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Abstract

The objective of this paper is to introduce a new intuitionistic neutrosophic crisp points

in intuitionistic neutrosophic crisp topological space, where the intuitionistic
neutrosophic crisp limit point was defined using intuitionistic neutrosophic crisp points
with some of its properties. Also, a generalized form of intuitionistic neutrosophic crisp
topological space as intuitionistic neutrosophic crisp supra topological space and
intuitionistic neutrosophic crisp infra topological space were defined. Moreover, the
separation axioms were constructed in these new spaces and the relationship between

them will be examined in details.
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Introduction

For the first time in the world, F. Smarandache [1,2,3] introduced the notions of
neutrosophic theory as a generalization of the fuzzy and intuitionistic fuzzy theories. Also,
D. Cocer [4] introduced the concept of intuitionistic sets and studied its applications in
algebraic and topological structures.

As the generalization of classical sets, Salama et al. in 2014 proposed the concept of

neutrosophic crisp sets [5]. Neutrosophic crisp sets is a special case of neutrosophic sets.
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Recently, ] .Kim et al. [6] introduced the concept of intuitionistic neutrosophic crisp
sets by combined intuitionistic set and neutrosophic crisp set.

They applied it to topology by defined intuitionistic neutrosophic crisp topological
space and studied some concepts related to intuitionistic neutrosophic crisp sets as
intuitionistic neutrosophic crisp interior and closure.

In 2015, Adel. M. AL-Odhari [7] have discussed the concept of infra-Topological spaces
as an extension of topological space.

Also, G.Jayaparthasarathy et al. presented a more general study, where he created the
concept of neutrosophic supra topological spaces [8] in 2019.

A. B.AL-Nafee et al. In 2015, have been discussed the concept of neutrosophic points
and separation axioms in neutrosophic crisp topological spaces [9].

In fact, the concept of neutrosophic sets represents an important idea to open the door
in front of many researchers especially in pure and applied mathematics  [10].

In this paper, we give some important spaces via intuitionistic neutrosophic crisp sets,
where we define intuitionistic neutrosophic crisp supra topological space and intuitionistic
neutrosophic crisp infra topological space, as well as new sets in these new spaces as
intuitionistic neutrosophic crisp supra open (closed) sets and intuitionistic neutrosophic
crisp infra open (closed) sets. On other hand we define, for the first time, the intuitionistic
neutrosophic crisp points and we use these points to define separation axioms in all of this
new spaces (intuitionistic neutrosophic crisp topological space , intuitionistic neutrosophic

crisp supra topological space and intuitionistic neutrosophic crisp infra topological space).
1. Basic Concepts

Definition:[4]

Let X#¢ be a set. Then A is called an intuitionistic set (IS) of X, if it is an object having the
form A = (Ac, A;); such that Ac N A.=¢, in this case Ac ( A;) represents the set of
memberships (non-memberships) of each element in X.

- The intuitionistic empty set of X, is defined by ¢ = (¢, X).

- The intuitionistic whole set of X, is defined by X = (X, ¢)

- all ISs in X as IS(X).

Definition :[6]
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Let X#¢ be a set. Then the form <Ar,A;,Ar>;
( AT = (A1,1 'A1,2) 'AI = (A2,1 'Az,z) 'AF = (A3,1 'As,z) e IS(X) ).
is called an intuitionistic neutrosophic crisp set in X (INCS), if A; 1N A3, = ¢.
- Ar= (A1,1 'A1,2) A = (A2,1 ,Az,z) JAp = (A3,1 ,A3,2) represent the IS of
memberships, indeterminacies and non-memberships respectively of each element
x € X to A.
- We will denote the set of all INCS by INCS(X).
Definition: [6]

Types of INCS ¢, & Xy as follows:

1. d_)IN’i may be defined in many ways as a INCS as follows: (i=1,2,3,4)

2. Xini may be defined in many ways as a INCS as follows: (i=1,2,3,4)

4. XINA- = < y X, X >,
Definition: [6]
A Intuitionistic neutrosophic crisp topology (INCT) on a non-empty set X is a family T of

intuitionistic neutrosophic crisp subsets in X satisfying the following axioms:
1L Oy &Xivi € T. (i=1,2,3,4)
2. CNDEeT,forany C,D € T.

3. Tis closed under arbitrary union.

The pair (X, T) is said to be a intuitionistic neutrosophic crisp topological space (INCTS)in

X. Moreover, The elements in T are said to be intuitionistic neutrosophic crisp open sets
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(INCOQS), a intuitionistic neutrosophic crisp set F is intuitionistic neutrosophic crisp closed
(INCCS) if and only if its complement F‘is an intuitionistic neutrosophic crisp open set.

2. Intuitionistic Neutrosophic crisp point
In this part, we will introduce the intuitionistic neutrosophic crisp point and
intuitionistic neutrosophic crisp limit points with some of its properties.
Definition 2.1.
For all x, y, z belonging to a non-empty set X. Then the intuitionistic neutrosophic crisp

points related to x, y, z are defined as follows:

o x,<({x}, X—{x}),9, ¢>is called an
intuitionistic neutrosophic crisp point (INCP ) in X..

o y1,<0,({y}, X — {y}),¢ > is called an intuitionistic neutrosophic crisp point (INCP,) in X.

LI A 3<(T),d_), ({z}, X — {z}) > is called an intuitionistic neutrosophic crisp point (INCPy,) in X

The set of all intuitionistic neutrosophic crisp points (INCP; , INCP;,, INCP,,) is denoted

by INCP

Definition 2.2.

Let X be a non-empty set and x ,y, z €X. Then the intuitionistic neutrosophic crisp
point:

o Xy, is belonging to the intuitionistic neutrosophic crisp set Beo(Bi1, Bi2), (B21, B22),
(Bs1 , Bs2)> denoted by x; €B, if x€B;;,wherein x;, not belongs to the
intuitionistic neutrosophic crisp set B denoted by x;, & B ,if x € By ;.

* i, is belonging to the intuitionistic neutrosophic crisp set Bee(Bi1, Bi2), (B21, B22),
(Bs1 , Bs2)> denoted by y;, €B, if y€B;;,wherein y;, not belongs to the
intuitionistic neutrosophic crisp set B denoted by y;, € B ,if y € B, ;.

e 7z, is belonging to the intuitionistic neutrosophic crisp set Beo(Bu1, Bi2), (B21, B22), (Bss
, Bs2)>, denoted by z;, € B, if z € B;;,wherein z;, not belongs to the intuitionistic
neutrosophic crisp set B denoted by z;, € B ,if z € B3 ;.

Definition 2.3.
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Let (X,T) be an INCTS ,P € INCPy in X, an intuitionistic neutrosophic crisp set
Beo(B11, Bi2), (B21, B22), (Bs1, Bs2)> € T is said to be intuitionistic neutrosophic crisp open
nhd of P in (X, T) if P € B.

Definition 2.4.

Let (X,T) be an INCTS, P € INCPy in X , an intuitionistic neutrosophic crisp set Beo(Bi,1
, B12), (B21, B22), (Bs1, Bs2)>is said to be intuitionistic neutrosophic crisp nhd of P in
(X, T), if there is an intuitionistic neutrosophic crisp open set Aeo(A11, A12), (A21, A22), (Asa
, As2)> containing P such that A € B
Note 2.5.

Every intuitionistic neutrosophic crisp open nhd of any point P € INCPy in Xis

intuitionistic neutrosophic crisp nhd of P.
3 .Separation Axioms In an intuitionistic neutrosophic Crisp Topological Space
Definition 3.1.

An intuitionistic neutrosophic. crisp topological space (X, T) is called:

e [I;-To-space if V x;,# y;,€X 3 an intuitionistic neutrosophic crisp open set G in X
containing one of them but not the other.

e [,-To-space if V x;,# y;,€X 3 an intuitionistic neutrosophic crisp open set G in X
containing one of them but not the other .

e I3-To-space if V x,# y;,€X 3 an intuitionistic neutrosophic crisp open set G in X
containing one of them but not the other.

e [I;-Ti-spaceif V xy, # yn,€X 3 an intuitionistic neutrosophic crisp open sets Gi, Gz in
Xsuch that x;, € Gi, y;, € Grand x;, ¢ G2, y;, € Gz

e I,-Ti-spaceif V xy, # yn,€X 3 an intuitionistic neutrosophic crisp open sets Gi, Gz in
X'such that x,€ Gi, y;, € Grand x;, ¢ G2, y;, € Gz

e I3-Ti-spaceif V x;, # y;,€X 3 an intuitionistic neutrosophic crisp open sets Gi, Gz in
Xsuch that x;,€ Gi, y;, ¢ Grand x;, ¢ G2, y1, € Ga.

e I;-Te-spaceif V x;, # y; €X 3 an intuitionistic neutrosophic crisp open sets G1,Gz2 in X

such that x;, € Gi, y;, ¢ Grand x;, ¢ G2, y;, € Gawith GinG.= d_)INi.
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e [,-Te-spaceif V x;, # y;,€X 3 an intuitionistic neutrosophic crisp open sets G1,Gz in X
such that x;,€ Gi, y;, ¢ Grand x;, ¢ G2, y;, € G2 with GinGa= $IN1.
o I3-Trspaceif V xj, # y;,€X 3 an intuitionistic neutrosophic crisp open sets G1,Gz in X

such that x;,€ Gi, yi, ¢ Grand x;, ¢ G, y;, € &2 with GinG: = (I_)INi.

Example 3.2.

If X={xy}, T1 = {Oy &XinA} T2 = {0,y &Xin, B}, T3 = {Xn, Oy, G 3, A 00({x},{y}),0,0>,
B <@,({y},{x}),8>, G <@,8,({x},{y})>, Then (X,T;) is I;-To-space, (X,T;) is I,-To-space, (X,T5)
is I3-To-space.

Remark 3.3.

For an intuitionistic neutrosophic crisp topological space (X, T)
e Everyl;-Ti-space is I;-To-space (i=1,2,3).
e Every [;-Tx-space is I;-Ti-space (i=1,2,3).
Proof : the proof holds directly.
Remark 3.4.
The inverse of remark (3.3) is not true as it is shown in the following example:
Example 3.5.
If = {xy}, A<({x}{y})0,8> B <@,({y},{x}),8>,G 008,0,({x},{y})>, Then:
o When T = {d_)IN & Xin , A}, then (X,T) is 1;-To-space but not I;-Ti-space.
e When T = {¢,y &Xin, B}, then (X,T) is I,-To-space but not I,-Ti-space.
o When T = {d_)IN & Xy , G}, then (X,T) is I3-To-space but not I5-Ti-space.
4. Intuitionistic neutrosophic Crisp Supra Topological Space

Definition 4.1.
An intuitionistic neutrosophic crisp supra topology (INCST) on a non-empty set X isa
family T of intuitionistic neutrosophic crisp subsets in X satisfying the following axiom:s:

L O X €T

2. Tis closed under arbitrary union.
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The pair (X,T) is said to be a intuitionistic neutrosophic crisp supra topological space
(INCSTS)in X. Moreover, The elements in T are said to be intuitionistic neutrosophic

crisp supra open sets (INCSOS), a neutrosophic crisp supra set F is intuitionistic
neutrosophic crisp supra closed set (INCSCS) if and only if its complement F°is an

intuitionistic neutrosophic crisp supra open set.

Remark 4.2.

Every (INCTS) is (INCSTS), But the converse not true as it is shown in the following
example.

Example 4.3.

Let X={a,b,c,d,ef,gi}and T = { ¢, ,Xin, A1, Az, Az}

Ay =<({a,b,c},{d,e}),({e, f},{g}), ({g, h}.{b,i}) >

Ay =< ({a,c,d}{e,i}), ({e, g}, {h}), ({h, i}, {a}) >

A3 =<({a,b,c,d},{e}), (e, f, g}, #). {g, h, i}, §) >

(X,T) is (INCSTS) , but (X ,T) is not (INCTS). because A;,4, €T but A4;nA4; =<
({a,c},{d,i,e}), ({e}, {g, h}), ({h}, {a, b, i}) > ¢T.

Separation Axioms In an intuitionistic neutrosophic Crisp supra Topological Space
Definition 4.5.

An intuitionistic neutrosophic crisp supra topological space (X, T) is called:

[;NS-To-space if V x; # y;, €X 3 an intuitionistic neutrosophic crisp supra open set G

in X containing one of them but not the other.

e [;NS-To-space if V xj,# y;,€X 3 an intuitionistic neutrosophic crisp supra open set G
in X containing one of them but not the other.

e [3NS-To-space if V x;,# y;,€X 3 an intuitionistic neutrosophic crisp open set G in X
containing one of them but not the other.

e [;NS-Ti-space if V xy, # yn,€X 3 an intuitionistic neutrosophic crisp supra open sets
Gi, G2in Xsuch that x;, € G, y;, ¢ Giand %, ¢ G2, y;, € G

e I;NS-Ti-spaceif V xy, # yn,€X 3 an intuitionistic neutrosophic crisp supra open sets

G1, G2in X such that x,€ Gi, y;, € Giand x;, ¢ G2, y;, € G2
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e [3NS-Ti-space if V x;, # y;,€X 3 an intuitionistic neutrosophic crisp supra open sets
Gi, G2in X such that x,€ Gy, y;, ¢ Grand x;, ¢ G2, y;, € &2

e [;NS-T-space if V x;, # y;, €X 3 an intuitionistic neutrosophic crisp supra open sets
G1,Gz2in X such that x;, € Gi, y;, ¢ Giand x;, ¢ G2, y;, € Gawith GinGe= $IN,i

e [;NS-Te-space if V x;, # y;,€X 3 an intuitionistic neutrosophic crisp open supra sets
G1,G2in X such that x;,€ Gi, y;, ¢ Giand x;, ¢ G2, y;, € G2 with GinG2= (T)INJ.

e [3NS-Te-space if V x;, # y;,€X 3 an intuitionistic neutrosophic crisp open supra sets

G1,G2in X such that x;,€ Gi, y;, € Giand x;, ¢ Gy, € G2 with GinGz = $INi.

Example 4.6.

If X={xy} , T={by&XinABC}, A <(IxLiy}),0,06> B M (ylix}), 6> C
oo({x},0),({y},2) ,0>, Then (X,T) is I;NS-To-space, and I,NS-Te-space.

Example 4.7.

If X={xy} , T={0,&XnG AC , A <(Ix\iy}),8,8> G 008,8,(Ixlyl)>, C
<({x},0),0,({y}{ x}) >, Then (X,T) is I3NS-To-space.

Remark 4.8.

For an intuitionistic neutrosophic crisp supra topological space (X, T)
e Every [;NS-Ti-spaceis I;NS-To-space (i=1,2,3).
e Every [;NS-Tz-spaceis [;NS-Ti-space (i=1,2,3).
Proof : the proof holds directly.
Remark 4.9.
The inverse of remark (4.8) is not true as it is shown in the following example:
Example 4.10.
In example 4.6, (X,T) is ;NS-To-space,but not I;NS-Ti-space(i=1,2).
In example 4.7, (X,T) is ;NS-To-space, but not I;NS-Ti-space(i=3).
5. Intuitionistic neutrosophic Crisp Infra Topological Space

Definition 5.1.

An Intuitionistic neutrosophic crisp topology infra (INCIT) on a non-empty set X is a

family T of intuitionistic neutrosophic crisp subsets in X, satisfying the following
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axioms:

L ¢y Xini € T

2. Tis closed under finite intersection.

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

crisp infra open sets (INCIOS), a neutrosophic crisp infra set F is neutrosophic crisp infra
closed (INCICS) if and only if its complement F°is an intuitionistic neutrosophic crisp

infra open set.

Remark 5.2.

Every (INCTS) is (INCITS), But the converse not true as it is shown in the following
example.

Example 5.3.

Let X=(a,b,c,d,ef,gi}and T = { ¢,y ,Xin, A1, Az, Az}

Ay =<({a,b,c},{d,e}),({e, f}.{g})., ({g, h}.{b,i}) >

Ay =< ({a,c,d}{e,i}), ({e, g}, {h}), ({h, i}, {a}) >

A3 =< ({a,c},{d, e, i}), ({e}, {g, h}), ({h}, {a, b, i}) >

(X,T) is (INCITS), but (X,T) is not (INCTS). because A;,A,<T.

But Al U AZ =< ({a' b: c, d}: {e})' ({e' f' g}' ¢)' ({g' h! l}! ¢) > éT.

Remark 5.4.
Let (X,T) be a (INCITS), then :

The union of two intuitionistic neutrosophic crisp infra open sets is not necessary
intuitionistic neutrosophic crisp infra open set.

Proof:

In example 5.3, A;,A, are intuitionistic neutrosophic crisp infra open sets but 4; U 4, =<

({a,b,c,d},{e}),({e,f, g}, 8, {9, h, i}, ) > isnot intuitionistic neutrosophic crisp infra open
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set.

Remark 5.6.

(INCITS) is not necessary (INCSTS).

Example 5.7.

In example 5.3, (X,T) is (INCITS) , but (X,T) is not (INCSTS). because A;,4, T but A; U
Az =< ({a,b,c,d},{e}),({e.f, g}, #). ({9, h, i}, §) > ¢T.

Remark 5.8.

(INCSTS) is not necessary (INCITS).

Example 5.9.

In example 4.3, (X ,T) is (INCSTS), but (X ,T) is not (INCITS). Because A;,4, €T but

Alm AZ =< ({a, C}' {d' i' e}); ({e}) {g) h})' ({h}, {a, b; l}) > eT'

Remark 5.10.

The relations between (INCITS) , (INCSTS) and (INCTS) in the following diagram :

INCTS

(INCITS) (INCSTS)

6 .Separation Axioms In an intuitionistic neutrosophic Crisp infra Topological Space

Definition 6.1.
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An intuitionistic neutrosophic crisp infra topological space (X, T) is called:

e [;NI-Te-spaceif V x; # y;, €X 3 an intuitionistic neutrosophic crisp infra open set G in
X containing one of them but not the other.

e [;NI-Te-spaceif V xp,# y;,€X 3 an intuitionistic neutrosophic crisp infra open set G in
X containing one of them but not the other .

e I3NI-To-space if V x;,# y;,€X 3 an intuitionistic neutrosophic crisp open set G in X
containing one of them but not the other .

e [ NI-Ti-space if V xy, # yn,€X 3 an intuitionistic neutrosophic crisp infra open sets
Gi, Gzin Xsuch that x;, € G, y;;, ¢ Grand %, ¢ G2, y;, € &2

e [NI-Ti-space if V xy, # yn,€X 3 an intuitionistic neutrosophic crisp infra open sets
Gi, G2in X such that x;,€ G, y;, ¢ Giand x, ¢ G2, y;, € G2

e [3NI-Ti-space if V x;, # y;,€X 3 an intuitionistic neutrosophic crisp infra open sets
G1, G2in X such that x,€ Gi, y, ¢ Giand x;, ¢ G2, y, € &2

e [ NI-Te-space if V x;, # y;,€X 3 an intuitionistic neutrosophic crisp infra open sets
G1,Gz2in X'such that x;, € Gi, y;, € Grand x;, ¢ G2, y;, € Gewith GiNG2= $IN,i'

e [;NI-Te-space if V x;, # y;,€X 3 an intuitionistic neutrosophic crisp open infra sets
G1,Gz2in X such that x,€ Gi, y;, ¢ Grand x;, ¢ G2, y;, € G2 with GinGe= <|_)IN'1..

e [3NI-Te-space if V x;, # y;,€X 3 an intuitionistic neutrosophic crisp open infra sets

G1,G2in X such that x;,€ Gi, y;, ¢ Giand x;; ¢ Gy, y;, € G2 with GinGz = $IN.i'
Example 6.2.
If X = {X' y} 4 T = {(I_)[N &XINIAI BI C} 7 A @@({X}I{y})l 6 Vi 6 >1 B @9 6 1({y}l{x})/ 6 > 7 C
00(0,{y}),(®,{x}) ,0>, Then (X,T) is I;NI-To-space, and I,NI-To-space.

Example 6.3.

If X={xy}, T={0y&XinG,A4C}, A oo({x}{y}),0,0> G 000,

(S

AxLiyh>  C
00(@,{y}),8,( @,{ y}) > Then (X,T) is I3NI-Te-space.
Example 6.4.

If X={xy}, T={0y&XivA,B,C}, A oo({x},{y}),0,8> B oo({y},{x}),8,0> C oo(®,{x,y}),®
,0>,Then (X,T) is [;NI-Ti-space, but(X,T) in not I;NI-T2-space.

Example 6.5.

Riad K. Al-Hamido, Separation Axioms for Intuitionistic Neutrosophic Crisp supra and Infra Topological Spaces



236

If X={xy}, T={y&XinG,AC}, A <({x}iy), 0,0> G 000,06 ,({x,{y})> C
@@(Q),{y}),@,( @Ay} > Then (X,T)is I3NI-To-space, but (X,T) in not I3NI-T2-space.
Remark 6.6.

For an intuitionistic neutrosophic crisp infra topological space (X, T)
e Everyl;NI-Ti-space is I;NI-To-space (i=1,2,3).
e Every [;NI-T>-space is I;NI-Ti-space (i=1,2,3).
Proof  the proof holds directly.
The inverse of remark (3.8) is not true as it is shown in the following example:
Remark 6.7.
e Inexample 6.2, (X,T)is I;NI-To-space, but(X,T) is I;NI-Ti-space, and (X,T)
I,NI-To-space, but(X,T) is not I,NI-Ti-space.

e Inexample 6.4, (X,T)is I;NI-Ti-space, but(X,T) is I;NI-Tz-space.

7. Conclusion

In this paper, we have defined new topological spaces by using intuitionistic
neutrosophic crisp sets. This new space is called intuitionistic neutrosophic crisp supra
space and intuitionistic neutrosophic crisp infra space. Then we have introduced new
intuitionistic neutrosophic crisp supra open (closed) sets and intuitionistic neutrosophic
crisp infra open (closed) sets in this new spaces. Also we studied some of their basic
properties and their relationship with each other. Also we defined intuitionistic
neutrosophic crisp points, using these notions, various classes of separation axioms were
defined. In the future, many researchers can study the intuitionistic neutrosophic crisp
supra space and intuitionistic neutrosophic crisp infra space.
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