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A new method is proposed to solve multi-criteria decision-making problems in which both the criteria values and
criteria weights take the form of linguistic information based on the traditional idea of VIKOR method. In this paper,
the linguistic values are represented by membership degrees applying the axiomatic fuzzy set (AFS) theory, so that
the application of VIKOR method is extended. Moreover, the supplier selection is used to illustrate the application of
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1. INTRODUCTION

The VIKOR method was developed as a multi-criteria decision-making
method to solve a discrete decision problem with non-commensurable
and conflicting criteria. This method focuses on ranking and selecting from
a set of alternatives and determines compromise solutions for a problem
with conflicting criteria, which can help the decision makers to reach a
final decision. Here, the compromise solution is a feasible solution which
is the closest to the ideal, and a compromise means an agreement
established by mutual concessions.

In classical VIKOR method, the performance ratings and the weights of the
criteria are known precisely and given as exact values, whereas in the real
world, because of incomplete or non-obtainable information, the criteria
values and criteria weights are often not so deterministic, which usually
have various types of linguistic variables or fuzzy terms. For instance,
when evaluating the “rescue capacity” or “recovering capacity” of an
emergency alternative, terms like “good”, “medium”, “poor” are usually
used, and evaluating an emergency alternative's responding time, terms

like “very long”, “long”, “short” can be used instead of numeric values.
Thus, in such situations, the use of linguistic approach is necessary.

The available approaches for dealing with linguistic terms can be
classified into three categories: (1) The extension principle; (2) The
symbolic method; and (3) The 2-tuple fuzzy linguistic representation
model. Despite the applicability of the former approaches to MCDM
problems, which require to determine the fuzzy numbers. In the past few
years, in order to solve above issue, numerous attempts have been carried
out [1-3]. However, we find that the different choices of the fuzzy numbers
and their distance functions can lead to different decision results. In
addition, the exact values must be converted to fuzzy numbers in those
approaches that will seriously affect the veracity of the decision results.

The purpose of this paper is to extend the method of VIKOR to develop a
new methodology for solving MCDM problems under linguistic
environment, i.e., the information about criteria weights and the criteria
values take the form of exact values, linguistic variables or fuzzy terms. In
this study, the AFS theory is applied to extend the approach of VIKOR for
multi-type criteria. The AFS framework studies on how to convert the
information in the dataset into the membership functions and logic

operations of fuzzy concepts are determined according to the ordered
relations on the criteria (weights) and the semantic meanings of the fuzzy
concepts. Thus we can convert linguistic variables or fuzzy concepts in the
dataset to exact numerical values through AFS membership function.

The rest of this paper is organized as follows: in the following section, we
introduce the preliminaries of the AFS theory. Section 3 presents an
approach to extend VIKOR method. In section 4, the proposed method is
applied for supplier selection. Finally, conclusion is stated in Section 5.

2. PRELIMINARIES OF THE AFS THEORY

In this section, we recall some notations and properties of AFS theory that
will be of immediate use in this study [4]. In essence, the AFS theory is
based on AFS algebras-a kind of semantic methodology which is a family
of completely distributivity lattices and AFS structuration-a kind of
mathematical description of the data structure which is a special kind of
combinatorics systems.

2.1 Algebras AFS

In order to study the semantics of expressions and the representations of
fuzzy concepts, we need to present EI algebra-a kind of completely
distributivity lattices, referred to as AFS algebras.

Theorem 1 [5]. Let M be anon-empty set. The set EM* is defined as follows:
EM'={ Yici(ITnecaim) | AicM, i€l, I is any non-empty indexing set}.

e (I Tmeam)] X[ Vies (ITmegim)] = Zket s ([ Tmeckm) (1)

el (ITmeaim)] X[ Aics (I Tmegim)] = i, jea ([ Imeai cgim)  (2)

In [5], the authors defined the logic operator ' (negation) as follows:

V 2ictAi€EM,  (ic1Ai)'= Aie1(Vaea{a'}).

If m' stands for the negation of fuzzy attribute meM, then for any fuzzy
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concept {e EM, {' means the logical negation of {. The algebra system ( EM,
v, A') is called AFS fuzzy logic.

2.2 AFS Structures of the Data

An AFS structure, a triple (M, 7, X), gives rise to various lattice
representations of the membership degrees and fuzzy logic operations of
the concepts in EM .

Definition 1 [5,6]. Let X, M be sets and 2" be the power set of M. Let
7: XxX—2M, (M, 7, X) is called an AFS structure if r satisfies the following
axioms:

AX1:V(x1, x2) eXxX, 1(x1, x2)= (X1, X1);
AX2:V (x1, x2),(x2, x3) €XxX, 7(x1, X2) N 7(X2, x3) = 7(X1, X3).

X s called universe of discourse; M is called a concept set and 7 is called a
structure.

In the real world applications, we can construct from the ordered
relations on the attributes, let X be a set of objects and M be a set of simple
concepts on X. If If 7: XxX—2M is defined as follows: for any (x, y) e XxX,

ox,y)={m |meMx=ny} (3)

where >, is the ordered relation of the attribute meM. x>,y represents
the degree of x belonging to attribute m is larger than or equal to that of y.
Then (M, 7, X) is an AFS structure.

Definition 2 [5,7]. Let X and M be sets, (M, 7, X) be an AFS structure and
(X,o,1) be a measure space, where y is a finite and positive measure,
H(x)=0. If A7 (x)e o, for all xeX, all iel, then for the fuzzy concept n=>2ic;
(ITneaim) e EM, the membership function of 7 is defined as follows: for any

ey 2y (UN
py () =sUp ZZ“E‘\ R

icl

xeX,

,Vxe X (4)

Where 4i* (x)={yeX | o(x,y) 24i }={yeX | x=my, Vme A }.

X X
In our study, let 0 = 2 , for We?2 , m(W)=|W | (|]W] is the cardinal

number of the set W, i.e., the number of elements in W). Then (4) can be
stated as follows:

A (x)
14, (X) =SII.€JIp|T|‘ (5)

3. EXTENDED VIKOR METHOD BASED ON AFS THEORY

In real world, determining the exact values of some criteria (criteria
weights) are difficult or impossible, it is more appropriate to express them
not only by exact numerical values, but also by linguistic variables or fuzzy
terms, so we try to extend VIKOR for the multi-type criteria (criteria
weights) applying AFS theory. The merit of this approach is to convert
linguistic variables or fuzzy terms to exact numerical values, then the
VIKOR method can be used for more general MCDM problems.

Suppose Xl, XZ,. . Xm are m possible alternatives among which

decision-makers have to choose, Ml, MZ" ..M ppare criteria with

which alternative performances are measured that Ml, M Dyeeey M

p

are represented through exact numerical values (membership degrees)

and M M M

problem with linguistic variables can be expressed in matrix format
(namely, the decision matrix) as:

prl Mpyos...s My through linguistic variables. A MCDM

M; M; - Mp+1 Mp+2 - My
Xp % X2 o Xp o hpay o hy
Xy X1 X2 0 Xop o lypugy o lan
X m  Xmi  Xm2 me Im( p+1) Imn

W =[w, W,,...,W,]

where (DJ is the weight of criteria M K Here the importance weights of

various criteria are considered as linguistic variables. Thus I'J and C()J

are linguistic descriptions. The extending of the VIKOR method for the
above problem is shown as follows:

M M

respective linguistic descriptions, we have the ordered relations
of all the alternatives on these criteria (refer to Section I1.B). Then

M M,

a) Forthecriteria M on the basis of their

p+1 Mip+2se- Wine

the AFS structure of the attributes M p+1

p+21--
is established.

b) Calculate the membership degrees of each alternative on the

M M

that the linguistic variables can be converted to exact numerical
values.

c) Obtain the normalized weight. At first, we get the weight
expressed by exact numerical value what like shown in the above

o o a
steps, noted as : W =[W,;, W,,...,W,] . Then, we translate the

criteria M according to Definition 2 so

p+1r Vip4+21--+1 WVWin

weight into subjected to

W =[wy, w,,...,0,]

~ 0
n n
E @] =1,computed as: o] —Wj/ E j:le (If the

weight W is expressed by numerical value, then this step is
omitted)
d) Carry on the steps of VIKOR method.

4. APPLICATION OF THE PROPOSED METHOD FOR SUPPLIER
SELECTION

Supply selection has received recently considerable attention in both
academia and industry, which is extraordinarily important for the
company to reduce production costs, maximize revenue, improve
customer service, and resulting in increased competitiveness. Thus, the
proposed model is applied for supplier selection problem to further
demonstrate the application of the model.

An automotive company is desired to select the most appropriate supplier
for one of the key elements in its manufacturing process. This problem
considers 5 attributes and 6 alternative suppliers, which are evaluated by

product quality( @ ),production capacity ( @, ), financial condition( 8z ),

product price ( bl ) and on-time delivery rate( b2 ).as presented in Table

1,which also includes the weights of each attribute.
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Table 1: Performance data of 6 suppliers

Suppliers a (02) a, (0.3) ag (03) b, (0.1 b, (0.1)
S 0.81 0.97 230 High High
s, 0.75 0.89 130 High High
S3 0.73 0.80 160 Low High
S4 0.84 0.86 180 Medium Low
Sg 0.74 0.87 150 Very Low Low
Se 0.95 0.94 170 Medium Low

In what follows, we apply the proposed method to solve above issue.

a) Get the ordered relations on bl and bZ by Tablel.
b)  Calculate the membership degrees of each supplier selection on bl ,

bZ - By the formula (5) of Definition 2, for S;, we can get: A= bl AT

A (s)|1]X]

(Sl):{ S]_; 52 , 53, 54 , 55 , 56 b uc7 (Sl):
=6/6=1.

Similarly, we can also get the membership degrees of the other suppliers,
and the results are shown as follows:

by b,
5, 1 1
s, 1 1
Sy 1/3 1
S, 2/3 1/2
S 1/6 1/2
S 2/3 1/2

) Rank the alternatives, sorting by the values S, R, and Q in ascending
order. Which are shown as follows (In this study, the weighting
reference is 0.5):

S: Sl<56 <S4<Sz<53<55;

Obviously, Sl is the best choice for the decision maker.

5. CONCLUSION

In this analysis, we applied the AFS theory to extend the VIKOR method
used in fuzzy environment, and this means that we convert linguistic
variables or fuzzy concepts in the dataset to exact numerical values
through AFS membership function. Compared with other methods, the
proposed method has the following advantages:

i.The types of criteria of the datasets can be mixed (numerical values,
linguistic information or fuzzy terms),

ii.The fuzzy numbers and their distance function are not required.

The supplier selection is applied to verify the rationality and accuracy of
the proposed method and it demonstrates the wide application of this
method. The proposed method can also be applied to various MCDM
problems.
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