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a b s t r a c t

In this paper, we propose a new fuzzy multiattribute group decision making method based on
intuitionistic fuzzy sets and the evidential reasoning methodology. First, the proposed method uses
the evidential reasoning methodology to aggregate each decision maker’s decision matrix and the
weights of the attributes to get the aggregated decision matrix of each decision maker. Then, it uses
the obtained aggregated decision matrices of the experts, the weights of the experts and the evidential
reasoning methodology to get the aggregated intuitionistic fuzzy value of each alternative. Finally, it
calculates the transformed value of the obtained intuitionistic fuzzy value of each alternative. The smaller
the transformed value, the better the preference order of the alternative. The proposed method can
overcome the drawbacks of the existing methods for fuzzy multiattribute group decision making in
intuitionistic fuzzy environments.

� 2015 Elsevier B.V. All rights reserved.

1. Introduction

In [1], Atanassov extended the theory of fuzzy sets [29] to pro-
pose the theory of intuitionistic fuzzy sets. Gau and Buehrer [8]
proposed the concepts of vague sets. Bustince and Burillo [3]
pointed out that the notion of vague sets coincides with that of
intuitionistic fuzzy sets. In recent years, some methods
[2,4,7,9,11–15,17–20,28,30] have been presented for fuzzy mul-
tiattribute group decision making based on intuitionistic fuzzy
sets. Boran et al. [2] presented a fuzzy multicriteria group decision
making method for supplier selection using the intuitionistic fuzzy
TOPSIS (Technique for Order Performance by Similarity to an Ideal
Solution). Chai and Liu [4] presented a multicriteria fuzzy group
decision making approach with an Intuitionistic Fuzzy
Superiority and Inferiority Ranking (IF-SIR) method to address
the supply chain partner selection problem under an uncertain
environment. Li et al. [9] presented a methodology to solve the
multiattribute group decision-making problems with the fractional
programming methodology, where both ratings of alternatives on
attributes and weights of attributes are expressed by intuitionistic
fuzzy sets. Szmidt and Kacprzyk [11] presented some solution

concepts in group decision making under intuitionistic fuzziness
(individual and social) fuzzy preference relations. Tan et al. [12]
presented an intuitionistic fuzzy geometric aggregation operator
based on a fuzzy measure for aggregating intuitionistic fuzzy infor-
mation for fuzzy group decision making. Wang et al. [13] presented
an intuitionistic fuzzy multiple attribute group decision making
method based on the projection method. Wei [14] presented some
induced geometric aggregation operators with intuitionistic infor-
mation for group decision making. Wen [15] presented a fuzzy
multicriteria group decision method based on intuitionistic fuzzy
sets for information collaboration partner selection. Xu [17] pre-
sented multi-person multiattribute decision making models under
an intuitionistic fuzzy environment. Xu [18] presented a deviation-
based fuzzy multiattribute group decision method based on the
deviation measure and the information theory. Xu [19] developed
some operators for aggregating intuitionistic fuzzy sets and pro-
posed some approaches for multiattribute group decision making
with Atanassov’s intuitionistic fuzzy information. Xu and Yager
[20] presented dynamic fuzzy multiattribute group decision mak-
ing methods based on intuitionistic preference relations and
incomplete intuitionistic preference relations, respectively. Yue
[28] presented a TOPSIS-based fuzzy group decision making meth-
odology based on intuitionistic fuzzy sets for fuzzy multiattribute
group decision making. Zeng and Su [30] presented some intuitio-
nistic fuzzy ordered weighted distance operators of intuitionistic
fuzzy sets for fuzzy multiattribute group decision making.
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However, Xu’s method [18] and Yue’s method [28] have the
drawbacks that they get unreasonable preference orders of alterna-
tives in some situations. Moreover, Zeng and Su’s method [30] has
the drawbacks that (1) it cannot allow the attributes to have differ-
ent weights assigned by different experts and (2) it gets unreason-
able preference orders of alternatives in some situations. In order
to overcome the drawbacks of Xu’s method [18], Yue’s method
[28] and Zeng and Su’s method [30], we need to develop a new
method for fuzzy multiattribute group decision making to over-
come the drawbacks of the methods presented in [18,28,30].

In this paper, we propose a new fuzzy multiattribute group deci-
sion making method based on intuitionistic fuzzy sets [1] and the
evidential reasoning methodology [23–27]. In [23], Yang presented
a rule and utility based evidential reasoning approach for multi-
attribute decision analysis under uncertainty. In [24], Yang et al.
presented a belief rule-based inference methodology using the
evidential reasoning approach. In [25], Yang and Singh presented
an evidential reasoning approach for multiattribute decision making
with uncertainty. In [26], Yang et al. presented an evidential reason-
ing approach for multiple attribute decision analysis under both
probabilistic and fuzzy uncertainties. In [27], Yang and Xu presented
an evidential reasoning algorithm for multiple attribute decision
analysis under uncertainty. From [23–27], we can see that the
evidential reasoning methodology has successfully been applied to
deal with multiple attribute decision analysis and multiattribute
decision making problems. Therefore, in this paper, we take the
advantage of the evidential reasoning methodology and the power-
ful representation capability of intuitionistic fuzzy sets to propose a
new fuzzy multiattribute group decision making method based on
intuitionistic fuzzy sets and the evidential reasoning methodology.
First, the proposed method uses the evidential reasoning methodol-
ogy to aggregate each decision maker’s decision matrix and the
weights of the attributes to get the aggregated decision matrix of
each decision maker. Then, it uses the obtained aggregated decision
matrices of the experts, the weights of the experts and the evidential
reasoning methodology to get the aggregated intuitionistic fuzzy
value of each alternative. Finally, it calculates the transformed value
of the obtained intuitionistic fuzzy value of each alternative. The
smaller the transformed value, the better the preference order of
the alternative. The proposed method can overcome the drawbacks
of Xu’s method [18], Yue’s method [28] and Zeng and Su’s method
[30] for fuzzy multiattribute group decision making problems in
intuitionistic fuzzy environments.

In [5], Chen et al. presented an evidential reasoning based
approach for group decision making with partially ordered prefer-
ence under uncertainty. In [6], Chen et al. presented a group deci-
sion making model for partially ordered preference under
uncertainty. They developed a methodology based on belief struc-
tures to represent partially ordered preferences with belief
degrees, where an evidential reasoning based preference com-
bination approach is applied to combine the partially ordered
preferences with belief degrees of the experts for group decision
making under uncertainty and incompleteness. Although the
proposed method and the methods presented in [5,6] used the
evidential reasoning methodology for group decision making in
intuitionistic fuzzy environments, the differences between the
proposed method and the methods presented in [5,6] are that
the proposed method is based on decision matrices, where the
values in decision matrices are represented by intuitionistic fuzzy
values, whereas the methods presented in [5,6] are based on fuzzy
preference relations, where the values in fuzzy preference relations
are represented by real values between zero and one.

The rest of this paper is organized as follows. In Section 2, we
briefly review basic concepts of intuitionistic fuzzy sets [1], Xu
and Yager’s similarity measure [22] between intuitionistic fuzzy
values and the evidential reasoning methodology [23–27]. In

Section 3, we analyze the drawbacks of the fuzzy multiattribute
group decision making methods presented in [18,28,30]. In
Section 4, we propose a new fuzzy multiattribute group decision
making method based on intuitionistic fuzzy sets and the eviden-
tial reasoning methodology. In Section 5, we use some examples
to compare the experimental results of the proposed method with
the ones of the methods presented in [18,28,30]. The conclusions
are discussed in Section 6.

2. Preliminaries

2.1. Intuitionistic fuzzy sets

Let P be an intuitionistic fuzzy set in the universe of discourse X,
where P ¼ fhxi;lPðxiÞ; mPðxiÞijxi 2 Xg;lP and mP are the membership
function and the non-membership function of the intuitionistic
fuzzy set P, respectively, lPðxiÞ and mPðxiÞ are the membership
degree and the non-membership degree of element xi belonging
to the intuitionistic fuzzy set P, respectively, 0 6 lPðxiÞ 6 1;
0 6 mPðxiÞ 6 1;0 6 lPðxiÞ þ mPðxiÞ 6 1 and 1 6 i 6 m. The degree of
indeterminacy pPðxiÞ of element xi belonging to the intuitionistic
fuzzy set P is equal to 1� lPðxiÞ � mPðxiÞ, where 0 6 pPðxiÞ 6 1 and
1 6 i 6 m. According to [21], the intuitionistic fuzzy value of ele-
ment xi belonging to the intuitionistic fuzzy set P is represented
by ðlPðxiÞ; mPðxiÞÞ, where 1 6 i 6 m. According to [22], the comple-
ment ðlPðxiÞ;mPðxiÞÞc of the intuitionistic fuzzy value ðlPðxiÞ;mPðxiÞÞ
is equal to ðmPðxiÞ;lPðxiÞÞ, i.e., ðlPðxiÞ;mPðxiÞÞc¼ðmPðxiÞ;lPðxiÞÞ, where
16 i6m.

2.2. Xu and Yager’s similarity measure between intuitionistic fuzzy
values

In [10], Szmidt and Kacprzyk presented the definition of the nor-
malized Hamming distance between intuitionistic fuzzy values. Let
ðla; maÞ and ðlb; mbÞ be two intuitionistic fuzzy values, where
la 2 ½0;1�; ma 2 ½0;1�;0 6 la þ ma 6 1;pa ¼ 1� la � ma;lb 2 ½0;1�; mb

2 ½0;1�;0 6 lb þ mb 6 1;pb ¼ 1� lb � mb. The normalized Hamming
distance dððla;maÞ; ðlb; mbÞÞ between the intuitionistic fuzzy values
ðla; maÞ and ðlb; mbÞ is defined as follows:

dððla; maÞ; ðlb; mbÞÞ ¼
1
2
ðjla � lbj þ jma � mbj þ jpa � pbjÞ

¼ 1
2
ðjla � lbj þ jma � mbj þ j1� la � ma

� ð1� lb � mbÞjÞ

¼ 1
2
ðjla � lbj þ jma � mbj þ jlb þ mb � la � majÞ;

ð1Þ

where dððla; maÞ; ðlb; mbÞÞ 2 ½0;1�. In [22], Xu and Yager presented a
similarity measure between intuitionistic fuzzy values based on
the normalized Hamming distance between intuitionistic fuzzy val-
ues. Let a and b be two intuitionistic fuzzy values and let bc be the
complement of the intuitionistic fuzzy value b. The degree of simi-
larity Sða; bÞ between the intuitionistic fuzzy values a and b is
defined as follows [22]:

Sða; bÞ ¼
0:5; if a ¼ b ¼ bc

dða;bcÞ
dða;bÞþdða;bcÞ ; otherwise

(
ð2Þ

where the similarity measure Sða; bÞ between the intuitionistic
fuzzy values a and b has the following properties [22]:

(1) 0 6 Sða; bÞ 6 1;
(2) Sða; bÞ ¼ Sðb; aÞ ¼ Sðac; bcÞ, where ac and bc are the comple-

ment of the intuitionistic fuzzy values a and b, respectively;
(3) Sða; bcÞ ¼ Sðac; bÞ;
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