
Copyright © 2014 Vilnius Gediminas Technical University (VGTU) Press

Journal of Business Economics and Management
ISSN 1611-1699 / eISSN 2029-4433

2014 Volume 15(5): 795–809
doi:10.3846/16111699.2013.773940

CHOQUET INTEGRALS OF WEIGHTED TRIANGULAR FUZZY 
LINGUISTIC INFORMATION AND THEIR APPLICATIONS  

TO MULTIPLE ATTRIBUTE DECISION MAKING

Rui LIN1, Guiwu WEI2, Hongjun WANG3, Xiaofei ZHAO4 

School of Economics and Management, Chongqing University  
of Arts and Sciences, Chongqing 402160, P.R.China 
E-mail: 2weiguiwu@163.com (corresponding author)

Received 16 December 2012; accepted 04 February 2013

Abstract. We investigate the multiple attribute decision making problems in which attrib-
ute values take the form of triangular fuzzy linguistic information. Firstly, the definition 
and some operational laws of triangular fuzzy linguistic are introduced. Then, we have 
developed three fuzzy linguistic Choquet integral aggregation operators: fuzzy linguistic 
choquet ordered averaging operator, fuzzy linguistic choquet ordered geometric operator 
and fuzzy linguistic choquet ordered harmonic mean operator. The prominent character-
istic of the operators is that they cannot only consider the importance of the elements 
or their ordered positions, but also reflect the correlation among the elements or their 
ordered positions. We have studied some desirable properties of these operators, such as 
commutativity, idempotency and monotonicity, and applied these operators to multiple at-
tribute decision making with triangular fuzzy linguistic information. Finally an illustrative 
example has been given to show the developed method.
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Introduction

Multiple attribute decision making (MADM) refers to making choice of the best al-
ternative from among a finite set of decision alternatives in terms of multiple usually 
conflicting attributes (or called criteria) (Liu 2009a, 2009b; Zhang, Liu 2010a, 2010b; 
Liu, Su 2010; Liu, Zhang 2010, 2011; Liu et al. 2011a, 2011b; Liu, Wang 2011; Merigó, 
Gil-Lafuente 2009, 2010; Merigó, Casanovas 2009, 2010; Merigó 2010; Merigó et al. 
2010; Tan, Chen 2010; Wang 2009a, 2009b, 2010; Wei 2008, 2009a-b, 2010a-d; Wei 
et al. 2010a, 2010b; Xu 2004a-c, 2005a-c, 2006a-d, 2007a-c, 2009b; 2010; Ye 2009a, 
2009b). However, under many conditions, for the real multiple attribute decision mak-
ing problems, the decision information about alternatives is usually uncertain or fuzzy 
due to the increasing complexity of the socio-economic environment and the vagueness 
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of inherent subjective nature of human think, thus, numerical values are inadequate or 
insufficient to model real-life decision problems. Indeed, human judgments including 
preference information may be stated in triangular fuzzy linguistic variables. In order 
to effectively avoid the loss and distortion of information in triangular fuzzy linguistic 
information processing process, Xu (2007b) proposed the triangular fuzzy linguistic 
representation and computational model which has a distinct advantage over other lin-
guistic processing methods in accuracy and reliability and developed some operators for 
aggregating triangular fuzzy linguistic variables, such as the fuzzy linguistic averaging 
(FLA) operator, fuzzy linguistic weighted averaging (FLWA) operator, fuzzy linguistic 
ordered weighted averaging (FLOWA) operator, and induced FLOWA (IFLOWA) op-
erator. Zhao and Wei (2009) proposed some operators for aggregating triangular fuzzy 
linguistic variables, such as the fuzzy linguistic geometric averaging (FLGA) operator, 
fuzzy linguistic weighted geometric averaging (FLWGA) operator, fuzzy linguistic or-
dered weighted geometric (FLOWG) operator, and induced FLOWG (IFLOWG) opera-
tor and developed an approach based on FLWGA and IFLOWG operator to multiple 
attribute group decision making with triangular fuzzy linguistic variables. Wei (2009c) 
proposed some operators for aggregating triangular fuzzy linguistic variables, such as 
the fuzzy linguistic harmonic mean (FLHM) operator, fuzzy linguistic weighted har-
monic mean (FLWHM) operator, fuzzy linguistic ordered weighted harmonic mean 
(FLOWHM) operator, and fuzzy linguistic hybrid harmonic mean (FLHHM) operator 
and developed an approach based on FLWHM and FLHHM operator to multiple at-
tribute group decision making with triangular fuzzy linguistic variables. 
All of the existing triangular fuzzy linguistic aggregation operators only consider situa-
tions where all the elements in the triangular fuzzy linguistic variables are independent. 
However, in many practical situations, the elements in the triangular fuzzy linguistic 
variables are usually correlative. Therefore, we need to find some new ways to deal 
with these situations in which the decision data in question are correlative. The Choquet 
integral (Choquet 1953) is a very useful way of measuring the expected utility of an 
uncertain event, and can be utilized to depict the correlations of the decision data under 
consideration. 
Motivated by the correlation properties of the Choquet integral, in this paper we propose 
some triangular fuzzy linguistic aggregation operators, whose prominent characteristic 
is that they cannot only consider the importance of the elements or their ordered posi-
tions, but also reflect the correlations of the elements or their ordered positions. To do 
so, the remainder of this paper is set out as follows. In the next section, we introduce 
some basic concepts related to triangular fuzzy linguistic variables and Choquet integral 
and some operational laws of triangular fuzzy linguistic variables. In Section 2 we have 
developed three fuzzy linguistic Choquet integral aggregation operators: fuzzy linguistic 
choquet ordered averaging (FLCOA) operator, fuzzy linguistic choquet ordered geomet-
ric (FLCOG) operator and fuzzy linguistic choquet ordered harmonic mean (FLCOHM) 
operator and studied some desirable properties of these operators, such as commutativ-
ity, idempotency and monotonicity. In Section 3, we have developed an approach to 
multiple attribute decision making based on these operators with triangular fuzzy lin-
guistic variables. In Section 4, an illustrative example is pointed out. In the last section 
we conclude the paper and give some remarks.
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1. Preliminaries

Let { }1,2, ,iS s i t= =   be a linguistic term set with odd cardinality. Any label, si 
represents a possible value for a linguistic variable, and it should satisfy the following 
characteristics: 1) The set is ordered: i js s> ,if i j> ; 2) There is the reciprocal opera-
tor: ( )i jrec s s=  such that 1i t j= + − ; 3) Max operator: ( )max ,i j is s s= , if i js s≥

 
; 

4) Min operator: ( )min ,i j is s s= , if i js s≤ . For example, S can be defined as (Xu 
2004a; Wei 2009a):

1 2 3 4 5

6 7

{ extremely poor, very poor, poor, medium,  good,
very good, extremely good}.

S s s s s s
s s
= = = = = =

= =

To preserve all the given information, we extend the discrete term set S to a continuous 
term set { }1 , [1, ]a a qS s s s s a q= ≤ ≤ ∈ , where q is a sufficiently large positive integer. If

as S∈ , then we call sa the original linguistic term, otherwise, we call sa the virtual lin-
guistic term. In general, the decision maker uses the original linguistic term to evaluate 
attributes and alternatives, and the virtual linguistic terms can only appear in calculation 
(Xu 2004a; Wei 2009a).
Definition 1. Let ,s s Sα β ∈ , then we call:

 ( ),d s sα β = α −β   (1)

the distance between sa and sb (Xu 2007a).
Since the decision maker is characterized by his own personal background and experi-
ence, in some situations, the decision maker may provide fuzzy linguistic information 
because of time pressure, lack of knowledge, and their limited expertise related with 
the problem domain. In the following we introduce the concept of triangular fuzzy 
linguistic variable.
Definition 2. Let [ , , ]s s s s Sα β γ= ∈  , where , ,s s s Sα β γ ∈ , ,s sα β  and sg are the lower, 
modal and upper values of s , respectively, then we call s a triangular fuzzy linguistic 
variable, which is characterized by the following member function (Xu 2007b):

 

( )

( )
( )
( )
( )

10,
,

,
,

,
,

,

0,

s

q

s s s
d s s

s s s
d s s

d s s
s s s

d s s

s s s

θ α

θ α
α θ β

β α

θ γ
β θ γ

β γ

γ θ

≤ ≤

 ≤ ≤


µ θ = 
 ≤ ≤

 ≤ ≤



.  (2)

Clearly, sb gives the maximal grade of ( ) ( )( )1s sµ θ µ θ =
 

, sa and sg are the lower and 
upper bounds with limit the field of the possible evaluation. Especially, if s s sα β γ= =

 
, 

then s  is reduced to a linguistic variable.
Let S be the set of all triangular fuzzy linguistic variables. Consider any three triangular 

Journal of Business Economics and Management, 2014, 15(5): 795–809



798

fuzzy linguistic variables ( ), ,s s s sα β γ= , ( )1 1 11 , ,s s s sα β γ= , ( )2 2 22 , ,s s s s Sα β γ= ∈  , and 
suppose that [ ]0,1λ∈ , then Xu (2007b) defined their operational laws as follows:

(1) ( ) ( ) ( )1 1 1 2 2 2 1 2 1 2 1 21 2 , , , , , ,s s s s s s s s s s sα β γ α β γ α +α β +β γ +γ⊕ = ⊕ =  ; 

(2) ( ) ( ) ( )1 1 1 2 2 2 1 2 1 2 1 21 2 , , , , , ,s s s s s s s s s s sα β γ α β γ α α β β γ γ⊗ = ⊗ ≈  ; 

(3) ( )1 1 11 , ,s s s sγ β α≈ ;

(4) ( ) ( ), , , ,s s s s s s sα β γ λα λβ λγλ = λ× = ;

(5) ( ) ( ), , , ,s s s s s s sλ λ λ
λλ

α β γ α β γ= = .

In the following, Xu (2007b) introduced a formula for comparing triangular fuzzy lin-
guistic variables.
Definition 3. Let ( )1 1 11 , ,s s s sα β γ= , ( )2 2 22 , ,s s s s Sα β γ= ∈  , then the degree of possibil-
ity of 1 2s s≥   is defined as [10]:

 

( )

( )
( ) ( )

( )
( )

( ) ( )

2 1

1 1 2 2

2 1

1 1 2 2

1 2

,
max 1 max ,0 ,0

, ,

,
1 max 1 max ,0 ,0

, ,

p s s

d s s

d s s d s s

d s s

d s s d s s

β α

β α β α

γ β

γ β γ β

≥ =

    λ − +  +   
    − λ −  +   

 

,  (3)

where the value l is an index of rating attitude. It reflects the decision maker’s risk-
bearing attitude. If 0.5λ < , the decision maker is risk lover. If 0.5λ = , the decision 
maker is neutral to risk. If 0.5λ > , the decision maker is risk avertor. Especially, if both 
the linguistic variables 1s  and 2s  express precise linguistic information, i.e. if:

 ( ) ( )1 1 2 2
, , 0d s s d s sγ α γ α+ = ,

then we define the degree of possibility of 1 2s s≥   as:

 

1 2

1 2 1 2

1 2

1
( ) 0.5

0

if s s
p s s if s s

if s s

>
≥ = =
 <

 

   

 

.

From Definition 3, we can easily get the following results easily:
(1) ( ) ( )1 2 2 10 1,0 1p s s p s s≤ ≥ ≤ ≤ ≥ ≤    ;

(2) ( ) ( )1 2 2 1 1p s s p s s≥ + ≥ =    . Especially, ( ) ( )1 1 2 2 0.5p s s p s s≥ = ≥ =    .
However, the above aggregation operators with triangular fuzzy linguistic variable is 
based on the assumption that the attribute of decision makers are independent, which is 
characterized by an independence axiom (Keeney, Raiffa 1976), that is, these operators 
are based on the implicit assumption that attributes of decision makers are independent 
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of one another; their effects are viewed as additive. For real decision making problems, 
there is always some degree of inter-dependent characteristics between attributes. Usu-
ally, there is interaction among attributes of decision makers. However, this assumption 
is too strong to match decision behaviors in the real world. The independence axiom 
generally cannot be satisfied. Thus, it is necessary to consider this issue.

Let ( )( )1,2, ,ix i nµ =  be the weight of the elements ( )1,2, ,ix X i n∈ =  , where m is 
a fuzzy measure, defined as follows:

Definition 4 (Wang et al. 1992). A fuzzy measure m on the set X is a set function 
( ) [ ]: 0,1xµ θ → satisfying the following axioms:

(1) ( ) 0µ φ = , ( ) 1Xµ = ;

(2) A B⊆ implies ( ) ( )A Bµ ≤ µ , for all ,A B X⊆ ;

(3) ( ) ( ) ( ) ( ) ( )A B A B A Bµ ∪ = µ + µ + ρµ µ , for all ,A B X⊆ and A B∩ = φ,  
where ( )1,ρ∈ − ∞ .

Especially, if 0ρ = , then the condition (3) reduces to the axiom of additive measure:

 ( ) ( ) ( )A B A Bµ ∪ = µ + µ , for all ,A B X⊆ and A B∩ = φ.

If all the elements in X are independent, and we have:

 
( ) { }( )

i

i
x A

A x
∈

µ = µ∑ , for all A X⊆ . 

Definition 5 (Grabisch et al. 2000). Let f be a positive real-valued function on X, and 
m be a fuzzy measure on X. The discrete Choquet integral of f with respective to m is 
defined by:

 
( ) ( ) ( )( ) ( )( )1

1

n

i i i
i

C f f A Aµ σ σ σ −
=

 = µ − µ  ∑ ,  (4)

where ( ) ( ) ( )( )1 , 2 , , nσ σ σ  is a permutation of ( )1,2, ,n , such that ( ) ( )1i if fσ − σ≥  

for all 2, ,j n=  , ( ) ( ){ }k jA x j kσ σ= ≤ , for 1k ≥ , and ( )0Aσ = φ .

It is seen that the discrete Choquet integral is a linear expression up to a reordering of 
the elements.

2. Some choquet ordered aggregating operators  
with triangular fuzzy linguistic information

Xu (2004) extend the OWA operator (Yager 1988, 2004) to triangular fuzzy linguistic 
setting and proposed the fuzzy linguistic ordered weighted averaging (FLOWA) opera-
tor. 

Definition 6. Let ( )1,2, ,is i n=
  be a set of triangular fuzzy linguistic variables, and:

 
( ) ( )( )1 2

1
FLOWA , , ,

n
w n j jj

s s s w sσ=
= ⊕ ⊗   

 , (5)

where ( )1 2, , , nw w w w=  is the associated exponential weighting vector, with
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[ ]0,1jw ∈
 
, 

1
1

n

j
j

w
=

=∑ , and ( ) ( ) ( )( )1 , 2 , , nσ σ σ  is a permutation of ( )1,2, ,n , such 

that ( ) ( )1j js sσ − σ≥   for all 2, ,j n=  , then the function FLOWA is called the fuzzy 
linguistic variables ordered weighted averaging (FLOWA) operator of dimension n.
To rank these triangular fuzzy linguistic variables ( )1,2, ,js j n=

 , we first compare 
each argument is  with all the triangular fuzzy linguistic variables ( )1,2, ,js j n=

  by 
using Eq. (3). For simplicity, we let ( )ij i jp p s s= ≥  , then we develop a complementary 
matrix as ( )ij n n

P p
×

= , where: 

 
0ijp ≥ , 1ij jip p+ = , 0.5iip = , , 1,2, ,i j n=  .

Summing all the elements in each line of matrix P, we get:

 1
, 1,2, ,

n

i ij
j

p p i n
=

= =∑  .

Then we rank the arguments js  in descending order in accordance with the values of
( )1,2, ,ip i n=  .

Zhao and Wei (2009) developed the fuzzy linguistic variables ordered weighted geo-
metric (FLOWG) operator.
Definition 7. Let ( )1,2, ,is i n=

  be a set of triangular fuzzy linguistic variables, and:

 
( ) ( )( )1 2

1
FLOWG , , ,

jn w
w n jj

s s s sσ=
= ⊗   

 , (6)

where ( )1 2, , , nw w w w=  is the associated exponential weighting vector, with

[ ]0,1jw ∈
 
, 

1
1

n

j
j

w
=

=∑ , and ( ) ( ) ( )( )1 , 2 , , nσ σ σ  is a permutation of ( )1,2, ,n , such 

that ( ) ( )1j js sσ − σ≥   for all 2, ,j n=  , then the function FLOWG is called the fuzzy 
linguistic variables ordered weighted geometric (FLOWG) operator of dimension n.
Motivated by the basic idea of the harmonic mean operators (Xu 2008, 2009a), Wei 
(2009c) developed the fuzzy linguistic ordered weighted harmonic mean (FLOWHM) 
operator.
Definition 8. Let ( )1,2, ,is i n=

  be a set of triangular fuzzy linguistic variables, and:

 

( )

( )

1 2

1

1FLOWHM , , ,w n
n j

j j

s s s
w

s= σ

=
 
 ⊕
 
 

  




, (7)

where ( )1 2, , , nw w w w=  is the associated weighting vector, with [ ]0,1jw ∈ , 
1

1
n

j
j

w
=

=∑
 
, 

and ( ) ( ) ( )( )1 , 2 , , nσ σ σ  is a permutation of ( )1,2, ,n , such that ( ) ( )1j js sσ − σ≥   for 
all 2, ,j n=  , then the function FLOWHM is called the fuzzy linguistic ordered 
weighted harmonic mean (FLOWHM) operator of dimension n.
Based on Definition 5 and 6, in what follows, we shall develop the fuzzy linguistic cho-
quet ordered averaging (FLCOA) operator based on the well-known Choquet integral 
(Choquet 1953).
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Definition 9. Let ( )1,2, ,is i n=
  be a set of triangular fuzzy linguistic variables on X, 

and m be a fuzzy measure on X, then we call:

 
( ) ( )( ) ( )( )( ) ( )1 2 11

FLCOA , , ,
n

n j j jj
s s s A A sµ σ σ − σ=

 = ⊕ µ −µ ⊗ 
 

   
  (8)

the fuzzy linguistic choquet ordered averaging (FLCOA) operator, where 
( ) ( ) ( )( )1 , 2 , , nσ σ σ  is a permutation of ( )1,2, ,n , such that ( ) ( )1j js sσ − σ≥   for all 

2, ,j n=  , ( ) ( ){ }k jA x j kσ σ= ≤ , for 1k ≥ , and ( )0Aσ = φ.

Especially, if ( ){ }( ) ( )( ) ( )( )1j j jx A Aσ σ σ −µ = µ − µ , 1,2, ,j n=  , then FLCOA operator 

reduce to FLWA operator. If ( ) { }( )
j

j
x A

A x
∈

µ = µ∑ , for all A X⊆ , where A is the num-

ber of the elements in the set A, then ( )( ) ( )( )1j j jw A Aσ σ −= µ − µ , 1,2, ,i n=  , where 

( )1 2, , , T
nw w w w=  , 0jw ≥ , 1,2, ,j n=  , and 

1
1

n

j
j

w
=

=∑ , then, FLCOA operator re-
duce to FLOWA operator.
It’s easy to prove that the FLCOA operator has the following properties.
Theorem 1 (Commutativity). 

 ( ) ( )1 2 1 2FLCOA , , , FLCOA , , ,n ns s s s s sµ µ ′ ′ ′=     
  ,

where ( )1 2, , , ns s s′ ′ ′  
  is any permutation of ( )1 2, , , ns s s  

 .
Theorem 2 (Idempotency). If js s=   for all j , then:

 ( )1 2FLCOA , , , ns s s sµ =   
 .

Theorem 3 (Monotonicity). If j js s′≤   for all j , then:

 ( ) ( )1 2 1 2FLCOA , , , FLCOA , , ,n ns s s s s sµ µ ′ ′ ′≤     
  .

Based on Definition 5 and 7–8, in what follows, we shall develop the fuzzy linguistic 
choquet ordered geometric (FLCOG) operator and fuzzy linguistic choquet ordered har-
monic (FLCOG) operator based on the well-known Choquet integral (Choquet 1953).
Definition 10. Let ( )1,2, ,is i n=

  be a set of triangular fuzzy linguistic variables on 
X, and m be a fuzzy measure on X, then we call:

 
( ) ( )( ) ( )( ) ( )( )1

1 2
1

FLOWG , , , j jn A A
n jj

s s s s σ σ −µ −µ

µ σ=
= ⊗   

  (9)

the fuzzy linguistic choquet ordered geometric (FLCOG) operator, where 
( ) ( ) ( )( )1 , 2 , , nσ σ σ  is a permutation of ( )1,2, ,n , such that ( ) ( )1j js sσ − σ≥   for all 
2, ,j n=  , ( ) ( ){ }k jA x j kσ σ= ≤ , for 1k ≥ , and ( )0Aσ = φ.

Especially, if ( ){ }( ) ( )( ) ( )( )1j j jx A Aσ σ σ −µ = µ − µ , 1,2, ,j n=  , then FLCOG operator 

reduce to FLWG operator. If ( ) { }( )
j

j
x A

A x
∈

µ = µ∑ , for all A X⊆ , where A is the num-

Journal of Business Economics and Management, 2014, 15(5): 795–809



802

ber of the elements in the set A, then ( )( ) ( )( )1j j jw A Aσ σ −= µ − µ , 1,2, ,i n=  , where 

( )1 2, , , T
nw w w w=  , 0jw ≥ , 1,2, ,j n=  , and 

1
1

n

j
j

w
=

=∑ , then, FLCOG operator re-
duce to FLOWG operator.
Definition 11. Let ( )1,2, ,is i n=

  be a set of triangular fuzzy linguistic variables on 
X, and m be a fuzzy measure on X, then we call:

 

( )
( )( ) ( )( )

( )

1 2

1

1

1FLOWHM , , , n
n j j

j j

s s s
A A

s

µ

σ σ −

= σ

=
 µ − µ ⊕  
 
 

  




  
  (10)

the fuzzy linguistic choquet ordered harmonic mean (FLCOHM) operator, where 
( ) ( ) ( )( )1 , 2 , , nσ σ σ  is a permutation of ( )1,2, ,n , such that ( ) ( )1j js sσ − σ≥   for all 

2, ,j n=  , ( ) ( ){ }k jA x j kσ σ= ≤ , for 1k ≥ , and ( )0Aσ = φ.

Especially, if ( ){ }( ) ( )( ) ( )( )1j j jx A Aσ σ σ −µ = µ − µ , 1,2, ,j n=  , then FLCOHM op-

erator reduces to FLWHA operator. If ( ) { }( )
j

j
x A

A x
∈

µ = µ∑ , for all A X⊆ , where A is 

the number of the elements in the set A, then ( )( ) ( )( )1j j jw A Aσ σ −= µ − µ , 1,2, ,i n=   , 

where ( )1 2, , , T
nw w w w=  , 0jw ≥ , 1,2, ,j n=  , and 

1
1

n

j
j

w
=

=∑ , then FLCOHM op-
erator reduces to FLOWHM operator.
It’s easy to prove that the FLCOG operator and FLCOHM have the properties: com-
mutativity, idempotency and monotonicity.

3. An approach to multiple attribute decision making  
with triangular fuzzy linguistic variable

In this section, we shall develop some approaches to multiple attribute decision making 
with triangular fuzzy linguistic variables as follows.
Let { }1 2, , , mA A A A=   be a discrete set of alternatives, and { }1 2, , , nG G G G= 

be the set of attributes, ( )1 2, , , nω = ω ω ω  is the weighting vector of the attribute

( )1,2, ,jG j n=  , where [ ]0,1jω ∈ ,
1

1
n

j
j=
ω =∑ . Suppose that ( )ij m n

R r
×

=   is the fuzzy 

linguistic decision matrix, where ijr S∈   is a preference value, which take the form of 
triangular fuzzy linguistic variable, given by the decision maker, for the alternative 

iA A∈  with respect to the attribute jG G∈ , 1,2, ,i m=  , 1,2, ,j n=  .
In the following, we apply the FNIFCOA and FNIFCOGM operator to multiple attribute 
decision making with triangular fuzzy linguistic information.
Step 1. Utilize the decision information given in matrix R , and the FLCOA operator:

 ( )1 2=FLCOA , , , , 1,2, , .i i i inr r r r i m=   
    (11)

to derive the overall preference values ( )1,2, ,ir i m=
 of the alternative Ai. 
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Or utilize the decision information given in matrix R , and the FLCOG operator:

 ( )1 2=FLCOG , , , , 1,2, , .i i i inr r r r i m=   
    (12)

to derive the overall preference values ( )1,2, ,ir i m=
 of the alternative Ai. 

Or utilize the decision information given in matrix R , and the FLCOHM operator: 

 ( )1 2=FLCOHM , , , , 1,2, , .i i i inr r r r i m=   
    (13)

to derive the overall preference values ( )1,2, ,ir i m=
 of the alternative Ai.

Step 2. To rank these collective overall preference values ( )1,2, ,ir i m=
 , we first 

compare each ir  with all the ( )1,2, ,jr j m=
  by using Eq. (3). For simplicity, we 

let ( )ij i jp p r r= ≥  , then we develop a complementary matrix as ( )ij m m
P p

×
= , where

0ijp ≥ , 1ij jip p+ = , 0.5iip = , , 1,2, ,i j m=  .

Summing all the elements in each line of matrix P, we have:

 1
, 1,2, ,

m

i ij
j

p p i m
=

= =∑  .

Then we rank the collective overall preference values ( )1,2, ,ir i m=
  in descending 

order in accordance with the values of ( )1,2, ,ip i m=  .
Step 3. Rank all the alternatives ( )1,2, ,iA i m=   and select the best one(s) in accord-
ance with the collective overall preference values ( )1,2, ,ir i m=

 .
Step 4. End.

4. Illustrative example

Thus, in this section we shall present a numerical example to show the performance 
evaluation of emergency management with triangular fuzzy linguistic information in 
order to illustrate the method proposed in this paper. There is a panel with four pos-
sible emerging technology enterprises

 ( )1,2,3,4,5iA i =  to select. The experts selects 
four attribute to evaluate the performance evaluation of emergency management of five 
possible emerging technology enterprises: 1) G1 is the decision command system per-
formance; 2) G2 is the emergency response system performance; 3) G3 is the emergency 
preset system performance; 4) G4 is the resources guarantee system performance. The 
performance evaluation of emergency management of five possible emerging technol-
ogy enterprises ( )1,2, ,5iA i =   are to be evaluated using the triangular fuzzy linguistic 
variable by the decision maker under the above four attributes, and construct the deci-
sion matrix as listed in the following matrix ( )5 4ijR r

×
=   is presented in Table 1.

Then, we utilize the approach developed to get the most desirable emerging technology 
enterprise(s) with the best performance evaluation of emergency management.
Step 1. Suppose the fuzzy measure of attribute of ( )1,2, ,jG j n=  and attribute sets 
of G as follows:

( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )

1 2 3 4 1 2

1 3 1 4 2 3 2 4

3 4 1 2 3 1 2 4

1 3 4 2 3 4 1 2 3 4

0.30, 0.35, 0.30, 0.22, , 0.70,

, 0.60, , 0.55, , 0.50, , 0.45,

, 0.40, , , 0.82, , , 0.87,

, , 0.75, , , 0.60, , , , 1.00

G G G G G G

G G G G G G G G

G G G G G G G G

G G G G G G G G G G

µ = µ = µ = µ = µ =

µ = µ = µ = µ =

µ = µ = µ =

µ = µ = µ =

Journal of Business Economics and Management, 2014, 15(5): 795–809



804

( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )

1 2 3 4 1 2

1 3 1 4 2 3 2 4

3 4 1 2 3 1 2 4

1 3 4 2 3 4 1 2 3 4

0.30, 0.35, 0.30, 0.22, , 0.70,

, 0.60, , 0.55, , 0.50, , 0.45,

, 0.40, , , 0.82, , , 0.87,

, , 0.75, , , 0.60, , , , 1.00

G G G G G G

G G G G G G G G

G G G G G G G G

G G G G G G G G G G

µ = µ = µ = µ = µ =

µ = µ = µ = µ =

µ = µ = µ =

µ = µ = µ = .

Step 2. By utilizing the decision information given in Table 1, and the FLCOA, FL-
COG and FLCOHM operators, we derive the overall values of performance evaluation 
of emergency management of the emerging technology enterprises. The aggregating 
results are shown in Table 2.
Step 3. According to the aggregating results shown in Table 2 and the formula of 
degree of possibility (3), the ordering of the alternatives are shown in Table 10. Note 
that ﹥ means “preferred to”. As we can see from Table 3, depending on the aggregation 
operators used, the ordering of the five emerging technology enterprises is the same, 
and the best emerging technology enterprises with the best performance evaluation of 
emergency managementis A5.

Table 1. Triangular fuzzy linguistic decision matrix

G1 G2 G3 G4
A1 ( )2 3 4, ,s s s ( )3 4 5, ,s s s ( )1 2 4, ,s s s ( )1 2 3, ,s s s
A2 ( )1 2 3, ,s s s ( )4 5 7, ,s s s ( )3 4 5, ,s s s ( )2 3 4, ,s s s
A3 ( )2 4 5, ,s s s ( )1 3 4, ,s s s ( )4 5 6, ,s s s ( )3 4 7, ,s s s
A4 ( )4 5 6, ,s s s ( )1 2 3, ,s s s ( )2 3 4, ,s s s ( )2 3 5, ,s s s
A5 ( )3 4 5, ,s s s ( )4 6 7, ,s s s ( )1 4 5, ,s s s ( )3 4 6, ,s s s

Table 2. The overall performance evaluation values of the emerging technology enterprises

FLCOA FLCOG FLCOHM

A1 (s2.05, s3.05, s4.17) (s1.87, s2.94, s4.11) (s1.69, s2.82, s4.04)

A2 (s2.45, s3.45, s4.80) (s2.05, s3.18, s4.48) (s1.70, s2.93, s4.20)

A3 (s2.45, s4.05, s5.25) (s2.16, s3.98, s5.17) (s1.88, s3.91, s5.08)

A4 (s2.75, s3.75, s5.00) (s2.38, s3.50, s4.82) (s2.00, s3.24, s4.62)

A5 (s2.79, s4.30, s5.30) (s2.58, s4.01, s4.88) (s2.80, s5.11, s6.38)

Table 3. Ordering of the alternative by utilizing the FLCOA, FLCOG and FLCOHM operators

Ordering

FLCOA A5 ﹥ A3 ﹥ A4 ﹥ A2 ﹥ A1

FLCOG A5 ﹥ A3 ﹥ A4 ﹥ A2 ﹥ A1

FLCOHM A5 ﹥ A3 ﹥ A4 ﹥ A2 ﹥ A1
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Especially, if the triangular fuzzy linguistic variable [ , , ]s s s sα β γ=  are reduced to the 
uncertain linguistic variable [ , ]s s sα γ= , then the FLCOA, FLCOG and FLCOHM op-
erators are reduced to the uncertain linguistic choquet ordered averaging (ULCOA) 
operator (Xu 2009), uncertain linguistic choquet ordered geometric (ULCOG) operator 
(Xu 2009) and uncertain linguistic choquet ordered harmonic mean (ULCOHM) opera-
tor; if s s sα β γ= =  then the FLCOA, FLCOG and FLCOHM operators are reduced to 
the linguistic choquet ordered averaging (LCOA) operator (Xu 2009), linguistic choquet 
ordered geometric (LCOG) operator (Xu 2009) and linguistic choquet ordered harmonic 
(LCOHM) operator.

Conclusions

The traditional Choquet integral aggregation operators are generally suitable for ag-
gregating the information taking the form of numerical values, and yet they will fail in 
dealing with triangular fuzzy linguistic variable. In this paper, we have developed three 
fuzzy linguistic Choquet integral aggregation operators: fuzzy linguistic choquet ordered 
averaging (FLCOA) operator, fuzzy linguistic choquet ordered geometric (FLCOG) 
operator and fuzzy linguistic choquet ordered harmonic mean (FLCOHM) operator. The 
prominent characteristic of the operators is that they cannot only consider the impor-
tance of the elements or their ordered positions, but also reflect the correlation among 
the elements or their ordered positions. We have studied some desirable properties of 
these operators, such as commutativity, idempotency and monotonicity, and applied 
these operators to multiple attribute decision making with triangular fuzzy linguistic 
information. Finally, an illustrative example has been given to show the developed 
method. In the future, we shall continue working in the application of the triangular 
fuzzy linguistic multiple attribute decision making to other domains.
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