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Abstract

Theprimary objective of this paper isto propose afuzzy
VIKOR method for solving multiple criteria group decision
making problems. Introduction of methodology and
resolution referring to multicriteria decision making arefirst
addressed, mainly focusing on the domain of vagueness. It
isfollowed by abrief overview of the fuzzy set theory and
description of the proposed fuzzy VIKOR method. Then a
hypothetical numericillustrationisconducted to clarify the
method’s effectiveness and feasibility developed in this
study. Finally, conclusion and suggestion for future works

are also proposed.

Keywords Fuzzy VIKOR; Group decision making; Decision
analysis; Multiple criteria decision making (MCDM)

1. Introduction

Making decision and selectionis an indispensable part
of daily life; of which the chief difficulty is that almost
decision issues have multiple, even conflicting criteria. For
instance, one may choose a car depending on cost, safety,
comfort and gas mileage. The higher gas mileage reduces
the comfort intensity dueto its smaller passenger room[9].
Applications as well as methodologies toward solving
MCDM problems have appeared in professional journals
and conferencesof diversified disciplines. Karacapilidis [19]
collaborative

presented a  computer-supported

argumentation and fuzzy similarity measures in multiple
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criteria decision making. Deng et al. [14] categorized four
aspects of evaluation criteria in competitive companies;
providing information for selecting adeguate improvement
actions. Wolters and Mareschal P4] pointed out that
sensitivity analysis enables the application of multicriteria
decision making methods in dynamic environments. In
Chen’ s study [6], a software company selected three
analysis engineer candidates based on five criteria by
extended TOPSIS. As indicated by Chen [7], a fuzzy
approach was used to select the location of distribution
center in accordance with five criteria. In [23,33,35], the
analytical hierarchy process (AHP) was elaborated in
problems with multiple criteria. Rogers [34] used ELECTRE
for weighting multiple environmental criteria. Choo [12]
presented an interpretation of criteria weights in
multicriteriadecision making. Linand Lin [ 24] addressed the
use of orthogonal array with grey relational analysis to
optimize the electrical discharge machining process with
multiple performance characteristics. In[3], a case study for
interdependence in multiple criteria decision making was
taken. Inthe study of Jae et . [18], incompl ete information
was processed in a interactive procedure for multiple
criteria group decision making. Many problems related to
MCDM are undertaken in a traditional manner such as:
dominance, maximin, maximex [25], conjunctive, disjunctive,
lexicographic, lexicographic semiorder, SAW, ELECTRE and
TOPSIS.

In classical MCDM methods, the crucial goal is to find
optimal or best solutions, which have maximum

effectiveness with minimum cost. The lower performance



rating with respect to specified criteria was frequently
ignored among them. To lead a proper agenda for decision
makers, a VIKOR method (Serbian: VIseKriterijumsa
Optimizacija | Kompromisno Resenje, means. Multicriteria
Optimization and Compromise Solution) initiated by
Opricovic in 1998 [29], in which the compromise solution
should have amaximum ‘group utility’ (* maority’ rule) and
minimum individual regret of the‘opponent’ is proposed to
deal with MCDM problems. In the physical world, crisp
data are inadequate to present the real situation since
human’sintuition, judgment, perception and preference are
always vague and difficult to estimate. Dubois and Prade
[15] pointed out that statistical decision methods do not
measuretheimprecision of humanbehavior; rather they are
the means of modeling insufficient knowledge about the
external environment. Fuzzy set theory approaches toward
decision making consider human subjectivity, rather than
merely applying objective probabilistic methods. Therefore,
when the information in a decision making system is
indistinct, uncertain, and vague or represented in linguistic
terms, this leads to the study of a new decision analysis
fidd- fuzzy decision analysis. In our study, the applicable
VIKOR method is extended to cope with MCDM issues
under fuzziness, thereby, we take this method as “fuzzy
VIKOR".

2. Basics of fuzzy set theory

Fuzzy set theory, first proposed by Zadehin 1965[48], is
developed to solve problems in which descriptions are
vague, imprecise and uncertain. A larger number of works
combine fuzzy set theory with scientific principles and
technologies, such as information clustering [27], control
engineering [20], dataanalysis [16,31], pattern recognition
[32], neural nets [2], robotics [8], decision and organization
sciences [26], artificia intelligence [45], interpolative
reasoning [46], preference modeling and multicriteria
evaluation [17], production research [21], diagnosis [13],

logic programming [42], non-monotonic reasoning [4],

expert systems [37] and optimization techniques [28].
Besides, the fuzzy set theory has been widely applied in
social sciences [38], management [43], and financia aspects
[1.

In the following, some basi c definitions and notations of
fuzzy set theory will be encompassed, and these will be
used throughout the paper unless otherwise stated [5,22].
Let X betheuniverseof discourse, X ={X;,X; ..., X,} . A
fuzzy set A of X is a set of order pairs
{(x1, FR00)): (X2, F20 )0 (Xn, FR (G0}

f2:X® [01], is the membership function of ;&, and

where
f2 (%) standsfor the membership degree of X; in A.

Definition 2.1. When X is a continuum rather than a

countable or finite set, the fuzzy set A is denoted as:
A= Q fA(/(x), where xT X @

Definition 2.2. When X is a countable or finite set, the

fuzzy set A is represented as: A:é f2(6) /(%) ,
[

where X T X . )

Definition 2.3. A fuzzy set A of the universe of discourse

X is convex if and only if for al X,X, in X,

fRlxg+@-1)x2) 3 min[ f3(xp), fz(x2)]

11003, x,x,1 X. ©)

where

Definition 2.4. A fuzzy set A of the universe of discourse
X is normal when its membership function fz(X)

satisfies: m)z(ax f2(9=1. )

Definition 2.5. A fuzzy number is a fuzzy subset in the
universe of discourse X thatisnot only convex but also
normal. 5

Definition 26. The a -cut Zé and strong a -cut ;\a+ of
the fuzzy set A inthe universe of discourse X is defined
by:

A ={x1fz(x)*a, xT X}, whereal[01]. (6

A ={x | f3(x)>a, xT X} wherea [01]. (7)

Definition 2.7. A fuzzy set A of the universe of discourse



X isconvex if and only if every :\d isconvex, that is 'Zh
isacloseinterval of A . It can be written as:

A =[P, P2], whereal [0]]. ®)

Definition 2.8. A triangular fuzzy number (see Fig. 1.) can
be denoted as a triplet (a;,8,,8;) , the membership

function of the fuzzy number A istaken as:

i0, X<ay, U
| |
T (X- a)l(a,- a), ExEa,j
2l i(ag- X)/(ag- &), 8 £xEay,)’ ©
fo, X> ag. b
f2(x)
1
0 X
2 a, a

Fig. 1. A triangular fuzzy number A

Let A and B be two positive fuzzy numbers
parameterized by the triplets (8;,8,,33) and (b;,b,,b;),
the operations (addition, subtraction, multiplication and
division) of triangular fuzzy numbers can be performed as
[11]:

A(+)B=(a, +b,,a, +b,,a, +b,) (10)
A(-)B=(a - bya,-b,,a,-b) 1)
A()B = (ab,,a,b,,a,b,) 12)
A(,)B=(a /by a,/b,,a,/b) 13)
Z\(’ )r=(a,,ra,,ra;) (14)

Definition 2.9. According to [36], the U (max) and U (min)
operations are defined as:

A(U)B =(a, Ub,,a, Ub,,a, Ub,) (15)
A(U)B =(a, Ub,,a, Ub,,a, Ub,) (16)

3. The Fuzzy VIKOR method

A systematic approach of a fuzzy VIKOR method for
multicriteriagroup decision making in vague environment is
giveninthissection. Asindicatedin [29,39,40,41], thebasic
principle of VIKOR isthat each alternative can be evaluated
by each criterion function; the compromise ranking can be
presented by comparing the degree of closeness to the
ideal aternative. Development of the VIKOR methodol ogy
started with the L, - metric presented in [47],

< .1/ p

6' * * [

Lpi :_JI[_a[Wj(fi - fip) I(f; - fi_)]py

fia b
1EpEY; i=12.,m
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where fij is the value of | th criterion function for the
aternative A .
Formally, a typical fuzzy multicriteria decision making
problem can be expressed in the matrix format as:
c C, C,
A {3)?11 )~<12 Ylnu

& g g U
~ X X Xoo o _
D= AZ ez 20 §=12..,m; j=12..,n
€ : :u
& s U
mlL m2 mn
A Xm2 0 Xmnll

W =[W, ,...%.], j=12,..n

where A, A,.... A, are the alternatives to be chosen,
C,.C,..., C, aretheevauation criteria, >~<ij isthe rating of
dternative A with respect to C;, W; is the importance
weight of the j th criterion holds, ZJ— and \ij arelinguistic
variables denoted by triangular fuzzy numbers. Moreover,
an algorithm of the proposed fuzzy VIKOR method under

fuzziness environment is described in the following.

Step 1. Formagroup of decision makers, then determine the

evaluation criteriaand feasible alternatives.
Step 2 Identify the appropriate linguistic variables for
evaluating the importance weight of criteria, and the rating

of alternatives.

Step 3 Pull the decision makers’ opinions to get the



agoregated fuzzy importance weight of criteria, and
aggregated fuzzy rating of alternatives. If there are K
persons in a decision making committee, the importance

weight of criteria and rating of each alternative can be

measured by:

W = %m} AW2A AW (18
~ 1 -1 ¢ ~ -

X; :F[X&A X2 A LA X (19)

Step4. Construct afuzzy decisionmeatrix, thend etermine the

fuzzy best vdue (FBV, ?j* ) and fuzzy worst vaue

AW, Fj' ) of all criteriafunctions.

:maxi” y JT B
- ' (20)

fj':ﬁ?niij y JIC

where B is associated with the benefit criteria, and C is

related to the cost criteria.

Step 5. Compute theindex 5 and F~§

S =a W (f - )/ - 7)) (2
j=1
R = max[@; (] - %) /(F] - )] 22

where 5 refers to the separation measure of A from the
fuzzy best value, similarly, F~2, is the separation measure of

A from the fuzzy worst value, and W; is the weight of

each criterion.

Step 6. Compute theindex (3,
Q=v§- SIS -§)+@- VR - R)R - R)
S =mn;§,S =max; S,
R :m'n:zi,ﬁ'zmaxliz *)
Theindex min, 51 is with a maximum majority rule, and
min; I§ is with aminimum individual regret of opponent.

And Vv is introduced as the weight in strategy of the

maximum group utility, usually v=0.5.

Step 7. Defuzzification for triangular fuzzy number (':),

The process of converting a fuzzy number into a crisp
value is called defuzzification. In this paper, Chen’s[10]
method of maximizing set and minimizing set is applied.

The maximizing set is defined as.
M ={(x, f, (X)) |xT R} with the membership function:

f (X):\!(X' X) (X, - %)% £ XE X5,
. {0 otherwisetv)

(24)
By contrast, the minimizing set is defined as:

G ={(x, f5(X) | xT R}, with the membership function:

T(X= %) /(% - %), % £ XE X0
fo(X) =1 Y 2

() %0, otherwise 2
Then the right utility U, (F;) and left utility Ug(F)

can be denoted as:

Uy (F) =sup(fe, () Uy, () (26)

Ug(F)=sup(fg (X) U f5(x) (27

As aresult, the crisp value can be obtained by combining
theright and | eft utilities.
Ur(F)=[Uy (F)+1- Ug(R)l/2 (28)

Step 8. Rank the alternatives by the crisp value Q
Theindex Q impliesthe separation measure of A from
the best alternative. That is, the smaller valueindicatesthe

better performance of an alternative.

Step 9. Propose acompromise sol ution a ) by theindex Q,
if the condition ‘A’ is satisfied.
A. Acceptable advantage: Q(@ ) - Q(a) 2 DQ
DQ=1/(M -1, M is the number of alternatives
(DQ=0.25,if M £4), and @  stands for the alternative
with second positionranked by index Q . If condition*A’ is

not satisfied, @ ,a oam are compromise solutions. The
best alternative is the one with the minimum of Q.



4. Anillustrative example

Suppose a college intends to select the principal. Three
candidates (A, A, A;) are to be evaluated by three
decision-makers (D, , D, , D3) in five benefit criteria
academic accomplishment ( C,), research ability (C,),
communication skill (C3), maturity (C,) and experience
(Cs). The proposed fuzzy VIKOR method is employed to
solve this multicriteria group decision making problem and

the computational procedures are inducted as follows:;

Step 1. Three decision makers use the linguistic variables,
such asvery low, low, medium low, medium, medium high,
high and very high (the corresponding fuzzy numbers of
linguistic terms are shown in Table 1) to assess the
importance weight of five criteria, and the results are

performed in Table 2.

Tablel

Linguistic variables for the importance weight of criteria

Linguistic terms Corresponding fuzzy numbers

Very Low (VL) (0.000,0.1)
Low (L) (000.1,03
Medium Low (ML) (0.1,030.5)
Medium (M) (0.3,05,0.7)
Medium High (MH) (05,0.7,0.9)
High (H) (0.7,09,1.0)
Vey High (VH) (09,1.0,1.0)
Table2
Theimportance weight of the criteria

Dl D2 D3

G VH MH MH

C, M MH ML

Cs VH H VH

Cs H H MH

Cs VH H VH

Step2. Threedecision-makers use linguistic variables: very
poor, poor, medium poor, fair, medium good, good and very
good (the corresponding fuzzy numbers of linguistic terms

are shown in Table 3) to evaluate the rating of three

candidates in five criteria, and the fuzzy decision matrix is

givenin Table5.

Table3

Linguistic variables for the rating of alternative

Linguistic terms Corresponding fuzzy numbers

Very Poor (VP) (0.0,0.0,1.0
Poor (P) (0.0,1.0,3.0
Medium Poor (MP) (1.0,3.05.0)
Fair (F) (3.0,5.0,7.0)
Medium Good (MG) (5.0,7.0,9.0)
Good (G) (7.0,9.0, 10)
Very Good (VG) (9.0, 10, 10)

Step3. According to Eq (18), convert thelinguistic variables
into triangular fuzzy numbers (a,,a,,a,) aswell aggregate
the fuzzy weight of criteriaas shownin Table 4. To be more

explicit, theweight (W, ) of C, iscomputed as:

W = %[(0.9,1,]) A (05,0.7,0.9 A (0.5,0.7,0.9)] = (0.63,0.8,0.93)

Table4
Aggregated importance weight of the criteria

C, C, C, C, Cs

Weight (0.63,0.80,0.93) (0.30,0.50,0.70) (0.83,0.97,1.00) (0.63,0.83,0.97) (0.83,0.97,1.00)

Step4. By EQq(19), convert and aggregate the fuzzy rating of
three candidates to construct the triangular fuzzy number
decision matrix, the results are addressed in Table 6. To
makeit clearer, therating (X, ) of A with respect to C; is
calculated as:

X1 = %[(7,9,10) A (910,10) A (9,10,10)] = (8.33,9.67,10)

Step 5. Determine the fuzzy best value -f~,~* and fuzzy worst
value ﬂ' . Investigating the aggregated triangular fuzzy
number decision matrix with Egs (15), (16) and (20), the :Fj*

and f; arelistedin Table7.



Table5

Thefuzzy rating of three alternativesin five criteria

Decision-makers

Criteia  Candidates D, D, D;
o A G VG VG
A, F F MG
A MG MP F
C, A MP G G
A G MG MG
A, VG F VG
C, A MG F G
A, G MG G
A G G VG
C, A G MG MG
A VG G VG
A G VG MG
Cs A MP MG MP
A, VG MG G
A G VG MG
Table 6

Aggregated triangular fuzzy number decision matrix

c, C, C, C, C,

(8.33,9.67,10.0) (5.00,7.00,8.33) (5.00,7.008.67) (5.67,7.67,9.33) (2.334.33,6.33)
(367,5.67,7.67) (5.67,7.67,9.33) (6.338.33,9.67) (8.33,9.67,10.0) (7.00,8.67,9.67)

(3.00,5.00,7.00) (7.00,8.33,9.00) (7.67,9.33,10.0) (7.00,8.67,9.67) (7.00,8.67,9.67)

F PP

Step 7. By applying Egs (15), (16) and (23), theindex S,
S, R and R canbeseeninTable9.

Table9
Index S ,S ,R and R

S (:09812207) S : (:048327,2.44)
R : (0.060.69.4.43) R :(0.12,0.97,11.00)

Step 8. Calculate the (5, for each candidate with Eq (23),

and the results are shown in Table 10. To make it more

comprehensive, (51 can be calculated as:

(2[ =

05A (-048,3.27,0.7)- (-0.981.22,0.7) .
T (-0.48,327,244) - (-0.981.22,0.7)

(0.8,0.97,11) - (0.06,0.69,4.43)

(1- 05)A
(0.12,0.97,11) - (0.06,0.69,4.43)
=(-0.371-1.99)
Table 10
Index (5,
A A A

Q (-037,100-1.98) (-0450.03-144) (-0.430.20,-201)

Step9. Thetriangular fuzzy number (5, isdefuzzifiedinto a
crisp number Q with Eqgs (24)-(28), and the vaues are

Table7 shownin Table 11.
Fuzzy best value ( FJ-* ) and fuzzy worst value ( ﬂ' ) Tablell
o C, C, C, Cs Index Q and rank for candidates
(8.33,9.67,10.0) (7.00,8.33,9.33) (7.67,9.33,10.0) (8.33,9.67,10.0)  (7.00,8.67,9.67) Al Az A3
(3.005.00,7.00) (5.00,7.008.33) (5.00,7.00,8.67) (5.67,7.67,9.33)  (2.33,4.33,6.33) QI 0.8434 04772 0.3035
Rank 3 2 1

Step 6. As stated in Eqs (21) and (22), theindex S and R
are computed respectively in Table 8.

Table8
Index § and I:'\I3
A A A
S (04832707 (-098135123) (-09122244)
I?ﬁ (080,097,11.0) (0.06,0.694.43)  (0.12,0.8,4.90)

Step 10. As stated in Table 11, the smaller Q impliesthe
better performance of a candidate. Hence, A; is given

precedenceover A, and A, inthat order.

Step 11. Since the QA ,) - Q(A ;) =0.1737( < 0.25) is not
satisfied with condition ‘A’. It is suggested that the

compromise candidate is A; owing to its closer degree



toward the best candidate.

5. Conclusion and suggestion

The results show that fuzzy VIKOR is very supportive in
dealing with situations, which are too complicated to be
reasonably stated in conventional quantitative expressions.
The chosen candidate could be accepted due to its
maximum group utility of the majority as well as the
minimum individual regret of opponent. Fuzzy VIKOR
method might not only be the compromise foundation
stone within mutual communication, negotiation and
conflict management, but also a bridge for reaching an
agreement among a decision committee. Furthermore,
simultaneous consideration of high and low performance
rating of feasible alternatives or candidates can help
decision makers keep away from improper decisions.
Although this method presented in our study isillustrated
by a college principal selection problem, it can also be put
on many other perspectives of multicriteria group decision

making issues.

References

[1] Andrés Sanchez, J. & GOmez, A.T. “Estimating a term
structure of interest rates for fuzzy financial pricing by using
fuzzy regression methods,” Fuzzy Setsand Systems, 2003,139(2),
313-331.

[2] Buckley,J.J. & Hayashi, Y. " Neural netsfor fuzzy systems,”
Fuzzy Sets and Systems, 1995, 71(3), 265-276.

[3] Carlsson, C. & Fullér, R. “ Multiple criteria decision making:
the case for interdependence,” Computers & Operations
Research, 1995, 22(3), 251-260.

[4] Castro, JL. Trillas, E. & Zurita, J.M. “Non-monotonic
fuzzy reasoning,” Fuzzy Setsand Systems, 1998, 94(2), 217-225.

[5] Chen, SM. “Evauating weapon systems using fuzzy
arithmetic operations,” Fuzzy Sets and Systems, 1996, 77,
265-276.

[6] Chen, C.T. “Extensions of the TOPSIS for group decision

making under fuzzy environment,” Fuzzy Setsand Systems, 2000,
114, 1-9.

[7] Chen, C.T."“A fuzzy approach to select the location of the
distribution center,” Fuzzy Sets and Systems, 2001, 118, 65-73.

[8 Chen, SC. & Tung, P.C. “Application of a rule
salf-regulating fuzzy controller for robotic deburring on unknown
contours,” Fuzzy Sets and Systems, 2000, 110(3), 341-350.

[9] Chen, ST. & Hwang, C.L. Fuzzy multiple attribute decision
making--methods and applications, Springer-Verlag, Germany,
1992, 1-5.

[10] Cheng, SH. “Ranking fuzzy numbers with maximizing set
and minimizing set”, Fuzzy sets and system, 1985, 17(2),
113-129.

[11] Cheng, C.H. & Lin, Y. “ Evaluating the best main battle tank
using fuzzy decision theory with linguistic criteria evaluation,”
European Journal of Operational Research, 2002, 142(1),
174-186.

[12] Choo, E.U. Schoner, B. & Wedley, W.C. “ Interpretation of
criteria weights in multicriteria decision making” Computers &
Industrial Engineering, 1999, 37(3), 527-541.

[13] De, SK. Biswas, R. & Roy, AR. “An application of
intuitionistic fuzzy sets in medical diagnosis,” Fuzzy Sets and
Systems, 2001, 117(2), 209-213.

[14] Deng, H. Yeh, CH. & Willis, RJ. *“Inter-company
comparison using modified TOPSIS with objective weights,”
Computers & Operations Research, 2000, 27, 963-973.

[15] Dubois, D. & Prade, H. Recent models of uncertainty and
imprecision asa basisfor decision theory: toward less normative
frameworks. Intelligent Decision Support in Process
Environment, Spring-Verlag, New York, 1985, 3-24.

[16] Hong, D.H. Les, S. & Do, H.Y. “Fuzzy linear regression
analysis for fuzzy input—output data using shape-preserving
operations,” Fuzzy Sets and Systems, 2001, 122(3), 513-526.

[17] Hong, DH. & Choi, CH. “Multicriteria fuzzy decision
making problems based on vague set theory,” Fuzzy Sets and
Systems, 2000, 114(1), 103-113.

[18] Jee, K.K. Sang, HC. Chang, HH. & Soung, H.K. “An

interactive procedure for multiple criteria group decision making



with incomplete information,” Computers & Industrial
Engineering, 1998, 35(1-2), 295-298.

[19] Karacapilidis, N. & Pappis, C. “Computer-supported
collaborative argumentation and fuzzy similarity measures in
multiple criteria decison making” Computers & Operations
Research, 2000, 27(7-8), 653-671.

[20] Katoh, R. “Fuzzy Research at Department of Control
Engineering, Kyushu Institute of Technology, Japan,” Fuzzy Sets
and Systems, 1997, 88(1), 131.

[21] Kuo, R.J. & Cohen, P.H. “Manufacturing process control
through integration of neutral networksand fuzzy model,” Fuzzy
Sets and Systems, 1998, 98(1), 15-31.

[22] Lin, C.T. Duh, F.B. & Liu, D.J.“ A neura network for word
information processing,” Fuzzy Sets and Systems, 2002, 127,
37-48.

[23] Lin, Z.C. & Yang C.B. “ Evaluation of machine selection by
the AHP method,” Journal of Materials Processing Technology,
1996, 57(3-4), 253-258.

[24] Lin, JL. & Lin, C.L. “The use of the orthogonal array with
grey relational analysis to optimize the electrica discharge
machining process with multiple performance characteristics,”
International Journal of Machine Tools& Manufacture 2002, 42,
237-244.

[25] MacCrimmon, K.R. Decision making among multiple
attribute alternatives: A survey and consolidated approach. Rand
Memorandum, 1968.

[26] Meier, K. “Methods for decision making with cardinal
numbersand additive aggregation,” Fuzzy Setsand Systems, 1997,
88(2), 135-159.

[27] Ménard, M. & Eboueya, M. “ Extreme physical information
and objective function in fuzzy clustering” Fuzzy Sets and
Systems, 2002, 128(3), 285-303.

[28] Onder Efe, M. & Kaynak, O. “A novel optimization
procedure for training of fuzzy inference systems by combining
variable structure systems technique and L evenberg-Marquardt
algorithm,” Fuzzy Sets and Systems, 2001, 122(1), 153-165.
[29] Opricovic, S. Multicriteria optimization of civil engineering

systems, Faculty of Civil Engineering, Belgrade, 1998.

[30] Opricovic,S. & Tzeng, G.H. “Compromise solution by
MCDM methods: A comparative anaysis of VIKOR and
TOPSIS,” European Journal of Operational Research, 2004, 156,
445-455.

[31] PAm, R. & Kruse, R “Methods for data anaysis in
classification and control,” Fuzzy Setsand Systems, 85 (2) (1997)
127-129.

[32] Pedrycz, W. “Fuzzy sets in pattern recognition:
Accomplishmentsand challenges,” Fuzzy Setsand Systems, 1997,
90(2), 171-176.

[33] Ramanathan, R. & Ganesh, L.S. * Energy Resource Allocation
Incorporating Qualitative and Quantitative Criteriaz An
Integrated Model Using Goal Programming and AHP”
Socio-Economic Planning Sciences, 1995, 29(3), 197-218.

[34] Rogers, M. & Bruen, M. “A new system for weighting
environmental criteria for use within ELECTRE 111,” European
Journal of Operational Research, 1998, 107(3), 552-563.

[35] Rosenbloom, E.S. “ A probabilistic interpretation of the final
rankings in AHR,” European Journal of Operational Research,
1997, 96, 371-378.

[36] Sekawa, M. & Kubota, R. “Fuzzy programming for
multiobjective job scheduling with fuzzy processing time and
fuzzy duedate through genetic algorithms,” European Journal of
Operational Research, 2000, 120, 393-407.

[37] Tuma, A. Haasis, HD. & Rentz, O. “Development of
emission orientated production control strategies using Fuzzy
Expert Systems Neura Networks and Neuro-Fuzzy
approaches,” Fuzzy Sets and Systems, 1996, 77(3), 255-264.

[38] Turksen, I.B. & Bilgig, T. “Interval valued strict preference
with Zadeh triples,” Fuzzy Sets and Systems, 1996, 78(2),
183-195.

[39] Tzeng, G.H. Lin, CW. & Opricovic, S. “Multi-criteria
analysis of aternative-fuel buses for public transportation,”
Energy Policy, 2005, 33, 1373-1383.

[40] Tzeng, G.H. Teng, M.H. Chen, JJ. & Opricovic, S.
“Multicriteria selection for a restaurant location in Taipel,”
International Journal of Hospitality Management, 2002, 21,
171-187.



[41] Tzeng, G.H. Tsaur, SH. Laiw, Y.D. & Opricovic, S.
“Multicriteriaanalysis of environmental quality in Taipei: public
preferences and improvement strategies,” Journal  of
Environmental Management, 2002, 65, 109-120.

[42] Vojtas, P. “Fuzzy logic programming” Fuzzy Sets and
Systems, 2001, 124(3), 361-370.

[43] Wang, J. & Shu, Y.F. “Fuzzy decision modeling for supply
chain management,” Fuzzy Sets and Systems, 2005, 150(1),
107-127.

[44] Wolters, W.T.M. & Marescha, B. “Novel types of
sensitivity analysis for additive MCDM methods,” European
Journal of Operational Research, 1995, 81, 281-290.

[45] Yager, RR. “Fuzzy logics and artificial intelligence,” Fuzzy
Sets and Systems, 1997, 90(2), 193-198.

[46] Yan,S. & Mizumoto, M. “ A note on reasoning conditions of
Koczy's interpolative reasoning method,” Fuzzy Sets and
Systems, 1998, 96(3), 373-379.

[47] Yu,P.L.“A class of solutions for group decision problems,”
Management Science, 1973, 19(8), 936-946.

[48] Zadeh, L.A. “Fuzzy sets,” Information Control, 1965, 8,
29-44.



