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Abstract: The notion of neutrosophic soft generalized sets is introduced as a general
mathematical tool that incorporates useful properties of both neutrosophic generalized sets
and soft sets. In this study, we acquaint the notion of neutrosophic soft generalized b-closed
(open) (gb, in short) sets in neutrosophic soft topological spaces. In addition, the relations
of this set with other neutrosophic soft closed and open sets and various properties are
examined. Furthermore, the properties of the gb-closure and gb-interior operator in
neutrosophic soft sets and gb-neighborhood in neutrosophic soft topological spaces are
investigated.
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1. Introduction

Model uncertainties in the solution of problems in many different fields such as science,
social science, engineering, and medicine, to cope with the structural difficulties of the
classical sets, to evaluate the problems in terms of uncertain situations, to model set structures
that bring a new approach different from the classical set structure have been defined. One
of these set structures is the fuzzy set theory defined by Zadeh [1]. Later, the fuzzy set is
generalized as the concept of the intuitionistic fuzzy set by Atanassov [2] in 1986. The fuzzy
set is defined by the membership function. However, since it is not practical to create a
membership function for each state, Molodotsov [3] defined soft set theory in 1999. This
theory is more functional than compared to other structures in practice for decision-making
and solving problems involving uncertainties. In the fuzzy set and intuitionistic fuzzy set
theories, the values of an element such as being a member and not being a member are
emphasized, while the uncertain values are not emphasized. To meet this need, Smarandache
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[4] defined the neutrosophic set theory for solving problems involving imprecise, ambiguous,
and inconsistent data. Later, many researchers have done successful studies on different
combinations of theories such as soft sets, intuitionistic sets, fuzzy sets, and neutrosophic sets
[5-12]. One of these combinations is the neutrosophic soft set theory, first described by Maji
[13] and later edited by Deli and Broumi [14]. On the other hand, Salama and Alblowi [15]
used the concept of a generalized set [16] in neutrosophic sets and described the generalized
neutrosophic set and neutrosophic topological space. Broumi [17] defined the generalized
neutrosophic soft set by combining the notion of the generalized neutrosophic set proposed
by Salama and Alblowi in [15], and the notion of the soft set proposed by Molodtsov in [3].

Applications of the topology of neutrosophic depend on the neutrosophic internal and
closing properties of the neutrosophic open and closed sets. For this reason, topologists have
identified new set structures in neutrosophic soft sets [18,19] and generalized sets [20-23]
using the properties of neutrosophic open and closed sets. In recent years, studies on the
properties of these set structures and the properties of their different combinations, which are
defined in neutrosophic soft and various topographical spaces, have diversified, and become
important research [24-32] topic. In addition, some research [33-40] has been done on how
to use neutrosophic and other topological spaces and different sets in fields such as image
processing, medical diagnosis, decision-making, information systems, data analysis,
industry, graphic structures, applied mathematics, and computer coding.

The b-sets identified by Dimitrije [41] in 1996 are one of these defined structures and
have a stronger relationship with other set structures. Akdag and Ozkan [42] defined and
studied the concept of the soft b-closed set in 2014. In addition, Ebenanjar [18] et al. studied
the notion of the neutrosophic soft b-open set. Das and Pramanik [43] studied generalized
neutrosophic b-open sets. In recent years, many studies on b-sets in neutrosophic spaces have
been carried out by many researchers. Soft b-separation axioms were studied by Khattak et
al. [44], generalized b-closed sets in fuzzy neutrosophic bitopological spaces were studied by
Mohammed and Raheem [30], neutrosophic b-generalized sets and their continuity were
studied by Maheswari and Chandrasekar [31], and neutrosophic soft b open sets studied by
Mehmood [45]. Later, studies using b-sets diversified [46-51].

For modern topology, which is heavily dependent on set theory ideas, in this work, we
present a set, so-called "neutrosophic soft generalized b-closed (open)”, and its basic
properties. We then present the basics of the properties of the gb-closure and gb-interior
operator in neutrosophic soft sets and gb-neighborhood in neutrosophic soft topological
spaces. This set can be applied in different neutrosophic topological spaces and different set
types in the future, and be considered as the starting point for the expansion of concepts such
as continuity, compactness, connectedness, and separation axioms through these sets.
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2. Preliminaries

In this section, some descriptions and properties that will be used in the article will be
given.
Definition 2.1 [3]. Let's assume that U and E are the initial universe and the set of
parameters, respectively. Let the symbol P(U) denote the power set of U. In this case, the
pair (F,A) defined over U, where A isasubset of E parameters, is called a soft set. Where
F:A - P(U) is a mapping.
Definition 2.2 [4]. A neutrosophic set (NS, in short) A on the universe of discourse U is
defined as A = {< u, Ty(w), [(w), F4(w) >:u € U}, where Ty, Iy, Fy: U —]70,1[* and

0 < Ta(w) + Iy(w) + Fy(uw) < 3%,

Where T,(w), I,(u), and F,(«) which represent the degree of membership function (or
Truth), the degree of indeterminacy, and the degree of non-membership (or Falsehood)
respectively of each element « € U to the set A.

We take the neutrosophic set in the subset of [0,1] since it is not feasible to use a

neutrosophic set with values from ]70,1[* in real-life applications such as scientific and
engineering calculations.
Definition 2.3 [14]. Let's assume that U and E are the initial universe and the set of
parameters, respectively. Let the symbol P(U) denote the set of all neutrosophic sets of U.
Then (F,E) is called a neutrosophic soft set (NSS, in short) over U, where F: E — P(U)
is a mapping.

It can be defined as a parametrized family of some elements of the set P(U) and written
as a set of ordered pairs,

(F,E) ={(e < u, Treey (), Irey (), Frey(u) >:u € U):e € E}

where  Trey(w), I5e) (), Frey(w) € [0,1], respectively called the truth-membership,
indeterminacy-membership, and the falsity-membership function of (F, E). The inequality
0 < Tpeey(u) + Ipey(u) + Frey(u) <3

is satisfied.

Throughout this paper, the symbol NSS(Ug) will indicate the class of all neutrosophic
soft sets on U, and Fz will be replaced instead of (F,E).
Definition 2.4 [52]. Let F, Gz € NSS(Ug). Then

()  Fg issaid to be a null set if Tz (u) =0, Ipey(w) = 0, Fpgey(w) = 1; for all

e € E, forall «eU.

It is denoted by @. Obviously (@z)¢=1g.
(i) Fg issaid to be an absolute set if Try(w) =1, Ipey(w) = 1, Fey(u) = 0;
forall e € E, forall « € U.

It is denoted by 1g. Obviously (1g)“=0g.
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(iii) the neutrosophic soft union of F; and G, denoted Fy U G = Hp, is defined as

HE = {(e <u, Tﬁ(e)(’l/b),Iﬁ(e)(u),Fg(e)(’bL) > € 'U) e e E} where,

Taey(u) = max{T (1), Ty ()},
Igey(u) = max{lpe)(w), g (w)},
Fpey(u) = min{F gy (), Fge)(u)}.
(iv) the neutrosophic soft intersection of Fy and Gy, denoted Fr NGy = Hg, is

defined as HE = {(e <u, Tﬁ(e)(/bb),lg(e)(n), Fﬁ(e)(’lb) >:u € ‘U) e e E}

where,
Tey(u) = min{T g (), Tgey (W)},
Igey(u) = min{l e (), I (W)},
Fey(u) = max{F (), Fge)(u)}.
(v) Fg isasubset of G, denoted by Fr € Gg. Ifforall e € E, for all « € U;
Trey(u) < Teey(u), Ipey(w) < Igey(u), Frey(u) = Fgey(u).
(vi) the neutrosophic soft complement of Fg, denoted (Fg)¢, is defined as

(Fe)° = {(e < u, Frey(1), 1 — Iey (1), Ty () >0 € U): e € E}

Obvious that ((F;)¢)" = Fy.
(vii) the neutrosophic soft difference of F; and G, denoted Fy \ Gy = Hp, is defined
as Hy = {(e < u, Taey(w), Igey(w), Freey(u) >:u € U):e € E} where,

Tﬁ(e) (’LL) = min{Tp(e) (’LL), TG(e) (’LL)},
Iﬁ(e) (’LL) = min{lp(e) (’LL), 1- IG(e) (’LL)},
Fpey(u) = max{Fpe)(u), Fgey ()}

Definition 2.5 [52, 53]. Let Tyss < NSS(Ug). Then Tygs issaid to be a neutrosophic soft
topology (NST, in short) on U if

(i) @y and 1g belong to 7yss,

(i) Uier (FE)i € Tyss for eac~h (FE)L' € Tnss

(iii) FgNGg € Tygs forany Fg, Gy € Tygs -

In this case, the triplet (U, Tyss, E) s called a neutrosophic soft topological space (NSTS,
inshort) over U. The members of Tygs are said to be a neutrosophic soft open set (NSOS,
in short) and their complements are said to be a neutrosophic soft closed set (NSCS, in short).
Definition 2.6 [53]. Let (U, Tyss, E) be an NSTS over U and Fy € NSS(Ug). Then,

(i)  the interior of Fy, denoted int(Fy), is described as
int(Fy) =U {Gg: G isan NSOS in U and G € Fy}.
(i) the closure of Fy, denoted cI(Fy), is defined as
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cl(Fp) =n {Kgz: Kz isan NSCS in U and K 2 Fg}.

Definition 2.7 [54]. The NSS «(, s, Is said to be a neutrosophic soft point, for every w« €
U, 0<apB,y<1,ec€kE,andisdescribed as

(a,B,y) if e =e and y=u

e l; —
u(a,ﬁ,y)(e ) = {(0,0,1) if ef+e or y#u

Definition 2.8 [54]. Let F be an NSS over U. We say that Wapy) € Fz read as belonging

to the NSS Fr whenever
a < Trey(u), B < Ipey(w) and y = Fpey ().
Definition 2.9 [54]. Let (U, %yss, E) be an NSTS over U and Fz € NSS(Ug). If there

exists an NSOS G, such that u, ;) € G C Fy, then Fy is called a neutrosophic soft

neighborhood of the neutrosophic soft point ufa,ﬁ,y) € Fy.

3. Neutrosophic Soft b-Closed Sets

In this section, we introduce the elementary descriptions and outcomes of the netrosophic
soft closed and netrosophic soft-b-closed set theories that will be required in the future
chapter.

Definition 3.1 [18, 19]. Let (U, yss, E) be an NSTS over U and Fy € NSS(U). Then
(i) Fg is called a neutrosophic soft regular closed (open) set (NS-rCS (NS-rOS), in

short) if Fy = cl (int(Fy)) (Fy = int (c1(Fy))).
(i) Fg is called a neutrosophic soft pre-closed (open) set (NS-pCS (NS-pOS), in short)
if cl (int(FE)) C F; (F; € int (cl(ﬁ‘E))).
(iii) Fg is called a neutrosophic soft semi-closed (open) set (NS-sCS (NS-sOS), in short)
if int (CI(FE)) CF; (Fyccl (int(ﬁ‘E))).
(iv) Fy is called a neutrosophic soft a-closed (open) set (NS-aCS (NS-aOS), in short)
if cl (int (CZ(FE))> C F; (F; cint (cl (int(FE))>).
Definition 3.2. Let (U, yss, E) be an NSTS over U and F; € NSS(Ug). Then,
(i)  the regular closure of Fg, denoted cl,(F), is defined as
cl,(Fg) =n {Kgz: Ky isan NS-rCSin U and K 2 F}.
(i) the regular interior of Fg, denoted int, (Fy), is defined as
int, (Fg) =U {Gg: G; isan NS-rOS in U and Gy S Fg).
(iii) the pre-closure of Fg, denoted cl, (Fy), is defined as
cly(Fg) =n {Kg: Kz isan NS-pCSin U and K 2 Fg}.

(iv) the pre-interior of Fg, denoted int,(Fz), is defined as
int,(Fg) =U {Gg: Gg isan NS-pOSin U and Gy S Fi}.
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(v) the semi-closure of Fg, denoted cl (Fy), is defined as
cly(Fz) =n {Kz: Kz isan NS-sCSin U and K =2 F:}.

(vi) the semi-interior of Fy, denoted int,(Fy), is defined as
inty(Fg) =U {Gg: Gy isan NS-sOS in U and Gy S Fg}.
(vii) the a-interior of Fg, denoted int, (Fy), is defined as
int, (Fg) =U {Gg: Gg isan NS-a0S in U and G < Fy}.
(viii) the a-closure of Fy, denoted cl, (Fy), is defined as
cl,(Fg) =N {Kg: Ky isan NS-aCS in U and K 2 Fg}.
Theorem 3.1. [18] Let (U, Tyss, E) be an NSTS over U and F; € NSS(Ug). Then,

0] clp(ﬁg) =Fyucl (int(ﬁE)), intp(ﬁE) =Fz Nnint (cl(ﬁE)),
(i) cly(Fp) = Fzuint (cl(ﬁE)), int,(Fg) = Fyncl (int(ﬁE)),

(iii) clo(Fp) =Fzucl (int (cl(ﬁE))), inty(Fg) = Fp N int (cl (int(FE))).
Definition 3.3 [18]. Let (U, Tyss, E) be a NSTS over U and Fy € NSS(Ug). Then
(i) Fy is called a neutrosophic soft b-closed set (NS-bCS, in short) if int (cl(F5)) 0

cl (int(ﬁE)) C Fy.
(i) Fy is called a neutrosophic soft b-open set (NS-bOS, in short) if Fp <
int (cl(ﬁE)) U cl (int(ﬁE)).
Example 3.1. Let U = {u;,u,}, E = {e;, e,} and tnss = {0, 15, (Fg)1} where (Fg), is
an NSS over U, defined as

(F), = {el = {<1,4,0.6,0.4,0.7 >, < u,,0.2,0.5,0.5 >}}
E/1 ™ e, = {< 14,0.6,0.5,0.8 >, < 1,,0.4,0.3,0.5 >}J
Then tyss defines an NST on U, and so (U, Tyss, E) is an NSTS over U. An NSS Gg in
(U, Tyss, E) is defined as
G = {el ={<14,0.7,0.8,0.9 >, < u,,0.8,0.2,0.1 >}}
E™ le, = {<14,0.3,0.3,0.3 >,< u,,0.7,0.1,0.1 >}}’

Then, Gy is an NS-bCS in ‘U since int (cl(GE)) Ncl (int(GE)) = int(1g) N cl(@Pg) =

@r S Gy. Also, an NSS Kg in (U, Tyss, E) is defined as
P {el = {< 1,,0.3,02,0.7 >, < 1,,0.1,0.4,0.5 >}}
E = e, = {< 1,0.2,0.3,0.9 >, < 1,,0.2,0.2,0.8 >}J°

Then, Ky is an NS-bOS in U because I?EQint(cl(I?E))Ucl(int(I?E))z

int((FE)lc) U cl(@g) = (Fg)s.
Definition 3.4 [18]. Let (U, Tyss, E) be an NSTS over U and Fy € NSS(Ug). Then,
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(i)  the b-interior of Fz, denoted int,(Fy), is defined as

int, (Fg) =U {Gz: Gy isan NS-bOS in U and Gy S Fg}.
(i) the b-closure of Fy, denoted cl, (Fy), is defined as

cl,(Fg) =N {Kz: Kg isan NS-bCS in U and K 2 F;}.

Example 3.2. Let U = {uy,u,}, E={es, e,} and tyss = {@, 15, (Fg)1, (Fg),} where
(Fg); and (Fg), are NSSsover U, defined as
(Fp)y = {el = {<1,,0.7,0.7,0.5 >, < u,,0.7,0.5,0.5 >}}
E/1 7 e, = {< 14,0.5,0.6,0.4 >, < 1u,,0.6,0.4,0.6 >}’
(), = {el = {< u,,0.4,0.2,0.8 >, < u,,0.3,0.5,0.8 >}}
EJ2 7 le, = {< 14,0.4,0.3,0.6 >,< u,,0.6,0.3,0.6 >}J
Then tyss defines an NST on ‘U, and thus (U, Tyss, E) isan NSTS over U. An NSS Fg in
(U, Tyss, E) is defined as
e; = {<14,0.2,0.1,0.8 > < u,,0.2,0.3,0.7 >}
E = {ez = {< %,,0.1,0.2,0.9 >, < u,,0.2,0.4,0.6 >}}'
By Definition 3.3 (i), @, 1g, (Fg)1, (Fg),,and Fr are NS-bCSs in U and by Definition
3.4 (ii) (Fg); 2 Fg, 15 2 Fg, and Fg 2 Fy. Hence, cl,(Fy) = (Fg); N 15 N Fg = Fp.
Example 3.3. Let U = {uy, uy,u3}, E={e;,e,} and tyss = {0k, 15, (Fg),} where
(Fg); is NSS over U, defined as
(Fo), = {el = {<1,,0.5,0.6,0.3 >, < u,,0.6,0.5,0.2 >, < 1u5,0.5,0.3,0.4 >}}
E)1 7 e, = {< 14,0.7,0.8,0.2 >, < 11,,0.7,0.4,0.3 >, < u3,0.2,0.4,0.1 >}J
Then tyss defines an NST on U, and hence (U, Tyss, E) is an NSTS over U. An NSS Fg
in (U, Tyss, E) is defined as
e; = {< 14,0.3,0.4,0.6 >, < 1,,0.1,0.5,0.7 >, < 145,0.4,0.6,0.5 >}
E = {ez = {<1,4,0.3,0.1,0.8 >,< u,,0.2,0.5,0.7 >, < u3,0.1,0.2,0.3 >}}'
By Definition 3.3 (ii), @, 15, (Fg);, and Fg are NS-bOSs in U and by Definition 3.4 (i)
O € Fy, Fg € Fp. Thus, int,(Fp) = 0 U Fg = Fg.
Theorem 3.2 [18]. Let (U, Tyss, E) be an NSTS over U and Fz € NSS(Ug). Then
(i) Fg is a neutrosophic soft b-closed set iff £ = cl,,(Fy),
(ii) Fy is a neutrosophic soft b-open set iff Fy = int, (Fy),
(iii) clp(Dg) = D, clpy(1p) = 1,
(iv) intp(Pg) = Og, inty(1g) = 1,

(v) Fg is a neutrosophic soft b-closed set iff cl,, (clb (FE)) = cl,(Fg),

F

F

(vi) (intb(F"E))C = clb(F'E)C,

. =~ \\¢ _ . = \C
(vii) (clb(FE)) = mtb(FE) .
Example 3.4. Let us take into account the topology, NS-bCS, and NS-bOS that are given in
Example 3.1. By Definition 3.3 (i), 0z, 1z, (Fz);, and Gz are NS-bCSs in U and by
Definition 3.4 (ii) 1; 2 G and Gz 2 Gy . Then, cl,(Gg) = 1; NGy = G . Hence,
Clb(GE) = GE'
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By Definition 3.3 (ii), @z, 1z, (Fg);, and Ny are NS-bOSs in U and by Definition 3.4 (i),
@ S Ng, Ny € Ng. Then, int,(Ng) = @5 U Ny = Ng. Thus, int,,(Ng) = Np.

By Definition 3.4 (ii), 1z 2 15, cl,(15) = 1. Also, By Definition 3.3 (i), @5, 15, and
(Fg), are NS-bCSs in U and by Definition 3.4 (ii), @5 2 @, 1z 2 @, and (F); 2 0.
Then, cl,(®g) = 1z N @ N (Fg); = @g. Similarly, by taking the complement, Theorem 3.2

(iv) also provides. By Theorem 3.2 (i), cl,(G5) = Gs. So, cly (cly(Gs)) = cly(Gy) s
obtained. By Theorem 3.2 (ii), int,(N;) = Nz. Therefore, (intb(IVE))C= (Nz)" is
obtained. Also, By Definition 3.3 (i), @z, 1z, (Fz):, (N;)* are NS-bCSs in U and by
Definition 3.4 (i) 1; 2 (N;)" and (N;)" 2 (N;)". Thus, cl,(N;)) = 1, n (V) =

(N:)". Hence, cl,((N;)) = (Nz)°. Therefore, (intb(NE))c = cl,((Nz)") is obtained.

Similarly, by taking the complement, Theorem 3.2 (vii) also provides.

Theorem 3.3 [18]. Let (U, Tyss, E) be an NSTS over U and Gz, Ky € NSS(Ug). Then,
(i) int,(Gg) < int,(Ky) if G € K,
(i) cl,(Gg) € cl,(Ky) if Gy € K5,
(i) cl,(Gs UKg) 2 cl,(Gg) U cl, (Kp).
(iv) cl,(Gs nKg) € cl,(Gg) N el (Kp).
(v) int,(Gp U Kg) 2 int,(Gg) U int,, (Kp).
(vi) int,(Gp N Kg) < int,(Gg) N int, (Kp).
Theorem 3.4 [18]. Let (U, Tyss, E) be an NSTS over U and Fy € NSS(Ug). Then,
() clpy(Fg) = Fg U [int(cl(Fp)) N cl(int(Fg))],
(i) int,(Fg) = Fg n [int(cl(Fg)) U cl(int(F))].

4. Neutrosophic Soft Generalized b-Closed Sets

In this section, we present and examine the description of the neutrosophic soft generalized
b-closed set in neutrosophic soft topological spaces and its related properties. In addition, we
give generalized definitions of the neutrosophic soft regular, pre, semi, and a sets and their
relations with the neutrosophic soft generalized b-closed set.
Definition 4.1. Let (U, yss, E) be an NSTS over U and F; € NSS(Ug). Then
(i) Fg is called a neutrosophic soft generalized closed set (NS-gCS, in short) if
cl(Fg) € Gy whenever Fy € G and G is an NSOS in (U, £yss, E).
(i) Fg is called a neutrosophic soft generalized b-closed set (NS-gbCS, in short) if
cl,(Fg) € Gg whenever F; € Gy and G isan NSOS in (U, Tyss, E).

Theorem 4.1. Let (U, Eyss, E) be an NSTS over U and F; € NSS(Ug). Every NS-gCS is
an NS-gbCS.
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Proof: Let Fr € G and G be an NSOS in (U, #yss, E). Then, since Fz is an NS-gCS,
cl(Fg) € Gg. Therefore, cl,(Fg) € cl(Fg) and cl(Fy) < Gg. Thus, Fy is an NS-gbCS in
U.
Remark 4.1. Example 4.1 shows that every NS-gCS is an NS-gbCS but the converse is not
always true. Moreover, nor can we say that every non-NS-gbCS must be an NS-gCS.
Example 4.1. Let U = {u;,u,}, E ={e;,e,} and tynss = {@g, 15, (Ng)1, (Ng),} where
(Ng); and (Ng), are NSSsover U, defined as
(Np), = {el = {<1,,0.8,0.8,0.3 > < u,,0.6,0.5,0.4 >}}
E1 7 e, = {<14,0.7,09,0.2 >, < 1,,0.7,0.5,0.6 >}’
(N, = {el = {< 1,,0.7,0.7,0.4 >, < 1,,0.6,0.4,0.5 >}}
B2 7 e, = {< 14,0.5,0.6,0.3 >, < u,,0.7,0.3,0.8 >})°
Then tygs defines an NST on U, and therefore (U, Tyss, E) is an NSTS over U. An NSS
Fg in (U, Tyss, E) is defined as
P {el ={<u,,0.1,0.1,09 >,< u,,0.3,0.2,0.7 >}}
E™ le, = {<4,0.1,0.1,0.8 >, < 1,,0.2,0.4,0.6 >}
Then, for the NSOS (Ng);, we have Fr € (Ng);. By Theorem 3.4. (i) cl,(Fz) = Fz U

[int (CI(FE)) N cl (int(ﬁE))] = Fpuint(1p) N cl(B)] = Fp € (Np); . cl(Fg) =15 &

(Ng), is obtained according to Definition 4.1 (i). So, Fy is an NS-gbCS in U but not NS-
gCS. Intercalarily, an NSS K in (U, #yss, E) is defined as

e; = {<14,0.7,0.8,0.4 >, < u,,0.6,0.5,0.5 >}
E = {ez = {< u,,,0.5,0.7,0.2 >, < u,,0.7,0.4,0.7 >}}'

~

Now, we have K € (Ng);. Because cl,(Kg) = Kz U [int (cl(KE)) N cl (int(KE))] =

Ky U [int(1g) n cl((Ng),)] = 1g, we have cl,(Kg) € (Ng);. Hence, Ky is not an NS-
gbCS in U. Thensince cl(Ky) = 1g, we have cl(Kz) € (Ng);. Thus, Ky is notan NS-gCS
in U.
Definition 4.2. Let (U, yss, E) be an NSTS over U and F; € NSS(Ug). Let Gy be an
NSOS in (U, Tyss, E). Then
(i)  Fg is called a neutrosophic soft generalized regular closed set (NS-grCS, in
short) if cl,.(Fz) € Gy whenever Fy € Gp.
(i) Fg is called a neutrosophic soft generalized pre-closed set (NS-gpCS, in short) if
cl,(Fg) € G whenever Fy € Gp.
(iii) Fg is called a neutrosophic soft generalized semi-closed set (NS-gsCS, in short)
if cl,(Fg) € Gy whenever F; € Gj.
(iv) Fg is called a neutrosophic soft a-generalized closed set (NS-agCS, in short) if
cl,(Fg) € G whenever Fy € Gp.

Theorem 4.2. Ina NSTS (U, Tyss, E)
()  Every NS-CS is an NS-gbCS.
(i)  Every NS-rCS is an NS-gbCS.
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(iif) Every NS-aCS is an NS-ghCS.

(iv) Every NS-agCSs is an NS-ghCS.

(v) Every NS-pCS is an NS-ghCS.

(vi) Every NS-gpCS is an NS-gbhCS.

(vii) Every NS-bCS is an NS-gbCS.

(viii) Every NS-sCS is an NS-gbCS.

(ix) Every NS-gsCS is an NS-gbCS.
Proof: Let Fy € Gz and Gz be an NSOS in (U, £yss, E). Then,
(i) since Fy is an NS-CS and cl, (Fg) € cl(Fg), cl,(Fg) < cl(Fg) = Fg € Gg. Thus, Fy
is an NS-ghCS in U.

(ii) since Fy is an NS-rCS, cl (int(ﬁE)) = Fz which implies ¢l (int(ﬁE)) = cl(Fp).

Therefore, cl(Fg) = Fy. Hence, F is an NS-CS in U. By Theorem 4.2 (i), F is an NS-
ghCS in U.

(iii) since Fy is an NS-aCS, cl,(Fg) = Fg. So, cl,(Fg) € clo(Fp) = Fz € Gg. Thus, Fp
is an NS-ghCS in U.

(iv) since Fg is an NS-agCS, cl,(Fz) € Gg. Therefore, cl,(Fs) € clo(Fg), cl,(Fg) €
Gg. Thus, Fy is an NS-gbCS in U.

(v) since Fzis an NS-pCS, by Definition 3.1 (ii) cl(int(Fg)) € F; which implies

int (cl(FE)) N cl (int(FE)) ccl(Fg)necl (int(FE)) c Fy . Therefore, cl,(Fp) < Gp.
Hence, £y is an NS-gbCS in U.
(vi) since Fg is an NS-gpCS, cl,(Fz) < Gg. Thus, cl,(Fg) < cl,(Fs), cl,(F) € Gg. So,

Fg isan NS-gbCS in U.

(vii)since F; is an NS-bCS, by Definition 3.3 (i) int(cl(Fg)) n cl(int(Fy)) € Fy.
Therefore, cl,,(Fy) = Fg U (int(cl(Fg)) N cl(int(Fg))) € Fg. So, cl,(Fg) € Gg. Thus,
Fy isan NS-gbCS in U.

(viii)  since Fy is an NS-sCS, Definition 3.1 (iii) int(cl(Fz)) € F; which implies
int(cl(F)) n cl(int(Fy)) € Fg. Therefore, Fz is an NS-bCS in U. By Theorem 4.2 (vii),
Fy isan NS-gbCS in U.

(ix) since Fg is an NS-gsCS, cl,(Fz) € Gg. Hence, cl,(Fg) € cly(Fg), cly(Fg) S Gg-
Thus, Fg is an NS-ghCS in U.

Remark 4.2. Let (U, %yss, E) be a NSTS over U and F; € NSS(Ug). Then, every
neutrosophic soft regular, closed, a, pre, semi, g, ag, gs, gp, and the b-closed set is NS-
gbCS.
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% We can also see the relationships between NS-gbCS and NS-CS sets with the help of
the below diagram.

NS-agCS

/ \

NSgpCS | | NS-gbCS

NS-CS | —»| NS—aCS |—» | NS-pCS

/'

NS-bCS

—>
—
Remark 4.3. Example 4.2 and 4.3 show that the inverse of the applications in the diagram
above is not always true.
Example 4.2. Let U= {uy, uyus}, E={e;e;} and tyss = {B5, 15, (Np)1, (Np)2)
where (Ng); and (Ng), are NSSsover U, defined as
(W), = {el = {< 1,,0.5,0.4,0.4 >, < 1,,0.3,0.6,0.4 >, < 145,0.2,0.4,0.4 >}}
e, = {<14,0.7,0.6,0.2 >,< u,,02,0.3,0.6 > < u3,02,0.5,0.2 >})
F), = {el = {< 1,,0.2,0.1,0.8 >, < u,,0.3,0.3,0.5 >, < 15,0.2,0.3,0.5 >}}
e, ={<14,02,0.209 ><u,,01,0.20.7 >, < u;01,0.5,04 >})
Then tygs defines an NST on U, and therefore (U, Tyss, E) is an NSTS over U. An NSS
Kg in (U, Tyss, E) is defined as
7 - {el = {< 1,,0.9,0.8,0.2 >, < 1,,0.4,0.6,0.3 >, < 13,0.7,0.8,0.1 >}}
E ™ le, = {<1,,0.7,0.6,0.1 >, < 1,,0.5,0.7,0.2 >, < 13,0.3,0.6,0.2 >}’
Then, Kg is an NS-gbCS in U but not an NS-bCS in U since int(cl(Kg)) N

NS-sCS NS-gsCS

ct (int(Kz)) = ((N)2) & K. Also, by Definition 3.1 K is not an NS-sCS, NS-pCS, NS-

aCS, respectively.

Example 4.3. Let U = {uq, uy} , E={e;,e,} and Tnss =
{QE» 1g, (NE)1, (Ng)2, (Ng) 3, (NE)4, (NE)S} where (Ng)1, (Ng)2, (Ng)s, (Ng)4, and (Ng)s

are NSSs over U, defined as
W), == {< 14,0.3,0.2,0.6 >, < 1,,0.2,0.1,0.4 >}
E/1 ™ e, = {< 14,0.1,0.2,0.7 >, < 1,,0.4,0.2,0.6 >})’
W), = (4= {< 14,0.4,0.2,0.5 >, < 1,,0.6,0.4,0.3 >}
E/2 7 e, = {< 14,0.1,0.3,0.6 >, < u,, 0.4,0.2,0.5 >})
W), = (6= {< 14,0.5,0.6,0.2 >, < 1,,0.7,0.5,0.3 >}
EJ3 7 e, = {< 14,0.4,0.5,0.3 >,< u,,0.5,0.5,0.5 >})
T, = (0= {<1,,0.5,0.8,0.2 >, < 1,,0.7,0.6,0.3 >}
B4 ™ e, = {< 1y,0.4,0.7,0.3 >, < u,,0.6,0.7,0.2 >})
Wy)s = (ex = {<1,,0.5,0.3,0.5 >, < u,,0.6,0.4,03 >}
EJ5 7 e, = {< 14,0.2,0.4,0.6 >,< u,,0.5,0.3,0.5 >}J
Then tygs defines an NST on ‘U, and therefore (U, Tygs, E) isan NSTS over U. Then, for
the NSOS (Ng);, we have (Ng); € (Ng),. By Theorem 3.4. (i) cl,((Np),) = (Ng), U
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|int (ct((Np)1)) 0 et (int((Wp)1))] = W) U [int((Fp): ) 0 el((Np))] = (Np), <
(Ng); . Thus, by Definition 4.1 (ii) (Nz); is an NS-gbCS in U . But since
cl (int(cl(IVE)l)) = (Ng):" & (Ng),, hence (Ny), is not an NS-aCS in U. Intercalarily,

by Definition 3.1. and Definition 4.2, (Ng); is not an NS-pCS, NS-rCS, NS-gpCS, NS-
agCs, respectively.
Remark 4.4. Example 4.4 shows that the union and intersection of any two NS-ghCSs need
not be NS-ghCS.
Example 4.4. Let U = {u,u,}, E = {e;,e,} and tyss = {0k, 15, (Fg).} where (Fp), is
NSS over U, defined as
(Fa), = {el = {< u,,0.8,0.8,0.1 >, < u,,0.6,0.5,0.4 >}}
E/1 7 e, = {<144,0.7,09,0.2 >, < u,,0.4,0.5,0.4 >}J
Then tyss defines an NST on U, and so (U, £yss, E) is an NSTS over U. Two NSSs Gg
and Kg in (U, Tyss, E) are defined as
o {el = {< 1,,0.1,0.2,0.9 >, < u,,0.2,0.3,0.8 >}}
E™ le, = {<4,,0.1,03,0.7 >, < u,,0.4,0.3,0.5 >})’
{el = {< 1,,0.8,0.8,0.1 >, < u,,0.6,0.5,0.4 >}}
e, ={<u4,0.7,090.2 >,< u,, 03,0504 >})
By Definition 4.1 (ii), NSSs Gy and Ky are NS-ghCSs in U, but since Gg U K € (Fg),
and cl,(Gg UKg) = 15 & (Fg)4, and thus Gg U Ky is not an NS-gbCS in U.
Now, two NSSs Mg and Ng in (U, Tyss, E) are defined as
WM. — {el = {<14,09,09,0.1 > < u,,0.6,0.7,0.3 >}}
E7 le, = {<4,,0.7,1.0,0.1 >,< u,,0.5,0.50.4 >}’
P {el = {< u,0.8,0.8,0.1 >, < 1u,,0.7,0.5,0.4 >}}
E™ le, = {<14,0.80.9,0.2 >, < u,,0.4,0.6,0.4 >}}
By Definition 4.1 (ii), NSSs Mg and Ny are NS-gbCSs in U, but since Mg N N € (Fg),
and cl, (Mg n Ng) = 15 & (Fg),, and hence Mg n Ny is not an NS-gbCS in U.
Theorem 4.3. Let F be an NS-gbCS inan NSTS (U, yss, E). If Fr € G € cl, (Fg), then
G is also an NS-gbCS in (U, £yss, E).
Proof. Let H; be an NSOS in U suchthat G,SHy, then F,SH;. Since Fy is an NS-ghCS
set in U, it follows cl,(Fg) € Hg. Now, GgScl,(Fg) implies cl,(Gg) € cl,(cl,(Fg)) =
cl, (Fg). Thus, cl,(Gg) S Hg. Hence, G is an NS-ghCS in U.
Definition 4.3. An NSS F; of an NSTS (U, Tyss, E) is called a neutrosophic soft gh-open
set (NS-gbhOS, in short) if (Fz)¢ isan NS-gbCS in (U, £yss, E).
Theorem 4.4. An NSS Ny of an NSTS (U, Fyss, E) is an NS-gbOS if and only if M, <
int,(Ng) whenever My € Ny and M is a neutrosophic soft closed set in (U, #yss, E).
Proof. Suppose Ny is an NS-ghOS in ‘U. Then (Nz)¢ is an NS-gbCS in ‘U. Let My be a
neutrosophic soft b-closed set in U such that My & Ng. Then (Ny)¢ & (My)¢, (Mg)¢ is a
neutrosophic soft b-open set in U. Since (Ny)€ is an NS-ghCS, cl, (Nz)¢ € (Mg)¢, which
implies (int,(Ng))¢ S (Mg)¢. Thus, My S int, (Ng).

KEz
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Conversely, assume that My < int,(Ng), whenever My € Ny and My be a neutrosophic
soft b-closed set in U. Then (int,(N;))¢ S (My)¢ S He, where Hy is a neutrosophic soft
b-open set in U. Hence, cl,(Ng)¢ € Hg, which implies (Ng)¢ is an NS-gbCS. Therefore,
Ny is an NS-gbOS.

Remark 4.5. An NSS F is called NS-gCS, NS-grCS NS-gpCS, NS-gsCS, NS-agCSs if the
complement of (Fg)¢ is a neutrosophic soft generalized open set, neutrosophic soft
generalized regular open set, neutrosophic soft generalized pre-open set, neutrosophic soft
generalized semi-open set and neutrosophic soft a-generalized open set (NS-gOS, NS-grOS,
NS-gpOS, NS-gsOS, NS-agOS, in short resp.), respectively.

% In the diagram, we have shown the relationship between NS-gbOS and NS-OSs.

NS-OS |[——| NS—aOS |—>» NS-pOS NS-bOS /

~_ Pk

NS-sOS —| NS-gsOS

Remark 4.6. Example 4.5 and 4.6 show that the inverse of the applications in the diagram
above is not always true.
Example 4.5. Let U = {u,,u,}, E = {e;, e,} and tnss = {0k, 15, (Fg).1} where (Fg), is
NSS over U, defined as
(Fo), = {el = {< u14,0.4,0.5,0.6 >, < u,,0.5,0.4,0.7 >}}

E/1 ™ e, = {< 14,0.1,0.2,0.6 >, < 1,,0.5,0.5,0.6 >})°
Then tyss defines an NST on U, and hence (U, Tyss, E) is an NSTS over U. An NSS Kg
in (U, Tyss, E) is defined as

R, = {el ={<14,0.3,04,0.4 >,< u,,0.7,0.4,0.5 >}}.

e, = {< 1,,0.3,0.8,0.1 >, < u,,0.4,0.4,0.6 >

By Theorem 3.4 (i) and Theorem 4.4, G = @ € int,(Kg) and Gy = @5 S Kz, so K is

an NS-gbOS in U, but not NS-bOS in U since Ky & int (cl(Ke)) U cl (int(K))

(Fg);. Although NSS K is an NS-gbOS in U, it is not NS-a0S, NS-OS, respectively.
Example 4.6. Let U = {u,,u,}, E = {e;, e,} and tnss = {0k, 15, (Fg)1} where (Fg), is
NSS over U, defined as
(Fy), = {el = {< 1,,0.5,0.5,0.6 >, < u,, 0.4,0.4,0.7 >}}
EJ1 7 e, = {< 14,0.1,0.3,0.4 >, < 11,,0.6,0.5,0.6 >}’
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Then tygs defines an NST on U, and hence (U, Tyss, E) is an NSTS over U. An NSS Kg
in (U, Tyss, E) is defined as
7 = {el = {< 14,0.6,0.6,0.3 >, < u,,0.8,0.7,0.1 >}}
E7 le, = {<14,0.60.9,0.1>,< u,,0.7,05,04 > J

By Theorem 4.4 and Definition 4.2, (F;)," €Ky and (Fy)," € int,(Kz) = Kz n
[lnt (CZ(KE)) Ucl (lnt(EE))] = kE N [lnt(lE) V) Cl((FE)l)] = EE ) thus KE is an NS-
gbOS in U, but not NS-ag0S in U since (Fz);" € Kg and (Fp)," € inte(Ky) = Kz 0

[int (cl (int(ﬁE)»] = (Fg),. Further, although NSS K5 is an NS-gbOS in U, it is not NS-

sOSin U.
Theorem 4.5. Let My be an NS-gbOS in (U, tyss, E). If int,(Mg) S Ny © My, then Ny
is an NS-ghOS in (U, Tyss, E).
Proof. Let My be NS-gbOS and N be any NSS in (U, fyss, E) such that int,(Mg) S
Nz © M. Thus, (Mg)¢ is an NS-gbCS, and (M) € (Ng)€ € cl,(Mg)¢. So, (Mg)¢ isan
NS-gbCS. Hence, N is an NS-gbOS of (U, Tyss, E).
Remark 4.7. Example 4.7 shows that the union and intersection of any two NS-gbOSs need
not be NS-ghOSs.
Example 4.7. Let U = {u,,u,}, E = {e;, e,} and tnss = {0, 15, (Fg).1} where (Fg), is
NSS over U, defined as follows
(Fo), = {el = {<1,4,0.7,0.8,0.2 >, < u,,0.6,0.7,0.5 >}}
E/1 7 e, = {< 14,0.8,0.6,0.2 >, < u,,0.4,0.50.4 >})
Then tyss defines an NST on U, and hence (U, Zyss, E) isan NSTS over U. Two NSS Gg
and Kg in (U, Tyss, E) are defined as
= {el = {< 1,,0.1,0.2,0.8 >, < u,, 0.4,0.3,0.7 >}}
E™ le, = {<u,,0.1,0.3,0.8 >, < u,,04,0.5,0.4 >}’
7. = {el = {<1,4,0.2,0.2,0.7 >, < u,,0.5,0.1,0.6 >}}
E7 le, = {<,,0.2,04,1.0 >,< u,,0.3,04,0.7 >}
It can be easily seen that both Gg and Kg are NS-gbOSsin U, but Gg U Kg is not NS-gbOS

in U because (Fg)," & int,,(Gg UKE) = 0.

Now, two NSSs Mg and Ng in (U, Tyss, E) are defined as

. = {el = {< 14,0.8,0.8,0.1 >, < u,,0.7,0.7,0.3 >}}
E7 le, = {<%,,09,0.7,0.5 >, < u,,04,0.6,0.4 >}’
7. = {el = {< 14,0.2,0.2,0.7 >, < u,,0.5,0.3,0.6 >}}
E™ le, = {<14,0.2,04,0.8 >, < u,,0.5,0.5,0.3 >}}

It can be easily seen that both Mg and Ng are NS-gbOSs in U, but Mg N Ng is not NS-
gbOS in U since (Fg)," & int, (Mg N Ng) = @g.
Definition 4.4. Let (U, yss, E) be an NSTS over U and F; € NSS(Ug). Then,
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(i)  the neutrosophic soft generalized b- interior of Fy, denoted intg, (Fy), is defined
as inty,(Fg) =U {Gg: Gy isanNS-ghCSin U and Gy S Fi}.
(i)  the neutrosophic soft generalized b-closure of £y, denoted Cclygp (Fy), is defined as
clyp(Fg) =N {Kz: Kz isanNS-gbCS in U and K 2 Fg}.
Theorem 4.6. Let (U, yss, E) be an NSTS over U and N € NSS(Ug). Then,
(i) Ng isan NS-ghCS iff Ny = cly,(N;),

(i) Ng isan NS-ghOS iff Ny = int,,(Ng),

(iii) inty,(Dg) = @g, inty,(1g) = 1,
(iv) Clgb(q)E) = @, Clgb(lE) = 1,

(V) (intgb(NE))C = Clgb((NE)c):
@) (cly (@) = intgy ((N)°),
(vii) (int gy (Np))" = clyp (Ng),

(viii) (clyp (N5)©)" = inty, (Np).
Proof.
(i) Suppose N = clyp(Ng) =N {Kg: Kg is an NS-gbCS in U and Kz 2 N} then Ny €n
{Kg: K isan NS-gbCS in U and Kz 2 Nz} which implies N is an NS-ghCS.
Conversely, suppose N is an NS-gbCS in U. We take Ny € Ny and Ny is an NS-gbCS.
Ny €n {Kz: Kz is an NS-gbCS in U and K 2 Nz}. Ny € K implies Np cn {Kz: Ky is
an NS-ghCS in U and Kz 2 Nz} = cly, (Ng). This proves (i).
(ii) Proved by taking complement in (i).
(iii) Since the sets 1; and @5 are NS-gbOSs, the largest NS-ghOS neutrosophic subset of
U is the set inty,(1g), and the largest NS-ghOS neutrosophic subset of @y is the set

intgb(QE). ThUS, intgb(Q)E) = ®E and intgb(lE) = 1E'

(iv) As clyp(@g) is the smallest NS-gbCS on U containing @ and clyp(1g) is the
smallest NS-ghCS on U containing 1, we have clg,(9g) = Of, clgp(1g) = 1.

(v) Since inty,(Ng) =U{Mg : My is an NS-gbOS in U and My S Ng} then
(intgb(IVE))C:n{(1\71,5)6:(1\7,5)C is an NS-ghCS in U and (#7;)° 2 (N;)‘}. Replacing
()" by Ky, we get (intgb(IVE))C =n {K;:K; is an NS-gbCS in U and K; 2 (N;)}.

Therefore, (intgb(IVE))c = clyp ((Ng)€). This proves (v).

(vi) Proof is similar to the above part (v).
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(vii) Since inty,(Ng) =U{Mg : Mz is an NS-gbOS in U and Mgz S Ng} then
(intgs(Ns)) = n{(#5)* : (Mz)° is an NS-gbCS in U and (Ny)° < (#)) =
clyy((Ng)©). Then replacing N by (N;)°, we get (intyy(W;)*) =n {(#5)":(#;)" is an

NS-gbCS in U and ((N;))" € (M)} = clyy ((Np)°)°) = cly ().

(viii) Proof is similar to the above part (vii).
Example 4.8. Let U = {uy,u,}, E ={e;,e,} and tyss = {0k, 15, (Fp)1, (Fg)2} where
(Fg); and (Fg), are NSSsover U, defined as
- e; = {< 1y,0.4,0.6,0.6 > < 1, 05,0.6,0.4 >}
(Fg), = — )
e, = {< 1,,0.2,0.5,0.3 >, < u,,0.3,0.6,0.5 >}
- e; = {<1,04,0.5,0.7 > < u,,03,04,0.5 >}
(Fg), = _ .
e, = {< 1,,0.1,0.4,0.5 >, < u,,0.2,0.4,0.6 >}
Then tyss defines an NST on U, and hence (U, Fyss, E) is an NSTS over U. An NSS Ng
in (U, Tyss, E) is defined as
{el = {< u4,0.5,0.5,0.7 >, < u,,0.6,0.6,0.2 >}}
e, = {< 1,,0.6,0.4,0.2 >, < u,,0.4,0.5,0.4 >}J
By Definition 4.1 (ii), @g, 1, (Fg)1, (Fg),, and Ny are NS-ghCSs in U and 15 2 Ny,
N 2 Ng. So, cly,(Ng) = 1 N Ng = Ng. Hence, cly, (Ng) = Ng. Similarly, by taking the
complement, Theorem 4.6 (ii) also provides.

NEz

By Theorem 4.4, @, 15, (Fg)1, (Fg),, and (W) are NS-ghOSs in U and @y, (V)" €
(Ne)° . So, inty((Ng)9) =0su (N;) = (N;)". Also, by Theorem 4.6 (i),

(clyy (Np))" = (Ng)°. Hence, (clyy(Np))" = int,,((Np)©) is obtained. Similarly, using
the complement, Theorem 4.6 (V) is obtained. In addition, the conditions of Theorem 4.6 (vii)
and Theorem 4.6 (viii) are satisfied by replacing N; with (V) .

Definition 4.5. Let (U, Tyss, E) be an NSTS over U. An NSS F over U is said to be a
neutrosophic soft gh-neighborhood of the neutrosophic soft point ez € Fy if there exits an
NS-gbOS G suchthat ex € G S Fp.

All neutrosophic soft gb-neighborhoods of neutrosophic soft point ey are called its
neutrosophic soft gb-neighborhood system and are denoted by gb — N, (ez).
Definition 4.6. Let (U, %yss, E) be an NSTS over U. An NSS F; over U is called
neutrosophic soft gb-neighborhood of an NSS G if there exists an NS-gbOS H such that
Gp € H; C F.
Example 4.9. Let U={u,uy} E ={eq, e, €3} and TNss =
{0k, 15, (Np)1, (Ng)2, (Ng)s} where (Ng)., (Ng),, and  (Ng); are NSSs over U, defined
as
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(Np), = {el = {<1,,0.8,0.8,0.1 > < u,,0.6,0.50.4 >}
E/1 7 e, = {<14,0.7,0.9,0.2 >, < u,,0.4,0.5,0.4 >})
Np), = {el ={<1,4,0.1,0.1,09 >, < u,,0.4,0.3,0.7 >}
27 e, = {< 14,0.1,0.3,0.7 >, < u,,0.3,0.5,0.6 >})
(Np)s = {el = {<14,0.1,0.1,0.9 >, < u,, 0.3,0.2,0.8 >}
37 le, = {< 14,0.1,0.1,0.8 >, < u,,0.2,0.4,0.6 >}
Then tygs defines an NST on U, and hence (U,7yss, E) is an NSTS over U. Since
(Ng)s € (Ng), € (Ng)4, thus (Ng), is a neutrosophic soft gb-neighborhood of (Ng)s;.
Theorem 4.7. If (U, Tyss, E) be an NSTS over U. N is an NS-gbOS. Then N is a
neutrosophic soft gb-neighborhood of each of its neutrosophic soft points.
Proof. Let (U, yss, E) bean NSTS over U and N be an NS-gbOS over U. Suppose that
N isan NS-gbOS. Then for every neutrosophic soft gb-point ez € Ny, we have ez € Ny S
Nz, and so Nj is a neighborhood of ez. Thus, Ny is a neighborhood of each of its
neutrosophic soft points.
Next, suppose that Ny is a neutrosophic soft gb-neighborhood of its neutrosophic soft points.
If N, = @5 then N is a neutrosophic soft openas @ € Tyss. Butif N; # @ then for each

er € Ny there exists a neutrosophic soft point My such that ez € (Mg)e, € Np. Ny =U

(Mp)., and so Ny is an NS-gbOS in ‘U, being of the union of NS-ghOSs in U. Hence, it’s

proved.
Theorem 4.8. Every neutrosophic soft neighborhood of a neutrosophic soft point ez of an
NSTS (U, Tyss, E) over U is a neutrosophic soft gb-neighborhood of ez.
Proof. Let Fy be a neutrosophic soft gb-neighborhood of ez € Fz. Then there exists an
NSOS G such that ez € Gz S Fy. Since we know that every NSOS set is a neutrosophic
soft gb-open set, G is an NS-gbOS and hence Fy is a neutrosophic soft gb-neighborhood
of eg. Thus, it’s proved.
Remark 4.8. Example 4.10 shows that the converse of Theorem 4.8 is not always true.
Example 4.10. Let U={u,u, } E ={e;, e,} and Tnss =
{95» 15, (Np)1, (Ng)2, (NE)S,(NE)4: (Np)s}  where (Np);, (Ng),, (Ng)s., (Ng)s. and
(Ng)s are NSSs over U, defined as
W), = {61 = {< 1,,0.1,0.2,0.7 >, < 1,,0.1,0.2,0.5 >}
E/1 7 e, = {< 14,0.3,0.3,0.6 >, < u,,0.4,0.5,0.6 >}
e; = {< 1,,0.7,0.4,0.5 >,< u,,0.6,0.5,0.3 >
e, = {<u4,05,0.50.3 >, < u,,0.5,0.505 >})
(W), = &1 = {< 1,,0.8,0.50.3 >, < u,,0.7,0.6,0.3 >}
E/3 7 e, = {< 14,0.6,0.6,0.3 >, < 1,,0.5,0.5,0.5 >}
P {< 1,,0.8,09,0.1 >,< 1, 08,0.7,0.3 >}}
EJ4 7 e, = {< 14,0.6,0.6,0.3 >, < u,,0.6,0.7,0.2 >}J
W) = (&1 = {< 14,0.6,0.4,0.5 >, < u,,0.6,0.2,0.3 >}}
e, = {< 14,0.4,0.5,0.6 >, < u,,0.5,0.5,0.5 >}J

(NE)Z =
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Then tygs defines an NST on U, and hence (U, Tyss, E) is an NSTS over U. Here e,, =
{<u,,0.7,05,04 > < u,,04,0.504 >} is a neutrosophic soft point over U .
Obviouslyerse e, € Gg, where
Gy = {el ={<u,0.7,0.8,0.2 >, < u,,0.3,0.3,0.4 >}}
e, = {< 1,0.6,0.7,0.3 >, < 1,0.5,0.5,0.5 >)
is a neutrosophic soft gb-neighborhood of e,,, since e,, € K S Gg, where
7. = {e1 = {< uy,0.7,0.6,0.3 >, < 1,0.2,0.3,0.2 >}}
e, = (< 1,,0.6,0.7,03 >, < u,,0.6,0.5,0.4 >}

is an NS-gbOS. But G is not a neutrosophic soft neighborhood of ey
Theorem 4.9. Let (U, Tyss, E) be an NSTS over U and ez be a neutrosophic soft point.
Then, gb — N (ez) has the following properties.

(i) If Gz € gb — N,(eg), then e € Gp,

(i) If Gy € gb— N,(ep), Gy S Hg,then Hg € gb — N, (ep),

(i) If Gz Hy € gb — N,(ef), then Gy U Hy € gb — N, (ef),

(iv) If Gy € gb — N,(ep) then there exists My € gb — N,(ez), such that My € G

and Mg € gb — N.(eg) for every ez € Mp.

Proof. (i) Let Gy € gb — N,(es) then Gris a neutrosophic soft gh-neighborhood of e
which implies ey € Gp.
(i) Assume Gy € gb — N,(es) then Gy is a neutrosophic soft gb-neighborhood of
ey which implies there exists an NS-gbOS K, such that ex € Kz € G S Hy. Hence, Hy
is a neutrosophic soft gb-neighborhood of ez and so, H; € gb — N, (ef).
(iii) If Gg,Hg € gb — N.(ef), then there exists an NS-gbOSs F; and K such that ez €
F; € Gy and ey € K; € Hy. Obviously, F; and K are contained in Hy U Gy which
implies G U H; € gb — N, (ep).
(iv) If Gy € gb — N.(er), then there exists an NS-gbOS M, such that ez € My C Gj.
Since Mg is an NS-ghOS and ey € My S Mg, then Mg € N (ez). Thus, My € gb —
N.(ef) and My € Gg.Againsince My is an NS-gbOS, so M is a neighborhood of each of
its neutrosophic soft points. Therefore, M, € N, (ez) for all ez € M. Hence, its proved

(iv).

5. Conclusion

In this study, we have introduced the concepts of neutrosophic soft generalized b-closed
(open) sets and neutrosophic soft generalized b-interior, neutrosophic soft generalized b-
closure, neutrosophic soft generalized b-neighborhood, and explored some of their
properties. We have also proved some theorems about neutrosophic soft generalized b-closed
sets in neutrosophic soft topological space and analyzed them with appropriate examples.
This study is based on theoretical operations of neutrosophic soft generalized b-sets. These
sets may be the starting point for new theoretical and applied studies. Therefore, we believe
that many new studies can be done in neutrosophic soft generalized b-sets and neutrosophic
topological spaces. In addition, this study can be extended to analyze neutrosophic properties
such as continuity, compactness, connectedness, and separation axioms by using
neutrosophic soft generalized b-sets and other neutrosophic soft generalized sets.
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