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Abstract: The Analytic Hierarchy Process (AHP) is a multi-criteria decision-making approach aimed at reflecting a
human'’s subjective judgment or vagueness. The conventional evaluation in AHP is considered to be a kind of
utility. However, there are some cases where the traditional utility theory cannot explain risk aversion. This
paper presents a new decision-making methodology for considering risk evaluation. We propose the hierarchy
model that contains return and risk categories, and an AHP method that applies prospect theory, which is
able to explain people’s decisions when they face situations involving risks. Therefore, by proposing an AHP
method that utilizes it, we enable the evaluation of alternatives under return and risk.

1 INTRODUCTION having pair criterion (Azuma and Miyagi, 2009). Be-
cause the conventional evaluation in AHP is consid-

In decision-making problems, it is necessary to si- ered to be a kind of utility, risk is represented by the
multaneously estimate benefits and risks. For ex- utility of the probability of damage in the model. Fur-
ample, in assessing supply chains, when companiesghermore, the expected utility is integrated, consider-
find new suppliers for offshore sourcing decisions, iNg that satisfaction is a positive utility and damage
they consider positive criteria, which may include low by risk is a negative utility. Then, we applied the ex-
wages, lower-transportation costs, and higher reliabil- Pected utility theory to the model by defining satisfac-
ity. These elements are generally expressed with ation as a pOSitiVG utility and risk as a negative utility.
positive value as return. On the other hand, there areHOWGVGf, studies have shown that an actual behavior

various types of risk such as poor quality, logistical Of person is uncertain when choosing between risky

fa"ureS, and natural disasters. alternatives (Barbel’iS et a.l., 2003) In this kind of sit-
There are studies that solve the offshoring de- uation, it is considered inappropriate to use the utility

cision problem. Schoenherr's research (Schoenherrtheory for decision-making methods under risks.

et al., 2008) proposed a method using Saaty's AHP In this study, we propose the introduction of the

(Analytic Hierarchy Process) (Saaty, 1980) to assessProspect theory (Kahneman and Tversky, 1979) con-

supply chain risks. The AHP is widely used for tack- Cept to AHP for problem solving. The aim of our

ling multi-attribute decision-making problems in real Study is to develop a method that evaluates alterna-

situations. It uses a hierarchical model for the de- tives on the basis of return and risk standpoints.

cision problem and is based on the use of pairwise

comparisons, which lead to the elaboration of a ratio

scale. In AHP, the degree of risks is also determined 2 PROSPECT THEORY

by a paired comparison. However, it is difficult to

evaluate risk using a humans subjective judgments. Prospect theory was developed as a psychologically
In our previous study, we extended AHP method more accurate description of preferences compared

for handling a satisfaction and a risk on the same to expected utility theory. It is a theory of decision-

structure, and proposed a decision-making model making under conditions of risk. The theory says that
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preferences between positive and negative prospects extraction of criteria and alternatives

are different. Step 1 under the problem
The formula of prospect theory is given by T
n making pairwise comparison matrices of criteria and
U= ZT[( pi)V(Xi), (1) Step 2 generating the weights of criteria
i= Step 3 Step 4
where U is the overall or expected utility of the Evaluate in return Evaluate in risk
outcomes to the individual making the decision, :‘;:'sllfzggg :ebg;z ‘;fn evaltu?ﬁng_critﬁria ritS_k
. contained In alternatives
X1,X2, . . are_the potent_lql_ outcomes anui_, P2,... AHP . using prospect theory
their respective probabilities. The functionis a 1) palrwlse comparison 1) setting up the value
e . . . . of alternatives in function and the
probability weighting.v is called value function that terms of each weighting function of
is defined on deviations from s-shaped the reference criterion _ each criterion
point. It expresses losses (= risk) have a significant 2) generating weight %) calculating welghts
influence more than gains feel good. A value function I T
is displayed in Figure 1. T

combining both priorities and

value T Step 5 deriving the final evaluation for each alternative
Figure 2: Flowchart in the proposed method based on AHP
v(x) for risk.
reference point
. X Purpose
loss gain Criteria of satisfaction I Criteria of risk
IERRE B3
"
Alternatives

Figure 1: Example of a value function.
Figure 3: The hierarchy model for satisfaction and risk.

3 THE DEVELOPMENT OF THE and risk. This procedure is same as AHP which is rel-

ative measurement approach. To calculate its eigen-

AHP MODEL BASED ON vector determines the weight of criteria.
PROSPECT THEORY The pairwise comparison matr& in criteria of
satisfaction is constructed:
We propose a decision making model which evaluates S=[sy], i,i'=12,....m )

considering a satisfaction and a risk. The feature of and (i.i") is the number of criteria. The value
proposed model is that priorities of risk are evaluated . .("' ) Is 1€ num ltera. 1hevalu af .
based on prospect theory. Generally, risk is defined is given by Imgmstp scalg of decision-maker as in
as the product of probability and resulting degree of Tal::lhe L. I‘I’he.scarl]e IS rat|oc-jscale rr;]eas_ture_. IanabIe
damage. On the other hand, some scholars redefineol' er'?"n va UZ Itsoﬁ OS;? :n_eLgaC.mcgr?;'r?tn. BI/oar_"
the risk by using expected utility theory. We apply SW t'zhg q#. i' Tt’ h S ;Vt' PO ']f’r hW
prospect theory as a non-linear expected utility theory costinan high-quality when you determine a ofishore
for the evaluation of risks. company? Decision criteria are compared in pairs to

Specifically, flowchart of proposed method in Fig- assign w;elghts. dThe r_elatlon_betwelen ma_1$|X|ts
ure 2 is described as follows. eigenvectows and maximum eigenvalugny Is rep-

resented as

Step 1). Decision-maker is asked to extract the deci- SWs = AraxWs, )
sion criteria and alternatives and to make up a hierar- where

chy structure. This hierarchy model involves criteria W = (s, 0, - -, W)

of both satisfactions and risks, the structure of which andwy represents a weight éth criterion.

can be seen in Figure 3. Similarly, we define the pairwise comparison ma-
Step 2). In this step, decision-maker makes up pair- X Rin criteria of risk as

wise comparison matrices in criteria of satisfaction R=[rwl], kkK=12...n 4)
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By the same approach, we derive the vector of priori- wherew;; is a weight vector of alternatives based on

ties for the matrixR risk Rj. In a case that probability of a risk is not able
RWe — MW ) to bg expressed asa quective value, itis givgn as_sub—

' max s jective value by linguistic scale, such as quite high,

where WT = (e, G o) very high, high and so on (Takemura, 199_6). _AII the

r 2yt i weight vectors are generated after normalization.

andax,; represents a weight gth criterion in risk. From these results, weights of the whole hierarchy

about risks are estimated. Assume weights of each

Table 1: Example of linguistic scale of paired comparison. alternative in risk arela,, Ura,, - .., Ura , respectively.
Then, a weight vectau, can be formulated as

linguistic scale
valug  satisfaction | risk Ur = (Ura) = [Wry,Wry, ... Wrp |- W (10)
1 | equallyimportant| equally damage
3 | moderate importarjmoderate damage Step 5). Final evaluation is obtained in Step 5. The
5 important strong damage uItimate priority vecth_is finally ac_:quired by sati_s—
7 very important heavy damage fa_ctlon evaluation and risk _evaluat|on of alternat|ve_s.
9 [absolutely importantextreme damagg It is calculated from the ratio of each degree of satis-

faction to a risk as
Step 3). The next step derives the weights of al-

ternatives under each criterion. Then, we analyze U = (Ug) = (Uss/Ura,) (11)
weight of alternatives for satisfaction. The weights B T
in satisfaction are derived by the same technique == (Usay /Uray ; Usap / Urap: - - s Usay [ Uray ) -

as Saaty's AHP. Decision-maker compares the al-\ve reach the final weights after normalization such
ternatives based on each criterié respectively,  inat

then constructs pairwise comparison matridg$i = [

1,...,m) of alternative. The weights are acquired Z Ua, = 1. (12)
by calculating each eigenvector from matrices. The k=1

eigenvector ofAs regards as weight vectaovs, then

it can be represented by Eq.(6).

WE = (Wsa,) = (Wsay, Wsap: - Wsa,); (6)

k=1,2,....l. This study suggested a new approach to construct a
Here,ws4, is a weight of alternativéy based on cri-  decision-making model for risk management. The
terionS. After calculating weights for each level ofa proposed method is based on Saaty’s AHP method
class, the final weights of satisfaction are derived by and applied prospect theory for evaluating risk. By

4 CONCLUSIONS

these results as applying prospect theory to AHP it makes possible
to quantify damage, which is derived by a human’s
Us = (Usa) = [Wey, Wep -, Wy - W, 7 judgments under risks. As a result, we think our ap-
whereus, is a priority weight of alternativéy in sat- proach enables people to make a decision about prob-
isfaction. lems involving risk such as decision problems in sup-
ply chains.

Step 4). In order to calculate the weights in risk, we
utilize the utility of damage and its probability. In
evaluation of risk, to calculate the weight of alterna-
tive A, for each criteriorR;, we adopt prospect theory.
pjk represents a probability that rig§ will occur un-
derAx. According to prospect theory, when the dam-
age ofR; underAy is represented asy, the weight
O3y of A based orR; can be expressed as follows

In this study, the linear measurement of Saaty is
used as the measurement of return in a paired com-
parison. On the other hand, since the measurement of
a risk is calculated based on a value function which
is nonlinear. In our future works, it needs to exam-
ine consistency of each measurement. One plan is to
use the exponential measurement as relative value of
return. We have to reconsider the method of compre-

using Eq.(1). hensive evaluation which is expressed in Eq.(11) in
Wi = (rja,) = (Wjag, Wrjag - Wriay); (8)  thecase. . _

Ke12 Moreover , in our previous model, we assumed

Tt that one criterion consists of the pair of return and

Wrja, = TUPjK)V(Xjk) 9) risk. Then, we proposed a method for evaluating the
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weights of alternatives for criteria using expected util-

ity. Therefore, one of the future areas of study in-

volves applying a new method using prospect theory
to our previous model instead of the expected utility.

Furthermore, itis necessary to verify the effectiveness
of our proposed method by comparing it with other

methods.
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