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Abstract. In this study, we presented the concept of neutrosophic cubic set by extending the 

concept of cubic set to neutrosophic set. We also defined internal neutrosophic cubic set (INCS) 

and external neutrosophic cubic set (ENCS). Then, we proposed some new type of INCS and 

ENCS is called 
1

3
 -INCS (or 

2

3
 -ENCS ), 

2

3
-INCS(or 

1

3
-ENCS). Then we study some of their 

relevant properties. Finally, we introduce an adjustable approach to NCS based decision making 

by similarity measure and an illustrative example is employed to show that they can be 

successfully applied to problems that contain uncertainties. 

Keywords. Cubic set, neutrosophic cubic set, internal (external) neutrosophic cubic set, decision 

making. 

 

1. INTRODUCTION 

Fuzzy set is firstly introduced by Zadeh [23] to represent the degree of certainty of expert’s in 

different statements. Zadeh also proposed the concept of a linguistic variable with application in 

[24]. Then Peng et al. [12] presented an application in multi-criteria decision –making 

problems.  After Zadeh, Türkşen [18] extend fuzzy set to an interval valued fuzzy set.  Interval 

values fuzzy sets have many applications in real life such as Sambuc [16], Kohout [9] also gave 

its applications in Medical, Türkşen [19, 20] in interval valued logic.  

Jun et al. [7] introduced cubic set which is basically the combination of fuzzy sets with interval 

valued fuzzy sets. They also defined internal (external) cubic sets and investigate some of their 

properties. The notions of cubic sub algebras/ideals in BCK/BCI algebras are also introduced in 

[5]. Jun et al. [6] gave cubic q-ideals in BCI-algebras and relationship between a cubic ideal and 

a cubic q-ideal. Also, they established conditions for a cubic ideal to be cubic q-ideal, 
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characterizations of a cubic q-ideal and cubic extension property for a cubic q-ideal. The concept 

of cubic sub LA-Γ-semihypergroup is proposed by Aslam et al. [1]. They also introduced results 

on cubic Γ-hyperideals and cubic bi-Γ-hyperideals in left almost Γ-semihypergroups.  

   

Smarandache [17] introduced the theory of neutrosophic logic and sets in 1995. Neutrosophy 

provides a foundation for a whole family of new mathematical theories with the generalization of 

both classical and fuzzy counterparts. In a neutrosophic set, an element has three associated 

defining functions such as truth membership function T, indeterminate membership function I 

and false membership function F defined on a universe of discourse X. These three functions are 

independent completely. Neutrosophic set is basically studies the origin, nature and scope of 

neutralities and their interactions with ideational spectra. Neutrosophic set generalizes the 

concept of classical fuzzy set [23], and so on. The neutrosophic set has vast applications in 

various fields [2,3,4,8,10,13,14,15,22,25]. After Smarandache [17], Wang et al. [21] introduced 

the concept of interval neutrosophic sets which are the generalization of fuzzy, interval valued 

fuzzy set and neutrosophic sets. Also the interval neutrosophic set studied in [26]. 

In this paper, we introduce neutrosophic cubic set and define some new notions such as internal 

(external) neutrosophic cubic sets. The notion of neutrosophic cubic set generalizes the concept 

of cubic set. We also investigate some of the core properties of neutrosophic cubic set. By using 

these new notions we then construct a decision making method called neutrosophic cubic 

method.  We finally present an application which shows that the methods can be successfully 

applied to many problems containing uncertainties. 

 

2. FUNDAMENTAL CONCEPTS 

In this section, we present basic definitions of fuzzy sets [23], interval valued fuzzy sets [18], 

neutrosophic sets [17], interval valued neutrosophic sets [21] and cubic sets [7]. For more detail 

of these sets, we refer to the earlier studies [1,5,6,7,17,18,21,23]. 

 

Definition 1. [23] Let E be a universe. Then a fuzzy set µ over E is defined by 

X = {µX(x)/x: x ∈ E} 

 

where µX is called membership function of X and defined by µX:E→[0.1]. For each x∈ E, the 

value µX(x) represents the degree of x belonging to the fuzzy set X. 

Definition 2. [18] Let E be a universe. Then, an interval valued fuzzy set A over E is defined by 

A = {[A−
 (x), A+

 (x)]/x: x ∈ E} 

 

where A−
 (x) and A+(x) are referred to as the lower and upper degrees of membership x ∈ E 

where 0≤ A−
 (x) + A+

 (x)≤1, respectively.  

 

Definition 3. [7] Let X  be a non-empty set. By a cubic set, we mean a structure 

 , ( ), ( ) |x A x x x X    
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in which A  is an interval valued fuzzy set (IVF) and   is a fuzzy set. It is denoted by ,A  . 

Definition 4. [7]  Let X  be a non-empty set.  A cubic set ,A    in X  is called an internal 

cubic set (ICS) if ( ) ( ) ( )A x x A x    for all x X , where A
 and A

 are lower fuzzy set and 

upper fuzzy set in X respectively. 

Definition 5. [7]  Let X  be a non-empty set.  A cubic set ,A    in X  is called an external 

cubic set (ECS) if ( ) (A ( ), ( ))x x A x    for all x X . 

Definition 6. [7]: Let 
1 1 1,A    and 

2 2 2,A    be cubic sets in X . Then we define 

1. (Equality)     1 2    if and only if 1 2A A  and 1 2  . 

2. (P-order)       1 2p     if and only if 1 2A A  and 1 2  . 

3. (R-order)       1 2R     if and only if 1 2A A  and 1 2  . 

Definition 7. [7]  For any  , ( ), ( ) |j j jx A x x x X   , where j , we define 

1.     , ( ), |p j j j
j j

j

x A x x X
 



                          (P-union). 

2.     , ( ), |p j j j
j j

j

x A x x X
 



                          (P-intersection). 

3.     , ( ), |R j j j
j jj

x A x x X
 

                          (R-union). 

4.     , ( ), |R j j j
j jj

x A x x X
 

                          (R-intersection). 

Definition 8. [17] Let X be an universe. Then a neutrosophic (NS) set λ  is an object having the 

form  

 

λ = {< x: T (x), I (x), F (x)>: x ∈ X} 

 

where the functions T, I, F : X→ ]
−
0, 1

+
[  define respectively the degree of  Truth, the degree of 

indeterminacy, and the degree of Falsehood of the element x ∈ X to the set λ with the condition.  
−
0 ≤ T (x) + I (x)+ F (x)≤ 3

+
 

For two NS , 

 λ1={ <x , T1(x) ,  I1(x),  F1(x)> | x ∈ X } and  λ2={ <x , T2(x) ,  I2(x),  F2(x)> | x ∈ X }  

the operations are defined as follows: 

1. λ1 ⊆̆  λ1if and only if T1(x) ≤ T2(x) , I1(x) ≥ I2(x) , F1(x) ≥ F2(x) 

2. λ1 =  λ1  if and only if , T1(x) =T2(x) , I1(x) =I2(x) , F1(x) =F2(x) 
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3. λ1
c̆
= {x, F1(x) ,  I1(x),  T1(x) >∶ x ∈ X} 

4. λ1 ∩̆ λ2 ={<x, min{ T1(x) , T2(x)}, max{ I1(x) , I2(x)}, max{ F1(x) , F2(x)}>: x ∈ X } 

5. λ1 ∪̆ λ2 ={<x, max{ T1(x) , T2(x)}, min{ I1(x) , I2(x)}, min{ F1(x) , F2(x)}>: x ∈ X } 

 

Definition 9. [21] Let X  be a non-empty set. An interval neutrosophic set (INS) A in X  is 

characterized by the truth-membership function AT, the indeterminacy-membership function  AL 

and the falsity-membership function AF.  For each point x X , AT(x),  AI(x) ,  AF(x)⊆[0,1]. 

For two INS 

A={<x, [AT
−(x), AT

+(x)] , [AI
−(x), AI

+(x)] , [AF
−(x), AF

+(x)] >:x ∈ X} 

and 

 B={<x, [BT
−(x), BT

+(x)] , [BI
−(x), BI

+(x)] , [BF
−(x), BF

+(x)] >:x ∈ X} 

Then, 

1. A ⊆̃  B if and only if AT
−(x) ≤ BT

−(x),  AT
+(x)≤ BT

+(x), AI
−(x) ≥ BI

−(x),  AI
+(x)≥ BI

+(x), 

 AF
−(x) ≥ BF

−(x),  AF
+(x)≥ BF

+(x) for all x ∈ X. 

 

2. A =  B  if and only if   AT
−(x) = BT

−(x),  AT
+(x)= BT

+(x), AI
−(x) = BI

−(x),   AI
+(x) =

                                             BI
+(x),  AF

−(x) = BF
−(x),  AF

+(x)= BF
+(x) for all x ∈ X. 

 

3.  Ac̃= {<x, [AF
−(x), AF

+(x)], [AI
−(x), AI

+(x)] , [AT
−(x), AT

+(x)] >:x ∈ X} 

 

4. A∩̃B ={<x, [min{ AT
−(x), BT

−(x) }, min{  AT
+(x),  BT

+(x) }],  
[max{ AI

−(x), BI
−(x) },  max{ AI

+(x),  BI
+(x) }], 

                                             [ max{ AF
−(x), BF

−(x) }, max{  AF
+(x),  BF

+(x) }]>: x ∈ X } 

5. A∪̃B ={<x, [max{ AT
−(x), BT

−(x) }, max{  AT
+(x),  BT

+(x) }],  
[min{ AI

−(x), BI
−(x) },  min{ AI

+(x),  BI
+(x) }], 

                                             [ min{ AF
−(x), BF

−(x) }, min{  AF
+(x),  BF

+(x) }]>: x ∈ X } 

 

3. NEUTROSOPHIC CUBIC SET 

In this section, we extend the notion of cubic set to neutrosophic set and introduced neutrosophic 

cubic set. We also defined internal neutrosophic cubic set (INCS) and external neutrosophic 

cubic set (ENCS).  

 

Definition 10. Let X be an universe. Then a neutrosophic cubic set (NCS) set   is an object 

having the form  

 

 , ( ), ( ) |x A x x x X   , 



5 

 

where A  is an interval neutrosophic set in X  and   is a neutrosophic set in X . We simply 

denoted a neutrosophic cubic set as ,A   .  

Note that the sets of all neutrosophic cubic sets over X will be denoted by CN
X . 

Example 1. Suppose that 1 2 3{ , , }X x x x  be a universe set. Then an interval neutrosophic set A 

of X  defined by  

 

 1 2 3[0.22,0.3],[0.3,0.4],[0.7,0.9] / [0.1,0.2],[0.5,0.9],[0.1,0.9] / [0.7,0.8],[0.1,0.1],[0.5,0.4] /A x x x    

 

and a neutrosophic set   is a set of X  defined by  

 

 1 2 30.01,0.2,0.4 / , 0.1,0.02,0.2 / , 0.3,0.1,0.7 /x x   

 

Then ,A    is a neutrosophic cubic set in X . 

 

Definition 11. Let ,A   ∈ CN
X . If ( ) ( ) ( )T TA x T x A x   , ( ) ( ) ( )I IA x I x A x    and 

( ) ( ) ( )F FA x F x A x   for all x X , then is called an internal neutrosophic cubic set(INCS) . 

Example 2. Let ,A   ∈ CN
X . If ( ) [0.2,0.4],[0.3,0.5],[0.3,0.5]A x   and 

( ) 0.3,0.4,0.4x   for all x X , then ,A    is a  INCS. 

Definition 12. Let ,A   ∈ CN
X . If T( ) ( ( ), ( ))T Tx A x A x  , I( ) ( ( ), ( ))I Ix A x A x   and 

F( ) ( ( ), ( ))F Fx A x A x  for all x X , then is called an external neutrosophic cubic set(ENCS).  

Example 3. Let ,A   ∈ CN
X .  If ( ) 0.5,0.2,0.7x   in the above Example 2, then 

,A    is a ENCS. 

Theorem 1.  Let ,A   ∈ CN
X  which is not external neutrosophic cubic set. Then, there exist 

x X  such that ( ) ( ) ( )T TA x T x A x   , ( ) ( ) ( )I IA x I x A x    or ( ) ( ) ( )F FA x F x A x   . 

Theorem 2. Let ,A   ∈ CN
X . If   is both INCS and ENCS. Then T( ) (U( ) L( ))T Tx A A  , 

I( ) (U( ) L( ))I Ix A A   and F( ) (U( ) L( ))F Fx A A   for all x X , where  

U( ) {A ( ) | }T TA x x X  , L( ) {A ( ) | }T TA x x X  , U( ) {A ( ) | }I IA x x X  , 

L( ) {A ( ) | }I IA x x X  , U( ) {A ( ) | }F FA x x X   and L( ) {A ( ) | }F FA x x X  . 

Proof: Suppose that ,A    is both INCS and ENCS. Then by definition (3.1.3) and (3.1.4), 

we have 
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( ) ( ) ( )T TA x T x A x   , 

( ) ( ) ( )I IA x I x A x   , 

( ) ( ) ( )F FA x F x A x    

And 

T( ) ( ( ), ( ))T Tx A x A x  , 

I( ) ( ( ), ( ))I Ix A x A x  , 

F( ) ( ( ), ( ))F Fx A x A x  , 

For all x X . Thus ( ) ( )TT x A x  or ( ) T(x)TA x  , I( ) ( )Ix A x  or ( ) ( )IA x I x  , 

F( ) ( )Fx A x  or ( ) F(x)FA x  . Hence 

T( ) (U( ) L( ))T Tx A A  , 

I( ) (U( ) L( ))I Ix A A  , 

F( ) (U( ) L( ))F Fx A A  . 

 

Definition 13. Let ,A   ∈ CN
X .  If ( ) ( ) ( )T TA x T x A x   , ( ) ( ) ( )I IA x I x A x    and 

F( ) ( ( ), ( ))F Fx A x A x   or ( ) ( ) ( )T TA x T x A x   , ( ) ( ) ( )F FA x F x A x    and 

I( ) ( ( ), ( ))I Ix A x A x   or ( ) ( ) ( )F FA x F x A x   , ( ) ( ) ( )I IA x I x A x    and  

T( ) ( ( ), ( ))T Tx A x A x   for all x X , then  is called 
2

3
-INCS or

1

3
-ENCS. 

Example 4. Let ,A   ∈ CN
X , where ( ) [0.1,0.4],[0.2,0.5],[0.3,0.6]A x   and 

( ) 0.3,0.7,0.4x   for all x X . Then ,A    is 
2

3
 -INCS. 

Definition 14. Let ,A   ∈ CN
X .  If ( ) ( ) ( )T TA x T x A x   , I( ) ( ( ), ( ))I Ix A x A x   and 

F( ) ( ( ), ( ))F Fx A x A x   or ( ) ( ) ( )F FA x F x A x   , T( ) ( ( ), ( ))T Tx A x A x   and 

I( ) ( ( ), ( ))I Ix A x A x   or ( ) ( ) ( )I IA x I x A x   , T( ) ( ( ), ( ))T Tx A x A x   and 

F( ) ( ( ), ( ))F Fx A x A x  , for all x X , then  is called 
1

3
-INCS or 

2

3
-ENCS. 
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Example 5. Let ,A   ∈ CN
X , where ( ) [0.1,0.3] ,[0.2,0.4] ,[0.4,0.6]T I FA x   and 

( ) 0.2,0.7,0.7x   for all x X . Then ,A    is 
1

3
 -INCS. 

Theorem 3.  Let ,A   ∈ CN
X .  Then, 

i. Every INCS is a generalization of the ICS. 

ii. Every ENCS is a generalization of the ECS. 

iii. Every NCS is the generalization of cubic set. 

 

Proof: The proofs are directly followed from above definitions. 

Definition 15. Let 
1 1 1,A    and 

2 2 2,A    be neutrosophic cubic sets in X .  Then 

1. ( )Equivality  1 2    if and only if 1 2A A  and 1 2  , 

2.  P order   1 2p    if and only if A1 ⊆̃ A2  and λ1 ⊆̆ λ2 , 

3.  R order   1 2R    if and only if A1 ⊆̃ A2  and λ1 ⊇̆ λ2 . 

Definition 16.  Let ,j j jA   ∈ CN
X , where jϵ {1,2, … ,n}, we define 

1.     , ( ), ( ) |p j j j
j I j I

j I

x A x x x X
 



                              (P -union) 

2.     , ( ), ( ) |p j j j
j I j I

j I

x A x x x X
 



                              (P -intersection) 

3.     , ( ), ( ) |R j j j
j I j Ij I

x A x x x X
 

                              (R -union) 

4.     , ( ), ( ) |R j j j
j I j Ij I

x A x x x X
 

                              (R -intersection) 

Definition 17. Let ,A   ∈ CN
X . Then, the complement of ,A    is defined as 

c = {〈x, Ac̃(x), λc̆(x): x X 〉. 

Theorem 4. Let ,j j jA   ∈ CN
X , where jϵ {1,2, … ,n},  the following holds. 

1. ( )

c

C

p j p j

j j 

 
     
 

 and ( )

c

C

p j p j

j j 

 
     
 

, 

2. ( )

c

C

R j R j
j j 

 
     
 

 and ( )

c

C

R j R j
j j 

 
     
 

. 
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Theorem 5. Let ,j j jA   ∈ CN
X , where jϵ {1,2,3,4}. Then 

1. If 
1 2p    and 

2 3p   , then 
1 3p   . 

2. If 
1 2p   , then 

2 1

c c

p   . 

3. If 1 2p    and 1 3p   , then  1 2 3p p     . 

4. If 1 2p    and 3 2p   , then  1 3 2p p     . 

5. If 1 2p    and 3 4p   , then    1 3 2 4p p p        and   

   1 3 2 4p p p      
. 

6. If 1 2R    and 2 3R   , then 1 3R   . 

7. If 1 2 ,R    then 
2 1

c c

R   . 

8. If 1 2R    and 1 3R   , then  1 2 3R R     . 

9. If 1 2R    and 3 2R   , then  1 3 2R R     . 

10. 1 2R    and 3 4R   , then    1 3 2 4R R R        and    1 3 2 4R R R        

Proof: Straightforward. 

Theorem 6.  Let ,A   ∈ CN
X . 

a. ( )c c   . 

b. If   is an INCS, then 
c  is an INCS. 

c. If   is an ENCS, then 
c  is an ENCS. 

Proof: It is easy.  

Definition 18. Let 
1 1 1,A    and 

2 2 2,A    be neutrosophic cubic sets in X .  Then, 

distance measure between 
1 1 1,A    and 

2 2 2,A   is given by  

d( 1 , 2 )= 
1

9n
∑ ( |  A1T

−(xi) A2T
−(xi) |n

i=1 + |  A1I
−(xi) A2I

−(xi) | + |  A1F
−(xi) A2F

−(xi) | +

                     |  A1T
+(xi) A2T

+(xi) | + |  A1I
+(xi) A2I

+(xi) | + |  A1F
+(xi) A2F

+(xi) | + |T1(xi ) −

T2(xi )| + |I1(xi ) − I2(xi )| + |F1(xi ) − F2(xi )|) 

It is adapted from [25]. 

Theorem 7. Let 
1 1 1,A    and 

2 2 2,A    be two neutrosophic cubic sets. The function   

d( 1 , 2 )=CN
X  → R+ given by Definition 18 is metrics, where R+ is the set of all non-negative 

real numbers. 

 

Proof. The proof is straightforward. 

Theorem 8. Let 
1 1 1,A    and 

2 2 2,A    be neutrosophic cubic sets. Then,  
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i. d( 1 , 2 )≥ 0; 

ii.  d( 1 , 2 ) = d( 2 , 1 ); 

iii. d( 1 , 2 )= 0 iff 1 = 2 ; 

iv.  d( 1 , 2 )+ d( 2 , 3 )≥d( 1 , 3 ). 

 

Proof. The proof is straightforward. 

 

4 AN APPLICATION IN PATTERN RECOGNITION PROBLEM 

 

In this section we proposed an decision making method based on similarity measures of two 

NCS in pattern recognition problems which is adapted from [25]. In this method, we assume that 

if  similarity between the ideal pattern and sample pattern is greater than or equal to 0.5, then the 

sample pattern belongs to the family of ideal pattern in consideration. The algorithm of this 

method is as follows:   

 

Algorithm: 

 

Step 1. Construct an ideal NCS ,A    on X. 

Step 2. Construct NCSs ,j j jA   , j = 1, 2, 3, … , n, on X for the sample patterns which are  

             to recognized. 

Step 3. Calculate the distances d( ,
j ) , j = 1, 2, 3, … , n. 

Step 4. If d( ,
j ) ≤0.5 then the pattern 

j  is to be recognized to belong to the ideal Pattern    

              and if d( ,
j ) > 0.5  then the pattern 

j  is to be recognized not to belong to the    

             ideal Pattern  . 

 

Now we give an example which is adapted from [25]. 

 

Example 6. Here a fictitious numerical example is given to illustrate the application of similarity 

measures between two NCSs in pattern recognition problem. In this example we take three 

sample patterns which are to be recognized. Let X = {x1, x2, x3} be the universe. Also let  be 

NCS set of the ideal pattern and ,j j jA   , j = 1, 2, 3 be the NCSs of three sample patterns. 

 

Step 1. Construct an ideal NCS ,A    on X as; 

 

 1 2 3[0.2,0.4],[0.3,0.5],[0.3,0.5] / [0.5,0.7],[0.0,0.5],[0.2,0.3] / [0.6,0.8],[0.0,0.1],[0.3,0.4] /x x x    , 

 1 2 30.1,0.2,0.4 / , 0.1,0.2,0.2 / , 0.3,0.1,0.7 /x x   

 

Step 2. Construct NCSs ,j j jA   , j = 1, 2, 3 on  X for the sample patterns as; 
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 1 1 2 3[0.2,0.5],[0.4,0.5],[0.3,0.5] / [0.7,0.7],[0.1,0.3],[0.1,0.3] / [0.6,0.8],[0.5,0.6],[0.3,0.4] /x x x    , 

 1 2 30.5,0.6,0.4 / , 0.2,0.2,0.2 / , 0.3,0.1,0.7 /x x x   

 

 2 1 2 3[0.3,0.7],[0.3,0.5],[0.3,0.9] / [0.6,0.7],[0.1,0.8],[0.2,0.3] / [0.6,0.9],[0.9,1.0],[0.3,0.4] /x x x    , 

 1 2 30.2,0.5,0.2 / , 0.1,0.5,0.7 / , 0.7,0.1,0.7 /x x x   

 

 3 1 2 3[0.8,0.9],[0.1,0.2],[0.8,0.9] / [0.1,0.2],[0.8,0.9],[0.3,0.9] / [0.5,0.9],[0.1,1.0],[0.4,0.7] /x x x    , 

 1 2 30.9,0.8,0.9 / , 0.9,0.8,0.9 / , 0.9,0.9,0.1 /x x x   

Step 3. Calculate the distances d( ,
j ) , j = 1, 2, 3 as; 

 

d( ,
j )=0.10 

d( ,
j )=0.19 

d( ,
j )=0.51 

 

Step 4. Since d( , 1 )≤0.5, d( , 2 )≤0.5 and d( , 3 )>0.5, the sample patterns whose 

corresponding NCS sets are represented by 1  and 2  are recognized as similar patterns of the 

family of ideal pattern whose NCS set is  represented by  and the pattern whose NCS is 

represented by 3  does not belong to the family of ideal pattern  . 

 

5. CONCLUSION 

 

Neutrosophic cubic set (NCS) is a combination of a neutrosophic set with interval 

neutrosophic set. It is basically the generalization of cubic set. In this paper, we introduced 

some new type of notions with their basic properties. In the future, we will apply the sets 

to algebraic structures such as; sub-algebras, ideals, BCK/BCI algebras, q-ideals, and so 

on. 

  

    6.  REFERENCES 

[1] M. Aslam, T. Aroob and N. Yaqoob, On cubic Γ-hyperideals in left almost Γ-semihyper 

groups, Annals of Fuzzy Mathematics and Informatics, 5(1) (2013)  169-182. 

 

[2] S. Broumi, F. Smarandache, Correlation coefficient of interval neutrosophic sets, Applied 

Mechanics and Materials, 436 (2013) 511-517. 

[3] H. D. Cheng and Y. Guo, A new neutrosophic approach to image thresholding, New 

Mathematics and Natural Computation, 4(3) (2008) 291–308. 

[4] Y. Guo and H. D. Cheng, New Neutrosophic Approach to Image Segmentation, Pattern      

Recognition, 42, (2009), 587–595. 



11 

 

[5] Y. B. Jun, C. S. Kim and M. S. Kang, Cubic subalgebras and ideals of BCK/BCI-algebras,  

Far. East. J. Math. Sci. (FJMS) 44 (2010) 239–250. 

[6] Y. B. Jun, C. S. Kim and J. G. Kang, Cubic q-ideals of BCI-algebras, Ann. Fuzzy Math. Inf. 

1/1 (2011) 25–34. 

[7] Y. B. Jun, C. S. Kim and K. O. Yang, Cubic sets, Annals of Fuzzy Mathematics and  

Informatics, 4(3) (2012)  83- 98. 

[8] A. Kharal, A neutrosophic multicriteria decision making method, New Mathematics & 

Natural Computation, 2013. 

[9] L. J. Kohout, W. Bandler, Fuzzy interval inference utilizing the checklist paradigm and 

BKrelational products, in: R.B. Kearfort et al. (Eds.), Applications of Interval Computations, 

Kluwer, Dordrecht, (1996) 291–335. 

[10] F. G. Lupiáñez , On Neutrosophic Topology, Kybernetes, 37/6 (2008) 797-800. 

[11] A.Mukherjee and S. Sarkar, Several Similarity Measures of Interval Valued Neutrosophic 

Soft Sets and Their Application in Pattern Recognition Problems, Neutrosophic Sets and 

Systems,   6 ( 2014) 54-60. 

[12] J. J. Peng, J. Q. Wang, X. H.. Wu, H. Y. Zhang, X. H. Chen , The Fuzzy Cross-entropy for 

Intuitionistic Hesitant Fuzzy Sets and its Application in Multi-criteria Decision -

making ,International Journal of Systems Science, 46(13) (2015) 2335–2350. 

[13] J. J. Peng, J. Q. Wang, X. H. Wu, J. Wang,  X. H. Chen, Multi-valued Neutrosophic Sets and Power 

Aggregation Operators with Their Applications in Multi-criteria Group Decision- making Problems, 

International Journal of Computational Intelligence Systems, 8(4) (2015) 345-363.  

[14] J. J. Peng, J. Q. Wang, J. Wang, H. Y. Zhang, X. H. Chen, An outranking approach for multi-criteria 

decision-making problems with simplified neutrosophic sets, Applied Soft Computing, 25 (2014) 336-

346.  

[15] J. J. Peng, J. Q. Wang, J. Wang, H. Y. Zhang, X. H. Chen, Simplified neutrosophic sets and their 

applications in multi-criteria group decision-making problems, International Journal of Systems Science, 

DOI:10.1080/00207721.2014.994050. 

[16] R. Sambuc, Functions _-Flous, Application `a l’aide au Diagnostic en Pathologie   

Thyroidienne,Th`ese de Doctorat en M´edecine, Marseille, 1975. 

[17] F. Smarandache, A Unifying Field in Logics. Neutrosophy : Neutrosophic Probability, Set 

and Logic, Rehoboth: American Research Press,1999. 



12 

 

[18] I. B. Turksen, Interval-valued fuzzy sets based on normal forms, Fuzzy Sets and Systems 20      

(1986) 191–210. 

[19] I. B. Turksen, Interval-valued fuzzy sets and compensatory AND, Fuzzy Sets and Systems 

51 (1992) 295–307. 

[20] I. B. Turksen, Interval-valued strict preference with Zadeh triples, Fuzzy Sets and Systems 7  

(1996) 183–195. 

[21] H. Wang, F. Smarandache, Y.Q. Zhang, R. Sunderraman, Interval Neutrosophic Sets and 

logic: Theory and Applictions in Computing, Hexis; Neutrosophic book series, No. 5, 2005.  

 [22] J. Ye, Similarity measures between interval neutrosophic sets and their multicriteria  

decision-making method, Journal of Intelligent & Fuzzy Systems, DOI: 10.3233/IFS-120724. 

[23] L. A. Zadeh, Fuzzy sets, Inform. Control 8 (1965) 338–353. 

[24] L. A. Zadeh, The concept of a linguistic variable and its application to approximate 

reasoning-I, Inform. Sci. 8 (1975) 199–249. 

 [25] M. Zhang, L. Zhang, and H. D. Cheng. A Neutrosophic Approach to Image Segmentation 

based on Watershed Method, Signal Processing 5/ 90  (2010) 1510-1517. 

[26] H. Y. Zhang, J. Wang , X. H.. Chen, An Outranking Approach for Multi-criteria Decision-making 

Problems with Interval-valued Neutrosophic Sets, Neural Computing and Applications, DOI: 

10.1007/s00521-015-1882-3. 

 

 

 

 

 

 

 

 

 

 

  


