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Abstract 

In this paper, we extend concept of neutrosophic crisp sets into supra neutrosophic crisp 

sets and supra neutrosophic crisp limit points and we study the separation axioms in supra 

neutrosophic crisp topological spaces and some of their properties are investigated. 

Introduction 

Smarandache [6, 7, 8] introduced the notions of neutrosophic theory and 

introduced the neutrosophic components (T, I, F) which represent the 

membership, indeterminacy, and non membership values respectively, where 

 +− 1,0  is a non standard unit interval. The supra topological spaces had 

been introduced by A. S. Mashhour at [3] in 1983. So the supra open sets are 

defined where the supra topological spaces are presented. B. K. Mahmoud [5] 

introduced on supra-separation axioms for supra topological spaces. A. A. 

Salama and S. A. Alblowi [2] introduced the concepts of neutrosophic crisp set 

and neutrosophic crisp topological spaces and Ahmed B. Al-Nafee, Riad K. Al-

Hamido, Florentin Smarandache [4] introduced separation axioms in 

neutrosophic crisp topological spaces. 

Finally, we introduce the definitions of supra neutrosophic crisp 

topological spaces, we used these points  NCPN  to define the concept of 
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supra neutrosophic crisp limit point  NCPSN  with some of its properties 

and separation axioms in supra neutrosophic crisp topological spaces. 

1. Preliminaries and Basic Definitions 

Definition 1.1[3]. The spaces considered in this paper are supra 

topological spaces. ( ),X  is said to be a supra topological space if it is 

satisfying these conditions: 

1.  X,  

2. The union of any number of sets in  belongs to  

Each element A  is called a supra open set in ( ),, X  and CA  is 

called a supra closed set in ( )  .3, X  

The supra closure of a set A is denoted by supra ( )  BBAcl :=  is a 

supra closed and .BA   

The supra interior of a set A is denoted by supra ( )  BBA :int =  is a 

supra open and   .3BA   

Definition 1.2[1]. Let X be a non empty fixed set. A neutrosophic crisp 

set  BSNC  is an object having the form 321 ,, BBBB =  where 21 , BB  

and 3B  are subsets of X. 

Definition 1.3[1]. The object having the form 321 ,, BBBB =  is called: 

1. A neutrosophic crisp set of type 1 if satisfying 

== 3121 , BBBB   and .32 =BB   

2. A neutrosophic crisp set of type 2 if satisfying 

== 3121 , BBBB   and ., 32132 XBBBBB ==   

3. A neutrosophic crisp set of type 3 if satisfying 

=321 BBB   and .321 XBBB =  

Definition 1.4[1]. Types of NCCSsN   and NCX  in X as follows: 
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1. NC  may be defined in many ways as a SNC  as follows: 

Type 1: XNC ,, =  

Type 2: XXNC ,,=  

Type 3: = ,, XNC  

Type 4: = ,,NC  

2. NCX  may be defined in many ways as a SNC  as follows: 

Type 1: = ,,XX NC  

Type 2: = ,, XXX NC  

Type 3: XXX NC ,, =  

Type 4: .,, XXXX NC =  

Definition 1.5[1]. Let X be a non empty set and the MSsNC   and N in 

the form 321321 ,,,,, NNNNMMMM ==  then we may consider two 

possible definitions for subsets ,NM   may be defined in two ways: 

1. 2211 , NMNMNM   and 33 MN   

2. 2211 , MNNMNM   and  .33 MN   

Definition 1.6[1]. Let X be a non empty set and the MSsNC  and N in 

the form 321321 ,,,,, NNNNMMMM ==  

1. NM   may be defined in two ways as a NNC  as follows: 

   2211 , NMNMNM  =  and  33 NM   

   2211 , NMNMNM  =  and  33 NM   

2. NM   may be defined in two ways as a SNC  as follows: 

   2211 , NMNMNM  =  and  33 NM   

   2211 , NMNMNM  =  and  33 NM   
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2. Supra Neutrosophic Crisp Topological Spaces 

In this section, we will introduce the supra neutrosophic crisp topological 

spaces  sCTSN  and CSN  interior and CSN  closure and discuss their basic 

properties. 

Definition 2.1. A supra neutrosophic crisp topology  TSNC  on a 

nonempty set X is a family   of supra neutrosophic crisp subsets in X 

satisfying the following axioms 

1.  NCNC X,  

2.   .:   JjAA jj  

The pair ( ),X  is said to be a supra neutrosophic crisp topological space 

 sCTSN  in X. Moreover, the elements in   are said to be supra 

neutrosophic crisp open sets  .sCOSN  A supra neutrosophic crisp set E is 

closed  sCCSN  if and only if its complement CE  is an open supra 

neutrosophic crisp set. 

Example 2.2. Let       ,,,,,,,,, ===  aABAXbaX NCNC  

   abB ,, =  

( ) ,X  is a supra neutrosophic crisp topological space. 

Definition 2.3. Let X be a non empty set, and the ASsSNC  be in the 

form .,, 321 AAAA =  Then CA  may be defined in three ways as an 

SSNC  

1. CCCC AAAA 321 ,,=  or 

2. 123 ,, AAAAC =  or 

3. .,, 123 AAAA CC =  

Definition 2.4. Let ( ),X  be a sCTSN  and 321 ,, AAAA =  be a 
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SSNC  on X. Then the supra neutrosophic crisp closure of  ( )ASNA C inf  

and supra neutrosophic crisp interior of  ( )AclSNA C  are defined by 

1. ( )  AGGASNC = :inf   and G is a -CSN open set in X}. 

2. ( )  FAFAclSNC = :  and F is a -CSN closed set in X}. 

Remark 2.5. For any supra neutrosophic crisp set A in X, we have 

1. ( ) .AAclSNC   

2. A is a CSN  closed set in X iff ( ) .int AASNC =  

Proposition 2.6. Let ( ),X  be any .sCTSN  

1. ( ) .int NNC XXSN =  

2. ( ) .int NNCclSN =  

Proof. Obvious. 

Proposition 2.7. Let ( ),X  be any .sCTSN  If A and B are any two 

CSN  sets in ( )., X  Then the ( )ASNC int  operator satisfies the following 

properties: 

1. ( ) .int AASNC   

2. ( ) ( ).intint BSNASNBA CC   

3. ( ) ( ) ( ).intintint BSNASNBASN CCC  −  

4. ( ( )) ( ) .int
C

C
C

C ASNAclSN =  

5. ( ( )) ( ) .int
C

C
C

C AclSNASN =  

Proof. 

1. ( )  GGASNC :int =  is a -CSN open set in X and .AG   

Thus, ( ) .int AASNC   

2. ( )  GGBSNC :int =  is a -CSN open set in X and 
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  GGBG :  is a -CSN open set in X and  ( ).int ASNAG C  

Thus, ( ) ( ).intint BSNASN CC   

3. ( )  GGBASNC :int  =  is a -CSN open set in X and 

 (  GGGBA : =  is a -CSN open set in X and  (  GGGA :  is 

a -CSN open set in X and  ( ).intint BSNSNGB CC =  

Thus, ( ) ( ) ( ).intintint BSNASNBASN CCC  =  

4. ( )  GGAclSNC :=  is a -CSN closed set in X and 

 ( ( ))  CCC
C GGAclSNGA :, =  is a -CSN open set in X and 

 ( ) .int
C

C
CC ASNGA =  

Thus, ( ( )) ( ) .int
C

C
C

C ASNAclSN =  

5. ( )  GGASNC :int =  is a -CSN open set in X and 

 ( ( ))  GGASNGA
C

C :int, =  is a -CSN closed set in X and 

 ( ) .
C

C
CC AclSNGA =  

Thus, ( ( )) ( ) .int
C

C
C

C AclSNASN =  

Proposition 2.8. Let ( ),X  be any .sCTSN  If A and B are any two SNc 

sets in ( )., X  Then the ( )AclSNC  operator satisfies the following properties: 

1. ( ).AclSNA C  

2. ( ) ( ).BclSNAclSNBA CC   

3. ( ) ( ) ( ).BclSNAclSNBAclSN CCC  =  

3. Supra Neutrosophic Crisp Limit Point 

In this section, we will introduce the supra neutrosophic crisp limit points 

with some properties. This work contains an adjustment for the above-

mentioned definitions 1.5 and 1.6, this was necessary to homogeneous 

suitable results for the upgrade of this research. 
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Definition 3.1. Let X be a nonempty set and the MSsSNC  and N in the 

form 321321 ,,,,, NNNNMMMM ==  then the additional new ways 

for the intersection, union and inclusion between M and N are 

   ,, 2211 NMNMNM  =  and  33 NM   

   2211 , NMNMNM  =  and  33 NM   

2211 , NMNMNM   and .33 NM   

Definition 3.2. For all cba ,,  belongs to a non empty set X. Then the 

supra neutrosophic crisp points related to cba ,,  are defined as follows: 

•    ,,,
1

= aaN  is called a supra neutrosophic crisp point 

( )
1NCPSN  in X. 

•    ,,,
2

= bbN  is called a supra neutrosophic crisp point 

( )
2NCPSN  in X. 

•    ,,,
3

ccN =  is called a supra neutrosophic crisp point 

( )
3NCPSN  in X. 

The set of all supra neutrosophic crisp points ( ,,
21 NCNC PSNPSN  

)
3NCPSN  is denoted by .NCPSN  

Definition 3.3. Let X be a non empty set and .,, Xcba   Then the 

supra neutrosophic crisp point: 

•  
1Na  is belonging to the supra neutrosophic crisp set 

,,, 321 BBBB =  denoted by ,
1

BaN   if ,1Ba   wherein 
1Na  does not 

belongs to the supra neutrosophic crisp set B denoted by ,
1

BaN   if .1Ba   

•  
2Nb  is belonging to the supra neutrosophic crisp set 

,,, 321 BBBB =  denoted by ,
2

BbN   if .2Bb   In contrast 
2Nb  does not 

belongs to the supra neutrosophic crisp set B, denoted by ,
2

BbN   if .2Bb   
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•  
3Nc  is belonging to the supra neutrosophic crisp set 

,,, 321 BBBB =  denoted by ,
3

BcN   if .3Bc   In contrast 
3Nc  does not 

belongs to the supra neutrosophic crisp set B, denoted by ,
3

BcN   if .3Bc   

Definition 3.4. Let ( ),X  be NCsC PSNpTSN ,  in X, a supra 

neutrosophic crisp set = 321 ,, BBBB  is called supra neutrosophic 

crisp open nbd of p in ( ),, X  if .Bp   

Definition 3.5. Let ( ),X  be NCsC PSNpTSN ,  in X, a supra 

neutrosophic crisp set = 321 ,, BBBB  is called supra neutrosophic 

crisp nbd of p in ( ),, X  if there is supra neutrosophic crisp open set 

321 ,, AAAA =  containing p such that .BA   

Note 3.6. Every supra neutrosophic crisp open nbd of any point 

NCPSNp   in X is supra neutrosophic crisp nbd of p, but the converse need 

not be true following the example. 

Example 3.7. Let    ,,,,,,,, GBAXcbaX NCNC ==   

  ,,,, = baA       .,,,,,, == bbaGbB  

If we take     .,,, cbaU =  

Then   = ,,aG  is an open set containing   == ,,,
1

baap N  

and .UG   That is U is a supra neutrosophic crisp nbd of p in ( ),, X  

while it is not a supra neutrosophic crisp open nbd of p. 

Definition 3.8. Let ( ),X  be a TsSNC  and 321 ,, BBBB =  be CSN  

set of X. A supra neutrosophic crisp point NCPSNp   in X is called a supra 

neutrosophic crisp limit point of 321 ,, BBBB =  iff every supra 

neutrosophic crisp open set containing p must contains at least one supra 

neutrosophic crisp point of B different from p. It is easy to say that the point 

p is not supra neutrosophic crisp limit point of B if there is a supra 

neutrosophic crisp open set G of p and ( ) .\ NCpGB =  
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Definition 3.9. The set of all supra neutrosophic crisp limit points of a 

supra neutrosophic crisp set B is called supra neutrosophic crisp derived set 

of B, denoted by ( ).BDSNC  

Example 3.10. Let    ,,,,,,,,, GBAXdcbaX NCNC==   

          .,,,,,,,,,, === bbaGbBdbaA  If we take 

    .,,, = bbaD  Then   == ,,
1

cCP N  is the only supra 

neutrosophic crisp limit point of D, i.e., ( )  .
1NC CDDSN =  

Theorem 3.11. Let ( ),X  be sCTSN  and 321 ,, BBBB =  be a supra 

neutrosophic crisp set of X, then B is supra neutrosophic crisp closed set 

( )sCCSN  iff ( ) .BBDSNC   

Proof. Let B be ,sCCSN  then ( )BX \  is supra neutrosophic crisp open 

set ( )sCOSN  this implies that for each supra neutrosophic crisp point 

NCPSNp   in ( ) ,,\ BpBX   there is a supra neutrosophic crisp open set G 

of p and ( ).\BXG   

Since ( ) ,\ NCBXB =  then p is not supra neutrosophic crisp limit 

point of B, thus ,NCBG =  which implies that ( ).BDSNp C  Hence 

( ) .BBDSNC   

Conversely: Assume that ( ),BDSNp C  implies that p is not supra 

neutrosophic crisp limit point of B, hence, there is a supra neutrosophic crisp 

open set G of p and ,NCBG =  which means that ( )BXG \  and since 

( )BX \  is a supra neutrosophic crisp open set. 

Hence B is supra neutrosophic crisp closed set. 

Theorem 3.12. Let ( ),X  be sCTSN  and GB,  be a supra neutrosophic 

crisp sets of X, then the following properties hold: 

(i) ( ) ,NCNCC DSN =  

(ii) If ,GB   then ( ) ( ),GDSNBDSN CC   

(iii) ( ) ( ) ( ),GDSNBDSNGBDSN CCC    
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(iv) ( ) ( ) ( ).GDSNBDSNGBDSN CCC    

Proof. (i) the proof is directly. 

(ii) Assume that ( )BDSNC  be a supra neutrosophic crisp set containing a 

supra neutrosophic crisp point .NCPSNp   Then by definition 3.8, for each 

supra neutrosophic crisp open set V of p, we have ,\ NCpVB   but 

,GB   hence ,\ NCpVG   this means that ( ).GDSNp C  

Hence, ( ) ( ).GDSNBDSN CC   

(iii) Since ,BGB   then by (ii) ( ) ( )BDSNGBDSN CC   (i) 

,GGB   implies ( ) ( )GDSNGBDSN CC   (ii) 

From (i) and (ii) ( ) ( ) ( ).GDSNBDSNGBDSN CCC    

(iv) Let NCPSNp   such that ( ) ( ) ( ),GDSNBDSNBDSNP CCC   

then either ( )BDSNP C  and ( ),GDSNP C  then there is a supra 

neutrosophic crisp open set K of P and NCPKB =\  and 

NCPKG =\  this implies that ( ) ,\ NCPKGB =  i.e. 

( ).GBDSNP C   Hence ( ) ( ) ( ).GDSNBDSNGBDSN CCC    (iii) 

Conversely, since ,, GBGGBB    then by property (ii) 

( ) ( ),GBDSNBDSN CC   and ( ) ( ).GBDSNGDSN CC   Thus 

( ) ( ) ( ).GDSNBDSNGBDSN CCC    

(iv) From (iii) and (iv) we have ( ) ( ) ( ).GDSNBDSNGBDSN CCC  =  

4. Separation Axioms in a Supra Neutrosophic  

Crisp Topological Spaces 

In this section we introduce separation axioms in a supra neutrosophic 

crisp topological spaces and we study its characterizations. 

Definition 4.1. The supra neutrosophic crisp topological space ( ),X  is 

said to be 0TSNC  space, if yxXyx  ,,  and there exists supra 

neutrosophic crisp open set G such that Gx   and .Gy   
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Example 4.2. Let    ,,,,,,,, GBAXcbaX NCNC==   

      .,,,,,,,, aGbBaA ===  

( ) ,X  is a 0TSNC  space. 

Definition 4.3. The supra neutrosophic crisp topological space ( ),X  is 

said to be CSN  subspace of ( ),, X  if 



A
AXA ,,  is the class of all 

intersection of A with each element in .  

Theorem 4.4. Let ( ),X  is a 0TSNC  space and ( ),Y  is a CSN  

subspace of ( )., X  Then ( )yY ,  is a 0TSNC  space. 

Proof. Suppose that ,,, yxYyx   since XY   then ., Xyx   

Since ( ),X  is a 0TSNC  space means that  a CSN  open set 

GxXG   and .Gy   

We have that yy GGYG ,=  is a CSN  open set in Y and yGx   but 

,yGy   so we found a CSN  open set YGy   which it contained x and not 

contained y. 

Hence ( )yY ,  is a 0TSNC  space. 

Theorem 4.5. Let ( ) ( )  11,,, XX  are two ( ),, XTSN sC  is a 0TSNC  

space and f is a CSN  open function and bijective. Then ( )11 ,X  is a 0TSNC  

space. 

Proof. Suppose that ( ),X  is a 0TSNC  space. 

Now we have to prove that ( )11 ,X  is a 0TSNC  space. 

Let ,,, 11111 yxXyx   since f is a bijective function, then 

( ) ( )yfyxfxXyx == 11 ,,  and .Gx   

Since ( ),X  is a 0TSNC  space, then XG   is a CSN  open set 

Gx   and .Gy   
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We obtain that ( ) 1XGf   is a CSN  open set in 1X  because f is a CSN  

open function. 

So ( )Gfx 1  and ( ).1 Gfy   Hence, ( )11 ,X  is a 0TSNC  space. 

Definition 4.6. The supra neutrosophic crisp topological space ( ),X  is 

said to be 1TSNC  space, if yxXyx  ,,  and XHG  ,  are CSN  open 

sets GyGx  ,  and ., HxHy   

Example 4.7. Let    ,,,,,,,,, HGBAXcbaX NCNC==   

  = ,,aA        .,,,,,,,, bHaGbB ===  

( ) ,X  is a 1TSNC  space. 

Theorem 4.8. Let ( ),X  is a SCTSN  and is a 1TSNC  space if and only 

if for every  xXx ,  is a CSN  closed set. 

Proof. Let ( ),X  be a ,sCTSN  we show that  c
x  is a CSN  open set in 

X. Suppose that   xaxa
c

 ,  then by (def. 3.6) aG  is a CSN  open set in 

X where aG  does not contain x. Hence  c
a xGa   and 

     .:
c

a
c

xaGx =  

This means  c
x  is a union of all CSN  open sets and by def. .sCTSN  

 c
x  is a CSN  open set. Hence  x  is a CSN  closed set. 

Conversely suppose that  x  is a CSN  closed set in X and let Xba ,  

where ba   then    cc
ybxa  ,  and    cc

yx ,  are CSN  open sets in X. 

Hence ( ),X  is a 1TSNC  space. 

Theorem 4.9. Let ( ),X  is a 1TSNC  space and ( ),Y  is a CSN  

subspace of ( )., X  Then ( )yY ,  is a 1TSNC  space. 

Theorem 4.10. Let ( ) ( )  11,,, XX  are two ( ),, XTSN sC  is a 
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1TSNC  space and f is a CSN  open function and bijective. Then ( )11 ,X  is a 

1TSNC  space. 

Remark 4.11. Every 1TSNC  is a 0TSNC  space, but the converse is not 

true as in the following example. 

Example 4.12. Let       ,,,,,,,,,, ===  aAGBAXbaX NCNC  

    .,,,,, == aGaB   

( ) ,X  is a 0TSNC  but not 1TSNC  space. 

Definition 4.13. The supra neutrosophic crisp topological space ( ),X  

is said to be 2TSNC  space, if yxXyx  ,,  and XHG  ,  are CSN  

open sets HyGx  ,  and .=HG   

Example 4.14. Let    ,,,,,,,,, HGBAXcbaX NCNC==   

           bHaGabBbaA ,,,,,,,,,,, ====  and also 

.=HG   

( ) ,X  is a 2TSNC  space. 

Theorem 4.15. Let ( ),X  is a 2TSNC  space and ( ),Y  is a CSN  

subspace of ( )., X  Then ( )yY ,  is a 2TSNC  space. 

Proof. Suppose that ,,, yxYyx   since XY   then Xyx ,  which 

means that  two CSN  open sets GxXHG ,  and Hy  and 

.=HG   

Now YHHYGG yy  == ,  are two CSN  open sets in yGxY   

and .yHy   

Since ,=HG   then .=yy HG   So ( )yY ,  is a 2TSNC  space. 

Hence, ( )yY ,  is a 2TSNC  space. 

Theorem 4.16. Let ( ) ( )  11,,, XX  are two ( ),, XTSN sC  is a 

2TSNC  space and f is a CSN  open function and bijective. Then ( )11 ,X  is a 

2TSNC  space. 
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Remark 4.17. Every 2TSNC  space is a 1TSNC  space, but the converse is 

not true as in the following example. 

Example 4.18. Let    ,,,,,,,, HGBAXbaX NCNC==   

            .,,,,,,,,,,, ==== bHaGbaBbaA  

( ) ,X  is a 1TSNC  space but not 2TSNC  space. 

5. Conclusion 

In this paper, we introduced the supra neutrosophic crisp topological 

spaces with some definitions and properties. We have introduced supra 

neutrosophic crisp limit points and some definitions and properties. We have 

introduced separation axioms in supra neutrosophic crisp topological spaces 

and examine the relationship between them in details. 
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