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Abstract

Due to the increasing competition of globalization, selection of the most appropriate supplier is one of the key factors for the success of a
supply chain management. Due to conflicting evaluations and insufficient information about the criteria, Intuitionistic fuzzy sets (IFSs) are
considered as an impressive tool and utilized to specify the relative importance of the criteria. The aim of this paper is to develop a new
approach to solving the decision making processes. Thus, an intuitionistic fuzzy multi-criteria group decision making approach is proposed.
Interval-valued intuitionistic fuzzy ordered weighted aggregation (IIFOWA) is utilized to aggregate individual opinions of decision makers
into a group opinion. A linear programming model is used to obtain the weights of the criteria. Then, a combined approach based on
GRAand TOPSIS method is introduced and applied to the ranking and selection of the alternatives. Finally a numerical example for
supplier selection is given to illustrate the feasibility and effectiveness of the proposed method. A combined method based on GRA and
TOPSIS associated with intuitionistic fuzzy set has a high chance of success for multi-criteria decision-making problems since it contains
vague perception of decision makers’ opinions. Therefore, intuitionistic fuzzy sets can be used for dealing with uncertainty in multi-criteria
decision-making problems such as project selection, manufacturing systems, pattern recognition, medical diagnosis as well as many other
areas of management decision problems.

Keywords:Multi-Criteria Group Decision Making,Supplier Selection, Interval-Valued Intuitionistic Fuzzy Set, TOPSIS Method, GRA
Method.

1. Introduction

Supply Chain Management (SCM) has received recently supplier selection problem. The systematic analysis for
considerable attention in both academia and industry. The supplier selection includes categorical method, analytic
major aims of SCM are to reduce supply chain risk and hierarchy process (AHP)(X. Deng, Hu, Deng, &
production costs, maximize revenue, improve customer Mahadevan, 2014; Levary, 2008), analytic network
service, and optimize inventory levels. These, in turn, process (ANP)(Eshtehardian, Ghodousi, & Bejanpour,
result in increased competitiveness and profitability. 2013; Y. Lin, Lin, Yu, & Tzeng, 2010), mathematical
Effective purchasing function plays an important role in programming(Hsu, Chiang, & Shu, 2010; Kull & Talluri,
successful SCM. The most important activity of the 2008; C. Lin, Chen, & Ting, 2011; Wu & Blackhurst,
purchasing function is the selection of appropriate 2009), and artificial intelligence (AI) techniques(Guneri,
supplier as it brings about significant savings for the Ertay, & Yucel, 2011; Lee & Ouyang, 2009; Tseng, 2011;
organization. J. Xu & Yan, 2011).

One of the well-known studies on supplier selection was Most of these methods do not seem to address the
conducted by Chai, Liu, & Ngai, (2013)who reviewed and complex and unstructured nature and context of many
classified 123 articles regarding the supplier selection today's purchasing decisions. In many existing decision
problem. Chou, Chang, & Shen (2008) identified three models in the literature, only quantitative criteria have
key stages for supplier selection including rating stage, been considered for supplier selection. Several influence
aggregation stage, and selection stage, respectively. factors are often not taken into account in the decision-
Several methodologies have been proposed to address the making process, such as incomplete information,
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additional qualitative criteria and imprecision preferences.
Therefore, fuzzy set theory (FST)has been applied to
supplier selection recently. C. Li, Fun, & Hung,
(1997)discussed the application of FST to supplier
selection. Arabzad, Ghorbani, Razmi, & Shirouyehzad,
(2014); C.-T. Chen, Lin, & Huang, 2006; Kannan,
Jabbour, & Jabbour, (2014)extended the concept of
TOPSIS (technique for order preference by similarity to
an ideal solution) method to develop a methodology for
solving supplier selection problems in fuzzy environment.
Bayrak, Celebi, & Tagkin, (2007) presented a fuzzy multi-
criteria group decision-making approach to supplier
selection based on fuzzy arithmetic operation. Oniit, Kara,
& Isik, (2009)developed a supplier evaluation approach
based on ANP and TOPSIS methods for the supplier
selection. In the type of fuzzy multi-criteria model, grey
relational analysis (GRA) is suggested as a tool for
implementing a multiple criteria performance scheme,
which is used to identify solutions from a finite set of
alternatives (Kuo, Yang, & Huang, 2008) and it has been
proven to be useful for dealing with poor, incomplete, and
uncertain information (Szmidt & Kacprzyk, 2000). GRA
is a part of grey system theory, which is suitable for
solving problems with complicated interrelationships
between multiple factors and variables. GRA has been
successfully applied in solving a variety of MADM
problems(Bali, Kose, & Gumus, 2013; W.-H. Chen, Tsai,
& Kuo, 2005; Olson & Wu, 2006).

This paper proposes an intuitionistic fuzzy multi-criteria
group decision making approach for supplier selection
problem which employs a combined method based on
GRA and TOPSIS for ranking the suppliers. The
importance of the criteria and the impact of alternatives
on criteria provided by decision makers are difficult to
precisely express by crisp data in the selection of supplier
problem. Interval-valued intuitionistic fuzzy sets (IVIFSs)
introduced by Atanassov & Gargov, (1989)are a suitable
way to deal with this challenge and applied in many
decision-making problems in uncertain environment. In
group decision-making problems, aggregation of expert
opinions is very important to appropriately perform
evaluation process. Therefore, IIFOWA operator is
utilized to aggregate all individual decision makers’
opinions for rating the importance of criteria and the
alternatives. The TOPSIS method was presented by
Hwang & Yoon, (1981)considering both positive-ideal
and negative-ideal solution. It is one of the popular
methods in multi-attribute decision-making problem. Also
GRA method was originally developed by J.-L. Deng,
(1989) which is an impact evaluation model that can
measure the degree of similarity or difference between
two sequences based on the relation.GRA method only
considers the shape similarity of data sequence curve of
alternative’s attribute to that of ideal solution(J.-L. Deng,
1989). However, TOPSIS method only considers the
position approximation (Opricovic & Tzeng, 2004). By
combining GRA and TOPSIS method, we present a
combined approach that can accurately reflect the
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relationship between alternative’s data and ideal
solutions. Therefore, GRA method is combined with
TOPSIS in intuitionistic fuzzy environment, which has
not been studied yet.

The remainder of this paper is organized as follows:
Section 2 gives some basic concepts and related
knowledge of IVIFSs. In Section 3, we present a brief
introduction of interval-valued intuitionistic fuzzy GRA
(IVIFGRA) method. In Section 4, interval-valued
intuitionistic fuzzy TOPSIS (IVIFTOPSIS) method is
introduced. In Section5, based on IVIFGRA and
IVIFTOPSIS, we present a combined decision making
approach. In Section 6, for multi-criteria group decision
making, an approach is given. In Section7, a numerical
example is presented to illustrate the proposed approach
and to demonstrate its feasibility and practicality. Finally,
a short conclusion is given.

IVIFSs and Related Knowledge

To introduce our new approach, some relevant concepts
are illustrated in this section.

Definition:

(Atanassov & Gargov, 1989). Let D[0, 1] be the set of all
closed subintervals of the interval[0, 1]. Let( X # ® )be a
given set. An interval-valued intuitionistic fuzzy set A in
X is given byA = {(x, us(x),v4(x)): x € X}, wherep,:
X - D[0,1], vy,: X = D[0,1]and 0 < sup,u,(x)+
sup,v, (x) < 1.

The intervalsu,(x) and v, (x) denote the degree of
belongingness and the degree of non-belongingness of the
element x to the setA, respectively. Thus, for eachx €
X,uy(x) and v, (x) are closed intervals whose lower and

upper end points are denoted byu,, (x), Uy (x)
andv,; (x), v,y (x), respectively. A can be denoted by,

A = {(x, [1ar ), tay (O], [Var, (), vay ()]) (1)
x € X},

where0 < p,;(x) + v4y(x) < 1, Ua(x)= 0
andv,; (x) = 0. In addition the set of all the IVIFS in X
is shown by IVIFS(X).For each element x, the unknown
degree (uncertainty degree) of an intuitionistic fuzzy
interval of x € X in A can be defined as follows:
Ta(x) =1 — pu(x) —v,(x)
=[1 = pay () = v (), 1 — pay, () (2)
—Va (X)]
An IVIFS value is denoted by A = ([a,b],[c,d]) for
convenience.
Definition:
(Ze-Shui, 2007a). Let & = ([a;,b,],[c;,d;]) and
@, = ([ay, by],[c3,d5]) be any two IVIFNs, then their
operational laws can be defined as follows:
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51 = ([¢;,d4], [a1, b1]) 3)
- - a, +a, —aa
a+a, = ( ,bll + bzz _ bllbzz , [C1C2'd1d2]) “4)
- o~ [a,az, byb,], )
al.az - ([C1 + CZ - C1C2, d1 + d2 - dldz] (5)
[1 -1 —-a)h1 —]
@, = (1—b)? 1,420 (6)
(%, "]
Definition:

(Ze-Shui, 2007a). Let & = ([a, b],[c,d]) be an IVIFN.
Then the score function (S) is defined by:
S@)=1/2(a—c+b—-d) (7)

Where S(&) € [—1,1] . The greater the value of (&) , the
greater IVIFN& .

Definition:

Let

&, = ([ay, b1], [, di D). &, = ([ay, by, [c2, d3]), ... 0 =
([ay, by, [cnr dn]) be n IVIFNS, and
w = (w;, Wy, ...,w,)T be the weight vector of these
IVIFNs. The weighted score function is defined as:

W, (@, @, ..., @) = 0, S(@) + 0,S(&,) + ()
ot 0, S(d,)

(Ze-Shui, 2007a) developed the interval-valued
intuitionistic weighted arithmetic aggregation
operator(IIFWA) and the interval-valued intuitionistic
fuzzy ordered weighted aggregation operator (IIFOWA)

to aggregate interval-valued intuitionistic fuzzy
information.
Definition:
(Ze-Shui, ~ 2007a).  Let@ = ([a;,b;],[c;.d;]) , j =

(1,2,...,n)be a collection of IVIFNs.The IIFWA operator
is further defined by:
HIFWA,, (&, @, ..., &,)

[T o |
/ll_l_[(l_aj) l’l n n

| oL Toe ] Ta||
\[+-[Ta-s| U= =)
Where o = (wq, W, ...,w,)T is the weight vector
of@;(j = 1,2, ...,n);w; € [0,1], and Z}‘zl w=1.

)

(Z.-S. Xu & Chen, 2007a) proposed the interval-valued
intuitionistic fuzzy ordered weighted aggregation
(ITFOWA) operator to aggregate IVIFNs. The operator is
characterized by reordering the IVIFNs in descending
order. A weight,w; , is associated with a particular ordered
position. The arguments are endowed with new weights
w; rather than the initial weightsw; .
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Definition:
(Z.-S. Xu & Chen, 2007a). Let & = ([a;,b;],[c;. d;])

j=01,2,..,n)be a collection of IVIFNSs,
and(o?g(l), A2y s dg(n))be a permutation
of(&,, &,, ..., &,), such that @,(;_1) = &;) for all j, and
let @ = ([as() oyl [eoy dogp]),  then  the
IIFOWA operator can be defined by:
IIFOWA,(a,, @, ..., &,)

n

Wi

- 1_1_[(1_%0)) "1

j=1 (10)

n n n
wj ) W
- 1_[(1 —boy) |, 1_[ Ca(nw"n dogy !
j=1 j=1 j=1

Where w = (Wy, w,, ..., w,,)T is the weight vector of the
ITIFOWA operator, w; € [0,1] ,and X7_,w; =1 . The
weight vector of the IIFOWA operator can be determined
by the method of (Z. Xu, 2005) , which uses the
perspective of normal distribution to gain weights. In this
way, it can reduce the influence of unfair arguments in the
final results by assigning low weights to the “optimistic”
or “pessimistic” discretions.

Definition:

(Szmidt & Kacprzyk, 2000). For two intuitionistic fuzzy
sets A andB in X = {x,x;,..,x,}, the normalized
Hamming distance is defined as follows:

1 n
A4, B) = - (aCx) = 15 (e

() — v ()
+ |7TA(xi) — Tig (xl)l)

(11)

Definition:

(Szmidt & Kacprzyk, 2000).For two intuitionistic fuzzy
sets A and B in X = {x;,x;,...,x,}, the normalized
Euclidean distance is defined as follows:

2
n (ﬂA(xi) _#B(xi)) +
2
d.(A,B) = EZ (valx) —vp(x))" +
i= 2
T () — (%)
Clearly these distances satisfy the conditions of the
metric.

(12)

GRA method for Multiple Attribute Decision
Making Problems with
Intuitionistic Fuzzy Information

Interval-valued

GRA method was originally developed by (J.-L. Deng,
1989)and has been successfully applied in solving a
variety of MADM problems (Lahby & Adib, 2013; G. Li,
Yamaguchi, & Nagai, 2008; Mehregan, Jafarnejad, &
Dabbaghi, 2014). The main procedure of GRA is firstly
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translating the performance of all alternatives into a
comparability sequence. This step is called gray relational
generating. According to these sequences, an ideal target
sequence is defined. Then, the gray relational coefficient
between all comparability sequences and ideal target
sequence is calculated. Finally, based on these gray
relational coefficients, the gray relational degree between
ideal target sequence and every comparability sequences
is calculated. If a comparability sequence translated from
an alternative has the highest gray relational degree
between the ideal target sequence and itself, that
alternative will be the best choice.

Let Y ={V,Y,,..,Y,,} be a discrete set of alternatives,
andG ={Gl,GZ,...,Gp} be the set of attributes, w =
(W, wy, ...,wp)Tis the weighting vector of the attribute

G;(j = 12,...,p), wherew; € [0,1];X7_, w; = 1.
Suppose thatﬁ = (fij)nxp = ([aij,bij],[cij,dij]) is

nxp
the interval-valued intuitionistic fuzzy decision matrix,

Where[aij,bij]indicates the degree that the alternative;
satisfies  the attributeG;given by the decision-
maker,[c; i dij |indicates  the  degree  that  the

alternativeY;does not satisfy the attributeG;given by the
decision maker,[aij,bij] c [0,1], [Cij,dij] c [0,1],
bij + dl} < 1, i = (1,2, ...,n),j = (1,2, ,p)

In the following, we illustrate GRA method to solve
interval-valued intuitionistic fuzzy MADM. The method
involves the following steps:

Stepl: Determine the ideal with interval-valued

intuitionistic fuzzy information.

F+ =( la*,b, "] [er*, di "] [ar By, )
[C2+'d2+]' e [ap+'bp+]' [C +'dp+]
Where

(13)

7 =(la* 5] g" 47])

= ([miaxaij ,miaxbij], [miin Cij,miindij]),j €12,..,p
Step2:Calculate the gray relational coefficient of each
alternative from ideal using the following equation,

+
gij
i i A P o
_ Jnin iy 0 ) * 0 g e dien)
’

P P
d(7ij,7i;) + p max max d(7;,7))

=(12,..,n),j=01,2,..,p)

Where the identification coefficient = 0.5 . and it uses
the normalized Hamming distance.

Step3:Calculating the degree of gray relational coefficient
of each alternative from ideal using the following
equation,
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p

&= ijfi“; , i=(12,..,n) (15)
=1

Step5:Rank all the alternativesY;(i = 1,2,...,n) and

select the best one(s) in accordance withé&; (i =

1,2, ...,n). If any alternative has the highesté;" value, then,

it is the most important alternative.

TOPSIS method for multiple attribute decision
making problems with interval-valued
intuitionistic fuzzy information

TOPSIS method was presented by Hwang & Yoon,
(1981)and has been successfully applied to solving a
variety of MADM problems(Du, Gao, Hu, Mahadevan, &
Deng, 2014; Z. Xu & Zhang, 2013).TOPSIS is based on
the concept that the chosen alternative should have the
shortest distance from the positive ideal solution (PIS)
and the longest distance from the negative ideal solution
(NIS).

Let Y, G, w and R be the same as presented in section3.
The procedure for interval-valued intuitionistic fuzzy
TOPSIS method has been given as follows:
Step1:Determine the positive ideal and the negative ideal
using interval-valued intuitionistic fuzzy information.
The ideal alternative is a hypothetical alternative in which
all attribute values correspond to the best level. On the
contrary, the anti-ideal alternative is also a hypothetical
alternative in which all attribute values correspond to the
worst level. Denote the positive ideal alternative with
interval-valued intuitionistic fuzzy information,A*, and
the anti-ideal alternative with interval-valued intuitionistic
fuzzy information,A™, as follow:

(m.axﬁ'j fel),
At = : li=12,..,n
(minf, |j € /) (16)
12
={#* %", .. 5t
(m,inﬁ-j J E]),
A" = ¢ Ni=12,.,n
12
={#" %, .5}

Wheref; ¥ = ([a'+,bj+]' [C‘+'dj+]) and
# =g b7 ].[¢7d;7]) i =12,...p.

Where/ and J are the attribute sets of the larger-the-better
type (such as benefit) and the smaller-the-better type
(such as cost), respectively.

Step2:Calculate the separation measures, using the
normalized Euclidean distance.
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The separation measures,d; "and d;”, of each alternative
from interval-valued intuitionistic fuzzy positive-ideal
and negative-ideal solutions are calculated as follow:

L2 (”Yi(xj)—#A+(xj))2+
Ez (v, () - vA+(xj))2 + (18)

j=1

\ (T[Yl-(xj) — T+ (xj))z
L P (#Yi(xj) — Ha- (xj))z +
EZ (vyi(xj) — v, (x )2 + (19)

Jj=1 2

\ (nyi (x;) — ma- (xj))
Step3:Calculate the relative closeness coefficient to the
interval-valued intuitionistic fuzzy ideal solution.

d, (Y, A*) =d;* =

4, (%, A7) = d;” =

The relative closeness coefficient of an alternativeY; with
respect to the interval-valued intuitionistic fuzzy positive-
ideal solutionAis defined as follows:

d;”

Step4:Rank the alternatives.

i=12,..,n (20)

When the relative closeness coefficient of each
alternative is determined, alternatives are ranked
according to descending order off;.

A Combined Approach Based on GRA and
TOPSIS Method for Multiple Attribute Decision
Making Problems with Interval-valued
Intuitionistic Fuzzy Information

GRA method only considers the shape similarity of data
sequence curve of alternative’s attribute to that of ideal
solution’s. However, TOPSIS method only considers the
position approximation. By combining GRA and TOPSIS
method, we present a combined approach that can
accurately reflect the relationship between alternative’s
data and ideal solutions. The introduced method involves
the following steps:

Stepl: Determine the positive ideal and negative ideal

solution with interval-valued intuitionistic fuzzy
information as given in (13) and (21).
[al_lbl_ I[Cl_ldl_]l (21)

f_ = [aZ_le_]l C2_ld2_]l"'l

]
[ap_' bp_]' [C o dp_]
Where
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7= (la* 5] g" 47])

= ([miaxaij,miaxbij], [miincij,miindij]),j €12,..,p

=g 571G d7])
= ([miinaij,miinbij], [miaxcij,miaxdij]),j €12,..,p

Step2: Calculate the gray relational coefficients of each
alternative from PIS and NIS using the following
equations, respectively Equations (14) and (22).

a
_ min min d(7,7) + p max max d(7;,7;) i
d(7ij,77) + p max max d(7;,7;)

=(12,..,n),j=01,2,..,p)
Where the identification coefficient p = 0.5.And using

the normalized Hamming distance.

(22)

Step3: Calculating the degree of gray relational
coefficients of each alternative from PIS and NIS using
the following equations, respectively Equation (15) and
(23).

p

=D wE . i=02.m (23)
=

The basic principle of the GRA method is that the chosen

alternative should have the “largest degree of grey

relation” from the positive ideal solution and the “smallest

degree of grey relation” from the negative ideal solution.

Step4: Calculate the relative grey relational degree of
each alternative from the positive ideal solution using the
following equation:

&= i i=12
BRI
Step5: Rank all the alternativesY;(i = 1,2,...,n) and
select the best one(s) in accordance withé; (i = 1,2, ...,n).
the highesté;value

, M. (24)

The alternative with is the most

important alternative.

A Hybrid Intuitionistic Fuzzy Multi-criteria
Group Decision Making Approach for Supplier
Selection

Today's decision making is a major challenge faced by
companies. Especially in this case, supplier selection is a
complicated decision-making problem involving multi-
criteria, alternatives and decision makers. However, there
are a few studies on multi-criteria decision-making
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(MCDM) involving multiple decision-makers in an
interval-valued intuitionistic fuzzy environment. In order
to avoid partiality caused by an individual subject’s
judgment, the group decision-making method is used to
integrate different opinions and reach the best decision
with a common solution. Comparing with individual
decision making, group decision making can elicit more
complete information about the problem and provide
more selective alternatives(T.-Y. Chen, Wang, & Lu,
2011). Therefore, we proposed an interval-valued
intuitionistic fuzzy multi-criteria group decision-making
(MCGDM) with combined method based on GRA and
TOPSIS for supplier selection problem.

The preference relation on criteria based on IVIFSs can
be concisely expressed in a pair-wise comparison matrix.

Suppose that there is a set of criteria G =
{gl, 92r-ee» gp}, and a set of decision makers (experts)
E = {e;,e,,...,en}. Each expert has to compare the

relative importance of each pair of criteria with IVIFSs.

Definition:
(T.-Y. Chen et al., 2011). If an interval-value intuitionistic
fuzzy preference relation matrix Gy

on the set X is defined as G, = (gij(’”)pxp cXxX,

then:

_ gn(k) §1p(k)

Ge=| : : (25)
gpl(k) gpp(k)

Whereg;© = ([ay,by] ™ ey, dy]™) i) =

(1,2, .., p)is an IVIFS. [ay;, b;]“indicates

the expert e,’s interval-valued intuitionistic fuzzy
preference degree for the criterion g; when the criteria
giand g; are compared and criterion g; is preferred over

the other one ; also [Cij,dij](k)indicates the expert e;’s
interval-valued intuitionistic fuzzy preference degree for
the criterion g; when the criteria g;and g; are compared
and criterion gj is preferred over the other one ;

(k) k) (k)
laj, u]() [ng'dzj] c [(0)1] @i ] =
k k k
[ Cij lj] []L' 'i] = [aijrbij] s [aii,bzz](k) =
[c;1, dy ] = [0.5,0.5] ,and b;; ¥ +d;® <1, ij=
(1,2,..,p) and k = (1,2, ...,m) .

Definition:

(Z. Xu, 2007b). Let G, = (gij(’ﬂ)pxp
valued intuitionistic fuzzy preference relation matrix. If
G;;% = g . g,;Pfor all i,j,k, then G, is called the
consistent interval-valued intuitionistic fuzzy preference
relation matrix.

be an interval-

Definition:

The criterion values can also be expressed in a decision
matrix based on IVIFSs to discern the performance of
each alternative with respect to criteria. Now, suppose
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there exists a set of alternatives Y = {y,,¥,,...,Vn}
which consist of n non-inferior decision-making
alternatives, a set of criteriaG = {gq,97,---,9p}, and a
set of experts E = {eq,e,,...,en}

Definition:
(T.-Y. Chen et al., 2011).If an interval-value intuitionistic
fuzzy decision matrix Djon the set X is defined as

= G) _
D, = (dij )nxp C X x X, then:
gl --------- gp
~ (k ~ (k)
_ V1 dll( ) dlp
Do=i| : (26)
5 (B 5 (&)
I dnl dnp
5 (B (F) (F) .
Whered;; = ([au' by [cij dij] ) L=
12,..,n),j=(1,2,..,p),is an

K. .. .
IVIFS.[aU,bU]( )indicates the extent to which the
experte,considers the alternative y;to satisfy the criterion

3
gj of the fuzzy concept ‘excellence.”” Also [Cu,dij]( )

indicates the extent to which the expert e, considers the
alternative y;does not satisfy the criterion g; of the fuzzy

concept ‘‘excellence.”” In addition [au'bu]( ) [0,1] ,
[cdy]® cp01] . 0<b®+d;® <1, i=
12,.,n),j=012,...,p), k=(1,2,..,m) .

Therefore, our proposed multi-criteria group decision
making approach based on interval-valued intuitionistic
fuzzy environment is as follows:

In the first stage, the preference relation matrices for
criterion weights are required. Experts have used the
IVIFNs to express their performances. In the condition
where the criterion weights are unknown, experts
delivered the preference relations on criteria by pairwise
comparison.

Step I-1: Use (25) to set up the interval-valued
intuitionistic fuzzy preference relation on criteria as
Equation (27).

A= (500

Ge = (357, @7)
Step I-2: Apply the operation in (9) to aggregate each
row of preference relations as Equation (28).
3" = 1IFA (3.7, 5,%, ... 3,%), i =
1,2,..,n; k=12,..,m (28)
Step I-3: Use (8) to calculate weighted score function for
each aggregate’s IVIFNs as Equation (29).
R = w,(§,%) (29)
Step I-4: Reordering the weighted score function results
in descending order based on previous step, such that
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Figi-1) 2 Jiggyfor all, and

letgi,;y = ([as0y bop) [Cotiy doci])-

Step I-5: Apply the operation in (10) to integrate experts’

opinions on criteria, and express the criterion weights in

the interval-valued intuitionistic fuzzy format as follows:
gi = IFOWA,,(§;*, 3@, ..., ;™).

Step I-6: Convert the criterion weights from interval-

valued intuitionistic fuzzy formatsg;, i = 1,2,...,p into

interval-valued fuzzy formatsg7i; i=12,..,p.

Step I-7: Determine the scope of attribute weights, and

achieve the criterion weights g; within the lower and

upper boundaries.

In the second stage, the decision matrixes of criterion
values are another required input for our proposed
approach. Again experts have used the IVIFNs to express
their opinions.

Step II-1: Use (26) to set up the decision matrixes of
criterion values as Equation (30).

D= (a4,"), (30)

Step II-2: Use (8) to calculate weighted score function
for each element in the decision matrixes as Equation

31).
S (B
R;® =w, (dij ) (3D

Step II-3: Reordering the weighted score function results
in descending order based on previous step, such that

d for all, and

Yo(-1) = dij o
tetdy; = ([200y, boip] [¢aty do])-

Step II-4: Apply the operation in (10) to integrate
experts’ opinions on criterion values, and establish the
aggregated decision matrix of criterion values as Equation
(32).

D= (&U)nxp (32)
(10.5,0.51,[0.5,0.5])  ([0.4,0.7],[0.1,0.2
& _|(0.1021[0407D) ([0.505],[050.5
17 1([0.2,0.31,[0.5,0.6) ([0.1,0.2],[0.5,0.6
(10.2,0.4],[0.3,0.5])  ([0.1,0.3],[0.6,0.7
(10.5,0.5],[0.5,05])  ([0.4,0.6],[0.3,0.4
& _|(10304][0406D ([0.505],[0505
27 1(10.2,0.31,[0.5,0.7D)  ([0.1,0.3],[0.4,0.6
[(10.2,0.31,[0.5,0.7])  ([0.1,0.2],[0.4,05

e e —

N N "

Where dl} = IIFOWAW (dij(l),dij(Z), ,du(m)),l =

1,2,..,n;j=12,..,p.

Step II-5: Calculate the weighted score function for each
alternative in the condition of unknown criterion weights.

Step II-6: Use a linear programming model to calculate
the exact criterion weights. The optimization is defined by
a sum of weighted score function grades of each
alternative as given in (33), and subject to the weight
assumptionH (x).

Max X}, 30_ W;S(dy) (33)

St. H(x)
Step II-7: Using the combined method based on GRA
and TOPSIS to rank the alternatives.

When the relative grey relational degree of each
alternative is determined, alternatives are ranked
according to descending order of &; .

Numerical Example

A manufacturing and engineering company has decided
to select the most appropriate supplier for one of the key
elements in its manufacturing process. After pre-
evaluation, four suppliers have remained as alternatives
for further evaluation. In order to evaluate alternative
suppliers, a committee composed of five decision makers
has been established. The criteria considered in the
selection process were producing ability (g,), financial
issues (g,), delivery time (g5) and services (g,)-

The procedure for selection of the most appropriate
supplier contains the following steps:

Step 1: Determine the weights of the criteria.

Construct the interval-valued intuitionistic fuzzy
preference relation matrices on the criteria based on
pairwise comparison.

([0.5,0.6],[0.2,0.3])  ([0.3,0.5],[0.2,0.4])1
([0.5,0.6],[0.1,0.2])  ([0.6,0.7],[0.1,0.3])
([0.5,0.5],[0.5,0.5])  ([0.3,0.4],[0.5,0.6])
([0.5,0.6],[0.3,0.4])  ([0.5,0.5],[0.5,0.5]).
([0.5,0.71,[0.2,0.3])  ([0.5,0.7],[0.2,0.3])1
([0.4,0.6],[0.1,0.3])  ([0.4,0.5],[0.1,0.2])
([0.5,0.5],[0.5,0.5]) ([0.5,0.7],[0.1,0.2])
([0.1,0.2],[0.5,0.7))  ([0.5,0.5],[0.5,0.5]).
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7([0.5,0.5],[0.5,0.5])  ([0.7,0.8],[0.1,0.2]) ([0.6,0.7],[0.1,0.2]) ([0.6,0.7],[0.2,0.3])1

¢ - 01021, [0.7,08) ([05,0.5],[0505]) ([0.50.7],[0.2,03]) ([0.4,0.6],[0.2,0.3])
3~ [([0.1,0.2],[0.6,0.7])  ([0.2,0.3],[0.5,0.7]) ([0.5,0.5],[0.5,0.5]) ([0.3,0.4],[0.5,0.6])
[([0.2,0.3],[0.6,0.7])  ([0.2,0.3],[0.4,0.6]) ([0.5,0.6],[0.3,0.4]) ([0.5,0.5],[0.5,0.5]).
'([0.5,0.5],[0.5,0.5])  ([0.5,0.6],[0.3,0.4]) ([0.3,0.4],[0.5,0.6]) ([0.7,0.8],[0.1,0.2])]

¢ - |10:3,04],[0.506]) ([050.5],[050.5) ([0:3,04],[0506]) ([0.50.6],[0.3,0.4])
4+~ {([0.5,0.6],[0.3,0.4]) ([0.5,0.6],[0.3,0.4]) ([0.5,0.5],[0.5,0.5]) ([0.5,0.6],[0.3,0.4])
[([0.1,0.2],[0.7,0.8])  ([0.3,0.4],[0.5,0.6]) ([0.3,0.4],[0.5,0.6]) ([0.5,0.5],[0.5,0.5]).
7([0.5,0.5],[0.5,0.5])  ([0.3,0.4],[0.4,0.6]) ([0.5,0.6],[0.3,0.4]) ([0.4,0.5],[0.3,0.4])

¢ - |10.4,0.6],[0.3,04]) ([0505],[0505]) ([0.607],[0.203]) ([0.6,0.7],[0.1,0.3])
5~ [([0.3,0.4],[0.5,0.6]) ([0.2,0.3],[0.6,0.7]) ([0.5,0.5],[0.5,0.5]) ([0.3,0.4],[0.2,0.3])
[([0.3,0.4],[0.4,0.5])  ([0.1,0.3],[0.6,0.7]) ([0.2,0.3],[0.3,0.4]) ([0.5,0.5],[0.5,0.5]).

Opinions of decision makers on criteria were aggregated. The scope of attribute weights was determined, using the steps of I-
24l I-7 .

0.2556 < g, <£0.8601, 0.1721 < g5 < 0.7734,

0.2201 < g, < 0.8546, 0.1572 < g, < 0.7488.
Step 2: Construct the aggregated interval-valued intuitionistic fuzzy decision matrix based on the opinions of decision
makers.

IVIFNSs are used to rate each alternative supplier with respect to each criterion by five decision makers.

7([0.3,0.5],[0.4,0.5])  ([0.6,0.7],[0.1,0.2])  ([0.5,0.6],[0.2,0.3]) ([0.4,0.7],[0.0,0.1])]

5 _ |(0.608],[0.1,02]) ([0.6,0.7],[02,03]) ([0.6,0.8],[0.1,02]) ([0.5,0.7],[0.1,03])
1= 1([0.7,0.8],[0.1,0.2]) ([0.7,0.8],[0.0,0.1]) ([0.5,0.7],[0.2,0.3]) ([0.6,0.8],[0.1,0.2])
[([0.2,0.3],[0.4,0.5])  ([0.5,0.7],[0.1,0.3])  ([0.4,0.6],[0.3,0.4]) ([0.4,0.5],[0.1,0.3]).
7([0.5,0.6],[0.3,0.4])  ([0.4,0.6],[0.1,0.2]) ([0.6,0.7],[0.2,0.3]) ([0.5,0.6],[0.1,0.2])]

5. _ |(10.6071,[0102])) ([0.50.6],[03,04]) ([0405],[03,04]) ([05,0.7],[0.1,0.2])
2~ 1([0.6,0.8],[0.1,0.2])  ([0.6,0.7],[0.1,0.2]) ([0.5,0.6],[0.3,0.4]) ([0.7,0.9],[0.0,0.1])
[([0.4,0.6],[0.3,0.4]) ([0.4,0.5],[0.0,0.1]) ([0.4,0.5],[0.2,0.4]) ([0.4,0.6],[0.1,0.2])
7([0.5,0.7],[0.2,0.3])  ([0.5,0.6],[0.1,0.2]) ([0.5,0.6],[0.2,0.4]) ([0.4,0.6],[0.1,0.3])]

5. _ |(10.5,06],[0.02])) ([0.50.7],[02,03]) ([0.3,0.6],[02,04]) ([0.608],[0.0,0.1])
3~ [([0.5,0.8],[0.1,0.2]) ([0.5,0.8],[0.1,0.2]) ([0.4,0.7],[0.2,0.3]) ([0.5,0.8],[0.0,0.2])
[([0.4,0.6],[0.1,0.3])  ([0.4,0.6],[0.0,0.1]) ([0.3,0.5],[0.2,0.4]) ([0.4,0.6],[0.2,0.3]).
7([0.3,0.4],[0.4,0.6])  ([0.6,0.7],[0.1,0.2]) ([0.7,0.8],[0.1,0.2]) ([0.5,0.6],[0.0,0.1])]

5 _ |(05,08],[0102])) ([0.60.7],[02,03]) ([04,0.6],[0.1,04]) ([05,0.6],[0.1,0.3])
+~ [([0.7,0.8],[0.1,0.2]) ([0.7,0.8],[0.0,0.1]) ([0.5,0.7],[0.2,0.3]) ([0.6,0.7],[0.1,0.2])
[([0.2,0.3],[0.4,0.5]) ([0.5,0.7],[0.1,0.3]) ([0.5,0.6],[0.1,0.3]) ([0.4,0.5],[0.1,0.3]).
7([0.3,0.4],[0.4,0.6])  ([0.6,0.7],[0.2,0.3]) ([0.6,0.7],[0.2,0.3]) ([0.5,0.7],[0.0,0.1])]

5. _ |(10.4,06],[020.4]) ([0.6,08],[0.1,02]) ([0.50.6],[03,0.4]) ([0.7,08],[0.1,0.2])
5~ 1([0.5,0.7],[0.1,0.3])  ([0.7,0.9],[0.0,0.1]) ([0.5,0.6],[0.2,0.4]) ([0.6,0.9],[0.0,0.1])
[([0.2,0.3],[0.5,0.6]) ([0.5,0.7],[0.1,0.3]) ([0.4,0.6],[0.1,0.2]) ([0.4,0.6],[0.1,0.3]).

Opinions of decision makers on criterion values were aggregated. The aggregated decision matrix of criterion values was
established, using the steps of I1-2 tilllI-4.
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[0.3774,0.5226],[0.3458,0.4774]
[0.5279,0.7198],[0.1081,0.2161]
[0.6164,0.7907],[0.1000,0.2093]
[0.2763,0.4239],[0.3374,0.4677]

[0.5359,0.6563], [0.1081,0.2093]
[0.5677,0.7185],[0.1776,0.2815]
[0.6600,0.8216], [0.0000,0.1273]
[0.4483,0.6306], [0.0000,0.1657]

)’ ’

AN A
— r—r—r—
— O~
AN A
—

[0.5900,0.6928],[0.1698,0.2815
[0.4480,0.6097],[0.1956,0.3702
[0.4780,0.6619],[0.2262,0.3381
[0.4019,0.5677],[0.1777,0.3288

0.4792,0.6450],

1,[0.0000,0.1332
0.5859,0.7511],

]

]

0.0000,0.1774
0.0000,0.1500
0.1178,0.2867

)
)
)
)

0.5917,0.8431
0.4000,0.5677],

)’ )’

AN
— r—r—r—
e
— O~
AN A
—r——r—
— r—r—r—
—

Step 3: Calculate the weighted score function for each alternative in the condition of unknown criterion weights by utilizing
Eq. (8)as follows:

W, (511 ) = g,((1/2(0.3774 — 0.3458 + 0.5226 — 0.4774)) )

+9,((1/2(0.5359 — 0.1081 + 0.6563 — 0.2093)) )
+ g5((1/2(0.5900 — 0.1698 + 0.6928 — 0.2815)) )
+ 9,((1/2(0.4792 — 0.0000 + 0.6450 — 0.1332)) )

W, (512 ) = g,((1/2(0.5279 — 0.1081 + 0.7198 — 0.2161)) )

+ g,((1/2(0.5677 — 0.1776 + 0.7185 — 0.2815)) )
+ g5((1/2(0.4480 — 0.1956 + 0.6097 — 0.3702)) )
+ 9,((1/2(0.5859 — 0.0000 + 0.7511 — 0.1774)))

W, (513 ) = g,((1/2(0.6164 — 0.1000 + 0.7907 — 0.2093)) )

+ 9,((1/2(0.6600 — 0.0000 + 0.8216 — 0.1273)))
+ g5((1/2(0.4780 — 0.2262 + 0.6619 — 0.3381)) )
+ 9,((1/2(0.5917 — 0.0000 + 0.8431 — 0.1500)) )

W, (514 ) = g,((1/2(0.2763 — 0.3374 + 0.4239 — 0.4677)) )

+ g,((1/2(0.4483 — 0.0000 + 0.6306 — 0.1657)) )

+ g5((1/2(0.4019 — 0.1777 + 0.5677 — 0.3288)) )

+ 9,((1/2(0.4000 — 0.1178 4+ 0.5677 — 0.2867)) )
Then use a linear programming model to calculate the exact criterion weights.

Max Ww(é1 )+Ww(&2 )+Ww(&3 )+Ww(&4 )

(0.2556 < g, < 0.8601,
10.2201 < g, < 0.8546,
s.t. {01721 < g; < 0.7734,
[0.1572 < g, < 0.7488,

g1+9:+g:+g.=1

g1 = 0.2556, gs = 0.1721,

g2 = 0.2201, g. = 0.3522.
Step 4: Construct the aggregated weighted interval-valued intuitionistic fuzzy decision matrix. The aggregated weighted
intuitionistic fuzzy decision matrix was constructed following the determination of the weights of the criteria and the rating
of the alternatives by utilizing Eq. (6)as follows:

0.1537,0.2293],[0.6880,0.7707]
0.2323,0.3611],[0.4567,0.5830]
0.2864,0.4236],[0.4444,0.5764]
0.1076,0.1765],[0.6821,0.7652]

0.2369,0.3135],[0.4567,0.5764]
0.2557,0.3601],[0.5441,0.6399]
0.3161,0.4551],[0.0000,0.4839]
0.1890,0.2958],[0.0000,0.5310]

D, =

)’ ’

AN A
—r——r—
— O~
AN/
—r—r—r—
— O~
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([0.2695,0.3401], [0.5355,0.6399])  ([0.2053,0.3057],[0.0000,0.4916])
([0.1888,0.2821],[0.5629,0.7047])  ([0.2669,0.3873],[0.0000,0.5439])
([0.2046,0.3175],[0.5925,0.6825])  ([0.2705,0.4791],[0.0000,0.5126])
([0.1656,0.2557], [0.5442,0.6759])  ([0.1647,0.2557],[0.4708,0.6440])

With regard to the influence of third parameter in calculation of distance between the alternatives in interval-valued
intuitionistic fuzzy environment, the degrees of uncertainty for each of the above alternatives have been added to the
aggregated weighted interval-valued intuitionistic fuzzy decision matrix using Eq. (2) as follows:

0.1537,0.2293
0.2323,0.3611
0.2864,0.4236
0.1076,0.1765

,10.6880,0.7707],10.0000,0.1583

[ LI 0.2369,0.3135], [0.4567,0.5764],[0.1101,0.3064
,[0.4567,0.5830],[0.0559,0.3110

[ L.l

[ LI

L1 Al
0.2557,0.3601], [0.5441,0.6399],[0.0000,0.2002
0.3161,0.4551],[0.0000,0.4839],[0.0610,0.6839
0.1890,0.2958],[0.0000,0.5310],[0.1732,0.8110

)’ )’ ’

— O~
AN/
—r—r—r—

] D
] D
,[0.4444,0.5764],[0.0000,0.2692] D
,[0.6821,0.7652],[0.0583,0.2103] D

e —

([0.2695,0.3401],
([0.1888,0.2821],
([0.2046,0.3175]
([0.1656,0.2557],

0.5355,0.6399],[0.0200,0.1950

1{ 0.2053,0.3057],[0.0000,0.4916],[0.2027,0.7947
0.5629,0.7047],[0.0132,0.2483

1L

LI

[ Ll | ]
[0.2669,0.3873],[0.0000,0.5439],[0.0689,0.7331]
[0.2705,0.4791],[0.0000,0.5126],[0.0082,0.7295]
[0.1647,0.2557],[0.4708,0.6440],[0.1002,0.3645]

0.5925,0.6825],[0.0000,0.2029
0.5442,0.6759],[0.0684,0.2902

)’ )’ )’ ’

— r—r—r—
—
— O~
AN A
— r—r—r—
—

Step 5: Obtain the positive-ideal and the negative-ideal solution with interval-valued intuitionistic fuzzy information, using
Eq. (13) and Eq. (21) respectively.

A* =[([0.2864,0.4236],[0.4444,0.5764],[0.0000,0.2692]) ([0.3161,0.4551],[0.0000,0.4839],[0.0610,0.6839])
([0.2695,0.3401],[0.5355,0.6399],[0.0200,0.1950])  ([0.2705,0.4791],[0.0000,0.4916],[0.0292,0.7295])]
A~ =[([0.1076,0.1765],[0.6880,0.7707],[0.0527,0.2044]) ([0.1890,0.2958],[0.5441,0.6399],[0.0643,0.2669])

([0.1656,0.2557],[0.5925,0.7047],[0.0396,0.2420])  ([0.1647,0.2557],[0.4708,0.6440],[0.1002,0.3645])]

Step 6: Calculate the separation measures, using the 0.7806 0.6999 0.6512 0.3607
normalized Hamming distance. & = 0.4563 0.7285 0.8628 0.3686

Y 104175 0.3333 0.7773 0.3362
The separation of each alternative from the positive-ideal 0.9685 0.3501 0.8202 1.0000

lution, A%, is gi : .
solution, A7, 1sgiven as Step 8: Calculate the degree of gray relational

0.0547 0.0748 0.0000 0.0298 coefficients of each alternative from PIS and NIS.
+_10.0146 0.0875 0.0182 0.0119
dij" = 0.0000 0.0000 0.0134 0.0026 &F =0.5763, &F = 0.6634, £+ = 0.9396, &} = 0.4582.
0.0606 0.0358 0.0235 0.0868 §1 =0.5927, §; = 0.5553, &5 = 0.4323, §; = 0.8180.

Step 9: Calculate the relative grey relational degree of
Similarly, the separation of each alternative from the each alternative from the positive ideal solution.
negative-ideal solution, A~, is given as:
& =0.4930,¢, =0.5444,¢; = 0.6849,¢, = 0.3590.
0.0124 0.0189 0.0235 0.0779 Step 10: Rank all the alternativesY;(i = 1,2,...,n) and

d." = 0.0524 0.0164 0.0070 0.0753 select the best one(s) in accordance withé; (i = 1,2, ...,n).
Y 0.0613 0.0879 0.0126 0.0868

The alternative with the highesté;value is the most
0.0014 0.0816 0.0096 0.0000

important alternative.

Step 7:Calculate the gray relational coefficients of each ' ' ' '
alternative from PIS and NIS. f(d3) > E(dz ) > E(dl ) > f(ch)

Y3>Y2> V1> Ya
Thus, according to calculations made in previous stages,
the relative grey relational degree of each alternative is
obtained. The third alternative has the greatest degree of

0.4443 0.3691 1.0000 0.5945

g+ = 07502 03333 07064 07857
9~ [1.0000 1.0000 0.7650 0.9435
0.4194 0.5500 0.6502 0.3352
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acceptance while the fourth alternative has the least
degree of acceptance.

The following figures (fig.1 and fig.2) show that although
there is an overall ranking of the alternatives, the decision

maker(s) can observe ranking of the alternatives in every
single criteria and ca select each of them according to
different situations.

producing
ability

delivery time

1
services %ﬁ%

alternative 1

alternative 2

financial issues .
alternative 3

alternative 4

Fig.1.The shape similarity between positive ideal solution and the alternatives.

producing
ability
A

services

delivery time

alternative 1

] o alternative 2
financial issues
alternative 3

alternative 4

Fig.2.The shape similarity between negative ideal solution and the alternatives.

Conclusions

This study presents an interval-valued intuitionistic fuzzy
multi-criteria group decision-making (MCGDM) with
combined method based on GRA and TOPSIS for
supplier selection problem. IFSs are a suitable way to deal
with uncertainty. In the evaluation process, the ratings of
each alternative with respect to each criterion and the
weights of each criterion were given by IVIFNs. Also

71

IIFOWA was utilized to aggregate opinions of decision
makers. After interval-valued intuitionistic fuzzy positive-
ideal solution and interval-valued intuitionistic fuzzy
negative-ideal solution were calculated based on the
normalized Hamming distance, the relative grey relational
degree of alternatives were obtained and alternatives were
ranked. A combined method based on GRA and TOPSIS
associated with intuitionistic fuzzy set has a high chance
of success for multi-criteria decision-making problems as
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it contains vague perception of decision makers’ opinions.
Therefore, in future, intuitionistic fuzzy set can be used
for dealing with uncertainty in multi-criteria decision-
making problems such as project selection, manufacturing
systems, pattern recognition, medical diagnosis and many
other areas of management decision problems.

References

Arabzad, S. M., Ghorbani, M., Razmi, J., & Shirouyehzad, H.
(2014). Employing fuzzy TOPSIS and SWOT for supplier
selection and order allocation problem. The International
Journal of Advanced Manufacturing Technology, 1-16.

Atanassov, K. T., & Gargov, G. (1989). Interval-valued
intuitionistic fuzzy sets. Fuzzy Sets and Systems, 31(3),
343-349.

Bali, O., Kose, E., & Gumus, S. (2013). Green supplier selection
based on IFS and GRA. Grey Systems: Theory and
Application, 3(2), 158-176.

Bayrak, M., Celebi, N., & Taskin, H. (2007). A fuzzy approach
method for supplier selection. Production Planning and
Control, 18(1), 54-63.

Chai, J., Liu, J. N., & Ngai, E. W. (2013). Application of
decision-making techniques in supplier selection: A
systematic review of literature. Expert Systems with
Applications, 40(10), 3872-3885.

Chen, C.-T., Lin, C.-T., & Huang, S.-F. (2006). A fuzzy
approach for supplier evaluation and selection in supply
chain management. International Journal of Production
Economics, 102(2), 289-301.

Chen, T.-Y., Wang, H.-P., & Lu, Y.-Y. (2011). A multicriteria
group decision-making approach based on interval-valued
intuitionistic fuzzy sets: A comparative perspective. Expert
Systems with Applications, 38(6), 7647-7658.

Chen, W.-H., Tsai, M.-S., & Kuo, H.-L. (2005). Distribution
system restoration using the hybrid fuzzy-grey method.
Power Systems, IEEE Transactions on, 20(1), 199-205.

Chou, S. Y., Chang, Y. H.,, & Shen, C. Y. (2008). A fuzzy
simple additive weighting system under group decision-
making  for  facility  location  selection  with
objective/subjective  criteria.  European  Journal of
Operational Research, 189(1), 132—-145.

Deng, J.-L. (1989). Introduction to grey system theory. The
Journal of grey system, 1(1), 1-24.

Deng, X., Hu, Y., Deng, Y., & Mahadevan, S. (2014). Supplier
selection using AHP methodology extended by D numbers.
Expert Systems with Applications, 41(1), 156-167.

Du, Y., Gao, C,, Hu, Y., Mahadevan, S., & Deng, Y. (2014). A
new method of identifying influential nodes in complex
networks based on TOPSIS. Physica A: Statistical
Mechanics and its Applications, 399, 57-69.

Eshtehardian, E., Ghodousi, P., & Bejanpour, A. (2013). Using
ANP and AHP for the supplier selection in the construction
and civil engineering companies; Case study of Iranian
company. KSCE Journal of Civil Engineering, 17(2), 262-
270.

Guneri, A. F., Ertay, T., & Yucel, A. (2011). An approach based
on ANFIS input selection and modeling for supplier
selection problem. Expert Systems with Applications,
38(12), 14907-14917.

72

Hong, D. H., & Choi, C.-H. (2000). Multicriteria fuzzy decision-
making problems based on vague set theory. Fuzzy sets and
systems, 114(1), 103-113.

Hsu, B., Chiang, C., & Shu, M. (2010). Supplier selection using
fuzzy quality data and their applications to touch screen.
Expert Systems with Applications, 37(9), 6192—6200.

Hwang, C. L., & Yoon, K. (1981). Multiple attribute decision
making, methods and applications. Lecture Notes in
Economics and Mathematical Systems, 186, Now York:
Springer-Verlag.

Kannan, D., Jabbour, A. B. L. d. S., & Jabbour, C. J. C. (2014).
Selecting green suppliers based on GSCM practices: Using
fuzzy TOPSIS applied to a Brazilian electronics company.
European Journal of Operational Research, 233(2), 432-447.

Kull, T. J., & Talluri, S. (2008). A supply risk reduction model
using integrated multicriteria decision making. IEEE
Transactions on Engineering Management, 55(3), 409-419.

Kuo, Y., Yang, T., & Huang, G.-W. (2008). The use of grey
relational analysis in solving multiple attribute decision-
making problems. Computers & Industrial Engineering,
55(1), 80-93.

Lahby, M., & Adib, A. (2013). Network selection mechanism by
using M-AHP/GRA for heterogeneous networks. Paper
presented at the Wireless and Mobile Networking
Conference (WMNC), 2013 6th Joint IFIP.

Lee, C. C., & Ouyang, C. (2009). A neural networks approach
for forecasting the supplier’s bid prices in supplier selection
negotiation process. Expert Systems with Applications,
36(2), 2961-2970.

Levary, R. R. (2008). Using the analytic hierarchy process to
rank foreign suppliers based on supply risks. Computers and
Industrial Engineering, 55(2), 535-542.

Li, C., Fun, Y., & Hung, J. (1997). A new measure for supplier
performance evaluation. IIE transactions, 29(9), 753-758.

Li, G., Yamaguchi, D., & Nagai, M. (2008). A grey-based rough
decision-making  approach  to  supplier  selection.
International ~ Journal of Advanced Manufacturing
Technology, 36(9-10), 1032-1040.

Lin, C., Chen, C., & Ting, Y. (2011). An ERP model for
supplier selection in electronics industry. Expert Systems
with Applications, 38(3), 1760-1765.

Lin, Y., Lin, C., Yu, H., & Tzeng, G. (2010). A novel hybrid
MCDM approach for outsourcing vendor selection: A case
study for a semiconductor company in taiwan. Expert
Systems with Applications, 37(7), 4796-4804.

Mehregan, M., Jafarnejad, A., & Dabbaghi, A. (2014).
Technical Ranking of Oil Reservoirs for CO2 EOR by a
GRA-based Methodology. Petroleum Science and
Technology, 32(21), 2529-2537.

Olson, D. L., & Wu, D. (2006). Simulation of fuzzy
multiattribute models for grey relationships. European
Journal of Operational Research, 175(1), 111-120.

Oniit, S., Kara, S. S., & Isik, E. (2009). Long term supplier
selection using a combined fuzzy MCDM approach: A case
study for a telecommunication company. Expert Systems
with Applications, 36(2), 3887-3895.

Opricovic, S., & Tzeng, G.-H. (2004). Compromise solution by
MCDM methods: A comparative analysis of VIKOR and
TOPSIS. European Journal of Operational Research, 156(2),
445-455.

Szmidt, E., & Kacprzyk, J. (2000). Distances between
intuitionistic fuzzy sets. Fuzzy Sets and Systems, 114(3),
505-518.



Journal of Optimization in Industrial Engineering 20 (2016) 61-73

Tseng, M. (2011). Green supply chain management with
linguistic preferences and incomplete information. Applied
Soft Computing Journal, 11(8), 4894-4903.

Wu, T., & Blackhurst, J. (2009). Supplier evaluation and
selection: An augmented DEA approach. International
Journal of Production Research, 47(16), 4593—4608.

Xu, J.,, & Yan, F. (2011). A multi-objective decision making
model for the vendor selection problem in a bifuzzy
environment. Expert Systems with Applications, 38(8),
9684-9695.

Xu, Z.-S., & Chen, J. (2007a). Approach to group decision
making based on interval-valued intuitionistic judgment
matrices. Systems Engineering-Theory & Practice, 27(4),
126-133.

Xu, Z. (2005). An overview of methods for determining OWA
weights. International journal of intelligent systems, 20(8),
843-865.

Xu, Z., & Zhang, X. (2013). Hesitant fuzzy multi-attribute
decision making based on TOPSIS with incomplete weight
information. Knowledge-Based Systems, 52, 53-64.

Ze-Shui, X. (2007a). Methods for aggregating interval-valued
intuitionistic fuzzy information and their application to
decision making [J]. Control and Decision, 2, 019.

73






