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Tipe dan tfahapan dalam pengambilan keputusan
Pengambilan keputusan dalam ketidakpastian
Pengambilan keputusan dalam resiko

Decision Trees

TEORI PENGAMBILAN KEPUTUSAN



Quantitative analysis 1s a scientific approach
to managerial decision making whereby
raw data are processed and manipulated
esulting in meaningful information

Quantitative Meaningful
nformation




Quantitative analysis uses a scientific approach to decision
making.

Both qualitative and quantitative factors must be considered




Figure 1.1

Defining the Problem
Developing a Model

Acquiring Input Data

Developing a Solution

\

Testing the Solution

\

Analyzing the Results

\

Implementing the Results




Let’s look at ¢
model of profit

Profit = Revenue — Expenses

HOW TO DEVELOP A QUANTITATIVE
ANALYSIS MODEL



unit
Profit = sX — [f + vX]
Profit = sX = f =vX

where
s = selling price per unit
f = fixed cost

The parameters of this model
are f, v, and s as these are the
Inputs inherent in the model

The decision variable of
Interest is X

v = variable cost per unit
X =number of units sold




Mathematical models that do not involve risk
are called deterministic models

> fhe values used in the model with



What is involved in making a good
decision?

Decision ’rheory IS an analyfic and
approach to the study of




Type 1. Decision making under certainty

Decision maker knows with certainty the
consequences of every alternative or
decision choice

°
-~ N\ S .

GOES NI KIAOW.

<LIOWS e arooclollifies




imax (opfimistic)




ALTERNATIVE

Construct a large
plant

Construct a small
plant

Do nothing

Table 3.2

STATE OF NATURE

FAVORABLE UNFAVORABLE MAXIMUM IN
MARKET ($)  MARKET ($) A ROW ($)

200,000 —-180,000 200,000

W XX
100,000 —-20,000 100,000

0 0



STATE OF NATURE

FAVORABLE UNFAVORABLE MINIMUM IN
ALTERNATIVE MARKET ($)  MARKET ($) A ROW ($)

Construct a large
plant

Construct a small
plant

200,000 —-180,000 —-180,000

100,000 —20,000 —20,000

Do nothing 0 0 (0

V2 rnls
Table 3.3 Mlzudrrin




weighted average

Coefficie :

Avalue of 1 is 100% optimistic
Compute the weighted averages for each alternative
Select the alternative with the highest value

Weighted average = e(maximum in row)
+ (1 — @)(minimum in row)



ALTERNATIVE

Construct a large
plant

Construct a small
plant

Do nothing

Table 3.4

STATE OF NATURE

CRITERION
FAVORABLE UNFAVORABLE OF REALISM
MARKET ($) MARKET ($) (@=0.8)$

200,000 -180,000 124,000
REAUISI

100,000 —20,000 76,000

0] 0 U



ALTERNATIVE

Construct a large
plant

Construct a small
plant

Do nothing

Table 3.5

STATE OF NATURE

FAVORABLE UNFAVORABLE ROW

MARKET ($) MARKET ($) AVERAGE ($)
200,000 ~180,000 10,000

100,000 —20,000 40,000
Eejlizlly J]ke%

0 0




Based on opportunity loss or regret, the
difference between the optimal profit and
actual payoff for a decision

eate an opportunity loss table by determining the
s for not choosing the best




STATE OF NATURE

FAVORABLE UNFAVORABLE
MARKET ($) MARKET ($)

STATE OF NATURE

FAVORABLE UNFAVORABLE
ALTERNATIVE MARKET ($) MARKET ($)

Construct a large plant 0 180,000
Construct a small plant 100,000 20,000

Do nothing 200,000 o)
Table 3.7




STATE OF NATURE

FAVORABLE UNFAVORABLE MAXIMUM IN
MARKET ($)  MARKET ($) A ROW ($)

ALTERNATIVE

Construct a small
plant

Do nothing 200,000 0

100,000

Table 3.8



Decision making when there are several possible
states of nature and we know the probabilities
associated with each possible state

nod is fo choose the alternative
expecied monenany. value (EMV

EMV (alternative i) = (payoff of first state of nature)
X (probability of first state of nature)
+ (payoff of second state of nature)
X (probability of second state of nature)
+ ... + (payoff of last state of nature)
X (probability of last state of nature)



EMV (large plant) = (0.50)($200,000) + (0.50)(—$180,000C
= $10,000

EMV (small plant) = (0.50)($100,000) + (0.50)(—-$20,000)
= $40,000

EMYV (do nothing) = (0.50)($0) + (0.50)($0)
= $0



STATE OF NATURE

FAVORABLE UNFAVORABLE
MARKET ($)  MARKET ($)

ALTERNATIVE

Construct a laro
plant

Construct a small
plant

EMV ($)

100,000 —20,000 40,000

Do nothing 0 0 o)
Probabilities 0.50 0.50
Table 3.9



EV la
ad lm% | N ormg

EVPI = EVWPI — Maximum EMV
EVPl is the increase in EMV that results
from having perfect information

ne long run overq e return if we have perfect
a de nis made

Per bound on what you should pay for

P
d

Jte of nature since we

EVWPI = (best payoff for first state of nature)
X (probability of first state of nature)
+ (best payoff for second state of nature)
X (probability of second state of nature)
+ ... + (best payoff for last state of nature)
X (probability of last state of nature)



Scientific Marketing, Inc. offers analysis

that will provide certainty about market
onditions (favorable)

ost $65,000




Best alterne ;
to do nothing with a payoff o

EVWwPI = ($200,000)(0.50) + ($0)(0.50) = $100,000

The maximum EMV without additional
information is $40,000

EVPI = EVWPI — Maximum EMV
= $100,000 - $40,000
= $60,000



Best alternative fc
to do nothing with a payoff of $Q

EVWwPI = ($200,000)(0.50) + ($0)(0.50) = $100,000

The maximum EMV without additional
information is $40,000

EVPI = EVWPI — Maximum EMV
= $100,000 - $40,000
= $60,000

So the maximum Thompson
should pay for the additional
information is $60,000




EVWPI

State of Nature

Favorable Market Unfavorable
$) Market ($)

Alternative

Construct a large

plant 200,000 -180,000

Construct a small

plant 100,000 -20,000

Do nothing 0 0 0

Perfect Information 200,000 0 EVwPI = 100,000

Compute EVWPI

The best alternative with a favorable market is to build a large

plant with a payoff of $200,000. In an unfavorable market the
choice is to do nothing with a payoff of $0

EVwPI = ($200,000)*.5 + ($0)(.5) = $100,000
Compute EVPI = EVWPI — max EMV = $100,000 - $40,000 = $60,0

The most we should pay for any information is $60,000




IN-CLASS EXAMPLE

>

State of Nature

Alternative Good Average Poor
Market Market Market

($) ($) ($)

Construct 75,000 25.000 -40,000

large plant

Construct
small plant

Do nothing 0 0 0

100,000 35,000 -60,000

Probability




IN-CLASS EXAMPLE:
EMV AND EVWPI SOLUTION

Alternative

Construct
large plant

Construct
small plant

Do nothing

Probability

State of Nature

Good Average Poor
Market Market Market

($) ($) ()
75,000 25,000  -40,000
100,000 35,000  -60,000

0 0 0
0.50




EVPI = EVWPI - max(EMV)

00,000*0.25 + $35,000*0.50

IN-CLASS EXAMPLE:
EVPI SOLUTION




Expecfecil. opportunity loss (EOL) is the cost of not picking the
oest solution

0ss table



THOMPSON LUMBER: PAYOFF TABLE

Alternative

Construct a
large plant

Construct a
small plant

Do nothing

Probabilities

State of Nature

Favorable Unfavorable
Market ($) Market ($)

200,000 -180,000

100,000 -20,000
0 0




ALTERNATIVE

Construct a large plant

Construct a small plant

Do nothing

Probabilities

STATE OF NATURE

FAVORABLE
MARKET ($)

UNFAVORABLE
MARKET ($)

200,000

200,000 -

100,000 0-(-20,000) 60,000
200,000 -0 0-0 100,000

0.50 0.50




STATE OF NATURE

FAVORABLE UNFAVORABLE
MARKET ($)  MARKET ($)

ALTERNATIVE
-
plant

Construct a small ,

olant 100,000 20,000 650,C
Do nothing 200,000 0] 100,000
Probabilities 0.50 0.50

THOMPSON LUMBER:
OPPORTUNITY LOSS TABLE



STATE OF NATURE

FAVORABLE UNFAVORABLE
MARKET ($) MARKET ($)

ALTERNATIVE

Con b .
plant -

Do nothing 200,000
Probabilities 0.50
Table 3.10 MiRImumrEOCIE

EOL (large plant)= (0.50)($0) + (0.50)($180,000) = $90,000
EOL (small plant)=(0.50)($100,000) + (0.50)($20,000) = $60,000

EOL (do nothing)= (0.50)($200,000) + (0.50)($0) = $100,000



The minimum EOL will always
result in the same decision (NOT
alue) as the maximum EMV




O aloc
For the Thompson Lumber exa

P = probability of a favorable market

(1 — P) = probability of an unfavorable market



EMV(Large Planf) = $200,000P — $180,000)(1 —P)
= $200,000P - $180,000 + $180,000P

= $380,000P — $180,000
= $100,000P — $20,000) (1 — P)

™ NN ....




$200,000
$100,000 Point 1 EMV (small plar
0 | | > EMV (do nothing)
167 .615 1
-$100,000 Values of P
—$200,000 |

Figure 3.1



Point 1:

EMV (do nothing) = EMV(small plant)

—q 4 _20000_ -
J=4l 20— U P_—12CDOO_O'16

RPOIMNZE
EMV(small plant) = EMV(large plant)



BEST RANGE OF P
ALTERNATIVE VALUES

200 0oL Point 2

$100,000 \ EMV (small plant)
0 | | > EMV (do nothing)
167 .615 1
—$100,000 Values of P
-$200,000

Figure 3.1



Any problem that can be presented in @
decision table can also be graphically
represented in a decision free

Decision frees are most beneficial when a
isions must be made
GECISIoN POINIS
srelie-aj-nlelitre SIS el pleieless

/




Define the problem
Structure or draw the decision tree

Ign probabilities to the states of nature

L]
aY =




Trees start from left o right

Represent decisions and outcomes in
sequential order

sent decision nodes




Favorable Market

Construct
Small Plant Unfavorable Market

9
(o] 4,0,
6/})

Figure 3.2



Unfavorable Market (0.5)

—$180,000

Favorable Market (0.5)
$100,000

Construct
Small Plant
(o]
Yoy,
&
9

Unfavorable Market (0.5) $20.000

= (0.5)($100,000)
+ (0.5)(=$20,000)

$C

Figure 3.3



Thompson Lumber has two decisions two
make, with the second decision dependent
upon the outcome of the first

First, Whe’rher or not to conduct their own
1g survey, at a cost of $10,000, to help
ive to pursue (large,




No Plant

Favorable Market (0.27)

Unfavorable Market (0.73)

Favorable Market (0.27)

Unfavorable Market (0.73)

No Plant

Favorable Market (0.50)

Unfavorable Market (0.50)

Favorable Market (0.50)

Unfavorable Market (0.50)

No Plant

Figure 3.4

$190,000
-$190,000
$90,000
—$30,000

—$10,000

$200,000
-$180,000
$100,00Q
-$20,000

$0



= (0.78)($190,00C
EMV(node 3) = EMV(small plant | positive survey
= (0.78)($90,000) + (0.22)(—$30,000) = $63,600
EMV for no plant = -$10,000
2. Given negative survey results,
EMV(node 4) = EMV/(large plant | negative survey)
= (0.27)($190,000) + (0.73)(=$190,000) = -$87,400
EMV(node 5) = EMV(small plant | negative survey)
= (0.27)($90,000) + (0.73)(—$30,000) = $2,400
EMV for no plant = -$10,000




Al

L

=

J.

= L

If the market survey is not conducted,
EMV(node 6) = EMV/(large plant)
= (0.50)(%$200,000) + (0.50)(—$180,000) = $10,000
EMV(node 7) = EMV(small plant)
= (0.50)($100,000) + (0.50)(—%$20,000) = $40,000
EMV for no plant = $0
Best choice is to seek marketing information




- —1$106,400

$2,400

- —— = $49200 === == = = =

Figure 3.4

. = $40,000 F = = =

O

—$87,400 Favorable Market (0.27)

N\ \W Unfavorable Market (0.73)

$2,400 Favorable Market (0.27)

Unfavorable Market (0.73)

~ o No Plant

Unfavorable Market (0.50)

No Plant

$190,000

-$190,000

$90,000
—-$30,000

-$10,000

$200,000

—$180,000

$100,000
-$20,000

$0




[untit=d]

1

EMY = $43200

Do Survey

50

o Survey

0
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Thompson wants 1o know the actual value of doing the
survey

" Expected valu
wiifr sample

information, assuming

\. No cost to gather it

OT DE UECI1S
witelel i sample
information

EVSI

(EV with sample information + cost)
— (EV without sample information)

EVSI = ($49,200 + $10,000) — $40,000 = $19,200
Thompson could have paid up to $19,200 for a marke
study and still come out ahead since the survey actually
costs $10,000



How sensitive
probability of a favorable surve

That is, if the probability of a favorable
result (p = .45) where to change, would we
make the same decision?

How much could it change before we would
make a different decision?



EMV(node 1

<
> 'v “

= $104,000p + $2,400

We are indifferent when the EMV of node 1 is the
same as the EMV of not conducting the survey,
$40,000

$104,000p + $2,400 = $40,000
$104,000p = $37,600
p = $37,600/$104,000 = 0.36

p >.36, the decision will stay the same
p< .36, do not conduct survey



$150,000

LM _4 250,000

Plaintiff's Verdict Medium $350,000 /
SGSO.

DECISION TREE ANALYSIS
IN LITIGAGTION

A more complex case


http://www.settlementperspectives.com/wp-content/uploads/2009/01/decision-tree-465.jpg
http://www.settlementperspectives.com/wp-content/uploads/2009/07/advance-decision-tree.pdf

Monetary value is not always a true indicator of the overall
value of the result of a decision

The overall value of a decision is called utility
Rational people make decisions to maximize their utility

collision insurance on a new, expensive
e removes a gamble but usually
od cost of damage.




Reject
Offer

Talls

/ (0.5)

EMV = $2,500,000 $5,000,000

Figure 3.6



heory allows you to iIncorporate your




Assign utility values 1o each monetary value in @
given sifuation, completely subjective

Utiliny: @ssessment ossifc_;ns the worst outcome a ufility
of 0, and the best outcome, a utility of 1

A standard gamble is used to determine utility values
obtaining the best outcome and




Figure 3.7

Other Outcome
Utility = ?




You have a 50% chance of getting $0 and a 50%
chance of getting $50,000.

The EMV of this gamble is $25,000

~What is the minimum guaranteed amount that you will
away from this gamblee

indifferent




Another way to look characterize a person’s risk is to
compute the risk premium

Risk premium = (EMV of gamble) — (Certainty equivalent)

This represents how much a person is willing to give up in
order to avoid the risk associated with a gamble

averse will be willing to give

‘.




Jane Dickson wants to construct a utility curve
revealing her preference for money between $0 and
$10,000

A utility curve plots the utility value versus the
Arv value




$5,000

Figure 3.8 SHG2I000) = 0 = £

Utility for $5,000 = U($5,000) = pU($10,000) + (1 — p)U($0
= (0.8)(1) + (0.2)(0) = 0.8



Utility
Utility for $3,000 = 0.50

There must be a 90% chance of getting $10,000,
otherwise she would prefer the $7,000 for sure

Using the three utilities for different dollar amounts,
she can construct a utility curve



0.7

0.6

0.5 fm

U ($3,000) = 0.50

Utility

04F

0.3F

0.2F

0.1F

yod

U ($0) =0

$0

Figure 3.9

$1,000

$3,000

$5,000 $7,000 $10,000

Monetary Value



A risk avolic

Avoids situations where hio
occur

As monetary value increases, the utility curve
Increases at a slower rate

A risk seeker gets more utility from greater risk

As monetary value increases, the utility curve
Increases at a faster rate

Someone who is indifferent will have a linear
utility curve



Risk
Seeker

Monetary Outcome

Figure 3.10




Replace monetary
values

The expected utility is computed instead
of the EMV



the air

If the thumbtack lands point up, Mark win
$10,000

If the thumbtack lands point down, Mark
loses $10,000

Should Mark play the game (alternative 1)?




Point Down (0.5

Mark Does Not Play the Game

> $0
Figure 3.11



U ($10,000) = 0.30

Step 2 — Replace monetary values with
utility values

E(alternative 1: play the game) = (0.45)(0.30) + (0.55)(0.05)
=0.135 + 0.027 = 0.162
E(alternative 2: don’t play the game)=0.15



0.30

025k
0.15
0.05

0 | I
—$20,000 —$10,000 $0 $10,000 $20,000

Monetary Outcome Figure 3.12



Point Down (0.5

Don’t Play .- 015

Figure 3.13



INSUICS -

If the policy holder dies during
policy the company pays $100,000, otherwise §

Based on actuarial tables, the probability of a
person dying during the next year is .001

The cost of the policy is $200 /
Based on EMV, should the individual by the

policy?

How does utility theory explain why a person
would buy the policy?




Multi-attribute utility (MAU) models are mathematical tools for
evaluating and comparing alternatives to assist in decision making
about complex alternatives, especially when groups are involved.

They are designed to answer the question, "What's the best
choiceg”

odels allow you to assign scores to alternative choices in a
ne alternatives can be identified and

_ -



MAU MODELS FOR PLUTONIM
DISPOSITION

Alternative Utility

Ceramic Can-in-Can 0.6907
Vitrification Can-in-Can 0.6905
Existing LWR, Existing Facilities  0.6676
CANDU 0.6295
Borehole (Direct) 0.6249
Existing LWR, Greenfield Facilities 0.6211
Borehole (Immobilized) 0.6151
Vitrification Adjunct Melter 0.6101
Electrometallurgic 0.5976
Ceramic Greenfield (.5543
Partially Completed LWR (.5441
Vitnfication. Greenfield 0.5351
Evolutionary LWR 0.2676

Bl Non-proliferation [ Operational Effectiveness B Environment, Safety, and Health

Figure 3: The US team used stacked bar graphs to convey the resulis of the MAU analysis to the OFMD. These
graphs provide a visual representation of the aggregated performance of each alternative on each major objec-
tive. In addition, the graphs can be seqgmented to show the relative contributions of the individual subobjectives
and measures to the overall score for each alternative. Each seqgment represenis the value of the performance of
each alternative on each subobjective or measure, weighted by its relative importance as captured through the
trade-off responses using the additive multiattribute utility model.

John C. Butler, et al. “The US and Russia Evaluate Plutonium Disposition Options with
Multiattribute Utility Theory,” Interfaces 35,1 (Jan-Feb 2005):88-101



MAU MODELS FOR PLUTONIM
BINJOMIIIO}N

Disposition reqiire
rechnology degradation Response Investment Life-cycle Timeto  Timeto Expected
cost cost start complete  Other Utility
0.3551 0.2029 0.1070 0.0250 0.3009

Existing Reactor SO80 $1.220 G 15
0.8600 0.6950 33 0.5000

Deploy Hybrid

Immobilization

0.50 HRLDM‘

0.7078

Wes Deploy Hybrid
0.50 / |:| I

/

"Jﬁﬂ\'*\N_DDM‘




MAU MODELS FOR PLUTONIM
DISPOSITION

Figure 4: The measure on Russian cooperation was replaced with a probability distribution on whether Russia
required degradation vis-a-vis reactor technology. The numbers (e.g., 0.3551) immediately under the column
headings are the values of the weights on the corresponding measures, while the numbers immediately under
the values for each alternative (e.g.. 0.8600) are the corresponding scores from the single-atiribute utility func-
tions for the measures. The numbers in the expecied utility column are the expected utilities of the alternatives
determined by multiplying each weight times the corresponding score for a measure and summing the results.
The analysis takes the form of a decision tree with the following logic: first, the US must select a disposition

strateqy without knowing Russia's future stand on the isotopic degradation of the plutonium; second, after the US
announces its decision, Russia will announce its official policy; finally. the US will have the option of reacting
io the Russian announcement. This decision tree provided the OFMD with information regarding the atiractive-
ness of each alternative as a function of the probability that Russian policy required degradation. The analysis
revealed that each of the three alternatives could be the most preferred; this emphasized the value of the flexi-
hility provided by the hybrid approach.




This operations research application had the follow-
ing impacts:

—The MAU model identified the information
the OFMD required to evaluate the 13 plutonium-
disposition alternatives and structured the data col-
lection and analysis effort.

— The use of 37 performance measures in the MAU
model ensured that the discussions did not focus only
on the strengths of some alternatives or only on their
weaknesses, The OFMD team managed to avoid an
emotonal dispute over the alternatives and to main-
tain a reasoned discussion with different points of

view revealed clearly and with a balanced perspective
on the alternatives.

— The presentation of the preliminary results of the
MAU analysis led to the identification of inconsisten-
cies in data collection and caused the OFMD team to
audit and standardize the measures of attribute per-
formance. In addition, the analysis highlighted defi-
ciencies in some of the alternatives, which helped
the science teams to modify some of the alterna-
tives to improve their performance measures on key
attributes.

MAU MODELS FOR PLUTONIM
DISPOSITION

— The OFMD recommended two of the alternatives
ranked highest by the final MAU analysis for par-
allel development. The MAU analysis provided the
only quantification of the benefit of parallel develop-
ment. The DOE adopted this hybrid approach (DOE
ROD 97), and the US then reacted to subsequent Rus-
sian policy decisions by selecting one of these options
for further development.

The selected option calls for disposal of plutonium
by fabricating it into mixed oxide (MOX) fuel for irra-
diation in existing, commercial nuclear reactors.




MAU MODELS FOR PLUTONIM

DISPOSITION

Russian study wing impacts:

— Prior to implementing the Russian MAU model,
the predominant view in Russia was to use their
excess-weapons plutonium as a fuel source in fast
nuclear reactors of an advanced design planned for
future construction. The Russian MAU analysis based
on consideration of financial and technical support
from the rest of the world favored alternatives in
which the plutonium would be fabricated into MOX
fuel and irradiated in existing Russian nuclear reac-
tors with a shorter ime schedule and an estimated

cost on the order of %2 to %3 billion.
— The Russian scientists presented the recommen-
dations of the Russian version of the MAU model to

MIMNATOM, which took these results into account in
its major policy statements.

— The MAU analysis also highlighted the desirabil-
ity of parallelism between US and Russian plutonium-
disposition technologies. The Russians have decided
to replicate the design of the US MOX fadlity in
Russia, contributing to the synergy in the disposition

plicies.







