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1 Introduction

Following Zadeh’s introduction of fuzzy set (denoted as fs) in 1965 [22], Chang [3] developed
the notion of fuzzy topological spaces (fts), which led to the adaptation of classical topological
concepts within the framework of fuzzy topology by various researchers. A significant
generalization of fuzzy sets, known as intuitionistic fuzzy set (ifs), was introduced by Atanassov
in 1986 [2]. Building on this, Coker [4] introduced the concept of intuitionistic fuzzy topological
spaces (ifts) based on ifs’s. Jeon et al. [7] further investigated intuitionistic fuzzy continuity and
pre-continuity within this framework.
With the advent of neutrosophy and neutrosophic sets by Smarandache [16, 15], a new direction
in uncertainty modeling emerged. Salama and Alblowi [10] introduced neutrosophic crisp set and
neutrosophic topological spaces (Nts), extending ifts and incorporating degrees of positive
membership, neutral membership, and negative membership for each element. Neutrosophic has
formed the foundation for a broader class of theories that generalize both crisp and fuzzy structures.
Smarandache also introduced the concept of dependence degrees between fuzzy and neutrosophic
components. Later, Arokiarani et al. [1] introduced the neutrosophic set (NS), wherein the sum of
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the three membership values does not exceed 3. In the same year, Veereswari [21] proposed the
notion of neutrosophic topological spaces (Nts) and studied fundamental operations on them.
Saranya et al. [11] introduced the concept of n-Cylindrical neutrosophic set (abbreviated as n-
CyNS ), characterized by a and y as dependent components and [ as an independent
component. Apart from neutrosophic set (NS ), n-CyNS represents the most extensive
generalization of fuzzy sets. In this framework, the membership functions positive («), neutral (),
and negative (y) satisfy the conditions 0 < 8, <1 and 0 < aj(x) + y4(x) < 1,n > 1, where
n > 1 is an integer.

Later, Saranya et al. [12] introduced the notion of n-CyN continuity for functions between two
n-Cylindrical neutrosophic topological spaces (n-CyNts). They also defined the n-CyN interior
(n-CyNint) and n-CyN closure (n-CyNcl) of subsets within n-CyNts.

In this paper some preliminary concepts required in our work are briefly recalled in section 2. In
section 3, we introduce the concept of n-Cylindrical neutrosophic § (resp. § pre, § semi, da
and &f )-open sets and studied some of their properties. Also, we discuss on n-Cylindrical
neutrosophic §f-interior and n-Cylindrical neutrosophic §f-closure operators in n-Cylindrical
neutrosophic topological spaces.

2 Preliminaries

This section covers some basic definitions and examples that will be useful in subsequent
discussions.

Definition 2.1 [22] A fuzzy set (briefly, fs) A in X is defined by membership function

Ha:A = [0,1] whose membership value p,(x) shows the degree to which x € X includes in the
fuzzy set A forall x € X.

Definition 2.2 [3] A fuzzy topological space (briefly, fts) is a pair (X, 1), where X is any set
and T is a family of fuzzy sets in X satisfying following axioms:

I. ¢,XET,

2. If AB€tthen AnBinrT,

3. If Ajet foreach i €1, then UA; € t.

Definition 2.3  [2] An intuitionistic fuzzy set (briefly, ifs) A on X is an object of the form A =
{(x, a5 (x), Ya(x): x € X)} where ay(x) € [0,1] is called the degree of positive membership of x
in A, ya(x) € [0,1] is called the degree of negative membership of x in A, and where a,(x) and
ya(x) satisfy (for all x € X) (ap(x) +yva(x) < 1) ifs(X) denotes the set of all ifs’s on X.
Definition 2.4 [16] An neutrosophic set (briefly, NS) A on X is an object of the form A =
{(x 0a(X), Ba(x), ya®)):x €X} ., where  a,(x),Ba(X),Ya(x) €[0,1],0 < ax(x) + Pa(x) +
ya(x) < 3, for all x € X. a,(x) is the degree of positive membership, Ba(X) is the degree of
neutral membership and y,(x) is the degree of negative membership. Here, a,(x) and y,(x)
are dependent components and 5(x) is an independent component.

Definition 2.5 [10] An neutrosophic topology (Nt) on a non-empty set X is a family Tty of
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neutrosophic subsets in X satisfying the following axioms:
1. Oy, 1y € TN,
2. G; NG, € Ty forany Gy, G, € Ty,
3. UG € Ty, forall {G;:i €]} S 1.

In this case the pair (X, ty) is called a neutrosophic topological spaces (briefly, Nts) and any
neutrosophic set in Ty is known as neutrosophic open set (briefly, Nos) in X. The elements of
Ty are called neutrosophic open sets. A neutrosophic set F is closed if and only if C(F) is
neutrosophic open.
Definition 2.6 [11] An n-Cylindrical neutrosophic set (briefly, n-CyNS) A on X is an object
of the form A = {(x, ap(x), Ba(X),Ya(X)):x € X}, where a,(x) € [0,1] called the degree of
positive membership of x in A, B5(x) € [0,1] called the degree of neutral membership of x in
A, and y5(x) € [0,1] called the degree of negative membership of x in A, which satisfies the
condition: (for all x € X) (0 < Ba(x) <1) and 0 < ax(X) + YA(X) < 1,n > 1, is an integer.
Here, a,(x) and yp(x) are dependent neutrosophic components and [(x) is 100%
independent.
For the convenience, (aa(x),Ba(x),ya(x)) is called as n-Cylindrical neutrosophic number
(briefly, n-CyNN) and is denoted as A = {(x,, Ba, Ya)}-
Definition 2.7 [11] Let {A;:i € I} be an arbitrary family of n-CyNS in X. Then, N A; =
{(x inf(c, (x)), inf(Ba, (x)), Sup(Ya, (x))):x € X).

U A; = {(x, sup(ay, (), sup(Ba;(x)), inf(ys; (x))): x € X}.
Definition 2.8 [11] O¢yn = {(x,0,0,1):x € X} and 1¢yn = {(x,1,1,0):x € X}.
Definition 2.9  [11] (The Basic Connectives) Let ¢y n(X) denote the family of all n-CyNS’s
on X.
Inclusion: For every two A, B € t¢yn(X), the inclusion of two n-CyNS’s A and B is A € B iff
(for all x € X, ap(x) < ag(x) and Ba(x) < Bp(X) and ya(x) = yp(x)) and (AS B and B <
A).
Union: For every two A,B € Tcyn(X), the union of two n-CyNS’s A and B is AUB(x) =
{{x, max(a,(x), ag(x)), max(Ba(x), Ps(x)), min(ys(x),vg(x))):x € X}.
Intersection: For every two A, B € t¢yn(X), the intersection of two n-CyNS’s A and B is AN
B(x) = {{x, min(a(x), ag(x)), min(Ba(x), B (x)), max(ya(x), yg(x))): x € X}.
Complementary: For every A € tcyn(X), the complement of an n-CyNS A is At =
{{x¥a(x),1 = Ba(x), aa(x)):x EX}.
Sum: For every two A,B € Tcyn(X), the sum of two n-CyNS’s A and B is AD B(x) =

{0 (20, max(Ba (), Bs (), min(ya(x), ys(x))):x € X}.
Difference: For every two A, B € t¢yn(X), the difference of two n-CyNS’s A and B is A©

B(x) = {(x max(as (), o5 (x)), min(Ba (), By (x)), (LEZTEH): x € X},
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Product: For every two A, B € Tcyn(X), the product of two n-CyNS’s A and B is A ® B(x) =
{(x, (aa(®) - a5 (%)), (Ba() - Bp(x)), (Ya(®) - Y(x))):x € X}.

Division: For every two A, B € T¢yn(X), the division of two n-CyNS’s A and B is
A @ B(x) = {{x, min(a, (x), ag(x)), (Ba(¥) - Bp(x)), max(va(x), vp(x))):x € X}.

Remark 2.1 [11]
If A€ B and B € C then A € C,
AUB=BUA and ANB=BnA,
(AuB)uC=AU(BUC) and (ANB)NC=An(BnO),
(AuB)NnC=(AnCu(BnC)and (ANB)UC=(AUC)N (BN O),
ANA=Aand AUA=A,
De Morgan’s Law for A and B ie., (AUB)¢ = A°N B¢ and (AN B)¢ = A°U B¢,
(A®B) = (B A,

8. (A®QB)=(BX®A).
Definition 2.10 [12] An n-Cylindrical neutrosophic topology (briefly, n-CyNt) on a non-

Nk W =

empty set X is a family, Tcyn, of n-CyNS’s in X which satisfies the following conditions:

1. Ocyn, 1eyn € Teyns

2. A NA; € teyns

3. UAj € t¢y, for any arbitrary family A; € tcyn,i € L

The pair (X, Tcyn) is called an n-Cylindrical neutrosophic topological Spaces (briefly, n-CyNts)

and any n-CyNS belongs to Tcyy is called an n-Cylindrical neutrosophic open set (briefly, n-
CyNos) and the complement of n-CyNos is called n-Cylindrical neutrosophic closed set (briefly,
n-CyNcs) in X. Like classical topological spaces and fuzzy topological spaces, the family
{Ocyn, Lcyn} is called indiscrete n-CyNts and the topology containing all the n-CyN subsets is
called discrete n-CyNts.
Remark 2.2 [12] Obviously any fuzzy topological spaces or intuitionistic fuzzy topological
spaces or Pythagorean fuzzy topological spaces is an n-CyNts as any subsets of the fuzzy spaces,
intuitionistic fuzzy space, and Pythagorean fuzzy space can be viewed as n-CyN subsets.
Definition 2.11 [12] Let A and B be two n-Cylindrical neutrosophic subsets of an n-CyNts.
B is called neighbourhood of A if there exists an n-CyNos, O such that A € O c B.
Proposition 2.1 [12] A c X is n-Cylindrical neutrosophic open in (X, tcyn) if and only if it
carries a neighbourhood of its subsets.
Definition 2.12  [12] Let (X, tcyn) be an n-CyNts and let A = {(x, a5 (%), Ba(X), Ya(X)):X €
X} is an n-CyNS in X. Then, the n-Cylindrical neutrosophic interior (briefly, n-CyNint) is
defined as the n-CyN union of all n-CyN open subsets of X. ie, n-CyNint(A) =U {G:GE€E
Tcyn and G € A}
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Clearly, n-CyNint(A) is the biggest n-CyNos that is contained by A.
Definition 2.13  [12] Let (X, tcyn) be an n-CyNts and let A = {(x, a5 (x), Ba(X), Ya(X)):X €
X} isan n-CyNS in X. Then, the n-Cylindrical neutrosophic closure (briefly, n-CyNcl) is defined
as the n-CyN intersection of all n-CyN closed subsets of X. ie, n-CyNcl(A) =N {K:Ke€
Tcyn and A € K}
Clearly, n-CyNcl(A) is the smallest n-CyNcs that contains A.
3 n-Cylindrical neutrosophic §f-open sets
In this section, we introduce the concept n-CyN6fos and investigate some related properties.
Definition 3.1  Let (X, tcyn) be an n-CyNts and A be an n-CyNS. Then, A is said to be an n-
CyN

1. regular open set (briefly, n-CyNros), if A = n-CyNint(n-CyNcl(A)),

2. regular closed set (briefly, n-CyNrcs), if A = n-CyNcl(n-CyNint(A)).
Definition 3.2 Let (X, t¢yn) be an n-CyNts and A = {(x, aa(X), Ba(X), Ya(X)): X € X} be an
n-CyNS in X. Then, the n-Cylindrical neutrosophic &-interior of A and the n-Cylindrical
neutrosophic §-closure of A are denoted by n-CyNoint(A) and n-CyNocl(A) are defined as
follows:

1. n-CyNéint(A) = U {G|Gisan n-CyNros and G € A},

2. n-CyNécl(A) =N {K|Kisan n-CyNrcs and A € K}.

Definition 3.3  Let (X, T¢yn) be an n-CyNts and A = {(x, a5 (%), Ba(X), Ya(X)): X € X} be an

n-CyNS in X. A set A is said to be n-CyN
1. open set (briefly, n-CyNos), if A = n-CyNint(A),
d-open set (briefly, n-CyN6os), if A = n-CyNéint(A),
o-pre open set (briefly, n-CyN8Pos), if A € n-CyNint(n-CyNécl(A)),
d-semi open set (briefly, n-CyNdSos), if A € n-CyNcl(n-CyNsint(A)),
da-open set (briefly, n-CyN&wos), if A € n-CyNint(n-CyNcl(n-CyNgint(A))),
6. OB or e"-open set (briefly, n-CyNoBos or e*os), if A € n-CyNcl(n-CyNint(n-
CyN&cl(A))).

The complement of a n-CyNdos (resp. n-CyNdPos, n-CyNdSos, n-CyNdaos, and n-CyNSBos)
is called a n-CyN$ (resp. n-CyNSP, n-CyNoS, n-CyNéSa, and n-CyNoSf) closed set (briefly, n-
CyNé&cs (resp. n-CyNoPcs, n-CyNoScs, n-CyNdacs, and n-CyN§Bcs)) in X.

The family of all n-CyN&os (resp. n-CyNé&cs, n-CyNoéPos, n-CyNoéPcs, n-CyNSdSos, n-
CyNdScs, n-CyNéaos, n-CyNdacs, n-CyNSBos, and n-CyNSBcs) of X is denoted by n-
CyNS0OS(X), (resp. n-CyNSCS(X), n-CyNSPOS(X), n-CyNOPCS(X), n-CyNoéSOS(X), n-
CyN&SCS(X), n-CyNSa0OS(X), n-CyNSsaCS(X), n-CyNSBOS(X), and n-CyNSf CS(X)).
Definition 3.4

Let (X, Tcyn) be an n-CyNts and A = {(X, a5 (%), Ba(X), Ya(X)): X € X} be an n-CyNS in X.
Then, the n-Cylindrical neutrosophic

A

1. &P-interior (resp. n-CyN&S -interior, n-CyNdoa-interior, and n-CyNof-interior or n-
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CyNe*-interior) of A (briefly, n-CyNoPint(A) (resp. n-CyN&8Sint(A), n-CyNdaint(A), and n-
CyNoBint(A) or n-CyNe*int(A)) is defined by n-CyNéPint(A) (resp. n-CyN&Sint(A), n-
CyNdaint(A), and n-CyN§Bint(A) or n-CyNe*int(A))=U {G:G S A and G is a n-CyNo6Pos
(resp. n-CyN&Sos, n-CyNéaos and n-CyNSBos or n-CyNe*os) in X}.

2. &P -closure (resp. n-CyN&S -closure, n-CyNdoa-closure and n-CyNo-closure or n-
CyNe*-closure) of A (briefly, n-CyNSPcl(A) (resp. n-CyNoScl(A), n-CyNoacl(A) and n-
CyN&Bcl(A) or n-CyNe*cl(A)) is defined by n-CyNS&Pcl(A) (resp. n-CyNdS cl(A), n-
CyNdacl(A) and n-CyN&Bcl(A) or n-CyNe*cl(A))=N {K:K2 A and K is a n-CyNo6Pcs
(resp. n-CyN&Scs, n-CyNdacs and n-CyN&fcs or n-CyNe*cs) in X}.

Proposition 3.1 Let (X, tcyn) be a n-CyNts. Then, the following statements are hold but the
converse does not true.

1. Every n-CyNd&os (resp. n-CyN&cs) is a n-CyNos (resp. n-CyNcs),

Every n-CyN&os (resp. n-CyNdcs) is a n-CyNoSos (resp. n-CyNSScs),
Every n-CyN&os (resp. n-CyNocs) is a n-CyNoPos (resp. n-CyNoPcs),
Every n-CyN&8Sos (resp. n-CyN&Scs) is a n-CyN§Bos (resp. n-CyN§Bcs),
Every n-CyN&Pos (resp. n-CyNSPcs) is a n-CyNSBos (resp. n-CyNSBcs),
Every n-CyN8aos (resp. n-CyN&acs) is a n-CyNdSos (resp. n-CyNoScs),

7. Every n-CyNd&aos (resp. n-CyNdacs) is a n-CyNoPos (resp. n-CyNoPcs).
Proof.

1. If A is a n-CyNodos in X, then A = n-CyNdint(A). So, A =n-CyNdint(A) S n-
CyNint(A). Therefore, A is a n-CyNos.

2. If A is a n-CyNdos in X, then A =n-CyNdint(A). So, A =n-CyNéint(A) € n-
CyNcl(n-CyNdint(A)). Therefore, A is a n-CyNd&Sos.

3. If Ais a n-CyNodos in X, then A = n-CyNdint(A). So, A = n-CyNdint(A) € n-
CyNint(n-CyNd&cl(A)). Therefore, A is a n-CyNS8Pos.

4. If A is a n-CyNdSos in X, then A € n-CyNcl(n-CyN&int(A)) € n-CyNcl(n-CyNint(n-
CyNdcl(A))). Therefore, A is a n-CyNoos.

5. If A is a n-CyN&Pos in X, then A € n-CyNint(n-CyN&cl(A)) € n-CyNcl(n-CyNint(n-
CyNo&cl(A))). Therefore, A is a n-CyNoos.

6. If A is a n-CyN8aos in X, then A € n-CyNint(n-CyNcl(n-CyNdint(A))). So A € n-
CyNint(n-CyNcl(n-CyNdint(A))) € n-CyNcl(n-CyNsint(A)). Therefore, A is a n-CyNdSos.

7. If A is a n-CyNdaos in X, then A € n-CyNint(n-CyNcl(n-CyNdint(A))). So, A € n-
CyNint(n-CyNcl(n-CyNdint(A))) € n-CyNint(n-CyN&cl(A)). Therefore, A is a n-CyNoPos.

It is also true for their respective closed sets.
Example 3.1 Let X = {x4,X,} and the n-Cylindrical neutrosophic sets A;,A,, A3, A, and Ag
in X are defined as

A; = {(x4,0.1250732,0.50,0.1850738), (x5,0.1450734,0.50,0.1650736)}

A, = {(x4,0.1150731,0.50,0.1950739), (x,,0.1350733,0.50,0.1750737)}

AR
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A; = {(x4,0.1950739,0.50,0.1150731), (x,,0.1750737,0.50,0.1350733)}
A, = {(x1,0.1250732,0.50,0.1850738), (x,,0.1350733,0.50,0.1750737)}
As = {(x4,0.1850738,0.50,0.1250732), (x,, 0.1650736,0.50,0.1450734)}
Then, we have teyn = {Ocyn, 1eyn, A1, Az, As, Ay} be a n-Cylindrical neutrosophic topology on
X. Then,
1. A, isa n-CyNos (resp.n-CyNSPos) but not n-CyNdos.
Az is a n-CyNdSos but not n-CyNdos.
A, is a n-CyNdSaos but not n-CyNSPos.
is a n-CyNoaos but not n-CyNdSos.
Az is a n-CyNoPos but not n-CyNSBos.
6. A, isa n-CyNéSos but not n-CyN&fos.
Remark 3.1 The diagram shows that n-CyNSfos’s in n-CyNts.
Figure 3.1 From the above Proposition 3.1 and Example 3.1, the following implications are hold.

A
>
vl

. n-CyNdos

n-CyNéSos | —— | 1-CyNoPos (——’u-CyNéPOS

/

n-CyNdaos

Note: A — B denotes A implies B, but not conversely.

Theorem 3.1  Let (X, Tcyn) be a n-CyNts and let A and B be n-CyNS’s. Then, the following
statements are hold.

1. n-CyN6Bint(Ocyn) = Ocyn and n-CyN&Bint(1cyn) = Lcyn,

2. A isa n-CyNépos, iff A = n-CyNSBint(A),

3. n-CyN§&Bint(A) is the greatest n-CyNofos containing A,

4. n-CyNoBint(n-CyNSBint(A)) = n-CyNsBint(A),
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A € B implies that n-CyNoBint(A) € n-CyNo6Bint(B),
n-CyN&Bint(A N B) = n-CyNoBint(A) N n-CyNSBint(B),
n-CyN§Bint(A U B) 2 n-CyNoBint(A) U n-CyNSBint(B),
n-CyN&Bint(A) € A,

9. (1cyn — n-CyN6Bint(A)) = n-CyN&Bcl(1cyn — A).

Proof.

1. The proofs are directly from Definition 3.2.

2. Suppose, A is any n-CyNSBos of X. Then, the greatest n-CyN§Bos containing in A is
itself. Therefore n-CyN§Bint(A) = A

3. If G is any n-CyNéBos contained in A, then A S n-CyNofint(A). Hence, n-
CyN6Bint(A) is the greatest n-CyNSfos containing A.

4. By (iii) the greatest n-CyN&fos containing n-CyNoBint(A) is itself. Hence, n-
CyNo6Bint(n-CyNo6Bint(A)) = n-CyNoBint(A).

5. n-CyNoint(B) =U {G|Gisan-CyNros and G € B} 2U {G|Gisan-CyNros and G S
A} = n-CyN§Bint(A). Then, n-CyN§Bint(A) € n-CyNo6Bint(B).

6. n-CyNoBint(A N B) =U {G|Gisa n-CyNros and G € A N B} = (U {G|G isa n- CyNros
and G € A}) N (U{G|Gisan-CyNros and G € B}) = n-CyN§fint(A) N n-CyNSBint(B).

el

7. ASAUB or BS AUB. Hence, n-CyNSBint(A) € n - CyN§Bint(AUB) or n-
CyNoBint(B) € n-CyNéfint(A U B). Therefore, n-CyN6fBint(A U B) 2 n-CyN6éfBint(A) Un-
CyNéBint(B).

8. n-CyNé&Bint(A) =U {G|G isa n-CyNros and G € A}. Thus, n-CyNSBint(A) € A.

9. n-CyNéBint(A) is the greatest n-CyNSfos containing A. The complement is the smallest
n-CyNéfcs contained in 1cyy — A. Therefore, 1cyny — n-CyN6Bint(A) = n-CyN6Bcl(1cyn —
A).

Theorem 3.2 Let (X, Tcyn) be a n-CyNts and let A and B be n-CyNS’s. Then, the following
statements are hold.

n-CyN&Bcl(0¢yn) = Ocyn and n-CyN&Bcl(1cyn) = Leyn,

A is a n-CyN&fcs iff A = n-CyN§Bcl(A),

n-CyN&Bcl(A) is the smallest n-CyNSBcs contained in A,
n-CyN&Bcl(n-CyNSBcl(A)) = n-CyNSBcl(A),

A € B implies that n-CyNdBcl(A) € n-CyNdeltacl(B),

n-CyN6Bcl(A N B) € n-CyN6éBcl(A) N n-CyNSBcl(B),

n-CyN&Bcl(A U B) = n-CyNo6Bcl(A) U n-CyNSBcl(B),

A € n-CyNo6Bcl(A),

. (Icyn — n-CyNSBcl(A)) = n-CyNsBint(1cyn — A),

10. x € n-CyNG&Bcl(A) iff AN B # O¢yn for every n-CyNSBos B containing X,
11. n-CyN6&Bcl(A) = A iff A isa n-CyN§fcs.

O 0N A LN
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Proof. (x) Suppose, x € n-CyNSBcl(A). Let B be a n-CyNSBos containing x. If ANB =
Ocyn, then 1cyn — B is a n-CyN&Bcs containing A and so x € n-CyNSBcl(A), a contradiction.
Therefore, AN B # O¢cyn. If x € n-CyN6Bcl(A), then there exists a n-CyN&Bcs C containing
A3x ¢ C. Then, D =1¢yy —C is a n-CyN&Bos containing x such that AND = O¢yn, a
contradiction. Therefore, x € n-CyNofcl(A). The other cases are follows from Theorem 3.1.
Remark 3.2 The Theorems 3.1 and 3.2 are also true for n-CyN&Pos, n-CyN8Sos, n-CyNdaos,
and n-CyNoBos of their respective interior and closure operators.

Theorem 3.3  Let (X, Tcyn) bea n-CyNts and {Aq|a € I} be a family of n-CyN&Bo (resp. n-
CyN&Bc) sets in (X, Tcyn). Then, U {Aq|a € I} (resp. N {Aq|a € 1}) is a n-CyNSPos (resp.
n-CyNofcs).

Proof. Let {Aq|a € I} be a family of n-CyN&Bo sets in (X, Tcyn). Then, for each a, Ay E n-
CyNcl(n-CyNint(n-CyNocl(Ay))).

Since, Ao €U Aqn - CyNcl(n - CyNint(n - CyN&cl(Ay))) En - CyNcl(n - CyNint(n -
CyNocl(U Agy))) and also Ay € n-CyNcl(n-CyNint(n-CyNécl(U Ay))).

Hence, U A, € n-CyNcl(n-CyNint(n-CyNécl(U A,))) which shows that U A, is an n-
CyN6pos. The other case is similar.

Remark 3.3 The Theorem 3.3 is also true for n-CyNoSos(X),n-CyNéPos(X), and n-
CyNéao(X).

Proposition 3.2 If A isa n-CyN&os and B is a n-CyN6fBos, then AN B is a n-CyN§fos.
Proof. ANB S Ann - CyNcl(n - CyNint(n - CyNécl(B))) € n - CyNcl(ANn - CyNint(n -
CyNécl(B))) € n-CyNcl(n-CyNint(n-CyNécl(A N B))). Therefore A N B is a n-CyN§fos.
Remark 3.4 The Proposition 3.2 is also true if B is a n-CyNdoPos,n-CyNéSos, and n-
CyNéaos.

Proposition 3.3 If A isa n-CyN6Pos and B is a n-CyNoaos. Then, AN B is a n-CyN8Pos.

Proof. N B € n-CyNint(n-CyNé&cl(A))) N n-CyNint(n-CyNcl(n-CyN&int(B)) € n-CyNint(n-
CyNint(n-CyNécl(A))) N n-CyNcl(n-CyNdint(B)) € n-CyNint(n-CyNcl(n-CyNocl(A))) N n-
CyNcl(n-CyNoint(B)) S n-CyNint(n-CyNcl(n-CyNo6cl(A N B))) = n-CyNint(n-CyNécl(A N
B)). Therefore, AN B is a n-CyNoPos.

Corollary 3.1 If A is a n-CyN8Pcs and B is a n-CyNSaos. Then, AU B is a n-CyNoPcs.
Proposition 3.4 If A is a n-CyNS of X and B is a n-CyN8Pos of X 3 B € A € n-CyNcl(n-
CyNdint(B)). Then, A is a n-CyN§[os.

Proof. Since B is a n-CyN6Pos, B € n-CyNint(n-CyNé&cl(B)). Now, A € n-CyNcl(n-
CyNdint(B)) € n - CyNcl(n - CyNdint(n - CyNint(n - CyN&cl(B)))) = n - CyNcl(n - CyNint(n -
CyNé&cl(A))). Hence, A € n-CyNcl(n-CyNint(n-CyN &cl(A))). Therefore, A is a n-CyN§fos.
Proposition 3.5 Ifeach B isa n-CyN6Bos which is a n-CyNéScs is also a n-CyN&Sos.

Proof. Let B be a n-CyN§Bos and n-CyN&Scs. Then, B € n-CyNcl(n-CyNint(n-
CyNdcl(B))) and n-CyNint(n-CyNé&cl(B)) € B. Therefore, n-CyNint(n-CyNé&cl(B)) € B and
s0, n-CyNcl(n-CyNint(n-CyNécl(B))) € n-CyNcl(n-CyNéint(B)). Hence, B € n-CyNcl(n-
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CyNint(n-CyN&cl(B))) € n-CyNcl(n-CyNdint(B))). Therefore, B is a n-CyNdSos.
Proposition 3.6 If B isa n-CyN6fcs and n-CyN&Sos. Then, B is a n-CyNdcs.
Proof. Since, B is a n-CyN6Bcs and n-CyNéSos. Then, lre,n —B is a n-CyN6fBos and n-

TeyN — B is a n-CyNo6Sos. Therefore, B is a n-CyNé&cs.

Proposition 3.7 Ifeach B is a n-CyN§Bos which is a n-CyNSacs is a n-CyN&cs.

Proof. Let B be a n-CyN§Bos and n-CyNdacs. Then, B € n - CyNcl(n - CyNint(n -
CyNécl(B))) and n-CyNcl(n-CyNint(n-CyNécl(B)) € B. Therefore, n-CyNcl(n-CyNint(n-
CyN&cl(B)) € B € n - CyNcl(n - CyNint(n - CyN&cl(B))) . So, B =n - CyNcl(n - CyNint(n -
CyNo&cl(B))). Therefore, B is a n-CyNdcs.

Corollary 3.2 Ifeach A is a n-CyN6fcs, which is n-CyNdaos, is also a n-CyNdos.
Theorem 3.4  Let (X, Tcyn) be a n-CyNts, A be a n-CyNdSos and B be a n-CyNS 3 B <
A € n-CyNoScl(B). Then, B is also a n-CyNdSos.

Proof. A € n-CyNéScl(B), implies that n-CyN&Scl(A) € n-CyNdScl(B) and so A S n-
CyNcl(n - CyN&8int(A)) S n - CyNcl(n - CyNdint(B)) and so B S n - CyNcl(n - CyNSint(B)) .
Therefore, B is a n-CyNdSos.

Remark 3.5 Theorem 3.4 is also true for n-CyNS8Pos, n-CyNSaos and n-CyNSfBos.
Theorem 3.5 Let (X, tcyn) bea n-CyNts and B be an n-CyNS. Then, the following statements
are hold.
1. n-CyNéPint(B) € B N n-CyNint(n-CyNéocl(B),
n-CyN6Pcl(B) 2 B U n-CyNcl(n-CyNdint(B),
n-CyN&Sint(B) € B N n-CyNcl(n-CyNdint(B)),
n-CyNéScl(B) 2 B U n-CyNint(n-CyNécl(B)),
n-CyNéaint(B) € B N n-CyNint(n-CyNcl(n-CyN§int(B))),
n-CyNéacl(B) 2 B U n-CyNcl(n-CyNint(n-CyNécl(B))),
n-CyN6Bint(B) € B N n-CyNcl(n-CyNint(n-CyNécl(B))),
n-CyNéBcl(B) 2 B U n-CyNint(n-CyNcl(n-CyNéint(B))).

Proof (i) Since n-CyNoPcl(B) is n-CyNoéPcs, we have n-CyNcl(n-CyNdint(B)) € n-
CyNcl(n-CyNdint(n-CyNéS cl(B))) € n-CyNoPcl(B)). Thus, B U n-CyNcl(n-CyNsint(B)) € n-
CyNoPcl(B). The other cases are similar.

Theorem 3.6 Let (X,tcyn) be a n-CyNts and let A be a n-CyNS. Then, the following
statements are equivalent.

A is n-CyNof dense,

n-CyN6fBcl(A) = Lrcyns

If B is any n-CyNdBcs such that A © B, then B = 1.,

Every non-empty n-CyN&Bos has a non-empty intersection with A,
n-CyNéint(1 —A)=0
Proof. (i) = (ii): Suppose x & n-CyNG6fBcl(A). Then, there exists an n-CyNSBosC containing

CyN&Scs and so by Proposition 3.5, 1

© N LA LN
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x93 CNA=# 0TC v Since C is a non-empty n-CyN&Pos, there is a non-empty n-CyNos H 3
Hc Candso HNA = 0Tc «» @ contradiction. Therefore, n-CyN&cl(A) = TCyN.

(i) = (iii): If B is any n-CyN6fBcs @ A c B, then X = n-CyN§Bcl(A) € n-CyNSBcl(B) =B
which implies that B = Leeon:
(ii1)) = (iv): If C is a non-empty n-CyNoos 3CNA=0
Iy —C is n-CyN6fcs. By (iii), it follows that C =0
(iv) = (v): Suppose that n-CyNoBint(1 —A) # (A
—ANA+#0

implies that 1

then Ac1
a contradiction.
Then, n-CyN§Bint(1

—C and

TCyN ° TCyN

TCyN?
—A)isa
a contradiction to the hypothesis.

—n - CyNéBint(1 —A) =

CyN which shows that A is n-

TcyN TcyN

non-empty n-CyN&os 3 n-CyN&int(1
(v) = (i): n-CyN8int(1ly, —A) # 0y TeyN
Lreon: Thus n-CyN6Bcl(A) = 1y, Hence, n-CyNoBcl(A) = 1,

CyN6pB-dense.
4 Conclusion

TCcyN TCyN?

TCyN

In this paper, we have studied the concepts of n-CyNoBos and n-CyNofcs, along with their
corresponding interior and closure operators within n-CyNts. Fundamental properties of these
structures have been explored and illustrated through examples in the same setting. Additionally,
we have discussed near open sets of n-CyN6fos in n-CyNts. As a potential direction for future
research, these results may be extended to n-Cylindrical neutrosophic §3-continuous mappings
in n-CyNts.
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