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Abstract

In this paper, neutrosophic crisp supra bi-topological structure, which is a more general structure than neutrosophic
crisp supra topological spaces, is built on neutrosophic crisp sets. The necessary arguments which are pairwise
neutrosophic crisp supra open set, pairwise neutrosophic crisp supra closed set, pairwise neutrosophic crisp supra
closure, pairwise neutrosophic crisp supra interior is defined, and their basic properties are presented. Finally, many

examples are presented.

Keywords: Neutrosophic crisp supra bi-topological spaces, neutrosophic crisp supra pairwise open (closed) sets,
neutrosophic crisp supra bi-open (closed) sets.

1. Introduction

The concept of neutrosophy is a new branch of Philosophy introduced by Smarandache [1,2], and has many
applications in different fields of sciences such as topology. As a generalization of the concept of topological spaces,
Salama and Smarandache [3] defined neutrosophic crisp topological spaces in 2014. The crisp supra topological space
was introduced by Mashhour et al. [4] In 1983, as a generalization of the concept of topological space.
Jayaparthasarathy et al.[ 5] generalized this concept and introduced the concept of neutrosophic supra topological space
in 2019, by using the neutrosophic fuzzy sets. Also, Al-Hamido presented a more general study, where he created the
concept of neutrosophic crisp supra topological spaces [6] in 2020. In 2018 AL-Nafee et al. [7] introduced the notion
of new neutrosophic crisp points and neutrosophic crisp separation axioms in neutrosophic crisp topological space.
The concept of supra bi-topological spaces was introduced by Gowri, and Rajayal [8 ] as an extension of supra
topological spaces in 2017. On the other hand, the concept of bi-topological spaces was introduced by Kelly [9] as an
extension of topological spaces in 1963. He did define bi-topological space as a set endowed with two topologies.
The concept of neutrosophic bi-topological spaces was introduced by Al-Hamido [10 ] as an extension of neutrosophic

topological spaces in 2019. This concept has been studied in [11]. Also, the concept of neutrosophic crisp bi-
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topological spaces was introduced by Al-Hamido [12] as an extension of neutrosophic crisp topological spaces in
2018. Since the discovery of neutrosophic topological space and neutrosophic crisp topological space, there has been
a concerted research efforts to find new neutrosophic open sets and neutrosophic crisp open sets, for more detail see

[13-31].

In this paper, we use the neutrosophic crisp sets to introduce neutrosophic crisp supra bi-topological space. Also, we
introduce new class of neutrosophic crisp supra open (closed) sets in this space, as pairwise neutrosophic crisp supra
open set, pairwise neutrosophic crisp supra closed set, pairwise neutrosophic crisp supra closure, and we study some

basic properties of this new neutrosophic crisp supra open (closed) sets.

2. Preliminaries
In this part, we recall some basic definitions and properties which are useful in this paper.

Definition 2.1. [3]

Let X # O be a fixed set. A neutrosophic crisp set (NCS)  is an object having the form U =< Uy, U, Uz >;

U, U, and Uy are subsets of X satisfying UynU, = @, U;NU; = @ and U,nU; = 0.

Definition 2.2. [3]

@y maybe defined in four ways as a neutrosophic crisp set, as follows :

1. Ox=<0, 0, X>.
2. On=<0,X,0 >
3. =<0, X, X >
4. On=<0, 0, D >.

Xy may be defined in four ways as a neutrosophic crisp set, as follows :

1. Xy=<X, 0, 0>.
2. Xn=<X,X, 0>
3. Xn=<X,0,X>.
4. Xy=<X,X,X>.

Definition 2.3. [3]

Let X # @ be a fixed set, and U =< Uy, Uy, U3 >,V =<V, V,, V3 > are two neutrosophic crisp sets, then:
UuUV may be defined as two ways, as follows :

1. UUV=<U1UV1,U2UV2,U3OV3>.
2. UUV=<U1UV1,UZOV2,U3OV3>.

U NV may be defined as two ways, as follows :

3. UnV:<Uan1,U2nV2,U3UV3>.
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4, UﬂV=<UlﬂV1,U2UV2,U3UV3>.

Definition 24. [3]

A neutrosophic crisp topology (NCT) on a non-empty set X isafamily T of neutrosophic crisp subsetsin X may
be satisfying the following axioms:

1. Xy and @ybelong to T.

2. T is closed under finite intersection.

3. T is closed under arbitrary union.

The pair (X, T) is a neutrosophic crisp topological space (NCTS) in X. Moreover, the elements in T are said to be

neutrosophic crisp open sets (NCOS). A neutrosophic crisp set F is closed (NCCS) if and only if its complement F*
is a neutrosophic crisp open set.

Definition 25. [6]

A neutrosophic crisp supra topology (NCST) on a non-empty set Xis a family Sof neutrosophic crisp subsets in X
may be satisfying the following axioms:
1. Xy and @ybelong to S.

2. Sis closed under arbitrary union.

The pair(X, S) is said to be a neutrosophic crisp supra topological space (NCSTS) in X. Moreover, the elements in

S are said to be neutrosophic crisp supra open sets (NCSOS). A neutrosophic crisp set F is neutrosophic crisp supra

closed (NCSCS) if and only if its complement F° is neutrosophic crisp supra open.

3. Neutrosophic crisp supra bi-topological space

In this section, we introduce the neutrosophic crisp supra bi-topological space. Moreover, we introduce new types of

neutrosophic crisp supra open (closed) sets in this space and study their properties.

Definition 3.1.

Let ['1, ', is two neutrosophic crisp supra topologies on a nonempty set X then (X, 1’1, ;) is aneutrosophic
crisp supra bi-topological space (SBi-NCTS for short ).

Example 3.2.

Let X={a,b}, I'i'={0By, Xn, A, B, E}, [:={0y, Xn, B, G}; A={<{a},J,0>}, B={<J,{b},T>}, E={<{a},{b},T>},
G={<0,J,{a}>}.

Then (X,I")),(X,I,) are neutrosophic crisp supra spaces. Therefore(X, ', [';) is a neutrosophic crisp

supra bi-topological space.

Definition 3.3.
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Let (X,I'1,I";) bea neutrosophic crisp supra bi-topological space. Elements in [’y U 'y are said to be

neutrosophic crisp supra bi-open sets ( SBi-NCOS for short ). A neutrosophic crisp set F is neutrosophic crisp supra

closed (SBi-NCCS for short ) if and only if its complement F° is a neutrosophic crisp supra bi-open set.

- The family of all neutrosophic crisp supra bi-open sets is denoted by ( SBi-NCOS(X) ).
- The family of all neutrosophic crisp supra bi-closed sets is denoted by ( SBi-NCCS(X) ).
Example 3.4.

In Example 3.2, the neutrosophic crisp supra bi-open sets (SBi-NCOS) are :
SBi-NCOS(X) ={@y, Xx, A, B, E, G}.

Remark 3.5.

1. Every neutrosophic crisp supra open sets in ( X, Fl) or (X,I,) is a neutrosophic crisp supra bi-open set.

2. Every neutrosophic crisp supra closed sets in ( X, Tl) or (X, FZ) is a neutrosophic crisp supra bi-closed
set.

Remark 3.6.

Every neutrosophic crisp supra bi-topological space (X,I;,I';) induces two neutrosophic crisp supra
topological spaces as (X,I)),(X,I,).

Remark 3.7.

If (X,T°) is neutrosophic crisp supra topological space. Then (X,I,I") is a neutrosophic crisp supra bi-
topological space.

Remark 3.8.

Let (X,I'1,T,) isa neutrosophic crisp supra bi-topological space ( SBi-NCTS). Then the union of two

neutrosophic crisp supra bi-open (bi-closed) sets is not necessary a neutrosophic crisp supra bi-open (bi-closed)

set as the following example shows that.

Example 3.9.

Let X={a,b}, ['1={0By, Xn, A }, T2={0y, Xn, B }; A={<{a},0,0>}, B={<,{b},{a}>}. Then (X,[1,T;) isa
neutrosophic crisp supra bi-topological space.

A, B are two neutrosophic crisp supra bi-open sets but AUB={<{a},{b},0>} is not a neutrosophic crisp supra
bi-open set.

Also, A€, B€ are two neutrosophic crisp supra bi-closed sets but A°UB€ ={<X, X, {b}>} is not a neutrosophic

crisp supra bi-closed set.

Remark 3.10.

Let (X,I';,T;) be a neutrosophic crisp supra bi-topological space ( SBi-NCTS ). Then the intersection of two
neutrosophic crisp supra bi-open (bi-closed) sets is not necessary a neutrosophic crisp supra bi-open (bi-closed)
set as the following example shows that.

Example 3.11.
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In Example 3.9, A, B are two neutrosophic crisp supra bi-open sets, but AnB={<@, @,{a}>} is not neutrosophic
crisp supra bi-open set.
Also, A€, B¢ are two neutrosophic crisp supra bi-closed sets, but A“NB¢ ={<{b},{a},X>} is not neutrosophic
crisp supra bi-closed set.
4. The interior and the closure via neutrosophic Supra bi-open (closed) sets

In this section we define the closure and interior neutrosophic crisp supra set based on these new varieties of

neutrosophic crisp supra open and closed sets. Also, we introduce the basic properties of closure and the interior.

Definition 4.1.

Let (X, I'1, I'2) be aneutrosophic crisp supra bi-topological space, and A be a neutrosophic crisp supra set then

The union of any neutrosophic crisp supra bi-open sets contained in A is called a neutrosophic crisp supra bi-

interior of A ( NCSint(A) ).
NCSint(A) =u{B ;BcA; BeSBi-NCOS(X)}.
Theorem 4.2.

Let (X, "1, T") be a neutrosophic crisp supra bi-topological space. If A, B are neutrosophic crisp supra sets then

1. NCSint(A) c A.
2. NCSint(A) is not necessary a neutrosophic crisp supra bi-open set.
3. AcB = NCSint(A) = NCSint(B)-

Proof :

1. The proof follows from the definition of NCSint(A) as a union of any neutrosophic crisp supra bi-open sets

contained in A.
2. The proof follows from Remark 3.8.
3. Obvious.
Definition 4.3.

Let (X, "1, I'y) bea neutrosophic crisp supra bi-topological space. If A is neutrosophic crisp supra set then :

The intersection of any a neutrosophic crisp supra bi-closed sets containing A is called neutrosophic crisp supra
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bi-closure of A ( (NCScl(A)).
NCScl(A)=N{B ;B2A; BeSBi-NCCS(X)}.
Theorem 44.

Let (X, "1, "y) be a neutrosophic crisp supra bi-topological space and A be a neutrosophic crisp supra set then:

I Ac NCScl(A)-
2. NCScl(A) is not necessary a neutrosophic crisp supra bi-closed set.
Proof :

1. The proof follows from the definition of NCScl(A) as an intersection of any neutrosophic crisp supra bi-

closed set contained A.
2. The proof follows from Remark 3.10.

5. Pairwise neutrosophic crisp supra open (closed) sets

In this section, we introduce new concept of open and closed sets in neutrosophic crisp supra bi-topological space,
as a pairwise neutrosophic crisp supra open(closed) sets. Also, we investigate the basic properties of this new concept
of open and closed sets in SBi-NCTS .

Definition 5.1

Let (X,I'1,I";) be a neutrosophic crisp supra bi-topological space. A neutrosophic crisp supra set A over X is said
to be a pairwise neutrosophic crisp supra open set in (X, 'y, I'3) if there exists a neutrosophic crisp supra open set B

in I'; and a neutrosophic crisp supra open set C in I', such that A=BUC .

Definition 5.2

Let (X,T'1,I"2) be a neutrosophic crisp supra bi-topological space. A neutrosophic crisp supra set A over X is said
to be a pairwise neutrosophic crisp supra closed set in (X, 'y, ') ifits crisp neutrosophic complement is a pairwise
neutrosophic crisp supra open set in (X,I";,I",). Obviously, a neutrosophic crisp set A over X is a pairwise
neutrosophic crisp supra closed set in (X, 'y, ') if there exists a neutrosophic crisp supra closed set B in ( ['1 )°
and a neutrosophic crisp supra closed set C in (I'5 )° such that A=BNC .

The family of all pairwise neutrosophic crisp supra open (closed) sets in (X,I';,I";) s denoted by
PNCSO(X, I, I'3) [PNCSC(X, 1, T2)].

Example 5.3

In Example 3.9, the family of all pairwise neutrosophic crisp supra open (closed) sets in (X, ['1,T5)
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PNCSO(X, I'1. T2)={ @y, Xn, A, B, AUB };
AUB={<{a},{b},0>}.

Theorem 5.4
Let (X,I';,T5) be a neutrosophic crisp supra bi-topological space. Then the family of all pairwise neutrosophic

crisp supra open set is a neutrosophic crisp supra topology on X. This neutrosophic crisp supra topology is denoted
byl'15.

Proof:

Since PPy = Oy , hence @y €Ty, I'; Therefore @y € PNCSO(X, Iy, I'2). Similarly, Xy € PNCSO(X, 'y, I'2).

Let {(N;):i € I} € PNCSO(X,T';,T;). Ni is a pairwise neutrosophic crisp supra openset, V i € I.

There exist Nj; € I'; and Njp€ I'; such that = Nj; U N, V i € I, which implies that:

Uier Ni = Uier(Ni1 U Niz) = (Uier[Ni1]) U (User[Ni2])-

Since I'1, 'y are neutrosophic crisp supra topologies, UieI[Nil] €I’ and UieI[Niz] er,.

Therefore U,;¢; Ni is a pairwise neutrosophic crisp supra open set.
Remark 5.5

Let (X,I"1,T"3) be a neutrosophic crisp supra bi-topological space. Then an arbitrary intersection of pairwise

neutrosophic crisp supra closed sets is a pairwise neutrosophic crisp closed set.

Proof:
Let {(N;):i € I} € PNSC(X,T'1,T";). Then Ni is a pairwise neutrosophic crisp supra closed set Vi € I,
therefore there exist N;; € (I';)¢ and Nj,€ (FZ)C such that N; = N;; N N, Vi € I which implies that:

Nier Ni = Niet(Nix N Niz) = (Nies[Nia]) 0 (Nier[Ni2])-
Now, since I'y, I, are neutrosophic crisp supra topologies, Ne/[N ;] € (') and NierN,] € (T'y)°. Therefore,
N;ie; N, is a pairwise neutrosophic crisp supra closed set.

Remark 5.6.

1) Every neutrosophic crisp supra open sets in (X,I";) or (X,I',) is a pairwise neutrosophic crisp supra

open set.

2) Every neutrosophic crisp supra closed sets in ( X, Fl) or (X, FZ) is a pairwise neutrosophic crisp supra

closed set.

Proof. Straightforward.
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Remark 5.7.
Let (X, "1, I"y) be aneutrosophic crisp supra bi-topological space then :

1) Every neutrosophic crisp supra bi-open sets is a pairwise neutrosophic crisp supra open set, but the converse

is not true.

2) Every neutrosophic crisp supra bi-closed sets is a pairwise neutrosophic crisp supra closed set, but the

converse is not true.

Proof. Straightforward.

Example 5.8.
In Example 3.9 AUB is pairwise neutrosophic crisp supra open sets in (X, I'1, ['3) ,but it is not a neutrosophic crisp

supra bi-open set .

Definition 5.9.
Let (X, ', '2) be a neutrosophic crisp supra bi-topological space (SBi-NCTS) and let A be a neutrosophic crisp
set. then the union of any neutrosophic crisp a pairwise supra open sets , contained in A is called pairwise

neutrosophic crisp supra interior of A (PNSB iint(A)). and let A be a neutrosophic crisp set.
PNSPint(A) =U{B: BcA;B € PNCSO(X,T';,T,)}.
Theorem 5.10.

Let (X, 1, '3) be a neutrosophic crisp supra bi-topological space, and let A be a neutrosophic crisp set. then :
1. PNSPint(A) c A.
2. PNSPint(A)is pairwise neutrosophic crisp supra open set .

Proof :

1. The proof follows from the definition of PNS? iint(A) as a union of any pairwise neutrosophic crisp supra

open sets ,contained in A.

2. The proof follows from Theorem 5.4.
Definition 5.11.
Let (X, "1, ;) be neutrosophic crisp supra bi-topological space (SBi-NCTS) and let A be a neutrosophic crisp
set. Then the intersection of any neutrosophic crisp a pairwise supra closed sets , containing A is called pairwise
neutrosophic crisp supra closer of A (PNSZicl(A)).
PNSPicl(A) =U {B: Bo A;B € PNCSC(X,I';,T,)}.
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Theorem 5.12.

Let (X, 1, ;) be neutrosophic crisp supra bi-topological space , A be a neutrosophic crisp set then :
1. AcCPNSBicl(A).
2. PNSE icl(A) is a pairwise neutrosophic crisp supra closed set.

Proof :

1. The proof follows from the definition of PNSBiCI(A) as a intersection of any pairwise neutrosophic crisp

supra closed set containing in A.

2. The proof follows from remark 5.5.

Remark 5.13.
The following diagram shows the relationship between different types of neutrosophic crisp open sets that were studied

in section 3 and section 5.

6. Conclusion

In this paper, we have defined a new topological space by using neutrosophic crisp sets due to Salama [3]. This
new space called neutrosophic crisp supra bi-topological space .Then we have introduced new neutrosophic crisp
open(closed) sets in neutrosophic crisp supra bi-topological space Also we studied some of their basic properties and
their relationship with each other. We introduced pairwise neutrosophic crisp supra closure, pairwise neutrosophic
crisp supra interior, we also have provided examples where such properties fail to be preserved. In addition, Many
results have been established. This paper is just the beginning of a new structure, and we have studied a few ideas
only, it will be necessary to carry out more theoretical research to establish a general framework for the practical
application. In the future, using these notions, various classes of mappings on neutrosophic crisp supra bi-topological
space, separation axioms on the neutrosophic crisp supra bi-topological spaces, neutrosophic crisp supra bi-o-open
sets, neutrosophic crisp supra bi-f-open sets , neutrosophic crisp supra bi-pre-open sets , Neutrosophic crisp supra

bi-semi-open sets and many researchers can be studied.
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