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Abstract 

The aim of this paper is to introduced neutrosophic crisp supra topological spaces (NCSTS) 

and neutrosophic crisp supra bi and tri-topological spaces, new types of open and closed sets in 

neutrosophic crisp supra bi and tri-topological spaces, the closure and interior of neutrosophic 

crisp supra bi and tri-topological space, new concepts of open and closed sets, their properties 

are investigated. 

1. Introduction 

The idea of degree of membership and the concept of fuzzy set [7] was 

introduced by Zadeh in 1965. In 1983 generalization of fuzzy set intuitionistic 

fuzzy set was introduced by K. Atanassov [1] as a beyond the degree of 

membership and the degree of non membership of each element. 

Neutrosophic set is a generalization of intuitionistic fuzzy set. The idea of 

“neutrosophic set” was first proposed by Smarandache [6, 5]. Neutrosophic 

operations have been developed by Salama et al. [4, 2]. Salama and Alblowi 

[2] define neutrosophic topological space, established some of its properties. 

Salama and Smarandache [3, 6, 4] introduced the concept of neutrosophic 

crisp set and neutrosophic crisp operators have been investigated. In this 

paper we introduced neutrosophic crisp supra topological spaces and 

neutrosophic crisp supra bi and tri-topological spaces, new types of open and 

closed sets in neutrosophic crisp supra bi and tri-topological spaces, the 
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closure and interior of neutrosophic crisp supra bi and tri-topological spaces 

and new concept of open and closed sets, their properties are investigated. 

2. Preliminaries 

Definition 2.1 [2]. Let X be a non-empty fixed set. A neutrosophic crisp 

set (NCS for short) E is an object having the form ,,, 321 EEEE   where 

21 , EE  and 3E  are sub sets of X. Then the object having the form 

321 ,, EEEE   is called a NCS if satisfying  3121 , EEEE   

and .32 EE   

Definition 2.2 [2]. Types of NCSs N  and NX  in X may be defined as 

following 

1. (a) XN ,,   or (b)  ,, XN or (c) .,, N  

2. (a)  ,,XXn  

Definition 2.3 [2]. If F and E are two NCSs, then FE   can be defined 

as 

(a) 2211 ,, FEFEFE   and .33 EF   

(b) 2211 , FEFEFE   and .33 EF   

Definition 2.4 [2]. Let X be a non-empty set, and the NCSs E and F in 

the form 321321 ,,,,, FFFFEEEE   then 

(1) FE   may be defined as following 

(a) 332211 ,, FEFEFEFE    or  

(b) 332211 ,, FEFEFEFE    

(2) FE   may be defined as following 

(a) 332211 ,, FEFEFEFE    

or 

(b) 332211 ,, FEFEFEFE    
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Definition 2.5 [2]. Let X be a non-empty set, and the NCS 

.,, 321 EEEE   Then CE  may be defined as following 

(a) .,, 123 EEEEC   

3. Neutrosophic Crisp Supra Topological Spaces 

Definition 3.1. A neutrosophic crisp supra topology (NCST for short) on 

a non empty set X is a family   of neutrosophic crisp subset in X if satisfying 

the following 

(a) N  and NX  

(b)   .:   JjEE jj  

Then the pair  ,X  is called neutrosophic crisp supra topological space 

(NCSTS) in X. The elements in   are said to be neutrosophic crisp supra 

open sets (NCSOS). The complement of   are called neutrosophic crisp 

supra closed sets (NCSCS). 

Example 3.2. Let    ,,,,,,,,, 4321 NMLXX NN   

where             .,,,,,,,,,,,, 3123421321  NML  

Then  ,X  is a NCSTS. 

4. Neutrosophic Crisp Supra Bi-Topological Spaces 

Definition 4.1. Let 

 21 ,  be any two neutrosophic crisp supra topology 

(NCST) on a non empty set X then  
 21 ,,X  is a neutrosophic crisp supra 

bi-topological space (NCS-bi-TS). 

Example 4.2. Let    ,,,,,,,,, 14321 NMLXX NN


 

 QPOX NN ,,,,2 


 where         ,,,,,,,,, 3421321  ML  

            ,,,,,,,,,,, 34131312  PON  

    .,,, 321 Q   Then  
 21 ,,X  is NCS-bi-TS. 
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Definition 4.3. Let  
 21 ,,X  be a NCS-bi-TS. Then 


 21   is said to 

be neutrosophic crisp supra bi-open sets (NCS-bi-OSs for short) and the 

complement of NCS-bi-OSs are called neutrosophic crisp supra bi-closed sets 

(NCS-bi-CSs for short). 

Note 4.4. (a) The family of all NCS-bi-OSs can be denoted as NCS-bi-

OS(X). 

(b) The family of all NCS-bi-CSs can denoted as NCS-bi-CS(X). 

Example 4.5. (a) From example 4.2 NCS-bi-OSs are NCS-bi-OS) 

   .,,,,,,,21 QPONMLXX NN
   

(b) From example 4.2 NCS-bi-CSs are NCS-bi-CS   

21 X  

 .,,,,,,, CCCCCC
NN QPONMLX  where     ,,,, 213 CL  

            ,,,,,,,,,,,, 132312134  CCC ONM  

        .,,,,,,, 132134  C
Q

CP  

Remark 4.6. (a) Every NCSOS (NCSCS) in  1,X  or  2,X  is a NCS-

bi-OS (NCS-bi-CS). 

Remark 4.7. Every NCS-bi-TS  
 21 ,,X  induces two NCSTSs as 

   .,,, 21

 XX  

Theorem 4.8. Let  
 21 ,,X  be a NCS-bi-TS. Then the union of two 

NCS-bi-OS (NCS-bi-CS) need not a NCS-bi-OS (NCS-bi-CS). 

Proof. The proof of this theorem follows from the example 4.9. 

Example 4.9. Let    ,,,,,,,,, 14321 NMLXX NN


 

 QPOX NN ,,,,2 


 where         ,,,,,,,,, 3421321  ML  

                .,,,,,,,,,,,,,, 12314313312  QPON  

Hence    
 21 ,,, XX  are NCSTS. Therefore  

 21 ,,X  is NCS-bi-TS. 

N, O are NCS-bi-OSs but    132 ,,, ON   is not a NCS-bi-OS. 
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   231 ,,, CN  and    31 ,, CO  are two NCS-bi-CSs but 

   ,,, 31
CC ON   is not a NCS-bi-CS. 

Theorem 4.10. Let  
 21 ,,X  be a NCS-bi-TS. Then the intersection of 

two NCS-bi-OS (NCS-bi-CS) need not a NCS-bi-OS (NCS-bi-CS). 

Proof. The proof of this theorem follows from the example 4.11. 

Example 4.11. Let    ,,,,,,,,, 14321 NMLXX NN


 

 QPOX NN ,,,,2 


 where         ,,,,,,,,, 3421321  ML  

            ,,,,,,,,,,, 14313312  PON  

    .,,, 123 Q  Hence    
 21 ,,, XX  are NCSTS. Therefore 

 
 21 ,,X  is NCS-bi-TS. 

OL,  are two NCS-bi-OSs but  13 ,,, OL   is not a NCS-bi-

OS.    213 ,,, CL  and    31 ,, CO  are two NCS-bi-CSs 

but  321 ,,,, CC OL   is not a NCS-bi-CS. 

5. The Closure and Interior via NCS-bi-OS and NCS-bi-CS 

Definition 5.1. Let  
 21 ,,X  be a NCS-bi-TS and A is NCS. Then 

neutrosophic crisp supra bi-interior of A can be defined as NCS-bi-Int 

    ,: AA   is a NCS-bi-OS}. 

Definition 5.2. Let  
 21 ,,X  be a NCS-bi-TS and A is NCS. Then 

neutrosophic crisp supra bi-closure of A can be defined as NCS-bi-Cl 

     ;: AA   is a NCS-bi-CS}. 

Theorem 5.3. Let  
 21 ,,X  be NCS-bi-TS, A is a NCS then 

(a) NCS-bi-int   .AA   

(b) NCS-bi-int (A) is not a NCS-bi-OS. 

Proof. (a) it is clear from definition 5.1. 
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(b) follows from Theorem 4.8. 

Theorem 5.4. Let  
 21 ,,X  be NCS-bi-TS, A is a NCS then 

(a)  .-- AclbiNCSA   

(b) NCS-bi-cl (A) is not a NCS-bi-CS. 

Proof. (a) it is clear from definition 5.2. 

(b) follows from theorem 4.10. 

6. Neutrosophic Crisp Supra S-Open Sets (NCS-SOS) and 

Neutrosophic Crisp Supra S-closed Set (NCS-SCS) 

The concepts of open and closed sets in NCS-bi-TS were introduced in this 

section. 

Definition 6.1. Let  
 21 ,,X  be a NCS-bi-TS. Then a subset A of space 

X is said to be neutrosophic crisp supra S-open set (NCS-SOS) if 

 1A  and 


 2A  or 


 2A  and 


 1A  and the complement of NCS-SOS is said to be 

neutrosophic crisp supra S-closed set (NCS-SCS). 

Example 6.2. From example 4.9 L and O are any two NCS-SOSS. 

Theorem 6.3. Let  
 21 ,,X  be a NCS-bi-TS then 

(a) Every NCS-SOS is NCS-bi-OS. 

(b) Every NCS-SCS is NCS-bi-CS. 

Proof. (a) Let A be a NCS-SOS, then 

 1A  and 


 2A  or 


 2A  and 

,1

A  therefore A is NCS-bi-OS. 

(b) Let A be a NCS-SCS, then CA  is NCS-SOS therefore 

 1

CA  and 


 2

CA  or 

 2

CA  and 

 1

CA  hence CA  is NCS-bi-OS therefore A is 

NCS-bi-CS. 

Remark 6.4. The converse of 6.2 is not true as seen from the following 

6.5. 
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Example 6.5. From any NCS-bi-TS, NN X,  are two NCS-bi-OS but not 

NCS-SOS and also NN X,  are two NCS-bi-CS but not NCS-SCS 

Theorem 6.6. Let  
 21 ,,X  be a NCS-bi-TS, then the union of two 

NCS-SOS (NCS-SCS) is not a NCS-SOS (NCS-SCS). 

Proof. Proof follows from the following example. 

Example 6.7. Let    ,,,,,,,,, 14321 NMLXX NN


 

 QPOX NN ,,,,2 


 where         ,,,,,,,,, 3421321  ML  

             ,,,,,,,,,,,, 314313312  QPON  

  .,, 12   Hence    
 21 ,,, XX  are NCSTS. Therefore  

 21 ,,X  is 

NCS-bi-TS. 

N, O are two NCS-SOSs but    132 ,,, ON   is not a NCS-

SOS.    231 ,,, CN  and    31 ,, CO  are two NCS-bi-CSs 

but    ,,, 31
CC ON   is not a NCS-SCS. 

Theorem 6.8. Let  
 21 ,,X  be a NCS-bi-TS, then the intersection of 

two NCS-SOS (NCS-SCS) is not a NCS-SOS (NCS-SCS). 

Proof. Proof follows from the following example. 

Example 6.9. Let    ,,,,,,,,, 14321 NMLXX NN


 

 QPOX NN ,,,,2 


 where         ,,,,,,,,, 3421321  ML  

            ,,,,,,,,,,, 14313312  PON  

    .,,, 123 Q  Hence    
 21 ,,, XX  are NCSTS. Therefore 

 
 21 ,,X  is NCS-bi-TS. 

L, O are two NCS-SOS but  13 ,,, OL   is not a NCS-SOS. 

   213 ,,, CL  and    31 ,, CO  are two NCS-SCSs but 

 321 ,,,, CC OL   is not a NCS-SCS. 
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7. Neutrosophic Crisp Supra Tri-Topological Spaces 

Definition 7.1. Let 

 21 ,  and 


3  are three NCSTs on a non-empty set X 

then  
 321 ,,,X  is called neutrosophic crisp supra tri-topological spaces 

(NCS-tri-TS for short). 

Example 7.2. Let    ,,,,,,,,, 14321 NMLXX NN


 

   ,,,,,,,,,, 32 TSRXQPOX NNNN 


 where     ,,,, 321 L  

            ,,,,,,,,,,,, 313123421  ONM  

                ,,,,,,,,,,,,,,, 14313321341  SRQP  

    .,,, 123 T  Hence    
 21 ,,, XX  and  2,X  are NCSTS. 

Therefore  
 321 ,,,X  is NCS-tri-TS. 

Definition 7.3. Let  
 321 ,,,X  be a (NCS-tri-TS) then 


 321   

are called neutrosophic crisp supra tri-open sets (NCS-tri-OSs for short) and 

the complement of NCStri-OSs are called neutrosophic crisp supra bi-closed 

sets (NCS-tri-CSs for short). 

Note 7.4. (a) The family of all NCS-tri-OSs can be written as NCS-tri-

OS(X). 

(b) The family of all NCS-tri-CSs can be written as NCS-tri-CS(X). 

Example 7.5. From Example 7.2 NCS-tri-OSs are NCS-tri-OS 

   TSRQPONMLXX NN ,,,,,,,,,,321 
   and NCS-tri-

CSs are NCS-tri-CS    ,,,,,,,321
CCCCC

NN PONMLXX 
   

,,,, CCCC TSRQ  where         ,,,,,,,,, 2134213  CC ML  

            ,,,,,,,,,,, 13413231  CCC PON  

            ,,,,,,,,,,, 31431132  CCC SRQ  

    .,,, 312 CT  

Remark 7.6. (a) Every NCSOS in  1,X  or  2,X  or  3,X  is NCS-

tri-OS. 
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(b) Every NCSCS in  1,X  or  2,X  or  3,X  is NCS-tri-CS. 

Theorem 7.7. Let  
 321 ,,,X  be a NCS-tri-TS then the union of two 

NCS-tri-OS (NCS-tri-CS) need not a NCS-tri-OS (NCS-tri-CS). 

Proof. Proof follows 7.8. 

Example 7.8. Let    ,,,,,,,,, 14321 NMLXX NN


 

   ,,,,,,,,,, 32 TSRXQPOX NNNN 


 where     ,,,, 321 L  

            ,,,,,,,,,,,, 313123421  ONM  

            ,,,,,,,,,,, 13321341  RQP  

        .,,,,,,, 123143  TS  Hence    
 21 ,,, XX  and 

 2,X  are NCSTS. Therefore  
 321 ,,,X  is NCS-tri-TS. 

M, R are NCS-tri-OSs but    ,,,, 321RM   is not a NCS-tri-

OS.    2134 ,,,, CM  and    31 ,, CR  are two NCS-tri-

CSs but    ,,,, 341
CC RM   is not a NCS-tri-CS. 

Theorem 7.9. Let  
 321 ,,,X  be a NCS-tri-TS then the intersection of 

two NCS-tri-OS (NCS-tri-CS) need not a NCS-tri-OS (NCS-tri-CS). 

Proof. Follows from the following example. 

Example 7.10. Let    ,,,,,,,,, 14321 NMLXX NN


 

   ,,,,,,,,,, 32 TSRXQPOX NNNN 


 where     ,,,, 321 L  

            ,,,,,,,,,,,, 313123421  ONM  

            ,,,,,,,,,,, 13321341  RQP  

        .,,,,,,, 123143  TS   Hence    
 21 ,,, XX  and 

 2,X  are NCSTS. Therefore  
 321 ,,,X  is NCS-tri-TS. 

M, R are two NCS-tri-OSs but  431 ,,,, RM   is not a NCS-

tri-OS.    2134 ,,,, CM  and    31 ,, CR  are two NCS-

tri-CSs but  321 ,,,, CC RM   is not a NCS-tri-CS. 
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8. The Closure and Interior via NCS-tri-OS and NCS-tri-CS 

Definition 8.1. Let  
 321 ,,,X  be a NCS-tri-TS and A is NCS. Then 

neutrosophic crisp supra tri-interior of A can be defined as NCS-tri-Int 

    ;: AA   is a NCS-tri-OS}. 

Definition 8.2. Let  
 321 ,,,X  be a NCS-tri-TS and A is a NCS. 

Then neutrosophic crisp supra tri-closure of A can be defined as NCS-tri-Cl 

     ;: AA   is a NCS-tri-CS}. 

Theorem 8.3. Let  
 21 ,,X  be NCS-bi-TS, A is NCS then 

(a) NCS-tri-int   .AA   

(b) NCS-tri-int (A) is not a NCS-tri-OS. 

Proof. (a) It is clear from Definition 8.1. 

(b) follows from Theorem 7.7. 

Theorem 8.4. Let  
 21 ,,X  be NCS-tri-TS, A is a NCS then 

(a) A  NCS-tri-cl (A). 

(b) NCS-tri-cl (A) is not a NCS-tri-CS. 

Proof. (a) It is clear from Definition 8.2. 

(b) follows from Theorem 7.9. 

9. The Neutrosophic Crisp Supra Tri S-Open Sets (NCS-tri-SOS) and 

Neutrosophic Crisp Supra Tri S-Closed Set (NCS-tri-SCS) 

In this section we introduced new concept of open and closed sets in NCS-

tri-TS. Also we introduced the basic properties of this new concept. 

Definition 9.1. Let  
 321 ,,,X  be a NCS-tri-TS. Then the 

neutrosophic crisp supra open set only in one of the three neutrosophic crisp 

supra topological spaces    
 21 ,,, XX  and  3,X  are called the 

neutrosophic crisp tri-S-open set (NCS-tri-SOS). 
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The complement of NCS-tri-SOS is called neutrosophic crisp supra S-

closed set (NCS-tri-SCS). 

Example 9.2. From 3.8. A, C are any two NCS-tri-SOS. 

Theorem 9.3. Let  
 321 ,,,X  be a NCS-tri-TS. Then 

(a) Every NCS-tri-SOS is NCS-tri-OS. 

(b) Every NCS-tri-SCS is NCS-tri-CS. 

Proof. (a) Let A be a NCS-tri-SOS, then it is one of the NCSOS in three 

neutrosophic crisp supra topological space    
 21 ,,, XX  and  3,X  

Therefore A is NCS-tri-OS. 

(b) Let A be a NCS-tri-SCS, then it is one of the NCSCS in one of the 

three neutrosophic crisp supra topological space    
 21 ,,, XX  and  3,X  

Therefore A is NCS-tri-OS. 

Remark 9.4. The converse 9.3 is not true as seen from 9.5. 

Example 9.5. From any NCS-tri-TS, NN X,  are two NCS-tri-OS but 

not NCS-tri-SOS and also NN X,  are two NCS-tri-CS but not NCS-tri-SCS. 

Theorem 9.6. Let  
 321 ,,,X  be a NCS-tri-TS, then the union of two 

NCS-tri-SOS (NCS-tri-SCS) is not a NCS-tri-SOS (NCS-tri-SCS). 

Proof. Proof follows from the following example. 

Example 9.7. Let    ,,,,,,,,, 14321 NMLXX NN


 

   ,,,,,,,,,, 32 TSRXQPOX NNNN 


 where     ,,,, 321 L  

            ,,,,,,,,,,,, 313123421  ONM  

            ,,,,,,,,,,, 13321341  RQP  

        .,,,,,,, 123143  TS  Hence    
 21 ,,, XX  and 

 2,X  are NCSTS. Therefore  
 321 ,,,X  is NCS-tri-TS. 

M, R are NCS-tri-SOSs but    ,,,, 321RM   is not a NCS-

tri-SOS. 
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   2134 ,,,, CM  and    31 ,, CR  are NCS-tri-SCSs 

but    ,,,, 341
CC RM  is not a NCS-tri-SCS.

Theorem 9.8. Let  
 21 ,,X  be a NCS-tri-TS, then the intersection of 

two NCS-tri-SOS (NCS-tri-SCS) is not a NCS-tri-SOS (NCS-tri-SCS). 

Proof. Proof follows from the following example. 

Example 9.9. Let    ,,,,,,,,, 14321 NMLXX NN


   ,,,,,,,,,, 32 TSRXQPOX NNNN   where     ,,,, 321 L

            ,,,,,,,,,,,, 313123421  ONM

            ,,,,,,,,,,, 13321341  RQP

        .,,,,,,, 123143  TS Hence    
 21 ,,, XX and 

 2,X  are NCSTS. Therefore  
 321 ,,,X  is NCS-tri-TS. 

M, R are two NCS-tri-SOSs but  431 ,,,, RM  is not a 

NCS-tri-SOS.    2134 ,,,, CM  and    31 ,, CR  are two 

NCS-tri-SCSs but  321 ,,,, CC RM   is not a NCS-tri-SCS. 

10. Conclusion

In this paper we introduced NCSTS, NCS-bi-TS, NCS-tri-TS, NCS-bi-OS, 

NCS-bi-CS, NCS-SOS, NCS-SCS, NCS-tri-SCS and NCS-tri-SCS also we 

investigated some of its basic properties. Finally these concepts going to pave 

the way for new types of open and closed sets in NCST. 
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