1s go1D8 011 mre than moat people 

an. 


