Bol. Soc. Paran. Mat. (3s.) v. 2025 (43) : 1-12.
©SPM - E-ISSN-2175-1188 ISSN-0037-8712
SPM: www.spm.uem.br/bspm d0i:10.5269/bspm.62716

Pairwise Neutrosophic b-Locally Open Set in Neutrosophic Bi-topological space

Suman Das*, Binod Chandra Tripathy and Kalyan Sinha

ABSTRACT: The main aim of this article is to procure the notion of pairwise neutrosophic locally open
set (in short PNLO-set), pairwise neutrosophic locally closed set (in short PNLC-set), pairwise neutrosophic
b-locally open set(in short PN-b-LO-set), pairwise neutrosophic b-locally closed set (in short PN-b-LC-set),
PN-b-LO*-set, PN-b-LC*-set, PN-b-LO**-set and PN-b-LC**-set via neutrosophic bi-topological space (in
short NBTS), and investigate several properties of these classes of sets. Besides, we establish some remarks,
lemmas, theorems, etc. on these classes of sets via NBTS. Further, we furnish few illustrative examples.

Key Words: PN-b-LO-Set, PN-b-LO*-Set, PN-b-LO**-Set, NT-Space, NBTS.

Contents
1 Introduction 1
2 Some Relevant Results: 2
3 Pairwise Neutrosophic b-Locally Open Set: 4
4 Conclusions 10

1. Introduction

In the year 1998, Smarandache [29] presented the notion of neutrosophic set (in short N-Set) as a
generalization of fuzzy set (in short F-Set) theory and intuitionistic F-Set (in short IF-Set) theory. Till
now, many researchers around the globe applied the notion of N-Set and its extensions in the area of
theoretical research ([4], [5], [6], [9], [10], [11], [12], [14], [17], [18], [20], [21], [22], [24], [30], [32], etc.)
as well as in the area of multi-criteria decision-making strategy ([7], [8], [19], etc.). In the year 2012,
Salama and Alblowi [26] grounded the idea of neutrosophic topology (in short N-topology) on N-Sets, and
established the concept of neutrosophic topological space (in short NT-space) as an extension of fuzzy
topological space [2] and intuitionistic fuzzy topological space [3]. Afterwards, Salama and Alblowi [27]
studied the notion of generalized N-Set and generalized NT-space. In the year 2014, Salama et al. [28]
established the notion of neutrosophic closed set and neutrosophic continuous function via NT-space.
Thereafter, the concept of neutrosophic semi open (in short NSO) function via NT-space was studied by
Arokiarani et al. [1] in the year 2017. Afterwards, Rao and Srinivasa [25] grounded the notion of neutro-
sophic pre open (in short NPO) set and neutrosophic pre closed (in short NPC) set via NT-space. The
concept of neutrosophic semi-closed set and neutrosophic semi-open set via NT-spaces was first grounded
by Iswaraya and Bageerathi [15] in the year 2016. The idea of generalized neutrosophic closed sets via
NT-spaces was presented by Dhavaseelan and Jafari [12]. Dhavaseelan et al. [13] established the notion
of neutrosophic a™-continuity via NT-space. In the year 2018, Sreeja and Sarankumar [30] established
the notion of generalized a-closed sets via NT-space. The notion of neutrosophic generalized closed
sets via NT-space was first grounded by Pushpalatha and Nandhini [24] in the year 2019. Afterwards,
Ebenanjar et al. [14] established the notion of neutrosophic b-open (in short N-b-O) set in N'T-spaces.
In the year 2020, Page and Imran [22] studied the notion of neutrosophic generalized homeomorphism
via NT-spaces. The idea of neutrosophic generalized b-closed sets via NT-spaces was first grounded by
Maheswari et al. [18]. Afterwards, Maheswari and Chandrasekar [17] studied the concept of neutro-
sophic gb continuity via NT-spaces. Later on, the concept of generalized N-b-O sets via NT-spaces was
presented by Das and Pramanik [4]. Das and Pramanik [5] further grounded the concept of neutrosophic
¢-open sets and neutrosophic ¢-continuous functions via NT-space. Later on, the idea of neutrosophic
simply b-open sets via NT-space was grounded by Das and Tripathy [10]. Recently, Das and Tripathy
[11] presented the notion of neutrosophic b-locally open set via NT-space. In the year 1963, Kelly [16]
introduced the concept of bitopological space. In the year 2011, Tripathy and Sarma [33] introduced
the notion of b-locally open sets via bitopological spaces. The idea of pairwise b-locally open function
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and pairwise b-locally closed function via bitopological spaces was presented by Tripathy and Sarma
[34]. In the year 2013, Tripathy and Sarma [35] further grounded the notion of weakly b-continuous
mapping via bi-topological spaces. In the year 2017, Tripathy and Debnath [31] presented the notion
of fuzzy b-locally open set via fuzzy bitopological spaces. Later on, Paul et al. [23] studied the concept
of locally closed set in fuzzy bitopological spaces. Afterwards, Tripathy and Sarma [36] presented the
notion of pairwise generalized b-Rj spaces via bi-topological spaces. In the year 2019, Ozturk and Ozkan
[21] grounded the idea of neutrosophic bi-topological space (in short NBTS) by extending the concept
of fuzzy bi-topological spaces. Later on, Das and Tripathy [9] presented the idea of pairwise N-b-O sets
via NBTSs, and studied their different properties. In the year 2020, Mwchahary and Basumatary [20]
further studied the notion of NBTSs. Later on, Tripathy and Das [32] presented the notion of pairwise
neutrosophic b-continuous mapping via NBTSs.

Research gap: No study on PNLO-set, PNLC-set, PN-b-LO-set, PN-b-LC-set, PN-b-LO*-set, PN-
b-LC*set, PN- b-LO**-set and PN-b-LC**-set via NBTSs has been reported in the recent literature.

Motivation: To fill the research gap, we introduce the notion of PNLO-set, PNLC-set, PN-b-LO-
set, PN-b-LC-set, PN-b-LO*-set, PN-b-LC*set, PN- b-LO**-set and PN-b-LC**-set via NBTSs.

The remaining part of the article has been divided into the following sections:

Section-2 presents some relevant preliminaries and definitions on NS, NT-space and NBTS. In section-
3, we introduce the concept of PNLO-set, PNLC-set, PN-b-LO-set, PN-b-LC-set, PN-b-LO*-set, PN-
b-LC*set, PN-b-LO**-set and PN-b-LC**-set via NBTSs. Besides, we introduce the notion of PNL-
C-mapping, PN-b-L-Cmapping, PN-b-L*-C-mapping and PN-b-L**-C-mapping via NBTS. Further, we
formulate some interesting results in the form of theorems, propositions, remarks, etc. via NBTSs.
Finally, in section-4, we conclude the paper by stating some future directions of research.

2. Some Relevant Results:

In this section, we provide some basic definitions and results on N-Set, NT-space and NBTS those
are very helpful for the preparation of the main results of this article.

Definition 2.1 [29] An N-SetY over a fized set W is defined as follows:

Y ={(e, Ty (e),Iy(e), Fy(e)) :e € W},

where Ty , Iy and Fy denotes the truth, indeterminacy and false membership functions respectively from
W to the unit interval [0,1] such that

0<Ty(e)+ Iy(e)+ Fy(e) <3,Ve € W.

Example 2.1 Suppose that W = {e,d} be a fixed set. Then, Y={(e,0.6,0.6,0.6), (d,0.5,0.3,0.3)} is
an N-Set over W.

Definition 2.2 [29] Suppose that W be a fized set. Then, the null N-set (Ow) and whole N-set (1)
over W are defined as follows:

Ow = {(e,0,0,1) : e € W}&lw = {(e,1,0,0) : e € W}.

Clearly, Oy CY C 1y, for every N-Set Y over W.

The N-Sets Oy and 1y also has three other representations. They are given as follows:
(i) O = {(e,0,0,0) : e € W}&kly ={(e,1,1,1) : e € W};
(it) Ow = {(e,0,1,0) : e € W}&lw = {(e,1,0,1) : e € W};
(i1i) Ow = {(e,0,1,1) : e € W}&ly = {(e,1,1,0) : e € W}.

Definition 2.3 [29] Let Y = {(e, Ty (e), Iy (e), Fy(e)) : e € W} and U = {(e, Ty (e), Iy (e), Fu(e)) : e €
W} be any two N-Sets over a fized set W. Then,

(i) YC}:{(e, 1—Ty(e), 1 —Iy(e),1 — Fy(e)) : e € W} and U°={(e, 1 —Ty(e),1 — Iy(e),1 — Fy(e)):
eeW};

(1)) Y CU iff Ty (e) < Ty(e), Iy (e) > Iy(e), Fy (e) > Fy(e),Ve € W;

(11)) Y NU = {(e, min{Ty (e), Ty (e) }, max{Iy (e), Iy (e) }, max{Fy (e), Fy(e)}) : e € W};

(iv) Y UU = {(e,max{Ty (e), Ty (e)}, min{ly (e), Iy (e)}, min{ Fy (e), Fy(e)}) : e € W}.
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Definition 2.4 [26] A collection T of N-Sets over a fized set W is called an neutrosophic topology (in
short N-topology) on W if and only if the following azioms hold:

(Z) Ow, lw € 7;

(i) Y1, Yoer =Y NY, € 7;

(i) {Yi:i € A} C 7= UjepY; € 7.

Then, the structure (W, 7) is called an NT-space. Suppose thatY € 7, then'Y is called an neutrosophic
open set (in short NOS) and its complement i.e., Y is called an neutrosophic closed set (in short NCS)
in (W, ).

Definition 2.5 [11] Let (W, T) be an NT-space. An N-Set G over W is called 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 (W, T ).

Definition 2.6 [11] In an NT-space (W,T), an N-Set G is called an neutrosophic b-locally open (in
short N-b-LO) set if there exist an neutrosophic b-open set H and an neutrosophic b-closed set K in W
such that G = HU K.

Definition 2.7 [11] In an NT-space (W, 1), an N-Set G is called an N-b-LO* set if G = H U K, where
H is an neutrosophic b-open set and K is an neutrosophic closed set in (W, 7).

Definition 2.8 [11] In an NT-space (W, 7), an N-Set G is called an N-b-LO** set if G = HUK, where
H is an neutrosophic open set and K is an neutrosophic b-closed set in (W, 7).

Definition 2.9 [21] Assume that (W,r1) and (W, 13) be two different NT-spaces. Then, the triplet
(W, 11, 72) is called an neutrosophic bi-topological space (in short NBTS).

Definition 2.10 [9] Assume that (W, 1, m) be an NBTS. Then, an N-SetY is called ;; N-b-O set if

and only if Y C N;,NJ (Y)U N7 N%,(Y).

wnt” c
Definition 2.11 [9] Assume that (W, T1,72) be an NBTS. Then, an N-SetY is called 7;; NSO set if
and only if Y C N N7, (V).

wnt

Definition 2.12 [9] Assume that (W, 71, 72) be an NBTS. Then, an N-Set Y is called 1;;; NPO set if

and only if Y C N  N%(Y).

Theorem 2.1 [9] Assume that (W, T, 72) be an NBTS. Then,

(1) every NOS in (W,7;) (j =1,2) is a 7,5 NSO set in (W, 11,7T2);
(11) every NOS in (W, ;) (j =1,2) is a 7,5 NPO set in (W, 1, 12).

Definition 2.13 [9] Assume that (W, 11, 72) be an NBTS. Then, an N-SetY over W is called a pairwise
NOS (in short PNOS) in the NBTS (W, 71, 72) if there exist an NOS Yy in 71 and another NOS Y3 in
Ty such thatY =Y, UYs.

Definition 2.14 [9] Assume that (W, 71,72) be an NBTS. Then, an N-Set'Y is called a pairwise NSO
set (in short PNSO-set) in the NBTS (W, m,72) if Y = U UV, where U is a ;; NSO set and V' is a 7j;
NSO set in (W, T1,72).

Definition 2.15 [9] Assume that (W, 71, 72) be an NBTS. Then, an N-SetY s called a pairwise NPO
set (in short PNPO-set) in the NBTS (W, i, m0) if Y = UUV, where U is a 7;; NPO set and V' is a 7;
NPO set in (W, 11, 72).

Definition 2.16 [9] Suppose that (W, 11,72) be an NBTS. Then, an N-Set Y is said to be a pairwise
N-b-0O set (in short PN-b-OS) in (W, 11, 12) if Y = HUV, where H is a 7;;j N-b-O set and V is a 7;
N-b-0 set in (W, 71,72).

In that case, its complement i.e., Y is said to be a pairwise neutrosophic b-closed set (in short PN-b-CS)
in (W, m1,72).

Theorem 2.2 [9] Suppose that (W, 71, 72) be an NBTS. Then,
(i) every PNOS is a PNSO-set;
(ii) every PNOS is a PNPO-set.
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Theorem 2.3 [9] In an NBTS (W, 11, 72),
(i) every 1;; N-b-O set is a PN-b-OS;

(i1) every PNSO-set is also a PN-b-OS;
(iv) every PNPO-set is also a PN-b-OS.

Throughout the article, we denote the followings:
(a) T;-neutrosophic open set in (W, 71, 75) = neutrosophic open set in the NT-space (W, 7;),i = 1,2;
(b) 7;-neutrosophic closed set in (W, 71, 73) = neutrosophic closed set in the NT-space (W, 7;),i = 1,2.

3. Pairwise Neutrosophic b-Locally Open Set:

In this section, we procure the notion of PNLO-set, PN-b-LO-set, PN-b-LO*-set and PN-b-LO**-set
via NBTSs, and established several interesting results on them.

Definition 3.1 Suppose that (W, 71,72) be an NBTS. Then, an N-Set Y over W is called a pairwise
neutrosophic locally open set (in short PNLO-set) if Y = AU B, where A is a T1-neutrosophic open set
and B is a To-neutrosophic closed set in (W, 11, 73). In that case, the complement of Y i.e., Y€ is called
a pairwise neutrosophic locally closed set (in short PNLC-set) in (W, Ty, 7T2).

Example 3.1 Let W = {e,d}. Then, m={0n, 1y, A1, Az}, 72={0n, 1y, Bi, B2} be two dif-
ferent N-topologies defined on W, where A;={(e,0.4,0.5,0.4), (d,0.7,0.2,0.3)}, A3={(e,0.8,0.4,0.1),
(d,0.8,0.2,0.2)}, Bi={(e,0.8,0.1,0.2), (d,0.6,0.2,0.3)}, Bo={(e,0.4,0.3,0.4), (d,0.4,0.3,0.5)}. There-
fore, (W, 11, 72) is an NBTS. Clearly, both the N-Sets Y1=A4; U (B2)°={(e,0.6,0.5,0.4), (d,0.7,0.2,0.3)}
and Yo=A U (B1)°={(e,0.8,0.4,0.1), (d,0.8,0.2,0.2)} are PNLO-sets in (W, 7y, 72), and the N-Sets
(Y1)°={(e,0.4,0.5,0.6), (d,0.3,0.8,0.7)} and (¥2)°={(e,0.2,0.6,0.9), (d,0.2,0.8,0.8)} are PNLC-sets in
(V[/v T1772)~

Remark 3.1 In an NBTS (W, 11,72), the null N-Set Oy and whole N-Set 15 are both PNLO-set and
PNLC-set.

Theorem 3.1 Let (W, 11,72) be an NBTS. If Y and R be any two PNLO-sets, then Y U R is also a
PNLO-set in (W, Ty, 72).

Proof: Let Y and R be two PNLO-sets in (W, 71, 72). Then, there exist two 71-neutrosophic open sets
Y1, Ry and two mp-neutrosophic closed sets Ys, Ry such that Y = Y1 UY; and R = R; U Ry. Now, we have
YUR= (Y1 UYs)U(R1UR2) = (Y1 UR;)U (Y2U Rs), where (Y1 U R;) is a 7y-neutrosophic open set
and (Y2 U Rs) is a ma-neutrosophic closed set in (W, 71, 73). Hence, Y UR is a PNLO-set in (W, 7, 72). O

Definition 3.2 Suppose that (W, T1,72) be an NBTS. Then, an N-Set Y over W is called a pairwise
neutrosophic b-locally open set (in short PN-b-LO-set) if Y = AUB, where A is a 11 -neutroisophic b-open
set and B is a To-neutrosophic b-closed set in (W, 11,72). In that case, the complement of Y i.e., Y is
called a pairwise neutrosophic b-locally closed set (in short PN-b-LC-set) in (W, Ty, T2).

Example 3.2 Let us consider an NBTS (W, 11, 72) as shown in Example 3.1. Clearly, P; = {(e, 0.5, 0.6,
0.7), (d,0.6,0.7,0.8)} is a 7i-neutroisophic b-open set and P»={(e,0.1,0.6,0.6),(d,0.3,0.8,0.6)} is a
To-neutroisophic b closed set in (W, 71, 72). Then, the N-Set P=P;UP,={(e, 0.5,0.6,0.6), (d,0.6,0.7,0.6) }
is a PN-b-LO-set in (W, 71, 72) and its complement i.e., P°={(e,0.5,0.4,0.4), (d,0.4,0.3,0.4)} is a PN-b-
LC-set in (W, 11, 72).

Remark 3.2 In an NBTS (W, 11, 72), the null N-Set Oy and whole N-Set 1y are both PN-b-LO-set and
PN-b-LC-set.

Theorem 3.2 Suppose that (W, 11, 72) be an NBTS. If Y and R be any two PN-b-LO-sets, then Y UR
is also a PN-b-LO-set in (W, 11, 72).

Proof: Assume that ¥ and R be any two PN-b-LO-sets in (W, 71,72). Then, there exist two 71-
neutrosophic b-open sets Y7, R; and two 7e-neutrosophic b-closed sets Ys, Re such that Y = Y, U Y,
and R = Ry UR>. Now, we have YUR = (Y1 U}/Q) U (R1 URQ) = (Y1 URl) U (}/2 URQ), where (Y1 U Rl)
is a 7 -neutrosophic b-open set and (Y2 U Ry) is a mo-neutrosophic b-open set in (W, 71, 72). Hence, Y UR
is a PN-b-LO-set in (W, 71, 72). O
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Definition 3.3 Suppose that (W, 11,72) be an NBTS. Then, an N-Set Y over W is called a PN-b-LO*-
set if there exist a T -neutrosophic b-open set A and a To-neutrosophic closed set B in (W, T1,72) such
that Y = AU B.

Example 3.3 Suppose (W, 11, 72) be an NBTS as shown in Example 3.1. Then, P; = {(e,0.5,0.6,0.7),
(d,0.6,0.7,0.8)} is a 7y-neutrosophic b-open set and C = (B;)° = {(e,0.2,0.9,0.8), (d,0.4,0.8,0.7)} is
a Tp-neutrosophic closed set in (W, 7y, 72). Hence, D = P; UC = {(e,0.5,0.6,0.7),(d,0.6,0.7,0.7)} is a
PN-b-LO*-set in (W, 1, 72), and its complement i.e., D¢ = {(e,0.5,0.4,0.3), (d,0.4,0.3,0.3)} is a PN-b-
LC*-set in (W, 11, 72).

Remark 3.3 In an NBTS (W, 11,72), the null N-Set (On) and whole N-Set (1x) are both PN-b-LO*-set
and PN-b-LC*-set.

Theorem 3.3 Suppose that (W, 1, 12) be an NBTS. If Y and R be any two PN-b-LO*-sets, then Y UR
is also a PN-b-LO*-set in (W, 1, 72).

Proof: Assume that Y and R be any two PN-b-LO*-sets in an NBTS (W, 71, 72). Then, there exist two
T1-neutrosophic b-open sets Y7, R; and two Ty-neutrosophic closed sets Yo, Ry such that Y = Y; UY; and
R = R1 U RQ. NOW, we have Y UR = (Yl @] }/2) U (R1 U RQ) = (Yl U Rl) U (}/2 @] RQ), where (Yl U Rl) is
a 71-neutrosophic b-open set and (Y2 U Ry) is a mo-neutrosophic closed set in (W, 71, 72). Hence, Y UR is
a PN-b-LO*-set in (W, 11, 2). O

Definition 3.4 Suppose that (W, 11,72) be an NBTS. Then, an N-Set Y over W is called a PN-b-LO**-
set if there exist a T -neutrosophic open set A and a To-neutrosophic b-closed set B of (W, T1,72) such
thatY = AU B.

Example 3.4 Suppose (W, 71, 72) be an NBTS as shown in Example 3.1. Clearly, A1 = {(e,0.4,0.5,0.4),
(d,0.7,0.2,0.3)} is a 7-neutrosophic open set and P, = {(e,0.1,0.6,0.6),(d,0.3,0.8,0.6)} is a
To-neutrosophic b closed set in (W, 71,72). Hence, E = A1 U P, = {(e,0.4,0.5,0.4),(d,0.7,0.2,0.3)}
is a PN-b-LO**-set in (W, 11, 72), and its complement i.e., D¢ = {(e,0.6,0.5,0.6),(d,0.3,0.8,0.7)} is a
PN-b-LC**-set in (W, 71, 72).

Remark 3.4 In an NBTS (W, 1y, 72), the null N-Set (On) and whole N-Set (1) are both PN-b-LO**-set
and PN-b-LC**-set.

Theorem 3.4 Suppose that (W, 11, 72) be an NBTS. If Y and R be any two PN-b-LO**-sets, then Y UR
is also a PN-b-LO**-setin (W, 11, 72).

Proof: Assume that Y and R be any two PN-b-LO**-sets in an NBTS (W, 71, 72). Then, there exist
two Ty-neutrosophic open sets Y1, Ry and two me-neutrosophic b-closed sets Ys, Ro such that Y =Y, UY,
and R = Ry URy. Now, we have YUR = (Y1 UY2)U(R1 U Ry) = (Y1 U Ry)U (Y2 U Ry), where (Y1 U Ry)
is a 71-neutrosophic open set and (Y2 U Ry) is a To-neutrosophic b-closed set in (W, 71, 72). Hence, Y UR
is a PN-b-LO**-set in (W, 71, 72). O

Theorem 3.5 Suppose that (W, 11,72) be an NBTS. If Y is a PNLO-set in (W, T1,72), then it is also a
PN-b-LO set in (W, 11, 72).

Proof: Suppose that (W, 7, 72) be an NBTS. Let Y be a PNLO-set in (W, 71, 72). So there exists a
T1-neutrosophic open set A and Ts-neutrosophic closed set B such that Y = A U B. Since every -
neutrosophic open set is a 71-neutrosophic b-open set, so A is a 71-neutrosophic b-open set in (W, 71, 72).
Similarly, since every 7o-neutrosophic closed set is a To-neutrosophic b-closed set, so B is a 7o-neutrosophic
b-closed set in (W, 1y, 72). Thus, we have Y = AU B, where A is a 71-neutrosophic b-open set and B is
a To-neutrosophic closed set in (W, 71, 72). Hence, Y is a PN-b-LO-set in (W, 11, 72). O

Remark 3.5 IfY is a PNLC-set in (W, 11, 72), then it is also a PN-b-LC-set in (W, 1y, T2).

Remark 3.6 The converse of Theorem 3.5 may not be true in general. This follows from the following
example.
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Example 3.5 Let us consider an NBTS (W, 7y, 72) as shown in Example 3.1. Clearly, the N-set P =
{(e,0.5,0.6,0.6), (d,0.6,0.7,0.6)} is a PN-b-LO-set in (W, 71, 72). But, it is not a PNLO-set in (W, 71, 72).

Theorem 3.6 IfY is a PNLO-set in an NBTS (W, 11, 72), then it is also a PN-b-LO*-set in (W, 11,72).

Proof: Let Y be a PNLO-set in an NBTS (W, 71, 72). So there exists a 7j-neutrosophic open set A
and To-neutrosophic closed set B such that Y = AU B. Since every 7i-neutrosophic open set is a 71
neutrosophic b-open set, so A is a Tj-neutrosophic b-open set in (W, 71, 72). Thus, we have Y = AU B,
where A is a 71-neutrosophic b-open set and B is a mo-neutrosophic closed set in (W, 71, 72). Hence, Y is
a PN-b-LO*-set in (W, 71, 2). ad

Remark 3.7 IfY is a PNLC-set in (W, 71, 72), then it is also a PN-b-LC*-set in (W, 1, 72).

Remark 3.8 The converse of Theorem 8.6 may not be true in general. This follows from the following
example.

Example 3.6 Let us consider an NBTS (W, 7y, 72) as shown in Example 3.1. Clearly, the N-set D =
{(e,0.5,0.6,0.7), (d,0.6,0.7,0.7)} is an PN-b-LO*-set in (W, 71, 72), which is shown in Example 3.3. But,
D is not a PNLO-set in (W, 11, 72).

Theorem 3.7 IfY is a PNLO-set in an NBTS (W, 11, 72), then it is also a PN-b-LO**-set in (W, 11, 72).

Proof: Suppose that (W, 71,75) be an NBTS. Let Y be a PNLO-set in (W, 71,72). So there exists
a 7-neutrosophic open set A and Te-neutrosophic closed set B such that Y = A U B. Since every
To-neutrosophic closed set is a 75 neutrosophic b-closed set, so B is a 7mp-neutrosophic b-closed set in
(W, 71, 72). Thus, we have Y = AU B, where A is a 71-neutrosophic open set and B is a m-neutrosophic
b-closed set in (W, 71, 72). Hence, Y is a PN-b-LO**-set in (W, 71, 72). ]

Remark 3.9 IfY is a PNLC-set in (W, 11, 72), then it is also a PN-b-LC**-set in (W, 11, 72).

Remark 3.10 The converse of Theorem 3.7 may not be true in general. This follows from the following
example.

Example 3.7 Let us consider an NBTS (W, 71, 7) as shown in Example 3.1. Suppose that Q =
{(e,0.7,0.5,0.4), (d0.8,0.2,0.3)} be an N-set defined over W. Now, one can express @ = P U A;, where
P ={(e,0.7,0.7,0.7), (d,0.8,0.8,0.8)} is a ma-neutrosophic b-closed set and A; is a 71-neutrosophic open
set in (W, 711, 72). Hence, the N-set @ is a PN-b-LO**-set in (W, 71, 72). But, it is not a PNLO-set in
(VV, 1, 7_2)~

Theorem 3.8 Every PN-b-LO*-set in (W, 11, 72) is also a PN-b-LO-set in (W, 1, 73).

Proof: Suppose that ¥ be a PN-b-LO*-set in (W, 71, 72). So, there exists a 71-neutrosophic b-open set
A and a 75 neutrosophic closed set B such that Y = AU B. Since, every m-neutrosophic closed set is
a To-neutrosophic b-closed set in (W, 11, 72), so B is a me-neutrosophic b-closed set in (W, 71, 72). Thus,
we have Y = AU B, where A is a 7 neutrosophic b-open set and B is a To-neutrosophic b-closed set in
(W, 71,72). Therefore, Y is a PN-b-LO-set in (W, 11, 72). a

Remark 3.11 The converse of Theorem 3.8 is not always true. It follows from the following example.

Example 3.8 Let us consider an NBTS (W, 71, 72) as shown in Example 3.1. Then, P = {(e, 0.5,0.6,0.6),
(d,0.6,0.7,0.6)} is a PN-b-LO-set in (W, 7y,72), which is shown in Example 3.2. But, it is not a
PN-b-LO*-set in (W, 11, 72).

Theorem 3.9 Suppose that Y be an neutrosophic sub-set of an NBTS (W, 11, 72). If Y is a PN-b-LO**-
set in (W, 11, 72), then it is a PN-b-LO-set in (W, 71, T2).

Proof: Suppose that Y be a PN-b-LO**-set in (W, 71, 72). So, there exists a 71-neutrosophic open set
A and a 7p-neutrosophic b-closed set B such that Y = AU B. Since, every 7j-neutrosophic open set
is a 71-neutrosophic b-open set in (W, 71, 72), so A is a Tj-neutrosophic b-open set in (W, 71, 72). Thus,
we have Y = AU B, where A is a 11-neutrosophic b-open set and B is a Tp-neutrosophic b-closed set in
(W, 71, 72). Therefore, Y is a PN-b-LO-set in (W, 7y, 72). m
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Remark 3.12 The converse of Theorem 3.9 is not always true. It follows from the following example.

Example 3.9 Let us consider an NBTS (W, 71, 72) as shown in Example 3.1. Then, P = {(e, 0.5, 0.6, 0.6),
(d,0.6,0.7,0.6)} is a PN-b-LO-set in (W, 1, 72), which is shown in Example 3.2. But, it is not a PN-b-
LO**-set in (W, 11, T2).

Theorem 3.10 Suppose that (W, 1, 72) be an NBTS. If Y is a PNLO-set and R is a T1-neutrosophic
b-open set in (W, T1,72), then Y U R is also a PN-b-LO-set in (W, 71, 72).

Proof: Let Y be a PNLO-set and R be a 7j-neutrosophic b-open set in an NBTS (W, 7y, 72). Since Y
is a PNLO-set, so there exists a 7i-neutrosophic open set Y7 and a mp-neutrosophic closed set Y3 such
that Y = Y7 UY5. Since, every 7-neutrosophic open set is also a 7j-neutrosophic b-open set, so Y7 is
a 7i-neutrosophic b-open set in (W, 7y, 7). Therefore, we have Y UR = (Y1 UY2) UR = (Y1 UR)UY5.
Since, the union of two 7j-neutrosophic b-open sets in (W, 71, 72) is also a 71-neutrosophic b-open set, so
Y1 UR = E (say) is a 7i-neutrosophic b-open set in (W, 7y, 72). Hence, Y UR = E U Y5, where E is a
T1-neutrosophic b-open set and Y, is a me-neutrosophic closed set in (W, 11, 72). O

Lemma 3.1 Suppose that (W, 1, 72) be an NBTS. If Y is a PNLO-set and R is a 11-neutrosophic open
set in (W, 11,72 ), then Y UR is also a PN-b-LO-set in (W, 11, 72).

Theorem 3.11 Suppose that (W, 11, 72) be an NBTS. If Y is a PNLO-set and R is both 11 -neutrosophic
b-open set and To-neutrosophic b-closed set in (W, 11, 72), then YN R is also a PN-b-LO-set in (W, 11, 72).

Proof: Suppose that (W, 71, 72) be an NBTS. Suppose that Y be a PNLO-set and R be both 74-
neutrosophic b-open set and To-neutrosophic b-closed set in (W, 7y,72). Since Y is a PNLO-set, so
there exists a 7-neutrosophic open set Y; and a m»-neutrosophic closed set Y5 such that Y = Y; U Ys.
Now, we have YN R = (Y1 UY2) N R = (Y1 N R)U(Y2N R). Since, R is both 7 -neutrosophic b-open set
and Ty-neutrosophic b-closed set in (W, 71, 73), then (Y1 N R) = F (say) is 7i-neutrosophic b-open set and
(Y2N R) = @Q (say) is 7o-neutrosophic b-closed set in (W, 71, 72). Therefore,we have YNR = EUQ, where
F is a 1i-neutrosophic b-open set and @ is a To-neutrosophic b-closed set. Hence, Y N R is a PN-b-LO-set
in (VV, T1, Tg). O

Lemma 3.2 Suppose that (W, 11, 72) be an NBTS. If Y is a PNLO-set and R is both T1-neutrosophic
open set and To-neutrosophic closed set in (W, 71,72 ), then Y N R is also a PN-b-LO-set in (W, 71,72 ).

Theorem 3.12 Suppose that (W, 11, 72) be an NBTS. If Y is a PN-b-LO-set and R is a T1-neutrosophic
b-open set in (W, T1,72), then Y U R is also a PN-b-LO-set in (W, 11, 72).

Proof: Suppose that (W,71,72) be an NBTS. Assume that ¥ be a PN-b-LO-set and R be a 71-
neutrosophic b-open set in (W, 71, 72). Since Y is a PN-b-LO-set, so there exists a 7-neutrosophic b-open
set Y7 and a To-neutrosophic b-closed set Ys such that Y = Y1 UY5. Now, we have YUR = (Y1 UY3)UR =
(Y1 U R)UY;. Since, the union of two 71 neutrosophic b-open sets in (W, 71, 72) is also a 71-neutrosophic
b-open set, so Y7 U R = S (say) is a 7j-neutrosophic b-open set in (W, 71, 72). Hence, Y UR = SU Y5,
where S is a 7i-neutrosophic b-open set and Y3 is a mo-neutrosophic closed set in (W, 7, 72). O

Lemma 3.3 Suppose that (W, 11,72) be an NBTS. If Y is a PN-b-LO-set and R is a T1-neutrosophic
open set in (W, T1,7), then Y UR is also a PN-b-LO-set in (W, 1y, 7T2).

Theorem 3.13 Suppose that ( W,r1,72 ) be an NBTS. If Y is a PN-b-LO-set and R is both 1-
neutrosophic b-open set and To-neutrosophic b-closed set in (W, 11,72 ), then Y N R is also a PN-b-LO-set
Z"fl (VV7 T1,7T2 )

Proof: Suppose that (W, 71,72 ) be an NBTS. Suppose that Y be a PN-b-LO-setand R be both 71-
neutrosophic b open set and 7o-neutrosophic b-closed set in (W, 7y, 73). Since Y is a PN-b-LO-set, so
there exists a 71 neutrosophic b-open set Y7 and a 7o-neutrosophic b-closed set Y5 such that Y = Y; UY5.
Now, we have YN R = (Y1 UY3) N R = (Y1 N R)U (Y2 N R). Since, R is both 7 -neutrosophic b-open set
and mp-neutrosophic b-closed set in ((W, 71, 72), so (Y1 N R) = E (say) is a Ty-neutrosophic b-open set and
(Y2N R) = Q (say) is a ma-neutrosophic b-closed set in (W, 71, 72). Therefore, we have Y "R = E U Q,
where E is a 7i-neutrosophic b-open set and () is a 75 neutrosophic b-closed set. Hence, Y N R is a
PN-b-LO-set in (W, 11, 72). a
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Lemma 3.4 Suppose that (W, 11,72 ) be an NBTS. If Y is a PN-b-LO-setand R is both T1-neutrosophic
open set and To-neutrosophic closed set in (W, 71, 72), then Y N R is also a PN-b-LO-set in (W, 11, 72).

Theorem 3.14 Suppose that (W, 11, 72) be an NBTS. If Y be a PN-b-LO*-set and R be a T1-neutrosophic
open set in (W, 11,72), then Y U R is also a PN-b-LO*-set in (W, 11, 72).

Proof: Suppose that (W, 71,72) be an NBTS. Assume that ¥ be a PN-b-LO*-set and R be a 71-
neutrosophic open set in (W, 71, 72). Since Y is a PN-b-LO*-set, so there exists a 7 -neutrosophic b-open
set Y7 and a 75 neutrosophic closed set Y3 such that Y = Y; UY5. Now, we have YUR = (Y1 UY3)UR =
(Y1 U R)UY;. Since, the union of two 71-neutrosophic b-open sets in (W, 71, 72) is also a 71-neutrosophic
b-open set, so Y1 U R = S (say) is a 71-neutrosophic b-open set in (W, 71, 72). Hence, Y UR = S U Y5,
where S is a 71-neutrosophic b-open set and Y5> is a ma-neutrosophic closed set in (W, 71, 72). Therefore,
Y UR is a PN-b-LO*-set in (W, 7y, 72). a

Theorem 3.15 Suppose that (W, 11, 72) be an NBTS. If Y be a PN-b-LO**-set and R be a 11- neutro-
sophic open set in (W, 11,72), then Y UR is a PN-b-LO**-set in (W, 11, 72).

Proof: Suppose that (W, 71, 72) be an NBTS. Assume that Y be a PN-b-LO**-set and R be a ;-
neutrosophic open set in (W, 71, 72). Since Y is a PN-b-LO**-set, so there exists a 7-neutrosophic open
set Y7 and a 79 neutrosophic b-closed set Y3 such that Y = Y;UY5. Now, we have YUR = (Y; UY2)UR =
(Y1 UR)UY5. Since, the union of two 71-neutrosophic open sets in (W, 71, 72) is also a 71-neutrosophic
open set, so Y1 UR = S (say) is a 71 neutrosophic open set in (W, 71,72 ). Hence, Y U R = SUY5, where
S is a m1-neutrosophic open set and Y5 is a 72 neutrosophic b-closed set in (W, 71, 72). Therefore, Y U R
is a PN-b-LO**-set in (W, 71, 12). O

Theorem 3.16 Suppose that (W, 11,72) be an NBTS. Assume that Y be an N-set in (W, 11,72). Then,
Y is a PN-b-LO*-set if and only if Y = RUms-int (Y), for some 71-neutrosophic b-closed set R.

Proof: Suppose that (W, 7, 73) be an NBTS. Assume that Y be a PN-b-LO*-set in (W, 1y, 7). Then,
Y=RU E, where R is a Ti-neutrosophic b-open set and E is a m-neutrosophic closed set in (W, 1y, 73).

Since, R CY and 7-int (Y) C Y, we have RU 7o-int (Y) C Y .ccoeviiiniinienn. (1)

Further, since mo-int (Y') C E, therefore, RUTp-int (Y) CRUE =Y ........... (2)

From eq. (1) and eq. (2), we have, Y = RU 7 — int(Y).

Conversely, let R be a 7i-neutrosophic b-open set. Clearly, m-int (Y') is a mp-neutrosophic open set.
Thus there exist a 71-neutrosophic b-open set R and a Tp-neutrosophic open set 7o-int (Y') such that
Y = RUp-int (V). Hence, YV is a PN-b-LO*-set. O

Theorem 3.17 Suppose that (W, 11, 72) be an NBTS. Assume that Y be an N-set in (W, 11, 72). Then,
Y is a PN-b-LO**-set if and only if Y = RU1-int (Y), for some To-neutrosophic b-closed set R.

Proof: Assume that Y be a PN-b-LO**-set in an NBTS (W, 7y,72). Then, Y = RU E, where R is a
To-neutrosophic b-open set and F is a 7-neutrosophic closed set in (W, 1, 72).

Since, R CY and 71-int (V) C Y, we have RUm-int (V) C Y., (3)

Further, since 7i-int (Y') C E, therefore, RUm-int (Y) CRUE=Y......... (4)

From eq. (3) and eq. (4), we have, Y = RU 7y-int (V).

Conversely, let R be a mo-neutrosophic b-open set. Clearly, m2-int (Y') is a 71-neutrosophic open set. Thus
there exist a To-neutrosophic b-open set R and a 71-neutrosophic open set 7i-int (Y') in (W, 71, 72) such
that Y = RU7-int (V). Hence, YV is a PN-b-LO*-set. a

Definition 3.5 Suppose that (W, 71, 72) and (M, d1,02) be two NBTSs. Then, an one to one and onto
mapping & : (W, m1,72) — (M, d1,062) is called as

(i) pairwise neutrosophic locally continuous mapping (in short PNL-C-mapping) if and only if E~1(L) is
a PNLO-set in W, whenever L is a PNLO-set in M.

(ii) pairwise neutrosophic b-locally continuous mapping (in short PN-b-L-C-mapping) if and only if
¢71(L) is a PN-b-LO-set in W, whenever L is a PNLO-set in M.

(#i) pairwise neutrosophic b-locally star continuous mapping (in short PN-b-L*-C-mapping) if and only
if & 1(L) is a PN-b-LO*-set in W, whenever L is a PNLO-set in M.

(iv) pairwise neutrosophic b-locally double star mapping (in short PN-b-L**-C-mapping) if and only if
¢7Y(L) is a PN-b-LO**-set in W, whenever L is a PNLO-set in M.
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Theorem 3.18 FEvery PNL-C-mapping is a PN-b-L-C-mapping.

Proof: Suppose that & : (W, 71, 72) — (M, d1,02) be a PNL-C-mapping. Let L be a PNLO-set in M.
Since, ¢ : (W,71,72) — (M,81,02) is a PNL-C-mapping, so £71(L) is a PNLO-set in W. Further,
since every PNLO-set in W is also a PN-b-LO-set in W, so £é~1(L) is a PN-b-LO-set in (W, 71, 72).
Therefore, £71(L) is a PN-b-LO-set in W, whenever L is a PNLO-set in M. Hence, the mapping
& (W,r,12) — (M, 61,02) is a PN-b-L-C-mapping. ]

Theorem 3.19 Every PNL-C-mapping is also a PN-b-L*-C-mapping.

Proof: Suppose that £ : (W, m,72) — (M, d1,d2) be a PNL-C-mapping. Let L be a PNLO-set in M.
Since, ¢ : (W,11,72) — (M,d1,92) is a PNL-C-mapping, so £"(L) is a PNLO-set in W. Further,
since every PNLO-set in W is also a PN-b-LO*-set in W, so £~1(L) is a PN-b-LO*-set in (W, 1, 72).
Therefore, ¢1(L) is a PN-b-LO*-set in W, whenever L is a PNLO-set in M. Hence, the mapping
& (W,m,12) = (M, 61,02) is a PN-b-L*-C-mapping. O

Theorem 3.20 Every PNL-C-mapping is also a PN-b-L**-C-mapping.

Proof: Suppose that ¢ : (W, 71, 72) — (M, d1,02) be a PNL-C-mapping. Let L be a PNLO-set in M.
Since, ¢ : (W,71,72) — (M,81,02) is a PNL-C-mapping, so £71(L) is a PNLO-set in W. Further,
since every PNLO-set in W is also a PN-b-LO**-set in W, so £~1(L) is a PN-b-LO**-set in (W, 71, 72).
Therefore, £~(L) is a PN-b-LO**-set in W, whenever L is a PNLO-set in M. Hence, the mapping
& (W, r,12) = (M, d1,02) is a PN-b-L**-C-mapping. ]

Theorem 3.21 Every PN-b-L*-C-mapping is a PN-b-L-C-mapping.

Proof: Suppose that £ : (W, 11, 72) — (M, d1,d2) be a PN-b-L*-C-mapping. Let L be a PNLO-set in M.
Since, € : (W, 71,72) — (M, d1,02) is a PN-b-L*-C-mapping, so £ 1(L) is a PN-b-LO* in W. Further,
since every PN-b-LO* in W is also a PN-b-LO-set in W, so £71(L) is a PN-b-LO-set in (W, 7, 72).
Therefore, £71(L) is a PN-b-LO-set in W, whenever L is a PN-b-LO* in M. Hence, the mapping
& (W, m,12) = (M, 81,02) is a PN-b-L-C-mapping. O

Theorem 3.22 Every PN-b-L**-C-mapping is a PN-b-L-C-mapping.

Proof: Suppose that ¢ : (W, 7, 73) — (M,d1,02) be a PN-b-L**-C-mapping. Let L be a PNLO-set
in M. Since, & : (W, 7,72) — (M,61,d2) is a PN-b-L**-C-mapping, so £ 1(L) is a PN-b-LO** in W.
Further, since every PN-b-LO**-set in W is also a PN-b-LO-set in W, so £ 1(L) is a PN-b-LO-set in
(W, 71,72 ). Therefore, £~1(L) is a PN-b-LO-set in W, whenever L is a PN-b-LO**-set in M. Hence, the
mapping & : (W, 11, 72) — (M, d1,92) is a PN-b-L-C-mapping. ]

Theorem 3.23 Let & : (W,m,72) — (M,61,02) and ¢ : (M,01,02) — (X,61,02) be two PNL-C-
mappings. Then, the composition mapping o & : (W, 1, 7) — (X, 61,603) is also a PNL-C-mapping.

Proof: Suppose that & : (W, 71,72) — (M,01,02) and ¢ : (M,d1,02) — (X,61,603) be two PNL-C-
mappings. Let L be a PNLO-set in (X, 61,602). Since, ¢ : (M, 01,d2) — (X, 01, 62) is a PNL-C-mapping,
so ("Y(L) is a PNLO-set in (M,6&;, d3). Further, since & : (W, 7, 72) — (M,61,02) is a PNL-C-
mapping, so £ ((THL)) = (o€ '(L) is a PNLO-set in (W, 71, 72). Therefore, (o &)~} (L) is a
PNLO-set in (W, 7y,72) whenever L is a PNLO-set in (X,6;,602). Hence, the composition mapping
Co&: (W,m1,m2) = (X,601,05) is also a PNL-C-mapping. m]

Theorem 3.24 Let& : (W, 1, 73) = (M, d1,02) be a PN-b-L-C-mapping, and ¢ : (M, d1,02) — (X, 01, 02)
be a PNL-C-mapping. Then, the composition mapping (o ¢ : (W, 71, 72) = (X, 01, 603) is also a PN-b-L-
C-mapping.
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Proof: Suppose that & : (W, 7, 72) — (M,d1,02) be a PN-b-L-C-mapping, and ¢ : (M,d,02) —
(X,01,05) be a PNLC-mapping. Let L be a PNLO-set in (X, 61, 63). Since, ¢ : (M, d1,d2) = (X, 01,65) is
a PNL-C-mapping, so ¢ (L) is a PNLO-set in (M, 81, d2). Further, since & : (W, 71, 72) — (M, 81, 82) is a
PN-b-L-C-mapping, so * ((TH(L)) = (¢o€&) (L) is a PN-b-LO-set in (W, 71, 72). Therefore, ({o&)~!(L)
is a PN-b-LO-set in (W, 71, 73) whenever L is a PNLO-set in (X, 61,02). Hence, the composition mapping
Co&: (W,m1,m2) = (X,601,02) is a PN-b-L-C-mapping. O

Theorem 3.25 Let £ : (W,m,72) — (M,d1,02) be a PN-b-L*-C-mapping, and ¢ : (M,d1,02) —
(X,61,602) be a PNLC-mapping. Then, the composition mapping ¢ o & (W, 11, 12) — (X, 01,02) is also a
PN-b-L*-C-mapping.

Proof: Suppose that £ : (W, 71,72) — (M,d1,02) be a PN-b-L*-C-mapping, and ¢ : (M,d1,d52) —
(X, 61,6) be a PNLC-mapping. Let L be a PNLO-set in (X, 01, 62). Since, ¢ : (M, d1,02) — (X, 01,06

is a PNL-C-mapping, so (" (L) is a PNLO-set in (M, 1, d2). Further, since & : (W, 11, 72) — (M, 61,52)
is a PN-b-L*-C-mapping, so £ ((7H(L)) = (¢0&) (L) is a PN-b-LO*-set in (W, 71, 72). Therefore, (Co
£)71(L) is a PN-b-LO*-set in (W, 7y, 75) whenever L is a PNLO-set in (X, 61, 62).Hence, the composition
mapping (o & : (W, m1,72) — (X, 01,02) is a PN-b-L*-C-mapping. O

Theorem 3.26 Let & : (W, 1, 72) — (M,61,02) be a PN-b-L**-C-mapping, and ¢ : (M,d1,d2) —
(X,01,6) be a PNLC-mapping. Then, the composition mapping ( o & : (W, m1,72) — (X,601,02) is a
PN-b-L**-C-mapping.

Proof: Suppose that & : (W, 71,72) — (M,0d1,02) be a PN-b-L**-C-mapping, and ¢ : (M,d1,02) —
(X, 601,63) be a PNL-C-mapping. Let L be a PNLO-set in (X, 61, 602). Since, ¢ : (M, d1,d2) — (X, 01,62)
is a PNL-C-mapping, so ("'(L) is a PNLO-set in (M, d1,62). Further, since & : (W, 11, 72) — (M, d1,52)
is a PN-b-L**-C-mapping, so £ ! ((*I(L)) = (€0 &)~Y(L) is a PN-b-LO**-set in (W, 71, 72). Therefore,
(¢ o &)Y(L) is a PN-b-LO**-set in (W, 71, 72) whenever L is a PNLO-set in (X,0;,6). Hence, the
composition mapping ¢ o & : (W, 1y, 7) — (X, 01, 603) is a PN-b-L**-C-mapping. O

4. Conclusions

In this article, we have introduced the notion of PN-b-LO-set, PN-b-LC-set, PN-b-LO*-set, PN-b-LC*-
set, PN-b-LO**-set and PN-b-LC**-set via NBTSs. By defining PN-b-LO-set, PN-b-LC-set, PN-b-LO*-
set, PN-b-LC*-set, PN-b-LO**-set and PN-b-LC**-set, we have established several interesting results
via NBTSs, and furnished few illustrative examples. In the future, we hope that the proposed notions
can also be applied in the field of Quadripartitioned Neutrosophic Topological Space, Pentapartitioned
Neutrosophic Topological Space, Rough Pentapartitioned Neutrosophic Topological Space, Neutrosophic
Tri-topological Space, Neutrosophic Soft Bitopological Space, etc.
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