
mmmmmmmm maw ^mm^mmm^ *w*mmim^mmm*mii.'.ii..um-i-iJ":i'i' m. 

AD-A007  276 

PLANNING  AND  CONTROL UNDER  RISK 

William   S.   Jewell,   et   al 

California  University 

Prepared  for: 

Army   Research   Office 

30   June   1974 

DISTRIBUTED BY: 

um 
National Technical Information Service 
U. S. DEPARTMENT OF COMMERCE 

 ,,,.....,.,....■ ..- ...-, ^ggggggy ■BMMMMHMiartMHIIMiMIW^MH^^MUI M^MBHiÜitMIMMiil 



IP  ■»IW,!1'-IP-T.-.»...I.>.I.I|I    i.r„i, 

Unclassified 

"~- ."■■ '       '...i  ■imiii»w]|i I...I.WW...|      .IIJWH»..^!^.,,- 

,   , , 

SECURITY CLASSIFICATION OF THIS PACE fMion Dein Entetod) 

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS 
BEFORE COMPLETING FORM 

I.   REPORT NUMBER 2. 50VT ACCESSION NO 3.   RECIPIENT'S CATALOG NUMBER 

♦.   TITLE fund Sub««/») 

PLANNING AND CONTROL UNDER RISK 

5.   TYPE OF REPORT & PERIOD COVERED 

Final Report, 16 June 1971- 
30 June 1974 

6.   PERFORMING ORG. REPORT NUMBER 

7.   AUTHORfiJ 

William S. Jewell, Robert M. Oliver and 
Sheldon M. Ross 

8. CONTRACT OR GRANT NUMBERfsJ 

DA-31-124-ARO-D-331 

9-   PERFORMING ORGANIZATION NAME AND ADDRESS 

Operations Research Center 
University of California 
Berkeley, California 94720 

10.   PROGRAM ELEMENT, PROJECT, TASK 
AREA ft WORK UNIT NUMBERS 

20014501B14C 

It.   CONTROLLING OFFICE NAME AND ADDRESS 

U. S. Army Research Office 
Box CM, Duke Station 
Durham, North Carolina 27706 

12. REPORT DATE 

June 1974 
13. NUMBER OF PAGES 

10 
14.   MONITORING AGENCY NAME ft ADDRESS^/ dilhnnl from Conltotllng Otllce) 15.   SECURITY CLASS, (ol Ma report) 

Unclassified 

15a.   OECLASSIFICATION/DOWNGRADING 
SCHEDULE 

16.   DISTRIBUTION STATEMENT fo/ (ftia Report) 

Approved for public release; distribution unlimited. 

17.   DISTRIBUTION STATEMENT (ol (he abttracl entered In Block 30, II dlllerenl Ire n Report) 

16.   SUPPLEMENTARY NOTES 

19.   KEY WORDS (Continue on reveree aide II necessary and Identify by block number) 

Risk 
Dynamic Programming 
Applied Stochastic Processes 
Reliability 
Institutional Planning Models     

Credibility Theory 

20.   ABSTRACT ^Continue on reverse elda II necessary and Identify by block number) 

(SEE ABSTRACT) 

Reproduced by 

NATIONAL TECHNICAL 
INFORMATION SERVICE 

U S Department of Commerce 
Sprmglield, VA.  23)51 

DD   1 JAN 73   1473 EDITION OF 1 NOV 65 IS OBSOLETE 
Unclassified 

SECURITY CLASSIFICATION OF THIS PAGE fWhen Da«« Entered) 

        J—J"-".''^.-'""'«1'"■'■"■'»•■-—-■-■-'-'■    -■■ .,„■.:..i.,.  

'"I .^M^^^^^fc, 



^WtWlW'»liP'MIMM'J-NIW'IPI».JII»JliJl.un"»ll»MJI».IHMi'i^^ .Jiiliillimw.;!.!.!!!.]. .iinl Wl 

' 

■ 

' THE FINDINGS IN THIS REPORT ARE NOT TO BE 
{• CONSTRUED AS AN OFFICIAL DEPARTMENT OF 

THE AKMY POSITION,  UNLESS  SO DESIGNATED 
BY OTHER Al.THORIZED DOCUMENTS. 

^..-.4..,:   i.......  !■■...  ..._   ,.—...^I    ^   ■ .„■, -,—,.,■,,' ^„-^ -...■■   ■■■.■■.■      .    .-...       ^.■■. ■   .-       ..~- ~-^iuiMmmmmml^m 



gg^iBiSii^.., 
*,„„,.«.    i 11,mm )..;.. nn......UM.  ^..,,„,.^mm.-.'mmvir.'.mw'f'i'"' «"-"-   P  I -iip.|..iiii.wi ■>,■'■,-»-■»;■ ^»w'.tpwf.ni'^^niii'y'i." u.ii-^^^^^T'""^"I''■■''""^" "*"" 

ABSTRACT 

A variety of different research efforts have been supported 

in the past three years.    This research falls in the following 

areas: 

(1) Theory and computation of optimal policies in dynamic 

programming risk problems. 

(2) Applied stochastic processes. 

(3) Development of models for Institutional operating policies. 

(4) Linearized Bayesian estimation models. 

A summary of the research effort in each of the above areas Is pre- 

sented. 
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PLANNING AND CONTROL UNDER RISK 

A variety of different research efforts have been supported during the 

past three years. 

One main area of investigation has been that of the theory and computa- 

tion of dynamic programming including Markov and serai-Markov decision prob- 

lems.  For instance, in [73-17] a model of optimal allocation under risk was 

developed; the problem is to build an n component system which is said to 

function if at least k (out of n) components function. To add a component 

we must first decide how much money to allocate to that task; when x dollars 

are invested in a component then the component will function with probability 

P(x) .  Given a total budget of A dollars the problem of interest is to de- 

termine how much money should be invested in each component so as to maximize 

the probability of attaining a functioning system. The problem is considered 

both in the sequential and nonsequential case, and conditions under which it 

is optimal to invest A/n dollars for each of n components are presented. 

The special case where P(x) = min (x,l) is considered in some detail. For 

this case the optimal strategy is determined In the sequential case when k = 2 

and a conjecture is made in the case of arbitrary k . 

In order to obtain some insight into the structure of optimal policies 

in risk models, a class of gambling models, useful as simple prototypes for 

risk models, was considered in [72-24],  For a variety of objectives, it was 

shown that if the game is favorable to the player, then he should play as 

timidly as possible; that is, always make the smallest bet. A model in which 

the gambler is also given the option of working is co-sidered, and it is shown 

that if the available gambles are unfavorable then the strategy which mini- 

mizes the gambler's expected time to reach some preassigned goal is the strategy 

that always calls for working. For the same model it is also shown that if the 
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work option Is only available at certain times  (namely, when the gambler Is 

broke)  then the optimal gambling strategy is to play boldly.    These results 

were obtained by developing some new general results in dynamic programming, 

also given in [72-24].    Other applications,  such as determining the optimal 

customer selection in exponential queues  [71-24],  and determining the optimal 

strategy for buyers and sellers of stock options  [74-1], have also been con- 

sidered. 

Related research in the theory of applied stochastic processes have dealt 

with bounds on the delay distribution in single server queuelng models  [73-1] 

and a study of the maximum value of the continuous time version of a random 

walk process  [71-29].    Recent work has considered the study of a multicomponent 

reliability system in which each individual component is either in a working 

or a failed condition.    It is supposed that when a component is in its failed 

condition then a repair is initiated which takes a random length of time      For 

an arbitrary system structure (i.e.,  series, parallel, k-out-of-n,  etc.)  such 

quantities as the average system failure rate, and the average system uptimes 

and downtimes were derived [74-4].    In addition in [74-8] it was shown that 

when all component distributions are exponential then the time to first failure 

I.as the NBU (I.e., new better than used) property.    This and other results were 

then used to obtain a lower bound to the mean time until first system failure. 

Another major area supported has been the development of models of insti- 

tutional staffing and educational system analysis with emphasis on equilibrium 

flow prediction, and evaluation of instructional costs under different operat- 

ing policies  [71-16,   71-18]. 

Many decision models require Bayeslan updating of prior information In 

order to incorporate experience data into the optimization.    Recent research 

into linearized Bayeslan forecasting methods, called "credibility theory" has 

proved to be very productive, leading to many new and Interesting linear 
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formulas [73-17, 73-13].  The Importance of this linearized technique is two- 

fold.  In the first place the exact Bayesian estimator (usually the conditional 

expectation of the unknown parameter given all accumulated data) is, in prac- 

tice, usually quite difficult to compute, whereas the computation of the first 

linear estimate is usually straightforward.  Secondly, the best linear esti- 

mate can usually be computed with only a knowledge of some of the parameters 

of the prior (usually the mean and variance) and thus can be obtained even when 

the prior distribution is not completely specified. Also, it can be shown that, 

in many models, the credibility result is exact Bayesian or an excellent approx- 

imation. In particular, in 73-21, it is shown that the best linear approxima- 

tion is identical to the optimal decision rule when the probability distribu- 

tion and its conjugate prior are members of the exponential family of distri- 

bution. Also, in work related to this a method of approximating the optimal 

decision rule by the use of orthogonal furc'cions is presented in [73-24]. 
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