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Abstract

 

The concept of interval valued neutrosophic matrices is a generalized structure of fuzzy matrices, 

intuitionistic fuzzy matrices, interval fuzzy matrices and single valued neutrosophic matrices. Recently many 

studies have focused on interval valued neutrosophic matrices, In this paper, a variety of operations on 

interval valued neutrosophic matrices are presented using a new Matlab’ package. This package contains 

some essential functions which could help the researchers to do computations on interval valued 

neutrosophic matrices quickly. 
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I. INTRODUCTION  

Smarandache (1998) first defined  the concept of neutrosophic set (NS) considering the triplet 

neutrosophic components (T, I, F), which are independent and their values belong to real standard 

or nonstandard unit interval ]−0, 1+[. To apply the concept of neutrosophic sets (NS) in science and 

engineering applications, Smarandache (1998) introduced for the first time, the single valued 

neutrosophic set (SVNS). Later on, Wang et all.(2010) studied some properties related to single 

valued neutrosophic sets. The neutrosophic set model is an important tool for dealing with real 

scientific and engineering applications because it can handle not only incomplete information but 

also the inconsistent information and indeterminate information. Single valued neutrosophic sets 

were extended to interval valued neutrosophic sets by Zhang et al. (2014) to represent the degree of 

membership, indeterminacy-membership and falsity membership of an element by interval rather 

than crisp real number For other works on neutrosophic set and their extensions, see (Garg H. 2017; 

Tian, et all 2016; Venkatesan and Sriram, 2017). 

The interval valued neutrosophic sets has enriched its potentiality since its introduction by 

Zhang et all. (2014). In some real-life situations, the INS, as a particular case of an NS, can be more 

flexible in assessing objections than an SVNS. Recently, more studies relating to INSs have been 

increased rapidly. 

Reddy et al. (2016) proposed a new hybrid method which combines AHP and TOPSIS to find 

best supplier suited for present practical scenario. In Bausys and Zavadskas (2015) proposed a 

novel extension of VIKOR method for the solution of the multicriteria decision making problems, 

namely VIKOR-IVNS. In Huang et all (2017) extended the VIKOR 

method to multiple attribute group decision-making with INNs. Şahin (2017) defined the concept of 

interval neutrosophic cross-entropy based  on two extension, one based on fuzzy cross-entropy and 

the other based on single-valued neutrosophic cross-entropy.The same author  proposed two 

methods converting an interval neutrosophic set into a fuzzy set and a single-valued neutrosophic 

set. Sun et al. (2015) combined the Choquet integral and the interval neutrosophic set theory and 

then gave an application to multi-criteria decision making problem. In Ye J. (2016a, 2014a, 2014b, 

2015, 2016b), proposed a series of papers related to application of interval valued neutrosophic set 

in multicriteria decision making problems. Ma et al.(2017) developed an interval neutrosophic 

linguistic multi-criteria group decision-making method and applied it toa practical treatment 

selection method. Garg (2016) developed a new ranking approach by modifying an existing ranking 

approach for comparing single valued neutrosophic numbers and interval valued neutrosophic 

numbers, and applied them to handle MCDM problems. The same author (2017) proposed the non-

linear programming method for multi-criteria decision making problems under interval 

neutrosophic set environment. Tian et al. (2016) presented the cross-entropy of interval 

neutrosophic sets and then applied it to interval valued neutrosophic multi-criteria decision-making 

problems. In Şahin M. et all (2017) the authors proposed some new operations of (α,β,γ) interval cut 

set of interval valued neutrosophic sets. Deli (2017) combined interval valued neutrosophicsets  

with soft set and studied some of their related properties with application in decision making 

problem. Broumi et al. (2016, 2016, 2016, 2017) applied the concept of interval valued 

neutrosophic sets on graph theory and studied some interesting results. 

 Matrices play an important role in the broad area of science and engineering. However, the 

classical matrix theory sometimes fails to solve the problems involving uncertainties. So for this 

reason, many works on fuzzy matrices and their extension including triangular fuzzy matrices,type-

2 triangular fuzzy matrices, interval valued fuzzy matrices, intuitionistic fuzzy matrices, interval 

valued intuitionistic fuzzy matrices are carried out by a number of  several researchers (Anand and 

Anand, 2015; Jaisankar and Mani, 2017; Jaisankar et all,2016;Dinagar and Latha,2013; Pal et 

all,2002; Venkatesan and Sriram,2017; Pal and Pal,2010; Pushpalatha, 2017). In Zahariev (2009), 

developed a software package and API in MATLAB for working with fuzzy algebras. Peeva and 
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Kyosev (2004) developed a fuzzy relational calculus toolbox for solving problems in intuitionistic 

fuzzy relational calculus. Later on, in Karunambigai and Kalaivani (2016) proposed some 

computing procedures in Matlab for intuitionistic fuzzy operational matrices with suitable 

examples. The fuzzy and intuitionistic fuzzy toolbox Matlab described above cannot deal with 

matrices in neutrosophic environment. So, for this reason, Broumi et al. (submitted) developed a 

Matlab toolbox for computing operational matrices in single valued neutrosophic environments. 

 

To do best of our knowledge there is no study on developing library in Matlab environment 

for computing the operations on interval valued neutrosophic matrices. So there is a need to this. 

The rest of the paper is organized as follows. Section 2 discuss some definitions regarding 

neutrosophic sets, single valued  neutrosophic sets, interval valued neutrosophic sets, the set-

theoretic operators on the interval neutrosophic set and interval valued neutrosophic matrix. Section 

3 presents some matlab programs for computing operations on interval valued neutrosophic 

matrices. Section 4 provides some numerical examples in workspace Matlab. Section 5, illustrates 

the application of interval valued neutrosophic Toolbox Matlab, lastly, section 6 conclude the paper. 

 

II. BACKGROUND AND INTERVAL VALUED NEUTROSOPHIC SETS 

In this section, we will discuss some definitions regarding neutrosophic sets, single valued 

neutrosophic sets, interval valued neutrosophic sets, the set-theoretic operators on the interval 

neutrosophic set and interval valued neutrosophic matrix, which will be used in the rest of the 

paper. However, for details on the interval valued neutrosophic sets, one can see (Zhang et all., 

2014).  

Definition 2.1 [1] Le     be an universal set. The neutrosophic set A on the universal set   

categorized in to three membership functions called the true    (x), indeterminate   (x) and  false 

  (x) contained in real standard or non-standard subset of  ]
-
0, 1

+
[  respectively. 

        −
0    sup    (x) + sup   (x)   +       (x)    3

+
        (1)    

  

Definition 2.2 [2] Let   be a universal set. The single valued neutrosophic sets (SVNs) A on 

the universal    is denoted as following 

           A = {     (x),   (x),    (x)  x   }               (2) 

The functions   (x)    [0. 1],   (x)    [0. 1] and   (x)    [0. 1] are named “degree of truth, 

indeterminacy and falsity membership of x in A”, satisfy the following condition: 

                     0       (x) +   (x) +   (x)  3                 (3) 

Definition 2.3 [3] Let  be a space of points (objects)with a generic element in   denoted by  . 

An interval valued neutrosophic set (IVNS) A in   is characterized by truth-membership function 

TA, indeterminacy-membershipfunction IA, and falsity-membership function FA. For each point 

   ,   ( )   ( )   ( )  ,   -  

      *〈,   
 ( )   

 ( )- ,   
 ( )   

 ( )- ,   
 ( )   

 ( )-〉     + 

with  0     
 ( )+  

 ( )+  
 ( )   3                (4) 

 

Definition 2.4: [3] Given  two interval valued neutrosophic sets  

      *〈,   
 ( )   

 ( )- ,   
 ( )   

 ( )- ,   
 ( )   

 ( )-〉     + 
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and 

      *〈,   
 ( )   

 ( )- ,   
 ( )   

 ( )- ,   
 ( )   

 ( )-〉     + 

the set-theoretic operators on the interval neutrosophic set are defined as follow. 

1. An interval valued neutrosophic set A is contained in another interval valued 

neutrosophic set B,             , if and only if  

   
 ( )    

 ( ),   
 ( )    

 ( )  

   
 ( )    

 ( )   
 ( )    

 ( )  

   
 ( )    

 ( )   
 ( )    

 ( )  for all    . 

2. Two interval valued neutrosophic sets   and   are equal, written as        
                                     , i.e. 

   
 ( )    

 ( ),   
 ( )    

 ( )  

   
 ( )    

 ( )   
 ( )    

 ( )  

   
 ( )    

 ( )   
 ( )    

 ( )  

for all    . 

3. An interval neutrosophic set A is empty if and only if  

   
 ( )    

 ( )   , 

   
 ( )    

 ( )    and 

   
 ( )    

 ( )   ,  

for all    . 

4. The complement of an interval neutrosophic set   is denoted by    and is defined by 

        {

  ,  
 ( )   

 ( )- 

,     
 ( )     

 ( )- 

,  
 ( )   

 ( )-

    }  

for all   in    

5. The intersection of two interval valued neutrosophic sets   and   is an interval 

valued neutrosophic set     , whose truth-membership, indeterminacy-membership and falsity-

membership functions are related to those of   and   by 

 

            {〈

  ,  
 ( )    

 ( )   
 ( )    

 ( )- 

,  
 ( )    

 ( )   
 ( )    

 ( )- 

,  
 ( )    

 ( )   
 ( )    

 ( )

〉     }, 

for all   in  . 

 

6. The union of two interval neutrosophic sets   and   is an interval neutrosophic set 

             , whose truth-membership, indeterminacy-membership and false-membership are 

related to those of   and   by 
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            {〈

  ,  
 ( )    

 ( )   
 ( )    

 ( )- 

,  
 ( )    

 ( )   
 ( )    

 ( )- 

,  
 ( )    

 ( )   
 ( )    

 ( )-

〉     }, 

for all   in  . 

7. The difference of two interval neutrosophic sets   and   is an interval neutrosophic 

set             , whose truth-membership, indeterminacy-membership and falsity-membership 

functions are related to those of   and   by 

       A B=<[    
      

 ], [    
      

 ], [    
      

 ]> (5) 

  where 

    
 =min(  

 ( )   
 ( ) ) ,              

 =    (  
 ( )   

 ( )) 

     
 = max(  

 ( )     
 ( )),        

 = max(  
 ( )     

 ( )) 

     
 =    (  

 ( )   
 ( ))  ,         

 =    (  
 ( )   

 ( )) 

 

In another paper, Karaşan and Kahraman (2017) developed another  new difference 

operation for the interval-valued neutrosophic sets as follow: 

     A  B=<[     
       

 ], [     
       

 ], [     
       

 ]>  (6) 

 

Where  

     
 =  

 ( )    
 ( )  ,           

 =  
 ( )    

 (x) 

     
 = max(  

 ( )   
 ( )),        

 = max(  
 ( )   

 ( )) 

     
 =  

 ( )    
 ( )  ,            

 =  
 ( )    

 (x) 

 

for all   in  . 

8. The scalar multiplication of interval neutrosophic set A is         , whose truth-

membership, indeterminacy-membership and falsity-membership functions are related to those of A 

by 

        {〈

  ,    (  
 ( )     )      (  

 ( )     )- 

,    (  
 ( )     )      (  

 ( )     )- 

,    (  
 ( )     )      (  

 ( )     )-

〉     } 

for all    , a   R
+
. 

9. The scalar division of interval neutrosophic set A is       /a, whose truth-

membership, indeterminacy-membership and falsity-membership functions are related to those of A 

by 

         {〈

  ,    (  
 ( )      )      (  

 ( )      )- 

,    (  
 ( )      )      (  

 ( )      )- 

,    (  
 ( )     )      (  

 ( )      )-

〉     } 

for all    ,      

The score function of an interval valued neutrosophic number is calculated as below: 
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Definition 2.5 [8, 37,16] Let A be an interval neutrosophic number  

     =([   
 ( ),  

 ( )], [   
 ( ),  

 ( )], [   
 ( ),  

 ( )]), the score function of  

 ̃      ( )=
  
 ( )   

 ( )     
 ( )   

 ( )   
 ( )   

 ( )

 
             (7) 

 ̃       ( )=
  
    

  (    
 )  (    

 )

 
 (    

    
 )         (8) 

 ̃     ( )= 
  (  

    
     

     
    

    
 )(    

    
    

    
 )

 
     (9) 

Definition 2.6 [21]: An interval valued neutrosophic matrix(IVNM)  of order  m  n is 

defined as  

     =[     ,    
      

 - ,    
      

 - ,    
      

 -  ]
    

 where  

    
  is the lower membership value of element     in A.  

    
  is the upper membership value of element     in A.  

    
  is the lower indeterminate-membership value of element     in A.  

    
  is the upper indeterminate-membership value of element     in A.  

    
  is the lower non- membership value of element     in A.  

    
  is the upper non-membership value of element     in A.  

 

For simplicity, we write A as  

     = [ ,    
      

 - ,    
      

 - ,    
      

 -  ]
    

     (10) 

 

III. COMPUTING THE INTERVAL-VALUED NEUTROSOPHIC MATRIX 

To generate the MATLAB program for inputting the interval valued neutrosophic matrices. 

The procedure is described as follows 

Function ivnm_out=ivnm(varargin); 

% intervalvalued neutrosophic matrix class constructor. 

%   mi = ivnm (Aml,Amu,Ail,Aiu,AnlAnu) creates an interval valued valued neutrosophic matrix 

%   with interval membership degrees from matrix Am 

%  interval indeterminate membership degrees from matrix Ai 

%   and interval non-membership degreesfrom Matrix An. 

% If the new matrix is not interval valued neutrosophic i.e. Amu(i,j)+Aiu(i,j)+Anu(i,j)>3  

% appears warning message, but the new object will be constructed. 

if length(varargin)==6 

Aml = varargin{1}; % Cell array indexing 

Amu = varargin{2}; 

Ail = varargin{3}; 

Aiu = varargin{4}; 

Anl = varargin{5}; 

Anu = varargin{6} ; 
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end 

ivnm_.ml=Aml; 

ivnm_.mu=Amu; 

ivnm_.il=Ail; 

ivnm_.iu=Aiu; 

ivnm_.nl=Anl; 

ivnm_.nu=Anu; 

ivnm_out=class(ivnm_,'ivnm'); 

if ~checknm(ivnm_out) 

disp('Warning! The created new object is NOT an interval valued neutrosophic matrix') 

end 

3.2. Determining complement of an interval-valued neutrosophic matrix 

The complement of an interval-valued neutrosophic is defined as follow: 

  = [ ,    
      

 - ,      
        

 - ,    
      

 -  ]
    

         (11) 

To generate the MATLAB program for finding complement of an interval-valued 

neutrosophic matrix, simple call of the function named “complement.m” is defined as follow: 

Function At=complement(A); 

% complement of an interval valued neutrosophic matrix A  

% "A" have to be interval valued neutrosophic  matrix - "ivnm" object: 

a.ml=A.nl; 

a.mu=A.nu; 

a.il=1-A.iu; 

a.iu=1-A.il; 

a.nl=A.ml; 

a.nu=A.mu; 

At=ivnm(a.ml,a.mu,a.il,a.iu,a.nl,a.nu); 

3.3. Determining the score matrix of an interval-valued neutrosophic matrix 

To generate the MATLAB program for obtaining the score matrix of an interval-valued 

neutrosophic matrix, simple call of the function named “scorefunction.m”  is defined as follow: 

 

function z=scorefunction(A); 

% Score function of an interval valued neutrosophic matrix A in the sense of [8] 

% "A" have to be interval valued neutrosophic  matrix - "ivnm" object: 

a.ml=A.ml; 

a.mu=A.mu; 

a.il=A.il; 

a.iu=A.iu; 

a.nl=A.nl; 

a.nu=A.nu; 

z=((2+a.ml-a.il-a.nl)+(2+a.mu-a.iu-a.nu))./6 

3.4. Computing union of two interval-valued neutrosophic matrices 
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The union of two interval valued neutrosophic matrices A and is defined as follow: 

            [ ,    
      

 - ,    
      

 - ,    
      

 -  ]
    

  (12)    

where 

      
       

      
 ,      

       
      

  

      
       

      
 ,      

       
      

  

      
       

      
 ,      

       
      

  

To generate the MATLAB program for finding  the union of two interval valued 

neutrosophic matrices, simple call of the  following function named “union.m”  is defined as 

follow: 

Function At=union(A,B); 

% union of two interval valued neutrosophic matrix A and B  

% "A" have to be interval valued neutrosophic  matrix - "ivnm" object: 

%"B" have to be interval valued neutrosophic  matrix - "ivnm" object: 

a.ml=max(A.ml,B.ml); 

a.mu=max(A.mu,B.mu); 

a.il=min(A.il,B.il); 

a.iu=min(A.iu,B.iu); 

a.nl=min(A.nl,B.nl); 

a.nu=min(A.nu,B.nu); 

At=ivnm(a.ml,a.mu,a.il,a.iu,a.nl,a.nu); 

3.5. Computing intersection of two interval-valued neutrosophic matrices 

The union of two interval valued neutrosophic matrices A and B is defined as follow: 

            [ ,    
      

 - ,    
      

 - ,    
      

 -  ]
    

  (13)    

where 

      
       

      
 ,      

       
      

  

      
       

      
 ,      

       
      

  

      
       

      
 ,      

       
      

  

    To generate the MATLAB program forfinding the intersection of two interval-valued 

neutrosophic matrices, simple call of the function named “intersection.m”  is defined as follow: 

Function At=intersection(A,B); 

% intersection of two interval valued neutrosophic matrix A and B  

% "A" have to be interval valued neutrosophic  matrix - "ivnm" object: 

%"B" have to be interval valued neutrosophic  matrix - "ivnm" object: 

a.ml=min(A.ml,B.ml); 

a.mu=min(A.mu,B.mu); 

a.il=max(A.il,B.il); 

a.iu=max(A.iu,B.iu); 

a.nl=max(A.nl,B.nl); 

a.nu=max(A.nu,B.nu); 
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At=ivnm(a.ml,a.mu,a.il,a.iu,a.nl,a.nu); 

3.6 Computing power of an interval-valued neutrosophic matrix 

To generate the MATLAB program for finding the power of interval-valued neutrosophic 

matrix, simple call of the function named “power.m”  is defined as follow:  

Function At=power(A,k); 

%power of an interval valued neutrosophic matrix A  

% "A" have to be an interval valued neutrosophic  matrix - "ivnm" object: 

for i =2 :k 

a.ml=(A.ml).^k; 

a.mu=(A.mu).^k; 

a.il=(A.il).^k; 

a.iu=(A.iu).^k; 

a.nl=(A.nl).^k; 

a.nu=(A.nu).^k; 

At=ivnm(a.ml,a.mu,a.il,a.iu,a.nl,a.nu); 

end 

3.7. Computing addition operation of two interval-valued neutrosophic matrices. 

The addition of two interval valued neutrosophic matrices A and B is defined as follow: 

            [ ,    
      

 - ,    
      

 - ,    
      

 -  ]
    

  (14)    

where 

      
       

      
      

      
 ,      

       
      

      
      

  

      
       

      
 ,      

       
      

  

      
       

      
 ,      

       
      

  

To generate the MATLAB program for obtaining the addition of two  interval-valued 

neutrosophic matrices, simple call of the  function named “addition .m”  is defined as follow: 

Function At=addition(A,B); 

% addition operation of two interval valued neutrosophic matrix A and B 

% "A" have to be interval valued neutrosophic  matrix - "ivnm" object: 

a.ml=A.ml+B.ml-(A.ml).*(B.ml); 

a.mu=A.mu+B.mu-(A.mu).*(B.mu); 

a.il= (A.il).*(B.il); 

a.iu= (A.iu).*(B.iu); 

a.nl=(A.nl).*(B.nl); 

a.nu=(A.nu).*(B.nu); 

 

At=ivnm(a.ml,a.mu,a.il,a.iu,a.nl,a.nu); 

 

3.8. Computing product of two interval-valued neutrosophic matrices 

The product of two interval valued neutrosophic matrices A and B is defined as follow: 
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            [ ,    
      

 - ,    
      

 - ,    
      

 -  ]
    

  (15)    

where 

      
       

      
 ,      

       
      

  

      
       

      
      

      
 ,      

       
      

      
      

  

      
       

      
      

      
 ,      

       
      

      
      

  

   To generate the MATLAB program for finding the product operation of two interval-

valued neutrosophic matrices, simple call of the function named “product.m”  is defined as follow: 

Function At=product(A,B); 

% product operation of two interval valued neutrosophic  matrix A and B 

% "A" have to be an interval valued neutrosophic  matrix - "ivnm" object: 

a.ml=(A.ml).*(B.ml); 

a.mu=(A.mu).*(B.mu); 

a.il= A.il+B.il-(A.il).*(B.il); 

a.iu=A.iu+B.iu-(A.iu).*(B.iu); 

a.nl=A.nl+B.nl-(A.nl).*(B.nl); 

a.nu=A.nu+B.nu-(A.nu).*(B.nu); 

At=ivnm(a.ml,a.mu,a.il,a.iu,a.nl,a.nu); 

3.9. Computing transpose of an interval-valued neutrosophic matrix 

To generate the MATLAB program for finding the transpose of interval-valued 

neutrosophic matrix, simple call of the function named “transpose.m”  is defined as follow:  

Function At=transpose(A); 

% transpose of an interval valued neutrosophic matrix A  

% "A" have to be an interval valued neutrosophic matrix - "ivnm" object: 

a.ml=(A.ml)'; 

a.mu=(A.mu)'; 

a.il=(A.il)'; 

a.iu=(A.iu)'; 

a.nl=(A.nl)'; 

a.nu=(A.nu)'; 

At=ivnm(a.ml,a.mu,a.il,a.iu,a.nl,a.nu); 

3.10. Computing difference of two interval-valued neutrosophic matrices 

 The difference of two interval valued neutrosophic matrices A and B is defined as follow: 

             [ ,    
      

 - ,    
      

 - ,    
      

 -  ]
    

  (16)    

where 

      
       

      
 ,      

       
      

  

      
       (    

      
 ),      

       (    
      

 ) 

      
       

      
 ,      
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   To generate the MATLAB program for finding the subtraction operation of two interval-

valued neutrosophic matrices, simple call of the function named “diffrence.m” or “diffrence2.m” is 

defined as follow: 

 

Function st=difference(A,B); 

% difference operation of two interval valued neutrosophic  matrix A and B refereed to [37] 

% "A" have to be an interval valued neutrosophic  matrix - "ivnm" object: 

a.ml=A.ml-B.nu; 

a.mu=A.mu-B.nl; 

a.il=max(A.il,B.il); 

a.iu=max(A.iu,B.iu); 

a.nl=A.nl-B.mu; 

a.nu=A.nu-B.ml; 

st=ivnm(a.ml,a.mu,a.il,a.iu,a.nl,a.nu); 

 

Function st= difference2(A,B); 

% difference operation of two interval valued neutrosophic  matrix A and B refereed to [3] 

% "A" have to be an interval valued neutrosophic  matrix - "ivnm" object: 

c.ml=min(A.ml,B.nl); 

c.mu=min(A.mu,B.nu); 

c.il=max(A.il,1-B.iu); 

c.iu=max(A.iu,1-B.il); 

c.nl=max(A.nl,B.ml); 

c.nu=max(A.nu,B.mu); 

At=ivnm(c.ml,c.mu,c.il,c.iu,c.nl,c.nu); 

3.11 Computing scalar of an interval-valued neutrosophic matrix 

To generate the MATLAB program for obtaining the scalar of interval-valued neutrosophic 

matrix, simple call of the function named “scalar.m”  is defined as follow:  

function At=scalar (A,k); 

%scalar of interval valued neutrosophic matrix A  

% "A" have to be an interval valued neutrosophic  matrix - "ivnm" object: 

a.ml=(A.ml).*k; 

a.mu=(A.mu).*k; 

a.il=(A.il).*k; 

a.iu=(A.iu).*k; 

a.nl=(A.nl).*k; 

a.nu=(A.nu).*k; 

At=ivnm(a.ml,a.mu,a.il,a.iu,a.nl,a.nu); 

3.13. Computing scalar multiplication of an interval-valued neutrosophic matrix 

The scalar multiplication of  an interval neutrosophic matrix  A is          is defined as 

follow: 

                 [ ,    
      

 - ,    
      

 - ,    
      

 -  ]
    

 (16)     
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where 

      
   min(     

     ),      
  min(     

     ) 

      
      (    

     )      
       (    

     ) 

      
       (     

     ),      
      (     

     )  

    To generate the MATLAB program for finding scalar multiplication of interval-valued 

neutrosophic matrix, simple call of the function named “scalarmult.m”  is defined as follow:  

function At=scalarmult (A,k); 

%scalar multiplication of interval valued neutrosophic matrix A  

% "A" have to be an interval valued neutrosophic  matrix - "ivnm" object: 

a.ml=min((A.ml).*k,1); 

a.mu=min((A.mu).*k,1); 

a.il=min((A.il).*k,1); 

a.iu=min((A.iu).*k,1); 

a.nl=min((A.nl).*k,1); 

a.nu=min((A.nu).*k,1); 

At=ivnm(a.ml,a.mu,a.il,a.iu,a.nl,a.nu);  

3.14. Computing scalar division of an interval-valued neutrosophic matrix 

The scalar division  of an  interval neutrosophic matrix  A is          is defined as follow: 

                 [ ,    
      

 - ,    
      

 - ,    
      

 -  ]
    

 (17)     

where 

      
   min(     

      ),      
  min(     

      ) 

      
      (    

      )      
       (    

      ) 

      
       (     

     ),      
      (     

      )  

To generate the MATLAB program for finding scalar division of interval-valued 

neutrosophic matrix, simple call of the function named “scalardiv.m”  is defined as follow:  

function At=scalardiv (A,k); 

%scalar division of interval valued neutrosophic matrix A  

% "A" have to be an interval valued neutrosophic  matrix - "ivnm" object: 

a.ml=min((A.ml).*k,1); 

a.mu=min((A.mu).*k,1); 

a.il=min((A.il).*k,1); 

a.iu=min((A.iu).*k,1); 

a.nl=min((A.nl).*k,1); 

a.nu=min((A.nu).*k,1); 

At=ivnm(a.ml,a.mu,a.il,a.iu,a.nl,a.nu); 
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IV. NUMERICAL EXAMPLES 

In this section, we evaluate some numerical examples using the proposed Matlab procedures 

defined in pervious section 

Example 1. Input an  interval valued neutrosophic matrix by a given structure in the 

toolbox. 

 

%Enter the degree of lower membership of A in the variable a.ml 

>> a.ml= [.1  .3 ;.2 .1; .4 .5; .5 .2]; 

 

%Enter the degree of upper membership of A in the variable a.mu 

>> a.mu = [.5  .4 ;.3 .7; .5 .8; .6 .5]; 

 

%Enter the degree of lower indeterminate-membership of A in the variable a.il 

>>a.il = [.3  .2 ;.1 .3; .2 .1; .3 .4]; 

 

%Enter the degree of upper indeterminate-membership of A in the variable a.iu 

>>a.iu = [.4  .6 ;.3 .4; .3 .2; .4 .6];  

%Enter the degree of lower non-membership of A in the variable a.nl 

>>a.nl = [.2  .2 ;.4 .5; .1 .4; .4 .3]; 

%Enter the degree of upper non-membership of A in the variable a.nu 

>>a.nu=[.5  .4 ;.7 .6; .3 .7; .5 .8]; 

 

%Enter the degree of lower membership of B in the variable b.ml 

>> b.ml= [.3  .4 ;.4 .2; .1 .2; .3 .1]; 

 

%Enter the degree of upper membership of B in the variable b.mu 

>> b.mu = [.4  .6 ;.7 .3; .3 .6; .4 .2]; 

 

%Enter the degree of lower indeterminate-membership of B in the variable b.il 

>>b.il = [.2  .3 ;.2 .3; .2 .3; .2 .1]; 

 

%Enter the degree of upper indeterminate-membership of B in the variable b.iu 

>>b.iu = [.6  .4 ;.6 .4; .4 .5; .3 .4]; 

%Enter the degree of lower non-membership of B in the variable b.nl 

>>b.nl = [.1  .3 ;.4 .4; .2 .3; .3 .2]; 

%Enter the degree of upper non-membership of B in the variable b.nu 

>>b.nu=[.3  .5 ;.5 .7; .3 .6; .5 .6]; 

 

>>A=ivnm(a.ml,a.mu,a.il,a.iu,a.nl,a.nu) 

 

%This command returns a matrix A with interval degree of membership [a.ml, a.mu] ,interval degree of indeterminate-

membership [a.il, a.iu]  and interval degree of non-membership [a.nl, anu] % 
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A =  

 

 ,     - ,     - ,     -   ,     - ,     - ,     -  

 ,     - ,     - ,     -   ,     - ,     - ,     -  

 ,     - ,     - ,     -   ,     - ,     - ,     -  

 ,     - ,     - ,     -   ,     - ,     - ,     -  

 

 

>>B=ivnm(b.ml,b.mu,b.il,b.iu,b.nl,b.nu) 

 

% This command returns a matrix B with interval degree of membership [b.ml, b.mu] ,interval degree of indeterminate-

membership [b.il, b.iu]  and interval degree of non-membership [b.nl, b.nu] % 

 

B =  

 

 ,     - ,     - ,     -   ,     - ,     - ,     -  

 ,     - ,     - ,     -   ,     - ,     - ,     -  

 ,     - ,     - ,     -   ,     - ,     - ,     -  

 ,     - ,     - ,     -   ,     - ,     - ,     -  

 

 

Example 2. Generate the complement of the interval valued neutrosophic matrix: 

A= 

(

 ,     - ,     - ,     -   ,     - ,     - ,     -  
 ,     - ,     - ,     -   ,     - ,     - ,     -  

 ,     - ,     - ,     -   ,     - ,     - ,     -  
 ,     - ,     - ,     -   ,     - ,     - ,     -  

) 

 

 

>>complement(A) 

% This command returns the complement of interval valued neutrosophic matrix A . 

 

ans =  

 

 ,     - ,     - ,     -   ,     - ,     - ,     -  

 ,     - ,     - ,     -   ,     - ,     - ,     -  

 ,     - ,     - ,     -   ,     - ,     - ,     -  

 ,     - ,     - ,     -   ,     - ,     - ,     -  

 

 

 

Example 3 .Evaluate the intersection , union  and division of these matrices: 

A= 

(

 ,     - ,     - ,     -   ,     - ,     - ,     -  
 ,     - ,     - ,     -   ,     - ,     - ,     -  

 ,     - ,     - ,     -   ,     - ,     - ,     -  
 ,     - ,     - ,     -   ,     - ,     - ,     -  

) 
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B= 

(

 ,     - ,     - ,     -   ,     - ,     - ,     -  
 ,     - ,     - ,     -   ,     - ,     - ,     -  

 ,     - ,     - ,     -   ,     - ,     - ,     -  
 ,     - ,     - ,     -   ,     - ,     - ,     -  

) 

 

>>intersection(A,B) 

 % This command returns the intersection of two interval valued neutrosophic matrices 

ans =  

 

 ,     - ,     - ,     -   ,     - ,     - ,     -  

 ,     - ,     - ,     -   ,     - ,     - ,     -  

 ,     - ,     - ,     -   ,     - ,     - ,     -  

 ,     - ,     - ,     -   ,     - ,     - ,     -  

 

 

>>union(A,B) 

 % This command returns the union of two interval valued neutrosophic matrices 

 

ans =  

 

 ,     - ,     - ,     -   ,     - ,     - ,     -  

 ,     - ,     - ,     -   ,     - ,     - ,     -  

 ,     - ,     - ,     -   ,     - ,     - ,     -  

 ,     - ,     - ,     -   ,     - ,     - ,     -  

 

 

>>division(A,B) 

% This command returns the division  of interval valued neutrosophic  matrices A and B . 

 

ans =  

 

 

(

 ,       - ,       - ,       -   ,     - ,      - ,      -  

 ,        - ,     - ,     -   ,     - ,     - ,        -  

 ,       - ,     - ,    -   ,     - ,     - ,         -  

 ,       - ,        - ,       -   ,     - ,     - ,        -  

) 

 

Example 4.Evaluate the addition      and product     operations of the matrices in 

Example 3 

 

>>addition(A,B) 

% This command returns the addition of two interval valued neutrosophic matrices A and B 

ans =  

 

 ,       - ,       - ,       -   ,       - ,       - ,       -  

 ,       - ,       - ,       -   ,       - ,       - ,       -  

 ,       - ,       - ,       -   ,       - ,       - ,       -  

 ,       - ,       - ,       -   ,       - ,       - ,       -  
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>>product(A,B) 

 % This command returns the product of two interval valued neutrosophic matrices A and B 

ans =  

 ,       - ,       - ,       -   ,       - ,       - ,       -  

 ,       - ,       - ,       -   ,       - ,       - ,       -  

 ,       - ,       - ,       -   ,       - ,       - ,       -  

 ,       - ,       - ,       -   ,       - ,       - ,       -  

 

 

 

Example 5.Evaluate the difference  operations of the matrices in Example 3 

 

>>difference (A,B) 

% This command returns the diffrence of two interval valued neutrosophic matrices A and B 

ans =  

 ,      - ,     - ,      -   ,      - ,     - ,      -  

 ,       - ,     - ,      -   ,      - ,     - ,     -  

 ,     - ,     - ,      -   ,      - ,     - ,      -  

 ,    - ,     - ,    -   ,      - ,     - ,     -  

 

 

>>diffrence2(A,B) 

 

% This command returns the diffrence2 of two interval valued neutrosophic matrices A and B 

ans =  

 ,     - ,     - ,     -   ,     - ,     - ,     -  

 ,     - ,     - ,     -   ,     - ,     - ,     -  

 ,     - ,     - ,     -   ,     - ,     - ,     -  

 ,     - ,     - ,     -   ,     - ,     - ,     -  

 

 

Example 6. Return the power of the matrix below: 

A= 

(

 ,     - ,     - ,     -   ,     - ,     - ,     -  
 ,     - ,     - ,     -   ,     - ,     - ,     -  

 ,     - ,     - ,     -   ,     - ,     - ,     -  
 ,     - ,     - ,     -   ,     - ,     - ,     -  

) 

 

>>power(A,2) 

% This command returns the power of matrix A . 

 

ans =  

 

 ,       - ,       - ,       -   ,       - ,      - ,       -  

 ,       - ,       - ,       -   ,       - ,      - ,       -  

 ,       - ,       - ,       -   ,       - ,      - ,       -  

 ,       - ,       - ,       -   ,       - ,       - ,       -  
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Example 7. Generate the scalar division of the interval valued neutrosophic matrix: 

A= 

(

 ,     - ,     - ,     -   ,     - ,     - ,     -  
 ,     - ,     - ,     -   ,     - ,     - ,     -  

 ,     - ,     - ,     -   ,     - ,     - ,     -  
 ,     - ,     - ,     -   ,     - ,     - ,     -  

) 

 

 

>>scalardivsion(A, 2) 

% This command returns the scalar division of interval valued neutrosophic matrix A . 

 

ans =  

 ,       - ,       - ,       -   ,       - ,       - ,       -  

 ,       - ,       - ,       -   ,       - ,       - ,       -  

 ,       - ,       - ,       -   ,       - ,       - ,       -  

 ,       - ,       - ,       -   ,       - ,       - ,       -  

 

 

Example 8. Generate the scalar multiplication of the interval valued neutrosophic matrix: 

A= 

(

 ,     - ,     - ,     -   ,     - ,     - ,     -  
 ,     - ,     - ,     -   ,     - ,     - ,     -  

 ,     - ,     - ,     -   ,     - ,     - ,     -  
 ,     - ,     - ,     -   ,     - ,     - ,     -  

) 

>>scalarmult(A,2) 

>>scalarmult(A,2) 

% This command returns the scalar multiplicationof interval valued neutrosophic matrix A . 

 

ans =  

 ,      - ,     - ,      -   ,     - ,      - ,     -  

 ,     - ,     - ,      -   ,      - ,     - ,       -  

 ,     - ,     - ,     -   ,       - ,     - ,      -  

 ,        - ,     - ,      -   ,      - ,      - ,      -  

 

 

 

Example 9. Generate the score matrix of  the following the interval valued neutrosophic 

matrix: 
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A= 

(

 ,     - ,     - ,     -   ,     - ,     - ,     -  
 ,     - ,     - ,     -   ,     - ,     - ,     -  

 ,     - ,     - ,     -   ,     - ,     - ,     -  
 ,     - ,     - ,     -   ,     - ,     - ,     -  

) 

 

 

>>score function A 

% This command returns the score matrix of interval valued neutrosophic matrx A . 

 

ans = 

 

    0.5333    0.5500 

    0.5000    0.5000 

    0.6667    0.6500 

    0.5833    0.4333 

 

V. APPLICATION OF INTERVAL VALUED NEUTROSOPHIC TOOLBOX MATLAB 

It is known that interval-valued neutrosophic matrices constitute a generalization of the notion 

of fuzzy matrices, single valued neutrosophic matrices, interval valued fuzzy matrices and interval 

valued intuitionistic fuzzy matrices. The interval valued neutrosophic matrices models give more 

precision, flexibility, and compatibility to the system as compared to the classical and fuzzy models. 

In this paper, we have developed the interval valued neutrosophic toolbox Matlab. We plan to apply 

this software package in the 

following areas: 

• Decision making problems. 

•Networking 

 

VI. CONCLUSION 

This paper proposed some new Matlab program for set-theoretic operations on the interval 

valued neutrosophic matrices. The package provides some programs such as complement, 

transpose, scalar multiplication of matrix, scalar division of matrix, computing the union, 

intersection addition, product, difference and division operations of the proposed neutrosophic 

matrices. The interval neutrosophic software package gives the ability for easy calculation of 

operations in associated problems and can be used for large order interval valued neutrosophic 

matrices. The proposed software package can be used for computing other operations such as: 

-Computing Laplacian eigenvalues of interval valued neutrosophic matrix 

-Energy of graph 

In future works, We  plan to extended this software package for computing other kind of 

matrices including, bipolar neutrosophic matrices, interval valued bipolar neutrosophic matrices and  

interval complex neutrosophic matrices. 
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