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Abstract— Real-life structures always include indeterminacy.
The Mathematical tool which is well known in dealing with
indeterminacy is neutrosophic. Smarandache proposed the
approach of neutrosophic sets. Neutrosophic sets deal with
uncertain data. The notion of neutrosophic set is generally
referred to as the generalization of intuitionistic fuzzy set. In
2021, Dr. G. Sindhu introduced the concept of Neutrosophic
generalized regular b-closed sets and neutrosophic
generalized b-open sets and presented some of their
properties in Neutrosophic topological spaces. In this
research paper, we introduce the concepts of neutrosophic
grb-continuous mappings,

neutrosophic grb-irresolute mappings, neutrosophic
grb-closed mappings, neutrosophic grb-open mappings,
strongly neutrosophic grbb—-continuous mappings, perfectly
neutrosophic grib-continuous mappings, neutrosophic contra
grb-continuous  mappings and neutrosophic  contra
grb-irresolute mappings in neutrosophic topological spaces.

We investigate and obtain several properties and
characterizations concerning these mappings in neutrosophic
topological spaces.
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I.INTRODUCTION

Many real-life problems in Business, Finance,
Medical Sciences, Engineering, and Social Sciences
deal with uncertainties. Smarandache studies
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neutrosophic set as an approach for solving issues
that cover unreliable, indeterminacy, and persistent
data. Applications of neutrosophic topology depend
upon the properties of neutrosophic closed sets,
neutrosophic open sets, neutrosophic interior
operator, neutrosophic closure operator, and
neutrosophic sets. In 2021, Dr. G. Sindhu introduced
the concepts of Neutrosophic generalized regular b-
closed sets and Neutrosophic generalized b-open sets
and presented some some of their properties in
Neutrosophic topological spaces. We introduce the
concepts of neutrosophic grib-continuous mappings,

neutrosophic grb-irresolute mappings,
neutrosophic grb—-closed mappings,  neutrosophic
grlb-0pen mappings, strongly neutrosophic
grb-continuous mappings, perfectly neutrosophic
grb-continuous mappings,  neutrosophic  contra
grb-continuous mappings and neutrosophic contra
grb-irresolute  mappings in  neutrosophic

topological spaces. We investigate and obtain several
properties and characterizations concerning these
mappings in neutrosophic topological spaces.

Il. PRELIMINARIES
Definition 2.1. Let X be a non-empty fixed set. A

neutrosophic set P is an object having the form
P:{<x,yp(x),ap(x),7p(x)>:Xe X},

where £, (x) represents the degree of membership,
Op (x) represents the degree of indeterminacy, and

Ve (x) - represents the degree of non-membership.

Definition 2.2. A neutrosophic topology on a non-
empty set X isafamily T, of neutrosophic subsets
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of X satisfying (i) 0,,1, €T,. (ii) GNHeT, for
G, HeT,, (i) |JG, eT, for

jed

every

every{Gj:jeJ}ng.
Then the pair (X,T,)is called a neutrosophic

topological space. The elements of T, are called

neutrosophic open sets in X. A neutrosophic set A
is called a neutrosophic closed set if and only if its
complement A® is a neutrosophic open set.

Definition 2.3. Let (X,T,) be a neutrosophic

topological space and A be a neutrosophic set.
Then

(i) The neutrosophic interior of A, denoted by

N Int(A)is the union of all neutrosophic open
subsets of X contained in A.
(i) The neutrosophic closure of A denoted by

N, Cl(A)is the intersection of all neutrosophic

closed sets containing A.
Definition 2.4. Let A be a neutrosophic set in a

neutrosophic topological space (X, T, ).Then the

set A is called a neutrosophic regular open set in a
neutrosophic topological space X if

Ac N Int[ N CI(A)].

Definition 2.5. Let A be a neutrosophic set in a
neutrosophic topological space (X,Ty). Then the
set A is called a neutrosophic o -open set in
neutrosophic topological space X if
AcN ,Int[ N, Cl(x,In(A))].

Definition 2.6. Let A be a neutrosophic set in a
neutrosophic topological space (X,Ty). Then the
set A is called a neutrosophic b-open set in
(X,Ty)if
AcN,Int[N CI(A)|JUN,CI[NInt(A)].
Definition 2.7. Let A be a neutrosophic set in a

neutrosophic  topological  space

neutrosophic topological space (X,Ty). Then the

set A is called a Neutrosophic Generalized Regular
b—closed (briefly orb —closed) set in neutrosophic

topological space (X,T,) if N bClI(A)cU
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whenever AcU and U is neutrosophic regular
open setin X.
Definition 2.8. Let A be a neutrosophic set in a

neutrosophic topological (X, Ty ). Then the set A is
called a Neutrosophic Generalized Regular b-open
(briefly agb —open) set in neutrosophic topological
(X,Ty) if the complement A° of A
neutrosophic grb—closed set in X.

Definition 2.9.Let A be a subset of a neutrosophic
topological (X, T, ). Then neutrosophic generalized
regular b-nterior of A is given by:
N ,,grbint(A)=

U{G:Gis a N ,,grb-open set in X and G c A}.

is

Definition 2.10.Let A be a subset of a
neutrosophic topological (X,Ty). Then
neutrosophic generalized regular b —closure of A is
N ,grbCI(A) =
G : G is a neutrosophic grb —closed set in X
{and AcG }

Remark 2.11. Let A be a subset of a neutrosophic
topological  (X,Ty). Then N orbInt(A) is
neutrosophic  grb -open set (X,Ty).The
complement of N grbiInt(A) is N, grzCI(A).

Theorem 2.12. Every neutrosophic closed (resp.

open) set in a neutrosophic topological space is
neutrosophic grb—closed

(resp. neutrosophic grb—open) set.

Theorem 2.13. Every neutrosophic « —closed set in
a neutrosophic topological space (X,Ty)is
neutrosophic grb—closed set.

Theorem 2.14. The union of any two neutrosophic
grb-closed sets in a neutrosophic topological
space (X,T) is also a neutrosophic grb—closed
setin (X, Ty).

Theorem 2.15. The intersection of any two neutrosophic
grb-open sets in a neutrosophic topological space

(X Ty ) is also a neutrosophic grb-0pen set in (X Ty )

in
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Theorem 2.16. The union of any family of
neutrosophic grb-open sets in a neutrosophic

topological space (X,T,) is also a neutrosophic
grb-open setin (X,Ty).

Definition 2.17. Let A be a neutrosophic subset of a
(X,Ty).Then the
neutrosophic grb-frontier of a neutrosophic subset A of
Xis denoted by N grtFr(A) defined
by N, grtFr (A) =N, ortCl (A)NN ,, grCI( A ).

Theorem 2.18. For a neutrosophic set A in a neutrosophic

neutrosophic  topological  space

and is

topological space (X Ty ) , the following statements are true:
(i) [N yomtint(A)] =N, gnCI(A°).

(ii) [N oz CI(A)] =N, getint(A%).

Definition 2.19.Let f:(X,Ty)—>(Y,0,) be a
mapping. Then f called a neutrosophic
continuous mapping if f(V) is a neutrosophic
openset in X for every neutrosophic open set V in
Y.

Theorem 2.20.Let f:(X,T,)—>(Y,0y) be a
mapping. Then f called a neutrosophic
continuous mapping if f(V) is a neutrosophic

closedset in X for every neutrosophic closed set
Viny.

is

is

I1l. NEUTROSOPHIC grb-CONTINUOUS
MAPPINGS

In this section, we introduce the concepts of
neutrosophic ~ grb-continuous  mappings  in

neutrosophic topological spaces. Also, we study
some of the main results depending on neutrosophic
grb-0pen sets.

Definition 3.1. Let f:(X,Ty)—>(Y,oy) be a

mapping. Then f is called a neutrosophic
grb-continuous  mapping if f7(V) is a
neutrosophic grb-openset  inX for  every

neutrosophic openset Vin Y.
Theorem 3.2. Every neutrosophic continuous

mapping is neutrosophic grb-continuous mapping.
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Let f:(X,Ty)—=>(Y.on) be
neutrosophic continuous mapping. Let V be a
neutrosophic open set in (Y,oy ). Then f™(V) is

Proof.

neutrosophic open set in (X, T, ).Since every
neutrosophic open set is neutrosophic grb-open,
f(V)is neutrosophic grb-openset in (X,Ty).
Hence f is neutrosophic grb-continuous mapping.

Theorem 3.3. Let (X,Ty),(Y,oy) and(Z,7,) be

neutrosophic topological spaces. If
f:(X,Ty)—=>(Y,0y)is a neutrosophic
grb-continuous mapping and
9:(Y,on)—>(Z.my) is neutrosophic

grb-continuous, then gof :(X,Ty)—(Z,ny) is
a s neutrosophic grb-continuous mapping.

Proof. Let G be a neutrosophic open set in Z.
Since 9:(Y.on)—>(Z,my)is  neutrosophic

continuous, f™(G) is neutrosophic open in Y.

Since f is a neutrosophic  grb-continuous
mapping,  f*[f*(G)] is  neutrosophic
grb-open in X. But

f’l[g’l(G)]:(gof)_1(G).Then (gof)(G) is
neutrosophic grb-openset in X.Hence, gof is a
neutrosophic grb-continuous mapping.

Theorem 3.4. Let (X,T,) and (Y,oy) be two
neutrosophic topological spaces. Then prove that

f:(X,Ty)—=>(Y.op) is neutrosophic
grb-continuousif and only if fH(B s
neutrosophic  grb-closedset in X for every

neutrosophic closed set Bin Y.
Proof. Let B Dbe a neutrosophic closed set in Y.

Then B® is neutrosophic open set in Y.Since f is
neutrosophic  grb-continuous. Therefore f*(B°)
iS a neutrosophic grb-openset in X. Since
£1(8%)=[f*(B)]", f(B)is

grb—closed set in X.

neutrosophic
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Conversely, Let B be a neutrosophic open setin Y.
Then BCis neutrosophic closed set in Y. By
assumption f *(B®) is neutrosophic grb—closed

setin X. Since f’l(BC)z[f’l(B)]c, f(B)is

neutrosophic grb-openset in  X. Hence
neutrosophic grb-continuous.

Theorem 35. Let (X, Ty)and (Y,o,) be two

fis

neutrosophic topological spaces and f: X —Y
be a mapping. Then fis a neutrosophic
grb-continuousmapping  if and only if

f (N o 972ClI (A)) c N, gl (f (A)) for every

neutrosophic set A in X.
Proof.Let A be a neutrosophic set in X and
f be a neutrosophic grb-continuous mapping.

Then evidently f (A)c n,,grCI[ f(A)]. Now,
Ac [ f(A)]< [N ,grCI(f(A))]and
NeugL&I(A)g

N o, gtCl| £7(N ,gnCI(F(A)))]. Since fis a

neutrosophic N, grb-continuous mapping  and

N, grCl [f (A)] is a neutrosophic grb-closed set.
N, gl (0, griCI (f (A))) ]

Thus

f‘l[N gt Cl( f (A))] Hence,
f[N ,ontCl(A) | =N, gl T (A)].
Conversely, let

f[N,,gCl(A)]=N ,ontCl| f(A)], for each

neutrosophic set A in X. Let F be a neutrosophic
closed set in Y.

Then i, griCl| f (f(F))] =N, gnCl(F)=F.
By assumption,
f[NeugrtCI(f’l(F))}gNeugr&l[f(f’l(F))]
cF

and hence N, gnCI[ f*(F)|]c f*(F). Since
f(F)eN ,grCl] f7(F)],

N ,,onCl[ f*(F)]=f*(F). This implies that

f(F)is a neutrosophic grb-closedset in X.
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Thus by Theorem 3.4,
grb-continuous mapping.

Theorem 3.6. Let (X,Ty)and (Y,o) be two

fis a neutrosophic

neutrosophic topological spaces and f: X —>Y
be a mapping. Then fis a neutrosophic
grb-continuous mapping  if and  only if
N,,onCl| f*(B)]|c [N ,onCl(B)] for

every neutrosophic set B inY.
Proof. Let B be any neutrosophic set in Y and
f be a neutrosophic  grb-continuous mapping.

Clearly  f*(B)c f*[N,grtCI(B)].  Then,
N, grCl[ f7(B)| e, onCl] (N ,,grCI(B)) ]

Since N, gtCl (B) is  neutrosophic
grb—closedset in Y. So by Theorem 3.4,
f*[N ,,orCl(B)] is a  neutrosophic
grb—closed set in X. Thus,

N,,onCl[ f7(B)]c
N, grCl| (N, grtCI(B)) |= f [N ,,grCI(B) .

Conversely,

N,,onCl[ f*(B)]< f*[N,onCl(B)]for
neutrosophic sets B in Y. Let F be a neutrosophic
closed set in Y. Since every neutrosophic closed set
is neutrosophic grb—closed set,
N, onCl[ f7(F)|c f [N, guCI(F)]=f*(F).
This  implies that f*(F) is a
neutrosophic grb—closed set in  X. Thus by
Theorem 3.4, f is a neutrosophic grb-continuous
mapping.

Theorem 3.7. Let (X,Ty)and (Y,oy) be two
neutrosophic topological spaces and f: X —Y
be a bijective mapping. Then f is neutrosophic
grb-continuous if and only
if N, grtint[ f (A)]< [N, grtnt(A)] for every
neutrosophic set A in X.

Proof. Let A be any neutrosophic setin X and f
be a bijective and neutrosophic
grb-continuous mapping. Let f(A): B. Clearly

all
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f*l[N eugnblnt(B)]g f*(B). Since fis
mapping, 7 (B)=A
f [N, grtint(B) ] < A Therefore,
N, grdnt| (N, grbint(B)) | = N, groint (A).
Since f is neutrosophic
grb-continuous, f [N, grtint(B) | is
neutrosophic grb-open set in X and

f[ N, gmnt(B) | N, grtint(A),

f[ (N gmtint(B)) ]| [N, groint(A)].
Thus obtain N, grint] f(A)]<
f[N,,grtint(A)].

Conversely,

N, grint] f(A)]< f[ N, grtnt(A)]for every

neutrosophic set Ain X. Let V be a neutrosophic
open set in Y. Then V is neutrosophic grb-open set

in Y. Since fis surjective and so
V=N grtint(V) =, grtint| f(f7(V))]

c fw  grtint(£7(V))].

an

injective so that

we

follows that f*(V)c N eug]:iblnt[f‘l \Y )]
Therefore f~ (V) is neutrosophic grb-openset in
X. Hence fis a neutrosophic

grb-continuous mapping.
Theorem 3.8. Let (X,Ty) and (Y,o,) be two
neutrosophic  topological spaces and f: X —>Y

be a mapping. Then fis a neutrosophic
grb-continuous mapping  if and  only if
[N, gHint(B) | N, grtint| £1(B)]  for

every neutrosophicset B inY.
Proof. Let B be any neutrosophic set in Y and
f be a neutrosophic grb-continuous mapping.

Clearly f*[N,gtint(B )< f* B implies
N, grint[ f (1, grHnt(B)) | <
N, grdint| f7(B)].

Since N, grtint(B) is neutrosophic grb—open set

in Y and fis neutrosophic
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is
Thus

grb-continuous, f*[ N , grtint(B) |
neutrosophic grb-openset  in
N, grint| f( , grHnt(B)) |<

f [, groint(B) | N, groint| f7(B)].
Conversely,

f*[ N, gmHint(B) ] N, grint| £7(B) |for

every neutrosophic set B in Y. Let G be any
neutrosophic  open  set in Y. Then

f7(G)=f*[N,gtnt(G) | N, grdnt] f*(G)]
and therefore f*(G)=w , grtint| f*(G)]. This
implies that f~(G) is neutrosophic grb-open set in
X. Hence fis a neutrosophic
grb-continuous mapping.

Theorem 3.9. Let (X,Ty) and (Y,o,) be two
neutrosophic topological spaces and f: X —Y
be a bijective mapping. Then f is a neutrosophic
grb-continuous  mapping if and only if
f[N,,gFr(A)| =N, griFr[ f(A)] for every

neutrosophic set A in X.
Proof. Let fbe a bijective and neutrosophic

grb-continuous mapping. Let A be a neutrosophic

X.

set in X. By definition,
N, grFr (A)=N ,grCl(A)NN , ontCl(A).
By Theorem 3.7,
N, grtnt] f (A)]c f[N,grnt(A)]and  from
Theorem 3.5,
f[N,,gCl(A)] =N, grtCl[ f(A)],

f[ N, omFr(A)]=

f [N, ortCl(A) N [N, gl (A°) |

N, o CI[ f (A)]NN g CI[ £ (A)]

=N, grtFr| f(A)].

Conversely,

f[N omtFr(A) ]S N, grFr[ f (A)]for every
neutrosophic set A in X. Then
f[N ,,gCl(A)]=f[ N, grtint(A) JU f[ N, grtFr(A) ]
c f(AUN ,artFr[ f(A)]e N, gl f(A)].
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By Theorem 35, fis
grb-continuous mapping.
Theorem 3.10. Let (X,Ty)and (Y,o,) be two

neutrosophic topological spaces and f: X —Y
be a bijective mapping. Then f is a neutrosophic
grb-continuous  mapping if and only if

N, grtFr[ £7(B)|< f [N, gur (B)]for

every neutrosophic set B in Y.
Proof. Let fbe a bijective and neutrosophic

grb-continuous mapping. Let B be a neutrosophic
set in Y. By Theorem 3.6,

N,,gnCl[ f7(B)]c f [N, gnCI(B)]. So
[N, grtFr(B)]=

f‘l[(Neugriﬂl(B))ﬂNeugﬁﬂl BC)]
£ [N o€l (B)]N £ [, gziCl (B
N, grtCI[ £ 7(B)] NN, grtCl [ £7(B°

grkCl[ ( )]ﬂNeugrifﬂ[(f (B))C}
N, grtFr| £7(B)].
N omFr| f7(B)]c f [N, grtFr(B)].
Conversely
N, grtFr[ £ (B)]c f [N, gntFr(B)]
every neutrosophic set Bin Y. This implies that
N, grtCl[ f*(B)]< f [N, gmCI(B)]. By
Theorem 3.6, f is a neutrosophic grb-continuous

mapping.
Definition 3.11. Let X,

a  neutrosophic

)=
)

Therefore

since
for

be a neutrosophic point

of a neutrosophic topologlcal space (X,TN). A

neutrosophic set Aof X is called neutrosophic
neighbourhood of . ., if there exists a

neutrosophic open set B such that x, , eB< A

Theorem 3.12. Let fbe a mapping from a
neutrosophic topological space (X,Ty) to a
neutrosophic topological space (Y,oy ). Then the

following assertions are equivalent.
(i) f is neutrosophic grb-continuous.
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(ii) For each neutrosophic point x_ .. e X and

(r.ts)
every neutrosophic neighbourhood A of f(x(r,t’s)),
there exists a neutrosophic grb-openset B such

that Xirs) € Bc f’l(A).

(iii) For each neutrosophic point X 1s) € X @nd
neutrosophic neighbourhood A of
f(x(m)), there exists a neutrosophic grb-open
set B in X suchthat x

r1s) € B and f(B)c A
(i)=(ii):

Let X, ,€X be a
neutrosophic point

every

Proof.
X and let A be a
neutrosophic neighbourhood of f(X(m,s))- Then

in

there exists a neutrosophic open set B in Y such
that f(x(mys))eBgA. Since f is neutrosophic
f*(B) is a
X and

This

grb—continuous, we know that
neutrosophic grb-open set

X(r,t,s) < fil(f(r,t,s))g fil(B)g fil(A)
implies (ii)is true.
(i) = (iii): Let X,
Xand let A be a neutrosophlc neighbourhood of
f(x(r’t]s)). The condition (ii)implies that there

in
be a neutrosophic point in

exists a neutrosophic grb-openset B in X such
that  x,., e€Bc f7(A).Thus e Band

f(B)c f[f-l(
(iii) =

Yand let x, e f7(B). Since B is neutrosophic

X(r,t,s)
A)]< A Hence (iii) is true.

(i): Let B be a neutrosophic open set in

open set, f(x(ms))e B, and so Bis neutrosophic

neighbourhood of f( ) It follows from (iii)
that there exists a neutrosophlc grb-openset Ain

Xsuch that x, . eA and f (A)cB so that

(”s)eAcf [f ]gf‘l(B
definition that f~'(B) a
grb-open set in X. Therefore, f is a neutrosophic
grb-continuous mapping.

). This implies by

IS neutrosophic
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IV. NEUTROSOPHIC grb-IRRESOLUTE
MAPPINGS
In this section, we introduce the concept of
neutrosophic grb-irresolute mappings  in

neutrosophic topological spaces. Also, we discuss
the relationship with neutrosophic grb-continuous

mappings.

Definition 4.1. Let (X,Ty) and (Y,o,) be two
neutrosophic  topological  spaces. A mapping
f: X > Y is called neutrosophic grb-irresolute if
the inverse image of every neutrosophic
grb-openset in Y is neutrosophic grb-open in X.
Theorem 4.2. Let (X,Ty)and (Y,o,) be two
neutrosophic  topological ~ spaces. A mapping
f: X > Y is called neutrosophic grb-irresolute if

the inverse image of every neutrosophic
grb—closed set in Y is neutrosophic grb—closed in

X.
Proof. Let A be any neutrosophic grb—closed set

in Y. Then A® is neutrosophic grb-open setin Y.
Since f is neutrosophic grb-irresolute, f’l(AC) is
grb-open set X
£1(A%)=[ £ (A)] which implies that ~*(A) is
neutrosophic grb—closed set in X.

Conversely, Let B be any neutrosophic
grb-openset in Y. Then B®is neutrosophic

grb-closed  set Y. Thus f7(B®) s
neutrosophic  grb-closed  set X
£1(B)=[ £*(B)] which implies that f~*(B) is
neutrosophic  grb-open set in  X.
f : X =Y is neutrosophic grb-irresolute.
Theorem 4.3. Every neutrosophic grb-irresolute

mapping is neutrosophic grb-continuous.

Proof. Let V be a neutrosophic open set in Y.
Since every neutrosophic open set is neutrosophic
grb-open, V is neutrosophic grb-open. Since f
is grb-irresolute, fA(V) s
neutrosophic grb-openin X. Therefore f
neutrosophic grb-continuous.

neutrosophic in and

in

in and

Hence

neutrosophic
IS
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Theorem 4.4. Let f:(X,Ty)—>(Y,0y) be a

mapping. Then
equivalent:

(i) f is neutrosophic grb-irresolute.

(i) N,omCl] f*(B)]|c f[N,guCl(B)] for
every neutrosophic set B of Y.

(iii) f[ N, ontCl(A) | =N, grCI[ f (A)]for
every neutrosophic set A of X.

(iv) f*[N ,gmint(B) | N, grdint| f*(B)]for
every neutrosophic set B of Y.

Proof. (i)=>(ii): Let B be any neutrosophic set in

the following assertions are

Y. Then N, grtCl(B) is neutrosophic grb-closed
set in Y. Since f IS neutrosophic
gro-irresolute, f [ N, gCI(B) ] is neutrosophic
grb—closed set in X. Then
N, grtCl[ (N ,gnCI(B)) |= f [, gnCI(B)]
Clearly it follows that N ,onCl| f™(B)]c
N, gnCl[ (N, gnCI(B)) = f [ v, grtCI(B)].
This proves (ii).

(i) = (iii): Let Abe any neutrosophic set in X.

Then f(A)cY. By
(ii), n gl £7(F(A)) |

N, g1t Cl((A))]. But
N, grtCl (A) S N, gl | £7(F(A))],s0  we

obtain N, grtCl(A)c 7N ,,gnCl(f(A))]
Thus f[N o CI(A) | N, gnCI] f(A)].
(iii)=(i): Let Fhbe
grb-closed set in Then
fH(F)=f7*[N,gnCl(F)]. By (iii),
f[NeugrbCI(f’l(F))}gNeugﬁﬁl[f(f’l(F))]
c N, gnCl(F)=F.

That implies, N ,,grCl| f7(F)|<
f(F)eN ,grCl] f7(F)],
N,,onCl[ f*(F)|=f*(F) and so f(F) is

any
Y.

neutrosophic

f*(F). But
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neutrosophic grb-closed set in X. Therefore f is
neutrosophic grb-irresolute.

(i)=(iv): Let B be any neutrosophic set in Y.
We know that N, grnt(B) is neutrosophic
grb-open set in Y. Since fis neutrosophic
grb-irresolute, f3[N,grtnt(B)]
X.

is

neutrosophic  grb-open  set in Then

f*[ N, grint(B) ] =

N eugrblnt[f’l(N eugrbll‘lt(B))]g

N, grdint| f7(B)].

(iv)=(i): Let V be any neutrosophic grb-open
Y. Then by (iv),
fH(V)=f7[N,gmnt(V)]c
N omHnt] £7(V)].

N, grtnt[ £ (V) ]< V),
N omdnt f(V)]=f"(V) and hence f™(V)

is neutrosophic grb-open. Thus f is neutrosophic
grb-irresolute.

set in

But,

Theorem 45. If f:(X,Ty)—>(Y,0,) and
9:(Y.on)>(Z.my) are neutrosophic
grb-irresolute, then their composition
gof:(X,Ty)—>(Z,;m) is also neutrosophic

grb-irresolute.
Proof. Let V be a neutrosophic grb-open set in
Z. Since g is a neutrosophic grb-irresolute

mapping, 9~ (V)is neutrosophic grb-openin Y.

Since f is a neutrosophic grb-irresolute
mapping, f‘l[g‘l(v)]z(gof)fl(v) is
neutrosophic grb-openin X. Therefore gof is

neutrosophic grb-irresolute.
Theorem 4.6. If
neutrosophic

(X, Ty)—>(Y,0y)is

grb-irresolute and

9:(Y.on)—>(Z.my) is neutrosophic
grb-continuous, then their
composition gof (X, Ty ) —>(Z,m )is also

neutrosophic grb-continuous.
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Proof. Let ¥V be a neutrosophic open set in Z.
Since g is a neutrosophic  grb-continuous

mapping, g~ (V)is neutrosophic grb-open set in

Y. Since f is a neutrosophic grb-irresolute
mapping, f‘l[g‘l(v)]z(gof)fl(v) is
neutrosophic grb-open in X.Therefore gof is

neutrosophic grb-conrinuous.

V. NEUTROSOPHIC grb-CLOSED MAPPINGS
AND NEUTROSOPHIC grb-OPEN MAPPINGS
In this section, we introduce neutrosophic
grb-closed mappings and neutrosophic grb-open

mappings in neutrosophic topological spaces and
obtain certain characterizations of these classes of
mappings.

Definition 5.1. Let(X,T,) and (Y,o,)be two
neutrosophic  topological spaces. A function
f:(X,Ty)—>(Y,0y) is said to be neutrosophic
grb—closed if the image of each neutrosophic
closed setin X is neutrosophic grb—closed in Y.
Definition 5.2. Let(X,Ty)and (Y,o, )be two
neutrosophic  topological spaces. A function
f:(X,Ty)—>(Y,0y) is said to be neutrosophic
grb-open if the image of each neutrosophic open
setin X is neutrosophic grb-openin Y.
Theorem 5.3. A function f:(X,Ty)—>(Y,oy)is
said to be neutrosophic grb—closed if and only if

N, oCl[ f(A)]c f[N,CI(A)] for every
neutrosophic set A of X.
Proof. Suppose f:(X,Ty)—>(Y,0p) is a

neutrosophic grb—closed function and A is any

neutrosophic set inX. ThenN CI(A) is a
neutrosophic closed set in X. Since f is
neutrosophic  grb—closed, [N ,CI(A)] is a
neutrosophic grb—closed set in Y.Thus

N, giCl| f (N, CI(A))|=f[N,CI(A)]

N, grCl[ f(A)]c
N, griCl| f (N ,,CI(A))]=f(n,CI(A)). Hence
N, grCI[ f(A)]< f (N, CI(A)).

Therefore
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Conversely, let A be a neutrosophic closed set in

X.Then N CI(A)=A and S0
f(A)=f[n,CI(A)]. By our assumption
Neugﬁﬁl[f(A)]g f(A). But
f(A)gNeugrtCl[f(A)]. Hence

N ,,grtCI[ f (A)]=f(A)and therefore f(A) is
neutrosophic  grb—closed set inY.Thus f is
neutrosophic grb-closed mapping.

Theorem 5.4.. A mapping f:(X,T)—(Y,0y)is
neutrosophic grb-closed if and only if for each

neutrosophic set W of Y and for each neutrosophic
open set U of X containing f (W) there exists a

a

neutrosophic  grb-openset V of Y such that
W <V and f_l(V)gU.

Proof.  Suppose fis a neutrosophic
grb—closed mapping. Let W be any
neutrosophic set in Y and U be a
neutrosophic grb-openset of X such tha
f(W)<U.Then v=lf(us)] s

neutrosophic grb-openset containing W such
that f7(V)cU.Conversely, let Wbhe a
neutrosophic of X.Then

f*l[(f(w)ﬂgw and W°®is neutrosophic

closed set

open in X. By assumption, there exists a
neutrosophic grb-openset V of Y such that

[f(W)] cVand f(V)cWeand
W[ f*(V)].Hence

SO

Ve (W) f|(1(v)) | Ve, which implies
f(W)=Ve %
grb—closed, f (W) is neutrosophic grb—closed
and f is neutrosophic grb-closed mapping.
Theorem 5.5. Let f:(X,Ty)—>(Y,0\)be

neutrosophic closed mapping and g:(Y,oy)—>(Z,7,)be
a neutrosophic grb-closed mapping. Then their
gof :(X,Ty)—>(Z.ny)is

Since iS  neutrosophic

a

composition
neutrosophic grb-closed.
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Proof. Let F be a neutrosophic closed set in
X. Since f is neutrosophic closed, f(F) is
neutrosophic  closed Y. Since
neutrosophic

grb-closed, g[ f (F)]=(gof)(F)is
neutrosophic grb-closedin Z. Hence gofis a
neutrosophic grb-closed mapping.
Theorem 5.6.Let  f:(X,T)—>(Y.0y)
9:(Y,oy)—>(Z,my) be two mappings such that
their ~ composition gof (X, Ty)—>(Z,ny)is
neutrosophic  grb—closed. Then the following
statements are true.

(i) If fis neutrosophic continuous and
surjective, then g is neutrosophic grb-closed.

in gis

and

(ii) If gis neutrosophic grb-irresolute and
injective, then f is neutrosophic grb-closed.
Proof. (i)Let A be a neutrosophic closed set of Y.

Since f(A) neutrosophic continuousis  f s
neutrosophic closed inX. Since gof is
neutrosophic  grb—closed, (gof)(f*(A)) s
neutrosophic  grb—closedin  Z.  Since f s

surjective, g(A) is neutrosophic grb—closed in Z.
Hence @ is neutrosophic grb—closed.

(ii) Let B be any neutrosophic closed set of X. Since go f
is neutrosophic grb—closed, (gof)(B) is neutrosophic
grb—closed in  Z. Since Qs
grb-irresolute, g7 (gof(B)) s
grb—closed in Y. Since g is injective, f(B) is
neutrosophic  grb—closed Y.
neutrosophic grb—closed.

Theorem5.7.  Let f:(X,Ty)—>(Y,oy)be
neutrosophic grb—closed mapping.

neutrosophic
neutrosophic
is

in Hence:; f

a

(i) If A is neutrosophic closed set of X, then the restriction
f,: A=Y is neutrosophic grb-closed.
(ii) If A= f(B)for some neutrosophic closed set B of

Y,then the f,tAYis
grb—closed.

restriction neutrosophic
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Proof. (i) Let B be any neutrosophic closed set of
A. Then B=AFfor some neutrosophic closed
set Fof X and so B is neutrosophic closed in X.
By hypothesis, f(B)is neutrosophic
grb—=closedinY.But f(B)=f,(B), therefore f,
IS a neutrosophic grb—closed mapping.

(i) Let Dbe any neutrosophic closed set of

A. Then D=AMNH for some neutrosophic closed
set H in X.Now,

fu(D)=f (D)= (ANH)=f[ 1
=BNf(H).

Since f is a neutrosophic grb-closed mapping,
so f (H) is a neutrosophic grb—closed set in Y.

(B)NH]

Hence f, is a neutrosophic grb—closed mapping.
Theorem 5.8. A function f:(X,Ty)—>(Y,oy)is
neutrosophic gro-openif and  only if
f[NInt(A)]= N, grtnt[ f(A)], every
neutrosophic set A of X.

Proof. Suppose f:(X,Ty)—>(Y.0y) is a
neutrosophic grb-open function and A is any
neutrosophic set in  X.Then N Int(A) is a
neutrosophic open set in X. Since f neutrosophic

for

grb-open, f[ N, Int(A)] is a neutrosophic
grb-0pen set. Since
N, gront] f (N ,IntA) | N, grtint] f (A)],

f[N,Int(A)]< N, grint| £ (

A)l.

Conversely, [N ,Int(A)]e N, grtnt[ f(A)]
for every neutrosophic set A inX. Let U be a
neutrosophic open set in X.Then
N, Int(U)=U and by hypothesis,
f(U)c N, grint[ f(U)].But

N, grtint] f(U)]< f(U). Therefore,
f(U)=N,gint] f(U)].  Thenf(U) s

neutrosophic grb-open.Hence f is a neutrosophic
grb-open mapping.

Theorem 5.9. A function f:(X,Ty)—>(Y,0y) is
neutrosophic grb-openif and only if for each
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e X and for each neutrosophic neighborhood
in X,

(rst

U of Xirs1)

grb-neighborhood W of f(x

(r.s.t)

there exists a neutrosophic

) in Y such that

Wcf (U )
Proof. Let f:(X,Ty)—>(Y,on) be a
neutrosophic  grb-open function. Let x, ., € X

and U be any arbitrary neutrosophic neighborhood
of X, IN X. Then there exists a neutrosophic

open set Gsuch that X € G cU. By Theorem

rst)

58, f(G)=f[N,Int(G)]cN ,gnt] f(G)].
But, N, grtint[ f(G)]< f(G). Therefore,
N, grtnt[ f(G)]=f(G) and hence f(G) is

neutrosophic grb-openin Y. Since X(e eG cU,
f(x(rls't))e f(G)<c f(U) and so the result follows

by taking W = f (G).
Conversely, Let U be any neutrosophic open set in

X. Let x,.,<€Uand f( rst) Yikim- Then by
assumption  there  exists a  neutrosophic
grb-neighborhood W(y | Of Yy im inY such that
(k.I,m) v
W cf(U). since W is a neutrosophic
(Youm) — ( ) (Yeeam) P
grb-neighborhood  of Yikimy there exists a
neutrosophic  grb-open set V(y ) in Y such that
(k.lm)

eV W . Therefore,
Yierm <Yiyim) S m)
f (U ) = U{V(y(m)) Yibum € f (U) . Since the union of

neutrosophic ~ grb-Open sets is neutrosophic
grb-open, f(U) is a neutrosophic grb-open set in

Y. Thus, f isa neutrosophic grb-open mapping.

Theorem 5.10.For any  bijective  mapping
f:(X,Ty)—(Y,oy)the following statements are
equivalent:

(i) f7:Y - Xis neutrosophic grb-continuous.
(ii) f is neutrosophic grb-0pen.
(iii) f is neutrosophic grb—closed.
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Proof. ()= (ii): Let U be a neutrosophic open
set in X. By assumption, (f‘l)_l(U)=f(U) is
neutrosophic grb-open in Y and so f is neutrosophic
grb-0open.

(ii):>(iii):Let F be a neutrosophic closed set of
X.Then F°¢is a neutrosophic open set in X. By assumption
f(F°) is neutrosophic grb-open in Y. But
f(F°)=[ f(F)]". Therefore f(F)is neutrosophic
grb-closed set Y.
grb-closed.

(iii) = (i): Let F be a neutrosophic closed set of X. By

in Hence, f is neutrosophic

assumption, f (F)is neutrosophic grb-closed setin Y.
But f(F)=(f‘1)_1(F)and therefore by Theorem

3.4, f7:Y = X is neutrosophic grb-continuous.

VI. STRONGLY NEUTROSOPHIC grb-
CONTINUOUS AND PERFECTLY grb-
CONTINUOUS MAPPINGS
In this section, we introduce and study the concepts of
strongly neutrosophic grb-continuous and perfectly

neutrosophic grb-continuous mappings  in
neutrosophic topological spaces.

Definition 6.1. A mapping
f:(X,Ty)—=>(Y,0y)is called strongly

neutrosophic grb-continuous if the inverse image

of every neutrosophic grb-Open set in Y is
neutrosophic open in X.

Definition 6.2. A mapping
f:(X,Ty)—=>(Y,0y)is called perfectly

neutrosophic grb-continuous if the inverse image
of every neutrosophic grb-openset in Yis
neutrosophic clopen in X.

Theorem 6.3. Let f:(X,Ty)—>(Y,o)be a
mapping. Then the following statements are true:

(i) If f is perfectly neutrosophic grb-continuous,
then f is perfectly neutrosophic continuous.

(i) f f strongly
grb-continuous, then f is neutrosophic continuous.

IS neutrosophic
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Proof. (i) Let f:X—Y be

neutrosophic grb-continuous. Let V be a a
neutrosophic open setin Y. Then V is neutrosophic
grb-openset in Y. Since f is perfectly neutrosophic

grb-continuous, f (V) is neutrosophic clopen in
X. Hence f is perfectly neutrosophic continuous.

perfectly

(ii) Let f:X —>Y be strongly neutrosophic
grb-continuous. Let G be aneutrosophic open set
in Y. Then G is neutrosophic grb-open setin Y.
Since fis strongly neutrosophic grb-continuous,
f~(G)is neutrosophic open in X. Therefore f is

neutrosophic continuous.
Theorem 6.4. Let f:X Y be strongly

neutrosophic ~ grb-continuous and A be a

neutrosophic open set in Y. Then the restriction map,
f,iA>Y is strongly neutrosophic

grb-continuous.

Proof. Let V be any neutrosophic grb-0pen set
in Y. Sincef is strongly neutrosophic

grb-continuous, f (V) is neutrosophic open in X.
But f,"(V)=ANf™*(V). Since A and f*(V) are
neutrosophic open, f,*(V) is neutrosophic open in

A Hence f, is strongly neutrosophic
grb-continuous.
Theorem 6.5. Every perfectly neutrosophic

grb-continuous mapping f :(X,Ty)—(Y,oy)is
strongly neutrosophic grb-continuous.
Proof. Let f:X —Y be perfectly neutrosophic

grb-continuous and V be neutrosophic grb-open
set in Y. Since f is perfectly neutrosophic

grb-continuous, f (V') is neutrosophic clopen in

X. That is both neutrosophic open and
neutrosophic closed in X. Hence fis strongly

neutrosophic grb-continuous.

Theorem 6.6.  If f:(X,Ty)—>(Y,0y)
9:(Y,on)—>(Z,my) are strongly neutrosophic
grb-continuous, then gof :(X,T,)—(Z,n,) is
also strongly neutrosophic grb-continuous.

and
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Proof. Let V be a neutrosophic open set in Z.
Since g is a strongly neutrosophic

grb-continuous mapping, g’l(V) is neutrosophic
openin Y. Then g~ (V) is neutrosophic openin Y.

Since f strongly  neutrosophic
grb-continuous mapping,

f_l[g_l(V)]z(gof)fl(V) is neutrosophic open

is a

in X. Therefore, gof is strongly neutrosophic
grb-continuous.

Theorem 6.7. I  f:(X,Ty)—>(Y,0y)
9:(Y,on)—>(Z,my) are perfectly neutrosophic
grb-continuous mappings, then their composition
gof :(X,Ty)—>(Z,ny)is
neutrosophic grb-continuous mapping.

Proof. Let V Dbe a neutrosophic grb-open set in
Z. Since ¢ is a perfectly neutrosophic

grb-continuous mapping, g~ (V) is neutrosophic

and

also perfectly

clopeninY. Thatis g™ (V) both neutrosophic open

and neutrosophic closed in X. Then g™(V) is

neutrosophic grb-openset in X. Since fis a
perfectly neutrosophic  grb-continuous mapping,

f‘l[g‘l(v
in X. Therefore gof is perfectly neutrosophic
grb-continuous.

Theorem 6.8. f:(X,Ty)—=>(Y.oy)
9:(Y,on)—(Z,my) be mappings. Then the
following statements are true.

)} = (gof )™ (V) is neutrosophic clopen

Let and

(i) If g is strongly  neutrosophic
grb-continuous and f is  neutrosophic
grb—continuous,  then  gof is neutrosophic

grb-irresolute.
(ii) If g is perfectly neutrosophic grb-continuous

and f is neutrosophic continuous, then gof is
strongly neutrosophic gzb-continuous.

(iii) If g is strongly neutrosophic gzb-continuous
and f perfectly

is neutrosophic
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@ -ohos
grb-continuous.

then gof is perfectly neutrosophic

(iv) If g is neutrosophic grb-continuousand f is
strongly neutrosophic grb-continuous, then gof is
neutrosophic continuous.

Proof. (i) Let V be a neutrosophic
in Z. Since g is a strongly
@ -ohas mapping, g~ (V)is
open set in Y. Since fis a
grb-continuous mapping,

Lo (v)]=(gof) (V)
grb-openset in X. Hence gofis
grb-irresolute. (i) Let VvV be a neutrosophic
grb-open set Z. g is a perfectly
neutrosophic  grk-continuomapping, g~ (V)is

grb-open set
neutrosophic
neutrosophic
neutrosophic

IS neutrosophic

neutrosophic

in Since
neutrosophic clopen set in Y. Thatis, g™ (V) is

both neutrosophic open and neutrosophic closed.
Since f is a neutrosophic grb-continuous mapping,

Lo v)]=
X. Therefore
grb-continuous.

(iii) Let V be a neutrosophic grb-openset in Z.
Since g strongly  neutrosophic
g -ohos mapping, g’l(V) IS neutrosophic
open set in Y. Since every neutrosophic open set is
neutrosophic grb-open set. So g7(V) s
neutrosophic grb-open set in X. Since fis a
perfectly neutrosophic grb-continuous mapping,

g™ (V)]=(gof) (V) is neutrosophic clopen
in X. Hence gofis perfectly neutrosophic
grb-continuous.

(gof)™(V) is neutrosophic open in

gof is strongly neutrosophic

is a

(iv) Let V be a neutrosophic open set in Z. Since
g
g~ (V) is neutrosophic grb-open set in Y. Since
fis a strongly neutrosophic grb-continuous map,

e (v)]=(

in X. So gof is neutrosophic continuous.

is a neutrosophic  grb-continuo mapping,

gof) (V) is neutrosophic open



INTERNATIONAL JOURNAL OF PURE MATHEMATICS
DOI: 10.46300/91019.2022.9.11

VII. NEUTROSOPHIC CONTRA grb-
CONTINUOUS MAPPINGS AND
NEUTROSOPHIC CONTRA grb-IRRESOLUTE
MAPPINGS
In this section, we introduce the concepts of
neutrosophic contra grb—continuous mappings and

neutrosophic contra grb-irresolute mappings and

investigate their fundamental properties and
characterizations.
Definition 7.1. A mapping

f:(X,Ty)—>(Y,oy)is said to be neutrosophic
contra —continuous if the inverse image of every

neutrosophic open set in Y is  neutrosophic
closedsetin X.
Definition 7.2. A mapping

f:(X,Ty)—>(Y,oy)is called neutrosophic contra

grb—continuous if the inverse image of every
neutrosophic open set in Y is  neutrosophic
grb—closed in X.

Theorem 7.3. Let
neutrosophic  contra —continuous mapping.
f is neutrosophic contra grb-continuous.

Proof. Let V be any neutrosophic open set in Y.
Since f is neutrosophic contra continuous, f (V)

is neutrosophic closed set in X. As every
neutrosophic  closed set is  neutrosophic
grb-closed, we have f~(V) is neutrosophic
grb—closed set in X.Therefore f is neutrosophic
contra grb-continuous.

Theorem 7.4. A mapping f:(X,T)—(Y,0y)is
neutrosophic contra grb-continuousif and only if
the inverse image of every neutrosophic closed set
in Y is neutrosophic grb-opensetin X.

Proof.Let V ba a neutrosophic closed set in Y.
Then V¢ is neutrosophic open set in Y. Since f is

f:(X,Ty)—>(Y,on)be a
Then

neutrosophic contra grb—continuous, (V) is

neutrosophic  grb—closed set in X. But
fA(ve)=1-f*(v) and so (V) is
neutrosophic  grb-openset in  X. Conversely,

assume that the inverse image of every neutrosophic
closed set in Y is neutrosophic grb-open in X.

Let W be a neutrosophic open setin Y. Then W€ is
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neutrosophic closed in Y. By hypothesis
f*(W®)=1-f"(W) is neutrosophic ~grb-open

in X, and so f™(W)is neutrosophic
grb—closedset in X. Thus f is neutrosophic
contra

Theorem 7.5. If a mapping
f:(X,Ty)—>(Y,on)is  neutrosophic  contra

grb-continuousand  g:(Y,oy)—>(Z,7m,) s
neutrosophic continuous, then their composition
gof:(X,Ty)—(Z,ny)is neutrosophic  contra
grb-continuous.
Proof. Let W ba a neutrosophic open set in Z.
Since g is neutrosophic continuous, g™*(W)is
Y. Since f is
grb-continuous,

ffl[g’l(W)] is neutrosophic grb-closed set in

X. But (gof) (W)= f'[g*(W)]. Thus gof
iS neutrosophic contra grb—continuous.

Definition 7.6. A mapping f:(X,T,)—>(Y,oy)is
called neutrosophic contra grb-irresolute if the
inverse image of every neutrosophic grb-open set in
Y is neutrosophic grb—closedin X.
Theorem 7.7. If a

f:(X,Ty)—=>(Y,0p)is
grb—irresolute, then it
grb-continuous.

Proof.Let V be a neutrosophic open set in Y.
Since every neutrosophic open set is neutrosophic
grb-open, V is neutrosophic grb-openset in Y.

Since f is neutrosophic contra grb-irresolute,
f~ (V) is neutrosophic grb-closedset in X. Thus
f is neutrosophic contra grb-continuous.

Theorem 7.8. Let (X,Ty), (Y,0y) and (Z,7,) be

set in

contra

neutrosophic open
neutrosophic

mapping
neutrosophic ~ contra

is neutrosophic contra

neutrosophic topological spaces. If
f:(X,Ty)—>(Y,oy)is  neutrosophic  contra
grb-irresolute  and  g:(Y,on)—>(Z.my) s
neutrosophic grb-continuous, then

gof:(X,Ty)—(Z,n) is neutrosophic contra
grb-continuous.
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Proof.Let W be any neutrosophic open set in Z.
Since g is neutrosophic grb-continuous,

g~ (W)is neutrosophic grb-open set in Y. Since
f is neutrosophic contra  grb-irresolute,

f‘l[g‘l(W)] is neutrosophic grb-closed set in
X. But (gof)fl(W)zf‘l[g‘l(W)]. Thus gof
is neutrosophic contra grb-continuous.

Theorem 7.9.  If f:(X,Ty)—=>(Y,0y)is
neutrosophic grb-irresolute and
9:(Y,on)—>(Z,my) is neutrosophic  contra
grb-irresolute, then  their  composition
gof:(X,Ty)—>(Z,my) is neutrosophic contra
grb-irresolute mapping.

Proof. Let W be any neutrosophic grb-open set
in Z. Since g is neutrosophic contra
grb—irresolute, g™ (W) is neutrosophic
grb—closed set in Y. Since f is neutrosophic
grb-irresolute, £*[g™(W)| is neutrosophic
grb-closed set in X. But
(gof)fl(W)zf‘l[g‘l(W)] Thus gof s
neutrosophic contra grb-irresolute.

VIIl. CONCLUSION
In this research article, we have introduced and
studied the  properties of  neutrosophic
grb—-continuous functions, neutrosophic
grb-irresolute functions, neutrosophic grb—closed
functions, neutrosophic grb-open functions,
strongly neutrosophic grb-continuous functions,
perfectly neutrosophic grb-continuous functions,
neutrosophic contra grb-continuous functions, and
neutrosophic contra grb-irresolute functions in
neutrosophic topological spaces and established the
relations between them. We have obtained
fundamental characterizations of theses mappings
and investigated preservation properties. We expect
the results in this chapter will be basis for further
applications of mappings in  neutrosophic

topological spaces.
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