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MULTICRITERIA DECISION MAKING APPROACH BY VIKOR 

UNDER INTERVAL NEUTROSOPHIC SET ENVIRONMENT 
 

Abstract. The paper presents the extension of VIKOR method for the 

solution of the multicriteria decision making problems, namely VIKOR-IVNS. The 

original VIKOR method was proposed for the solution of the decision problems 

with the conflicting and non-common measurable criteria.  In this paper, a new 

extension of the crisp VIKOR method has been proposed. This extension is 

developed in the context of interval-valued neutrosophic sets. For the realization of 

VIKOR method under interval-valued neutrosophic set environment the operations 

governed by the score functions of the interval-valued neutrosophic numbers are 

implemented. For the comparison obtained results an approach based on the 

degree of possibility is applied. The solution of the practical example of the 

selection of location for a logistic terminal has been presented to illustrate main 

aspects of the proposed extension VIKOR-IVNS. 

Key words: multi-criteria decision making (MCDM), VIKOR method, 

interval neurosophic set, selection of location, logistic terminal.  
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1. Introduction 

 

Due to the advent of the modern computer technologies the amount of the 

information which decision maker needs to take into account increased 

significantly. On the other hand, decision makers have to deal with another 

problem, when it is difficult to define a preference in the solution of the multi-

criteria decision making problem. In order to overcome this difficulty,  the 

different types of the fuzzy sets  have been introduced and applied to the solution 

of the MCDM problems (Rostamzadeh et al (2014), Antucheviciene et al (2012), 

Dheena and Mohanraj (2011), Elevli (2014), Esbouei et al (2014), Ghadikolei et al 

(2014), Mohaghar et al (2013)). These approaches can not take into account all 

sorts of uncertainties since they apply a single component to represent the grade of 

the membership under fuzzy set environment.  
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A new theory of the neutrosophic sets originally proposed by Smarandache 

(1999) allows to deal with “knowledge of neural thought”. In fact, neutrosophic 

sets  are the generalization of fuzzy logic and allow to deal with more complex 

models of the uncertainty.  

In the “classical” fuzzy sets each element of the universe is defined by a 

single grade of the membership and the existing methods governed by fuzzy sets 

and their particular types are not convenient to solve decision making problem 

with neutrosophic information. By the logic of the neutrosophic sets each aspect of 

the problem is represented by the degree of the truth (T), a degree of the 

indeterminacy (I) and a degree of the falsity (F). In contrast to intuitionistic fuzzy 

sets where the degree of the uncertainty depends on the degree of membership and 

the degree of non-membership, by neutrosophic logic the value of the 

indeterminacy degree is independent of truth and falsity degrees. 

Nowadays the application of the neutrosophic sets for the solution multi-

criteria decision making problems is under quite intensive research. Recently, 

Broumi and Smarandache (2014) proposed new operations on interval 

neutrosophic sets, Alblowi et al(2014) studied new concepts of the neutrosophic 

sets, Patrascu (2015) performed research concerning the additional components of 

the indeterminacy. 

 It is also necessary to mention the extensions of the MCDM approaches 

by application of the neutrosophic sets (Broumi et al (2015), Bausys et al(2015), 

Ye (2015), Chi and Liu (2013), Zhang et al(2014)). 

During the recent years some approaches are proposed to extend the 

crisp VIKOR method into fuzzy environment to deal with uncertain 

information (Antuchevichiene and Zavadskas (2008), Shemshadi et al (2011), 

Park et al (2011), Dou et al (2014), Saydi et al (2009)).  
The purpose of the present paper is to extend the crisp VIKOR method 

applying the interval-valued neutrosophic set environment, namely VIKOR-IVNS. 

Originally, the VIKOR method was proposed by Opricovic (1998), Opricovic and 

Tzeng (2007). 

The structure of the paper is organized in the following way. Section 2 

presents a description of the crisp VIKOR method. Section 3 brings the main 

concepts of the interval-valued neutrosophic sets. Section 4 focuses on the 

description of the VIKOR-IVNS method and the application of the proposed 

method to the selection of a location for a logistic terminal given Section 5. 

 

2. The VIKOR method 

 

The VIKOR method was proposed by Opricovic (1998) for the solution of 

the multi-criteria decision making problem under non-commensurable and 

conflicting criteria environment. In general MCDM problem can be expressed as 

follows: decision-making problem is considered, which consists of m alternatives 

A that must be assessed applying n criteria c, and 𝑥𝑖𝑗 can be expressed as the value 
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of the 𝑗𝑡ℎ  alternative by the 𝑖𝑡ℎ  criterion. The main idea of the VIKOR method 

consists of the steps described below: 

Step1. Calculate the best rating 
ix  and the worst rating 

ix  for all criteria. 

In the case, when the criterion j represents benefit, these ratings are determined by 

 

ij
j

iij
j

i xminx,xmaxx  
   (1) 

For the cost functions, these ratings have the form 

 

,xmaxx,xminx ij
j

iij
j

i  
   (2) 

where ijx is an element decision-making matrix X: 

 





















nm2n1n

m22221

m11211

xxx

xxx

xxx

X









    (3) 

 

Step2. Determine the values jS and m,...,2,1j;R j   applying these 

equations 
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where iw are the weights of the criteria, denoting their relative importance. 

 

Step 3. Calculate the jQ  values for m,...,2,1j   applying equation 
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j
j

j
j

RmaxR,RminR  
     (8) 

 

And v is the weight, which determines decision making strategy of the maximum 

group utility. Here, (1-v) represents the individual regret strategy. These strategies 

are compromised by choosing v=0.5. 

Step 4. Perform ranking of the alternatives by sorting each S, R and Q 

values in the decreasing order. The result of this step is three ranking lists , 

 and . 

Step 5. Select the alternative 1jA  corresponding to  (the minimum 

value among jQ ) as a compromise solution if the following conditions are 

satisfied: C1. The alternative 1jA   has an acceptable advantage in the case, if 

 where  and m is the number of the 

alternatives, 

C2. The alternative 1jA   is stable within the decision making framework, if this 

alternative has the best ranking in ][S    and/or ][R  . 

In the case, when one of these conditions is not satisfied, then a set of the 

compromise solutions is created. This set consists of: 

 Alternatives 1jA   and 2jA , where ]2[2j QA  when the condition C2 is 

not satisfied; 

 Alternatives jk2j1j A,,A,A  when the condition C1 is not satisfied and 

]k[jk QA  with the maximum value, which still satisfies the equation 

DQQQ ]1[]k[  . 

 

3. Neutrosophic sets 

 

We present a brief review of general concepts of neutrosophic set 

(Smarandache (1999)). 

Definition 1. Let X  be space of the objects and 𝑥 ∈ 𝑋. A neutrosophic set 

A in X is defined by three functions: truth-membership function 𝑇𝐴 (x), an 

indeterminacy-membership function 𝐼𝐴(x) and falsity-membership function 𝐹𝐴(x). 

These functions 𝑇𝐴(x), 𝐼𝐴(x) and 𝐹𝐴(x) are defined on real standard or real non-

standard subsets of ]0−,   1+[ . That is 𝑇𝐴(𝑥): 𝑋 ⟶ ]0−,   1+[ ,  𝐼𝐴(𝑥): 𝑋 ⟶
]0−,   1+[ and 𝐹𝐴(𝑥): 𝑋 ⟶ ]0−,   1+[.  We have no any restriction on the sum of 

𝑇𝐴(x), 𝐼𝐴(x) and 𝐹𝐴(x), so 0− ≤ 𝑠𝑢𝑝𝑇𝐴(𝑥) +  𝑠𝑢𝑝𝐼𝐴(𝑥) +  𝑠𝑢𝑝𝐹𝐴(𝑥) ≤ 3+. 
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3.1. Interval-valued neutrosophic set 

 

An interval-valued neutrosophic set (IVNS) has been defined as presented 

in (Zhang et al (2014)) 

Definition 2. Let X be a universal space of the generic objects and Xx . 

An interval-valued neutrosophic set (IVNS) XN    can be expressed as  

 

 Xx:)x(F),x(I),x(T,xN NNN      (9) 

 

where  1,0X:)x(TN  ,  1,0X:)x(I N   and  1,0X:)x(FN     with 

      3xFxIxT0 NNN   or all Xx . The values )x(TN , )x(I N   and 

)x(FN  correspond to truth-membership degree function, the indeterminacy-

membership degree function and the falsity-membership degree function of x to N, 

respectively. For the case when X consists of the interval elements, these functions 

can be expressed as    1,0)x(Tsup),x(Tinf)x(T NNN  , 

   1,0)x(Isup),x(Iinf)x(I NNN  ,    1,0)x(Fsup),x(Finf)x(F NNN   

and       3xFsupxIsupxTsup0 NNN  , Xx .  

Definition 3. (Zhang et al (2014)) If 

     1N1N1N1N1N1N1 Fsup,Finf,Isup,Iinf,Tsup,TinfN  and 

     2N2N2N2N2N2N2 Fsup,Finf,Isup,Iinf,Tsup,TinfN   are two interval- 

valued neutrosophic numbers (IVNN), then 1N  is contained in the other 

neutrosophic element 2N , 21 NN  if and only if 

  

  

,FsupFsup,FinfFinf

,IsupIsup,IinfIinf

,TsupTsup,TinfTinf

2N1N2N1N

2N1N2N1N

2N1N2N1N







for any Xx  (10) 

 

Definition 4. (Zhang et al (2014)) Two IVNNs 1N and 2N    are equal, 

expressed as 21 NN  , if and only if 21 NN   and 21 NN  . 

Definition 5. ((Zhang et al (2014)) Comparison of the interval-valued 

neutrosophic numbers is performed applying the score, accuracy and certainty 

functions. For the interval-valued neutrosophic number 

     1N1N1N1N1N1N1 Fsup,Finf,Isup,Iinf,Tsup,TinfN   these functions have 

the expressions  
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where  1Ns ,  1Na  and  1Nc  denotes the score, accuracy and certainty 

functions of the IVNN 1N , respectively.  

 Definition 6. Let 1N and 2N  be two IVNNs, then the comparison of these 

two IVNNs can be performed as follows: 

1) If      5.0NsNsp 21  , then 1N  is greater than 2N  or in other words, 

1N  is superior to 2N  and that can be expressed as 21 NN  . 

2) If      5.0NsNsp 21   and      5.0NaNap 21  , then 1N  is greater 

than 2N  or in other words, 1N  is superior to 2N  and that can be 

expressed as 21 NN  . 

3) If      5.0NsNsp 21  ,      5.0NaNap 21  and 

     5.0NcNcp 21  , then 1N  is greater than 2N  or in other words, 1N  

is superior to 2N  and that can be expressed as 21 NN  . 

4) If      5.0NsNsp 21  ,      5.0NaNap 21   and 

     5.0NcNcp 21  , then 1N  is equal to 2N  or in other words, 1N  is 

indifferent to 2N  and that can be expressed as 21 N~N . 

Definition 7. The degree of the possibility of the score function is 

calculated by following equation 

 

    
     



























 0,0,

ll

NsinfNssup
max1maxNsNsp

2N1N

12
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where      111N NsinfNssupl   and      222N NsinfNssupl  . The 

degrees of the possibility for the accuracy and certainty functions are determined in 

the same way. 

 

4. VIKOR method under environment of an interval-valued 

neutrosophic set (VIKOR-IVNS) 

 

In this section, the extended VIKOR method is presented. The extension is 

realized by the application of the interval-valued neutrosophic sets to model the 

information for the decision making problem. All initial information for the 
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solution of the decision making problem is expressed by the interval-valued 

neutrosophic numbers. This information includes a description of the importance 

of the decision makers, individual expert evaluations regarding the ratings of 

alternatives via attributes and attribute weights. The set of linguistic terms used to 

rate the importance of the alternatives for the decision makers is presented in Table 

1. 

 

Table 1. Linguistic terms to rate importance of the alternatives 

Linguistic terms SVNNs 

Extremely good (EG) /  10 points (1.00, 0.00, 0.00) 

Very very good (VVG) /  9 points (0.90, 0.10, 0.10) 

Very good (VG )/  8 points (0.80, 0.15, 0.20) 

Good (G) /  7 points (0.70, 0.25, 0.30) 

Medium good (MG) / 6 points (0.60, 0.35, 0.40) 

Medium (M) / 5 points (0.50, 0.50, 0.50) 

Medium bad (MB) / 4 points (0.40, 0.65, 0.60) 

Bad (B) / 3 points (0.30, 0.75, 0.70) 

Very bad (VB) / 2 points (0.20, 0.85, 0.80) 

Very very bad (VVB) / 1 point (0.10, 0.90, 0.90) 

Extremely bad (EB) / 0 points (0.00, 1.00, 1.00) 

 

The performance of the group decision making applying VIKOR-IVNS 

approach can be presented by the following steps. 

Step 1. Determine the importance of the experts. In the case when the 

decision is made by a group of the experts (decision makers), firstly the importance 

or share to the final decision of the each expert is determined. If a vector 𝜆 =
(𝜆1, 𝜆2, … , 𝜆𝑘) is the vector describing the importance of the each expert, where 

𝜆𝑘 ≥ 0 and ∑ 𝜆𝑘
𝐾
𝑘=1 = 1. 

Step 2. In the framework of this step, each decision maker performs his 

evaluations concerning the ratings of the alternatives with respect to the attributes 

and the attribute weights. If we denote by 𝑥𝑖𝑗
𝑘 , 𝑖 = 1, 2, … , 𝑛; 𝑗 = 1, 2, … , 𝑚 the 𝑘𝑡ℎ 

expert’s evaluation of the 𝑖𝑡ℎ  alternative by the 𝑗𝑡ℎ  criterion. This evaluation is 

expressed in linguistic terms presented in the table 1. So the decision matrix for 

any particular expert can be constructed 
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Step 3. Calculate the weights of the criteria. The aggregated weights of the 

criteria are determined by 
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Step 4. Construction of the aggregated weighted interval-valued decision 

matrix is performed as follows 
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where any particular element of the decision matrix  

     NijNijNijNijNijNijij F
~

sup,F
~
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sup,T
~

infx~   represents the rating 

of the alternative jA with respect to i criterion and is determined as follows 
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Step 5. Determine the positive and negative ideal solutions for the criteria 

applying the following equation 
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where maxL  is representing the set of the benefit criteria and minL is associated 

with the cost criteria. Here, P  and P express positive and negative ideal 

solutions, respectively. 

Step 6. Determine the values jS and m,...,2,1j;R j   applying the 

following equations 
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Step 7. Calculate the jQ  values for m,...,2,1j   applying following 

equations  
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SsupmaxS,SinfminS  
     (24) 

   j
j

j
j

RsupmaxR,RinfminR  
     (25) 

 

Step 8. According to VIKOR method, the best alternative must has the 

minimum jQ  and it can be chosen as a compromise solution. For the selection of 

the minimum jQ  the rules, presented in the definition 6, are applied. 

 

5. Numerical example 

 

For the purpose of the evaluation the proposed approach, application 

example of the MCDM problem is solved in order to study the aspects of the 

implementation of the interval-valued neutrosophic sets. The studied topic: 

location selection problem is quite frequently is solved by the application of the 

MCDM techniques: Dhenna and Mohanraj (2011) presented solution of the 
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distribution center location problem; Elevli (2014) performed an evaluation of 

locations for the logistics center at Samsun (Turkey); Turskis and Zavadskas  

(2010) solved a decision problem concerning the selection of the location for the 

logistic center; Tamosaitiene et al (2013) applied MCDM approach for the 

assessment of the location of high-rise buildings in the city urban structure. 

We studied the same decision making problem concerning the selection of 

the location site for the logistic center (Turskis and Zavadskas (2010)) to evaluate 

the performance of the proposed VIKOR-IVNS method. This problem consists of 

four alternatives and four criteria: investment cost, operation time, expansion 

possibility, closeness to the demand market. In the considered case C1-C4 are 

criteria for the cost and C2-C3 are the benefit criteria. All initial data transformed 

into interval-valued neutrosophic sets. The provided decision matrix can be 

expressed as follows in Table 2. The scores of  the  weighted interval-valued 

neutrosophic decision matrix is determined applying Eq. (16) and Eq.(11) and are 

presented in Table 3. 
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Table 2. Collective interval-valued neutrosophic decision matrix  

 

Criteria 

Alternatives 

I II 

1C    min {[0.15, 0.2], [0.85, 0.875], [0.8, 0.85]} {[0.09, 0.14], [0.88, 0.91], [0.86, 0.91]} 

2C    max {[0.2, 0.35], [0.7, 0.85], [0.65, 0.8]} {[0.15, 0.45], [0.575, 0.875], [0.55, 0.85]} 

3C    max {[0.15, 0.35], [0.7,0.875], [0.65, 0.85]} {[0.15, 0.35], [0.7, 0.875], [0.65, 0.85]} 

4C    min {[0.11, 0.19], [0.855, 0.895], [0.81, 0.89]} {[0,07, 0.15], [0.875, 0.93], [0.85, 0.93]} 

 

 III IV 

1C    min {[0.15, 0.21], [0.84, 0.875], [0.79, 0.85]} {[0.17, 0.25], [0.8, 0.865], [0.75, 0.83]} 

2C    max {[0.25, 0.45], [0.575, 0.8], [0.55, 0.75]} {[0.2, 0.4], [0.65, 0.85], [0.6, 0.8]} 

3C    max {[0.2, 0.33], [0.72, 0.85], [0.67, 0.8]} {[0.15, 0.4], [0.65, 0.875], [0.6, 0.85]} 

4C    min {[0.06, 0.125], [0.8875, 0.94], [0.875, 0.94]} {[0.05, 0.13], [0.885, 0.95], [0.87, 0.95]} 

 

 Weights 

1C    min {[0.096, 0.195], [0.8525, 0.904], [0.805, 0.904]} 

2C    max {[0.129, 0.277], [0.773, 0.8855], [0.723, 0.871]} 

3C    max {[0.096, 0.526], [0.4601, 0.904], [0.474, 0.904]} 

4C    min {[0.074, 0.446], [0.581, 0.926], [0.554, 0.926]} 
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Table 3. Decision matrix of the scores of the interval-valued neutrosophic  

               numbers 

Criteria Alternatives 

I II III 

1C    min [0.425, 0.55] [0.27, 0.4] [0.425, 0.58] 

2C    max [0.55, 1.0] [0.425, 1.325] [0.7, 1.325] 

3C    max [0.425, 1.0] [0.425, 1.0] [0.55, 0.94] 

4C    min [0.325, 0.525] [0.21, 0.425] [0.18, 0.3625] 

 

 IV Weights 

1C    min [0.475, 0.7] [0.288, 0.5375] 

2C    max [0.55, 1.15] [0.3725, 0.781] 

3C    max [0.425, 1.15] [0.288, 1.5919] 

4C    min [0.15, 0.375] [0.222, 1.311] 

 

The results of the application of the extended VIKOR method of interval-

valued neutrosophic numbers for the solution of the location selection problem for 

the logistic terminal are presented in the table 4. 

 

Table 4. Solution results by VIKOR-IVNS 

Alternatives S R Q 

1A  [0.3745, 3.929] [0.1345, 1.5919] [0.0661, 1.0] 

2A  [0.1234, 3.5] [0.0879, 1.5919] [0.0015, 0.9437] 

3A  [0.205, 2.992] [0.0834, 1.3174] [0.0107, 0.786] 

4A  [0.2094, 3.5909] [0.1373, 1.5919] [0.0292, 0.956] 

 

For the sake of comparison of the alternatives, the matrix of the possibility 

degree (table 5) is constructed applying eq. (12). 

 

Table 5.The matrix of the possibility degree (P(Q1>Q2)) 

 Q1 Q2 Q3 Q4 

Q1 0.5 0.5967 0.6039 0.5925 

Q2 0.4033 0.5 0.4882 0.4713 

Q3 0.3961 0.5118 0.5 0.4797 

Q4 0.4075 0.5287 0.5203 0.5 
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The ranking of the alternatives can be expressed as 1432 QQQQ   but 

it is necessary to take into account the fact, that alternatives Q2, Q3 and Q4 are close 

to each other and these alternatives must be included into the compromise solution 

set. 

 

6. Conclusions 

 

The environment of the neutrosophic sets provides a good framework to 

deal with uncertain information in the most consistent way for the solution of the 

multi-criteria decision making problems.  

In this paper, we have proposed the extended VIKOR method to deal with 

interval-valued neutrosophic information. However, there is still no general 

agreement concerning ranking of the interval-valued neutrosophic numbers. 

Therefore, the case of the interval-valued neutrosophic sets needs additional 

research efforts in comparison to the case of the single value neutrosophic sets. 

The facets of the application of the proposed extended VIKOR-IVNS 

method are studied considering the selection of the location site for logistic 

terminal. The performed numerical analysis represents numerical stability and 

consistency of the VIKOR method for the cases of the different set environments.  
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