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The decision process:

1)

2)

3)

the decision—-maker selects a decision
from among the alternatives d,, k=1,...n

after the decision is selected, one of the
possible "states of nature”, 55, occurs

the decision—-maker receives a “payoff”

ry; determined from a payoff table.
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Three Classes of Decision Problems

e Decisions under ceriaini)”
1.e., asingle state of nature 1s possible

e [Decisions under 75k, 1n which the
probability distribution of the state of
nhature 1s kKnown

e Decisions under #neceriaini)l, 1n which the
state of nature has an unknown probability
distribution
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Criteria for decision—making under. ..

e risk
maximize expected return

maximize expected utility

minimize expected regret
& uncertainty

maximize minimum return

maximize maximum return

minimize maximum regret
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NEWSBOY EXAMPLE

MAKE or BUY EXAMPLE
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NEWSBOY PROBLEM

® The newsboy buys newspapers from the delivery
truck at the beginning of the davy, at a cost of
10¢ per paper

# During the day, he sells papers for 2ot each

¢ [Demand is a random wvariable, but with a known
probability distribution:

Po=0.1,P=03, =04 R=02

¢ At the end of the davy, any leftover papers are
without any value ¢
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NEWSBOY PROBLEM

Let d =+ of papers ordered at beginning of
the day (the "decision"”)
s = demand for papers ( "state of nature")

Min(s,d) = # of papers sold

Payoff ry. = 25(# of papers sold)
- 10(# of papers ordered)
= 25min{s,d} - 10xd
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How many newspapers should the
newsboy order from the delivery
fruck at the beginning of the day”

BECHLSE TH8 0100307 710 58 i iioe of 158
gemang (siate of natire ) is e, 1975
IS JBCISION—mak ing unaer risk



Decision Apalysis2 . 8/21/00

Payoif Table |

State of Mature ( demand’

ecision (7 / e 5

2 0 0 o 0
/ -10 > 12> 15
Z -20 D 30 30
51 -30 -2 20 45
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Calculation of Expected Payoff

| for k=0,1,2,3
Decision
O Q0. 1)+ 0003+ 000, il)+OED.2]I =
1 =100 1) +1500.3) +15(0.4) +15(0.2) = 125

2 -2000.1)+ 5(0.3) + 30(0. -*—’1)+3®(D 2) =175

3 =3000.1)-500.3)+ 2000.4)+ 45(0.2) = 12.5
fo maximize the expecled payolfr, the newsboy

shauld order 2 papers.



NEWSBOY PROBLEM

suppose that nothing 1s known about the
propability distribution of the demand

(a0 we s assume 1hat possihie
qemEnds sre i1, 7,5 & 3

This 1s now an example of
GBCISION —mMak ing unaer uneeriaini )
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GECISION —mak ing unaer unceriainl )

Three commonly-used criteria:

|l maximin, 1.e., maximize the minimum payoff
IFl maximax, 1.e., maximize the maximum payoff
=l minimax regret, where "regret” 1s the

opportunity cost of not making the best
decision for a given state of nature.

o
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MAXIMIN Criterion

Maximum !minimum 1,
k i k]

® 3 very conservative or pessimistic approach

¢ cach decision is evaluated by calculating the
worst payoff that can be received it vou make
that decision

&)
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Maxi{mum {mmimum rkj}

= 1
State of Neture (demand) iU
Lecision (7 7 = 3 payoff
0 0 0 O 0 | o=
7 -10 12 1> 12 | -10

Z -20 5 30 30 |-20
5 -30 o 20 45 -0

fhe newshoy should order no papers rrom the
delivery ruck!
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MAXIMAX Criterion Maxikmum {ma:{imum rkj}
]

& gvery optimistic approach

& cach decision 1s evaluated by the best
payoff that can be received 1f vou make
that decision
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Maxi{mum {ma:{imum rkj}

State of Mﬁfﬂf"& { demand?

£ / e 51 payoff

0 0 0 0 | o
10 15 15 15 | 1s
20 5
-30 -5

30 30 | 30
20 4% 45 =7

fhe newshoy shouwld order F papers from the
defivery ruck!
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MINIMAX REGRET

Miniﬁnum {maximum [m_ax rij] - rkj}

i 1
"Regret” 1s the opportunity cost of not making
the best decision for a given state of nature
Far examale, 17 ihe siale ol nature (7.8, demand/ Wit/
b 2 LA DEsE Gecision LEE Could nare Deen made s
G CTEE L WIS BENE & 0ol T or SO
T we inslesd Had ordered J oue g@ ol Wil fe 20
ST ot egeel s T

&)
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eyt eyt
0 2 3 0 2 3
(0] 0 0 0 § = 0| 0 15 30 45
-10 15 15 | = 1|10 0 15 30
-20 5 [30]30 | S 2020 10 0 15
-30 -5 20 [45] ¢ T3 L2010

L B2 — O

LEVOIT 717 7L5 0/ | Regrety; = [Naxikmumrkj] i
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State orf Malure {‘“ aemand.’

max

s 0] )

&

. regret

/ = 1

0
[0
§ 20
30

regret’”

20

30 45
> 30

o 13
10 0

[§s:
0

[0

fhe newsboy should order 2 newspapers Irom
the delivery ruck.



EVPI (Expected Value of Perfect Information)

lImagine the current sequence of events:

* Mother Nature, using the probability distribution,

generates a random demand
¢ The newshboy, not knowing what demand had been

determined by Nature, orders his newspapers
¢ The demand is then revealed Lo the newsboy, and

he then receives a payvoff

=

8/21/00 Page 2
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EVPI (Expected Value of Perfect Information)

Consider a new scenario:

¢ [he newsboy pays Mother Nature a fee

® Mother MNature deterrmines the demand as before

¢ [lother Nature then tells the newsboy what the
demand will be

¢ [he newshoy orders his newspapers

¢ [he newshboy receives his payvoff

What 1s Lhe largest Fee which the newsbhoy
should be wiliing to pay?
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- {expected return with current scenario}

Assuming that, after learning what the demand

will be, the newsboy orders enough Lo exactly
satisfy the demand, ;

Expected return with new scenario 1s 'Zn rj; Pj
i=
= 0(0.1) + {15¢)(0.3) + (30¢)(0.4) + (45¢)(0.2
=23.5¢
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Since the newsboy's expected return is currently
17.01
then
EVPI =20500- 170t = Gt

That 15, possessing knowledge of the demand
before he orders the newspapers will increase
his expected return by Gt,
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Relationship between EVP| and "regret”

e Expected
.01 2 3 regret
0 15 30 45 § 25.5¢
0 0 15 30 ¢ 13 ¢
20 10 0 15 | 8 ¢ =47
30 20 10 0 | 13 ¢

RSSO
e 20—

P; 01 03 04 02

EVPI - Minimum Expected Regret |
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EXAMPLE

A manufacturer has a choice of either
® buying @000 of a certain part
at $20 each,

or .
# making them

at a setup cost of $50,000
plus $12 each

AErFge cosl =
FE0, 000 + Q000x F1.2|

e
= §7 7 565 per it

&
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Unfortunately, while the bought product is

F/ways satisfactory,

the product he makes is often defecéive,
having a distribution of the percent defective (p)
as.

p | 0% 10% 20% 30% 40% |
Pipil.1 2 3 25 .15 |

If a defective part is installed and discovered
on final test of the product,
it must be corrected at a cost of $10 each.
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Construct a Payoff table,

with the O "states of nature” being the % defective,
and the decisions being "make” and "buy ",

Deci- percent defective
sion U% 10% 20% 30% 40%

vmke-458@@@-46?000-4?6000—185@m@—19qﬂmﬂ%

Buy [-180000 -180000 -180000 -180000 -180000 |

(4 cost is inlerpreted 55 5 negative palolt] i order
L0 e consisient wilh Lhe criterig discussed earier. /
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Payoff Table

Decision p= 0% 10% 20% 0% 40%
Mak.e 128000 167000 -176000 -185000 194000
Euy 180000 -130000 130000 -1230000 -150000

Regret table: ¢

percent defective

Deci-
Si0n 0% 107% 207 0% A0 7%
Make ] 0 0 o000 14000

Buy | 22000 13000 4000 0 0
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What is the decision, using criterion...

=

I'=

=

I'=
What is...
=

MAXIMIN W

MAXIMAX 4

MINIMAX REGRET Wi

MAXIMUM EXPECTED PAYOFF i

RULW? Fvnecied ialve of Pertect information

&
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Decision p= 0% 1057 20% 0% 40%

Make -158000 -167000 -176000 -185000 -194000 %
Buy -180000 -180000 -180000 -180000 -180000 §

Minimum payoff for the decision "Make™ 15 - 194000,
Minimurm payofft for the decision "Buy™ is 180000,

Therefore, the decision selected by the maximin
criterion will be "Buy ",

~180000>-194000.
&

SINCe



Decision Analysis 1 8/21/00 Page 31

MAXIMAX

Decision p= 0% 1057 20% 0% 40%

Make -158000 -167000 -176000 -185000 -194000 %
Buy -180000 -180000 -180000 -180000 -180000 §

Maximum payoff for decision "Make" 15 158000,

Maximum payoff for decision "Buy™ is - 150000,

Therefore, the decision selected by the maximax

| criterion is Make”,
Snce - 108000 >=150000,

&
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MINIMAX REGRET
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‘G—fﬁgwﬁffﬁﬁk“

The maximum regret for decision "Make™ 15 14000,

Decision|p= 0% 10% 20% 308 40% |
Mak.e 0 0 0 5000 14000 %
Buy 22000 13000 4000 0 o |

and for "Buy” 15 22000,
Therefore, the decision selected by the "minimax
regret” criterion is "Make".

&

Page 32
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MAXIMUM EXPECTED PAYOFF

Decision p= 0% 10% 20% 0% 40%

Mak.e 128000 167000 -176000 -185000 194000 %
Buy -180000 -180000 -180000 -180000 -130000 |

SHOORE &8 7207 [ 3 025 875

The expected payoff for decision "Make" is

0. 1x(-158000) + 0.2x(167000) + 0.3x(-176000) +
0.20x(-185000) + 0.15x(-194000) = -177350,

while for the decision "Buy ™ it 15 - 180000,
Therefore, the decision selected by this criterion

15 "Make",
&)

Page

33
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Expected Yalue of Perfect Information:

I the manufacturer had a prediction of the defective
rate in advance {passessed perifect informalion/
he would choose

Take" if p=0, 10, or 20%,

"Buy® if p=30 or 40%;

and

Decision p= 0% 1057 20% 0% 40%

Make |—1SBDDD“—16?DDDI—1?EDDD -1585000 -194000 %

Buy 180000 -180000 -180000 [-180000][Z180000]

SrOEAb 8778 3 24 3 3 325 275

&
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defect rate: O 10% 20% 30% 40%
Pawvoff: -128 -167 -1/76 -180 -180 H1D3
probability: | 0.1 0.2 0.5 0,25 D.15

EVWPEI = Expected Yalue With Perfect Information

=0 1x(=158000) + 0.2x(167000) + 0 .3x(-176000]
+ (0. 20x(=180000) + 0. 15x(-180000)

=-174000.

EVWOl = Expected Yalue Without Information

= -177350



EvVwPl =-$174000

EVWwWOl = - $177350

EVPI = EVWPI - EVWOl = $§ 3350

1.e., with perfect information,
the manufacturer's payoff 15 3320 more than without,
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Fegrel Tanie. Expected
Decision|p= 0%  10% 20% 30% 40% f Iedret
Make 0 0 0 5000 14000 | $3350
Buy 22000 13000 4000 O 0 | $6000

probsbiite Q70 G20 GF0 G425 gFs
The decision which maximizes expecied payorlr
15 Make”
The expected regret of this decision 1s
O+ 0+ 0+ 0.25$5000 +0.15x$14000=$3350

EVPI - Minimum Expected Regret |




