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Abstract:
The aim of this paper is to introduce the concept of Ny and Npy-closed sets in terms of
neutrosophic topological spaces. Some of its properties are also discussed.
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Introduction:

. A Neutrosophic set A = {(x, , , va(X)): X
In general topological space, several authors P {X, 1a(x), (%), VA())

. . € X} can be identified as an ordered triple X),
introduced various open sets such as Pre-stable set } ple {ka(x)

by Anmar Hashim Jasim'and G-open set by Jalal 0a(X), va(9)in ] -0, 1 +[ on X.

Hatem Hussein®. Florentin Smarandache® defined Definition 2: Let A =(ua(x), oa(x), va(x)) be a NS
the neutrosophicset on three components (t,fi) =  on X, then the complement C(A) may be defined as
(truth, falsehood, indeterminacy).This opened up a 1. C(A) = {{x, | — pa(x), I —va(X)): X € X}

wide range of investigation in terms of neutosophic 2. C(A) = {{x, va(x), oa (X), ua(X)): x € X}
topology and its application in decision-making 3. C(A) = {(x, va(x), 1 —ca(x), pa(X)): X € X}
algorithms. Dhavaseelan.R and Jafari* introduced

generalized Nelétrosophic closed sets in 2018.Mani Note that for any two neutrosophic sets A and B,
Parimala et al.’introduced neutrosophic ow-closed _

sets in 2018. Pushpalatha A et al.’ introduced g ggﬁzg:ggig Dg((BB))

generalized closed sets via  Neutrosophic ' '

: - 7
:ﬁg%';g;gg' asnp(;iCStsudlir;dzggr%iRe?:- Thgzn?s Bit) :L‘) Definition 3:For any two neutrosophic sets A = {(x,
pre-opentor_b-op Ha(X), Ga(X), Va(X)): X € X} and B = {(x, ps(X),

sets in neutrosophic topological spaces. Recently, . . b5
Subasree R andp Basarip Ko%i K8 pintroduced arzj EB%)’ ve(x)): x € X}. The following definitions
' old:

studied Np*-closed sets in  Neutrosophic
Topological spaces in 2022. In this article, a new 1. A € B ©ua(x) < ug(x), oa(x) < og(x) and va(x) >
class of sets namely NyB-closed sets and NBp-  vg(X)V X € X

closed sets are introduced in neutrosophic

. . . 2.ACB < > >
topological space. Moreover, some of its properties S () < H(x), oa(x) 2 05(x) and valx) =

. : vg(X)V X € X
are investigated.
Preliminaries 3. AN B =(x, pa(X) Aus(x), oa(x) Aog(x) and va(X)
Vvg(X))

Definition 1: Let X be a non-empty fixed set. A 4. A N B = (x, pa(X) Aus(X), ca(X) Vog(x) and va(X)

neutrosophic set (NS) A is aobject having the form  Vvg(x))

A = {{x, pa(x), oa(x), va(X)): x € X} where pa(x), _

oa(x), va(X) represent the degree of membership, 3 (’:‘) Xv (Ii»— (X, pa(X) Vps(x), oa(x) Vos(x) and
A B

degree of indeterminacy and the degree of non- a
membership respectively of each element x € X to 6. AU B = (X paX) Vits(x), 0a(x) Nog(x) and
the set A. va(x) Ave(x))
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For Simplicity, throughout this paper, NS denote
Neutrosophic set and NT denote Neutrosophic
Topology.

Definition 4: A neutrosophic topology (NT) on a
non-empty set X is a family t of neutrosophic
subsets in X satisfies the following axioms:

(NT].) 0N1 1NE T

(NT2) G; N G,€ 1 for any Gy , G,€ T

(NT3)u Gie tforall {G;:ieJ}c

Definition 5:Let A be a NS in NTS X. Then
Nint(A) =u{G : Gisan NOS in X and G € A} is
called a neutrosophic interior of A.

Ncl(A)=N {K:Kisan NCSin X and A € K} is
called a neutrosophic closure of A.

Definition 6:A NS A of a NTS X is said to be

(i) A neutrosophic semi-open set (NSQOS) if A
SNCI(NInt(A)) and a neutrosophic semi-
closed set (NSCS) if NInt(NCI(A)) € A.

(if) Aneutrosophic a-open set (NaOS) if A
CNInt(NCI(NInt(A))) and a neutrosophic
a-closed set (NaCS) if NCI(NInt(NCI(A))) <
A.

(ili) A neutrosophic  semi-preopen set or
B-open(NBOS) if A SNCI(NInt(NCI(A))) and a
neutrosophic ~ semi-pre  closed set or
B-closed(NBCS) if NInt(NCI(NInt(A))) € A.

Definition 7: A subset A of a neutrosophic
topological space (X, t) is called a neutrosophic
generalized closed (neutrosophic g-closed) set if
Ncl(A) € U whenever A € U and U is neutrosophic
open set in (X, 1).

Definition 8: A subset A of a neutrosophic
topological space (X, t) is called a neutrosophic
semi generalized —closed (Nsg-closed) set if
Nscl(A)<S U whenever A € U and U is Nsemi-open
set in (X, T).

Definition 9:A subset A of a neutrosophic
topological space (X, 1) is called a
neutrosophicy—closed (Ny-closed) set if Nscl(A)<S
U whenever A € U and U is Nsg-open set in (X, 1).

Definition 10:Consider a NS A in a NTS (X, 1).
Then the neutrosophic  interior and the
neutrosophic y closure are defined as

Nyint(A) =U {G: G is a Ny-open setin X and G €
A}

Nycl(A) = N{K: K is a Ny-closed set in X and A <
K}
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Definition 11: Consider a NS A in a NTS (X, 1).
Then the neutrosophic [ interior and the
neutrosophic B closure are defined as

NBint(A) = U {G: Gis a NB-open setin X and G <
A}

NBcl(A) = N{K: K is a Np-closed set in X and A <
K}

Neutrosophicyp-closed set

In this section, the new concept of neutrosophicy-
closed sets in neutrosophic topological spaces was
defined and studied some of its properties.

Definition 12:A subset A of a neutrosophic
topological space (X, t) is called a neutrosophic
ypB-closed (Nyp-closed) set if Nwycl(A) € U
whenever A € U and U is neutrosophic f-
open set in (X, 1).

Example 1:Let X = {ab,c} with ©y = {On,G,1n}
where

G = ((a,0.5,0.6,0.4),(0,0.4,0.5,0.2), (c,0.7,0.6,0.9)).

Here

A ={((a,0.2,0.2,0.1),(b,0.6,0.6,0.6),(c,0.8,0.9,0.9))

B =((a,0.2,0.2,0.7),(b,0.1,0.3,0.7),(c,0.8,0.2,0.9))

C =((a,0.4,0.4,0.5),(b,0.2,0.5,0.4),(c,0.9,0.4,0.7))

D = ((a0.5,0.5,0.4),(h,0.3,0.8,0.3),(c,0.1,0.6,0.5))
are some examples of NyB-closed sets.
Theorem 1:Each Neutrosophic closed Set is
NypB-closed set in X.

Proof: Let A € U where U is a neutrosophic -open
set in X. Since A is a neutrosophic closed set,
Ncl(A) € A. Then Nycl(A) SNcl(A) € U.
Therefore A is a Nyp-closed set in X.

The converse of theorem 1 need not be true as
shown in the following example.

Example 2: Let X = {a,b,c} with ty = {On,G,1n}
where

G =((a,0.5,0.6,0.4),(b,0.4,0.5,0.2), (c,0.7,0.6,0.9).
Here

E = ((a,0.3,0.2,0.8),(b,0.1,0.3,0.6),(c,0.7,0.2,0.8)) is
an Nyp-closed set, however E is not a Neutrosophic
closed Set in X.

Theorem 2:Each Nyf — closed set is Ny-closed
set in X and the converse is also true.

Proof:Let A be an NyP-closed set in X, then
Nycl(A) € A. Also ASNycl(A). Therefore A is
Ny-closed set in X. Conversely, Let A be a
Ny—closed set in X, then A = Nycl(A) € A. Also
Nycl(A) €U, where U is a neutrosophic 3-open set
in X. Therefore A is a Nyf-closed set in X.
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Theorem 3:Each Nsemi-closed set is Nyf-closed
setin X.

Proof:Let A € U where U is a neutrosophic f-open
set in X. Since A is aNsemi-closed set in X,
thenNwycl(A) SNscl(A) € A < U. Therefore A is
aNyB-closed set in X.

The converse of theorem 2 need not be true as
shown in the following example.

Example 3:Let X = {a,b,c} with ty = {On,A, 1N}
where

A ={((a,0.5,0.6,0.4),(b,0.4,0.5,0.2),(c,0.7,0.6,0.9))
Here

B = ((@0.2,0.2,0.1),(b,0.6,0.6,0.6),(c,0.8,0.9,0.9))
is an Nyp-closed set, but B is not an N semi-closed
Set.

Remark 1:The following example shows that the
Neutrosophic  generalized-closed set and an
NyB-closed set are independent of each other.

Example 4:Let X = {a,b} with ty = {Oy,A,B,1n}
where A ={((a,0.4,0.3,0.5),(b,0.1,0.2,0.5)) and

B =((a,0.4,0.4,0.5),(b,0.4,0.3,0.4)).

Here B = ((a,0.4,0.4,0.5),(b,0.4,0.3,0.4))is an Nyp-
closed set, but B is not a Neutrosophic g-Closed Set
and also C = ((a,0.4,0.6,0.5),(h,0.3,0.6,0.9)) is a
Neutrosophic g—Closed Set but not an Nyp-closed
set.

Theorem 4:1f A and B are Nyp-closed sets, then
AUB is Nyp-closed set.

Proof: If AUB < U and U is Neutrosophic -open
set, then A € U and B € U. Since A and B are
NyB-closed sets, Nycl(A) € U and Nycl(B) € U
and hence Nycl(A) U Nycl(B) € U. This implies
Nycl(A U B) € U. Hence AUB is an Nyp-closed
setin X.

Theorem 5:A neutrosophic set A is NypB-closed set
then Nycl(A) — A does not contain any nonempty
Nyp-closed sets.

Proof: Suppose that A is aNypB-closed set. Let F be
an Nyp-closed set such that F SNwycl(A) — A which
implies F SNycl(A)NA®. Then A € F°. Since A is
NypB-closed set, thenNycl(A) € F°. Consequently
F <€  (Nycl(A) . ThenF  SNycl(A). Thus
F SNycl(A)N(Nycl(A))° = ¢. Hence F is empty.

Theorem 6:1f A is a NyB-closed set in (X,ty) and
A € B SNycl(A), then B is Nyf-closed.

Proof: Let B € U where U is a Neutrosophic [3-
open set in (X,ty). Then A € B implies A € U.
Since A is aNyp-closed set, thenNycl(A)<U. Also,
A CSNycl(B) implies Nycl(B) SNycl(A). Thus
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Nycl(B)S U and so B is an Nyp-closed set in
(XatN)'

Theorem 7:If A is Neutrosophic w-open and
NyB-closed, then A is Ny-closed set.
Proof: Since A is Neutrosophic wy-open and
NypB-closed, then Nycl(A) < A. Therefore
Nycl(A)=A. Hence A is Ny-closed.

Neutrosophicys-closed set

In this section, the new concept of neutrosophic@yr
-closed sets in neutrosophic topological spaces was
defined and studied some of its properties.

Definition 13:A subset A of a neutrosophic
topological space (X, t) is called a neutrosophic
PBy- closed (NPy-closed) set if Npcl(A) € U
whenever A € U and U is neutrosophic y-open set
in (X, 7).

Example 5: Let X = {a,b} with ty = {On,A,B,1n}
where A ={((a,0.4,0.3,0.5),(b,0.1,0.2,0.5)) and

B =((a,0.4,0.4,0.5),(b,0.4,0.3,0.4)).

Here C = ((a,0.3,0.3,0.6),(b,0.3,0.2,0.5))

D =((a,0.6,0.7,0.3),(b,0.5,0.8,0.3))
E =((a,0.4,0.6,0.5),(b,0.3,0.6,0.9))
F=((a,0.5,0.4,0.4),(b,0.9,0.4,0.3))
examples of NBy-closed sets in X.

are some

Theorem 8:Each Neutrosophic closed Set is an
Npwy-closed set in X.

Proof: Let A € U where U is a neutrosophic -
open set in X. Since A is a neutrosophic closed set
Ncl(A) A. Then NBcl(A) < Ncl(A) < U.
ThereforeA is aNpy-closed set in X.

The converse of theorem 8 need not be true as
shown in the following example.

Example 6: Let X = {a,b,c} with ©y = {On,G,1n}
where

G =((a,0.5,0.6,0.4),(b,0.4,0.5,0.2), (c,0.7,0.6,0.9)).
Here

F =((a,0.2,0.2,0.1),(b,0.6,0.6,0.6),(c,0.8,0.9,0.9)) is
an Npwy-closed set, however F is not a
Neutrosophic Closed Set in X.

Theorem 9: Each NPy — closed set is an NB-closed
set in X and the converse is also true.

Proof:Let A be an Npy-—closed set in X, then
NBcl(A) € A. Also, AS NBcl(A). Therefore, A is a
NB-closed set in X.Conversely, Let A be an
Np—closed set in X, then A = Nfcl(A) € A. Also,
NBcl(A) €U, where U is a neutrosophic y-open set
in X. Therefore, A is a Nfy-closed set in X.

is

Theorem 10:Each Nsemi-closed set

NpBw-closed set in X.

an
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Proof: Let A € U where U is a neutrosophic -
open set in X. Since A is a Nsemi-closed set in X,
then NBcl(A) €Nscl(A) € A < U. Therefore A is a
NpBw-closed set in X.

The converse of theorem 10 need not be true as
shown in the following example.

Example 7:Let X = {a,b,c} with ©y = {On,A 1N}
where

A =((a,0.5,0.6,0.4),(b,0.4,0.5,0.2),(c,0.7,0.6,0.9))
Here B =
((a,0.1,0.7,0.3),(b,0.2,0,0),(c,0.8,0.3,0.9))is an Npy-
closed set, but B is not an N semi — Closed Set.

Remark 2:The following example shows that the
Neutrosophic  generalized-closed set and an
Npw-closed set are independent of each other.

Example 8:Let X = {a,b,c} with ty = {Oy,A,B,1n}
where

A =((a,0.5,0.5,0.4),(b,0.7,0.5,0.5),(c,0.4,0.5,0.5)),

B =((a,0.3,0.4,0.4),(b,0.4,0.5,0.5),(c,0.3,0.4,0.6))
Here

D =((a,0.7,0.6,0.3),(b,0.9,0.7,0.2),(c,0.5,0.7,0.3)) is
a Neutrosophic g—Closed Set but D is not an
NpBw-closed set and also

E = ((a,0.2,0.3,0.5),(b,0.3,0.2,0.6),(c,0.1,0.2,0.9)) is
an NPy-closed set but E is not a Neutrosophic
g—Closed Set.

Theorem 11:If A and B are Npy-closed sets, then
A U B is Npy-closed set.

Proof: If AU B € U and U is Neutrosophic y-open
set, then A € U and B € U. Since A and B are
NpBwy-closed sets, NBcl(A) € U and Nfcl(B) € U

MN-Closed

and hence NPBcl(A)UNBcl(B) € U. This implies
NBcl(A U B) € U. Hence AUB is an Npy-closed
setin X.

Theorem 12:A neutrosophic set A is Npwy-closed
set then Npcl(A) — A does not contain any
nonempty Nfy-closed sets.

Proof: Suppose that A is aNBy-closed set. Let F be
an NPy-closed set such that F € NBcl(A) — A which
implies F € NBcl(A)NA°. Then A € F°. Since A is
NBwy-closed set, thenNBcl(A) SF° .Consequently
F € (Nycl(A)). Then F < Npcl(A). Thus
F S NBcl(A)N(NBcl(A))° = ¢. Hence F is empty.

Theorem 13:1f A is a Npy-closed set in (X,ty) and
A € B S Nfcl(A), then B is NBy-closed.

Proof: Let B € U where U is a Neutrosophic -
open set in (X,ty). Then A < B implies A < U.
Since A is aNPy-closed set, thenNBcl(A)SU. Also,
A S Nfcl(B) implies NBcl(B) S NBcl(A). Thus
NBcl(B)S U and so B is an Npwy-closed set in
(XaTN)'

Theorem 14:1If A is Neutrosophic B-open and Nfy-
closed, then A is Nf-closed set.

Proof: Since A is Neutrosophic f-open and Npy-
closed, then NBcl(A) € A. Therefore NBcl(A) =A.
Hence A is Np-closed.

Remark 3:The following diagram Fig. 1.
Relationship between various Neutrosophic sets
shows the relationship between Nyp-closed
set,Npy-closed set with the known existing
neutrosophic sets. A — B represents A implies B
but not conversely.

MN-semi

set

pr-

closed set

Np*-

closed set

closed set

Npy-
closed set _

Figure 1. Relationship between various Neutrosophic sets.
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Conclusion and Future work:

In this paper, NBy-closed and Nyp-closed sets are
introduced and some of its properties were
discussed. Some contradicting examples are also
given. This idea can be developed and extended in
the area of continuous functions, contra continuous
functions, homeomorphisms, compactness,
connectedness and so on.
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