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Decision Analysis

/“fi

opy is interesting and exciting to v g .
It & g l;r!:d)' k;lecmon Science because its focus is on developi ,

6 : 1. INTRODUCTION

Every day we, as humans,” make :
’ m 1 ‘ .

jmportant decision that can have immedia;::ya:;/grmlons’ 1and o;:;:asmnally we make

g 2 . ong-term effects on our lives. Such
decxs::?:sma:rwgﬁliomo:llleﬂd ;ChQOL whether to rent or buy, whether your company should
accep 4 P posal, and so on, are important decisions for which we would refer to
make correct choice. ' P

A def:éSlOl:i n tg)'iill";l'ill. may bfi defined as the selection by the decision-maker of an
act, considered to be est according to some pre-designated standard, from among the

several available options.

16 : 2. DECISION-MAKING PROBLEM

In'espect_ivc of the type of decision-making problem, there are certal
elements which are common to all such problems. These are :
1. Courses of action : A decision is made from among a set of defined alternative
courses of action. These are also called actions, acts or strategies and are under control

and known to the decision-maker. -
2. State-of-nature : Consequences (or events) of any course of action are dependent
upon certain factors beyond the control of the decision-maker. These factors are called

stites-of-nature (future). 7
3. Uncertainty : There is i
This uncertainty is indicated in

n essential

ndefiniteness regarding which event or outcome will occur.

terms of probabilities assigned to events.

.. 4. Payoff : Each combination of a course of action and an event is associated with a

payoff, which measures the net benefit to the decision-maker that accrues from a given

combination of decision alternatives and events. They are also known as conditional profit
OHSEqUENCES.

values or conditional economic ¢ o ‘51 [
5. Payoff table : Suppos¢ the problem under consideration has n possible events
: (States-of-{la{ﬁrc) denotedpll:y E, EZ,I.’... E, and m alternative acts (strategies) denoted by
Ay, Ay, ..., A, Then the payoff corresponding to strategy Aj of the: decision-maker under
the event (state-of-nature) E; will be denoted by o (i= 1,20 3= 1,2, ... m). :
e form of a payoff table as

The various payoff elements may  be summarized in th

below :

: Decision alternatives (Courses of action)

States-of-nature —— 1 Adi Ay i
Al A . “lmm i

E, 4y Ly az; o

A & TS a3y U3m i

Ej a4y . agzi e : . l.
airs i il
: i
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16 : 5, DECISIONS UNDER UNCERTAINTY_

-tules for making a decision under sych
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16 ¢ 3. DECISION-MAKING PROCESS T
The decision-making process involves the fol nw”f: “,: e hith e ﬁnal
Step 1. Determine the various alternative courses

steps

lecision s 1o be made, tates-of-nature or events for
\ Step 2. Wentify the possible outcomes, called the states-of-n he

' C ¢ decision-maker,
decision problem, The events are beyond |||L'Um|r0|‘('){ th (o conssquetices Feslting oo
Step 3. Determine the payeyff function which du:s'n.rl es o mz; be designated ‘s als
the different combinations of the acts and events. The pay()' h.s "'zn '8,
tnati i action,
the payoll resulting from the combination of ith event and jt ortunity loss occurs dye
Step 4. Construct the regret or opportunity loss I?blet.' An %I:E opportunity 1oss valle
i ) i s hes ilable course of action. )
to failure of not adopting the best availa ' ocaiing the ma
are caleulated separately for each slulc-ni-n‘uwrc (or nulcnmf]) by t?:::] l e dgpanure :;
favourable course of action for that state-of-nature and then ?tcrrll;w begst o oxim e
the payoff value for that course of action and the payoff value for p
of action that could have been sclected. ‘ _ :
' ' / = i correspondin
Consider a fixed state-of-nature E;(i=1,2,.,.,n) for which the PaYOf,fff : ﬂ?; i g[
i ' ‘ or the leas
to the n courses of action are given by p,, pg, ..., pr Let M, be the payo
possible course of action. Then the opportunity loss table will be as follows :

States-of-nature Conditional opportunity loss (Decision alternatives) ,
events A Ay A A,
E, M\ -p) M\ -p)y L My=pyy 1 i 0L M= Py
E, - My -py My=pa 0 My=pyy d eady My—prp -
E, My ~py, My=pyy i My=pay' 0 1A - M3 -pim
Ell Mn =Pl L f Mn =P i ol 'Mn 'I"pn_‘i H Mn"an

16 : 4. DECISION-MAKING ENVIRONMENT

Decision analysis is used to determine optimum strategies where a decision-maker is

faced with several decision alternatives. We may come across several' decision-making
- . Wt Nyt ey ) y - Vg b . y
situations ; B o ahin .

(a) Decisions under certainty. Whenever there exists ‘only one outcome for a decision,

roa

we are dealing with this calégor'y.'Exainples of this are linear programming,
iransportation, assignment and sequencing, etc. = . - '
(b) Decisions under conflict. In many situations, neither states-of-nature are
completely known nor are they completely uncertain. Partial kn
available and therefore it may be termed as decision-

(¢) Decisions under uncertainty. 'These refer to sit
outcome can result from any single decision, These shall now be discussed. -

(d) Decision under risk, These refer to decision situations wherein the decision-maker

chooses from among sc\feral_ possible outcomes where probabilities of occurrence
can be stated (or determined) objectively from the past data, | "

uations ‘where more than one

. 3

Under conditions of uncertainty, o

nl ATe | ' IR '
the likelihood of each state-of-nature ity o rc known and nathing is knawn about

. Different persons haye suggested ‘several decision
situations, e T L A P

UGPSR ————)

e

T el T TR T

e
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Jace Criterion
terion uses all the i
[ﬂplace £ the informati
€ 2 a
Tbhle Payoffs for each action and then lclc::ll(i):
7 pasic stepS of this criterion may be summarized
ssign equal robabiliti as :
;. Assign equal p iies (1/n) to each payoff of a strategy (having n possible

nEC

e L
b rd
Y assigning equal probabilitics 1o the i

g 'h:’l att ’
t alternative which corresponds to

step

L6,
Py LNt 13 £
75 Determine the expected payoff value for cach alternative

Step
" Select that alternative whic
Step h corresponds to the maximum of the above

oected payoffs.
expr )
SAMPLE PROBLEM

601 A Super Bazar must decide on the level of supplies it mus
3 . ige t stock to meet the needs of i
ring Diwali days. The exact number of customers is not known, but it is 'exp’:ze;{ :/r{ ;;I:

2 ql'":r':frs du 4
" e of the four categories; 300, 350, 400 i
i :'f ’ df ron level j being ideal (from the vi or 4}0 customers. Four levels of supplies are thus
L " Deviations from the i e viewpoint of incurred costs) if the number of cusiomers
f s o calegﬁt’;)c ktd edlessly 0 ro;ne ctae ldj:l len“’fl-f results in additional.costs either because exira
| pliesare s use demand cannot be satisfied. The 2
i thous is of rupees. | fi table below provides these
¢ ciomer CAlEEOTY ‘ Supplies level
Al : Ai B ; 143 As
i TR ATEAE 5 il 12 20 -
g1 10 KE Y | 10 25
E 23 20 14 23
E, 32 24 21 17 |
are equally likely. Thus the J

Solution. The Laplace principle assumes that E;, Ey E3 and E4
=1/4 (=1,2,3,4) and the expected costs duc to |

ssociated probabilities are given by P(E)
isvizfions from the best level, for different categories of customers arc :

E@A) = 1/4(T7+ 10+23+32) = 18.00 |
E(4y) = 1/6(12+ 9420424 = 1625 !
E() = (/4 20+ 10+ 14+21) = 1625 \ {

.1 E(AY = 1/4(27-!—25+23+l7)=23,oo |
Clezly the best level of inventory is specified by the supply level Az o Ay |

The Maximin or Minimax Criterion
The Maximin criterion is based upon the ‘conservative approach’ to assume that the

worst possible is going to happen- The decision-maker considc:s'cach strategy and locates -
the minimum_ payoff for each; and then selects tha tive which maximizes the

minimum payoff. ;

Thus this criterion consists of two SIcps ¢ ' :
Step 1. Determine the minimum assured payoff for each alternalive.
hich corresponds (0 the maximum of abov

Step 2. Choose that alternative W
payoffs. ikt sl :

t alterna

{
¢ minimum i

When dealing wuh(hc coggs,-ghc maximum cos('asmiatcd’wilh cach all;!'naliv;: ii
considered and the alternative that minimizes this maximum cost, is .chosen. Int .ls contex
the criterion used is the Minimax criterion and may be carried out I two steps :
Step 1. Determine the maximum possiblqc_ost for cach allc_rn_anvc.'
Step 2. Choose that alternative which corresponds 10 the minimum 0

f the above costs. i;
.
i
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SAMPLE PROBLEM

' 7 hich can be followed
s hree alternatives open to him each of w d by 4
the ;:-n:‘ ,:ygx’“(n :ii:!‘“"nhfc:m;:mnat payoffs (in Rs.) for each action-event comblnation are Jy oo

L
Payoffs conditional on events i ;
Ademwasve A B c 4 ——
¥ 3 0 ~10 ;v )
¥ 4 12 1% -
z 14 6 g : :

» _-M-\

Determune which alternative should the businessman choose, if he adopts the maxfmin Criterlyy
[C.A. (Nov.) 1395,
Selution. For the given payoff matrix, the minimum assured payoffs for each alternative are ;
X:-10, Y:=4, and Z:0 )
Siacs the maximum of these minimum payoffs is 0, the alternative Z is selected according 1o th,
: : : i ’
Exzmple. Coasider the payoff matrix of sample problem /601, Since the payoff numbers designate the coy
wﬂmmmmmm@lemtambahanﬁvcam:
) A1:32, A):24, Ay:21, Ag:2T.

Sinx:&m'niznmaﬂtscmm'comkﬂ,ﬂwaltﬁnaivchiscm,

The Maximax or Minimin Criterion 5

The maximaz eriterion is based upon ‘extreme optimism’. The decision-maker selects |
St particular strategy which corresponds to the maximum of the maximum payoff for each |
sategy. '

R A

e g T A

The maximax criterion thus consists of the following steps :
Step 1. Determine the maximum possible payoff for each alternative.

Step 2. Select that alternative which corresponds to the maximum of the above

Exzmple Ia Sample Problem 1602, the maximum payoffs associated withthe different
=. € X:8 v:18, Z:14

strategies
F <

The Savage criterion is based on the concept of regret (or opportupity loss) and calls |
for selecting the course ‘of action that minimizes the maximum regret. It is alternatively ‘
ha-:athcprindpkofﬁinimxregm. . :

The basic steps of this cmcnon are :

Step 1. Determine the amounts of regret for payoff of each alternative for a particular
eveat. The regret amount for the ith altemative when event J occurs, is given by

i - { (mmm W—-ﬁh payoff) for the jth event if the payoffs represent profip
; (75 payofl—maximum payofl) for the jth event if the payoffs represent costs

iy

Step 2. Determine the maximum regret amount for each alternatjve.
Step 3. Choose that altemative which corresponds to the minimum regrets. ;

Eemerk. The maer 2y cbserve that while the ofher decision ke intc be cost of
gy s Loy dno 4 Mudo_mnteimwt'
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“ Nt
Ruample I.‘(\\nsl\k‘ﬁ“& Sample Problen 1602 ¥00
et payoll amounts, when event A v W determine (e ¢
N T Regret | cLoeeuns, ave computeq | © the toprets as shown helow, where
Rret payolf = Maximum by the relation |

o qatardy tor the other three events ; payoll from A - Payolf

Payoff amounty T —

‘j-:-'ﬂ.'fl\v ks )
e A B ¢ T -—-wf!.m.f' ’E‘_‘”’” amaount Mm.hn-n‘m
\ $ T 6 A nooe regret
Y - n 18 - b 12 w7 M
vipumam [\\\\‘ff 14 12 0 6 1] .
\Maumum ER - 18 8 0 "

SURY .‘ﬂ m;lti\"f& ) and Z holh CO gp : Il 88 -Iu"-c lif IC‘ 7. ' ¢
1 |C . m; Ond tu 1
\ 1 y i [} G dctcrm‘ne lh

Regret payoff 2 Payoff ~ Minimum paiyoft from £, (=1213.4

f P N
\ R aQ B
Alernative = E)“-U‘ amounts Regret payoff amount Maximum
1 2 E] E{ El E: E‘ EJ regrel
A 7 10 23 2 0 | 9 15 15
A, 2 9 20 24 5 0 6 7 7*
Ay 20 10 14 21 13 1 0 4 13
A, 27 25 , 23 17 < 20 16 9 0 20
\tinimum payoff 7 9 14 17 .

Since the alternative A, corresponds to the minimum of the maximum possible regrets, the
decision-maker would choose.A. s

The Hurwicz Criterion
.The Hurwicz criterion stipulates that a decision-maker’s view may fall somewhere
between the extreme pessimism of the maximum criterion and the extreme optimism of the
maximum criterion. The criterion provides a mechanism by which a balance between J
extreme pessimism and extreme optimism is made by weighing them with certain degrees
of optimism and pessimism. ;
The basic steps of Hurwicz.cri
Step 1. Choose an appropriate degree 0 (o
decision-maker. Let o be his degree of optimism (so that 1 - 018 hi
0<a<l] -
Step 2. Determine the
obtain the quantities ‘
h = o.Xmaximu
Example. The Hurwicz principle is appl
necessary calculations are shown below :

terion may be summarized as below : :
f optimism (or pessimism) of the ¢
s degree of pessimism)

tnhximum as well as minimum payoff for each alternative and ©
| m for each alternative.

m +:>(;l\vu) X mlnimﬁ
blem 1601, Let \is choose a=035. The

ied to Sample Pro

how ax(+( - o) X (if)

‘ imum payoll ~ Minimum payelf

Alternative M‘"'"(,) {m ’ @) (o = 0.5)
A - I e ! ‘:‘:
A it . ot
A’ RRAE af s TR 0 155
A@‘ ‘ S 19t 220

Since the payoffs here répfés: ot costs according 10 Hurwicz pdnclplq. the optimum solution is to
choose alternative A3. ety o i 2 e (T
e %%{
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rR three crops he should plant on hig 10,

. te
h of the owing season, The far,
ants to decide which ol (h¢ ing the gr , farpy, 2
1603, A farmer wants (o "“: on the rainfall dur t:llu estimated profit for each is Me; by,
The profit from each is depende nl” h. medinm and low. Hi sH”“’n'
iigh,

i :
' S
categorized the amount of rainfall a

the table below : T fsnimated condittonal prafit (Rs.) \

B — b
( e T e Crop B Crop ¢ :
malgai > CepA 13,500 ' 5,000 .

T g R 4,500 5,000
: 4,500 5 000 4,000 !
l!:::‘:i'mm 2,000 {

¥ i hould be his ‘best crop’ usip ;
I the farmer wishes to plant only one crop, decide which s g

(a) Maximax criterion, — erc/\ ' )
() Maximin criterion, - Cvop : 0.6). — C¥op %
(6) Hurwicz criterion (farmer's degree of optimism being 0. ) ;
(d) Laplace criterion, .- Ca0pA
. u ) s A o-( C
(¢) Minimax regret criterion. — cop |
1604. The rescarch department of Hindustan Lever has r'ccmrnnr:::iidhatsom“::c _T:ﬂrkctmg
department to launch a shampop of three different lchs. Thf: marketmgﬁ_ " rgvarious > ]l-cfu.ne of
the s of shampoo to be launched under the following estimated payoffs fo Vels of gajey .
types p VS of dals:

Estimated levels of sale (units)

Types of shampoo 75,000 . 10,000 5,000 |
Egg shampoo 30 10 ‘ 10 E
Clinic shampoo 40 15 5
Delux shampoo 55 20 3.
What will be. the marketing manager’s decision if () Maximin, (/i) Minimax, (#i¥) Maximax,

(v) Laplace, and (v) Regret criteria are applied? . [Sardar Patel B.E.- (Mech.) 1984

1605. The ABC Company is faced with four decision alternatives relating to investments in a
capital expansjbn Programme. Since these investments are made in future, the company foresees
different market conditions as expressed in the form of states-of-nature. The following table
summarizes the decision alternatives; the various states-of-nature and the rate of retum associated with
cach state-of-nature - ;

Decision States-of-nature ) : v
8 . 9, ! - 0, . s
D | ot MR 15% %
D, .- 18% | O 16% © g
) D, 21% 4% o
D, 19% 129 pli,

If the company has no information regarding the

; robability |
states-of-nature, give the Tecommended decisjon for P iopility of the occurrence of the three

¢ the the decision criteria listed below
((’)) ::‘“"m?x criterion, _ (v} Laplace rationgj criterion,
() Maximin cntenon.' ‘ (v) Hurwicz alpha criterion (o = 0.75). |
(éi) Minimax regret criterion, - (C.A. (Nov.) 1995]
1606. The estimated sales of Proposed types of perfumes are a8 under : ' :

Types of perfumes - Estimated levely of sales (unirs)
— Rs. 10,000 Rs. 20,000
A ' 25\\ <
B 15

10
c 60 20 5

25 |
(@) For each of the following decisions, state the optimaj action ang 3 Gt
‘ ' §

its selection : ,
. () Maximin  (i5) Maximax

4
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Dgc|5l0N ANALYSIS 301
1607- Consider the follpwing payoff (profit) matrix :
' 8 0 0, 0
a 5 10 I8 2%
5 ay 8 1 8 2
ay 21 18 12 21
ay 30 22 19 5

Solve this using Hurwicz criterion with o =0.75. (Madural M.Se. (Math) 1989)
nformatics Corporation sunimarizes intemational financial infr&rmau’on' reports (on @
kly by mutual funds,

. pasis), prints sophisticated data and forecasts which are purchascd wee
he demand for the report 1S

weeﬂ) . . v §
ks and insurance companies. _Thls information is very expensive and t
a maximum of 30 units per week. The possible demands are 0, 10, 20 or 30 reports per
unsold at the end of a week is

Id is Rs. 30 and the loss per report
ssible. Further, there is penalty cost O

it
. lm\l‘ke_ The profit per report $O
he next week. Using

ps. 2. 0 productio_n'of extra report during a week is po
" 250, for not meeting the demand, Unsold reports cannot be carried over to |
nd out the number of reports to be produced if :

R ol tables f
pessimistic strategy is adopted,” (i) Maximax or 0

the P o
(i) Maximin O ptimistic strategy s adopted.
C

[CA. (May) 1991]

DECISIONS UNDER RISK |

decigion-maker chooses from among several possible options whose
f occgrrence*can be stated; he is said to take decisions under risk. The
f various outcomes may be determined objectively from the past’data.
cords may not be available. to arrive at the objective probabilities. In

n-maker may, on th_e,basis of his experience and judgment, be able
The problem can then be solved

16 : 6
When a
robabilities ©
robabilities O
HoweVer, past re
many Cases the decisio
{o 2ssign subjective probabilitieé to the various outcomes.
a5 decision problem under risk. 1
~ Under conditions of risk, th
natives is the expected monetary
Expected Monetary. Value (EMV) Criterion, : ,
The Expected Monetary Value (EMV) for a given course of action is the expected
value of the conditional payoff for that action. The conditional payoffs ‘are obtained for
each action by considering various act-event combinations. The EMV criterion may be

summarized as below : X

Step 1. List conditional profi
n_t-p'rob'abilities. j ’ ,
ne the expected ¢onditional p

for evaluating the alter-

¢ most popular decision criterion
f the expected payoff.

value/expected opportunity loss 0

{ for each- act-event combinations, along with the

.

corresponding €ve
rofits.

Step 2.+ For each acl, determi
Step 3. Determine EMV for each act. .
Step 4. Choose the act which correspon
. *SAMPLE PROBLE‘M‘

1609. A man has the choice of running either a ho‘tisnack.stall or an ice-cre
resort during the summer S€asom. Ifitisa fairly cool summer, he should make Rs. 5,000 by running
the hot-snack stall, but if the summer is quite hot he can only expect 10 make Rs. 1,000, On the other
hand, if he operates the ice-cream stall, his profit is.estimated at Rs. 6,500 if the cummer is hot, but
only Rs, 1,000 if it is cool. There {s a 40% chance of the summer being hot. Should he opt for running
the hot-snack stall or the ice-cream stall? Give mathematical argument.

Solution. The following péy‘off table shows the conditional pro

act-event combinations ;
" 4——--'—"——__'
PO T+ Conditionitl payolf (Rs.) {
[ce-cream stall

ds 1o the optimal EMV.

am stall at a seaside

I

fits resulting from the given

Action)

(i\:em E, i Prr:bdbiltiiy PE) - ornaek il
3 A gt ! K

"‘"hff) (s W (‘-) LTt sk ] \ (li) oot S ) (ﬁ“

Cool summer * i kR : 1,000

—__ Hot summer = ]

- a2l
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302 OPERATIONS RESE&;
Cx

The expected conditional payoffs are computed as below :
- Conditional payoff (Rs.) (Action) e W

rf;::.;,:i, Probability () Hot-snack stall lee-cream Stall
() (i) > (if) (i) 7 (iii)
Cool summer 0.6 3.000 600
Hot smnmer 0.4 400 2.,600)
EMV Rs. 3,400 Rs. 3,200

Since the expected monetary value of running a hot-snack stall is higher, the businm

opt for munning a hot-snack stall.

Expected Opportunity Loss (EOL) '
An alternative approach to maximizing expected monetary value (EMV) is to Minimize

expected opportunity loss (EOL). Expected opportunity loss.or expected value of regrets
are calculated in the same manner as the expected payoffs in the EMV criterion. Major

steps in the EOL criterion may be summarized as below :
Step 1. List the conditional profit table for each act-event combination, along with

corresponding event probabilities.

Step 2. For each event, determine the COL (conditional opportunity loss) values by
first locating the most favourable act (maximum payoff) for that.event; and then taking the
difference between that conditional profit value and each conditional profit for that event.

Step 3. For each act, determine the expected COL values and sum these values to get
the expected opportunity loss (EQL) for that act.

Ster 4. Choose that act which corresponds to the minimum COL value.

The method will now be illustrated.
SAMPLE PROBLEMS

1610. An.investor is given the following investment alternatives and percentage rates of return :

Im-'e.rtm_ent State-of-nature (Market conditions)

alternatives Low «  Medium ' High
Regular shares 7% 10% 15%
Risky shares -10% 12% 25%
Preperty -12% 18% "30%

Over the past 300 days, 150 days have been medium market conditions and 60 d'a)'s have had
high market conditions. On the basis of these data, state the ‘optimum investmen! strategy for the |
investment, [Nagpur M.BA. 1999] ‘

Solution. According to the giver information, the probabilities of low, medium and high market ' |

conditions would be % or 0.30, %{ or 0.50 and -3%% or 0.20 respectively. The expected payoffs for

each of the alternatives are calculated and shown in the table below :
Computation of Expected Return

Maf’fg’ . Probability Strategy
conditions Regular shares - Risky shares Property
Low 0.30 0.07 x0.30 0.10x0.30 0.15x030
Medium . 050 ~0.10% 0.50 0.12x0.50 0.25x0.50
High 0.20 -0.12x0.20 0.18x0.20 0.30x 0.20
Expected retumn 0.136 0.126 0.230

Since the expected return of 23% is the highf;st for property, the investor should invest in this

alternative, :
1611. Your company manufactures goods for a market in which the technology of the products is

changing rapidly. The research and development department produced a new product which appears
to have potential for commercial exploitation. A further Rs. 60,000 is required for development

Scanned with CamScanner
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P L d ,-,asull.of ’";”,‘m‘" experience of this "
; (-"“n‘\".,‘l‘i " J,‘_cmfmnnn relating to the Proportions 0 /:
" T ion of customers 0.04
prop Qv 0.1
I‘r\'Nh W )
mine the expected opportunity lossey,
1“""_{}“_r or not the company should
{4

303

Pe of marke

It has be s '
clustomers w) en possible 1o derive a

10 Will by the product, as follows :
0,12 0.16 020
given no other in‘f):rnmli:m tha (h: / ,”2 d
o _ " dnvd,,,, the producy, n that stated above, an
i cglution: If the proportion of cus{omers who
; s given by

sk

purchase the new product be p, the conditional
C.P. = (6,000~ 2,000) x 100p - 66,000 =

Conditlonal Profit Table

(400p - 60) x 1,000

“’/F ) — o p—
- proportion of Pmbnbilit_y Alternative .;};:rekie,; L
customers Develop ::“-‘ product Do not develop the product
RO ol Zi0000 3
5, (0.08) -0l ~28,000 0
5012 02 12,000 0
$,(0.16) : 04 - 4,000 "
55 (0:20) LAHIR02 g0 20,000 0
Opportunity Loss Table
el . p
Proportion of Probability | Alternative sirategies
customers : : . Develop the product Do not develop the product
' A, L pod Az
T 5,(009) o1 0 - (~44,000) 0
5, (0.08) 4 Ol 0 0 - (-28,000) 0
50.12) 1025 1 ! 0 - (-12,000) : 0
5,006 25 i el HPG 4,000 - 4,000 (4,000 - 0)
. 80200 025 2000020000 (20000 - 0)

EOL(A) = 0.1 x44,000 + 0.1 28,000 + 0.2 12,000 + 0.4x0 + 02x0 = Rs. 9.600
EOL (A7) = 0.1x0 + 0.1x0 46020 + 0.4x 4,000 + 02x20,000 = Rs. 5,600

Thus based upon EOL criterion, the bé;t _deéision would be the second alternative, do not develop
the product. - o TSNPNNII ).

Expected Value of Perfect Information (EVPI):

The expected profit with perfect information is the expected return, in the long run, if
we have pgrféct i‘:’ifo{mationpbe{ore a decision i$ made. The Expected Value of Perfect
Information (EVPI) may be defined’as the maximum amount one would be willing to pa:.
to acquire perfect information as to which: event would occur. EPPI represents the
maximum obtainable EMV with perfect information as to which event will actually occur
(as calculated before perfect information:is!received). If EMV* represents the maxum:er?i
obtainable EMV.without perfect; information, perfect, information \{vould mcreaslc:i i};pec <
profit from EMV* up to the value of EPP/, so the amount of that increase wou equ
to EVPI, Thus, we have : ‘

. \EVPI = EPPI-EMV+ ,
o SAMPLE, PROBLEM .

1612.‘" Awholesalerof ;cp;irts goods has an oppomlariiry"ta buy S.QOO paf‘rs o{i sit:'.: :)l;:; il:'a;es b:gz
declared surplus by the. government. The wholesaler will pay Rs. 30 per pc;:r’an Kkl i
et b i o e, T i L o .
Just how nairs he will be able to sell. Any, skiis left aver, he €@ isco
a pair, A‘;?nffﬁ ’:‘;ﬁﬁﬁec‘;’:{wg:ramnof the. histerical data, ;}fg wholesaler assigns probabilities 1o the |
demand as follows: s St T ik ek i ;
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Probabilir )
Retailer's demand " o 'y
1,000 pairs 0:3
3,000 pairs oy
5,000 pairs

(@) Compute the conditional monetary and cxpecledlmlrmela")’_ values.
(b) Compute the expected profit with a perfect predicting device. |
(c) Compute the EVPI,

Solution. We are given :

Cost per pair = Rs. 50

Selling price per pair = Rs. 100

Profit per pair =Rs. 50 (if sold)
Disposal sclling price = Rs. 20 (if unsold)
Loss on each unsold pair = (50 - 20) = Rs. 30

Conditional profit values. are therefore computed by

505 when D> §
| 50D-30(s-D) when D<§

where CP = conditional profit, D = pairs demanded and § = pairs stocked.

(a) The resulting conditional payoffs and corresponding expected payoffs are computed in the
table below :
) ("000 Rs.)
Retailer’ Conditional payoffs (Rs.) Expected payoffs (Rs.)
;t‘::afz;’s Probability (Stock per week) . (Stock per week)
1,000 pairs 3,000 pairs 5,000 pairs 1,000 pairs 3,000 pdirs 5,000 pair,
1,000 pairs 0.6 50 -10 -70 30 -6 —-42 -
3,000 pairs 03 50 150 90 15 45 27
5,000 pairg 0.1 50 150 250 5 15 25
' EMV 50 54 10
(6) The expected profit under perfect information (EPPI) is computed below :
) ('000 Rs.)
Retailer's Probability - .Condmrmal ]Tayryjfr - 'Under perfect information
demand 1,000 pairs 3,000 puirs 5,000 pairs Maximum payoff Expected payoff
. (D (#) (iii) (iv) v) . () x (v)
1,000 pairs 0.6 50 ' ~10 =70 50 30
3,000 pairs. 03 50 150 9% 150 45
5,000 pairs ° 0.1 50 150 250 . 250 25
EPPI 100
© EVPI = EPPI-EMV* = 100- 54 = 4¢ {
Thus, EVPI = Rs. 46,000, . ,
, PROBLEMS %
1613, A producer of boats has estimated the folinwing distribution of demand for a particular
kind of boat :
No, demanded - 0 ] 2 3 4 5 6 !
Probability : 0.14 027 0.27 0.18 0.09 0.04 0.0l
Each boat cost him Rs, 7,000 and he sells

in stock 50 as to maxjmize his expected profit?
1614. A 10y camera manufacturer produces

on must be disposed of for Rs. 6,000
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Standard Model

T Dbty D o ’
- 0,000 0.30 s Ly
o N 07 2,000 020
| S— (1. - — 0 0.K0

Cameras nob sold during the season are sold o s of Be & :
N * 8old at snlvage '

_ . deluxe model, The manufacturer | ABe price of Rs. 5 for the standard and
7 W for the neturer feels (hat djffe ‘
- ‘ wodels, thus ) : difterent segmenty - :
*. r,:, p0 rhfh,rc'f{ " . I, ‘-,huﬂl the probabilities of ey given nhufc are h(l,rl ‘lllt 'I"."f‘“"q g

te g production capacity, the two decisions can he made Independent P SRR
U-":” e . . " X ol v '

Wt are the optimum quantities of each model (o produce? What nrc):hc two optimum EMV's?
[Mahrishi Dayanand M.B.A. 1995]

V Y
'
fAI ny

1615, The following payoff table is given :

3 Action - Event
e o £y Ey Ey
1 Ay 40 200 200 100
M2 200 0 200 0
Ay 0 100 0 150
M =50 400 0o . 0
L 7 (j Calculate the opportunity loss table,

(i) Suppose that the probabilities of the events of this table are P (E))=0.20, P (Ey) =0.15,
Ly =040, P (Eg) = 0.25. Calculate the expected payoff and the expected loss of each action.
' [C.A. (May) 1997]

1616. XYZ company manufactures parts for passenger cars and sells them in lots of 10,000 parts
o, The company has a policy of inspecting each lot before it is actually shipped to the retailer. Five
cnpection calegories, established for quality control, represent the percentage of defective items
ntzined in each lot, These are given in the following table. The daily inspection chart for past 100
inspections shows the following rating or breakdown inspection :

The management is considering two possible courses of action :

(i) Shut down the entire plant operations and thoroughly inspect each machine.

Rating Proportion of defective items Frequency
Excellent (A) 0.02 25
Good (B) 0.05 30
Acceptable (C) 0.10 20
Fair (D) 0.15 20
Poor (E) 0.20 5

: Total = 100

(i) Continuc production as it now exists but offer the customer a refund for defective items that
ue discovered and subsequently returned. The fifst altemnative will cost Rs. 600 while the second
diemative will cost the company Re, 1 for cach defective item that is returned.

What is the optimum decision for the company? Find the EVPI. [M.S. Baroda M.B.A. 1995]

1617, An engineering firm has installed a machine costing Rs. 4 lakhs and is in the process of

deciding on an appropriate number of a certain spare parts reclluired fo': mpail;lﬁ- Tlt!e‘lspm:i parts cost
Ba. 4,000 i Iy if they are ordered now. In case the machine fails and no spares
sl Kl ) would be Rs. 18,000. The plant has an

#e available, the cost to the company of mending. the plant

evlimated life experience with similar machines, is as follows : s )
Puilures during 8- lod 0 TR T 4 +
Prohﬂi:ity - ym(ly m,r-(. v 0l 02 03 . 02 0.l 0.1 0

Ignoring any discounting for time value of money, determine the following :

s S i ¥ : . = : | l (YR le
(@) The opti mber of units of the spare part on the basis (|)_ n‘\inimax principle,
(h ﬂ:i,gimnl‘::l,;;‘i’nciple. (ilf) Laplace principle, and (iv) expected cost principle.

i (b) The expected number of fallurbp in the B-year period.  [Poona M.B.A, 1996)

: () EVPI, g s i L Y

: o AL oy T (0. le of newspapers on
1618, Under an employment, promotion programme It Is proposed to allow sn'e O
buses during off~pac:kmxgu?1‘ﬁe. vendar can. purchase the papers, at  special gonsessional,fake. of 33
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: vendor has eg;
Paise and sell it for 40 paise (a piece). Any unsold COP)’dlS‘ a dead loss. A ESnm%dlh‘
following probabilities for the number of copies demanded : " o
, No. of copies . 15 lf’n9 01;71 026 o1l 237
Probability : 0.04 0. : 0
i Id be ordered so that hjg ex
. Prepa table and find out how many copies shou : Pec
profits will{eb: . T%’Zifmi?n" [Kerala M.Com. 1994; Madras B.E. Comp, g, 4

" : 99!;
1619. M/s Ramii Lal & Sons are faced with the problem of dglggn";;“fog;c q‘;ﬂ‘:’?g:"Rnurn oyl
centain magazine to order for sale. The magazine which costs Re. 0. aﬁ et undcre'[h]' 0,
the company orders more copies than it can sell, the unsold coplt;_s (i 500 copies, refund Re iy
wholesale contract for a refund under the following formula : upto II:S ; anﬁ ok Gver | (.)()Oe' 03
for each unsold copy: 501 to 1,000 copies, refund is Re. 0.20 for eac _Coﬂg’ ’ following table -~ <°Pie
refund is Re. 0.10 each. The sales record of past 100.weeks is given in the 70003 :
No. of copies sold (per week) 4,000 5.000 6,000 2 0 8.000
No. of weeks : 10 25 35 10
(1) What is the optimum decision?

(&) Compute the expected maximum profit.

1620. The demand for a seasonal product is as given below :
Demand during the season : 40 45 50 55 60 65
Probability 0.10 0.20 0.30 0.25 0.10 0.05 .

The product costs Rs. 60 per unit and sells at Rs. 80 per unit, If the units are not sold Within th,
$cason, they will have no market value,

(1) Prepare a payoff
optimum act and EVPJ.

[Nagpu;.M. BA, ;997!

and a regret table, (if) Find the expected payoffs and regret, (#i8) Find e
. [Allahabad M.B.4. 199
Per unit per week is Rs. 70.00. For one particular model of TV, the probability distributjoq
of weekly sale is as follows : ‘
Weekly sales - 0. 1 2 3 4 5 6
Probability : 0.10

0.10 6.20 0.25 0.15 0.15 0.05
How many units per week should the dealer order? Also, find EVPI.

-operative union desires to

determine how many kilograms of butter it

' should produce on daily basis to meet the demand. Past records have shown the following pattern of |
1 demand : }

i Quantity demanded (kg.) 15 20 25 30, 35 40 a5
i Days when given demand occurred 4 16 20 80 40 30 LUN
E Assume that the stock levels are restricted to the range 15-45 kg. (a multiple of 5 kg.) and that -
; butter left unsold at the end of the day must be disposed of due to inadequate stoning facllities. Butter o
; costs Rs. 14 per kg: and is sold at Rs. 20 per kg. (a) Construct a conditiona] profit table, (b) Determine
E the action altemative associated with the maximi

Chia A S o Ry Sk [Gujarat M.BA. 1996]

1623, A modem home appliances dealer finds that the cost of holding a mini cooking range in
stock for a month is Rs, 200 (insurance, minor deterioration, interest on borrowed capital, etc.).
.- Customer who cannot obtain a cooking fange immediately tends to go to

: other dealers and he
. estimates that for every customer who cannot get immediate delivery, he loses an average of Rs. 500.
. The probabilities of a demand of0, 1,2, 3,45 minj cooking ranges in a mogp are 0.05, 0.10, 0.20. ¢
7. 030,020, 0.15 respectively, Determine the optimum stock leve] of cooking ranges. Also find EVPL.

s et P N S 0 g P [Delhi M.BA. 196]

B o T (EAREEEE - e

" wh : med 80 to other dealers and e estimates that for every |

- customer who cannot get immediate dellvcrr he loses ap average of Rs. 200, For one particular model |
.. of TV the probabilities of a demand of 01,234 and 5 TVs in a week are 0,05, 0.10, 0,20, 0.30
7 (i) How many televisions per week should the dealer orde

between ordering and dclivcry.“.‘_

12 Assiim

 that there is o time Iag

)

; t.i{_u';yc)_if'ii)_;_;_bbiéi‘li.ﬁdditi'dnal inf
0:spend-on such a surve 2
SR [Delhi M.B.A. (No

<
ner
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pEClSlON-TREE ANALYSIS

: A d{(ijfl?"_'”” l,s a graphic display of various decision alternativ
bios if they were branchés of a t . n alternatives and the sequence
 eve™t® £ uce the symbol ' to i bt D enstnetiog o O s is a
certainty or “event’. Br ate the decision point and 7 10 denote the
» un mZdiate mu!uallyrzt;?l]::' coming out of a decision point are nothing but
5 rff’r::ckion‘makcn Branches emanating fr:;rcl ?'l:g,t,:::fct'(,(," (a"frmmc ! open 10
il . . n oint 7 ) £t < hla
gﬂatioﬂ (cvems)' Thcscdcwcms are not fully under the cu[:nml nfjlhécf;;;lfir:n(-;::ra[::?";hr:r;
scn::::;S:CT)CQchS'Ba:;’l;lcllc- '}?\C basic advantage of a trec diagram 1 that é;olhe-r
outcome (payo?f) for :a::hc;lipp(':mng of c‘ach' event may also be represented.
end of.cach beanch A'chqt‘combmau‘on may be indicated in the tree

nch. A decision-tree diagram 1s illustrated below

L patio .
P tud ntaliﬂﬂ of im

a2y P
Z‘ called s¢
° rgsﬁlllng

l Outcome
act Event Act Event ( Pja‘/{:fr

By Oy Es O;121

5
%O”n
O113 Ovz
E,
—O——2 °
O21 O:a2

Fig. 16.1. A decision-tree diagram

, For example, 0211 represents the payoff of the act-event combination A, - E2—Ci~ E,.

i; When probabililics of various events are known, they are¢ written along the
I corresponding branches. Multiplying the probabilities along the branches results in the joint
,pmbabilities for the corresponding act-event sequence. Thus in a decision-tree. the
decision-maker lists all possible alternatives, possible events and resulting payoff values
ilities for each act-event sequence. This enables hum t0 determine

slong with their probabi
expected payoff values and hence the EMV for each act.
. A decision-tree is highly useful to 2 decision-maker in multistage situations which
javolve a series of decisions each de at on the preceding one.. The modern approach
o the analysis of a decision-tree involves the computation of EMV for each main bran<
of the tree. These values then become the conditional expected payoffs for their respective
branches; the process is repeated until the EMYV for a given pa has been determined. The
| “.‘Pﬁ?wrpﬁth'(it'rﬁwgy)‘isaone»that corresponds 10 the maximum EMV. This technique.
- called Rolling Back Technique, 15 explained below :
- Since it is impossible (0 cvaluate an immediate decision act witho :
- dll future outcomes that result from this decision, one begins the analysis at the end of the
' teee (far right-hand side). isi o of primary importance 1o us. We
i analyse this point and take that decision whic 'EMV and then roll back 10
the ' in makcdwsamd EMV analysis for decision and roll-back t© the
lling back process continues. till the initial point is reached.

';ﬂm’is’-‘u&uwsu

has' a choice ’beméhi"li)A risky contract promising Rs. 7 lgkhs with
5 : bahility 04, and (i) A diversified portfolio consisting of two
iracts with independent outcomes each pr iising Rs. 3.5 lakhs with probability 0.6 and Rs. 2

SRS

ut first considering
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dad 1n ou arrive at | Iston
{si for using EMV criteria. Can yo [Poon, A::ng Ey
HESTIRNEL 8 Fesi Loty ' . be constructed as. beloy, . A 1992;
criteria? _ off table for the problem may L
Solution. The conditional pay S in lyy
' ! ision) Expected payofy (Dec,'.ﬂ-,m) ‘)
Conditional payoffs (Decislo : Contract P"'"ful'
bili i ‘ orifolj,
( I-_\gfm P"'('"E") = Crmn)wc! P "gﬁ;’ & ; (i) x (if) (1) x (,‘,-1;
. G ‘\
Y . T 35 ?2 21
El v 4 | 2 ; -_“— ILE
E, 0.4 e 5.8 20

; in for the risky contract which wilj yield hin,

i ritcrion, the manager must go in - )" him,
highgs:anxgpézfefh;‘;ncetaiy value of Rs. 5.8 lakhs. The decision-tree for the problem i given
Fig. 16.2. ‘ o . ‘

1626. Amar Company is currently working with a process Wh_tCh after paying fo_r Materiy,
labour, e;c brings a profit of Rs. 12,000. The following alternatives are made available 1, the
oAy« | ({) The company can -conduct research (p ,

Payoff which is expected to cos't Rs. 10,000 having 9%,
(Rs. lakhs) . nces of success. If it proves a success, f, -

06 7 company gets a gross income of Rs. 25,000
. (if) The company can conduct research (R,
0.4 4 which is expected to cost Rs. 8,000 having 4

" probability of 60% success, the 8ross income i
be Rs. 25,000.

‘ 06 35 : . |
- (iii) The company can pay Rs. 6,000 as royaly
Jor a new process which will bring q £ross income
: 0.9 2 of Rs. 20,000,

_ . (iv) The company  _continues the curren
Fig. 16.2. Decision-tree for the Manager process. ’
Because of limited resources, it is assumed thay only
carried out at a time,

one of the two types of research can be

Use decision-tree analysis to locate the optimal Strategy for the company, [CA. (May) 1994]
Solution. The various act-event combinatio

in the following decision.q di it ns and resulting Payoffs of the problem are introduced
€cision-tree diagram, The net EMV correspondi . st i
are indicated in bold type : ponding to various event/decision po

Expected Income Gross income

Rs.
Rs. 22,500 Suc‘:jessfu‘bg 25,000

0.1
12,500  Not SUceessty; 0
" Conduct research A, 7.000 Successful 25,000
Cost Rs, 8,000  \.J . N

h ‘Scéh'nédw.\/vlt'h CamScanner
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. e .J._W.‘WWM‘!,{“:IEE‘E Analysis at Point D
e Event S T — SR
) o - s vord income. . Especte: .
,,aﬂﬁ.ﬁﬁf"[;:;mﬁm Successful “mj«";,g Uity Gross income  Fxpected income
y : | L R Al 218
. Not Giesatid 01 (Rs.) 25,000 (Ry.) 22,500
. 0 0

Successful
Not successful

conduct rescarch R

.

Total expected income = Rs. 22,500
Less cost Rs. 10,000

Net EMV Rs. 12,500
VRs. 12007

0.6 25,000 15,000
0.4 0 e

Total expected income = Rs. 15,000
Less cost Rs. 8,000

Net EMV Rs. 7,000
e et

= )
- “As the net EMV is
decsion WO!

“* 1627, A Finance M
were successful at 20 metres
s in that area drilled it further.upto 25 metres bu
cost of drilling is Rs. 500 per metre.
§ waterin his own' well, he will have to pay' Rs. 15,000
|  of getting water from
4~ () Donot drill any well,
' (i) Drill upto 20 metres, and
~ (iii) If no water is found at 20
_ Draw an appropriate decision-tree and determin

Lf " 1628. A businessman has two independ

i successful then take B, or vice-versa. The
Both investments requirc an
is unsuccessful. Successful completion of A will return

* B will return' Rs, 5,000 (over cost). i
Draw the decision-tree and dctqrminc the best stra

2 1629. A client asks an estate ag
o uma 5% commissionon each sale. He 8
= :hnd this he must do within 50 days. If.an
3 at sale. He'can then either back out at this stage
 femaining properties within:60 days. If he:does: not
Period, he is not given the opportunity to sell the other.

Prices, selling - costs : (incurred’ whenever:2 sale:

Probability of making a sale i

~Property i
: ; A:;-;. Lo git
1o By 25000,
() Draw up an appropridte decision-tree for
(@) What s the estate agent’s best strategy UM

. highest for the alternative ‘pay royalty for the new proc
‘ ld be to procure new process on royalty basis.

" PROBLEMS

anager is considering drilling a well. In the 'pas
depth in that area. Moreover on

The Finance Manager estima

metres, drill further upto 25 metres.
e the Finance Manager’s optimal
‘ [C.A. (May) 1992}

=23 ent investments A an
capital to undertake both of them simultaneously. He can choose to take A fir
probability of 'success 0

initial :capital outlay of Rs.
Rs. 3,000 (over cost), success

ent'to sell three prppcrti
is sold, the agent receives
succeed in selling !

_ Opportunity to sell. the. third: on thaa,samaz_conditiuna. “The following table
U he.thicdpropeny. e is: attempted). and the+es

=
: for the . Certai '

N Pay miacl;i o crtain 1 20,000 Rs. 20,000

new P ; Less cost Rs. 6,000
i it b

e gl 5 Net EMV Rs. 14,000

"4 Continue ! ertain 1 12

“current process 000 ~ EMV Rs. 12,000
ess’, the optimal'

1 t, only 70% of wells drilled
finding no water at 20 metres, some
t 20% struck water at that level. The prevailing
ted that in case he does not get

to buy water from outside for the same period

the well. The.following decisions are considered :

strategy. '

d B available to him, but he lacks the

n A is 0.7, while for B it is 0.4
thing if the venturc

,000, and both retum 1o
ful completion of

tegy.
for him and agrees to pay

te agent must sell A first,
his 5% commission on
or nominaté and try to sell one of the two

o the nominated property in that
eriod, he is given the
summarizes the
tate agent's estimated

es (A, B and €)
ditions. The esta

If hedoes sell it in the p

.. Prabability of sale
% 0.7
06
LD,

G e

o

st and then stop, of ifA .

Lad
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