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Abstract— Multi-criteria Decision Making (MCDM) which 

that addresses the problem of making a suitable choice from 

a set of alternatives which are characterized in terms of their 

criteria, is a normal human activity. When people make a 

decision, usually they hesitate to express some of their views 

about certain given criteria’s and very often they avoid those 

situations by not answering them. Many may have extensive 

knowledge about all the criteria and few others may not. In 

this paper the VIKOR method is used to assess most 

commonly consumed fishes and evaluate the favorable one 

corresponding to people’s preference, in Cuddalore district 

with the help of Dual Hesitant Fuzzy Sets and we use a new 

methodology to handle the problem of uncertainty in the 

decision making situations with the application of VIKOR 

(Vise kriterijumska Optimizacija I KOmpromisno Resenje: 

multicriteria optimization and compromise solution) method 

in a Dual Hesitant Fuzzy Set (DHFS).  

Key words: Multicriteria Optimization, Dual Hesistant Fuzzy 

Set, VIKOR, Compromise Solution 

I. INTRODUCTION 

In the process of decision making, it is very difficult to avoid 

the uncertainty of information due to the intrinsic complexity 

of natural objects and the limited ability of human beings. 

Zadeh [1] introduced fuzzy sets (FSs) to deal with vagueness 

and fuzziness in real decision making problems. Recently, 

Zhu et al. [2] further extended the FS to the dual hesitant 

fuzzy set (DHFS), based on which the dual hesitant fuzzy 

power aggregation operators [3], the dual hesitant fuzzy 

interaction operators [5], and the dual hesitant fuzzy 

Archimedean t-conorm and t-norm [4] have been proposed to 

solve the uncertain decision making problems, where the 

DMs hesitate among several possible evaluation values 

involving the positive and negative aspects. Being a more 

flexible tool to express the DMs’ preference information, 

DHFSs can encompass FSs [1], IFSs [2], hesitant fuzzy sets 

(HFSs) [6] and fuzzy multi-sets (FMSs) [7] as special cases. 

Zhu et al. [2] investigated some preliminary properties of 

DHFSs and discussed the relationships between DHFSs and 

other extended FSs mentioned above. In addition, they 

illustrated the application of DHFSs with an example of 

group forecasting. For the purpose of developing the theory 

of DHFSs, Zhu and Xu [8] proposed the typical DHFSs (T-

DHFSs) and studied some special properties of T-DHFSs. 

And the evaluation model [9] based on DHFSs have been 

developed to deal with the multi-criteria decision making 

(MCDM) problems. In the process of decision making, the 

DMs can express their preferences more flexible with 

DHFSs, and thus, the DHFS is a very effective tool to depict 

the DMs’ preference information and has extensive 

applications in real life. However, the decision making 

techniques mentioned above have not considered the 

interactive relationships among criteria which could not be 

avoided in real decision making problems, such as student 

assessment, supplier selection, site selection and so on. Let us 

take into account some possible criteria like ‘math’ and 

‘physics’ in student assessment. It is obvious that there is a 

positive correlation relationship between ‘math’ and 

‘physics’, and so does ‘politics’ and ‘history’. Thus, it is not 

reasonable to set the independence of criteria or set the 

priority of criteria in some practical applications. 

Opricovic and Tzeng [10,11] introduced the VIKOR 

method, in which the conflicting criteria are considered 

directly in the processes of decision making. Then, they made 

a comparison between the VIKOR method and other MCDM 

methods and showed some advantages of the VIKOR method 

[12]. Since then, a lot of extensions of the VIKOR method 

have been developed to solve real decision making problems, 

including the hesitant fuzzy VIKOR methods [13, 14]. 

However, all these methods presume the independence or the 

gradability among criteria, which does not accord with the 

reality. Umamaheswari et al [15] extended TOPSIS method 

for Triangular Hesitant Fuzzy Set. Mr.Johnson savarimuthu 

and Dr. pathinathan[16]developed an extension by fitting the 

Dual Hesitant Fuzzy Set (DHFS) approach with TOPSIS 

Madm in a dual hesistant fuzzy set based on TOPSIS[ ], Tamil 

Nadu through our newly designed Dual Hesitant Fuzzy 

Multi-Criteria Decision Making (DHF – MADM) method 

based on VIKOR. 

II. BASIC DEFINITIONS 

A. Fuzzy Set 

Let E be the universal set, let x be an element of E. then the 

fuzzy subset A of E, ( A
%

of E) is a set of ordered pairs 

{( | ( ))},
A

A x x
%

for all x E  

Where, 

( )
A

x is the grade (or) degree of membership of x in A
%

. 

( )
A

x takes the value from the membership set M = [0,1]  

and 

( )
A

x is the membership function or characteristic function. 

B. Hesitant Fuzzy Set 

Let X be a fixed set, a hesitant fuzzy set (HFS) on X is in 

terms of a function that when applied to X returns a subset of 

[0,1]. 

Mathematical representation of Hesitant fuzzy set [18]: 

A={< x,hA(x) >|x∈X } 

Where hA(x) is a set of some values in [0,1], 

denoting the possible membership degrees of the element 

x∈X to the set A. 

C. Hesitant Fuzzy Element (HFE) 

Every h=hA(x) is defined as hesitant fuzzy element (HFE). 

D. Special properties of HFS 

1) Empty Hesitant Fuzzy Set: h={0} 

2) Full Hesitant Fuzzy Set: h={1}, denoted as I⃰. 
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3) Complete Ignorance: (All are possible) h=[0,1]≜U ⃰

4) Nonsense Set: h=∅⃰ 

III. FUNDAMENTAL IDEA OF THE VIKOR METHOD 

To solve the MCDM problems, Opricovic and Tzeng [17, 18] 

introduced the VIKOR method.  1 2
, , ,

m
A A AK  is the set 

of m  alternatives and  1 2
, C , , C

n
C K  is the set of n  

conflicting criteria. Let  1 2
, , ,

n
  K  be the weight 

vector of the criteria, which can express the interactive 

importance of criteria (
j

  is derived by the fuzzy measures 

in this paper). Let 
ij

f  be the evaluation value of the 

alternative 
i

A  with respect to the criterion 
i

C . 

Step 1: For a MCDM problem, we construct the dual 

hesitant decision matrix H = (hij)n x m, where all the arguments 

hij (i = 1,2,…n; j = 1,2,…m) are DHFEs, given by the decision 

makers (DMs), for the alternatives Ai  A with respect to the 

attribute xj  X. 

H=

[
 
 
 
 
{h11, g11} {h12, g12} {h13, g13}

{h21, g21} {h22, g22} {h23, g23}

{h31, g31} {h32, g32} {h33, g33}
⋯ {hnj, gnj}

⋮ ⋱ ⋮
{hmi, gmi} ⋯ {hmn, gmn}]

 
 
 
 

 

(1) 

Where 
*

max
j i ij

f f  and min
j i ij

f f

  are the ideal and 

anti-ideal points, respectively. The necessary steps of the 

VIKOR method are depicted as follows , 

Step 2. Find the ideal point 
*

j
f  and the anti-ideal 

point 
j

f


 by comparing all criteria ratings 

( 1, 2, ,i n K ): 

f+={<fj, {hij, gij} >
i

max
|j = 1,2,…m}               (2) 

f- = {<fj, {hij, gij} >
i

min
 | j = 1,2,…m}             (3) 

Step 3.Get the important degrees of criteria, and use 

fuzzy measures to characterize the interactive relationships 

among criteria. 

Step 4. Determine the values 
j

S  and 
j

R  by the 

following equations: 

,  (4) 

Where 
i

  is the weight of the ith criterion.
j

S  and 
j

R  are 

respectively. 

Step 5. Get the values 
j

Q  ( 1, 2, ,j m K ) by the 

following equation: 

 

* *

* *
1

j j

j

S S R R
Q

S S R R
 

 

 
  

 
, 1, 2, ,j m L   (5) 

Where
*

max
j j

S S , min
j j

S S

 , 

*
max

j j
R R , 

and min
j j

R R

 . The parameter  0.1   represents 

the weight of
j

S  and the decision making strategy of the 

DMs. The final ranking result is stable with a decision making 

strategy, which conforms to the majority rule if 0.5  , or 

the consensus rule if 0.5  , or the veto rule if 0.5  . 

Step 6.Three ranking lists will be got by the sorting 

values 
j

S , 
j

R  and 
j

Q ( 1, 2, ,j m K ) in ascending 

order. 

Step 7. Determine the alternative 
1

A  as a 

compromise solution if it is ranked first by 
j

Q  and satisfies 

the following two conditions ( 1, 2, ,j m K ): 

Condition 1. Acceptable advantage:  

   2 1
Q A Q A DQ  , where the alternative 

2
A  is 

ranked second by 
i

Q .  1 / 1DQ m  , and m  is the 

number of alternatives. 

Condition 2. Acceptable stability in decision making: The 

alternative 
1

A  must also be ranked first by 
j

S  or/and 
j

R  (

1, 2, ,j m K ). However, if the alternative 
1

A  could not 

satisfy Condition 1 or Condition 2, a set of alternatives will 

be regarded as the compromise solution. We can get the set 

of alternatives by the following rules: 

 The compromise solution is comprised of the alternatives 
1

A  and 
2

A  if the alternative 
1

A  could not satisfy 

Condition 2. 

The compromise solution is comprised of the 

alternatives 
1

A ,
2

A ,…,
M

A  if the alternative 
1

A  could not 

satisfy Condition 1, the alternative 
M

A  is determined by the 

relation    1M
Q A Q A DQ  . 

IV. DUAL HESITANT FUZZY SET APPLICATION 

The study has been initiated in the backdrop of find out the 

best fish by undertaken the living area in Cuddalore district 

over the fishing industry. cuddalore district is one of the 

largest districts in Tamil Nadu which is predominantly 

fisherman. More than 86% of the main workers in the district 

are engaged in fishing. Fisherman’s catch sea foods in three 

type of place.Those are River, Leak, Sea are the main living 

location. The major fisherman area in cuddalore district 

includes Devanampattinam, cuddalore port, 

pachayankuppam, rasapet. We conducted interview from 

three expert’s about the best nature fish experienced by the 

comparing these three alternatives  Cuddalore district. 

A. Experts (Cuddalore District) 

We collected information the following three experts who are 

considered as decision makers (DMs). 

 DM1 -Mr.M.SenthilKumar,fisherman and who is doing 

leak for rental (kuthagai), parangipettai 

 DM2- Mr. Amuthavanan, fisherman and boat owner 

,Singarathoppu,Cuddalore port 

 DM3 - Mr. E.Raj,fisherman , Devanampattinam 

 *

*

1

n
i ij

j i

i i i

f f
S

f f












 *

*
m ax

i ij

j j j

i i

f f
R

f f




 
  

    1, 2, ,j m K
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B. Alternatives 

We have considered the following major three as our 

alternatives. 

A1 -River 

A2 -Leak 

A3–Sea 

The following criteria to find out the first priority in 

water foods by the DM of cuddalore district. That is c1- 

Health, c2- Taste,c3-Preference, c4 -Cost. 

Suppose that corresponding weight of each criteria is 

W= [0.1,0.2,0.4,0.3] 

V. ADAPTATION AND DESCRIPTION OF THE PROBLEM 

Dual Hesitant fuzzy decision matrix is obtained by 

considering each and every expert’s opinion with their 

possible membership values and they are recorded as 

follows:- 

 C1 C2 C3 C4 

A

1 

{{0.6,0.7,0

.9}, 

{0.4,0.3,0.

1}} 

{{0.6,0.8,0

.5}, 

{0.4,0.2,0.

5}} 

{{0.3,0.6,0

.9}, 

{0.7,0.4,0.

1}} 

{{0.4,0.5,0

.9}, 

{0.6,0.5,0.

1}} 

A

2 

{{0.7,-

,0.9}, 

{0.3,0.2,0.

1}} 

{{0.5,0.8,0

.9}, 

{0.5,0.2,0.

1}} 

{{0.4 , -,- 

},   

{0.6,0.2,-

}} 

{{0.5,- 

,0.7 }, 

{0.5,0.4,0.

3}} 

A

3 

{{0.5,0.6,0

.8}, 

{0.5,0.4,0.

2}} 

{{0.6,0.7,0

.9}, 

{0.4,0.3,0.

1}} 

{{0.3,0.5,0

.7}, 

{0.7,0.5,0.

3}} 

{{0.5,0.7,0

.9}, 

{0.5,0.3,0.

1}} 

Table 1: Hesitant Fuzzy Decision Matrix (by utilizing Step 1 

in Algorithm) 

Where, 

Ai , i =1,2,3,(Three Alternatives) 

Ci , i =1,2,3,4 (Four Criterias) And 

A1(ci), i =1,2,3,4 denotes Alternative 1 (River) comparing 

with all four criterias. And all the three experts are asked to 

give their opinions and the opinions are tabulated. For 

instance, 

A1(C1) =(0.6,0.7,0.9) , denotes on discussing Alternative 1 

(River) with criteria 1 (Health), Decision Maker 1 (DM1) 

provide 0.6 as the membership value, indicates health 

considered to be the biggest burden for fisherman who 

involve in river catching. 

Similarly, DM2 provide 0.7 as the membership value and so 

on… 

Suppose, if A2(C1) = (0.7.-,0.9), denotes on 

discussing Alternative 2 (Leak) with the criteria 1 (health), 

DM2failed to record their values due to the lack of knowledge 

about the respective alternative over the criteria. 

 C1 C2 C3 C4 

A

1 

{0.6,0.7,0.

9} 

{0.6,0.8,0.

5} 

{0.3,0.6,0.

9} 

{0.4,0.5,0.

9} 

A

2 

{0.7,0.8,0.

9} 

{0.5,0.8,0.

9} 

{0.4,0.8,0.

7} 

{0.5,0.6,0.

7} 

A

3 

{0.5,0.6,0.

8} 

{0.6,0.7,0.

9} 

{0.3,0.5,0.

7} 

{0.5,0.7,0.

9} 

Table 2: Hesitant Fuzzy Decision Matrix 

 

 C1 C2 C3 C4 

A

1 

{o.4,0.3,0.

1} 

{0.4,0.2,0.

5} 

{0.7,0.4,0.

1} 

{0.6,0.5,0.

1} 

A

2 

{0.3,0.2,0.

1} 

{0.5,0.2,0.

1} 
{0.6,-,-} {0.5,-,0.3} 

A

3 

{0.5,0.4,0.

2} 

{0.4,0.3,0.

1} 

{0.7,0.5,0.

3} 

{0.5,0.3,0.

1} 

Table 3: Dual Hesitant Fuzzy Decision Matrix (by utilizing 

Step 1 in Algorithm) 

 C1 C2 C3 C4 

A

1 

{o.4,0.3,0.

1} 

{0.4,0.2,0.

5} 

{0.7,0.4,0.

1} 

{0.6,0.5,0.

1} 

A

2 

{0.3,0.2,0.

1} 

{0.5,0.2,0.

1} 

{0.6,0.2,0.

3} 

{0.5,0.4,0.

3} 

A

3 

{0.5,0.4,0.

2} 

{0.4,0.3,0.

1} 

{0.7,0.5,0.

3} 

{0.5,0.3,0.

1} 

Table 4: Dual Hesitant Fuzzy Decision Matrix 

By adapting the algorithm in the section 3 and by 

using the equation (1 and 2), we have the following ideal and 

anti- ideal solution for each alternative over the criteria. 

 Ideal Solution  Dual - Ideal Solution 

f1
+ {< 𝑥1:0.7,0.8,0.9>} f1

+ {< 𝑥1:05,0.4,0.2>} 

f2
+ {< 𝑥2:0.6,0.8,0.9>} f2

+ {< 𝑥2:0.5,0.3,0.5>} 

f3
+ {< 𝑥3:0.4,0.8,0.9>} f3

+ {< 𝑥3:0.7,0.5,0.3>} 

f4
+ {< 𝑥4:0.5,0.7,0.9>} f4

+ {< 𝑥4:0.6,0.5,0.3>} 

Table 5: Maximum criterion function (by Equation: 2) 

 
Anti- Ideal 

Solution 
 

Dual – Anti- 

Ideal Solution 

f1
- 

{<
𝑥1:0.5,0.6,0.8>} 

f1
- 

{<
𝑥1:0.3,0.2,0.1>} 

f2
- 

{<
𝑥2:0.5,0.7,0.5>} 

f2
- 

{<
𝑥2:0.4,0.2,0.1>} 

f3
- 

{<
𝑥3:0.3,0.5,0.7>} 

f3
- 

{<
𝑥3:0.6,0.2,0.1>} 

f4
- 

{<
𝑥4:0.4,0.5,0.7>} f4

- 
{<

𝑥4:0.5,0.3,0.1>} 

Table 6: Minimum criterion function (by Equation: 3) 

Next the value of Sj and is calculated as follows: 

S1= 

 
=  0.1(0.5+0.5)+0.2(1)+0.4(1+0.67)+0.3(1+1) 

=  0.1+0.2+0.668+0.6 

= 1.5680 

S2=

 
= 0.1(0)+0.2(1)+0.4(1)+0.3(0.5+1) 

= 0.2+0.4+0.45 

= 1.05 

S3=  

 0.7 0.6 0.8 0.7 0.9 0.9 0.6 0.6 0.8 0.8 0.9 0.5
0.1 0.2

0.7 0.5 0.8 0.6 0.9 0.8 0.6 0.5 0.8 0.7 0.9 0.5

0.4 0.3 0.8 0.6 0.9 0.9 0.5 0.4 0.7 0.5 0.9 0
0.4 0.3

0.4 0.3 0.8 0.5 0.9 0.7 0.5 0.4 0.7 0.5

        
     

           

      
    

      

.9

0.9 0.7

 

  

 0.7 0.7 0.8 0.8 0.9 0.9 0.6 0.5 0.8 0.8 0.9 0.9
0.1 0.2

0.7 0.5 0.8 0.6 0.9 0.8 0.6 0.5 0.8 0.7 0.9 0.5

0.4 0.4 0.8 0.8 0.9 0.9 0.5 0.5 0.7 0.6 0.9 0
0.4 0.3

0.4 0.3 0.8 0.5 0.9 0.7 0.5 0.4 0.7 0.5

        
     

           

      
    

      

.7

0.9 0.7

 

  

 0.7 0.5 0.8 0.6 0.9 0.8 0.6 0.6 0.8 0.7 0.9 0.9
0.1 0.2

0.7 0.5 0.8 0.6 0.9 0.8 0.6 0.5 0.8 0.7 0.9 0.5

0.4 0.3 0.8 0.5 0.9 0.7 0.5 0.5 0.7 0.7 0.9 0
0.4 0.3

0.4 0.3 0.8 0.5 0.9 0.7 0.5 0.4 0.7 0.5

        
     

           

      
    

      

.9

0.9 0.7
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= 0.1(1+1+1)+0.2(1)+0.4(1+1+1)+0.3(0) 

= 0.3+0.2+0.2 

= 1.7 

Sj HFS(Sj) Si DHFS(Sj) 

S1 1.5680 S1 1.42 

S2 1.05 S2 1.15 

S3 1.7 S3 1.3 

Table 7:Utility measure Sj 

Rj HFS(Rj) Rj DHFS(Rj) 

R1 0.668 R1 0.52 

R2 0.45 R2 0.45 

R3 1.2 R3 0.9 

Table 8: Regret measure Rj 

Next the value of Qj is calculated as follows 

Q1=  

= 0.39846 +0.1453 

= 0.54376 

Q2  =  

= 0 

Q3=  

= 0.5+0.5= 1 

Qj I(Qj) Dual- I(Qj) Rank 

Q1 0.54376 0.57 2 

Q2 0 0 3 

Q3 1 0.78 1 

Table 9: VIKOR index value Qj 

VI. CONCLUSION 

By aggregating the opinion collected from the three Decision 

Makers as given in table 9, we have the preference ranking 

order relation as A3 A2 A1(i.e.,) As our calculation express, 

the alternative A1(sea) is dominated by all the other 

alternatives. By adapting the Dual Hesitant Fuzzy set 

concept, we have the preference ranking order relation as 

showing sea foods is the most preferable one by the peoples.  

So sea is dominated by all the other alternatives and it shows 

the positive response over the criteria’s. 
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