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ABSTRACT. The main aim of this article is to introduce the notion of neu-
trosophic locally open set, neutrosophic locally closed set, neutrosophic
b-locally open set, neutrosophic b-locally closed set, NLO*-set, NLC*-set,
NLO**-set, NLO**-set, N-bLO**-set and N-bLC**-set via neutrosophic
topological spaces, and investigate several properties of these classes of
sets. Besides, we formulate several interesting theorems, propositions, re-
marks, etc. on neutrosophic topological spaces. Further, we furnish few

illustrative examples on these classes of sets.
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1. INTRODUCTION

Zadeh [40] grounded the notion of fuzzy set (in short F'S) theory to deal with
events having uncertainty. Later on, Atanassov [3] presented the concept of
intuitionistic fuzzy set (in short IFS) theory by extending the notion of F'S the-
ory. Many times, the uncertainty events will have an indeterminacy part, which
cannot be expressed using the concepts of crisp set, fuzzy set and intuitionis-

tic fuzzy set. Keep in mind the importance of indeterminacy, Smarandache

*Corresponding Author

Received 29 May 2021; Accepted 22 August 2022
(©2026 Academic Center for Education, Culture and Research TMU
39


https://ijmsi.ir/article-1-2131-fa.html

[ Downloaded from ijmsi.ir on 2026-05-30 ]

40 B. Ch. Tripathy, S. Das

[32] introduced the concept of neutrosophic set (in short NS) as a generaliza-
tion of IFS, where every element will have the degree of truth-membership,
indeterminacy-membership and false-membership. Till now, many researcher
around the globe applied the notion of NS and its extensions in their theoratical
[6,7,11,12, 15,16, 17, 19] as well as practical research [8, 13, 14, 23, 28, 31, 34].
The notion of topological space have been generalized in many ways. Different
types of open sets have been introduced and their properties have been inves-
tigated by many researcher. The generalization of the open sets has attracted
many researchers to study different properties of the topological spaces. Chang
[4] grounded the notions of fuzzy topological spaces. Afterwards, intuitionistic
fuzzy topological space was introduced by Coker [5]. The concept of neutro-
sophic topological space (in short NTS) was grounded by Salama and Alblowi
[29] in the year 2012. Salama and Alblowi [30] also studied the concept of gen-
eralized NS and generalized NTSs. The notion of neutrosophic semi open sets
and neutrosophic semi closed sets was presented by Iswaraya and Bageerathi
[21]. Arokiarani et al. [2] introduced several notations and functions via NTSs.
Rao and Srinivasa [27] grounded the idea of neutrosophic pre-open set and neu-
trosophic pre-closed set. In the year 1996, Andrijevic [1] defined the concept
of b-open set in topological space. Later on, Ebenanjar et al. [20] presented
the concept of neutrosophic b-open sets via NTSs. In the year 2020, Das et
al. [8] proposed a decision making approach under neutrosophic environment.
Das and Pramanik [9] studied the generalized neutrosophic b-open set in NTSs.
Das and Pramanik [10] also introduced the neutrosophic ¢-open set and neu-
trosophic ¢-continuous functions via NTSs. The notion of neutrosophic simply
b-open set via NTSs was introduced by Das and Tripathy [18]. In 2021, Vadi-
vel and Thangaraja [38] grounded the notion of e-continuous and somewhat
e-continuity in N,.-Topological Spaces. Later on, Vadivel and Thangaraja
[39] further studied the notion of e-open sets via N,.-Topological Spaces. Af-
terwards, Sudha et al. [33] established the notion of separation axioms via
N, .-Topological Spaces. The notions of b-locally open set was first studied by
Nasef [24] in 2001. In 1963, Kelly [22] first grounded the concept of bitopolog-
ical space. Thereafter, the idea of b-locally closed sets via bitopological spaces
was established by Rajesh [26]. Later on, the notion of b-locally open sets via
bitopological space was presented by Tripathy and Sarma [36]. Tripathy and
Sarma [37] also studied the notion of pairwise b-locally open sets and pair-
wise neutrosophic closed sets in bitopological space. Afterwards, Tripathy and
Debnath [35] introduced the fuzzy b-locally open sets via fuzzy bitopological
space. Recently, Ozturk and Ozkan [25] grounded the notion of neutrosophic
bitopological spaces.

The main focus of this article is to introduce the notion of neutrosophic lo-
cally open set, neutrosophic locally closed set, neutrosophic b-locally open
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set, neutrosophic b-locally closed set, NOLO*-set, NBLC*-set, NbLO**-set,
NbLC**-set, NbLO***-set and NbLC***-set via NTSs, and formulate several
interesting results on them.

2. SOME RELEVANT RESULTS

In this section, we provide few basic definitions and results those will be used
throughout. Also, some examples have been provided to clarify the situations.

Definition 2.1. [32] Let X be an universal set. An NS A over X is a set
contains triplet having truth, indeterminacy and false membership values de-
noted by Ta,Ia,Fa in the interval [0, 1]. The NS A is denoted as follows:
A = {(x,Ta(x),Ia(x),Fa(z)) : x € X, and Ta(z),Ia(z), Fa(z) € [0,1]},
where 0 < T4 (z) + Fa(x) + La(z) <3, for all z € X.
The null NS (On) and the whole NS (15) over X are defined as follows:

(1) Oy ={(,0,0,1): z € X };

(2) 1y ={(2,1,0,0) : z € X }.
Clearly, Oy C 1y.

Remark 2.2. [32] For any NS A over a fixed set X, the followings hold:
(1) Oy C A
(2) AC1n

Definition 2.3. [32] Let A = {(x,Ta(z),Ia(x), Fa(x)): z € X} be a NS over
X. Then, the complement of A is defined by A° ={(z,1—Tx(z),1—I4(x),1—
Fa(z)):ze X}.

Definition 2.4. [32] An NS A={(z,Ta(x),la(z),Fa(z)) : x € X} is contained
in the other NS B={(z,Ts(z), Ig(x), F(z)) : * € X} (ie., A C B) if and only
if TA(JJ) < TB(Z‘),IA(J?) > IB(Z‘),FA(JJ) > FB(JZ), for each z € X.

Definition 2.5. [32] Suppose that A={(z,Ta(x),Ia(z), Fa(z)) : z € X} and

B={(z,Tp(x),Ig(x), Fp(z)) : € X} be any two NSs over X. Then, the

union and intersection of A and B i.e., AU B and AN B is defined as follows:
(1) AUB={(z,Ta(z)VTg(z),Fa(x) N Fg(z),Ia(x) NIp(x)) :z € X};
(2) ANB={(z,Ta(z) NTp(z), Fa(z) V Fp(x),la(x) VIp(z)) :z € X}.

The notion of neutrosophic topological spaces is defined as follows:

Definition 2.6. [29] Let X be a non-empty set and 7 be the collection of neu-
trosophic sets defined over X. Then, 7 is said to be an neutrosophic topology
(in short NT) on X if the following conditions hold:

(1) On, Iy €73

(2) Ul, U,er — Ui UU, €T,

(3) UU; € 7 whenever {U;: i € A} C 7.
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Then, the pair (X,7) is called an neutrosophic topological space (in short NTS).
The members of 7 are called neutrosophic open set (in short NOS). An NS D
is called an neutrosophic closed set (in short NCS) if and only if D€ is an NOS.

EXAMPLE 2.7. Let X={a,b} be a fixed set. Suppose that P={(a,0.5,0.5,0.4),
(0,0.6,0.7,0.4): a,b € X}, Q={(a,0.4,0.6,0.8), (5,0.4,0.9,0.8): a,b € X}, and
R={(a,0.5,0.6,0.4), (b,0.4,0.8,0.5): a,b € X} be three neutrosophic sets over
X. Then, the family 7 ={0y, 15, P, @, R} is a neutrosophic topology on X.

ExAMPLE 2.8. Let X={a,b,c}. Suppose that A={(a,0.5,0.5,0.4), (6,0.6,0.7,0.4),
(¢,0.5,0.6,0.8): a, b, c € X}, B={(a,0.4,0.6,0.8), (b,0.4,0.9,0.8), (¢,0.3,0.7,0.8):
a, b, c € X}, and C={(a,0.3,0.5,0.8), (,0.4,0.9,0.9), (¢,0.2,0.8,0.9): a, b, c € X}
be three neutrosophic sets over X. Then, the collection 7={0x,1xn, A, B, C}
is not a neutrosophic topology on X, because BN C ¢ 7.

The neutrosophic interior and neutrosophic closure of a neutrosophic set is
defined as follows:

Definition 2.9. [29] Let (X, 7) be an NTS and U be an NS in X. Then, the
neutrosophic interior (in short N;,:) and neutrosophic closure (in short N.;) of
U are defined as follows:

(1) Nyp(U) =U{E : Eisan NOS in X, and E C U};

(2) Nag(U)={F : Fisan NCSin X, and U C F}.

Remark 2.10. [29] Clearly, N (U) is the largest NOS in (X, 7) which is con-
tained in U and N (U) is the smallest NCS in (X, 7) which contains U.

Proposition 2.11. [29] For any neutrosophic sub-set B of an NTS (X, ), we
have the following:

(1) Nint(B) = (Net(B))*;

(2) Na(B) = (Nint(B))*-

Proposition 2.12. [29] Let (X, 1) be an NTS. Suppose that A and B be any

two NSs over X. Then, the following properties hold:
(1) AC Na(A);

Nznt(A) g A,’

Nint(A) - Ncl(A);

ACB = Na(A) C Nu(B);

Na(1n) = 1n;

Ne(0n) = On;

Nint(1n) = 1n;

Nint(0n) = O0pn;

NCZ(A @] B) = Ncl(A) U NCZ(B),'

U= W N

© o
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(11) Nipt(AU B) D Nyt (A) U Nipe(B);

(12) Nipt(AN B) = Nyt (A) N Nipe(B);

(13) Ny (ANB) C Ny (A)N Ny (B);

(14) G is a neutrosophic closed set if and only if Ny(G) = G;
(15) G is a neutrosophic open set if and only if Nit(G) = G.

Definition 2.13. Let (X, 7) be an NTS, and G be an NS over X. Then, G is
called an

(1) [21] neutrosophic semi-open (in short NSO) set if and only if G C
Ncl(Nznt(G))7

(2) [27] neutrosophic pre-open (in short NPO) set if and only if G C
Nint(N('l(G))

Remark 2.14. [27] Every neutrosophic open set is an neutrosophic pre-open
set.

Remark 2.15. [21] Every neutrosophic open set is an neutrosophic semi-open
set.

Definition 2.16. [20] In an NTS (X, 7), an NS G is said to be an
(1) neutrosophic b-open set iff G C Nyt (Nei(G)) U Ny (Nipe (G));
(2) neutrosophic b-closed set iff N;,: (N (G)) U Noy(Nint(G)) € G.

Remark 2.17. [20] An NS G is said to be an neutrosophic b-closed set in (X, 7)
if and only if its complement is an neutrosophic b-open set in (X, 7).

Theorem 2.18. [20] Let (X, 7) be an NTS. Then, every neutrosophic pre-open
(neutrosophic semi-open) set is also an neutrosophic b-open set.

Remark 2.19. The converse of the above theorem may not be true in general.
This follows from the following example.

EXAMPLE 2.20. Let X={a, b} and 7 ={0y, 1, {(a,0.3,0.5,0.6), (b,0.4,0.6,0.7) :
a,b € X}, {(a,0.5,0.2,04), (b,0.6,0.3,0.5) : a,b € X}} be an neutrosophic
topology on X. Then, A={(a,0.6,0.5,0.6), (b,0.8,0.6,0.7) : a,b € X} is an
neutrosophic b-open set in (X, 7). But A is not an neutrosophic pre-open set
in (X,7).

Similarly, the NS B={(a,0.6,0.1,0),(b,0.7,0.5,0) : a,b € X} is an neutro-
sophic b-open set in (X,7). But B is not an neutrosophic semi-open set in
(X, 7).

Theorem 2.21. In an NTS (X, ), the union of two neutrosophic b-open sets
is again a neutrosophic b-open set.

Proof. Let A and B be any two neutrosophic b-open sets in an NTS (X, 7).
Therefore,
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and
B C Nijpi(Ng(B)) U Ny (Nine(B)) (2.2)
For any two NSs A and B, it is known that A C AU B and B C AU B.
Now,
ACAUB = Ng(Nint(A)) € Ng(Nipt (AU B)) (2.3)
ACAUB = Niut(Ne(A)) € Nint(Na(AU B))

BCAUB = Ng(Nint(B)) € Neg(Nint(AU B))

and

BC AUB = Njpi(Nu(B)) € Nipt (N (AU B)) (2.6)
From eq. (2.1) and eq. (2.2) we have,
AUB

C Net(Nint(A)) U Nipt(Nei(A)) U Net(Nint (B)) U Nipt(Nei(B))

- Ncl(Nint(AUB))UNmt(Ncl(AUB))UNcl(Nint(AUB))UNint(Ncl(AUB)) [by
eqs. (2.3), (2.4), (2.5), (2.6)]

= cl(Nint(A U B)) U Nint(Ncl(A U B))

= AUB C Ny(Nin(AUB))U N (N (AU B)).

Therefore, AU B is an neutrosophic b-open set in (X, 7). Hence, the union of
two neutrosophic b-open sets is again an neutrosophic b-open set in (X, 7). O

Remark 2.22. The intersection of two neutrosophic b-open sets may not be an
neutrosophic b-open set in general. This follows from the following example.

EXAMPLE 2.23. Let X={a, b} be a fixed set. Then, 7={0x, 1, {(a,0.3,0.5,0.6),
(6,0.4,0.4,0.5) : a,b € X}, {(a,0.5,0.2,0.4), (b,0.6,0.1,0.3) : a,b € X}} is an
neutrosophic topology on X. Clearly, H={(a,0.4,0.5,0.4), (,0.5,0.4,0.3): a,b €
X}, K={(a,0,1,0),(b,0.1,0.9,0.9): a,b € X} are two neutrosophic b-open sets
in (X, 7). But, their intersection HNK={(a,0,1,0.4), (b,0.1,0.9,0.9) : a,b € X }
is not an neutrosophic b-open set in (X, 7).

Theorem 2.24. The intersection of two neutrosophic b-closed sets in an NTS
(X, 7) is again an neutrosophic b-closed set in (X, ).

Proof. Let A and B be any two neutrosophic b-closed sets in an NTS (X, 7).
Since, the complement of an neutrosophic b-closed set is an neutrosophic b-
open set, so A¢ and B¢ are neutrosophic b-open sets in (X, 7). In the previous
theorem, it is shown that the union of two neutrosophic b-open sets is again
an neutrosophic b-open set in (X, 7). So AU B¢ is an neutrosophic b-open
set in (X, 7). Now, (AN B)°=A°U B¢, which is an neutrosophic b-open set in
(X, 7). Hence, its complement A N B is an neutrosophic b-closed set in (X, 7).
Therefore, the intersection of two neutrosophic b-closed sets in (X, 7) is again
an neutrosophic b-closed set in (X, 7). O

Remark 2.25. The union of two neutrosophic b-closed sets may not be a neu-
trosophic b-closed set. This follows from the following example.
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EXAMPLE 2.26. Let X={a, b}. Then, 7={0x, 1n, {(,0.3,0.5,0.6), (,0.4,0.4,0.5):
a,b e X}, {(a,0.5,0.2,0.4), (,0.6,0.1,0.3): a,b € X}} is an neutrosophic topol-
ogy on X. It can be verified that H={(a,0.6,0.5,0.6), (,0.5,0.6,0.7): a,b €
X}, K={(a,1,0,1), (b,0.9,0.1,0.1): a,b € X} are two neutrosophic b-closed
sets, since their complements are neutrosophic b-open sets. But their union
H U K={(a,1,0,0.6), (b,0.9,0.1,0.1): a,b € X} is not an neutrosophic b-closed
set.

3. NEUTROSOPHIC b-LOCALLY OPEN SET

In this section, we introduce the concept of some open sets namely neutro-
sophic locally open set, neutrosophic b-locally open set, NbLO*-set, NbLO**-
set, NbLO***-set via NTSs, and formulate several interesting results on them.

Definition 3.1. Let (X,7) be an NTS. An NS G over X is said to be an
neutrosophic locally open (in short NLO) set if G = H U K, where H is an
neutrosophic open set and K is an neutrosophic closed set in (X, 7). The
complement of G ie., G¢ is called an neutrosophic locally closed (in short
NLC) set.

Clearly, the null NS (0x) and the whole NS (1x) are both NLO set and NLC
set in (X, 7).

Definition 3.2. In an NTS (X,7), an NS G is said to be an neutrosophic
b-locally open (in short NbLO) set if there exist an neutrosophic b-open set H
and an neutrosophic b-closed set K in X such that G = HUK. The complement
of G i.e., G° is called an neutrosophic b-locally closed (in short NbLC) set.
Clearly, the null NS (0 ) and the whole NS (1) are both NbLO set and NbLC
set in (X, 7).

Definition 3.3. In an NTS (X, 7), an NS G is said to be an NbLO* set if
G = HU K, where H is an neutrosophic b-open set and K is an neutrosophic
closed set in (X, 7). The complement of G i.e., G¢ is called an NbLC* set.
Clearly, the null NS (0y) and the whole NS (1y) are both NbLO* set and
NbOLC* set in (X, 7).

Definition 3.4. In an NTS (X, 7), an NS G is said to be an NbLO** set if
G = H U K, where H is an neutrosophic open set and K is an neutrosophic
b-closed set in (X, 7). The complement of G i.e., G is called an NbLC** set.
Clearly, the null NS (Oy) and the whole NS (1x) are both NbLO** set and
NbLC** set in (X, 7).

Definition 3.5. In an NTS (X, 7), an NS G is said to be an NOLO*** set if
there exist an neutrosophic b-open set H in (X, 7) such that G=H U H®.

Remark 3.6. The collection of all NLO, NbLO, NbLO*, NbLO**, NbLO***
sets in an NTS (X, 7) may be denoted by NLO(X), NbLO(X), NbLO*(X),
NbLO**(X), NODLO***(X).
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Theorem 3.7. Let (X,7) be an NTS, and A be an NS over X. If A €
NLO(X), then A € NbLO*(X).

Proof. Let A € NLO(X). Therefore, there exist an neutrosophic open set G
and an neutrosophic closed set H such that A=GUH . Since, every neutrosophic
open set is an neutrosophic b-open set, so G is an neutrosophic b-open set in
(X, 7). Therefore, A=G U H, where G is an neutrosophic b-open set and H is
an neutrosophic closed set in (X, 7). Hence, A € NbLO*(X). O

Remark 3.8. The converse of the above theorem is not necessarily true. This
follows from the following example.

EXAMPLE 3.9. Let X={a, b}. Then, the collection 7={0x, 1n, {(a,0.8,0.4,0.9),
(6,0.6,0.5,0.7): a,b € X}, {(a,0.7,0.5,1), (b,0.5,0.6,0.8): a,b € X}, {(a,0.6,0.6,1),
(b,0.4,0.7,0.9): a,b € X}} is an neutrosophic topology on X. Let us con-
sider an NS A={(a,0.5,0.3,0), (,0.7,0.2,0): a,b € X} over X. Now, one
can write A=H U K, where H={(a,0.5,0.3,0), (0,0.7,0.2,0): a,b € X} and
K={(a,0.2,0.6,0.1), (b,0.4,0.5,0.3): a,b € X} are two NSs over X. Here, K is
an neutrosophic closed set and H is an neutrosophic b-open set. Therefore, one
can find an neutrosophic closed set K and an neutrosophic b-open set H such
that A=H UK. Hence, A € NbLO*(X). But, A ¢ NLO(X), because H is not
an neutrosophic open set in the NTS (X, 7).

Theorem 3.10. Let (X,7) be an NTS, and A be an NS over X. If A €
NLO(X), then A € NbLO**(X).

Proof. Let A € NLO(X). Therefore, there exist an neutrosophic open set G
and an neutrosophic closed set H such that A=GUH . Since, every neutrosophic
closed set is an neutrosophic b-closed set, so H is an neutrosophic b-closed set
in (X, 7). Therefore, A=G U H, where G is an neutrosophic open set and H is
an neutrosophic b-closed set in (X, 7). Hence, A € NbLO**(X). O

Remark 3.11. The converse of the above theorem is not necessarily true. This
follows from the following example.

EXAMPLE 3.12. Let X={a, b}. Then, 7={0y, 1y, {(,0.3,0.5,0.6), (b,0.4,0.4,0.5):
a,b € X}, {(a,0.5,0.2,0.4), (b,0.6,0.1,0.3): a,b € X}} is an neutrosophic topol-
ogy on X. Let us consider an NS A={(a,0.6,0.2,0.4), (,0.6,0.1,0.3): a,b € X}
over X. Now, we can write A=K UH, where K={(a,0.5,0.2,0.4), (b,0.6,0.1,0.3):
a,b € X} and H={(a,0.6,0.5,0.6), (6,0.5,0.6,0.7): a,b € X} are two NSs over
X. Here, K is an neutrosophic open set and H is an neutrosophic b-closed set
(since H¢ is an neutrosophic b-open set). Therefore, one can find an neutro-
sophic open set K and an neutrosophic b-closed set H such that A=K U H.
Hence, A € NbLO**(X). But, A ¢ NLO(X), because H is not an neutrosophic
closed set in (X, 7).
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Theorem 3.13. Let A and B be any two NSs in (X, 7). If A€ NLO(X) and
B is an neutrosophic open set in (X, 7), then AUB € NLO(X).

Proof. Let A € NLO(X). Therefore, there exists an neutrosophic open set G
and an neutrosophic closed set H such that A=G U H. Also, given that B is an
neutrosophic open set in (X, 7). Now, AUB=(GUH)UB=(GUB)UH=KU
H, where K=G U B is an neutrosophic open set (because the union of two
neutrosophic open sets is again an neutrosophic open set) in (X, 7). Hence,

AU B e NLO(X). O

Theorem 3.14. Let (X,7) be an NTS and A be an NS over X. If A €
NbLO*(X), then A € NbLO(X).

Proof. Suppose that A € NbLO*(X). Therefore, there exist an neutrosophic
b-open set G and an neutrosophic closed set H such that A=GUH. Since, every
neutrosophic closed set is an neutrosophic b-closed set, so H is an neutrosophic
b-closed set in (X, 7). Therefore, A=G U H, where G is an neutrosophic b-
open set and H is an neutrosophic b-closed set in the NTS (X, 7). Hence,
A e NVLO(X). O

Remark 3.15. The converse of the above theorem is not necessarily true, which
follows from the following example.

EXAMPLE 3.16. Let X={a, b} and 7={0y, 1n, {(a,0.3,0.5,0.6), (0,0.4,0.4,0.5):a,
be X}, {(a,0.5,0.2,0.4), (b,0.6,0.1,0.3):a, b € X}} be an neutrosophic topology
on X. Let us consider an NS A={(q,0.6,0.1,0), (0,0.7,0.4,0):a, b € X} over X.
One can write A=H U K, where H={(a,0.4,0.5,0.4), (,0.5,0.4,0.3):a, b € X}
and K={(a,0.4,0.9,1), (0,0.3,0.5,1):a, b € X} are two NSs over X. Here, K
is an neutrosophic b-closed set and H is an neutrosophic b-open set in (X, 7).
Therefore, one can find an neutrosophic b-open set H and an neutrosophic
b-closed set K in (X, 7) such that A=H U K. Hence, A € NbLO(X). But,
A ¢ NbLO*(X) because K is not an neutrosophic closed set in (X, 7).

Theorem 3.17. Let (X,7) be an NTS, and A be an NS over X. If A €
NbLO**(X), then A € NbLO(X).

Proof. Suppose that A € NbLO**(X). Therefore, there exist an neutrosophic
open set G and an neutrosophic b-closed set H such that A = G U H. Since,
every neutrosophic open set is an neutrosophic b-open set, so GG is an neutro-
sophic b-open set. Therefore, A = G U H, where G is an neutrosophic b-open
set and H is an neutrosophic b-closed set. Hence, A € NbLO(X). (]

Remark 3.18. The converse of the above theorem is not necessarily true. It is
clear from the following example.

EXAMPLE 3.19. Let X={a, b} be a fixed set. Clearly, 7={0x, 15, {(a,0.8,0.4,0.9),
(6,0.6,0.5,0.7): a,b € X}, {(a,0.7,0.5,1), (b,0.5,0.6,0.8): a, b € X}, {(a,0.6,0.6,1),
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(0,0.4,0.7,0.9): a, b € X}} be an neutrosophic topology on X. Let us consider
an NS A={(a,0.7,0.3,0), (b,0.7,0.2,0): a, b € X} over X. One can write A=H U
K, where H={(a,0.5,0.3,0), (0,0.7,0.2,0): a, b € X} and K={(a,0.7,0.8,0.5),
(b,0.4,0.5,0.3): a, b € X} are two NSs over X. Here, K is an neutrosophic
b-closed set and H is an neutrosophic b-open set in (X, 7). Therefore, one can
find an neutrosophic b-open set H and an neutrosophic b-closed set K such
that A=H U K. Hence, A € NbLO(X). But, A ¢ NbLO**(X), because H is
not an neutrosophic open set in (X, 7).

Theorem 3.20. Let (X,7) be an NTS, and A be an NS over X. If A €
NbLO***(X), then A € NbLO(X).

Proof. Let A € NbLO***(X). Therefore, there exist an neutrosophic b-open
set H such that A=H U H®. Since, H is an neutrosophic b-open set, so H€ is
an neutrosophic b-closed set. Hence, A=H U H¢, where H is an neutrosophic b-
open set and H¢ is an neutrosophic b-closed set. Therefore, A € NbLO(X). O

Remark 3.21. The converse of the above theorem is not necessarily true, which
follows from the following example.

EXAMPLE 3.22. Let X={a, b} be a fixed set. Then, the family 7={0x, 1,
{(a,0.6,0.6,1), (6,0.4,0.7,0.9): a,b € X}, {(a,0.8,0.4,0.9), (b,0.6,0.5,0.7): a,b €
X}, {(a,0.7,0.5,1), (b,0.5,0.6,0.8): a,b € X}} be an neutrosophic topology
on X. Let us consider an NS A={(a,0.7,0.3,0), (b,0.7,0.2,0): a,b € X} over
X. Here, one can write A=H U K, where H={(a,0.7,0.8,0.5), (b,0.4,0.5,0.3):
a,b € X} and K={(a,0.5,0.3,0), (6,0.7,0.2,0): a,b € X} are two NSs over X.
Here, H is an neutrosophic b-closed set and K is an neutrosophic b-open set in
the NTS (X, 7). Therefore, one can find an neutrosophic b-open set K and an
neutrosophic b-closed set H such that A=H U K. Hence, A € NbLO(X). But,
A ¢ NbLO***(X), because H is not the complement of K.

Theorem 3.23. Let A and B be any two NSs in (X,7). If A € NVDLO(X)
and B is an neutrosophic b-open set, then AU B € NDLO(X).

Proof. Let A € NbLO(X). Therefore, there exists an neutrosophic b-open set
G and an neutrosophic b-closed set H such that A=G U H. Also, given that B
is an neutrosophic b-open set in (X, 7). Now, AUB=(GUH)UB=(GUB)U
H=K U H, where K=G U B is an neutrosophic b-open set (because the union
of two neutrosophic b-open sets is again an neutrosophic b-open set) in (X, 7).
Hence, AU B € NbLO(X). O

Theorem 3.24. Let A and B be any two NSs in an NTS (X,7). If A €
NbLO*(X) and B is either neutrosophic closed set or neutrosophic open set in
(X,7), then AUB € NbLO*(X).

Proof. Let A € NbLO*(X), and B is either neutrosophic open set or neutro-
sophic closed set in (X, 7). Then, there are two case.
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Case-1: A € NbLO*(X) and B is an neutrosophic open set in (X, 7).

Since, A € NbLO*(X), so there exists an neutrosophic b-open set G and an
neutrosophic closed set H such that A=G U H. It is known that, every neutro-
sophic open set is an neutrosophic b-open set, so B is an neutrosophic b-open
set. Now, AUB=(GUH)UB=(GUB)UH=MU H, where M=G U B is
an neutrosophic b-open set (because the union of two neutrosophic b-open sets
is again an neutrosophic b-open set) and H is an neutrosophic closed set in
(X, 7). Hence, AU B € NbLO*(X).

Case-2: A € NbLO*(X) and B is an neutrosophic closed in (X, 7).

Since, A € NbLO*(X), so there exists an neutrosophic b-open set G and an
neutrosophic closed set H such that A=GUH. Now, AUB=(GUH)UB=GU
(HUB)=G UM, where M=H U B is an neutrosophic closed set (because the
union of two neutrosophic closed sets is again an neutrosophic closed set) and
G is an neutrosophic b-open set. Hence, AU B € NbLO*(X). ]

Theorem 3.25. Let A and B be any two NSs in an NTS (X,7). If A €
NOLLO**(X) and B is an neutrosophic open set, then AU B € NbLO**(X).

Proof. Let A € NbLO**(X) and B is an neutrosophic open set in (X, 7).
Since, A € NbLO**(X), so there exists an neutrosophic open set G and an
neutrosophic b-closed set H such that A=G U H. Now, AU B=(GU H) U
B=(GUB)UH=MUH, where M=GU B is an neutrosophic open set (because
the union of two neutrosophic open sets is again an neutrosophic open set) and
H is an neutrosophic b-closed set in (X, 7). Hence, AU B € NbLO**(X). O

Theorem 3.26. Let A be an NS in an NTS (X, 7). Then, A € NbLO**(X)
if and only if A=G U N;nt(A) for some neutrosophic b-closed set G.

Proof. Let A € NbLO**(X). Therefore, there exists an neutrosophic open set
H and an neutrosophic b-closed set G such that A=HUG. Now, G C HUG=A
and N;,:(A) C A. So,

GUN;(A)CA (3.1)

Further, we have H C A

Nint(H) g Nint(A)

H = N;jpi(H) C Nyt (A) [Since H is an neutrosophic open set)
H C Nypi(4)

GUH C GU Ny (4)

A=HUGC GU N;:(A)

Therefore,

Ly

A C GUNipy(A) (3.2)

From eq. (3.1) and eq. (3.2), it is clear that A = G U Ny (A).
Conversely, let A = G U Nt (A) for some neutrosophic b-closed set. It is
known that, N;,:(A) is an neutrosophic open set. Therefore, there exist an
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neutrosophic b-closed set G and an neutrosophic open set N, (A) in (X, 1)
such that A = G U N;,.(A). Hence, A € NbDLO**(X). O

Theorem 3.27. If A,B € NLO(X), then AUB € NLO(X).

Proof. Let A,B € NLO(X). Therefore, there exists two neutrosophic open
sets G, H and two neutrosophic closed sets S, T such that A = G U S and
B=HUT. Now, AUB=(GUS)U(HUT)=(GUH)U(SUT)=MUN,
where M = GUH is an neutrosophic open set and N = SUT is an neutrosophic
closed set. Hence, AUB € NLO(X). O

Theorem 3.28. If A, B € NbLO*(X), then AU B € NbLO*(X).

Proof. Let A,B € NbLO*(X). Therefore, there exists two neutrosophic b-
open sets G, H and two neutrosophic closed sets S, T such that A=G U S and
B=HUT. Now, AUB=(GUS)U(HUT)=(GUH)U(SUT)=M U N,
where M=G U H is an neutrosophic b-open set (because the union of two
neutrosophic b-open sets is again an neutrosophic b-open set) and N=SUT is
an neutrosophic closed set (because the union of two neutrosophic closed sets
is again an neutrosophic closed set). Hence, AU B € NbLO*(X). O

4. CONCLUSION

In this article, we have introduced the notion of neutrosophic locally open
set, neutrosophic b-locally open set, NbLO*-set, NbLO**-set, NbLO***-set
via NTSs, and investigate some of their basic properties. By defining neutro-
sophic locally open set, neutrosophic b-locally open set, NbLO*-set, NbLO**-
set, NbLO***-set, we have formulated some interesting results on them via
NTSs. Further, we have given few illustrative examples on them via neutro-
sophic topological spaces.
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