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PAR T I :  I NTRC*MJCT ION

1. A cou rse i n  operat ions  re sea rch/ sy s te~~ ana lys i s  is o f f er ed  b~’

~hc t’ . S.  Army Management  School , Fort Belvoir , Virg inia . This school

was e s t ab l i shed  in  1954 as a Command Management School and restructured

in 1958 to i t s  present  fo rm . This course , f i r s t o f f e r e d  in Janua ry 1968 ,

runs f o u r  weeks and utilizes nine instructors , military as well as civilian.

The identifying logo is on the fly sheet and the makeup of the second

class of Fiscal Year 1969 in fig. 1 .

MILITARY CIVILIAN

Colonels 5 GS-15 5
• LT Colonels 17 GS-14 4

Majors 11 GS—1 3 11
Captains 2 GS—12 2
2nd Lieutenant 1

Total 36 22

Fig . 1. OR/SAZC Clas s No . 2-69

Purpose

2 . The purpose of this  course , as stated in the Army Management

School Outline ,
1 is to give an under standing and appreciation of the

tschniqus. used in operations ~~search/sy$teU~ aflalY1i1 studies ; the capa

btltty of criticall y evaluating the studies ; the capability of interpreting



t h e s t u d i e s  to  the  d e c i s i o n  “ a k t ’ r and I he i ii V c c l  manag i ng he

s t u d i e s  . • \ f t e r  t h i s  I o u r — s e e k  course  , a n y o ne w o r k i n g  i n  ope r a t  io r ~

• r, s L a r ( h a va t en s  a n a l  ys I S  c 4 h ( I c l l ( l  t~ ab le  t o  do t h e  f o l l o w i n g :

a . E xamine  the  v a l i t h I ’  of t h e  s t a t em e n t  of the  problem .

h . Examine the  v a l i d i t y  of  t h e  a s s u m p t i o n s .

c .  Assess the  v a 1i d i t ~ of the Inpu t d a t a .

d .  Fol low the detailed methodolog y and analysis .

s~ 
Judge the v a l i d i t y  of the c r i t e r i a  used .

!~ 
Judge the logic of t h e  conclusions and recommendations .

Gues t Speakers

3. In add ition to the material presented in the course , one of the

main features of the course is the gues t speakers . These speakers are

drawn from the De p a r t m e n t  of the Army , the Off ice of the Secre tary  of

Defense , and support ing c i v i l i a n  o rgan iza t ions . Such controve r s i a l  topics

as the Ml6 rifle and Main Battle Tank were discussed , as well as motivatio n ,

life—cycle model , and systems analysis in the Office of the Secretary of

Defense

. 2



I ’ \ U T  II: t)EFINITIONS

4 . An old C h i ne s e  p r c c ~ r t  states , ‘ Wisdom begins whe n people start

c a l l i n g  t h i ngs by t h e i r  r i g h t  name . Ope ra t i ons  research/ sy s tems  anal ysis

has gone under  the  names : o per a t i or ~~a n aly s i s ; o per a t i o n s  research;  sys tems

engineering ; management science : cost—effectiveness ana~.ysis ; or sys tems

analysis . Conside r the following definitions .

Systems Analysis

5• Systems analysis deals with problems in which the difficu lty lies

in what should be done—-not simply how to do it .

Operations Research Analysis

6. Operations research analysis is the use of the techniques of

2
ma t hemati cs , or logical analysis , to help a client improve his efficien c y

in a situation in which everyone has a fairly good idea of wha t “more

efficient ’ means .

Cost—Effectiveness Analysis

7. Cost—effectivene ss analysis
3 iS based on the economic concept

that all military decisions involve the allocation for “ best use ’ limi ted

resources among c o m pet i n g  r equi r emen ts .

8 . F igure  2 shows the  r e l a t i o n sh i p  be tween these three d e f i n i t i o n s.

These analyses are usually concerned wi th the problems of the future , not

today ’s problems . operationa resear Ch deals wi th problems tha t usuall y can

be put in the form of one dependent variable wi th the resources formulated

‘I
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m a t h e m a t i c a l l y . T r e 1 ’ — o t  I s  - a n  t~ 1 t i ’ - ~~ I i~~~t l ’ ’~ I . I i i  s . s l c : :~~ una l ’ . s l s  t ’

ot ’j e c t i v e s  are  us~ i i ~~lv  m c i l i i p l.’ and c e i f l i c t i : i c ~ . ‘h a l e — f I s  ~~~~~~~~~ n

oh c l i v e s  as se ll as r e s ot l  ( ‘ i ’ ~a i \  He I n . ’s t i g a t e d . I t  ma~ i : ’ p ’  5 :  1 .

to sri te a m at hei r ati ca l expr ession ‘ ‘ t w a ’ n  oh - t i v e s  and resoci r ,‘h

•J ud~~n * n t  a nd  i n t u i t  ion are is’ in trad e—of Is .

F I SY STEMS ANAL Y S I S

RESEARCH EFFECTIVENESS

Fig . 2. Definitions ’ relationship

4
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9. Is operations research a science? By definition , science is

concerned primartl~ with the pu rsuit of truth and a better un~~ rstanding

of t h e  wor ld  in  w h i c h  so l i v e . O p e r a t i o ns  r esearch , almos t w i t h o u t

exception , is concerned with policy; tha t is , the  more e f f e c t i v e  manipu-

l a t i o n  of t he  r ea l  wor ld , even i f  this may have to be accomplished withou t

hull u n d e r s t a n d i n g  of the underlying phenomena . Its purpose is seldom

~crelv to u n d e r s t a n d  or to p r e d i c t .

5
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l’-\R’r I I I :  HI STOR Y

1(1 . .\ b r i e f  t c i s t c i  o f  op~’ r a t  I on s  r e s ,a I c  h
t 

t akes us c it k t o  t h e

T h i r d  C e n t  u r v  It . h . , w h e n  t I l , r o t n , K i t i g  o f  Sv r a ais ’’  a sked  \ r c h I r ~ , ’ h -s t o

t d - v i  so a mea n s  for b r e ak i n g  t h e  R o m a n  N a v a  I s ieg e of h i s  c i  t v . Sin c

I h a t  t UniV , poli t i c al  ari d m i i i  t a r s -  l’’aders h a ve  c onsul t e d  S c - j t t l t is ts for

so lu  t i Uris to problems of war

op t rat t o ils Research

11 . By Wor ld  W a r  I , t h e re were (-lear examples of  earls’ operations

researc h on both sides of t h e  A t l a n t i c in the attempts to analvte m i l it ar-

o p e r a ti o n s  mathematically . In  1914 and 1915 F’ . W . l~ nches ter developed a

se t  of eq u a t i o n s  t h a t  d e s c r ib e d  the  r e l a t i o n s hips b e t w e e n  v i c t o r y , numert~~al

s u p e r i o r i t y ,  and s u p e r i o r i ty  of f irepowe r . Thomas Ed ison  developed t h e

be st method s of evading and des t roying submarines for the Navy Consulting

Hoard . He did an anal ysis of z i g z a g g i ng  as a method of protect ing m e r c h a n t

s h i p p i n g . N e i t h e r  of t hese m e t h o d s affected the outcome of World War I.

12 . In  1939 a n u c l e u s  of a B r i t i s h  o per a t i o n a l  research o r g a nt , . a t l o n

already existed . One of t h e  problems s tu d i e d  jus t p r i o r  to  t h e  b e g i n n i n g

of the  war  was the i n t e g r a t i n g  of the newly developing radar system of

early warning agains t enemy air attack , with the older system of operational

c o n t r o l  based pr i n c i p a l ly  on the Observer Corps . This organization ant..lvzed

the variation in performance among the growing numbers of early w a r n i n g

s t a t i o n s  for  recommending Improvement  and i d e n t i f y i n g  weakness .

6
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13 .  P r o f es s o r  P . ~I .  S . I t l a c ke t t  of the t’ni i vers i i v  of Manc hester

assembled three ph\ S iolog is OS , two mat  henia t I ca l  phvs i c i s  ts , one as t ro—

ph y sicist , one Arms c c l I i c r , one surveyor, one general physicist , and

two ma t hematicians in a team for operations research work . “Blackett ’s

Circus ” showed the mixed team approach to operational problems . The~ we re

allowed to cross organization lines freely with none of the restrictions

usuaulv encountered . A problem studied by this team was coordination of

slant range and beari ng f r o m  radar  w i t h  e l e v a t i o n  f rom a different device

for anti —airc raft gun sites . They also did a comprehens ive collection

and analysis of damage statistics . Professor S. Zuckerma n , proceeding

from experimerts with animals to sys tematic observations of human injuries

incurred during air raids , arrived at relationships between the number of

bomb casualties and the bomb load dropped on a given area. These injuries

were less seve re than  o r i g i n a l l y  though t . The ratios that  he developed

were valida ted in connectiom with a 500—plane raid on Coventry .

14 . A ircraft attacks against U-boats were made when most submarines

were either on the s u r f a c e  or ju s t submerged . The planes moved in

i mmedia te ly  to a t t a c k , and the Jus t subme rged submarine was a more favorable

targe t than the deeper one . Depth charges , set for  100 fee t w i t h  a

le t hal range of 20 fee t , were made i n e f fe c t i v e  by the deep wate r se t t ing

whe n dropped on these submarine s . Recommendati ons were made for a charge

to be sit to explode at 20—25 fee t . The only fus e avails ,le had a minimum

depth of 35 fis t . Eve n with that depth sitting , the increased hits were

estimited from 400-700 percen t . The Germans said that a new and more

powerful weapon was be ing used agains t the m .

7
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15. A n o t h e r  t m p o r t t n t  p r ’ o l h i ’ m  was wha t s n i . -  of c - c , n d ’. o \  s a’, mos t

1 I ec t i ~~,’ i n  t e r ms cif f o t h  m i n i m u m  losses  a n d  m i n i m u m  t 5  o r t  r e q u l r c - s ~~t s

I n  1942 the average c c cn ~~c c ~ s c s i t )  s h i p s  p r o t e c t e d  h~ s i x es o r i s  . S t u d i ’  ~

s h c c s . d t f i a t  j n reased c ’ s c -  o r  t s w o u l d  reduce  I ossi s , tnt I ne i ¶ he t’ p1 i i i , ’-, i

c - s  c c i  ships wi re a~~i i j l a t , l e . lxss r ec o r d s  f o r  194 1 , 1942 , and par t of

10- 1.0 sh ow e d  t h a t  c on v o \ s  s-i t h  less t h a n  4~ s h i p s  s u f f e re d  2 . h per c en t

a~~e ra g e  los s , whe reas t h o se  W I  t h  more t h a n  45 s h i p s  hail 1 .7 pe r c e nt  a v ” r c ~~’

‘ - I S S  wi  ih  e s c o r t  vessel s  r o u g h l y  t h e  same , a t i c f  t h e  s i ze  of  I h i ’  t — b o a t pac ks

I i i  n v  u n i f o r m .

16 . The Na vy  and Af  r Force began work i n  operations research i n

c a r l  1942 . Prob lems ( d l  radar and ant i—submarine warfare we re the h i e  f

i t e m s  of in teres

17 . One Navy group ’ s work c u l m i n a t e d  eventual ly in  the aerial mining

of  .Japanese controlled wa te rs f rom Singapore  to  t h e  home i s l a n d s . Some

r~~’a s ij re of t h e  i m p o r t  ann e of t h i s  campa i gn i s  p rovided  in P r i n c e  Konove S

os~~I ma te that 5.7 percent o f  21s t Bombe r Command ’ s e f f o r t  in this task

had au c i  f c c  t ott Japan comparable to the high explos ive and i nccnd i a rv

bombin g of  t h e  remainde r of t h e  command ’s effor t . In January 1945 plans

s-i re complete , b u t  lack of mines delayed the program until March 1945 .

The n 12 ,00() mines we re l a id  and 1 ,200 ,000 tons of s h i p p in g  sunk w i t h  less

t h an oflO p er c e n t  los s of  t h e  B— 29 ’ s used d u r i n g  t h e  opera t i ons .

1)4 . One of t he  mos t i m p o r t a n t  c o n t ri b u t i o n s  was i m p r o v em e n t  of

techniques for searching out enemy su r face  ships and submarines . V a r i o u s

search methods wore devised for pa trol and reconnaissance aircraft .



10 . \ s t u d y  m c  I . -  c i  k a m i k a z e  a t t a  k s  n s h i p s  r i ’  omnoended t h a t l arge

S~~ 1pS s l u c c i t l i t ‘- an eu - . c ’ r  ‘~ i - t i n t  I v  and small s hip s  s h o ul d  c h a n ge  u t-s .’ more

s I s s ~~ T h i s  m anu , 1 1 - ’ - r  t - ’ - -
~~~ . - - h u t s  f r o m  17 t o  29 p e r - c - n t  . The s t u i d v  also

1 1 1 1  c a t  c u f  s I he sh i  ps s h o u l d  t urn to ii’ c i vi ’ i nev u t a b l e  h i  Is

2 1 0 . -t pos t — w , I r p c 0 ~1t ’m was a s e a p o r t — — a  q u 1 o u l l n o ~ p rob lem of  how to

kee p s’- i p ~u r n c r o u n d  l i n c  m i n i m u m  and \ v t  1~e t  m a x i m u m  u t i l i z a t i o n  of t h e

p o r n  l a c  u 1 i t ~

21 .  I n  l 0 ’ l l c  the tu r f - c r c - c  s p o n s o red , I o r  ic- n m i l l i o n do l la rs ,

Pro t e c t  P A N ~d (Research and Development Corporation) . In 1949 the Army

hudge’ed one million dollars f o r  Army operations research . Today ,-\ rmv

funds Research A na l ’.-sis Corporation , which is comparable to the RAND

Corpora l i on , and at leas t 50 percent of their budge t is used so u d v i  rig

m i l i t a r y  operatio cs research; however , today military operations research

is no longe r concerned mere1~’ with problems of achieving optimum results .

It mus t develop pre cli c tions of the results that may he expected from

adopting proposed courses of a ct i o n . These predictions can then be used

as guides t o  the development of future strategies , tactics , and weapons .

22. Non—military operations researc h has old management consulting

j firms that had already clone time and motion studies in 1920 and analysis

of  markets prior to World War II. Techniques for qualit y control and

industrial engineering and management consulting services were available

to management in the inter—wa r “ears . Such firms offering t hese services

were Booze , Al len , & Hamilton and A r t h u r  D.  L i t t l e , Incorporated .

9
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2 0 . () pc ’t’ .I t i on s  r i - s c - I t ’  I -  u c f c t c c f  h u m a n  t a  t c c r s  i n  u i  i t tars’ ~~-r L I  i ll-

IL- \ N1) C or p o r a t i o n  f u a i -  p-~ -. t i c l o g i s t s  , s i c  u c c l c c c l s t s  , c - c  i c r u o m i s  I s , p u l l  I I  of

S i c - F i t I s - t s , and c n t h r c u p c c l c c g u i - t s  (Iii t l i ’ - t r  s t i f f . It - cl s c c  a c f d e c l  m a t h i - m a l u c

pr  c us c - s

2-i . I n  1919 M .I.T. c - ~~ t ,i f c l  i s h c cf a c ( cu r s e  i r i  the non—nu ll i t a r ~ ip p i  u

o f  operat ico i s  r i - se a r  h . I n  ~~~c y i - u f c - r  ( d f  V the Ii r~ I numt~ ’r 1) 1 t h ~ c 1 c o c r t c

J o u r n a l  of t he Ope rut t ions Rese t i’ i i  Soc l e t  y of America was ptlt )l is hint

Op t - r a t i o n s  r , ’ s, - - c n - c h  is  r i - S i n  c u t  i n t c - r m & - c f i a t e  s t i g i - , w i t h  usc f c i l u i c - s ’ - 0 

strateil and r u t s m et h o d s  s t i l l  0c c - l o p i n g . The m a r k i n g of  a l l  p r o b l e m  a r c -

to which operations r i s c - c r c  1 us appli cable belongs t (c the future——not t i

its history .

10
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2 c . Look u u u g  a t  ( \ ‘ ~~~~ - l . A 1 s’~~ I~~F i ~-, ,c ria l~- sj s  , c c , r u S  I f .  r ’ t h e  c - 1 i - ~~c - r j t s  t h a t

‘~, c k c ’  u p  t h e  S c S t P iT~~, t n t 1 ’ ~s i ’  , ,p ~~c u ’ c c u ’  Ic (~~ c’e f i g . . ‘10 ~ - c c l  c - c  t i v i ’ , ( c i ’

c - f l  i c ’ i i  \ l ’ S  , i s  I hi- n - c a l  t u r n - I  i o na l  iic c c f  u n c t e r l  u ng t h e  r e q ui r e m e n t s  f o r

c e r t a i n  r g a n l z a t t d c n s  . In i h u n  t s a r c  s y s ? c - r i L s  . The dub ic’c ti :es cannot be

u n d u l ’c r e s t r i c t e d  i c y  c c n f i i s - l O n  ~c i t h  performance characteristics .

1 . OBJECTIVE (S)

1 
~~Thl’E5

I. MODEL

5 . CRITERION

Fig. 3 . Elements that make up syste n~ analysis approach

26. Alternatives are means by which it is hoped the objectives can

us - attained . Different alternativ es are not necessarily equivalent . For

instance , in iv i l defense protection of the population agains t a nuclear

si r , there crc ’ the alternat i ves id building shelters , building an anti—

m i s sL l e  sy s t e m , or b u i l d i n g  a deterrent system tha t will discourage the

enemy f r o m  ever attacking . All three of these ire designed to do the same

Occb—— pro te ( t the civilian population——and y e t  the y a l l  do i t  in an en t i r e l y

different manner. The alternatives should not be too restrictive , as they

also should not be too gene ra l .

11
SI,
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27 . The cost of each altern ative is determined b~ c onsidering

incremental cos ts ; these are the net -cos ts of adopting the altc’rnattvc-

For an i n c r em en t  of cos t , d e t e r m i n e  how muc h this b u y s  i n  ternvs of

effectiveness for each of the alternatives .

28. The mode l is simpl y relationships expressed i n  some w a s  t ( c

s imula te  real or e x pec t e d  ( ‘ond it ions  in order to foresee the expected

outcome of a course of action .

29. A model assists in simplifying the p r o b l em ;  i t  helps to iden t  i f ’ -

the significant components ; it identifies the inter—relationship s and

determines which variables are important for the decision at issue .

30. The cri terion is a rule or standard with which t o rank the

alternatives in order of their desirabilit y and to help choose the mos t

promising a l t e r n a t i v e .

31. Syst~~ analysis does not make decisions . Decis ions mus t be

made by responsible o f f i c i a l s  on the basis of f .u ’t  and judgment . Systems

analysis is an e fort. to define the issues and alternatives -learl v and

to provide responsible officials with a full , ac-curate , and meaningful

summary of as many as possible of the relevant fac t s  so that they can

exercise w e l l — i n f or m e d judgmen t . I t  is not a s u b s t i t u t e  fo r  j u d g m e n t .

32. All assumptions in an ana lys is  mus t be e x p l i c i t . A mark of a

good sys~~i~ analyst is t h a t  he s ta tes  the bas is in which  he operates .

Al though he will not necessarily make better assumptions , his errors w i l l

be more evident .

33. Syatena analys is , par ticular ly of the type required for military

dec isions , is s ti ll largel y a form of art . An a r t  can be taugh t in part ,

12



but not by means ot I f~~~ . ’ c i  r t u l c e - c  wi-cl II n i c - d  c n u 1 ~ t o  he f o l l o w e d  w i t h  e x a c t —

tess . Thus , t h i n g s  c c c - O c c u l t -  that c r-c ’ t hought to  Ls- r i g h t  b u t  t h a t  a t e  not

\ , - r t t i . c t u l t ’ , a re  n o t  r e a l ly  j u s t i f i e d , and  a re  r u ( - v v r c h f -  ked i n  t h e  o u t p u t

~~-rk . ‘c I , c n v  cc-hi t i v i - i c -  l n t a i u g t  c l , -  f a c  t ( c r s  derived from huma n judgment

c r .  c c e pt e d  as i n p u t s  , and answers are presented to be used as a bas is

c r  o t t - c ’ u 0 g ’a ’~ Is  -

~~~ i~~~’~- i t  sc r k ’  bec ause  i t  i s  d e si g ne d t o  m ake s v s t e m a t  i - c and

e~~ ict en t (ratta r than haphazard and unguided) use of iudgment by specialists

or experts in the field cd  i n t c ’ r i - s

35 . Sy s~~ ms anal vs j s  arid cc’s n—effect i ’~eniss analysis employ economic

~~n c - p t s  ( s i - i -  f i ,~. -1 ). S l u t - ’’ the unt il tarv sc-stem cbc t - s  t o t  produn-.. - a source

c i  r ’~venue , then there ire o n ly  two s ay s  t o  fix the cos t or fix effectiveness .

~1rs t of all , the cos t of  t h e  s y s t - n  can is - fixed and its effectiveness

maximized. Or , the effectivene ss can be fixed and the cos t of the sys tem

mi n i m i z e d .

COST/EFFECTIVENE SS ANALY SI S

FIX COST AND MAXIMIZE EFFECTIVENESS

F I X  EFFECTIVENESS AND M I N I M I ZE COST

Fig . 4. Economic concepts

36. The N a t i o n a l  S e c u r i ty  f rom the view of the economist is simply this :

The re is a q u a n t i t y  of national resources available now and in the future ; a

proportion of these resources w i l l  be alloc a ted to Nat iona l  Se c u r i t y;  ana the

e f f i c i e n c y  w i t h  which  these resources are so al located and used w i l l  be

13

_  

_



result of cos t—effectiveness analys is arid similar on c-cpts . The main

problem in cos t e f f e c t i v e n e s s  is  d e c i d i n g  “wh a t  is e f f e c t i v e ness . ” In

a missile system it may be kill probabilit y , or in a veh ic le deliver ’,

system it may be ton—mile d e l i v e r y . Someone has to dec ide a cri t or i - on c c i

effectiveness in terms of  t h e  system ’s miss ion .

S -

14



P-UI T \‘ : MODFI~

17 . One c c i  t h e -  n c - s t i m p u - r i a n t  pa r ts of S ’c-~~ tel~~ ;c n a l v s i~ is t h e  model .

Th ’. - purpose c i  - c model i s  t u c  p r e d i c t  n ’ c - a l — w u c r l d  b e h a vi o r . An e l e m e n t , as

~~h o w f l  in t t ~~. 5 , Is the srnal Iu-s ~ p i e ’  e . A simple model , it has two inputs

arid ‘ c - n t ’ -  u t p u t . W h a t e v e r  this small e st element is del ines the aggregation

ant i resolution of the system .

OUTPUT
INPUTS MODEL

Fig. 5. Schema tic- of a simple model

Model Building

38. To bui ld  a mode l consider  the following : decide which factors

are relevant; select quantifiable factors ; condense quantifiable relevant

fac tors by agg regation ; and es tablish quantifying relations between the

e lemen t s .

39. Analys i s  of the problem area would ideally produce a completely

quantified , abstract ,, and exact duplicate of the real—world sys tem . But

this ideal is not attainable or even necessary . 1~ vels of abs trac tion

imply a t rade—off  between l i m i t i n g  assumptions and exactness of f i t  or

dupl ication of reality , As shown in fig. 6, the closer to the real world

15
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the larger Ihe mode l and , ne’ c , ’ ssarily , more comp lex . However , a solu—

tion derived from any model m ay  r i o t  nec essarily be an optimum sol~~ t i c c ~c- -

Fig . 6. Modeling levels of a b s t r a c t i o n

Model Classification

40. In the classification of models
5
(see fig. 7), there are

classifications of degrees of abstraction from the real world . The

iconic or scale models are aerodynamic (such as wind tunnel) , mechani—

cal and hydrodynamic  (such as the models that are used at the David

Taylor  Model Basin) . The analog models are analog or digi tal computers

used in the model itself , not as problem solve rs , but

lb 

- -
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c-c c-. 1 p c - c t  1 c c - u i  c c i  ic e’ mode l s u c ’ f c -  ; L 5  i i i —  c c c  a c i i  j,c l - c c c 4 c l c t e r  i c c  s irn u la c

the .’ n e u r o n  p a t h s  uc t i c , -  b r _ c i a .  The l c , c l lcu mat ~ ci modc -l ~ , by l i i i’ t i c -

la- c -c ’s I ot t i n -  group, h,cc. -  as i~~ p i c - cil - x , c m j i l ’s t n ~~e - 1 c t O m -r , c i t i : c i ~ l i c i e - - ,

c- n i t  l i c a - - i r  p i - c c c - z r c~ c m l n c  c c - b -  Is

1
U b N IC (~- -\Ii)

•t } ( ’}l \ ’~ l ( ‘ti

- 
t t ’ c ’l ) R (  ) I)YN -\Ml ( -

-ic- N .- \ I A t ,  ( O ~c-tl’t’TER
i)IG II  -\1 COMPUTER

MATHE MAT I CAL
I N\ ’EN’I ’OR’u ’
W .-tITING LIN}
LINE-ill PROGE tMMINC

i t
Fig. 7 . Model Classification

M a t h e m a t i c a l  Models

41 . The mathematical model , the mos t sophisticated of the mode l

family , has the greatest predicti ve capabili ty and is capable 01 exac t

optimization techniques . Onc e f ormulated , any ccl the va r i a b l e s  of param-

eters included within the model may be manipulated to examine behavior of

the f a c t o r s  represented . This also lnplies that once, the model is bui lt ,

additional information about the real world cannot b~ introduced without

rebuilding the mode l . Typically , the concern is with quantitative versus

17
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~~ q u a l i t a t i ve ’  rn c cd e l s  ( S c - c -  f i g .  14). In qu-a nt i t at t~~e - m o d e l s , t h e - r e ’ c c r c ’ n , ’ ’ c - - --,

t h a t  r c ’ p c - e - s e ’ n  t numbe rs i i i  t he real worl d . In q ua  l i t c  t I ye m c(j e is , nc c- c- -

ccc - p u t  in  t h a t  r e p r e sen t  S d c c ~c e siti ~~c ’ c t i v e ’  q u antiti e s in t h e  ~~c c r l c l , sic i t —

zi.signu~ ,c numb e r t o  ( t r i t e r  re s pons e -  i n  a v e h i c  le :,u~~t e’1 c- as t c p p c c — c c ’ c - l  t c c

as c-a g i un g l t c c i m b c r t c  cc s p r i ng  c o n s t a n t . Th en t h e m- ’ ’ c u e -  p u ’ c - d t c - c f c l i ”  t i c  \e - r s c--

do to run i -ri is t ic In c c c - f e  is : in t he pro ta hi Is t i c  m c x te l  a Ic  - g r i - c ’  c c l  i n c - c  e r  t ~c i  n i t  c-c-
cx iS ( S an d proba bi, 1 i t y d is  t ri t;u I ions crc  used  ; s -t ic -  re in in a c-b’ te rm inc is t i

model eve r~- t  h i  ng is e ’ x a c  t1~ (let c ’ r m i n e d

QUANTITATIVE V~ QUALITATIVE

PROBABI LISTIC VS DETER MINISTIC

READ Y MADE VS CUSTOM BUILT

DESCRIPTIVE VS OPTIMIZING

ANA LYTIc MODE VS N1JN~~R I C  MODE

Fig. 14 . Type s of m a t h e m a t i c a l  models

42 . There are ready-made ve rs us cus torn— b u i l t  models , and us t as i

implies , the custom— built models are built for a particular purpose . There

ire descript ive versus optimizing models : the descriptive gives inforn~~tion

about parameters w ithin the model and will requ i re many iterations to

describe all the parameters ; whe reas the optimizing model gives an optimum

configuration or resul t Icy the nature of the model itself . The analytical

k mode versus the numeric-al mode is simpl y how the mode l is solved , and it

cfOi~s not have to be solvcd on a computer .  A n a l y t i c - a l  mode implies t h a t it

- .  
‘ solves the problem in (‘lost-cf I ecrm or by some exact techni que .

18
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43. FIgure ° i s  (it Ie ui “Techniques l u c r  So l’.’i ng Models ,” but a better

I c ’  m i g h t  be ‘ t~~s I c- Pr ! l, ’u cc Forms “0 4 5 c c - c  i a t i -ct si ib Mathematical Models

1. MATHEMATICAL 7 . SEQUENCING

2. STATISTICAL ~~. REPIACEHENT

3. INVENT0~ Y 9 .  C01~U’ETIVE

4. ALLOCATION 10. SIMUlATION

5. DYN AMIC PR OGR AMMING 11. SEARCH AM) HEUR IS TIC

6. QUEUING 12 . NET,VORK

F i g .  9.  Techniques fo r  so l v i n g  models

44 . Mathematical models , or statistical models, jus t imply s ta t is t i cs

are being used . The inventory models are typical  of maintenance of resources

in an idle state and provid , some response for future demands . In allocation

models th. concern is with the efficient allocation of resources to mee t

desired objectives . Dynamic programming , a subset of mathematical  programming ,

solves a larg. clas s of problems . Typical is th. transportation problem ,

activity analysis problem , or produc tion scheduling problem , where time is

a cor~ jderation . Queuing is characterist ic of a service facil ity concerned

with rates of servicing , input , and output . it requires the input to look

something like a discre te distribution funct ion , such as the Poisson ’s

distribution . The objective is to minimize both waiting time for cus tomers

and idle time for facilities .

45 . A sequencing problem refers to the orde r in which units requiring

service are serviced : whether the f i r s t in is the firs t out or whe ther the

_ _ _ _ _ _ _ _ _ _ _  
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One that requi n -c-s the smallest amount ccl se ’t’Vl c c - is sc- r~ - i t ’ - c l I i r s  I

replacement problem generall y h,cs t w o  c c c t c - g o r l c s  . It i n i v c c l ~~e ’~ 1 ‘ i ’~.’~ t I c - c c i

d eteriorat e .- with use a n d  p a s s .c g c -  ( d l  t i m e  arid Itcnm- , ( I i  c t  i c i l  c t  ( c i  a

certain . c m n o u n t  ccl use d e n -  t i rci ’ . 1v p i - .il I”  t h e  l i g h t  b u l l ,  rt p l a c -r ~. - n t  i c - c

a ic - e r ge - c c - I  lice building , ami d g e n er a l l i  s p e a k i n g  t ( Xlc - i \ , t he? c h e ape st  s c c -~~~~

tio n i s  to replac e ’ all bulbs at t h e -  same time a t  t c ’ r a e ’ rt al r c ~~- r 1( c ( l .

4b . (‘ oin pc .t i l  i v & -  models t i c - e v e -  t o  do s it  In game t I c - i - c - c r  ur i c - I  c - cempc’ t 1 ( 1 - c-

problems whe re the  (fec i s  ion by c t i e -  playe r a t  f e - c  t c, d e e -  i s ion s mad e’ I c - v  d c - I  her

players  . In game theor y  there- are t w o — pc r s d e m l  z t - r d c  sum games c c r  ( 5 c c — p e r s o n

non—zero  sum game s or n—person games . The three degree-s c - I  cernpe t i t  I c c - n  c r c

(1) knowing wha t the competition ’s de c i s i on  is in a cl v r n cc , (2)  no t  k n o w i n g

it but being able to pr e d i c t  it with some- degree cc - I e ’ rr c cr , or ( 3 )  knowing

n o t h i ng .

47. In simulation , the Spec ial purpose languages set up problems that

cannot be solved with mathematic s . Problems are set up as f low r a tes ,

levels , or s t a t e s  plus decis  ion p c i n ts  . lAnguages such as Sim a cr i p t  1 .5

and Dynamo from industrial dynamics are used to program such problems . An

example is a river c rossing where the purpose is to move the unit across

the r iver  w i t h  minimum tine and yet allow for all contingenc ies . It c-an

be handled only with some t y p e  of simulation . Simulation is a useful tool

to check po l i cy  or strategy .

48 . The search or h e u r i s t i c  mode l is concerne d w i t h  problems of wha t

resources to use and how to use them in order to d e t e c t  the presence ccl

some ob jects or conditions being sought , sue -h as submarine detection ,

2()

_ _ _

~~~~~~~~~~~~~~ —‘~~~~
, 

—



-

hi tt icg .crge’ s by are-a i n .  , or patrol r - c -  on n a i s sanc - -c- . The network

;c- n- c cb1 e’m~ a r e  ~ic l v e d wi lb t c - - c - c l s  s u c h  as PERT a rid CPM (Program Ev alua tion

Revl e - s Technique and :ri tt c c -c l Path Method , respectively) . Bas ically

then , the solution method I cc r m athemat ic--al model has already been decided

~~ c -n i  i t  i s  set up . One doe s not set up a model and then try to find out

~ c i -  e c  hniique th a t w ill solve it . Therefore , these categories are looked

a t  and in v es tigate - ct pri or to building a model .

49 . One port ic c ti c - c t  moc-tc- l building and solution that probably has mo re

glamour than some of t h i -  others is mathemati cal programming (see fig. 10) ,

whe re the re are two distinct areas , one de terministic and the other ~r~-

~i:~~~-:. ? r - L - t i i ~~~~ i - models use p r o b a b i l i t y  d i s t r i b u t i o n s  w i t h

some stochastic , or Monte Carlo , techniques or game theory to solve the model .

As in s t a t i s t i c s  techniques , random number generators  are used to make

many iterations where decisions are made under uncertainty.

MATHEMATICAL PROGRAMMING

I —

DETERMINISTIC PROBABILISTIC
I I

LINEAR NONLINE AR DYNAMIC STOCHASTIC GAME THEORY

INTEGER QUADRATIC

Fig . 10. Structure of mathemat ical programming
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~d . Game theory includes playing with war games whe i~- the c c - -~’~~c - i ’ t  i n  c i

is m o r t a l  e - n p m v  . In a w a r  game , nothing is proved lc ’.- a singl e - c~ c nue - , I c - c - i l

the analysis of t h e  game in the light of the a ss unp t i o tm  and t h e  s i c - m e - c t

c - t c -  i~ I i ve’s are t h e -  I oc ’a I pot cit  Prolca I c - i _ c  mos t is  ~‘a m w- el I ron war g,iri1i - ’~

s impl ‘c- Ic -v set  I ing up the structure cc l I he game itself , such as d c - n e w d c - d i  1(1

s et  up any mode l .

c-c Linear Programming

51 . In deterministic models , linear programming solves f or  an ob ;ec - U - .’

function tha t is maximized w i t h  res pect to some l i n e a r  c o n s t r a i n t s . I t  rnuc_ c

be solved I c _ c  hand with a SI~~~LEX METHOD or GRAPHIC HETHW if there  arc on l ’

three or four constraints . Non-negativity is assumed in the answers . Some-

times in linear programming it is desirable to have intege rs as a result ,

and a different technique called “integer programming” is necessary .

Non- Linear Programming

52. Ii the constraints can be linear , then they also can be non—

l i n e a r ;  a special  version of non—linear  programming when the constraints

are second degree is called “quadratic programming .”

Dynamic Programming

53. Dynamic programming , started in 1952 by Richard Bellman 01 RAND

Corp ., deals with decisions tha t are time or sequence dependent . It can

treat continuous or discre te systems , linear or non—linear , and it has

built—in contingency plans , The major diffi cul ty is stating the problem

22



ca , ’ ‘. he c u l cl ‘, , c c ~ ‘-~ i ! h c- x t m ’c ’ n c - e ’ c n ’e -  t he res c - c l ( s  c - c t  c - I ,  n a c - i c -i c - pr ogram m ing

~~i ‘h  . -  ~u c-~ i c c - u s  -‘ - , -~~ ~ I c _ c  c - i c c - c  c - c - ’ -  e x c e p t  1 1 c c -  L , c - r c - f  -~- l l m n i a n .

t i e ’  is i c c - m i  Theory

~~~~~ \ c -~~c c i  f a r  I ’ ’  h ’ c - i c -~ ue , havl’ig to d.- c - w ith ga me - theor y in a wa_ c - ,

i~ Ic’ is  t o n  t i e .- I h i ~~ c- i c e ’  assumes t ha t  t h e  c’ompetit ion is nature ,

i~ ’ c - t e L  i s  i c c - n i  rules .c re t c-cr ied ( c - c -  a c- c n i e — s h n t  app l  ic at ion , and nature cannot

c r c c d c s e -  . Dec isiort theor’c ‘em-sos game theory c - arc be categorized as follows :

}o r a problem t h a t  is singular and w-l l defined , apply a mathematical

model . For a problem that is multiple and in conflict and the conflict

:~ in nature , use decision theory. For a problem tha t is multiple and

in  co n fl i~~t with an obnoxious adversary , use game theory .

23
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PART VI :  t~NCERTAINTY

. All models pre d ict future events with v a r i a b l e  r e s u l t s , 1115k i s

t h a t  p o r t i o n  of the van  a t c i l  i t _ c  of future event s w h i c h  i s  mno - , t s ur ab l e  c - i n c - I

quan t i t a t 1 y e -  . It can be i nsurecd ag -c-ir is t by adding Ic c c - c - cs ts . Un cr1 a in t

re’ l u t e s  t ( c - ( hose pheri (cmencc wh I - Ii urea to variability and c anr i cc - t he ins c-cr. -c - I

agains t by adding to c o s t s  . It dec -es n o t  mean cOmpl e t ( -  i g n o r a nc e or t h a i

no relevant experience c c - X i s  ts . Rather , it means that the degree of 1 g u c - c r c :

is unspecified .

56 . Examples of u n c e r t a i n t y  are t h r e a ts  to our iJationa l Security , -cc- ,

t o  where and when ; the c apability of systems to perform as speed icc-f ; and

the capability of a cos t analyst to translate the design of a sy stem in (c

a statement of resource requtr~~ients and c ost s . The latter may be dealt

with by using cos t sensitivit y analysis , the process fo r  examining how

total sys tem resource requirements or coats change as key sys tem charac teris-

tics are varied over a relevant range .

Delphi Technique

57. The Delph i technique is used to de termine some of the subjective

probabilities . This is a technique that tries to improve the consensus

method by subjecting experts ’ views to each othe rs ’ criticism withou t actual

) confrontation and all its psychological shortcomings . It replaces direct

debate by a carefully designed program of sequential individual interrogations ,

bes t conduc ted by questionnair es , interspersed with information and opinion

feedback derived by computer consensus from the earlier parts of tlw pr ogram .

24
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l e c -  i s  i c - c u  Unde r Uncertaint y

t ’ n c er tu i n t  y , d c - F  n I c - c ’ approach 10 uncertui ntv , is shown in I ig  . 11

a c c f l c - , p i i O f l  c - ct decision under oncertain ty. The expl i cit data are obtaine d

cs as  is (or the p r o b a b i l i t ie s , e x per t  judgmen t f o r  s u b j e c t i v e  p r ob ab i l i t i e s

c c - i c - f  t hen  t h e  d ec i s i o n  is made under r i s k .  Remember  here a g a i n , t h a t  we do

c - i c - c t make the choice but  present the information to the decision make r .

CHOICE
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~iP~~N OFT}—~~~~~~~~~~~~~*LIIIJ

DECISION UNDERL _ _  
— —

~~~~~~~~~~~~~~~ A AS A BA$IS
UNCERTAINTY OBT

L~ 
PROB ABILITI E S 1 I

TAIN EXPERT

BJEC TIVE 

UNDER RISK

OGMENT FOR _ __j

ROBAB ILITIES

Fig. 11 . Approaches to uncertainty

59. Judgment is important . it contains uncertainty; experts can be

wrong . So now consider some of the pitfalls in this me thod called sys tems

analys is .

25
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PART ~‘Il : PITFALLS

60 . Formulati on i s  a leading p i t f a l l  in svs ~~-n ~s - c - r i~t l  vs i s  (~~c - - e t c-: - I~ I

it is the failure to all oca te ’ e n m c - t  spend c-c s u f f  i t  ce- nt share of n t ,  i c - t a t

time available d e c i d i n g  wha t the protciorn ti- c . The ~~- n d t e - n c -  c-, t i c -  ge’ t s t - c - r i  i - c t

wi thou I r e a l ly  t h i n k i n g  a ben 1 the  p r e c - b l c m  , I c - eec -k i r i g  - i t  un d c i l  y re- s t r c  c n e - c - i

m’ c-tn ge s of alternatives , or trying to make’ t he  problem i c - c o  l a r e ’ - — — c-c 11 a r e -

errors in I cc-rmu la t ion . Reme-mix ’r t h a t  c - c l t c - - r c -~~- t i vi i— arc- se-lcfc ,m i - i  I I c - - i - - c- -r a c t

generally a range ol m i x e s  i c - c  he c (c -U s  c c - f e -  y’e c - f  .

FORMULATION

PR OCEDURAL FALLACIES
AU THORITIT I S
MECHANITIS

SEARCH

EXPLANATION

INTER PRE TAT I ON

Fi g.  12 .  Pitfalls in systems analysis

61 . Procedural fallacies arise when the custome r (probably .t general

or admiral ) is allowed to c hoose the criteria . This is referred t o  as
c-c-

authorit itis .” ’ Mechanitjs ” is putting machines to work as c- c substitute

for hard thinking . The only way to choose criteria is to undertake analysis .

The p i t f a l l  is to believe the on t r a ry .

62 . Search pitfalls can be avoided if the evidence on whit- h the

a n a l y s i s  is to be based Is c a r e f u lly  examined . Beware of “of fictal figure-i-,

26



qu o  ted from some pubi i cat i on • The only thing offi cial about them may be

‘us t the fa c -  t t h a t  t h e y a pp e a r  in the public ation . Comple tel y mistaken

t e c h n i c - c - c l  notions or Ic - c c - I s  have been inc luded  in analysts .

* t . It is poss ib le  to become engrossed in  the w o r k i n g s  of a model

and 1cc-s e  s i g h t  c c - i  the real world objectives . The model mus t be designed

(0 ansWe r real world questions , but care mus t be taken not to make the

‘:c - c - c - c t t - l  the end product . There are also dangers of oversimplification in

t he- model . The belief that there are “universal ” models must be avoided .

The tendenc y exists to ignore uncertainty or to try to remove it by

assumption . All of these errors are classified as exp l ana t i on  p i t f a l l s .

64 , Once the ana lys t s  is complete , the results mus t be presented

without bias to the decision maker. But this is most difficult for the

syste n~ analys t simpl y because of the time and work he has inves ted in the

problem . Iii comparison of sys tems avoid putting too much faith in the

values of vsrtables which de termine the strategy associated with the bes t

sys tem . Too often these become “official figures’ withou t fur ther justifi-

cation . A serious problem in the interpre tation is that the analys t may

face severe punishment if wrong , but is seldom rewarded if rtgnt . Thus ,

it is imperative that the decision maker clearly define the rules under

which the analys t is expected to work.

27

~~~~~~~~~~~~~~~ -
~~~~~~~~~ 

.- 

- ~~~~~~~~~~~~ ~~~~~ i~ ’~~’”
- -

~~~

-

~~

-—
~~~ ii - - - -



PAR T t Ill : I~SF, OF COMPUTERS

65 . The d ig i t a l  c o m p u t e r  is a tool w i d e l y  used in sy s ten~, a t i a l v s i s

s I ud les . I t  is not a technique c- f opera lions resea re-h . The c o m p u t e r  c - c - s

it is known today cannot help with c-iproblem that cannot be int e llectuall ’,

s c-lve d wi thout the computer~ The rcc-sult s are no be tter than the model ~t i - h

t h e  computer has implemented . Unfortunately, the I cc c-  t t h a t  a compu te r  hc-ts

been used i n  an analysis is frequently used t o  g i v e c - c r c  u n w a r r a n t e d  aura  cci

authenticity to the results .

66. Three major misconception s in using compute rs are listed in

7
f i g .  13 .  In using a compute r  there is a t endency  f o r  a n a ly s t s  to  con-

sider the problem analysis , program design , coding , and debugging as triv ial

and requiring but little time for completion . At best  this attitude can

result in a serious underes t imation of the tine required to perform these

vital functions . It can also result in a poo r job or miss a deadline

completely. This false idea of ease of use will result in the analys t ’s

avoiding the computer in the future .

1 . OVERESTIMATING EASE OF USE

2. OVERRELIARCE ON PAST EXPERIENCE

3. OVERDEPENDENCE ON RESULTS

Fig . 13. Common misconcept ions  in using computers



67 . ~~c-nne -t Ime s I hc c - s, - who have experienced a degree of success  i n

previous computer c-cpp l i c  c - t i c - u s  may r e ly  too  hc av il c-, upon the d a t - c  avail-

able f rom t h - s e  p .c - s t  c o m p u t e r  r u n s . Programs may be extrapolated or used

~c - ’ r a sIi - c - il a r but entir t’ 1~ erroneous application with the results being

sc-c-rthle ss . This mis application of a compute r program may require extensive

i - c - c - c l i  icat ion to  the program be fore the ass igned job c-an be correctly

pci- formed .

68. The third mi sc cc - nc - ept i cc - n is the assumption that results or outputs

from a comput”r are virtually infallible . This attitude seems to grow as

pro~~i c -  tenc ’c- arid enthus ias m in the use of computers inc rease . The computer

o u t p u t  Is a r e f l e c t i o n  of the e f f o rt  expended in the development of inputs ,

including the expertise employed in the conception of initiating parame ters ,

the qualit y of professional computer technique which went into the design

and production of the program , and the relative accuracy of the various

i n p u t s . These c o n t r i b u t i o n s  may provide a reasonable basis fo r  s up p o r t i n g

the f i n a l  answer , but they should not preclude the intercession of sound

judgment .

Conclusions

69 . Sys tems a~ lysis represents an approach to , or a way of looking

a t , complex problems of choice under u n c e r ta i n t y .  I t  o f fe r s  a means of

d i s c o v e r i n g  how to design or to make e f f e c t i v e  use over t ime of technologi

ca l ly complex structure in which the d i f f e r e n t  components may have apparent ly

conflicting objectives ; that is , an approach to choosing a strategy that
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y ie lds th e - b e s t  ba lance  c - c m ( c - f l g  risks , e f f e c t  iveness , and c O S ts  . Its

purpose is to plac e each e lement in its prope r context so that in the

cml the svs tern as a whole may zc c -  h i e - v e  i t s  a i m  w i t h  a minima l expe nd ! lure

c - cl resources . Thus sy s t e m s  anc -clvs is is a c-omznon sec- rise- approach t o  probl -:~ 
-

of d c-c i a  i on . “Today , sy s tents a n a ly s t s  are go tt in g  to be both more modes I

about their cia im.s and better at their work . It the trend c-on I i flues

we- may well come out w i t h  c-c m a t c h  b e t w e e n  c la ims arid p r o d u c t  .“ ( He rman

K ahn , R AND Corp., 1956 .)

70. The Department of the Army is very interes ted in sys tems analysis .

In the f u t u r e  al l  large procurements  and reques ts f o r  researc h and dcve le c-p-

iment funds will reflect this approach . The question is no longer one of

whether or not to use operations reseach/systems analysis——the Department

of the Army insists on it
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