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 In this paper we develop a fuzzy TOPSIS method based on intuitionistic fuzzy values to solve 
multiple criteria decision making problems in which the performance rating of alternatives val-
ues and the weights of criteria are given by linguistic terms.  Arithmetic operations between 
intuitionistic fuzzy values are used for normalizing imprecise ratings and weights of criteria. In 
order to demonstrate the effectiveness of the suggested method, we propose a case study aiming 
to evaluate and compare the service quality of five major airports in North Africa. The suggested 
method helps manager of airports know the needs of passengers and the priority of enhancing 
service items. 
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1. Introduction 
 
 
TOPSIS (technique for order preference by similarity to ideal solution), initially developed by Hwang 
and Yoon (1981), is an important classical multiple criteria decision making method (MCDM). It con-
sists to calculate a closeness coefficient that can be used for ranking the set of alternatives with respect 
to the set of criteria. In the classical TOPSIS method, the performance rating and the weights of criteria 
are given by crisp values. However, with the complexity of the environment and under many condi-
tions, crisp values cannot model adequately some real world situations because human judgment and 
preference are often ambiguous and cannot be estimated exactly (Kuo et al., 2007).  Fuzzy set theory 
(Zadeh, 1965) emerged as an alternative way to treat information from human judgment and preference, 
it has been successfully applied to handle the imprecision in the TOPSIS method. The obtained tech-
nique, called fuzzy TOPSIS, has been investigated in many works (Chen, 2000; Chen et al., 2006; Chen 
& Hwang, 1992; Chen & Tzeng, 2004; Jahanshahloo et al., 2006; Liang, 1999; Wang & Elhag, 2006; 
Wang & Lee, 2007; Wang et al., 2007; Yeh et al., 2000; Yeh & Deng, 2004). A review on fuzzy TOP-
SIS methods can be found in Kuo et al. (2007). 
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Atanassov (1986) generalized the idea of fuzzy set to intuitionistic fuzzy set (IFS) which takes into 
account the hesitation of decision makers. IFS treats vague information by considering membership 
function and non-membership function and this can minimize the imprecision degree in complex sys-
tems. Intuitionistic fuzzy TOPSIS has been applied in some studies (Boran et al., 2009; Xu, 2007; Tan  
& Chen, 2010; Wei et al., 2013; Aloini et al., 2014; Zhang & Yu, 2012; Joshi & Kumar, 2014). 
 
In this paper, we develop a fuzzy TOPSIS method based on intuitionistic fuzzy values (IFV-TOPSIS) 
to solve MCDM problems in which the performance rating values and the weights of criteria are given 
by linguistic terms.  Arithmetic operations between intuitionistic fuzzy values are used for normalizing 
imprecise ratings and weights of criteria. In order to demonstrate the effectiveness of the suggested 
method, we propose a case study aiming to evaluate and compare the service quality of major five 
airports in North Africa. 
 
The rest of the paper is organized as follows. Section 2 introduces the TOPSIS method. Section 3 
illustrates intuitionistic fuzzy set (IFS). Section 4 describes developed TOPSIS method to solve MCDM 
problems when ratings and weights of criteria are considered as intuitionistic fuzzy values. Section 5 
proposes a case study aiming to evaluate the service quality of five airports in North Africa. The paper 
is concluded in Section 6. 
 
2. TOPSIS method 

TOPSIS method consists to calculate a closeness coefficient for each alternative based on distances 
between the target alternative and the positive and the negative-ideal solutions. The best alternative has 
the shortest distance from the positive-ideal solution (PIS) and the farthest from the negative-ideal 
solution (NIS). 
 
Let a multi criteria decision making process with n alternatives 1 2, ,..., nA A A  and m criteria 1 2, ,..., mC C C . 
Each alternative is evaluated with respect to the m criteria. All the values/ratings are assigned to alter-
natives with respect to decision matrix denoted by  ij n m

X x


. Let  1 2, ,..., mW w w w  be the weight vec-

tor criteria, satisfying
1

1
m

ii
w


 . The TOPSIS method can be summarized on the following steps: 

 

i. First, normalize the decision matrix using the following transformation for each ijr  
 

2

1

, 1,..., ; 1,...,ij
ij n

iji

x
r i n j m

x


  


 
(1) 

 

Then, multiply the columns of the normalized decision matrix by the associated weights. The 
weighted and normalized decision matrix is obtained as: 
 

, 1,..., ; 1,...,ij j ijv w r i n j m     (2) 
 

where jw  represents the weight of the jth criterion. 
 

ii. Determine a positive- ideal and a negative -ideal solution: the positive- ideal and the negative- ideal 
alternatives are determined, respectively, as follows: 
 

      1 2, ,...., max ; , min ;m ij b ij c
jj

A v v v v j v j        (3) 

      1 2, ,...., min ; , max ;   m ij b ij c
j j

A v v v v j v j        (4) 

 

where b  is the set of benefit criteria and c  is the set of cost criteria. 
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iii. Calculate the distance of each alternative from positive- ideal and negative-ideal alternatives: the 
Euclidean distances for each alternative are, respectively, given by: 
 

 2

1

, 1,....,
m

i ij j
j

S v v i n 



    
(5) 

 2

1

, 1,....,  
m

i ij j
j

S v v i n 



    
(6) 

 
iv. Calculate a closeness coefficient for each alternative as  
 

, 1,...., ; 0 1     i
i i

i i

s
RC i n RC

s s



    


 
(7) 

 

v. Rank the alternatives according to the closeness coefficients. 
 
3.  Intuitionistic fuzzy sets 
 
In this section, we review the basic concepts relates to intuitionistic fuzzy sets. 
 

Definition 3.1 Atanassov (1986). An intuitionistic fuzzy set A  in  X x is given by:  
 

     , , ;A AX x x v x x X   (8) 
 

where,     : 0,1A x X  ,    : 0,1Av x X   and     0 1 .A Ax v x x X       A x  and  Av x  are 

respectively the degree of membership and non-membership function of x  to A . 
 
If we use a membership function  At  and a non-membership function Af to denote the lower bounds on 

A , then,  the degree of membership of x in the intuitionistic fuzzy set A  is bounded to a subinterval

   ,1A At x f x   . The interval    ,1A At x f x    is considered as intuitionistic fuzzy value and Eq. (1) 

can be replaced with 
 

  , ,1 ( ) ;A AA x t x f x x X        (9) 

 
3.1. Basic relation and operation on intuitionistic fuzzy sets 
 
Let  ,1A AA t f   and  ,1B BA t f  be two IFV. The basic operations between as intuitionistic fuzzy 

values can be summarized as follow:  
 

   , 1 1A B A BA B t t f f         
 

   , 1 1A B A BA B t t f f         
 

  , 1 1A B A BA B t t f f       

   , 1 1A B A BA B t t f f         
 

Definition 3.2. Szmidt and Kacprzyk (2000). Let      ,1 ;A AA t x f x x X   and

     ,1 ;B BB t x f x x X   be two IFS in  1 2, ,..., nX x x x . The normalized Euclidean distance be-

tween A  and B  is given by 

           2 2

1

1
,

2

n

A i B i A i B i
i

d A B t x t x f x f x
n 

    
 

(10) 
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4. The proposed interval-valued fuzzy TOPSIS 
 
Suppose  a decision process  composed  by k  decision-makers which are  responsible for selecting n  
alternatives  1 2, ,..., na a a  under m  criteria  1 2, ,..., .mC C C  Criteria can be classified into benefit criteria 

(B) and cost criteria ( ).C  Further assume that the performance ratings  and the weights of the criteria 
are evaluated in linguistic terms  represented by intuitionistic fuzzy values. The suggested IFV-TOPSIS 
method is described as follow: 
 
Aggregate the performance ratings and perform normalization 

Let  ,1
ijs ijsijk x xx t f   , 0ijkx  , 1,....,i n , 1,....,j m , 1,....,s k  , be the performance rating assigned to 

alternative iA  by decision maker kD  for criterion jC . The aggregated performance rating, 

 ,1
ij ijij x xx t f   of alternative  iA  under criterion jC  can be evaluated as: 

   1 2
1 ...ij ij ij ijkx x x xk      (11) 

The aggregated, i.e.  ,1ij ij ijx t f  , can be normalized as follow: 

 
 

1
,

1

ijij

ij
ij

xx

ij
x

x

ft
r

t f


    
  

, 

 
(12) 
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ij ijx x
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
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
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 

 

 
(13) 

minij ij
i

t t  and    1 min 1
ij ijx x

i
f f


   for j C , 

 
Aggregate the importance weights and perform normalization 
 

Let  ,1
js jsjk w ww t f   , 0ijsx  , 1,....,j m , 1,....,s k  be the importance weight given  by decision 

maker  kD  to criterion jC . The aggregated importance weight,  ,1
j jj w ww t f   of criterion jC   can 

be calculated as: 
 

 1 2

1
....j j j jkw w w w

k
      

(14) 

 

The aggregated weights can be normalized as follows, 
 

1 1 1

1
,  j j

j j

w wj
j m m m

j w wj j j

t fw
w

w t m f
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 
   
    

 
 

(15) 

 

where ' jw  denotes the normalized jw    
 

Construct the normalized decision matrix 
 
The weighted normalized fuzzy decision matrix  is given by ij ij n m

V v


    where  ij ij jv r w  .  The mul-

tiply operator can be applied as: 
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          , 1 , 1 1 .
ij j ij jij jij j

ij r w r wr wr w
v t f t t f f  

             
(16) 

 
Determinate ideal and ideal negative solutions 
 
Positive-Ideal and negative- ideal solutions can be defined as: 

 1,1 , bA j    

 0, 0 , cA j    

According to definition (2.2), the distance between each alternative and A  (and A  ) can be obtained 
as: 
 

   2 2

1

1
1 , 1,.....,

2 ij ij

m

i v v
j

d t f i n
m





        
 

(17) 

   2 2

1

1
1 , 1,...,

2 ij ij

m

i v v
j

d t f i n
m





        
(18) 

 

where id  denotes the distance between each alternative and A  and id   denotes the distance between 

each alternative and A . 
 
Calculate the closeness coefficient 
 
The closeness coefficient of each alternative can be obtained as: 
 

, 1,...,i
i

i i

d
C i n

d d



  


 
(19) 

 

According to the closeness coefficient, we can determine the ranking order of all alternatives and select 
the best one from them. 
 
5.  A case study of North Africa airports 
 
The quality of service is a basic performance indicator for the operation of an airport. High service 
quality may have a significant impact in promoting future tourism and business activities. Thus, the 
evaluation of the quality of services has become an important issue for airport management. As we 
know, tourism is an economic factor of the North African countries. Thus, governments of these coun-
tries have recently become interested in evaluating the service quality of their airports in order to con-
front the intense competition that characterizes this sector. 
  
In this paper, the proposed  IFV- TOPSIS  method  is applied to evaluate the  service quality of five 
major airports  in north Africa;  Houari Boumedienne Airport (A1),  Cairo International Airport (A2), 
Carthage International Airport (A3)  Mohammed V International Airport (A4) , and Tripoli International 
Airport (A5),  . 7 benefic  criteria (B) and 3 cost criteria (C) have been used in the study; Safety record 
(B), security (B), Seating comfort (B) , Courtesy of employees (B), Neat appearance of employees (B), 
Availability of non-stop flight (B), Promptness and accuracy of baggage delivery (B),  pollution (C), 
ticket price (C) and redtardness (C). 
 
To conduct the study, 200 questionnaires are sent out to licensed tour guides in 15 general travel agen-
cies in Tunisia. The reason of the choice of these respondents was that we wished respondents had the 
experience of traveling with all airlines to be evaluated. The licensed tour guides were the most natural 
choices due to their frequent travels. Each decision maker has presented his assessment based on lin-
guistic variable for rating performance and importance of each criterion by a linguistic variable. For 
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each linguistic variable, we assigned an intuitionistic fuzzy value. These values are registered in Table 
1 and Table 2.  

 
Table 1  
Definitions of linguistic variables for the ratings 

Very poor (0.1; 0.8) 
poor (0,2; 0.67) 
Fair (0.3; 0.66) 
good (0.4; 0.60) 

Very good (0.5; 0.44) 
 

Table 2  
Definitions of linguistic variables for the importance of each criterion 

Very low (0.11; 0.78) 
low (0,18; 0.66) 
Fair (0.22; 0.56) 
high (0.4; 0.49) 

Very high (0.5; 0.34) 
 
After obtaining the passengers’ perception, we used first equations (11) and (14) to calculate the rating 
of alternatives with respect to each criterion and the importance of the criteria. The intuitionistic fuzzy 
valued decision matrix is given by Table 3.  
 
Table 3  
The intuitionistic fuzzy valued decision matrix and weights 

 A1 A2 A3 A4 A5 weights 
C1 (0.18; 0.27) (0.20; 0.63) (0.33; 0.22) (0.34; 0.23) (0.13; 0.78) (0.33; 0.29) 
C2 (0.25; 0.16) (0.31; 0.58) (0.42; 0.34) (0.39; 0.35) (0.20; 0.59) (0.50; 0.34) 
C3 (0.31; 0.14) (0.42; 0.33) (0.46; 0.28) (0.46; 0.29) (0.21; 0.57) (0.33; 0.23) 
C4 (0.13; 0.78) (0.17; 0.61) (0.21; 0.53) (0.20; 0.54) (0.10; 0.79) (0.66; 0.19) 
C5 (0.23; 0.74) (0.24; 0.70) (0.27; 0.44) (0.31; 0.40) (0.19; 0.80) (0.31; 0.44) 
C6 (0.22; 0.76) (0.31; 0.54) (0.38; 0.47) (0.37; 0.47) (0.18; 0.77) (0.40; 0.61) 
C7 (0.33; 0.24) (0.33; 0.28) (0.34; 0.30) (0.33; 0.31) (0.22; 0.38) (0.52; 0.19) 
C8 (0.21; 0.6) (0.31; 0.68) (0.22; 0.58) (0.21; 0.59) (0.64; 0.13) (0.28; 0.54) 
C9 (0.51; 0.2) (0.42; 0.44) (0.36; 0.38) (0.37; 0.39) (0.57; 0.2) (0.17; 0.69) 
C10 (0.41; 0.13) (0.41; 0.18) (0.37; 0.22) (0.37; 0.18) (0.50; 0.22) (0.34; 0.27)

 
Eq. (12) and Eq. (13) were used to normalize the decision matrix.  Table 4 shows the normalized de-
cision matrix. 
 
Table 4  
The  normalized intuitionistic fuzzy valued decision matrix 

 A1 A2 A3 A4 A5

C1 (0.54; 0.35) (0.47; 0.90) (0.71; 0.41) (0.73; 0.42) (0.59; 0.97) 
C2 (0.75; 0.16) (0.73; 0.82) (0.91; 0.64) (0.84; 0.64) (0.90; 0.73) 
C3 (0.93; 0.14) (1.00; 0.47) (1.00; 0.52) (1.00; 0.53) (0.95; 0.71) 
C4 (0.39; 0.93) (0.40; 0.87) (0.45; 1.00) (0.43; 1.00) (0.45; 0.98) 
C5 (0.69; 0.97) (0.57; 1.00) (0.58; 0.83) (0.67; 0.74) (0.86; 1.00) 
C6 (0.66; 1.00) (0.73; 0.77) (0.82; 0.88) (0.80; 0.87) (0.81; 0.96) 
C7 (1.00; 0.31) (0.78; 0.40) (0.73; 0.56) (0.71; 0.57) (1.00; 0.47) 
C8 (1.00; 0.21) (1.00; 0.26) (1.00; 0.37) (1.00; 0.30) (0.78; 1.00) 
C9 (0.41; 0.67) (0.73; 0.40) (0.61; 0.57) (0.56; 0.46) (0.87; 0.65) 
C10 (0.51; 1.00) (0.75; 1.00) (0.59; 1.00) (0.56; 1.00) (1.00; 0.59)
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By considering the different importance of each criterion, we can obtain the weighted normalized intu-
itionistic fuzzy valued matrix. This matrix is depicted by Table 5. 
 
Table 5  
Weighted normalized decision matrix 

 A1 A2 A3 A4 A5

C1 (0.04; 0.02) (0.03; 0.06) (0.05; 0.02) (0.05; 0.02) (0.04; 0.06)
C2 (0.09; 0.01) (0.09; 0.06) (0.11; 0.05) (0.10; 0.05) (0.11; 0.05)
C3 (0.07; 0.01) (0.08; 0.02) (0.08; 0.03) (0.08; 0.03) (0.07; 0.04)
C4 (0.06; 0.04) (0.06; 0.04) (0.07; 0.05) (0.07; 0.05) (0.07; 0.05)
C5 (0.05; 0.10) (0.04; 011) (0.04; 0.09) (0.05; 0.08) (0.06; 0.11)
C6 (0.06; 0.16) (0.07; 0.12) (0.08; 0.10) (0.08; 0.13) (0.08; 0.15)
C7 (0.13; 0.01) (0.10; 0.02) (0.09; 0.02) (0.09; 0.02) (0.13; 0.02)
C8 (0.04; 0.02) (0.07; 0.03) (0.05; 0.07) (0.07; 0.04) (0.05; 0.14)
C9 (0.01; 0.12) (0.02; 0.07) (0.02; 0.10) (0.02; 0.08) (0.03; 0.11)
C10 (0.04; 0.07) (0.06; 0.07) (0.04; 0.07 (0.04; 0.08) (0.08; 0.04)

 
Euclidean distance from the positive- ideal and negative- ideal alternatives are obtained using Eq. (17) 
and Eq. (18) formulas, respectively. The results are registered in Table 6.  
 
Table 6 
The distance from the ideal solution and negative-ideal solution 
 A+ A- 

A1 0.667 0.660 
A2 0.665 0.663 
A3 0.664 0.665 
A4 0.662 0.667 
A5 0.669 0.658 

 

Finally, the closeness coefficient of each airport is obtained by applying Eq. (19). The results are: 
 

1 0.497RC   2 0.499RC   3 0.500RC   4 0.502RC   5 0.459RC   
 

Therefore, the final ranking is 4 3 2 1 5A A A A A    . The final ranking results show that Mohammed 
V International Airport is the best of the five airports in terms of service quality, followed by Car-
thage International Airport, Cairo International Airport, Houari Boumedienne Airport and Tripoli In-
ternational Airport.  

6. Conclusion 

We have developed a TOPSIS method based on intuitionistic fuzzy values to solve multiple criteria 
decision making problems characterized by vague human judgments.  Via the suggested method, the 
ratings of alternatives and the importance weights of criteria are normalized into a comparable scale by 
using arithmetic operations between intuitionistic fuzzy values. A case study aiming to evaluate and 
compare the service quality of five major North African was conducted to demonstrate the effectiveness 
of the proposed TOPSIS method.  This study helps managers of airports to know the requirements of 
their customers and the priority of enhancing service items. 
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