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Abstract: A neutrosophic set, proposed by Smarandache, considers a truth membership function, an indeterminacy
membership function, and a falsity membership function. Neutrosophic soft sets combined by Maji have been utilized
successfully to model uncertainty in several areas of application such as control, reasoning, pattern recognition, and
computer vision. In the present paper, some basic notions of neutrosophic soft sets have been redefined and the
neutrosophic soft point concept has been introduced. Later we give the neutrosophic soft T;-space and the relationships

between them are discussed in detail.
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1. Introduction
The concept of a neutrosophic set was introduced by Smarandache [13]. This theory is a generalization of
classical sets, fuzzy set theory [14], intuitionistic fuzzy set theory [1], etc. Some works have been done on
neutrosophic sets by some researchers in many area of mathematics [4, 11]. Many practical problems in
economics, engineering, environment, social science, medical science, etc. cannot be dealt with by classical
methods, because classical methods have inherent difficulties. These difficulties may be due to the inadequacy
of the theories of parametrization tools. Each of these theories has its inherent difficulties, as was pointed
out by Molodtsov in [10]. Molodtsov initiated a completely new approach for modeling uncertainties and
applied it successfully in directions such as smoothness of functions, game theory, operations research, Riemann
integration, Perron integration, and so on. Shabir and Naz [12] first introduced the notion of soft topological
spaces, which are defined over an initial universe with a fixed set of parameters, and showed that a soft topological
space gives a parameterized family of topological spaces. Theoretical studies of soft topological spaces were also
done by some authors in [2, 3, 6, 8]. Neutrosophic soft sets were first defined by Maji [9] and later this concept
was modified by Deli and Broumi [7]. Later neutrosophic soft topological spaces were presented by Bera in [5].
The first aim of this paper is to reintroduce the concept of operations on neutrosophic soft sets and
construct a neutrosophic soft topology on neutrosophic soft sets. Later the notions of neutrosophic soft point
and neutrosophic soft neighborhood are defined and some of their important properties are studied. Finally,
the concept of separation axioms of neutrosophic soft topological spaces is given. Furthermore, properties of

neutrosophic soft T;-spaces (i = 0,1,2,3,4) and some relations between them are discussed. Characterization
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theorems of them are also proved. We hope that these results will be useful for future study on neutrosophic

soft topology to carry out a general framework for practical applications.

2. Preliminaries
In this section we now state certain useful definitions, theorems, and several existing results for neutrosophic

soft sets that we require in the next sections.

Definition 2.1 [13] A neutrosophic set A on the universe set X is defined as:
A= {(z,Ta(z), La(x), Fa(z)) : 2 € X},

where T, I, F: X —]70,17[ and 0 < Ta(z) + Ia(z) + Fa(z) < 3*.

Definition 2.2 [10] Let X be an initial universe, E be a set of all parameters, and P(X) denote the power
set of X. A pair (F,E) is called a soft set over X, where F is a mapping given by F : E — P(X). In other
words, the soft set is a parameterized family of subsets of the set X . For e € E, F(e) may be considered as

the set of e-elements of the soft set (F,E), or as the set of e-approrimate elements of the soft set, i.e.
(F,E)={(e,F(e)):ec E, F: E— P(X)}.

After the neutrosophic soft set was defined by Maji [9], this concept was modified by Deli and Broumi [7] as

given below:

Definition 2.3 [7] Let X be an initial universe set and E be a set of parameters. Let P(X) denote the set of

all neutrosophic sets of X . Then a neutrosophic soft set (ﬁ, E) over X is a set defined by a set valued function

F' representing a mapping F:FE— P(X), where F s called the approximate function of the neutrosophic
soft set (ﬁ, E) . In other words, the neutrosophic soft set is a parametrized family of some elements of the set

P(X) and therefore it can be written as a set of ordered pairs:

(ﬁ,E) = {(e, <x,Tﬁ(e)(ac),Il;(e)(x),FI;(e)(x)> tx € X) te€ E},

where T )(J:), Iﬁ(e)(x), Fﬁ(e)(x) € [0,1] are respectively called the truth-membership, indeterminacy-

e
membership, and falsity-membership function of ﬁ(e). Since the supremum of each T, I, F is 1, the inequality

0 < Ty (@) + L (x) + Fy () < 3 is obvious.

Definition 2.4 [5] Let (ﬁ, E) be a neutrosophic soft set over the universe set X. The complement of (}7’, E)

~ c
is denoted by (F,E) and is defined by:

(ﬁ,E)c = {(e, <.T,,Fﬁ(e)(£€),1 - Iﬁ(e)(x),Tﬁ(e)(x)> tx € X) re€ E}
It is obvious that ((ﬁ,E)C)C = (ﬁ,E) .
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Definition 2.5 [9] Let (ﬁ,E) and (é,E) be two neutrosophic soft sets over the universe set X . (ﬁ,E

N—
=,
V2

said to be a neutrosophic soft subset of (57 E) if They (@) S Ty (@), Ty (@) < g5 (@), Fip (@) 2 Fg(y(2),
Ve € E, Vx € X. It is denoted by (IN?, E) C (é,E) . (ﬁ,E) s said to be meutrosophic soft equal to (é,E)
if (ﬁ,E) is a neutrosophic soft subset of <(~¥,E> and (é,E) s a neutrosophic soft subset of (ﬁ,E) . It is

denoted by (ﬁ,E) = (é, E) .

3. Neutrosophic soft points and their properties
Definition 3.1 Let (ﬁl,E> and (ﬁg,E) be two neutrosophic soft sets over the universe set X . Then their

union is denoted by (f‘l,E) U (ﬁg,E) = (ﬁg,E) and is defined by:

(ﬁg;,E) = {(e, <x,Tﬁ3(e)(m),Iﬁg(e)(x),FﬁB(e)(x)> S X) te € E},

where
Tﬁg(e) () = max {Tﬁl(e) (z), Tﬁ2(e) (@} )
Iﬁg(e) () = max {Iﬁl(e)($)71ﬁ2(e) ($)} )
Fﬁg(e) () = min {Fﬁl(e) (z), FﬁQ(e) (93)} .

Definition 3.2 Let (ﬁl,E) and (ﬁ% E) be two neutrosophic soft sets over the universe set X . Then their

intersection is denoted by (ﬁl,E) N (ﬁg,E) = (ﬁg,,E) and is defined by:

(ﬁg,,E) = {(e, <J;,Tﬁg(e)(x),Iﬁs(e)(x),Fﬁg(e)(x)> S X) te € E},

where
Tf,((®) = min {Tﬁl(e) (@), T, ) (x)} ;
Ify(®) = min {fﬁl@ (@) I3 o) (w)} :
F ) () = max {Fﬁl(e) (x), Fg, o) (x)} .

Definition 3.3 A neutrosophic soft set (ﬁ,E) over the universe set X 1is said to be a null neutrosophic soft

set if T};(e)(a:) =0, I, () =0, Fﬁ(e)(a:) =1; Yec E,Vox € X. It is denoted by O x g)-

Definition 3.4 A neutrosophic soft set (ﬁ, E) over the universe set X 1is said to be an absolute neutrosophic
soft set if Tf ) () =1, Iﬁ(e)(m) =1, Fﬁ(e)(x) =0; Ve€ E,Vx € X. It is denoted by 1(x k).

Clearly, OE:X,E) =1l(x,p) and 1((:X,E) =0x.p) -
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Definition 3.5 Let NSS(X,E) be the family of all neutrosophic soft sets over the universe set X and
T C NSS(X,E). Then T is said to be a neutrosophic soft topology on X if:

1. O¢x,g)y and 1(x gy belong to T,
2. the union of any number of neutrosophic soft sets in T belongs to T,

8. the intersection of a finite number of neutrosophic soft sets in T belongs to T.

Then (X, 7,E) is said to be a neutrosophic soft topological space over X . Each member of T is said to

be a neutrosophic soft open set.

Definition 3.6 Let (X, 7, E) be a neutrosophic soft topological space over X and (F,E) be a neutrosophic

soft set over X . Then (ﬁ,E) 1s said to be a neutrosophic soft closed set iff its complement is a neutrosophic

soft open set.

Definition 3.7 Let NS be the family of all neutrosophic sets over the universe set X and x € X. The

neutrosophic set x(q 3.~) 18 called a neutrosophic point, for 0 < «, 8,y < 1, and is defined as follows:

_ [ (B, ify==
mmeW—{(QQU,#y#$

It is clear that every neutrosophic set is the union of its neutrosophic points.

Definition 3.8 Suppose that X = {x1,x2}. Then neutrosophic set
A= {{21,0.1,0.3,0.5), (2, 0.5,0.4,0.7)}

is the union of neutrosophic points 1, and Tz,

.1,0.3,0.5) .5,0.4,0.7) *

Now we define the concept of neutrosophic soft points for neutrosophic soft sets.

Definition 3.9 Let NSS(X,E) be the family of all neutrosophic soft sets over the universe set X . Then
neutrosophic soft set xfa 8.7) is called a neutrosophic soft point, for every x € X,0< a,8,7v<1, e€ E , and

is defined as follows:

e !/ _ (0‘7677) Z'fe’zecmdy:a:,
x(a,ﬁﬁ)(e)(y)_{ (0,0,1) ife’ #£e ory+# x.

Definition 3.10 Suppose that the universe set X is given by X = {x1,22} and the set of parameters by

E = {e1,ex}. Let us consider neutrosophic soft set (ﬁ, E) over the universe X as follows:

<ﬁ E) e ={(21,0.3,0.7,0.6) , (25,0.4,0.3,0.8)} ,
") T\ e2 = {(21,0.4,0.6,0.8) , (x2,0.3,0.7,0.2)}
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It is clear that (ﬁ, E) is the union of its neutrosophic soft points IT%O.B,O.ZO.G)’xi%0.4,0.6,0.8)’mzt0.4,0.3,0.8) , and

€2
T500.3,0.7,0.2)" Here

e1 61—{$17030706> <£C2,0,0,1>}7 }
21(0.3,0.7,0.6) ’

€2 —{ {L‘1,0 0 1> <£L’2,0,071>}

es 61—{$1,0 0 1>7<$2707071>}7
x =
1(0.4,0.6,0.8) es = {(r1,0.4,0.6,0.8), (25,0,0,1)} [~

er = {{21,0,0,1), (x2,0.4,0.3,0.8)}, }

e1
2(0.4,0.3.0.8) es = {(1,0,0,1), (x2,0,0,1)}

{ 6261:{<x1,0,0,1>7<x2,070,1>}, }

€2
L2(0.3,0.7,0.2) = {(r1,0,0,1), (22,0.3,0.7,0.2) }

Definition 3.11 Let (ﬁ, E) be a neutrosophic soft set over the universe set X. We say that xfaﬂ 5 € (ﬁ, E)

read as belonging to the neutrosophic soft set <ﬁ, E) whenever a < Ty ( ), B <Ip )( x) and v > Fﬁ(e)(z).

Definition 3.12 Let (X, 7, E) be a neutrosophic soft topological space over X . A neutrosophic soft set (}7’, E)
n (X, 7, E) is called a neutrosophic soft neighborhood of the neutrosophic soft point xfa 8y € (ﬁ, E) , if there

exists a neutrosophic soft open set (é,E) such that Jc(ea 8. € (é, E) C (ﬁ,E) .

Theorem 3.13 Let (X, 7, E) be a neutrosophic soft topological space and (ﬁ,E) be a neutrosophic soft set

over X . Then (ﬁ, E) 18 a neutrosophic soft open set if and only if (ﬁ, E) s a neutrosophic soft neighborhood

of its meutrosophic soft points.
Proof Let (ﬁ, E) be a neutrosophic soft open set and mfaﬁm € (ﬁ, E) . Then 33?047,6,7) € (f,E) C (ﬁ, E) .
Therefore, (ﬁ, E) is a neutrosophic soft neighborhood of xfm i)

Conversely, let (ﬁ , E) be a neutrosophic soft neighborhood of its neutrosophic soft points. Let m‘("a’ 8 €
(ﬁ , E) . Since (ﬁ , E) is a neutrosophic soft neighborhood of the neutrosophic soft point xfa 87 there exists
(CNY', E) € 7 such that acfaﬁm € (é,E) C (ﬁ,E) . Since (ﬁ,E) =U {xfa’ﬁﬁ) :xfaﬁﬁ) € (ﬁ,E) }, it follows
that (ﬁ, E) is a union of neutrosophic soft open sets and hence (ﬁ, E) is a neutrosophic soft open set.

The neighborhood system of a neutrosophic soft point cha By denoted by U (mfa 8.9)0 E) , is the family

of all its neighborhoods. O

Theorem 3.14 The neighborhood system U(xfa 5 7),E) at xfa 8.7) in a neutrosophic soft topological space

(X, 7,E) has the following properties:
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(xfaﬁm,E)  then o5, ;) € ( . E) ’.

(xga,mﬂ) and (ﬁ E) c (fIE , then (I?IE) e U(%,gw E) ).

3 1f (F.E), (G.B) € U(s, 4. E). then (F.B) N (G.B) € U(sf,5,F):

1) 1f (F.B) € U({, 5, E) . then there exists a (G, E) € U(a{,, 5., E) such that (G, E) € Uy 1 E)
for each ¢l o € (G E).

Proof The proof of 1), 2), and 3) is obvious from Definition 3.12.

v
v

4) If (ﬁ,E) eU(mfmﬂﬁ),E), then there exists a neutrosophic soft open set (é,E) such that
xfaﬁm € (é,E) C (f‘,E) . From Proposition 3.13, (é,E) el (a:(eaﬂﬁ),E> , so for each y(e(;,ﬂ/ﬁ,) € (é,E) ,

(é, E) ev (y(e(;,ﬁ,ﬁ,),E) is obtained. O

Definition 3.15 Let xfa ) and y(i;, 8 ) be two neutrosophic soft points. For the neutrosophic soft points
xfa 8. and y?;, .1y OVET a common universe X , we say that the neutrosophic soft points are distinct points
i 20050 Yo 51 = 00X, B)-

It is clear that xfa 8) and yf;, g1 ,4r) OTE distinct neutrosophic soft points if and only if x # vy or €' # e.

4. Neutrosophic soft separation axioms

In this section, we consider neutrosophic soft separation axioms and neutrosophic soft topological subspace
consisting of distinct neutrosophic soft points of neutrosophic soft topological space over X.
Definition 4.1 a) Let (X, 7, E) be a neutrosophic soft topological space over X, and xfa 8.7) and yf;,ﬂ, )

are distinct neutrosophic soft points. If there exist neutrosophic soft open sets (ﬁ, E) and (CNY', E) such that

mfaﬁﬁ) € (F,E) and xf‘aﬁm N (G, E) = 0x,p) or
ya;lxﬁlﬁ/) S (é, E) and y(el;/’ﬂ,)’w) N (ﬁ, E) = O(X,E'))
then (X, 7, F) is called a neutrosophic soft Ty -space.

/
€

b) Let (X,7,E) be a neutrosophic soft topological space over X and xfaﬁv), and Y(ar g ) 7€ distinct

neutrosophic soft points. If there exist neutrosophic soft open sets (ﬁ, E) and (CNJ, E) such that

xfa’ﬁﬁ) € (F7E> 73:?&’&7) N (G, E) = 0(x,g) and
yfa/’ﬁl’,\//) S (G7E) s y(ea/’ﬁr’,y/) N (F, E) = O(X,E)J
then (X, 1,E) is called a neutrosophic soft Ty -space.
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¢) Let (X,7,E) be a neutrosophic soft topological space over X, and Lo p) and y(e(;, Ay OTE distinct

neutrosophic soft points. If there exist neutrosophic soft open sets (F,E) and (é, E) such that

l‘fa7ﬂ7,y) S (ﬁ,E) 5 y(e(;/76/,,7/) S (é, E) and (ﬁ,E) m (é,E) - O(‘)(’E)7
then (X, 7, E) is called a neutrosophic soft Ts-space.

Example 4.2 Let X = {x1,22} be a universe set, E = {e1,ea} be a parameters set, and xi%0.1,0.4,0‘7)’

x§f0.2’0.5’0.6)7 x;E0.3,0.3,0.5)’ and x§%0.4,0.4,0.4) be neutrosophic soft points. Then the family T = {O(X,E), L(x,E), (Fl, E) ,

(E,E) , (F3,E) : (E,E) : (17“5,15) , (ﬁG,E) , (E,E) : (ﬁS,E>} , where

s E

Aol

x1(010407)

=1 J
{#itons00 )
-1 J

532(030305)

Nl

(
(
(

(Fu) = (R B) U (£ )

(7o) = (i B) U (7).

(7o) = (o B) U (B ).
(F.8) = (. B) U (B ) U (7o),

I — €1 €2 el eo
(F87E> = {%(0.1,0.4,0.7)7I1(0.2,0.5,0.6)’5’32(0.3,0.3,0.5)7152(0.4,0.4,0.4)} )

is a neutrosophic soft topology over X. Hence, (X, T, E) is a neutrosophic soft topological space over X. Also,
(X,7,E) is a neutrosophic soft Ty-space but not a neutrosophic soft Ty -space because for neutrosophic soft

points xitO.I,OA,O.?) and x§§0.4’0'4)0'4), (X, 7, E) is not a neutrosophic soft Ty -space.

Example 4.3 Let X = N be a natural numbers set and E = {e} be a parameter set. Here M i)

are neutrosophic soft points. Here we can give (qpn, Bn,Yn) appropriate values and the neutrosophic soft points

nf% Brin)? mfam B rm) ATE distinct neutrosophic soft points if and only if n # m. It is clear that there is one-to-

one compatibility between the set of natural numbers and the set of neutrosophic soft points N¢ = {nfan B ) } .

Then we give cofinite topology on this set. Then neutrosophic soft set (ﬁ,E) is a neutrosophic soft open set

if and only if the finite neutrosophic soft point is discarded from N°¢. Hence, (X,T,E) is a neutrosophic soft

Ty -space but not a neutrosophic soft Ty -space.
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Example 4.4 Let X = {x1,z2} be a universe set, E = {e1,ea} be a parameters set, and xﬁ

0.1,0.4,0.7)°

m§%0.2,0.5)0'6)7x§20'370.370‘5) , and x3%0.4,0.4,0.4) be meutrosophic soft points. Then the family T = {O(X,E), I(x,E),

(ﬁl,E) , (ﬁg,E) S ey (ﬁ15,E) }, where

= s

e1
21(0.1,0.4,0.7)

= y

e1
Z2(0.3,0.3,0.5)

e2
Z5(0.4,0.4,0.4) [

)={ )
BoB) = {s0s0m00 )
)={ )
)={ }

- _ el eo el ez
(FISaE) = {x1(0.1,0.470.7)7x1(0.2,0.5,0.6)7552(0.3,0.3,0.5)7352(0.4,0.470.4)} )

is a neutrosophic soft topology over X. Hence, (X, T, E) is a neutrosophic soft topological space over X. Also,

(X, 7,E) is a neutrosophic soft Ty -space.

Theorem 4.5 Let (X, 7, E) be a neutrosophic soft topological space over X . Then (X, T, E) is a neutrosophic

soft Ty -space if and only if each neutrosophic soft point is a neutrosophic soft closed set.
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Proof Let (X, 7, E) be a neutrosophic soft T} -space and xf @.B.7) be an arbitrary neutrosophic soft point. We

e

c ’ c ’
e 3 o € e . €
show that (x(aﬁﬁ)) is a neutrosophic soft open set. Let Yiar 371 € (x(ayﬂﬁ)) ; then T(o 8.) and Yiar 5 7")
are distinct neutrosophic soft points. Hence, x # y or ¢’ # e.
Since (X, 7, F) is a neutrosophic soft 77 -space, there exists a neutrosophic soft open set (@,E) such
that

’

Y1) € (é’E) and (, 5.,y N (é’E) = 0x.5)-

Then, since xfa,ﬁﬁ)ﬂ(é, E) = 0(x,E), we have y(@;,ﬁ,ﬂ,) € (é,E) C (xfaﬁﬂ)

is a neutrosophic soft open set, i.e. xfa 8:) is a neutrosophic soft closed set.

) . This implies that (x?aﬁﬁ)>

c
Suppose that each neutrosophic soft point xfa ) is a neutrosophic soft closed set. Then (xfa 5 v))
’ !’ c
is a meutrosophic soft open set. Let xfaﬁﬂ)ﬂ yfa,,ﬁ,ﬁ,) = O(x,p)- Thus, y(ea,ﬁ,ﬁ,) € (xfaﬁm) and
(&3
Tlo gy N (ac?aﬁm> = 0(x,p)- Therefore, (X, 7, E) is a neutrosophic soft Tj-space over X . O

Theorem 4.6 Let (X, 7,FE) be a neutrosophic soft topological space over X . (X, 7, E) is a neutrosophic soft

Ts -space iff for distinct neutrosophic soft points :I:(ea 8.9) and yf;, Y there exists a meutrosophic soft open

')’

set (ﬁ,E) containing xfaﬁﬁ) but not y(e;,ﬁ/ﬁ,) such that y(e;/ﬂ,w,) ¢ (ﬁ,E)

Proof Let mf@ 8.7) and y(e(;/ ) be two neutrosophic soft points in neutrosophic soft T5-space (X, 7, FE).

Then there exist disjoint neutrosophic soft open sets (13, E) , (é, E) such that

x?‘%ﬁ/}') € (F7E> ’ yt(za’,ﬁ’,'y’) € (G,E) .
Since x?a,ﬁ,v)ﬂ y(e;gﬁr,w) = O(x,p) and (ﬁ7E) N (é,E) = Ox,E), y(e;,’ﬁwl) ¢ (ﬁ,E) It implies that

oo # (FoE)

Next suppose that, for distinct neutrosophic soft points :z:‘(? @B.7)’ y(e(;, 5 there exists a neutrosophic

')

soft, open set (ﬁ, E) containing xfaﬁﬁ) but not 9(6;/,/3/ such that y(e;,’ﬁ,ﬁ,) ¢ (ﬁ,E) Then y(e;,’ﬁ,ﬁ,) €

)

’

<(ﬁ, E)) , i.e. (ﬁ, E) and <(ﬁ7 E)) are disjoint neutrosophic soft open sets containing :rfa B.4)0 y(ea, 8 4)

respectively. O

Theorem 4.7 Let (X,7,E) be a neutrosophic soft Ty-space for every neutrosophic soft point :vfaﬁv) €

(ﬁ, E) € 7. If there exists a neutrosophic soft open set (é, E) such that
2{y 5 € (@,E) c (G,E) C (ﬁ,E),
then (X, 1,E) is a neutrosophic soft Ty -space.
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Proof Suppose that xfaﬁmﬂ y(ea,ﬁ/ﬁ,) = O¢x,p). Since (X, 7, F) is a neutrosophic soft 7T} -space, x(eaﬁﬁ)
’ ’ c
and y(ea, Br,41) ATE neutrosophic soft closed sets in 7. Thus, J:fa 8 € (y(ea, B 7,)) € 7. Then there exists a

neutrosophic soft open set (é, E) in 7 such that

x((iavﬁv’)’) € (G’E) C (G7E> C <y(ea/75/,,y,)) .

/

Hence, we have y(ea, gy € ((é,E)) , xfa 8y € (é, E) , and (é, E) N ((CN?, E)) =0(x,p), ie. (X,7,E)
is a neutrosophic soft T5-space. O
Remark 4.8 Let (X, 7, E) be a neutrosophic soft T;-space for i = 0,1,2. For each x # y, neutrosophic points

T(a,8,y) and Y(ar g 41y have neighborhoods satisfying conditions of T;-space in neutrosophic topological space

(X, 7e) for each e € E because xfa ) and yfa, g4 OTE distinct neutrosophic soft points.

Definition 4.9 Let (X, 7, E) be a neutrosophic soft topological space over X , (ﬁ,E) be a neutrosophic soft
closed set, and xfa,ﬁﬁ) N (ﬁ7E> = Ox,p) - If there exist neutrosophic soft open sets ((Z,E) and (CZ’;,E)

such that xfaﬂv) € (évl,E) , (ﬁ,E) C (@,E) , and (CA?;,E) N (@,E) = 0(x,p) , then (X, 7, E) is called
a neutrosophic soft reqular space. (X, 7, E) is said to be a neutrosophic soft Ts-space if it is both a neutrosophic
soft reqular and neutrosophic soft Ty -space.

Theorem 4.10 Let (X, T, E) be a neutrosophic soft topological space over X . (X, 1, E) is a neutrosophic soft
T3 -space if and only if for every xfa 8 € (ﬁ, E) € 7, there exists (é, E) € 1 such that xfa 8 € (é, E) C

CORLEY

Proof Let (X,7,E) be a neutrosophic soft T3-space and xfaﬁﬁ) € (ﬁ,E) € 7. Since (X,7,E) is a
neutrosophic soft T3-space for the neutrosophic soft point scf B.7) and neutrosophic soft closed set (F, E)c,
there exist ((Z,E),(@,E) € 7 such that xfaﬁﬁ) € (CTl,E), (ﬁ,E)C C (@,E), and ((f}'vl,E)ﬂ
(@;,E) = 0(x,E)- Thus, we have xfa’ﬁﬁ) € (é’vl,E) - (@,E)C C (ﬁ, E) Since (C:';E)C is a neutrosophic
soft closed set, (G:,E) C (@,E)C.

Conversely, let :Efaﬁ N (ﬁ,E) = O(x,r) and (f[,E) be a neutrosophic soft closed set. Thus,

C

Llo ) € (ﬁ[,E) ~and from the condition of the theorem, we have Ty 5y € (é,E) C (é,E) - (fI,E) .

Then (o g € <C~¥, E) , (ﬁ,E) C ((CNT‘, E))C, and <C~¥, E) N ((é,E))C = O(x,p) are satisfied, i.e. (X,7,FE)

is a neutrosophic soft Ts-space. O
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Definition 4.11 A neutrosophic soft topological space (X, 7,E) over X is called a neutrosophic soft normal

space if for every pair of disjoint neutrosophic soft closed sets (ﬁ,E) , (E,E) , there exists disjoint neutro-
sophic soft open sets (a/l,E) , (@;,E) such that (ﬁ,E) - (@E,E) and <E,E) - (@;,E)

(X, 7, E) is said to be a neutrosophic soft Ty -space if it is both a neutrosophic soft normal and neutrosophic

soft Ty -space.

Theorem 4.12 Let (X, 1, FE) be a neutrosophic soft topological space over X . Then (X, 1, FE) is a neutrosophic

soft Ty -space if and only if, for each neutrosophic soft closed set (ﬁ, E) and neutrosophic soft open set ((N}’7 E)

with (ﬁ, E) - (é,E) , there exists a neutrosophic soft open set (E,E) such that

(FE) c (B,E) c (15,13) c (GE)
Proof Let (X,7,E) be a neutrosophic soft Tj-space, (ﬁ,E) be a neutrosophic soft closed set, and
(ﬁ,E) - (é,E) € 7. Then (CNJ,E) is a neutrosophic soft closed set and <13,E> N (é,E) = O(x,E)-
Since (X, 7, E) is a neutrosophic soft Tj-space, there exist neutrosophic soft open sets (bvl, E) and (13;, E)
~ —~ ~ c — —~ —_—

such that (FE) c (Dl,E), (GE) c (DQ,E) , and (Dl,E) N (DQ,E) = O(x.p). This implies that

(ﬁ,E) - (E,E) - (EE) c (éE)
(13;7 E) is a neutrosophic soft closed set and (E;,E) C (13;, E) is satisfied. Thus,

(ﬁ,E) c (171,E) C (E,E) C (é,E)

is obtained.

Conversely, let (E,E) , (E,E) be two disjoint neutrosophic soft closed sets. Then (E,E) C

(E, E) . From the condition of theorem, there exists a neutrosophic soft open set <5, E) such that

o~ ~ 7~ N — c

(Fl,E) c (D,E) c (D,E) c (FQE) :
Thus, (f),E),((f),E)) are neutrosophic soft open sets and (E,E) C (IND,E), (E,E) - ((5,E)> ,
and (5,E> N ((5,E)) = O(x,p) are obtained. Hence, (X, 7, E) is a neutrosophic soft T}-space. O
Definition 4.13 Let (X, 7,E) be a neutrosophic soft topological space over X and (ﬁ,E) be an arbitrary

neutrosophic soft set. Then T(F,E) = {(ﬁ’, E) N (ITI, E) : (ﬁ, E) € 7'} is said to be neutrosophic soft topology

on (ﬁ,E) and ((F,E) JT(FE)> E) is called a neutrosophic soft topological subspace of (X, 7,E).
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Theorem 4.14 Let (X, 7, E) be a neutrosophic soft topological space over X. If (X, 7, E) is a neutrosophic soft
T; -space, then the neutrosophic soft topological subspace ((f‘,E) JT(F E),E) is a neutrosophic soft T; -space
fori=0,1,2,3.

Proof  Let xfa,ﬁ,vy yfa/’ﬁ,ﬁ,) € ((F,E),T(ﬁE),E) such that xfa’ﬁmﬁ y(ea,ﬁ,w,) = Ox,p). Thus,
there exist neutrosophic soft open sets (ﬁ,E) and (E,E) satisfying the conditions of neutrosophic soft
T;-spaces such that xfaﬁv) € (E,E), y‘(i;, gy € (E,E) Then xfaﬁv) € (ﬁ,E) N (ﬁ,E) and

y(e;,,ﬁ,ﬁ/) € (E,E) N (ﬁ,E) Also, the neutrosophic soft open sets (E,E) N (ﬁ,E), (E,E) N (ﬁ,E) in

T(F.E) satisfy the conditions of neutrosophic soft T;-space for i =0,1,2, 3. O

Theorem 4.15 Let (X, 7, E) be a neutrosophic soft topological space over X. If (X, 7, E) is a neutrosophic soft
Ty -space and (ﬁ, E) is a neutrosophic soft closed set in (X, T, E), then ((ﬁ7 E) JT(F E),E) s a neutrosophic

soft Ty -space.

Proof Let (X,7,E) be a neutrosophic soft Tj—-space and (ﬁ,E) be a neutrosophic soft closed set in
(X,7,E). Let (E,E) and (E,E) be two neutrosophic soft closed sets in ((ﬁ,E) ,T(RE),E) such that
(E,E) N (E,E) = Ox,p)- When (ﬁ,E) is a neutrosophic soft closed set in (X,7,FE), (E,E) and
(F;, E) are neutrosophic soft closed sets in (X, 7, E). Since (X, 7, F) is a neutrosophic soft Tj-space, there
exist neutrosophic soft open sets (évl,E) and (@7E) such that (E,E) C (é/l,E), (E,E) C (@,E),
and (CTlE) N (GNQE) = O(x.p). Then (FlE) - (&E)m (ﬁE) (EE) - (GNQE) n (ﬁE) and
((&,E) N <}~7, E)) N ((@;,E) N (ﬁ,E)) = O(x,p)- This implies that ((ﬁ,E) ,T(EE),E) is a neutrosophic

soft. Ty -space. O

5. Conclusion

Neutrosophic soft separation axioms are the most important and interesting concepts via neutrosophic soft
topology. We have introduced neutrosophic soft separation axioms in neutrosophic soft topological spaces,
which are defined over an initial universe with a fixed set of parameters. We further investigate some essential
features of the initiated neutrosophic soft separation axioms. We hope that these results will be useful for future
studies on neutrosophic soft topology to carry out a general framework for practical applications. Applications
of neutrosophic soft separation axioms in neutrosophic soft topological spaces can be investigated in decision-

making problems.
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