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Abstract 
 

A new hesitant fuzzy set (HFS)-ELECTRE for multi-criteria group decision-making (MCGDM) problems is developed in this paper. In 

real-world applications, the decision makers (DMs)’ opinions are often hesitant for decision problems; thus, considering the exact data is 

difficult. To address the issue, the DMs’ judgments can be expressed as linguistic variables that are converted into the HFSs, considered as 

inputs in the ELECTRE method. Meanwhile, an appropriate tool among the fuzzy sets theory and their extensions is the HFSs since the 

DMs can assign their judgments for an alternative under the evaluation criteria by some membership degrees under a set to decrease the 

errors. Introduced hesitant fuzzy ELECTRE (HF-ELECTRE) method is elaborated based on the risk preference of each DM with assigning 

some degrees. Moreover, the weight of each DM is computed and implemented in the proposed procedure to reduce judgments’ errors. 

Then, a new discordance HF index is provided. Pair-wise comparisons are used for outranking relations regarding HF information. Finally, 

the validation and verification of the proposed HF-ELECTRE method are demonstrated in a practical example of FMSs.  
 

Keywords: ELECTRE method; Group decision analysis; HFSs; Flexible manufacturing systems (FMSs). 

  

1. Introduction 
 

Multi-criteria group decision making (MCGDM) assumes 

the problem of selecting or assessing possible alternatives 

according to several conflicting and incommensurate 

criteria by a cooperative group (Chen et al., 1992; 

Ebrahimnejad et al., 2012; Mousavi et al., 2014; 

Foroozesh et al., 2017a,b; Vahdani et al., 2014 a,b, 2017). 

MCGDM problems are very useful tools for real 

situations (Mojtahedi et al., 2010; Tavakkoli-Moghaddam 

et al., 2011; Mousavi et al., 2016, 2018, 2019; 

Mohagheghi et al., 2015, 2017a,b,c,d). When the 

complexity of the real-world increases, a group of the 

DMs cannot consider the judgments precisely. In this 

respect, the Decision makers (DMs) have assigned their 

opinions by incomplete or imprecise (fuzzy) information 

(Moradi et al., 2017,2018; Hajighasemi and Mousavi, 

2018; Gitinavard et al., 2017a,b; Mousavi and Vahdani, 

2016). 

Elimination and choice translating reality (ELECTRE) 

method is broadly used in decision problems, introduced 

by Roy (1968), in which alternatives are dominated to 

recognize and omit alternatives (Bojković et al., 2010; 

Hatami-Marbini and Tavana, 2011; Vahdani et al., 2013). 

There are  some studies in the literature that have 

considered the technique for solving MCGDM problems 

under uncertainty (e.g., Bisdorff, 2000; Montazer et al., 

2009). In this regard, Chen and Hung (2009) applied the 

linguistic terms for stock portfolio selection in a fuzzy 

situation for indicating the opinion of the DMs to rate the 

performance of alternatives concerning each criterion, 

utilizing the ELECTRE method and maximizing deviation 

method. Vahdani and Hadipour (2011) based on interval-

valued fuzzy sets developed an ELECTRE method.   

Xu and Xia (2012) identified and eliminated alternatives 

in multi-attribute decision making (MADM) with 

intuitionistic fuzzy information. Devi and Yadav (2013) 

presented ELECTRE method with IFSs for evaluation of 

plant locations to handle the uncertainty of information, 

and then a plant location selection problem was solved by 

the presented method. Chen (2014) focused on outranking 

method via the GDM and interval type-2 fuzzy sets to 

address the supplier selection problem. Celik et al. (2016) 

developed the ELECTRE to assess the green service 

providers in the logistic industry. 

The review indicates that there are some studies focused 

on the ELECTRE methods in fuzzy conditions. Most of 

these studies are based on the traditional fuzzy set (Zadeh, 

1965). In the hesitant situations, the experts or DMs may 

assign their preferences in some membership degrees to a 

set. A desirable solution for these situations is to utilize 

the HFS that was introduced by Torra and Narukawa 

(2009) and Torra (2010). HFS theory seems to be 
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appropriate for illustrating their vagueness (e.g., Liao and 

Xu, 2013; Xu and Zhang, 2013; Zhang and Wei, 2013; 

Zhang et al., 2014). 

In a hesitant fuzzy (HF) environment, several scholars 

have utilized these concepts and applications to the 

decision-making methods. Xu and Zhang (2013) 

developed TOPSIS method based on HF and interval-

valued HF environments. Wei and Zhang (2014) extended 

VIKOR method to attend to correlative MADM problems 

based on HF setting and Shapley value. Gitinavard et al. 

(2016) presented a weighting and ranking method under 

interval-valued hesitant fuzzy sets. Qiaoping and Ouyang 

(2015) extended the TOPSIS method and also tailored 

entropy method to compute the criteria importance values. 

Besides, Tavakkoli-Moghaddam (2015) presented a 

TOPSIS method via interval-valued HF information to 

determine the criteria weights. 
This paper presents a development of canonical 

ELECTRE method based on the HFSs theory to handle 

the hesitant situations for situations with hesitant fuzzy 

values (HFVs). Proposed method, taken risk preferences 

of the DMs, utilizes the truth-membership function to 

represent the degrees of satisfaction for alternatives 

according to a set of criteria. Also, a group of the DMs is 

considered to specify their preferences for the relative 

importance of each criterion and to rate the possible 

alternatives for the MCGDM problems. Hesitant fuzzy 

weighted averaging (HFWA) based approach is used to 

aggregate individual DMs’ views for the relative weights 

of the criteria and to assess the possible alternatives 

concerning each criterion. Then, a new discordance HF 

measure is provided. The proposed HF-ELECTRE 

method also dominates the difficulties that arise from the 

ELECTRE method in HF environments. By using pair-

wise comparisons, the outranking relations are expressed, 

and to indicate which alternative is preferable decision 

graphs are depicted in the HF environment.  

The structure of the paper is as follows: section 2 presents 

preliminary concepts and definitions of HFSs. The 

proposed ELECTRE method in HFSs’ situations is 

represented in section 3. The application of the introduced 

method is indicated by a numerical example in section 4. 

Section 5, provides some remarkable conclusions and 

future directions. 

 

2. Basic Definitions  

 

Some definitions are described for HFSs that are utilized 

in this paper. 
 

Definition 1 (Torra, 2010). In HFSs, the major operators 

are defined as below: 

Upper bound and lower bound  

 ( ) ( ) ( )  h x max h x h x min h x    (1) 

α-upper bound and α-lower bound  

   (x) (x) | h (x) (x) | hh h h h h h          (2) 

Complement   

 (x)(x) 1c
hh      (3) 

Union  

 
1 21 2

1 2 1 2,
max ,

h h
h h

 
 

 
   (4) 

Intersection  

 
1 21 2

1 2 1 2,
min ,

h h
h h

 
 

 
   (5) 

Definition 2 (Atanassov, 1989, 2000). Reference set of X 

is assumed. Then, an intuitionistic fuzzy set (IFS) of E on 

X is indicated by mathematical symbol (relation (6)). In 

addition, by considering the relation, membership degree 

has been indicated as (x )E i and the non-membership 

degree has been indicated as (x )E i .  

( , ( ), ( ) )i E i E i iE x x x x X     (6) 

0 ( ) ( ) 1E i E i ix x x X       (7) 

Definition 3 (Xia and Xu, 2011). By above-mentioned 

operators and considering the relation between HFSs  and  

IFSs, the following operations are obtained: 

 
1 21 2

1 2 1 2 1 2,
.

h h
h h

 
   

 
     (8) 

 
1 21 2

1 2 1 2,
.

h h
h h

 
 

 
   (9) 

 hh 

   (10) 

 1 (1 )hh 

     (11) 
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Definition 4 (Xu and Xia, 2011). By considering the 

concept of HFSs and their relations, some distances are 

introduced. By extended Hamming distance and 

Euclidean distance, the generalized distance is presented. 

For two HFEs as Mh  and Nh  the distance measure is 

presented: 

         

1

1

1
,

x i

i

l

j j

gh M N i iM N
x j

d h h h x h x
l


 



 
  
 
 

  (12) 

where the jth largest values of Mh  and Nh  are indicated 

by 
( )j

Mh
and 

( )j

Nh
. In addition, in generalized distance 

measure, if 1  , the Hamming distance is resulted. If 

2   the Euclidean distance is resulted. 

Definition 5 (Xia and Xu, 2011) The HFWA operator is 

showed by Eq. (13) and HFWG is indicated by relation 

(14), those mentioned above are given as follows: 

 Let  1,2,...,jh j n  be some of HFEs, then: 

     
1 1 2 21 2 , ,...,

1
1

, ,..., 1 1
j

n n

nn w

n j j h h h j
j

j

HFWA h h h w h      




 
 

      
  
  (13) 

     
1 1 2 21 2 , ,...,

1
1

, ,...,
jj

n n

nn ww

n j h h h j
j

j

HFWG h h h h      




 
 

     
  


 

(14) 

where the weight vector of  1,2,...,jh j n  is represented by  1 2, ,...,
T

nw w w w . 

 
Fig. 1. Illustration of the novel HF-ELECTRE method 

 

3. Proposed HF-ELECTRE Method 

The novel HF-ELECTRE method is depicted in Figure 1.  

 

 

 

Depict the decision graph 

Eliminate the less interesting of alternatives 

Determine HF effective outranking matrix 

Establish effective discordance HF decision matrix 

Establish effective concordance HF decision matrix 

Construct the discordance HF decision matrix 

Construct the concordance HF decision matrix 

Specify HF concordance and discordance indices 

Form the weighted HF decision matrix 

Determine weights of main criteria 

Construct the HF decision matrix  

Compute weights of DMs 

Form a team of DMs 
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Step 1. Express preferences by some DMs under the HF environment as given in Table 1. 

  

Table 1 

 The membership degrees of HFSs by kth DM 

 1C  
2C  … nC  

1A  
11

k  
12

k  … 1

k

n  

2A  
21

k  
22

k  … 2

k

n  

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

mA  
1

k

m  
2

k

m  … 
k

mn  

 

 

Step 2. Compute weights of the DMs (
k ) based on the following relation: 

m n
k

ij

i j

k K m n
k

ij

k i j












 (15) 

1

1
K

k

k






 

(16) 

 

Step 3. Form the HF decision matrix ( ijr ) according to the aggregated opinions of DMs. 

             
  1 2

1
1

, ,..., 1 1
k

k k

ij ij

KK
k k k

ij kij ij ij ij ijrk
k

r HFWA r r r r



 




  
       

  
  (17) 

 

Step 4. Figure out normalized weight of main criteria (
*

jw ) regarding the DMs’ judgments. 

             
  1 2*

1
1

, ,..., 1 1
k

k k

j j

KK
k k k

j kj j j j jwk
k

w HFWA



     




  
       

  
  (18) 

*

*

j

j n

j

j

w
w

w



  
(19) 

 

Step 5. Construct weighted HF decision matrix ( r
). 

 

     

     

     

1 11 1 2 12 2 1

1 21 1 2 22 2 2

1 1 1 2 2 2

n n n

n n n

m m n mn n

w x w x w x

w x w x w x
r

w x w x w x



  

  

  

 
 
 

  
 
 
 

 (20) 
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Step 6. Compute HF concordance ( efS ) and discordance indices ( efI ). 

    |
e f

ef j jr r
S j x x     (21) 

    |
e f

ef j j efr r
I j x x J S     

 
(22) 

 

Step 7. Compute concordance HF decision matrix (CI ). 

and 1ef

j

j S

ef j

j Jj

j J

w

w
w








 





 (23) 

12 1

21 2

1 2

n

n

m m

CI

 

 

 

 
 


 
 
 

 
 

(24) 

 

Step 8. Establish discordance HF decision matrix ( DCI ). 

  

  

,

,

ef

ej fj
j I

ef

ej fj
j J

Max d r r

Max d r r

 

 








 

(25) 

       

       

1

1

1

1

xi

ej fj
ef

i

xi

ej fj

i

l

j j

i ir rj I
jx

ef l

j j

i ir rj J
jx

Max x x
l

Max x x
l

 

 

 

 

 



 







  
 

  
  

 
  



  

(26) 

12 1

21 2

1 2

n

n

m m

DCI

 

 

 

 
 


 
 
 

 
 

(27) 

 

Step 9. Provide effective concordance HF decision matrix ( efq ). 

    
,

max ,
ef efCI j CI j

i j
x x i j      (28) 

1 if

0 if

ef

ef

ef

q
 

 


 

  
(29) 

 

Step 10. Establish effective discordance HF decision matrix ( efg ). 
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 

 
 1 1

1

1

ej fj
ef

ej fj

m m r rj I

e f
r rj J

Max

e f
m m

Max

 

 

 



 



 





  



  (30) 

 

       

       

1

1 1

1

1

1

1
1

x i

ej fjef
i

x i

ej fj
i

l

j j

i ir rj Im m x j

l
e f j j

i ir rj J x j

Max x x
l

e f
m m

Max x x
l

 

 

 

 

 



 




 




 
 

 
  

  
  

 
 

  




  

(31) 

1 if

0 if

ef
ef

ef

g
 

 

 
 



 (32) 

 

Step 11. Build HF outranking matrix ( efh ). 

ef ef efh q g   (33) 
 

Step 12. Omit less interesting possible alternatives. 

1 for at least oneunit element for 1,2,..., ;

0 for all for 1,2,..., ; ,

ef

ef

h f m e f

h i f m i k i l

  


   
 (34) 

 

Step 13. Provide decision graph. 

Graphical indication of relations is illustrated in Figure 2. 
 

 
Fig. 1. Illustration of the binary relations 

 

 
4. Practical Example 

  
An example is presented to indicate the application of the 

novel extended method. This application example has 

been adopted from Vahdani et al. (2013). A company for 

manufacturing tractor components should assess and 

choose the most suitable alternative of flexible 

manufacturing systems (FMSs) for producing a group of 

products. In this problem, 5 alternatives (FMSs) 

considered as A1, A2, A3, A4 and A5, which are specified 

and assessed by three DMs. Also, 5 selected criteria for an 

evaluation of possible alternatives are described below: 

 Quality of results: C1; 

 Ease of use: C2; 

 Competitive: C3;   

 Adaptability: C4; 

 Expandability: C5. 

 

According to the above-mentioned selected criteria, the 

hierarchical structure of the numerical example is shown 

in Figure 3.  

 

 

  

  

 

Preference 

Indifference 

Incomparable 
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Fig. 2. Hierarchy structure of the FMS decision problem 

 

Tables 2 and 3 describe the applied linguistic variables for 

criteria and alternatives, respectively. In complex 

problems, decision matrix could be shown with HFSs. 

Then, the rating of possible options and rating the 

importance of evaluation factors may be described by 

linguistic variables so that the values of linguistic 

variables are demonstrated as a closed interval of the 

HFSs. For these situations, the DMs’ risk preferences are 

essential, optimists expect desirable results and select the 

upper bound of a closed interval of HFSs, defined by 

linguistic variables. Pessimists anticipate unfavorable 

results and select the lower bound of a closed interval of 

HFSs, defined by linguistic variables. For example, 

assume high for 1A  with respect to DM1, linguistic 

variable in the table (i.e., high) defined by a closed 

interval of HFSs as [0.70, 0.80], optimists select 0.80 for 

this linguistic term, pessimists select 0.70 for this 

linguistic variable, and moderates choose the average 

between lower and upper bounds. In this decision 

problem, DM1 is the pessimist, DM2 is moderate and DM3 

is the optimist. 

 

Table 2 

 Criteria rating variables  

  DMs’ risk preferences 

Linguistic variables 

Interval-valued 

hesitant fuzzy element 

(IVHFE) 

Pessimist Moderate Optimist 

Very important (VI) [0.90, 0.90] 0.90 0.90 0.90 

Important (I) [0.75, 0.80] 0.75 0.775 0.80 

Medium (M) [0.50, 0.55] 0.50 0.525 0.55 

Unimportant (UI) [0.35, 0.40] 0.35 0.375 0.40 

Very unimportant (VUI) [0.10, 0.10] 0.10 0.10 0.10 
 

The committee of DMs is a heterogeneous group because 

all DMs have unequal importance. Thus, the importance 

has been represented in Table 4 and calculated by Eqs. 

(15) and (16) (Step 2). HF ratings of possible options are 

given in Table 5, and their respective HFVs are illustrated 

in Table 6. Aggregated HF decision matrix has been 

established with Eq. (17). Outcomes have been given in 

Table 7 (Step 3).  
 

 

 

 

 

 

Selection of a 

FMS 
 

 

 

 

 FMS 5 

FMS 4 

FMS 3 

FMS 2 

FMS 1 
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 Table 3 

 Alternatives rating variables 

  DMs’ risk preferences 

Linguistic variables IVHFE Pessimist Moderate Optimist 

Extremely good (EG)/extremely high (EH) [1.00, 1.00] 1.00 1.00 1.00 

Very very good (VVG)/very very high (VVH) [0.90, 0.90] 0.90 0.90 0.90 

Very good (VG)/very high (VH) [0.80, 0.90] 0.80 0.85 0.90 

Good (G)/high (H) [0.70, 0.80] 0.70 0.75 0.80 

Medium good (MG)/medium high (MH) [0.60, 0.70] 0.60 0.65 0.70 

Fair (F)/medium (M) [0.50, 0.60] 0.50 0.55 0.60 

Medium bad (MB)/medium low (ML) [0.40, 0.50] 0.40 0.45 0.50 

Bad (B)/low (L) [0.25, 0.40] 0.25 0.325 0.40 

Very bad (VB)/very low (VL) [0.10, 0.25] 0.10 0.175 0.25 

Very very bad (VVB)/very very low (VVL) [0.10, 0.10] 0.10 0.10 0.10 
 

 Table 4 

 The weight of each decision maker 

 DM1 DM2 DM3 

DM’s weight 0.318483 0.330806 0.350711 
 

Table 5 

Ratings of the alternatives based on linguistic variables 

Criteria Alternatives 
Decision makers 

DM1 DM2 DM3 

C1
 

A1 H H MH 
A2 VG G VG 

A3 VG VG VG 

A4 VH VH H 
A5 F F MG 

C2
 

A1 MG MG G 
A2 MB MB MB 

A3 VVG VG VG 

A4 VVG VG VG 
A5 MB F F 

C3
 

A1 G G VG 
A2 VG G VG 

A3 VG G G 
A4 VG G G 

A5 G MG MG 

C4
 

A1 H H H 
A2 MB F MB 

A3 VH H H 
A4 H MH MH 

A5 M MH M 

C5
 

A1 MG MG MG 
A2 MH MH M 

A3 VG G VG 
A4 G G F 

A5 MB F MB 
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Table 6 

Rating of alternatives based on HF elements 

Criteria Alternatives 
Decision makers 

DM1 DM2 DM3 

C1
 

A1 0.70 0.75 0.70 

A2 0.80 0.75 0.90 

A3 0.80 0.85 0.90 

A4 0.80 0.85 0.80 

A5 0.50 0.55 0.70 

C2
 

A1 0.60 0.65 0.80 

A2 0.40 0.45 0.50 

A3 0.90 0.85 0.90 

A4 0.90 0.85 0.90 

A5 0.40 0.55 0.60 

C3
 

A1 0.70 0.75 0.90 

A2 0.80 0.75 0.90 

A3 0.80 0.75 0.80 

A4 0.80 0.75 0.80 

A5 0.70 0.65 0.70 

C4
 

A1 0.70 0.75 0.80 

A2 0.40 0.55 0.50 

A3 0.80 0.75 0.80 

A4 0.70 0.65 0.70 

A5 0.50 0.65 0.60 

C5
 

A1 0.60 0.65 0.70 

A2 0.60 0.65 0.60 

A3 0.80 0.75 0.90 

A4 0.70 0.75 0.60 

A5 0.40 0.55 0.50 

 

 Table 7 

 Aggregated HF decision matrix 

 

By utilizing Table 1, the relative importance of criteria 

has been defined with linguistic weighting terms and has 

been   appraised  with  the  DMs  in Table 8.  Also,  in  

this  table,  the  normalized  aggregated  weighted  of  

each criterion is calculated by Eqs.(18)  and  (19) (Step 4).  

 

 

 

 

In addition, table 9 shows the values for evaluation of 

criteria importance. Weighted HF decision matrix has 

been presented in Table 10 (Step 5). Employing Eqs. (21) 

and (22), the HF concordance and discordance indices 

have been given as follows (Step 6): 

 

 

 

 

 C1
 

C2
 

C3
 

C4
 

C5
 

A1 0.717559 0.699875517 0.80787 0.754997 0.654014 

A2 0.831145 0.453134088 0.831145 0.488258 0.617285 

A3 0.857398 0.885645834 0.784678 0.784678 0.831145 

A4 0.818156 0.885645834 0.784678 0.684305 0.687576 

A5 0.596328 0.526779357 0.684305 0.589096 0.488258 
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[     {     }      {   }],[     { }      {       }] [     {   }      {     }] 

[     {         }      {}] ,[     {   }      {     }],[     { }      {       }] 

[     {   }      {     }] ,[     {     }      {   }],[     {       }      { }] 

[     {       }      { }],  [     {         }      {}],[     {         }      {}] 

[     {     }      {   }], [     {     }      {   }],[     {}      {         }] 

[     {         }      {}],[     {}      {         }],[     {   }      {     }] 

[     {}      {         }],[     {}      {         }] 

 

(35) 

 

Table 8 

Linguistic variables for assessing the criteria weights  

 C1 C2 C3 C4 C5 

DM1 UI M VI VUI M 

DM2 UI I VI VUI M 

DM3 VUI M I UI UI 

 

 

Table 9 

HFVs for criteria weights and their aggregations 

 C1 C2 C3 C4 C5 

DM1 0.35 0.50 0.90 0.10 0.50 

DM2 0.375 0.775 0.90 0.10 0.525 

DM3 0.10 0.55 0.80 0.40 0.40 

Aggregated 

HF weight 
0.113296 0.254182 0.352014 0.088479 0.192029 

 

 Table 10 

 HF normalized weighted decision matrix 

 

Concordance HF matrix via Eqs. (23) and (24) is calculated (Step 7); e.g.,     has been obtained via Eq. (36): 

 

    
∑        

∑      
 

                             

 
           

 

(36) 

 C1
 

C2
 

C3
 

C4
 

C5
 

A1 0.081297 0.177895412 0.284382 0.066801 0.12559 

A2 0.094166 0.115178304 0.292575 0.0432 0.118537 

A3 0.09714 0.22511479 0.276218 0.069427 0.159604 

A4 0.092694 0.22511479 0.276218 0.060546 0.132035 

A5 0.067562 0.133897569 0.240885 0.052122 0.09376 



Journal of Optimization in Industrial Engineering Vol.14, Issue 1, Winter & Spring  2021, 33- 47 

 

43 
 

   

(

 
 

                             
                                     
                     
                     

             )

 
 

 

 

Discordance HF matrix via Eqs. (25)-(27) is calculated (Step 8); e.g.,     has been computed as follows: 
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 (38) 

 

Concordance HF matrix has been determined via Eqs. (28) and (29) as follows (Step 9): 

 

 ̅     
   

(    
 )                             

    

{
 
 

 
 

                             
                                     
                     
                     

             }
 
 

 
 

   

(39) 

 

The following holds for F: 

 

  

(

 
 

     
     
     
     
     )

 
 
  (40) 

 

Discordance HF matrix has been determined via Eqs. (30)-(32) as follows (Step 10): 

 

 ̅  ∑∑
   

      

 

   

 

   

 

   (41) 
 

                                                                                 

     

           

Matrix G is obtained by: 

  

(

 
 

     
     
     
     
     )

 
 
  (42) 

 

 

Finally, the HF effective outranking matrix is found via Eq. (33) (Step 11). 
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 (43) 

 

According to the H, the lesser attractive options are 

specified and removed (Step 12). A5 is dominated by A1, 

A2, A3 and A4. In addition, A4 is dominated by A3. The 

rankings of the proposed method along with other two 

fuzzy methods, namely IF-TOPSIS and IF-ELECTRE, are 

given in Table 11. Problem graph is demonstarted in Fig. 

4., and four relationships between A1, A2, A3, A4 and A5 

exist (Step 13). 

 

Table 11 

 Results of proposed HF-ELECTRE method and three recent fuzzy decision-making methods 

Alternatives 
Incomparable 

alternatives 

Submissive 

alternatives 

Ranking by 

proposed HF-

ELECTRE  

Ranking by 

Roa (2007) 

method  

Ranking by 

the IF-TOPSIS  

Ranking by the 

IF-ELECTRE  

A1 A2 A5 2 2 3 2 

A2 A1,A3,A4,A5 - 3 3 4 3 

A3 A1,A2 A4,A5 1 1 1 1 

A4 A1,A2 A5 4 4 2 4 

A5 A2 - 5 5 5 5 

 

 
 

Fig. 4. Decision graph for the practical example 

 

The results and comparison with the studies of Roa (2007) 

and IF-ELECTRE method are depicted in table 9. FMSs 

are well-known issues in the literature of manufacturing 

problems. In this respect, one of the main differences 

between the proposed approach and these methods is 

modeling of uncertainty. The methods are developed 

under fuzzy environments; however, the HFS versus the 

IFS could lead to more flexibility in computations and 

appropriate solutions. Also, the preferences DMs’ 

opinions are considered in the procedure of the evaluation 

method based on their risk preferences. In this case, three 

levels of DMs' risk preferences are regarded as pessimist, 

moderate, and optimist. In addition, some operations are 

extended to develop a new uncertain version of 

ELECTRE method which have not been proposed 

previously. To address this, each DM's importance is 

determined by a new relation (Step 2) and considered in 

the procedure of DMs’ judgments aggregation (i.e., about 

the rating of HF decision matrix and criteria weights) 

(Steps 3 and 4). Moreover, some new relations are defined 

to establish the discordance HF decision matrix (Step 8) 

and effective discordance HF decision matrix (Step 10).  

 
5. Concluding Remarks and Future Researches 

 
HFSs are known as suitable tools to handle imprecise 

information by allowing a group of DMs to define their 

precedence by some membership degrees for a possible 

candidate under a set to reduce the errors. Consequently, 

this extension of fuzzy sets theory could help the DMs to 
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handle complex decisions by considering the membership 

function to represent the satisfaction degrees. A novel 

ELECTRE method was tailored based on HF information 

regarding the risk preferences of the DMs to solve the 

MCGDM problems. In this respect, the assessment of 

each candidate among the conflicting criteria and the 

weight of each criterion were defined by linguistic 

variables, which were converted into HFSs. Also, the 

DMs’ weights were computed and applied in the process 

of the proposed HF-ELECTRE method to decrease the 

judgments’ errors. HFWA operator has been used based 

on DMs’ weights to aggregate opinions of the DMs about 

the rating of candidates under conflicted criteria and 

evaluating the relative significance of factors. A new 

discordance HF index has been extended under HF 

environments. Finally, a practical example in FMSs and a 

comparative analysis were prepared to display the 

practicality of proposed HF-ELECTRE method. The 

comparative analysis showed that the procedure of 

proposed method was similar to the IF-ELECTRE 

because of closely related concepts of the IFSs and HFSs. 

For future research, the proposed approach can be 

developed to enhance the method by providing interval 

based membership values for an element under a set.  

 

References 
 

Atanassov, K. T. (1989). More on intuitionistic fuzzy 

sets. Fuzzy sets and Systems, 33(1), 37-45. 

Atanassov, K. T. (2000). Two theorems for 

intuitionistic fuzzy sets. Fuzzy sets and Systems, 

110(2), 267-269. 

Bisdorff, R. (2000). Logical foundation of fuzzy 

preferential systems with application to the 

electre decision aid methods. Computers & 

Operations Research, 27(7), 673-687. 

Bojković, N., Anić, I., & Pejčić-Tarle, S. (2010). One 

solution for cross-country transport-sustainability 

evaluation using a modified ELECTRE method. 

Ecological Economics, 69(5), 1176-1186. 

Celik, E., Gumus, A. T., & Erdogan, M. (2016). A 

New Extension of the ELECTRE Method Based 

Upon Interval Type-2 Fuzzy Sets for Green 

Logistic Service Providers Evaluation. 

Evaluation, 44(5), 1-15. 

Chen, C.-T., & Hung, W.-Z. (2009). Applying 

ELECTRE and maximizing deviation method for 

stock portfolio selection under fuzzy 

environment Opportunities and Challenges for 

Next-Generation Applied Intelligence, (pp. 85-

91): Springer. 

Chen, N., Xu, Z., & Xia, M. (2013). The ELECTRE I 

multi-criteria decision making method based on 

hesitant fuzzy sets. International Journal of 

Information Technology & Decision Making, 

14(03), 621-657. 

Chen, S.-J. J., Hwang, C.-L., Beckmann, M. J., & 

Krelle, W. (1992). Fuzzy multiple attribute 

decision making: methods and applications: 

Springer-Verlag New York, Inc. 

Chen, T.-Y. (2014). An ELECTRE-based outranking 

method for multiple criteria group decision 

making using interval type-2 fuzzy sets. 

Information Sciences, 263, 1-21. 

Devi, K., & Yadav, S. P. (2013). A multicriteria 

intuitionistic fuzzy group decision making for 

plant location selection with ELECTRE 

method. The International Journal of Advanced 

Manufacturing Technology, 66(9-12), 1219-

1229. 

Ebrahimnejad, S., Mousavi, S.M., Tavakkoli-

Moghaddam, R., Hashemi, H., & Vahdani, B. 

(2012). A novel two-phase group decision 

making approach for construction project 

selection in a fuzzy environment. Applied 

Mathematical Modelling, 36(9), 4197-4217. 

Foroozesh, N., Tavakkoli-Moghaddam, R., Mousavi, 

S. M., & Vahdani, B., (2017a). Dispatching rule 

evaluation in flexible manufacturing systems by 

a new fuzzy decision model with possibilistic-

statistical uncertainties, Arabian Journal for 

Science and Engineering, 42, 2947–2960. 

Foroozesh, N., Gitinavard, H., Mousavi, S.M., & 

Vahdani, B., (2017b). A hesitant fuzzy extension 

of VIKOR method for evaluation and selection 

problems under uncertainty, International 

Journal of Applied Management Science, 9(2), 

95-113. 

Gitinavard, H., Mousavi, S. M., & Vahdani, B. 

(2016). A new multi-criteria weighting and 

ranking model for group decision-making 

analysis based on interval-valued hesitant fuzzy 

sets to selection problems. Neural Computing 

and Applications, 27(6), 1593-1605.  

Gitinavard, H., Mousavi, S. M., & Vahdani, B. 

(2017a). Soft computing-based new interval-

valued hesitant fuzzy multi-criteria group 

assessment method with last aggregation to 

industrial decision problems. Soft Computing, 

21(12), 3247-3265.  

Gitinavard, H., Mousavi, S.M., & Vahdani, B., 

(2017b). Soft computing based on hierarchical 

evaluation approach and criteria 

interdependencies for energy decision-making 

problems: A case study, Energy, 118, 556-577. 

Hatami-Marbini, A., & Tavana, M. (2011). An 

extension of the Electre I method for group 

decision-making under a fuzzy environment. 

Omega, 39(4), 373-386. 

Hajighasemi, Z., & Mousavi, S.M., (2018). A new 

approach in failure modes and effects analysis 

based on compromise solution by considering 

objective and subjective weights with interval-

valued intuitionistic fuzzy sets, Iranian Journal 

of Fuzzy Systems, 15(1), 139-161. 

Jin, B. (2013). ELECTRE method for multiple 

attributes decision making problem with hesitant 

fuzzy information. Journal of Intelligent and 

Fuzzy Systems, 29(2), 463-468. 



 Seyed Meysam Mousavi and et al./ ELECTRE I-based Group Decision Methodology… 

46 
 

Liao, H., & Xu, Z. (2013). A VIKOR-based method 

for hesitant fuzzy multi-criteria decision making. 

Fuzzy Optimization and Decision Making, 12(4), 

373-392. 

Mohagheghi, V., Mousavi, S.M. and Vahdani, B., 

2015. A new optimization model for project 

portfolio selection under interval-valued fuzzy 

environment. Arabian Journal for Science and 

Engineering, 40(11), pp.3351-3361. 

Mohagheghi, V.,  Mousavi, S.M., & Vahdani, B., 

(2017a). Enhancing decision-making flexibility 

by introducing a new last aggregation evaluating 

approach based on multi-criteria group decision 

making and Pythagorean fuzzy sets, Applied Soft 

Computing, 61, 527-535. 

Mohagheghi, V., Mousavi, S.M., Vahdani, B., & 

Siadat, A., (2017b). A mathematical modeling 

approach for high and new technology-project 

portfolio selection under uncertain environments, 

Journal of Intelligent and Fuzzy Systems, 32, 

4069–4079. 

Mohagheghi, V., Mousavi, S.M., Aghamohagheghi, 

M., & Vahdani, B., (2017c). A new approach 

of multi-criteria analysis for the evaluation and 

selection of sustainable transport investment 

projects under uncertainty: A case study, 

International Journal of Computational 

Intelligence Systems, 10, 605–626. 

Mohagheghi, V., Mousavi, S.M., & Vahdani, B., 

(2017d). Analyzing project cash flow by a new 

interval type-2 fuzzy model with an application 

to construction industry, Neural Computing and 

Applications, 28, 3393–3411. 

Mojtahedi, S. M. H., Mousavi, S. M., & Makui, A. 

(2010). Project risk identification and assessment 

simultaneously using multi-attribute group 

decision making technique. Safety Science, 

48(4), 499-507. 

Montazer, G. A., Saremi, H. Q., & Ramezani, M. 

(2009). Design a new mixed expert decision 

aiding system using fuzzy ELECTRE III method 

for vendor selection. Expert Systems with 

Applications, 36(8), 10837-10847. 

Moradi, N., Mousavi, S.M., & Vahdani, B., (2018). 

An interval type-2 fuzzy model for project-

earned value analysis under uncertainty, Journal 

of Multiple-Valued Logic and Soft Computing, 

30, 79–103. 

Moradi, N., Mousavi, S.M., & Vahdani, B., (2017). 

An earned value model with risk analysis for 

project management under uncertain conditions, 

Journal of Intelligent and Fuzzy Systems, 32, 97–

113. 

Mousavi, S.M., Vahdani, B., Tavakkoli-Moghaddam, 

R. and Tajik, N., 2014. Soft computing based on 

a fuzzy grey group compromise solution 

approach with an application to the selection 

problem of material handling 

equipment. International Journal of Computer 

Integrated Manufacturing, 27(6), pp.547-569. 

Mousavi, S.M. and Vahdani, B., 2016. Cross-docking 

location selection in distribution systems: a new 

intuitionistic fuzzy hierarchical decision 

model. International Journal of computational 

intelligence Systems, 9(1), pp.91-109. 

Mousavi, S.M., Vahdani, B. and Behzadi, S.S., 2016. 

Designing a model of intuitionistic fuzzy 

VIKOR in multi-attribute group decision-making 

problems. Iranian Journal of Fuzzy 

Systems, 13(1), pp.45-65. 

Mousavi, S.M., Foroozesh, N., Gitinavard, H., & 

Vahdani, B., (2018). Solving group decision-

making problems in manufacturing systems by 

an uncertain compromise ranking method, 

International Journal of Applied Decision 

Sciences, 11(1), 55-78. 

Mousavi, S.M., Antuchevičienė, J., Zavadskas, E.K., 

Vahdani, B., & Hashemi, H. , (2019). A new 

decision model for cross-docking center location 

in logistics networks under interval-valued 

intuitionistic fuzzy uncertainty, Transport, 34(1), 

30-40. 

Qiaoping, S., & Ouyang, J. (2015). Hesitant Fuzzy 

Multi-Attribute Decision Making Based on 

TOPSIS With Entropy-Weighted Method. 

Management Science and Engineering, 9(3), 1-6. 

Rao, R. V. (2007). Evaluation of Flexible 

Manufacturing Systems. Decision Making in the 

Manufacturing Environment: Using Graph 

Theory and Fuzzy Multiple Attribute Decision 

Making Methods, 125-137. 

Roy, B. (1968). Classement et choix en présence de 

points de vue multiples. RAIRO-Operations 

Research-Recherche Opérationnelle, 2(V1), 57-

75. 

Tavakkoli-Moghaddam, R., Gitinavard, H., Mousavi, 

S. M., & Siadat, A. (2015). An Interval-Valued 

Hesitant Fuzzy TOPSIS Method to Determine 

the Criteria Weights, Outlooks and Insights on 

Group Decision and Negotiation (pp. 157-169): 

Springer. 

Tavakkoli-Moghaddam, R., Mousavi, S.M. & Heydar, 

M., (2011). An integrated AHP-VIKOR 

methodology for plant location selection. 

International Journal of Engineering-

Transactions B: Applications, 24(2), 127. 

Torra, V. (2010). Hesitant fuzzy sets. International 

Journal of Intelligent Systems, 25(6), 529-539. 

Torra, V., & Narukawa, Y. (2009). On hesitant fuzzy 

sets and decision. Paper presented at the Fuzzy 

Systems, 2009. FUZZ-IEEE 2009. IEEE 

International Conference on. 

Vahdani, B., & Hadipour, H. (2011). Extension of the 

ELECTRE method based on interval-valued 

fuzzy sets. Soft Computing, 15(3), 569-579. 

Vahdani, B., Mousavi, S. M., Tavakkoli-Moghaddam, 

R., & Hashemi, H. (2013). A new design of the 

elimination and choice translating reality method 

for multi-criteria group decision-making in an 

http://www.sciencedirect.com/science/article/pii/S1568494617304854#%21
http://www.sciencedirect.com/science/journal/15684946
http://www.sciencedirect.com/science/journal/15684946


Journal of Optimization in Industrial Engineering Vol.14, Issue 1, Winter & Spring  2021, 33- 47 

 

47 
 

intuitionistic fuzzy environment. Applied 

Mathematical Modelling, 37(4), 1781-1799. 

Vahdani, B., Mousavi, S.M. and Ebrahimnejad, S., 

2014a. Soft computing-based preference 

selection index method for human resource 

management. Journal of Intelligent & Fuzzy 

Systems, 26(1), pp.393-403. 

Vahdani, B., Mousavi, S.M., Tavakkoli-Moghaddam, 

R., Ghodratnama, A. and Mohammadi, M., 

2014b. Robot selection by a multiple criteria 

complex proportional assessment method under 

an interval-valued fuzzy environment. The 

International Journal of Advanced 

Manufacturing Technology, 73(5-8), pp.687-697. 

Vahdani, B., Salimi, M., & Mousavi, S.M., (2017). A 

new compromise solution model based on 

dantzig-wolf decomposition for solving belief 

multi-objective nonlinear programming problems 

with block angular structure, International 

Journal of Information Technology & Decision 

Making,  16(2), 333–387. 

Wang, J. Q., Wang, D. D., Yu Zhang, H., & Chen, X. 

H. (2013). Multi-criteria outranking approach 

with hesitant fuzzy sets. OR Spectrum, 36(4), 

1001-1019. 

Wei, G., & Zhang, N. (2014). A multiple criteria 

hesitant fuzzy decision making with Shapley 

value-based VIKOR method. Journal of 

Intelligent & Fuzzy Systems, 26(2), 1065-1075. 

Wu, M. C., & Chen, T. Y. (2011). The ELECTRE 

multicriteria analysis approach based on 

Atanassov’s intuitionistic fuzzy sets. Expert 

Systems with Applications, 38(10), 12318-12327. 

Xia, M., & Xu, Z. (2011). Hesitant fuzzy information 

aggregation in decision making. International 

Journal of Approximate Reasoning, 52(3), 395-

407. 

Xu, Z., & Xia, M. (2011). Distance and similarity 

measures for hesitant fuzzy sets. Information 

Sciences, 181(11), 2128-2138. 

Xu, Z., & Xia, M. (2012). Identifying and eliminating 

dominated alternatives in multi-attribute decision 

making with intuitionistic fuzzy 

information. Applied Soft Computing, 12(4), 

1451-1456. 

Xu, Z., & Zhang, X. (2013). Hesitant fuzzy multi-

attribute decision making based on TOPSIS with 

incomplete weight information. Knowledge-

Based Systems, 52, 53-64. 

Zadeh, L. A. (1965). Fuzzy sets. Information and 

control, 8(3), 338-353. 

Zhang, N., & Wei, G. (2013). Extension of VIKOR 

method for decision making problem based on 

hesitant fuzzy set. Applied Mathematical 

Modelling, 37(7), 4938-4947. 

Zhang, Z., Wang, C., Tian, D., & Li, K. (2014). 

Induced generalized hesitant fuzzy operators and 

their application to multiple attribute group 

decision making. Computers & Industrial 

Engineering, 67, 116-138. 

 

Mousavi, S., Gitinavard, H., Vahdani, B. (2021). ELECTRE I-based group decision methodology  

with risk preferences in an imprecise setting for flexible manufacturing systems. 

 Journal of Optimization in Industrial Engineering, 14(2), 33-47. 

 

http://www.qjie.ir/article_667917.html 

DOI: 10.22094/JOIE.2019.662.1428 

http://www.worldscientific.com/worldscinet/ijitdm
http://www.worldscientific.com/worldscinet/ijitdm
http://www.worldscientific.com/worldscinet/ijitdm

