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Considered in this paper is the group decision making problem with inter-dependent or interactive attri-
butes, where evaluation values of decision makers are in linguistic arguments. By using the Choquet inte-
gral, some new aggregation operators are introduced, including the 2-tuple correlated averaging
operator, the 2-tuple correlated geometric operator and the generalized 2-tuple correlated averaging
operator. The proposed operators can better reflect the correlations among the elements. After investigat-

ing properties of these operators, a new multiple attribute decision making method based on the new
operators is proposed. Finally, a numerical example is provided to illustrate the feasibility and efficiency

of the proposed method.
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1. Introduction

The 2-tuple fuzzy linguistic representation model was devel-
oped by Herrera and Martinez (2000a) on the basis of the concept
of symbolic translation. It can avoid the information distortion and
lose in the linguistic information processing. The 2-tuple linguistic
model has been examined and applied in the decision making
(Chang & Wen, 2010; Dong, Xu, & Yu, 20093, Dong, Xu, & Yu,
2009b; Dong, Xu, Li, & Feng, 2010; Dursun & Karsak, 2010; Herrera
& Martinez, 2000a; Herrera, Herrera-Viedma, & Martinez, 2000;
Herrera-Viedma, Martinez, Mata, & Chiclana, 2005; Herrera & Mar-
tinez, 2000b; Herrera & Martinez, 2001; Herrera-Viedma, Mata,
Martinez, & Chiclana, 2005; Jiang & Fan, 2003; Martinez, 2007;
Moreno, Morales Des Castillo, Porcel, & Herrera-Viedma, 2005;
Wang, 2008; Wang, 2009; Wang, 2010; Wang & Klir, 1992; Wang
& Fan, 2003; Wang & Hao, 2006; Xu, 2004; Wei, 2008, 2010a,
2010b; Wei, Lin, Zhao, & Wang, 2010; Zhang & Fan, 2006). Many
aggregation operators have been proposed. Herrera and Martinez
(2000b) defined the 2-tuple arithmetic averaging operator, the 2-
tuple arithmetic weighted averaging operator, the 2-tuple ordered
weighted averaging operator and the extended 2-tuple weighted
averaging operator. Xu (2004) introduced the extended geometric
mean operator, the extended arithmetic averaging operator, the
extended ordered weighted averaging operator and the extended

* This research was partially supported by the National Natural Science Founda-
tion of China (No. 70971109).

* Corresponding author at: Department of Scientific Computing and Applied
Softwares, Faculty of Science, Xi'an Jiaotong University, 710049 Xi’an, Shaanxi, PR
China.

E-mail address: yangweipyf@163.com (W. Yang).

0957-4174/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.eswa.2011.08.121

ordered weighted geometric operator. Jiang and Fan (2003) devel-
oped the 2-tuple ordered weighted averaging operator and the 2-
tuple ordered weighted geometric operator. Zhang and Fan
(2006) presented the extended 2-tuple ordered weighted averag-
ing operator. The extended 2-tuple weighted geometric operator
and the extended 2-tuple ordered weighted geometric operator
have been proposed by Wei (2010b).

In the above aggregation operators, the attributes are assumed
to be independent of one another, which are characterized by an
independent axiom Wakker (1999). But in the real decision making
process, the attributes of the problem are often inter-dependent or
correlated. Choquet integral was introduced by Choquet (1953)
and is a useful tool to model the inter-dependence or correlation.
It has been studied and applied in the decision making (Angilella,
Greco, Lamantia, & Matarazzo, 2004; Angilella, Greco, & Matarazzo,
2010; Biiyiikozkan & Ruan, 2010; Demirel, Demirel, & Kahraman,
2010; Grabisch & Labreuche, 2010; Hu, 2000; Meyer & Roubens,
2006; Labreuche & Grabisch, 2003; Labreuche & Grabisch, 2006;
Saad, Hammadi, Benrejeb, & Borne, 2008; Shieh, Wu, & Liu, 2009;
Tan & Chen, 2010a, 2010b; Tseng, Yang, Lin, & Chen, 2005; Tseng,
Chiang, & Lan, 2009; Xu, 2009; Xu, 2010; Yager, 2003, 2009). Yager
(2003) defined the induced Choquet ordered averaging operator to
aggregate a collective real arguments. The intuitionistic fuzzy sets
has been aggregated with Choquet integral in Yager (2009). The
intuitionistic fuzzy Choquet integral operator was developed by
Tan and Chen (2010a) and the induced Choquet ordered averaging
operator was presented in Tan and Chen (2010b). Xu (2010) pro-
posed the intuitionistic fuzzy correlated averaging operator, the
intuitionistic fuzzy correlated geometric operator, the interval-
valued intuitionistic fuzzy correlated averaging operator and the


http://dx.doi.org/10.1016/j.eswa.2011.08.121
mailto:yangweipyf@163.com
http://dx.doi.org/10.1016/j.eswa.2011.08.121
http://www.sciencedirect.com/science/journal/09574174
http://www.elsevier.com/locate/eswa

W. Yang, Z. Chen/Expert Systems with Applications 39 (2012) 2662-2668 2663

interval-valued intuitionistic fuzzy correlated geometric operator
to aggregate the intuitionistic fuzzy information or the interval-
valued intuitionistic fuzzy information. Meyer and Roubens
(2006) aggregated the fuzzy numbers through the Choquet integral
and further presented a fuzzy extension of the Choquet integral.
Until now, we have not found any aggregation of the 2-tuple lin-
guistic information with the Choquet integral. Some new Choquet
integral-based aggregation operators with the 2-tuple linguistic
information are developed in this paper.

The rest of the paper is organized as follows: some basic con-
cepts are illustrated in Section 2. In Section 3, several new aggrega-
tion operators are introduced, concretely, the 2-tuple correlated
averaging (TCA) operator, the 2-tuple correlated geometric (TCG)
operator and the generalized 2-tuple correlated averaging (GTCA)
operator. Some special cases of the proposed operators are exam-
ined. The properties of these operators are studied. The multiple
attribute decision making method based on these new operators
is then proposed in Section 4. In Section 5, a numerical example
is given to illustrate the developed approach and to demonstrate
its feasibility and practicality. In the last section, we give the
conclusions.

2. Basic concepts

As a preparation for introducing our new aggregation operators,
some relevant concepts are illustrated in this section.

Suppose that S ={s;|i=0,...,t} is a finite and totally ordered dis-
crete term set, where s; represents a possible linguistic term for a
linguistic variable. For example, a set of seven terms can be ex-
pressed as

S = {s; = extremely poor (EP),s, = very poor (VP),s;

ss = good (G), Sg
= very good (VG),s; = extremely good(EG)}.

= poor (P),ss = medium (M),

The above set satisfies the following properties:

(1) The set is ordered: s; > s;, if i > j;
(2) The max operator: max(s;s;) = s; if i > j;
(3) The min operator: min(s;s;) =s;, if i <J.

The 2-tuple fuzzy linguistic representation model has been
developed by Herrera and Martinez (2000a) basing on the concept
of symbolic translation. The 2-tuple (s;, ;) is used to represent the
linguistic information, where s; is a linguistic label from a prede-
fined linguistic term set S and «; is a numerical value representing
the value of the symbolic translation and o; € [-0.5,0.5)

Definition 1 Herrera and Martinez (2000a). Let 8 be the result of
an aggregation of the indices of a set of labels assessed in a
linguistic term set S, i.e.,, the result of a symbolic aggregation
operation, B e[1,t], with t being the cardinality of S. Let
i=round(B), here round(-) is the usual round operation, and
o =B —1 such that i € [1,t] and o € [-0.5,0.5), then « is called a
symbolic translation.

Definition 2 Herrera and Martinez (2000a). Let S be a linguistic
term set and 8 be a number representing the aggregation result
of linguistic symbolic. The function A used to obtain the 2-tuple
linguistic information equivalent to 8 is defined as:

A:[1,t] - Sx [-0.5,0.5), (1)
[ Si i =round(p),
A= { %—B—i, %e[-05,05), (2)

where s; has the closest index label to g and « is the value of the
symbolic translation.

Definition 3 Herrera and Martinez (2000a). Let S be a linguistic
term set, (s;, ;) be a 2-tuple. The function A~' from a 2-tuple (s;, ;)
to its equivalent numerical value g € [1,t] C R can be defined as
follows:

A :S % [<05,0.5) — [1,1], 3)
A s o) =i+oa=p, (4)

Definition 4 Herrera and Martinez (2000a). Let (s;,a;) and (s;, a;) be
two 2-tuples, they have the following properties:

(1) If i <j, then (s;,a;) is smaller than (s;,q;),
(2) Ifi=j, and
(a) if a;=a; then (s;,a;) and (s;q;) represent the same
information;
(b) if a; < aj, then (s;,a;) is smaller than (s;,q;);
(c) if a; > g, then (s;,q;) is bigger than (s;,q;).

Let X ={x1,Xs,...,X,} be the set of the attributes, P(X) be the
power set of X and u(x;) (i=1,2,...,n) be the weights of the
elements x; € X(i=1,2,...,n), where u is a fuzzy measure, defined
as follows:

Definition 5 Wang and Klir (1992). A fuzzy measure u on the set X
is a set function u : P(X) — [0,1] satisfying the following axioms:

(1) u(4)=0, u(X)=1;

(2 )BgC1mp11es W(B) < w(C), for all B, C C X;

(3) W(BUC)= u(B) + u(C) + pu(B)u(C) for all B, CC X and
BN C= ¢, where p € (—1,+c0).

In the above definition, if p = 0, then the third condition reduces
to the axiom of the additive measure:

uBUC)=puB)+ u(C) forall B, CcXand BNC = ¢. (5)
If the elements of B in X are independent, we have
= ux), forall BCX. (6)
x;eB

3. 2-Tuple linguistic information aggregation operators based
on the Choquet integral

In this section, we will introduce some new aggregation opera-
tors with correlative weights by using the Choquet integral.

Definition 6. Let (rq,a,), (12,a3),..., (rm,,a,) be 2-tuple linguistic
arguments, X be the set of attributes and i be a fuzzy measure on
X, then the 2-tuple correlated averaging (TCA) operator is defined
as follows:

TCAL((r1,a1), (12, a2), ..., (Ta, Gn))

=A (Z(H(Haa)) — (Ho(i-1)))A

i=1

o, aa(i))) ; (7)
here (g(1),0(2),...,0(n)) is a permutatlon of (1,2,...,n) such that
(To(1, Ao(1y) = (r6(2)vao'(2)) = (Tom)» o)) Xogi) 1S the attribute
corresponding to (ra(i),ag(,-)) oti) = (Xoolk < i} for i = 1, Hgo) = ¢.

We now consider some special cases of the TCA operator. Let
(rya;) (i=1,2,...,n) be 2-tuple linguistic arguments and u be a
fuzzy measure on X.
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