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On ngP—Closed Sets and Mappings in
Neutrosophic Topological Spaces

Narmatha. S, Glory Bebina. E, Vishnu Priyaa.R

Abstract— The real life situations always include
indeterminacy. The Mathematical tool which is well known to
deal with indeterminacy is Neutrosophy. The notion of
Neutrosophic set is generally referred as the generalization of
Intuitionistic fuzzy set. The Purpose of this article is to define the
new class of sets called mgf-closed sets in Neutrosophic
topological spaces. The properties and characterizations of ngfi-
closed sets are discussed and its relationships with other
Neutrosophic sets are studied. Further we define ngp —closed
mappings and wgf —open sets and some of its properties are
touched upon.

Index Terms—Neutrosophic wgf--Closed Set, Neutrosophic
ngf--Open Set, Neutrosophic rgffI—Closed mappings.

I. INTRODUCTION

The idea of fuzzy sets was put forth by L.A. Zadeh [16]
which deals with membership. The intuitionistic fuzzy sets
introduced by K.Atanassova [2] deals with membership and
non-membership. Samrandache[3] extended these ideas and
introduced a new concept called Neutrosophic set that
studies membership, non-membership and indeterminacy.
The concept of Neutrosophic topological spaces was
introduced by A.A Salama and S.A. Albowi [9]. In the
literature, numerous authors studied about [-open sets .
S.Tahiliani[14] introduced and studied mgB-closed sets in
topological spaces. The concept of mgB-closed sets was
studied under intuitionistic fuzzy topological spaces by
T.Jenitha Premalatha and S.Jothimani[6] The concepts of
nga-closed mappings were studied by N.Semivasagan,
O.Ravi and S. Satheesh Kanna[12].in Intuitionistic fuzzy
topological spaces. In this article we define Neutrosophic xt-
generalized beta closed set and Neutrosophic n-generalized
beta closed mappings and investigate their properties.

Il. PRELIMINARIES

Definition 2.1[9] :

Let X be a nonempty fixed set. A Neutrosophic set (NS)A
in X is an object having the form A ={<x,14(X), 04 (x), ya(
X) >:xe X}, where u,(X) denotes the degree of membership
function, oa(x) denotes the degree of indeterminacy
andy,(x) denotes the degree of non-membership
respectively of each element x € X to the set A.

Remark 2.1[9]:

A NS A={<xu,(X) a4(x),y.(X)> xe X} can be
identified by an ordered triple<ua, 6a, Y4> in 10,17 on X.

Definition 2.2 [9]
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On ={<x,0,0,0>: xe X}, 1n ={<x,1,1,1>: xc X} defines
the NS Oy and 1y respectively.

Definition 2.3 [9] :

Let A=<pua, oa, Ya> be an NS on X, the complement of
the set A (C(A)) is given by :

C(A): :{<X IYA(X)! 1- O'(X), .UA(X)>:XE X}

Definition 2.4 [9] :

Let X be a non empty set, and NSs A and B be given by

A:{<XI.UA (X)! Oy (X), yA(X)>:X6X}3B:<XauB(X)sGB(X)3YB(X)
> Xe X}then (ACS B). & uu(x) < pg(X) and y,(x) >yp(X)

and oa(x) <op(x) for every x € X.

Definition 2.5[9] :

Let x be a non empty set, and

A:{<XhuA (X)! Oy (X), YA(X)>:X6X}sB:<X5H'B(X)scB(X)1
ve(X)>: xe X} be NSs. Then

(1) A N B may be defined as ANB=<x, p4(x)A ug(X),
04(x)nap (x),¥4(X) v ¥5(X)>

(2) Au B may be defined as AUB =<x, u,(X)vug(X),
a4 (x)vag (x), ya(x)Ayp(X)>

Definition 2.6 [9] :

Let A and B be Neutrosophic sets then

A| B may be defined as A|B =<X, ligAYg, 04,05 VaViia>

Definition 2.7[9] :

A Neutrosophic topology (NT ) in a non-empty set X is a
family t© of Neutrosophic subsets in X satisfying the
following axioms

(NT1) Oy, INE T,

(NTz) Glﬂ G2 € 1 for any Gl’ Gz €ET

(NT3)uG;e 1. V{G:ieJ}cr

Here the pair(X,7) is called a Neutrosophic topological
space (NTS) and any NS in 7 is known as a Neutrosophic
open set (NOS in X. The complement Aof a NOS A in
NTS is called a Neutrosophic closed set (NCS ) in X.

Definition 2.8 [9] :

Let (X, 1) be NTS and A ={<x,u,(X), 0,(x), y4(X)>:Xe
X}, be NS in X. Then Neutrosophic interior and
Neutrosophic closer are defined by:

Nint(A)=u{U,UisaNOSin X & U c A}

Ncl (A)=n{V,VisaNCSin X & Ac V}

Definition 2.9 [4] :

Let A ={<x,u4(X), ,(x), y4(X)>:xe X} be a NS ina NTS
(X, 1) , then it is called a Neutrosophic semi closed set
(NSCS), if Nint(Ncl(A)) <A. and A is said to be a
Neutrosophic semi open set (NSOS) if ASNcl(Nint(A)).

Definition 2.10 [15] :

Consider a NS A of a NTS (X, 1) is an Neutrosophic pre
closed set (NPCS) if Ncl(Nint(A)) € A, (resp. Neutrosophic
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(pre open set (NPOS), B-open set (NPOS), B-closed set
(NBCS) if (ASNint(Ncl(A)), ACNInt(Ncl(A)),
Nint(Ncl(Nint(A))) SA resp.)

Definition 2.11 [1] :

Let A beaNSin NTS,then A isa

(i) Neutrosophic a-closed set (NaCS) if Ncl (Nint(Ncl
(A) € A.

(if) Neutrosophic regular open set (NROS) if A=Nint
(Ncl(A)).

Definition 2.12[7]:

Consider a NS A of a NTS, then A is a Neutrosophic
generalized closed set (NGCS) if Ncl(A) € U wherein A
CU & U is a NOS in NTS. The set of all NBCSs (resp.
NBCSs) of a NTS (X, t) is denoted by NPC(x) (resp.
NBO(x)).

Definition 2.13 [10]:

Consider a NS A in NTS .Then it is said to be a
Neutrosophic w — closed (NWCS ) if Ncl (A) € U wherein
AcU&UisaNSOandaNS A of a NTS is said to be a
Neutrosophic w — open (NWOS) if A°= NWCS.

Definition 2.14 [4]:

Consider a NS A in NTS. Then Neutrosophic semi
closure of A (scl(A) (resp. Neutrosophic semi interior of A
(sint(A) )is defined as Nscl(A) = N{K/K is a NSCS in X and
A cK. (resp. Nsint(A) = U{K/Kisa NSOS and KS A.)

Definition 2.15 [11]

Consider a NS A in NTS. Then A is a Neutrosophic
generalized semi closed set (NGSCS) if Nscl(A) € U
whenever A€ U and Uisa NOsin (X, 1).

Definition 2.16 [8]

Consider a NS A in NTS. Then A is a Neutrosophic semi
pre open set (NSPOS) if we can find a NPOS B with
BcACccl(B) and A is a Neutrosophic semi pre closed set
(NSPCS) if we can find a NPCS B with int (B)SACB.

111. NEUTROSOPHIC II - GENERALIZED BETA
CLOSED SETS

In this chapter the notion of NagBCS is putforth and
their properties are investigated.

Definition 3.1

Consider a NS A in NTS. The Neutrosophic beta interior
& Neutrosophic beta closure of A are defined as

NBint(A)=U {G,G is a NBOS in X and G € A}

NBcl(A)=N{K,K is a NPOS in X and A € K}

Remark 3.1

Consider aNS Aiin NTS, then

(1) NBcl(A)=AUNint(Ncl(Nint(A))),

(2) NBint(A)=ANNcI(Nint(Ncl(A))).

Definition 3.2

Consider a NS A in NTS. Then it is a Neutrosophic
generalized beta closed set (NGBCS) if Npcl(A)cU
whenever A € Uand Uisa NOS.

Definition 3.3:

Consider a NS A in NTS. Then it is a Neutrosophic -
open if A=U {G,G is a NROS in NTS}

Remark 3.2

Each NOS is NSOS in NTS.

Remark 3.3.

Let A and B be NROSs, then AUB is NOS in NTS.

Remark 3. 4.
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Each NzOS is NOS in NTS.

Definition 3.4:

Let A be a NS. Then A is aNeutrosophic © generalized
beta closed sets (NmgBCS) in NTS if Npcl(A)SU wherein A
C U & U is a NaOS in NTS . The set of all NagBCSs of a
NTS (X, 1) is given as NngfC.

Example 3.1:

Let X = {x1,x2},7={0,G, 1} beaNTon X, G=<x
,(0.4, 0.5, 0.7), (0.8, 0.4, 0.6) > Then the NS A=< x, (0.3,
0.2, 0.7), (0.6,0.2,0.8) > is a NntgBCS in X .

Theorem 3.1:

Each NCSisa NugpCS.

Proof. Consider a NCS A and assume Ac U & Uisa
N7OS in NTS. Obviously Nfcl(A)SNscl(A)=Ncl(A) and A
is a NCS ,NBcl(A)SNcl(A)=AcU. Thus A is a NugBCS.
However the reverse implication is not true.

Example 3.2:

Let X={X;, %X },t={0,G,1}beaNTonX,G=<x
,(0.2, 0.4, 0.6), (0.3, 0.6, 0.7) > Then the NS A = <x, (0.1,
0.3, 0.8), (0.2, 0.5, 0.7)> is a NngPCS but not NCS.

Theorem 3.2:

Each NSCS is a NngBCS .

Proof. Consider a NSCS A in NTS. Suppose AcU & U
is a NnOS in (X,1). By assumption, Nfcl(A)SNscl(A)SA
CU. Thus NBcl(A)SU. Hence A is a NagBCS. However the
reverse implication is not true.

Example 3.3:

Let X={x1,x2},7={0,G, 1}, G=<x,(0.2,04,0.6),
(0.3, 0.6, 0.7) >.Then the NS A =< x ,(0.1, 0.3, 0.8), (0.2,
0.5, 0.7) > is a NngBCS but not NSCS in X , since
Nint(Ncl(A)) = (0.2, 0.4, 0.2), (0.3,0, 0.7) & A.

Theorem 3.3:

Each NaCS is a NngfCS.

Proof. Consider a NoCS A in NTS. assume A € U & U
is a NnOS in NTS. By assumption, Ncl(Nint(Ncl(A)))SA
Thus, Nint(Ncl(A))SA. Also,Nint(A)SA,Ncl(Nint(A)<
Ncl(A),hence Nint(Ncl(Nint(A)))SNint(Ncl(A))<SA, which
implies NBcl(A)SACU.Hence A is a NngBCS. However the
reverse implication is not true.

Example 3.4:

Let X={x1,x2},1={0,Gl1,G2,1}beaNTonX,
where G1 =< x,(0.3, 0.5,0.7), (0.2, 0.4, 0.6) >and G2 =<
x,(0.2, 04, 0.8), (0.1, 0.3, 0.7) > then NS A =< x ,(0.3,
0.4,0.7), (0.2, 0.3, 0.8) >, is a Nzgp CS but not NaCS.

Theorem 3.4:

Each NPCS is a NngfCS.

Proof. Consider NPCS A in X .suppose A € Uand U is
a NnOS. By given condition, Ncl(Nint(A))SA. Therefore
Nint(Ncl(Nint(A)))ENint(A)<A.which implies
NBcl(A)SACU. Therefore A is an NngBCS. However the
reverse implication is not true.

Example 3.5:

LetX={x1,x2} &1t={0,G1,G2,1}beaNT , Gl
=< x,(0.2, 0.7, 0.3), (0.4, 0.2, 0.8) > and G2 =< x ,(0.3,
0.7,0.1), (0.8, 0.2, 0.8) > Thenthe NS A =G, ,is a Nngp
CS but not NPCS since Ncl(Nint(A)) =< x ,(0.3, 1 0.3),
(0.8,0.80.4) > & Glor A
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Theorem 3.5:

Each NBCS isa NagBCS .

Proof. Consider a NBCS A in NTS. By assumption
,NBcl(A)S A wherein A € U & U is NrnOS. By(Remark
3.3) NBcl(A)SU wherein Ac U & U is NOS.

Hence A is a Nngf. However the isnot true.

Example 3.6:

Let X={x},1={0,G,1}beaNT, G=<x,0.5,0.2,
0.6) > then A =<x ,(0.5, 0.1, 0.7), > is a NagPCS but not
NBCS. Since Nint(Ncl(Nint(A)) & A.

Theorem 3.6:

Each NRCS is a NngBCS.

Proof. Let A be an NRCS. By defn. A=Ncl(Nint(A)).This
implies Ncl(A)=Ncl(Nint(A)). Thus Ncl(A= A. Hence A is
an NCS in NTS . By Thm 3.1, A is a NagBCS in X. The
reverse implication need not hold.

Example 3.7:

LetX={x1,x2},t={0,G,1 } beaNT on X, where G
=< x,(0.5, 0.4, 0.3), (0.6, 0.2, 0.7) > then A =<x,(0.3, 0.2,
0.3), (0.5, 0.1, 0.7) > is a NugBCS but not NRCS as
Ncl(Nint(A)) = < x, (0.3, 0.6, 0), (0.7, 0.8, 0.6) >+ A.

Theorem 3.7:

Each NWCS is a NngBCS.

Proof. Consider a NWCS A . Suppose Ac Uand U isa
NzOS. By our assumption Ncl(A)SU wherein ACU , since
NBcl(A)ENcl(A) & A is a NWCS, Npcl(A)SNcl(A)cU,
wherein ACU & U is NSO. Hence A is a NzugBC. The
reverse implication need not hold.

Example 3.8:

Let X=1{x1,x2},7t={0,G,1}beaNT,G=<x
,(0.6, 0.2, 0.4), (0.3, 0.1, 0.6) > then A =< x,(0.5, 0.2, 0.6),
(0.2, 0.1, 0.7) > is a NmgBCS but not NWCS since Ncl(A)=
<x, (1, 0.8, 0.6), (0.6,0.9,03) £ G .

Theorem 3.8:

Each NGCSisa NagBCS.

Proof. Considera NGCS A in NTS. Suppose A€ U &
U is a NnOS. By given, Ncl(A)<S U, wherein A € U, since
NBcl(A)S Nscl(A)ENcl(A)e U, wherein A € U. Then A'is
a NngBCS in NTS. However the converse need not hold.

Example 3.9:

Let X={x1,x2},1={0,G, 1} beaNT,

G =<x,(0.3,0.6,0.4), (0.2, 0.5, 0.3) > then A =< x,(0.2,
0.5, 0.6), (0.2, 0.4, 0.4) > is a NagBCS but not NGCS since
Ncl(A)=<x, (0.4, 1, 0.3), (0.3,0.5,0.2) ¢ G.

Theorem 3.10:

Each NaGCSisa Nngf CS.

Proof. Consider a NaGCS A in NTS. Suppose A € U
and U is a NmOS. By given, Ncl(Nint(Ncl (A)))<SU.
Therefore  Nint(Ncl(A))cU. Also  NintAcCA,Ncl(Nint
(A))ENcl(A)thusNint(Ncl(Nint(A)))SNint( Ncl(A))cU
which shows NBcl(A)SU, wherein A € U. Thus A is a
NnrgBCS. However the converse need not hold.

Example 3.10 : The NS set A as defined in above
Example 3.9 is NrgBCS but not NaGCS

Theorem 3.11:

Each NGPCS is a NngBCS.

Proof. Considera NGPCS A in X .Suppose Ac U,Ue
NnOS. By given and (Remark 3.3) Ncl(Nint(A))<U. Thus
Nint(Ncl(Nint(A)))SNint(U ) U  .Which  shows
NBcl(A)SU, wherein ACU & U is NOS. Thus A is a
NnrgBCS in NTS. However the converse need not hold.
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Example 3.11:

Let X={x1,x2 },1={0,G, 1} beaNT, where G=<x
,(0.2, 0.5, 0.4), (0.4, 0.6, 0.5) > then A =< x,(0.2, 0.4, 0.8),
(0.2, 0.4, 0.6)> is a NngBCS but not NGPCS as
Ncl(Nint(A)= <x, (1, 0.5,0.2), (0.5,0.4,0.4) ¢ G.

Theorem 3.12:

Each NGPCS is a NngPCS.

Proof. Consider a NGBCS A. By assumption,

NBcl(A)cU, wherein A € U & U is NznOS. By
assumption and (Remark 3.3) NBcl(A)S Nscl(A) < U,
wherein A € U & U is NOS. Then A is a Nngp CS.
However the reverse implications does not hold.

Example 3.12:

Let X={x},t={0,G1,G2, 1} bea NT, where G1=<x
,(0.5, 0.2, 0.6) > G2==< x,(0.3, 0.1, 0.6) > then A =< X
,(0.2, 0.1, 0.7)> is a NngPCS but not NGBCS

Remark 3.5:

In general the intersection of any two NagfCS is not a
NnrgBCS.

Example 3.13:

Let X={x1,x2},t={0,G1,G2,G3,G4G5,1} be
aNTon X, G1=<x,(0.1, 0.6, 0.3), (0.2, 0.5, 0.3) > and
G2 =<x,(0.1, 0.7, 0.2), (0.1, 0.6, 0.3) > G3=<x,(0.1, 0.7,
0.2), (0.2, 05, 0.3) >, G4 =< x,(0.1, 0.6, 0.3), (0.1, 0.6, 0.3)
> and G5 =< x,(0.3, 0.5, 0.2), (0.3, 0.4, 0.3) > then NS =<
x,(0.1, 0.6,0.3), (0.2, 05, 0.3) >, B=<x, (0.3, 0.5, 0.2), (0.1,
0.6, 0.3)> are NngBCS ANB is not a NngfCS.

Theorem 3.13:

Consider a NTS X. For each A eNngBC(X) and for each
B eNS(X), ASBSNBcl(A) => B eNngp C(X).

Proof. Consider the set B contained in U .suppose U is a
NnOS. Given AC B, AC Uand A is a NngCS, NBcl(A)<S
U , wherein A < U , By assumption, B
CNBcl(A),NBcl(B)ENBcl(A) € U . Therefore Nfcl(B ) €
U.Hence B is an NagfCS.

Theorem 3.14:

If A is a NnOS, Nagf CS in NTS, then A is a NBCS in
NTS.

Proof. Consider a NnOS A. as we know A € A, by given
NBcl(A)S A. since A B Ncl(A). Thus Nfcl(A) = A.
Therefore A is a NCS.

Theorem 3.15:

Consider a NTS X. If NS A is NnOS and NCS of NTS,
then the following are equivalent:

(@ AisNGCSin NTS

A is NntgBCS in NTS.

Proof. (a) = (b): Consider a NGCS A in X . By Thm
3.8, A is NmgCS.

(b)= (a): Consider a NngBCS A. Then Npcl(A)cU
wherein ACU & U is NnOS in X, => NBcl(A)SNcl(A)cU,
wherein ACU , because A is NarOS & NCS, A is NGCS.

Definition 3.5:

The Neutrosophic n-kernel (Nm-ker (A)) =n{O,0 is
N7OS in X and A< O}

Remark 3.6:

Let AcC X ,then A is NngB-Closed if

NBcl(A)SNr-ker(A).
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Theorem 3.16:

Let A €X. Then it is NngBCS iff NBcl(A)S Nn—ker(A).

Proof. By given condition A is NrgBCS, Npcl(A)< A for
arbitrary NnOS U such that ACU.Thus Npcl(A)S
Nn—ker(A). Conversely, let U be any Nos with A € U . By
assumption, Nfcl(A)S Nn—ker(A) € U .Then A is NngBCS.

Theorem 3.17:

If NS P is NnrOS & NngBCS, then it is f-closed.

Proof. Since P is NrOS and NrngBCS, Npcl(P)cP, but P
C NBcl(P) Hence, P is B -closed.

Theorem 3.18:

Consider a NrgBCS A in NTS. Then NBcl(A)\A does not
contain any nonempty NnCS.

Proof. Consider a non-empty NaCS B of Ncl(A)\A.
hence A c X \B, such that A is NrgPCS & X \A is NnOS.
Therefore NBcl(A) € X \A, or, Bc X \NBcl(A). Because B
c Ncl(A), this contradicts the given condition.

Corollary 3.1:

Consider a NngPCS P in NTS. Then P is NBCS iff

Np Ncl(P)[P is Nz-Closed.

Proof. Necessity: Consider a NagBCS P. By given
condition NBcl(P)=P. we have NBcl(P)\P = ¢ which is =n-
Closed.

Sufficiency: Assume that Nfcl(P )\P is NzCS. Then by
Theorem 3.18, Nfcl(P)\P=Nm=, i.e., BNcl(P)=P. Thus, P is
BCS.

IV. NEUTROSOPHIC IT - GENERALIZED BETA
OPEN SETS

In this chapter Neutrosophic m generalized beta open sets
are defined and its properties are analysed.

Definition 4.1:

A Neutrosophic - generalized beta open sets (Nzgp OS)
in (X, ) if its complement Ac is a NngPCS in NTS. The
set of all NmgBOSs of a NTS is denoted by NrgBO(X ).

Example 4.1:

Let X={x1,x2},7={0,G,1}isaNT, G=<x,(0.3,
0.5, 0.2), (0.4, 0.6, 0.5) > then A =< x,(0.6, 0.7, 0.1), (0.6,
0.6, 0.3) > is a N ngfOS.

Theorem 4.1 :

For arbitrary NTS , we have : Every NOS, NSOS, NaOS,
NGOS, NPOS, NBOS is a NagBOS. But the converses are
not true in general.

Proof. The proof is obvious

Example 4.2:

Let X=1{x1,x2},t={0,G, 1} beaNT, where G =<
x,(0.3,0.5,0.2), (0.4, 0.6, 0.5) > then

A =<x,(0.6,0.7, 0.1), (0.6, 0.6, 0.3) > is a NngBOS, but
not NOS, since Nint(A)= <x, (0.3, 0.5, 0.2), (0.4, 0.6, 0.5)>
#FA

Example 4.3:

Let X={x1,x2},7={0,G,l } be NT, G=<x,(0.3,
0.5, 0.2), (0.4, 0.6, 0.5) > then A =< x,(0.6, 0.7, 0.1), (0.6,
0.6, 0.3) > is a NngBOS but not NSOS since Ncl(Nint(A)) =
<x, (1, 0.5,0.3), (0.5, 1,0,4)> 2 A.

Example 4.4:

Let X=1{x1,x2},t={0,G,1}beaNT, G=<x
,(0.3, 0.5, 0.2), (0.4, 0.6, 0.5) > then A =<x,(0.6, 0.7, 0.1),
(0.6, 0.6, 0.3) > is a N 7ngBOS but not N aOS, since
Ncl(Nint(A)) = <x, (0.3, 0.5, 1), (0.4, 0.6, 0.5)> 2 A.
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Example 4.5 :

Let X={x1,x2},t={0,G, 1 }beaNT on X, where G
=< x,(0.3, 0.5, 0.2), (0.4, 0.6, 0.5) > then A =< x ,(0.6, 0.7,
0.1), (0.6, 0.6, 0.3) > is N wgBOS but not NPOS since
Nint(Ncl(A)) = <x, (0.3, 0.5, 0.2), (0.4, 0.6, 0.5)> 2 A.

Example 4.6:

Let X=1{x1,x2},7={0,G, 1} beaNTon X, where
G =<x,(0.3, 0.5, 0.2), (0.4, 0.6, 0.5) > then A =< x (0.6,
0.7, 0.1), (0.6, 0.6, 0.3) > is N gBOS but not NBOS since
Ncl(Nint(Ncl(A)) = <x, (1, 0.5, 0), (0.5, 1, 0)> 2 A.

Theorem 4.2:

Consider a NTS X. Suppose A € NnGO. then V <
Ncl(Nint(Ncl(A))) whenever V € A and V is NCS of
NTS.

Proof. By given we have A € NaGO(X ). Then Ac is an
NngBCS . Then NBcl(Ac)<S U, wherein Acc Uand U is a
NzOS => Nint(Ncl(Nint(Ac)))cU Thus U ¢ <
Ncl(Nint(Ncl(A))) wherein Uc € A, and U cis NCS in X .
Replacing U ¢ by V impiles V < Ncl(Nint(Ncl(A))) wherein
VCA&VIisNCS.

Theorem 4.3:

Consider a NTS X. then for all P € NngPf O(X ) and for
all Q € NS(X ),Npint(P) € Q € P=> Q € NngBO(X).

Proof. By given Pc € Qcc (NBint(P))c.LetQc S U &
U be a NnOS. Because Pc € Q ¢ Pc € U. But Pc is a Nng3
CS, B Ncl(Pc ) € U . Further Q ¢ € (NBint(P))c =Npcl(Pc),
Thus BN cl(Qc) S Nspcl(Pc) € U . Therefore Q ¢ is a
NrgBCS=> Q is an NzgpOS .

Remark 4.1:

The Union of two NngBOS need not be a NagBOS.

Example 4.7

Define NTS as in example 3.13.Then A= <x, (03, 0.4,

0.1),(0.3,05,0.2) and B=<x,(0.2,0.5,0.3), (0.3,0.4,0.1) are
NngBOS but A U B is not a NagBOS.

Theorem 4.4 :

A NS A € NTS is a NngBOS iff G SNBint(A) whenever
Gisan NaCSand C € A.

Proof. Necessity: Assumption that A is a NngpO.
Suppose Gis a NaCS, G € A. Then G c is a NnOS. with
A ¢ € G c. Because G ¢ is a NaGSPCS, Nfcl(Ac )= G ¢
Therefore (NBint(A))c € G ¢ . Thus G SNBint(A).

Sufficiency: Assume that A is a NS. Suppose G
CENBint(A) wherein G is a NCS, G €A. Then Ac € G c and
G c is a NnOS. By given condition, (Nfint(A))c € G ¢,
which implies Nfcl(A ¢ )< G c.

Thus Ac is a NngBCS. which implies A is an NngfOS.

Theorem 4.5:

Consider a NTS X. Let P, Q c X, If Q is NaGO and
NBint(Q)< P then P N Q is NagBO

Proof. By given condition Q is NzngBO & Npint(Q
)P, NBint(Q ) <P N O cQ, by Theorem 4.3, P N Q is
NngpOS.

Theorem 4.6:

Consider a ngBOS A in a NTS, then S = X Whenever S
is Nm-open and Nfint(A)UAc c S.

Proof. Let S be a NzOS and p Nint(A) U Ac c S . Now
S ¢ © NBcl(A ¢ \Ac). Since S ¢ is NaCS and A ¢ is NugBCS
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by Theorem 3.18, S ¢ = ¢ .which implies S = X.

Theorem 4.7:

Consider a mgBOS P in NTS , Q be a NaOS. Then P
intersection Q is a wgPOS in (X 7).

Proof. Consider a arbitrary tCS R of X with

Rc PN Q. Then R c Pand by Thm 4.4, R c NBint (P)
={U:UispOS & U c P} trivialyy Rc(UNQ), Uisa
open set in X contained in P. Because U intersects Q ,Q is a
BOSc P N Q for every open set U c P, R € NBint(P N Q ),
and by Thm 4.5, (PN Q ) is a wgP OS.

Theorem 4.8:

Consider a NTS (X, 7). Let P be a subset of X. such
that P is a ©gBCS, then N cl(P)\P is ngfOS.

Proof. Consider a NngBCS P. let Q be a nCS. such that Q
CNBcl(P)\P. Then, Q = ¢. So, Q < NBint(NBcl(P)\P). By
Thm 4.4 N cl(P)\P is ngBOS.

Lemma 4.1:

For a arbitrary subset A of a NTS, NBint(NBcl(A)\A =
0.

Theorem 4.9:
Suppose Pc Q c X, NBcl(P)\P is tgBOS. Then NBcl(P)\Q
is also mgBOS.

Proof. Assume that NBcl(P)\P is ngOS .

let R be a nCS. such that Rc B Ncl(P\Q . Then
RcNBcl(P)\P. By Theorem 4.4 and Lemma 4.1,
RcNBcl(P)\P= ¢.Thus, R = ¢. Therefore RENBcl(P)\Q.

Theorem 4.10 :

Consider a NTS X. Let P c X, NBint(NBcl(P) — P) = ¢.

Proof. Consider a NrugBCS P. let Q be a nCS. Q c
NBcl(P) — P. By Thm 3.18, Q = ¢, by Remark 4.2,

B Nint(NBcl(P)— P) = ¢. Therefore Qc(NBcl(P)—P). Thus
NBcl(P)—P is ngpOS.

V. NEUTROSOPHIC I[IGB CLOSED MAPPINGS &
RESULTS

In this chapter we define NrgBC- mappings and discuss
some of their properties.

Definition 5.1: Consider amap f: (X, t) — (Y, 6) . Then
it is called a Neutrosophic ngBC-mapping (NngBC-map) if
f(A) is a NngPCS in (Y, o) for each NCS A in NTS X.

Example 5.1:

Let X={a, b} Y={u, v} t1={0,G1,1 }and 2 = {0,
G2 ,1}, Gy =<x,(04,05,0.8), (0.2,0.5,04)>,G2=<
x, (0.3, 0.5, 0.7), (0.6, 0.5, 0.8)> , A = < x, (0.8, 0.5,
0.4),(0.4, 0.5, 0.2)> is a CS. Now the mapping f: 71 — 12 is
a NrgpC-mapping.

Definition 5.2: Consider a map f: X — Y. Then it is
called a Neutrosophic mgBpO- mapping (NngfO- map) if
f(A) is an NagBOS in (Y, o) for each NOS A in NTS X.

Example 5.2:

Let X={a, b} Y={u,v}. 1 ={0,Gy1}and 2 ={0,
G2,1 } where, G1=<x, (0.4, 0.5, 0.8), (0.3, 0.5, 0.7)>, G2
=< x, (0.6, 0.5, 0.1), (0.6, 0.5, 0.3)> , A =<x, (0.8, 0.5,
0.4), (0.7, 0.5, 0.3)> then f : 71— 72 is a NrgBO- mapping.

Theorem 5.1:

Each NC-mapping is
converse.

Proof. Consider a NC-map f: X — Y. Suppose A is a
NCS in X. Given that f is a NC- map, which shows that
f(A) is a NCS in (Y, o). We know that every NCS is a

a NngBC-mapping, not the
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NngBCS, f(A) is a NagBCS in (Y, o). Thus the above
mapping is a NrgBC- mapping.

Example 5.3:

Let X={a,b}Y={u v} 71 ={0,Gl,1}and2 =
{0, G2,1 } where, G1 =<, (0.5, 0.5, 0.7), (0.1, 0.5, 0.4)>,
G2 =<x, (0.1, 05, 0.8), (0.2, 05, 0.7)> , A=<x, (0.7,
0.5,0.5), (0.4, 05 01)>isaCSin X ,f: 7l - 12isa
NrgBC-mapping, not NC-mapping.

Theorem 5.2:

Each NGC-mapping is a NugBC-mapping

Proof: Consider a NGC- map f: X — Y. Let A be a
NCS. By given condition f(A) is a NGCS in (Y, o).
Because every NGCS is a NagBCSs, therefore f(A) is a
N7ngBCS in (Y, o). Therefore it is a NngBC-mapping.
However the converse need not hold.

Example 5.4:

Let X={a,b} Y={u, v} 1 ={0,Gl,1}and 12 =
{0, G2,1 } where, G1 =<, (0.3, 0.5, 0.4), (0.2, 0.5, 0.3)>,
G2 =<x, (0.2, 05, 0.6), (0.2, 0.5 04> , A=<x, (04,
0.5,0.3), (0.3, 0.5, 0.2)> isa Closed set in X now f : 71 — 12
is a NgBC- mapping, not NGC-mapping.

Theorem 5.3:

Each NBC- mapping is a NngPC- mapping.

Proof: Consider a NBC-map f: X — Y . Let A bea
NCS. By assumption f(A) is a NBCS in (Y, o). Beacuse
every NBCS is a NrngPCS, then f(A) is a NagBCS in (Y,
o). Therefore fis a NrgBC-mapping.

Example 5.5:

Let X={a,b}Y={u,v} 71 ={0,G;,1}and 72 = {0,
G2 ,1 } where, G1 =<x, (0.3, 0.5, 0.7), (0.2, 0.5, 0.6)> , G2
=< x, (0.3, 05, 0.7), (0.2, 05, 08> , A =<x (0.7,
0.5,0.3), (0.6, 0.5, 0.2)> is a Closed set in X now f : 71 — 12
is a NgBC- mapping but not NBC-mapping.

Theorem 5.4:

Consider amap f: X— Y . Let f(A) be a NRCS in (Y, o)
for each NCS A in NTS X. Then f'is a NargBC- mapping.

Proof. Consider a NCS Ain NTS X. Then f(A) is
a NRCS in (Y, o). Because every NRCS is a NngBCS,
then image set of A under fis a NngPCS in (Y, 6).Thus fis
a NrgBC-mapping.

Theorem 5.5:

Consider a NngPC- map f: X — Y . Then fis a NC-
mapping in (Y, o). If Yisa Nznfa T1/2 space.

Proof: Consider a NCS A in NTS (X, t ). By given
condition, f(A) is a NngBCS in (Y, o). Because Y is a Nnfa
T1/2 space, f(A) isa NCS in Y. Thus fis a NC- mapping.

Theorem 5.6:

Consider the map f:X — Y . Let Y be a NaPaTy, space.
Then the following are equivalent.

(a) fisa NngBO-mapping,

(b) If Aisa NOS in X then f(A) isa NngBOSin Y,

(c) f(Nint(A))  Ncl(Nint(Ncl(f(A)))) for every NS A in
X.

Proof. (a) = (b) : The proof is trivial.

(b)= (c) : Consider a NS A. which implies Nint(A) is a
NOS in X. Thus f(Nint(A)) is a NrgBOS in Y. Since Y is an
NnPaT1/2 space, f(Nint(A)) is a NOS in Y. Thus
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f(Nint(A))=Nint(f(Ncl(A))SNint(Ncl(Nint(f(A)))
SNint(Ncl(f(A)) SNcl(Nint(Ncl(A))

(c)= (a) : Consider a NOS A in X. By given condition,
f(Nint(A)) SNint(Ncl(Nint(f(A)))).=>f(A)SNcl(Nint(Ncl
f(A)))). Thus f(A) is a NBOS in (Y, o). Because NBOS is a
NrgpOS, f(A) is a NngBOS in (Y, o). Therefore f is a
NngBO-mapping.

Theorem 5.7:

Consider a NngBC- mapping f: X —» Y. If Yisa
NnpbT;y, space. Then f is a NGC- mapping

Proof: Consider a NCS A in (X, t ) . Then f(A) is a
N=rgBCS in (Y, o) , by assumption. By given Y is a Nafb
Ty space, then f(A) is a NGCS in Y. Therefore fisa NG
Closed mapping.

Theorem 5.8:

Consider a NC- mapping and NzngPC- mapping f: X —
Yand g:Y — Z respectively. Then go f: X > Z is a
NngBC- mapping.

Proof: Consider a NCS A. we have f(A) isa NCSin Y,
by assumption. Since g is a Nngp Closed mapping, g(f(A))
isaNngBCSin Z. Then g °f is a NrgBC- mapping.

Theorem 5.9:

Consider the map f: X — Y. Let Y be a NnpaT,,, space.
Then the following are equivalent.

fis a NngPC- mapping,

(b) f(Nint(P)) < Npint(f(A)) for each NCS P of X,

(c) Nint(f-1(Q)) Sf—=1(NPint(Q)) for every NS Q of Y.

Proof. (a) = (b) :Consider aNngPC- map f . For if P is
any NS in X. Then Nint(P) is a NOS. By assumption,
f(Nint(P)) is a NngPOS in Y. Since (Y, o) is a NuPaTy,
space, f(Nint(P)) is a NPOS in (Y, o). Thus
NBint(f(Nint(P)))=f(Nint(P)). Now f(Nint(P))= Npint
(f(Nint(P))) < NBint(f(P)).

(b)= (c) : Consider a NS Q in (Y, o). Then f~1 (Q) is a
NS . By assumption, f(Nint(f-1 (Q))) € NBNint(f(f-1(Q)))
C NBint(Q). Hence Nint(f-1 (Q)) € f~1 (NBint(Q)).

(c)= (@) : Consider a NOS P in X. Then Nint(P) = P and
f(P) is a NS in (Y, o). Then Nint(f-1(f(P)))
SH-1(NBint(f(P))), Now P=Nint(P) CNint(f-1
(f(P))) Sf—1(NBint(f(P))). Thusf(P)Sf(f—1(NBint(f(P))))=Npi
nt(f(P)) < f(P). Hence Nint(f(P)) = f(P) is an NBOS in Y.
Therefore f(P) is a NagBOS in (Y, 6). This implies f is a
NngBC-mapping.

Theorem 5.10:

Consider a NngPC- map f: X, —» Y.Y be a NafcTy,
space, then f is a NGSC-mapping.

Proof. Let A be a NCS in X. By assumption, f(A) is a
NngBCS in (Y, o). Given Y is a Nnfc Ty, space, then f(A)
is a NGSCS in (Y, o). This shows that f is a NGSC-
mapping.

Theorem 5.11:

Consider a map f: X — Y. Then f is a NngB open
mapping if f(NBint(A)) € NPint(f(A))for every A ©X.

Proof. Consider a NOS A in X. Then Nint(A) = A. Now
f(A) = f(Nint(A)) < f(NBint(A)) S NBint(f(A)), by
assumption. Since NBintf(A) S f(A). Thus NBint(f(A)) =
f(A). i.e., f(A) is a NBOS in X. which shows that f(A)isa
N=ngBOS in X. Therefore f is a Nngf open mapping.
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