
AD AflO 3fl DEcENSE SYSTEMS MANAGEMENT SCHOOL FORT BELVO IR VA F/S 5/I
V DECISION TICORY AND TIC VALUE OF IJEORMATION. (U)

NOV 73 K S HERBERGER
UNCLASS IFI ED ML.

I I

___ a



II ~~ ~~~L

_ _  
22

I . I ~ H0 2o
II1I1~8

I 25 
~fl~

i.4 flfl i.o

MIC F~OCOPY REsoLur Io ~4 TEST CHAR !

~ A L BUPLAU S~ ~N I ~~~



DEFENSE SYSTEMS~~~~~iuJ

~MA NA GEMENT S ~LYHO OL

~
. 1 .

Pro gram Mana gement Course
Student Stud y. Pro gram

•

D~CIS1C~ TH~L~~Y
A~ D TH~

VALU i~ C~’ I~~F (~~J..ATIC N
STULY Rn~ (RTr:~iC 73—2

~onneth S. EerbergerLieutenant Colonel USA

I. ~~ Noventher 1973
C-,_ 

— ~~~~~~~~ __

(1~~~ ~~~ -I 9

Fort Belvoir , Vir ginia 22060 JL~U UU ~-~J
~. ~, ..~R



“~~~~~~~~~ ‘~~~~~~ - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.~~~~~~~~~~~~~~~~~~~~~ -.r t

a

SECURITY CLASSIFICATION OF THIS PAGE (Wh en Da te Entered)

D DADT 11(1(9 Ia kIT ATIAkI D A~~ READ INSTRUCTI ONS
u~ r ~~~~ i I,~~~~ um ri I ,i I U ’.” U 

~.‘ BEFORE COMPLET ING FORM
1. REPORT NUMBER 2. GOVT ACCESSION NO. 3. ~~Vt4PIENT S C A T A L O G  NUMBER

4,---TITLE (aid Subtitle) ~~ 1’~f B £ ED

DECISION THEORY AND THE VALU E OF INFORMATION ~~~uden~~~~~~~ e~c /eP~~~~/
3_2

- 
. PERFORMING ORG. RE~~~~~~~~Ü~~~ER

8. CONTRACTOR GRANT NUM9ER(a)

• KENNETH S./HERBERGER

9. PERFORMING ORGANIZATION NAM E AND A D D R E SS to. PRO GR AM E L E M E N T . P R O J E C T . TASK
A R E A  & W O R K  U N I T  N U M B E R S

DEFENSE SYSTEM S MANAGEMENT
FT. BELVOIR , VA 22060

II. CONTROLLING OFFICE N A M E  A N D  ADDRESS 12. REPORT DATE

DEFENSE SYSTEMS MANAGEMEN T COLLEGE 197 3-2
FT. BELVOIR , VA 22060 ~~ NUMe;R~OF PAGES

14. MONITORING AGENCY NAM ~~ 8 AODRCS I di If .,eet from Controlling O ff t c e )  15. SECURITY CLASS. (of thta report)

~ 
/ ‘ 

/ 

/ 
UNCLASSIFIED

-, r  / I5e . DECLASSIFICATION/DOWNGRADING
-—-. - - -.*.- —-—-‘  SCHEDuLE

16. DISTRIBUTION STATEMENT (of fb i .  Report)

UNLIMITED ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Approved f or  public release;

Distrthutj o~ Unlimited

17. DISTR IBUTION STATEMENT (of the abatract entered in Block 20. if differen t from Report)

a ta SUPPL EMENTARY NOTES

SEE ATTACHED SHEET

.

19. KEY WORDS (Continue on revere. aide tI nece.aary end ident i fy  by block number)

SEE ATTACHED SHEET

• 20. ABSTRA CT (Continu. on revere. aid. if n.c...ary end tdent tfy by block numb.r)

~~~ DO ~~~:I;, 1473 LOtTION OF t NOV 83 IS O~~SOI..ETE A
_ , _ _ _~~~~ .e. A -_•-~~~~~~~ . 1 _ A  ~~~~~ . _~~~~~~ . ~~~~~~~~ ~~~~ . . .  ~~~

- -



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

DEF E.~~. SYSTa - ‘. T”E ~ T ~lHQ~~.
- - - 

~..-
- .- - ;-;J~~~

_
~~ . .-... - . .-. — .

STUDY TITLE:

Decision Theonj -ir.~ tn —  ,
~a u e  of i n f o :’ ~~~ c :.

~.a—~~.----- ~~~~~~~~~~~~~ 
- -  - . ~~~~~~~~~~~~~~~~ - -.~~: =

- : STU DY PRc~L::1/~ j Es i II~’,: : ~ . ~“r ”~~t cn  re .y~ rer~~: ~~~.
‘ .

m r a ~~ Qr  ~~~ n o~~t o? / . n i r c~n s’ist’~n-s. .t’~ ~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~~~~~~~~~~~~~~

t h ~ v~~~u .~- o f  j r .f o r T a t i o r  w o u i ’~ he d e s i r a b ~~ ’ ~.c t o r~~in ’~ -

c ornr n~~t r n e n t  o f  r e s c - J r o e 2  to  i t s  c o l l e c t i on

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

ST UD~~REPOR1 ABSTRACT:
The c cn t i n ’  n e e r ~ f o r  a d d i t i o n a l  i’ f c r n a t ~~on t o  s - ; n r ~c r ~

+ r ~~~~ ~ecisio” ~ra~~~~: ~rocess ~‘n~ exe~ e~ a s ~~~~~~~~~~~~
“

~~~~~~~
-
~~
‘“ ~“— a-

the costs of wearons s1nt’~m acluisition. ~ chnic’i e to e;:~T .u~~
the coter .tia. contrib ut ion Cf additional m on. tc tb~
decision rna~’i r .g  m roc enn is ni-esentel . 2ec~ n jcn ~h e c r . ’ ~~~~~~~~~~~~
to inc .ude decision ~roes , o~ aoility aSS~~r s n e n t , ‘:c~~t~~cr
and i~uartific atio r , of ‘~ in e r s~~c- r.S to e v a l u a te  t h ~ c’.:nconon ~~result of a decisi .~n an~ r.rc:-osed as a sv s t er ~~t I c  =i~~nr i-’~ t o
evaluate t h e  p o t en t i a l  va u e  of  a d d i t i o n a l  infomn —~t i o n . _Th•

~ ~~~~~~~~
to in t e ~~r at e  t h i s  ccr ~c’~n t  w i t r .  o t h e r  man a~~er r e n t  t oc - n ~~~~~~~~~~ c o r t r : —
b u t e  to  t h e  allocation of or - ~an i z a t i o n  resoumo~ m to t h e  co I ec~~~or
of a d d i t i on a l  icfcr’ma tion.~~

KEY WO RD S : MANAGEMENT CONCEPTS DECISION THEORY DISCOUNTING

INFORMATION SYSTEMS

X ,  . - :~~~? ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ -
-— .

~~- 
.

-~~~~~ ~ 
. 

~~~~~~~~~~~~ ~~~~~~~ ~~~ ~~~~.5Lu .iin~ , -~ n< S~ rv~ ce
~~~~~~~~~~~ ~~~~~~~~ ..;.

~~~2 , : ..~..  .~m n v  ~~~ ‘~ 3 — 2  :~ov ~~~

~~~~~~~~~~~~~~~ - ~A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- -- — - - -  - -- .‘ - . -~~~r - - - - - 7 ” ~~

F ~!LISS11~ lv

:~ 
DECISION THEORY

AND THE

- 
-.—.— VALUE CF IN~~ RMATICN

. Iv 
t lIST ~~~~~~~~~~~~ 10011

• ~~~~~ A~~tL . ii

An Executive Summary
ofa

Study Report -

Kenneth S. Herberger
Lieutenant Colonel USA

November 1973

.

Defense Systems Wanagement School F) D C- Program ~..anagement Course -~~~~~- r’-~ r• 
• Class 73—2 1 11L: .- .J LJ~

- 
Fort Belvoir, Virginia 22060

.~~~i~IBUTIo~j cT-; TrMEr !r A
ApplQv.d for public release;

Dj stxjbutj o~ Unlimited



Executive Summary - -

C-‘ The purpose of this paper is to illustrate the applica—

- 

- 

- tion of Decision Theory techniques to the evaluation of

information requirements.

The Department of Defense has recognized the impact of

- 
. information requirements upon the acquisition cost of weapon

- 
-~~ systems. Publication of DOD Directive 5000.19 provides

specific criteria to be used in determining either new infor—

mation requirements or the continuation of existing information

requirements. While much emphasis has been placed upon manage-

ment personnel to reduce information requirements , there has

been little guidance to assist in the accomplishment of this

task.

This paper presents a broad outline of the major elements

of decision theory which can be used to evaluate the potential

merit of collecting additional informat~.on in support of

decision making. It is not the intent of the author that this

methodology be embraced with blind faith. Rather that managers

at all levels become acquainted with the systematic approach to

problem definition and resolution which this paper recommends.

The mythical ZULU SYSTr~M (zs) is used to illustrate the

application of this technique to a decision problem . The ZS

illustrates how the potential value of information can be estim—
-
. ated by comparing the result of the decision mad e without infor-

mation against the end result of the same decision made with

additional information.
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- - There are many factors which bear upon the collection(
~)
- of information, some of which are not addressed by this paper.

If this paper will cause management personnel to evaluate the

- 
. 

potential payoff against the hazzards of not collecting ad-

ditional information then it has served its purpose.
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SECTION I . -

- 

Introduction

The impact of the cost of information requirements

upon the acquisition costs of major weapon systems has been

an issue of concern to the Department of Defense for a signi-
- 

- ficant period of time~. In 1962 it was estimated that between

forty to sixty percent of the cost of major weapon systems

was attributable to data and documentation in all of its forms.’

The issuance of recent Department of Defense Directives indicate

that there is a continuing concern as to the impact of informa-

tion costs and the anticipated benefits as a result of its

collection. 
-

“Two major factors will be considered prior to the

imposition of a new or continuation of existing

information requirements:  the cost of obtaining

the information in r e l a t i on-to  its use , and the

penalties and risks associated with not having the

information ’1 . 2

The above excerpt provides sound cri teria to be used in

assessing the meri ts  of collecting information , but there is

l i t t le  in the way of guidance as to how it shoul d be imp lemented .

1. ______________ Princi-oles and Ar lications of Value Enoineer—
ing T r a i n i ng  ~ u ide,  Depa r tmen t  of L e f e n s e , W ashi ngton , D~~ T
pp. 6—16. (undated)

2. _____________ Depar tment  of Defense  D i r e c t i v e  5000.19,
Departm ent  of Defense , Wash ing ton , D . C . , June 1971, p. 3.

-: C 1
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The methods for allocating the costs associated with the

collection and processing of information alone are an area
- . of study which would accommodat e many d i f fer ing points of

view . As an example there are few organizations which expense
- - the research time and effor ts  of the many people required to

- - support the numerous conferences and reviews which are con-

ducted prior to high level decision meetings held within the

Department of Defense. Yet each of these collection efforts

— is accomplished in support of collecting,  processing, and

evaluating information to be provided to the principals of

the decision meeting.  The thrust of this paper however , will

not be directed towards the mechanics of collecting the costs

associated with information requirements , though it is a

worthy undertaking.

The purpose of this paper is to illustrate the application

of decision theory techniques as a systematic approach to the

select ion of al ternatives, and the de terminat ion  of the value

of related outcomes. The use of this approach will provide

the decision maker with a measure of the consequence of his

decision and consequently a basis for evaluating the impact

of making a- decision without additional information. The

decision theory technique will then be used to illustrate

how the expected value of information could be developed , and

thereby provide the decision maker with a yardstick against

which to allocate resources to the acquisition of additional

information.
-
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It is acknowledged that there are some areas of manage-

merit for which there are accurat e decision rules and standards

- 
which can be used for control of the operations of an organiza-

tion. This situation is more normally foun d at the lower levels

of management , but is seldom the case in middle or upper level

- - management . A review of the decision making process at the

higher levels of management will reveal a preponderance of

decisions which are required for unforeseen problems , which

rely to a high degree upon the application of the subjective

judgment of the decision maker. The unpredictable and un-

structured nature of high level decis ion making process

dictates  that a systematic approach be used to evaluate the

need for addit ional  in format ion  in order to assist in the

selection of the best a l ternat ive. 
-

~The rationale of this  paper proposes the use of p robab i l i t y ,

expected value , decision diagrams , subjective values in an

integrated ef for t  to assess the possible outcomes of a decision

a and subsequently the expected value of informat ion related to

the decis ion under considera t ion.  App l icat ion of this  t echn ique

• will benef i t  the decis ion  maker in that it will enhance problem

de f in i t i on  and assessment .  The use , of decision theory fac i l i—
- tates the examinat ion  of complex problems by reduc ing  them to

- 

a series of less complex and consequently more manageable

- 
decisions. Those who have partici pated in managerial decisions

where there were elements of uncertainty will readily agree

C” 
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that the identification and treatment of areas of uncer ta in ty

C) signif icant ly  contributes to the decision making process.

The generalized concept and its primary elements are

described in the second section of the paper. Subsequent

- sections of the paper use the decision problem for the mythical

- 
ZUL U SYSTEM to i l lustrate the application of the methodology .

The fo l lowing summary of the ZULU SYSTEM acquisi t ion  e f f c r t

is appropriate to enable the reader  to appreciate the role of

decision theory in the selection of alternatives and the evalu-

ation of the expected worth of information. The ZUL U SYSTEM

had completed research and deve lopment  acceptance tes t ing

(RDAT) in April of 1972. (Point A of Figure 1)

At that time it appeared that  there was a reasonabl e degree

of success for the development of a producible ZULU SYSTE~.

The series of tests accomplished as a result of the decision

at point “B” were to measure the system performance in an

envi ronment  and manner  s imilar  to that  in which  it would be

dep loyed . As i l lus t ra ted  later  in the paper the results of
S the test  are incorporated into the ini t ial  probabi l i t ies  of a

pr o d u c i b l e /n o n p r o d u c i b l e  sys tem through the appl ica t ion  of

Baye ’ s Theorm . The paper then  a d d r e s s e s  the use of d imens ions

- 
to evaluate and quantify the possible Outcomes . Quantification

- 
of the possible  o u t c o m e s  is the n  reevai T la ted  in the  event

- additional information were collected. Comparison of the
- alternatives provides a yardstick for gauging the potential

r 
worth of additional information. 

- .

C 4 
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C SECTION II - -

Decision Theory

The application of decision theory techniques provides

a systematic approach for the analysis of the possibl e outcomes

of a -decision probl em . It does not provide the decision maker

with the exact results for his decision but it brings into

focus the elements of uncertainty and allows the introduction

of prior experience and knowledge in the assessment of the

various alternatives. Once the possible outcomes have been

evaluated and quantified it is then possibl e to gain a measure

of the expected value which additional information could contri-

bute to the selection of the possibl e alternatives. The expected

value of the outcomes with information is compared against the

expected value of the outcomes without informat ion.  The dif—

a ference between the outcomes is the maximum which the

• decision maker should be willing to pay for the additional

information. This will be demonstrated using the ZULU weapon

• system in Section V of this paper.

The elements of decision theory and their general relation—

Ship are i l lus t ra ted  by Figure 2. The decision tree provides

an effective means for the graphical representation of the

decision under consideration and the various outcomes for

completion of the project. The square blocks represent acts

over which the decision maker has control , that is he can

select which path to take. The circles represent event forks

C 6
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which are not under his control.  Though only two paths are

illustrated there are normally many possibl e paths. The re-

duction to the, two paths does not invalidate the theory as

they can be treated as the representation of the average for

the possibl e outcomes.  The decimal figures on each of the

- - event forks represent the probability of the outcome with

which it is associated. The methods for obtaining the pro-

babilities and the impact which they may have on the possible

selection of the alternatives will be addressed in the follow—

ing section. Through the application of backward induction

the probabilities are applied against the terminal values of

their related outcome .3 By this method the average value is

computed for each event fork. It is assumed that the decision

maker would select that alternative which would yield the high-

est probable ou tcome .

The terminal value for each of the outcomes  is computed
- 
by means of the value assigned to each dimension associated

with the specific outcome. The critical impact which the

assignment of the dimensional values have upon the selection of

the alternatives cannot be over emphasized. Problems and

techniques used to obtain the values ascribed to the dimensions

are addressed in Section IV of thi.’s paper.

3. Raiffa , Howard , Decision Ana lvr -is, Addison —Wesl ey, Menlo
Park , California 1970, for a more comprehensive discussion
of backward induction , p. 25.

( 
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( - 
It should be noted that the probability of developing

- - 

a producible ZS is not the same as the original probability

-- assessed after completion of RDAT in April 1972, but includes

the impact of the information obtained as a result of testing

conducted after testing of the original probable outcomes.

- - The methodfor obtaining these probabilities as well as those

- for the relative success of the contract if modified will be

discussed in detail in the following section.

-

~~~~~~~~~~ 
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SECTION III 
-

L) Probability Assessments

- -
- The application of the concept of probability in every-

day activities should faci l i ta te  understanding of its applica—

-~~ - 
- - tion to decision theory . In applying probability to the

seleàtion of alternatives it is imperative that consideration

be given to the method by which the probability was obtained

and the impact which variations of the probability would have

upon the outcome.

In some cases the probability is the result of observations

mad e over a period of time , or accumulated as a result of test

ef for t s .  The original assessment for obtaining a producibl e

ZS in April of 1972 was .7. As a result  of the test e f for t

this probability was revised by application of Bayes ’ Theor rn .

This theorm ~naintains that  the  va l i d i t y  of a hypothes i s  can

‘ be operated upon by a~plying the result of test datum against

the original hypothesis  based up 6n the l ike l ihood ra tio .  “Th e

l ikel ihood ra t io  is the number of times more likely it would

be to observe the data if one hypothesis were true than the

other were true.”4 This appears in symbolic notation as
- 

. p (H1/D) P (D / H 1) x P ( H 1)
_______  

= 
________________  (Where D indicates the data

- P (H 2/D) P(D / H 2) X P ( H ~~) was observed)

- 
- 

This theorm was u sed to deve lop  the revised p robab i l i t i e s  in

Figure 3b , where in  the original estimate of a produc ible system

4. Petersen , Cam ercn R. et al, I n t r o d u c t i on  to  P e c i s io r .  Ar~u l v s i s
A Case Study, Defense intelii,’~ence Schooa , iVashington , :-.~~;..

August 1973, p. 31.

C, 10 
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was revised as a result of the subsequent test efforts and

C) analysis of the collected data. The prior probabilities

and their associated conditional probabilities are indicated

in Figure 3a. Applying Bayes ’ Theorm the flipped tree with

the revised posterior probabilities were developed and are

displayed in Figure 3b.5

It is not always possible to obtain possibilities by

means of actual measurement . In the event the decision was

mad e to modify the contract it was estimated that there was

a .9 chance that the effort would result in a producible ZS.
a This assessment was developed base.d upon the evaluation of

the experts within the program office. Though it was a sub-

jective value it had as its basis for assignment the previous

experience in similar situations. There are those who may

argue that there is no room for the use of subject assessments

of this nature but they are-offset by those who advocate the

integration of the intuitive judgement of the human being.

“We must not place reliance exclusively on brute force methods ,

but must also attempt to simulate the gestalt approach which

the human uses , and which he uses on so many problems with a
6not inconsiderabl e degree of success. ”

The impact which varying the probability assessments are

normally tested by means of a sensitivity analysis. This will

5. Raiffa, Howard , D e c i s i o n  Analysis , Ad dison—~ esley, MenloPark , California , 1G70 , for a more comprehensive discussion
of Bayes ’ Theorm and its proof. ~~ . 17.

6. ~- ‘achel , Rober t  ~~., Infor~ —~~ion and Deci~~ on ~rocesses,WcGraw Hill Book Co., ~.cw York, 19~~0 , p. 6.

C - 
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-. provide the decision maker with a feel as to the relationship

between the probability assignment and the outcomes. -

- 
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SECTION IV

C1 Dimensions

- -
- The last major element of this technique which needs to

be examined in closer detail is the means by which the terminal
- 

values are quantified for each of the outcomes. Initially it

- 

may appear that this would be a straight forward mathematical

exercise , however , it often requires the assistance of an

expert in the case of complicated decision analysis. The role

of the expert is to assist the decision maker by asking those

questions which will aid the decision maker in his visualiza—
a 

tion of the possibl e outcomes and the attributes which can be

assigned to quantify these outcomes. As previously indicated

+ there were three dimensions identified for the ZS. These were

the development cost , expected worth , and the political dimen-

sions. Each of these dimensions exert a varying degree of
a 

influence throughout the organization levels. Figure 4 Il-

lustrates the relationship 
_____  ~~~~~~~~~~~~~~~~ Cost

of these dimensions to the - I ~~~ pec ted  aV orth
Poli t ical

a organizational level with I p~ ~xpected Worth
______ 

Develo pment Cost
the least important at the C~~p ecte d W or th
botto - 7~S i Development  Costm. Poli t ical

- Figur~ 4: Dimension relationship
to organizational level. *1r~ jcates
decision authority.

It is appropriate that this relationship be understood in order

to appreciate why some decisions which are r’~ade at higher levels
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of authority appear to be of a questionable nature. “

The first dimension to be quantified was the developmental

costs for each -of the outcomes. This was accomplished by exam—

• ining the cost estimates and assigning them against the appro-

priat-e outcome. The variance in developmental costs for a

- 
. producible ZS and a nonproducibl e ZS was attributable to a

penalty clause which obligated the government in the event

there was no production decision. The difference between the

modified and unmodified contract was due also to the increased

capability which the system would have based upon the revised

spec i f i ca t ion .  These values are indicated on Figure 6.

The second dimension to be evaluated was the expected worth .

This was accomplished by means of a panel of experts using the

delphi technique. A group of 15 experts throughout the rrilitary

service provided their estimate as to how the proposed ZS syst err s

would con t r ibu te  to the combat e ffe c t i v e n e s s  of the m i l i ta r y

forces. In addition to their comments they were required to

assign a do1l~ r value f igure  based upon the expected  fo rce  con-
a 

f igura t ion  and dep loymen t  of the  sys tem.  This  data was t hen

reviewed and a second set of ques t i onna i r s  was d i spa t ched  to

each of the original respondents. Though they did not know

the other par t ic ipants  they wereprov i d ed  wi th  i n fo rma t ion  as

to the median value , the range and standard deviation of the

estimates for the group . The results of this iterative process

are also disp layed in Figure 6.

C” 15
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Quantification ~. ~ the political dimension was more in—

volved than either of the others. The reason for difficulty

- - in assigning a value to the political aspect can be a t t r ibu ted

to the many factors which must be considered and the transfor-

mation from a raw figure to a dollar equivalent. The steps

- 
. which were taken in this process were to initially rank the

political ramification of each of the outcomes in their order

of relative merit. The results of this ranking are displayed

In Figure 5. Once the ranking had been accomplished it was

necessary to ascertain the degree of political impact of the

outcomes relative to each other. This was facilitiated

by using a scale from 1 to 100 and placing the best political

outcome at a value of 100 and the worst at a value of 1. It

I- was then necessary to translate this relationship into a

dollar base equivalent  in order  t~ incorpora te  the po l i t i ca l

dimension into the  terminal  value for each of the ou tcomes .

To obtain this value for the ZS the f i r s t  ques t ion  was

to establish a relationship between the political impact and

the expected worth if a system were successfully develo-oed .

After this relationship was de te rmined  it was essential that

a neutra l  or zero poin t  be assigned to the 1 to 100 scale.

The subsequent  expansion of this sèale to an equivalent dollar

value is r eco rded  in Figure 6.

To ascer ta in  the impact which varying the d imens iona l

16
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values may have on the outcome of alternatives and conse-

- ‘ 
- quently the “selection” made by the decision maker it is

— - - essential that a sensitivity analysis be conducted on those

, - 
values which rely more heavily upon the use of subjective

reasoning.

.
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Rank of Poli t ical  ~erIt
C- Best 1 Pro d uc ible __ ~__~~~~~~00 A

unmodif ied~~~~
2 Producibl e 

~~~~~~~~~ 80 B
contract 70 Neutral Point

3 Unproducible 
_________- unmodi f i ed  -40 C

4 Unproducible
modified —.

Worst 
_____ 

contract  0 D

Figure 5: Quantification of Political dimension .

NOTE: Political aspect twice as important as development

costs as viewed by DOD ( t he  dec is ion  m a k e r ) .

+130 D~V.Cost 
- Wor th  Political TERr~INA V?~LU~ S120— —C A Producible

+100 u n m o d i f i e d
75— —A 

- 70— A -4-95 m illion

+50 - 
A O _  _~~~ B Unpro ducible

u n m o d i f i e d
0 —

~~~~~~~~~~~~~~ 

_ _ _ _ _ _ _  
- 

_ _ _ _  0 -

—50 A— ~~ 0 - 
C Produc-ib le

-
~~
_ _

~~~~
—
~ modified

+75

C 
70— —.~B D Un p r o du c ib l e

100 ‘ modifie d
-220

l70~— — D

Figure 6: Translat io n of po it ie — ~l r~iek to dollar equivalents —

(millions of doflars).
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— SECTI ON V

Value of Information

The preceeding section in addition to illustrating the

- application of the major elements of decision theory technique

as applied to the assessment of possibl e alternatives also generat
the basic information required to compute the expected value for

the two alternatives of the ZS which were under consideration.

Figure 7 is a condensation of this information.

expected
value terminal value

millions -~-

- 

.4 producibl e ZS i- 95

.4 x 95 +38.0
no modify — 

25 .6 x—lO~ —63.0
- — 25.0

.6 nonproducihl — ZS - ~~O5

a decision

.9 ~roduc -ih1 e ZS 
~75

.9 x 75 +67.5
- .1 x 220 —22.

• m o d i f - .’ + -
~~~ 

4 5 5
a

.1 nonr -~rc i cj ~~~~ ZS —220

Fi gure 7: C o mp u t a t i o n  of exp ec ted  values .
( 

~~~~~~~~ ~~~~~ -~~~~~~~~~ — - ~~~~~~~~~~~~~~~~~ - - -~~~ ‘--~~~‘-~~~~- - - - - 



I ’

The expected values are the algebric sums of the possible out-

comes for each of the alternatives. With the information which

is presently available it would appear that the best alternative

to be selected is to modify the contract. The question which

now must be addressed is should more information be obtained

and how much should be paid for it.

For purposes of this paper the term information is used

in its broadest possible sense. It may include the feedback

from a test , the results of a review conference , or some other

effort directed towards the collection and processing of data

which would contribute to the selection of an improved alterna-

tive. To illustrate the method for assessing the value of

information it is assumed that the results of purchasing in-

formation could lead to a 50/50 chance-of providing favorable

a 
information. Figure 8 represents-the decision problem which

must be considered by the decision maker as to the collection

or purchase of additional information prior to the selection

of the alternative to modify the contract or continue as

planned.

Based upon the results of the analysis of the expected

value of the possibl e outcomes without information the expected

value of the outcome without additional information Is shown

in Figure 7. In order to establ ish the value of the outccrres

In the event additional information is purchased i t  is necessary

20
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Information expected expected terminal
decision value value value

basic
- - 

- decision

not modify
~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~

I modify
purchase -

.5 unfavorable not modify
information fig 9)

- modify

- 

not modify - 45

no , Durchase - 

45
- modif y +44

Figure 8: Information diagram . -

to consider the effect which such additional information would

have upon the various outcomes. This is accomplished by the

application of Bayes ’ Theorm. The computation of the revised

-
- . probabilities for the development of a producibl e ZS are illus—

trated in Figure 9 given unfavorable information.
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producible +95- 

—91.3 .09
( 

- - -  not modif

Figure 9: Computation of expected value given unfavorable

information.

Based upon passed observations the impact of unfavorable

information has confirmed that a producible system was attain-

able with a probability of .1, under the existing contract. The

availability of this information had no appreciabl e impact upon

the probability of attaining a producibl e system in the event

the contract was modified . The following computations using

a 
Bayes ’Theorm illustrates the revi~ion of the probability for

obtaining a producibl e system provided that unfavorable infor-

mation was obtained.

a 
P ( p r o d )  - .4 X .1 - .04 ~~~~~~~~~~ x .04 = .069

P(unprod)— .6 .9 — .54 1.0 x .54 = .931

To obtain the adjusted posterior probabilities the sum of the

nominator and denominator is divided into one(l). This factor

is used to multiple the nominator and denominator. The revised

probabi l i t ies  for a producible ZS are ‘indicated on Figure 9. 
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In a similar fashion the probability of obtaining a producible

(~ ZS in the event favorable information were obtained for the

present contract was .9. Additional information had no impact

upon the probability of a producible system in the event the

-: S - contract was modified. The results of this information are

displayed in Figure 10.

not .86 producible _ _ _ _ _ _ _ _

modify
+67.0

favorable 

~

6

~odify 
.9 producib le  :75

45. .1 unproducible 220~

Applying Bayes Theorm 
-

P ( p r o d )  - .4 x .9 - .36 x .3 6  = .86

P(unpro d ) - x - .42

- 

- 

~“°x .06 .14
- .42

Figure 10: Computation of expected value given favorable

information.

The reevaluation of the possible outcomes as a result of

additional information was applied to the terminal values and

resulted in the revised expected values for the basic decision

• as indicated in Figure 11, given that favorable or unfavorable

information was obtained res~ ectively. - :
Since there was no assurance that the information which

was obtained as a result of the additional studies or conferences

would bc favorable or unfavorabl e it was decided that each out-

~~ come would be accorded an ~‘~ua1 chance of cccurrence (50/sc).
23 



- ~~~~~~~~~~~~~~~~~~~ ‘ -

These percentages were used to operate upon the expected

values as indicated in Figur, 11 and were averaged out to
- - arrive at the expected value for the purchase of information

‘ - as indicated in Figure 12.
Basic decision

Information Expected Expected
decision value value not modify

.5 
7

— avora e ‘ -

5 .2 
--unfavorable 

- 

not modify —91.3 
_____

— ase .5 5
modify 45.5

- 

not modify —25
no nurchase

- 

m o d i f y  4 5.5

Figure 11: Computation of expected valties.

As a result of the calculations the expected value if

information was purchased was found to be 56.25 million dollars .

The difference between the value of the alternatives is a measure

of the expected difference in the ultimate outcome as a result

of the purchase of information. Since this value is greater

than that which was obtained without information - the maximum

expected contribution which such additional information could

provide is the difference between the expected values or 10.75

million dollars.
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- C) The need to subject  an analysis of this type to a

• sensit ivity test cannot be over emphasized. Variation of

the dimension values or the probabili t ies over a range until

- 

such time as the outcomes change would provide the decision

maker with a feel as to how much change his decision could

- stand before it should be subjected to a more thorough analysis.
‘ 4 -
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‘ Conclusions

The need for additional information in support of the

decision making process is an unending quest.  The luxury

of total information cannot be supported in this era of
C,

increased emp hasis upon costs.  Information requirements

exert a significant force upon the acquisition cost of

weapon systems.

The high level decioion making process incorporates the

judgment and intuition of senior managers. This is often

necessary due to the increased uncertainties and unknowns

involved in such decisions. The application of decision

theory techniques in such cases can provide a major contri-

bution to resolution of the decision under consideration.

Decision theory techniques facilitate p-roblem definition

and assessment by providing a systematic framework within

which the possible alternatives are evaluated. The use of

dimensions to develop a terminal value for each of the poscible

outcomes is the basis for comparing the results with informa-

tion as opposed to those without information.

Decis ion  theory  t e c h n i q u e s  can be applied to evaluate

the potent ia l  value of a d d i t i o n a l  information. When integrated -
with the other tools of management  ‘dec i s ion  theory  t e c h n i q u e s

-; will contribute to improved allocation of organization resources

to the  accumulation of information.

26

C

A



Annotated Bibliography

1. Churchman , Charles, W . The Systems An-oroach.
-- Dell Publishing Co., New York , 1968.

A broad overview of the systems approach
- as applied to management . The need for a systems

‘- approach to definition of management ’s requirements.

2. Machel , Robert E. Information and Decision Processes.
V McGraw Hill Book Co., New York , 1960.

An anthology of papers which examine the
relationship between decision processes and the
supporting information requirements. An excellent
theoretical col lec t ion  of papers.

3. Raiffa, Howard Decision Analysis. Addisen—Wesley,
Menl o Park, California , 1970.

A basic t r ea tmen t  of the dec i s ion  process and
the techniques for dealing with uncertainty.

4. Schlaifer, Robert Anal ysis of Decisions Under Uncertainty .
McGraw Hill Book Co., New York , 196~ .An educational text written in everyday language
for the non mathematician addressing the techniques
for decision analysis.

5. 
- 

, - Department of Defense Directive 5000.19,
Department of Defense , Washington , D.C., 1971.

a - Policies for the control of Informatior . ~equire—ments within the DeDartment of Defense.

6. ___________ , Princinles and Annlication of Value Erc~ineerin~Guide , Department of Defense , ‘
~ash ington , D.C. (

~undated )pp. 6—16.
a Rela t ionsh ip  of Value Engineer ing  to l n f o r m a t i o n

Requ i r emen t s .

7. Herberger , Kenneth S. ~ana~ emerct Informatien Reguir-~nentsand V a lue  E n g i n e e r i - ’-~ 
r s c i c -b n e ,  :- -~nar~~~~nt  of :.efen se

Symposium , V olume 2, overnnent Printing Cffice ,
Washington , D.C., 1969, rp. 247—162.

27

(-


