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I.  Introduction

The concept of fuzzy sets was first introduced by L.Zadeh [9] in 1965. It shows the degree of
membership of the element in a set. Later, fuzzy topology was introduced by Chang [2] in 1968. In 1983
Atanassov [1] introduced the concept of intuitionistic fuzzy set, where the degree of membership and non-
membership are discussed. Coker [3] introduced intuitionistic fuzzy topological spaces. Florentin Smarandache
[4] introduced and developed the concept of neutrosophic set from the fuzzy sets and intuitionistic fuzzy sets in
1997, who also developed the concept of single-valued neutrosophic set oriented towards real world scientific
and engineering applications. A.A. Salama and S.A. Alblowi [8] introduced neutrosophic topological spaces by
using the neutrosophic sets. In this paper, we introduce one of the concepts namely regular a generalized closed
set in neutrosophic topological spaces.

Il. Preliminaries

Here in this paper the neutrosophic topological space is denoted by (X,t). Also the neutrosophic
interior, neutrosophic closure of a neutrosophic set A are denoted by NInt(A) and NCI(A). The complement of a
neutrosophic set A is denoted by C(A) and the empty and whole sets are denoted by Oy and 1y respectively.
Definition 2.1: [4] Let X be a non-empty fixed set. A neutrosophic set (NS) A is an object having the form A =
{{x, ua(X),0a(X),va(X)): xeX} where ua(X), oa(x), va(x) represent the degree of membership, degree of
indeterminacy and the degree of non-membership respectively of each element xeX to the set A.

A neutrosophic set A = {(x,ua(X),0a(X),va(x)): xeX}can be identified as an ordered triple
(ua(x),0a(X),va(x)) inJ0, 1 "[on X.
Definition 2.2: [4] Let A= (ua(X),0a(X),va(X)) be a NS on X, then the complement C(A) may be defined as
1. C(A) = {{xX1- ua(x),1- va(x)): xeX}
2. C(A) = {X,va(x), 0a(X), ua(X)) : XX}
3. C(A) = {X, va(X),1- 0a(X), pa(X)): xeX}
Note that for any two neutrosophic sets A and B,
4. C(AuB)=C(A)n C(B)
5. C(AnB)=C(A)uUC(B)
Definition 2.3: [8] For any two neutrosophic sets A = {{x, ua(X), aa(X), va(x)): xeX} and
B = {({x, ug(x), ag(x), ve(x)): xeX} we may have

1. ACB o uy(x) < ug(x),o4(x) < og(x)and vy (x) = vy(x) VxeX
2. AcB e uu(x) <ug(x),o4(x) = og(x)and v, (x) = vg(x) VxeX
3. ANB = (x,us(x) A pg(x), 04 (x) A ag(x),va(x) V vg (x))
4. AN B = (x,ug(x) A pp(x), 04 (x) V 0p(x),v4(x) V v (x))
5. AUB = (x, s (x) V up(x), a4 (x) V ap(x), v4 (x) Avp (x))
6. AUB = (x,uy(x) V pp(x), 04 (x) A op(x),va(x) Avp (x))

Definition 2.4: [8] A neutrosophic topology on a non-empty set X is a family t of neutrosophic subsets in X
satisfies the following axioms:
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(NT1) Ow.lyet
(NTz) GiNnG; € T forany G, Gz € T
(NTz1) UG, € tV{G,:i€ J}E1

In this case the pair (X, 7) is a neutrosophic topological space and any neutrosophic set in 7 is known
as a neutrosophic open set (NOS) in X. A neutrosophic set A is a neutrosophic closed set (NCS) if and only if its
complement C(A) is a neutrosophic open set in X. Here the empty set (Oy) and the whole set (1y) may be
defined as follows:

(01) ON = {(x, 0,0,1>ZX € X}
(02) ON ={(x, 0,1,1>:X S X}
(05) On ={({x,0,1,0): x € X}
(04) ON = {(X, 0,0,0):x S X}
(11) 1N = {(X, 1,0,0>:X S X}
(1,) Iy ={(x,1,0,1):x € X}
(1s) Iy ={(x,1,1,0):x € X}
(1) Iy ={&x1,1,1):x € X}

Definition 2.5: [8] Let (X, t) be a NTS and A= {(x, ua(x), oga(X), va(X)): XxeX} be a NS in X. Then the
neutrosophic interior and the neutrosophic closure of A are defined by

NInt(A) = U { G: Gisan NOS in X and G € A}

NCI(A) =n {K: Kisan NCSin X and Ac K}
Note that for any NS A, NCI(C(A)) = C(NInt(A)) and NInt(C(A)) = C(NCI(A)).

Definition 2.6: [5] A neutrosophic set A of a neutrosophic topological space X is said to be
(i) aneutrosophic pre-open set if ASNInt(NCI(A))

(if) a neutrosophic semi-open set if ASNCI(NInt(A))

(iii) a neutrosophic a- open set if ASNInt(NCI(NInt(A)))

(iv) a neutrosophic semi- a-open set if ASNCI(aNInt(A))

Definition 2.7: [5] A neutrosophic set A of a neutrosophic topological space X is said to be
(i) aneutrosophic pre-closed set if NCI(NInt(A)) € A

(ii) a neutrosophic semi-closed set if NInt(NCI(A)) € A

(iii) a neutrosophic a- closed set if NCI(NInt(NCI(A))) € A

(iv) a neutrosophic semi- a-closed set if NInt(aNCI(A)) € A

Definition 2.8: [6] A neutrosophic set A in a neutrosophic topological space (X, t) is said to be a neutrosophic
regular closed set, if A = NCI(NInt(A)) and neutrosophic regular open set if NInt(NCI(A)) = A.

Definition 2.9: [7] A neutrosophic set A in a neutrosophic topological space (X, t) is said to be a neutrosophic
generalized closed set, if NCI(A) < U whenever A < U and U is a neutrosophic open set in X.

Definition 2.10: [6] A neutrosophic set (NS) A in a neutrosophic topological space (X, 7) is a neutrosophic o
generalized closed set, if NaCI(A) < U whenever A € U and U is a neutrosophic open set in X.

I11. Neutrosophic Regular Generalized Closed Set
In this section, we introduce neutrosophic regular generalized closed sets and analyse some of their properties.
Definition 3.1: A neutrosophic set A in a neutrosophic topological space (X, t) is said to be a neutrosophic
regular generalized closed set, if NCI(A) € U whenever A < U and U is a neutrosophic regular open set in X.
The complement A® of the neutrosophic regular generalized closed set is a neutrosophic regular generalized
open set
Example 3.2: Let X={ab}and 1 ={0\,U,V,1x}where U=(x,(0.6,0.7)(0.1,0.1)(0.4,0.2)) and
V=(x, (0.1,0.2)(0.1,0.1)(0.8,0.8)), then (X, 7t) is a neutrosophic topological space. Here the
neutrosophic set A= (x, (0.2,0.2)(0.1,0.1)(0.6,0.7)) is a neutrosophic regular generalized closed set in X, since
A € U and U is a neutrosophic regular open set, we have NCI(A) = U° € U.
Proposition 3.3: Every neutrosophic closed set is a neutrosophic regular generalized closed set in X, but not
conversely in general.
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Proof: Let U be a neutrosophic regular open set in X such that A € U. Since A is a neutrosophic closed set,
NCI(A) = A. By hypothesis, NCI(A) € U. Thus A is a neutrosophic regular generalized closed set in X.
Example 3.4: Let X ={a,b}andr={0\,U,V,1\},where U=(x, (0.6,0.7)(0.1,0.1)(0.4,0.2)) and
V=(x,(0.1,0.2)(0.1,0.1)(0.8,0.8)), then (X, 7) is a neutrosophic topological space. Here the neutrosophic set
A= (x,(0.2,0.2)(0.1,0.1)(0.6,0.7)) is a neutrosophic regular generalized closed set in X. Since for A < U and U
is a neutrosophic regular open set, we have NCI(A) = U° < U. But A is not a neutrosophic closed set in X as
NCI(A) = U® #A.

Proposition 3.5: The union of two neutrosophic regular generalized closed set is a neutrosophic regular
generalized closed set in X.

Proof: Let A and B be neutrosophic regular generalized closed sets in X. Let AuB < U and U be a
neutrosophic regular open set in X, where A € U and B < U. Then NCI(A U B) = NCI(A) u NCI(B) < U, by
hypothesis. Hence A U B is also a neutrosophic regular generalized closed set in X.

IV. Neutrosophic Regular o Generalized Closed Set
In this section, we introduce neutrosophic regular a generalized closed set and analyse some of their properties.

Definition 4.1: A neutrosophic set A in a neutrosophic topological space (X, t) is said to be neutrosophic
regular o generalized closed set, if NaCI(A) € U whenever A € U and U is a neutrosophic regular open set in
X.

Example 4.2:LetX={a,b}and T ={0n,U,V,1\},where U=(x, (0.4,0.2)(0.1,0.1)(0.6,0.7)) and
V=(x, (0.8,0.8)(0.1,0.1)(0.2,0.2)) , then (X, 7) is a neutrosophic topological space. Here the neutrosophic set
A= (x,(0.2,0.2)(0.1,0.1)(0.8,0.8)) is a neutrosophic regular o generalized closed set in X. Since A € U and U
is a neutrosophic regular open set, we have NaCI(A) =AUNCI(NInt(NCI(A))) =0y S U.
Proposition 4.3: Every neutrosophic closed set is a neutrosophic regular a generalized closed set in X , but not
conversely in general.

Proof: Let U be a neutrosophic regular open set in X such that A € U. Since A is neutrosophic closed set,
NCI(A) = A. By hypothesis, NaCl(A) = AUNCI(NInt(NCI(A))) = AUNCI(NInt(A)) < AUNCI(A) = AUA =
A € U. Thus A is a neutrosophic regular o generalized closed set in X.

Example 4.4: Let X={a,b}and ={0\,U,V,1\},where U=(x, (0.6,0.7)(0.1,0.1)(0.4,0.2)) and
V=(x, (0.1,0.2)(0.1,0.1)(0.8,0.8)), then (X, ) is a neutrosophic topological space. Here the
neutrosophic set A= (x, (0.2,0.2)(0.1,0.1)(0.6,0.7)) is a neutrosophic regular a generalized closed set in X.
Since A € U and U is a neutrosophic regular open set, we have NaCl(A) = AUNCI(NInt(NCI(A))) =U°c U .
But A is not a neutrosophic closed set in X as NCI(A) = U #A.

Proposition 4.5: Every neutrosophic regular closed set is a neutrosophic regular o generalized closed set in X,
but not conversely in general.

Proof: Let U be a neutrosophic regular open set in X such that A € U. Since every neutrosophic regular closed
set is a neutrosophic closed set, NCI(A) = A. By hypothesis, NaCI(A) = AUNCI(NInt(NCI(A))) =
AUNCI(NInt(A)) € AUNCI(A) = AUA = A < U. Hence NaCI(A) € U. Thus A is a neutrosophic regular a
generalized closed set in X.

Example 4.6: LetX={a,b} and 7={0y,U,V,1\},where U=(x, (0.6,0.7)(0.1,0.1)(0.4,0.2)) and

V=(x, (0.1,0.2)(0.1,0.1)(0.8,0.8)), then (X, ) is a neutrosophic topological space. Here the
neutrosophic set A= (x,(0.2,0.2)(0.1,0.1)(0.6,0.7)) is a neutrosophic regular o generalized closed set since
NaCl(A) = AUNCI(NInt(NCI(A))) = U° € U, whenever A € U. Butsince NCI(NInt(A)) = U° = A, Alisnot a
neutrosophic regular closed set in X.

Proposition 4.7: Every neutrosophic o closed set is a neutrosophic regular o generalized closed set in X, but not
conversely in general.

Proof: Let U be a neutrosophic regular open set in X such that A € U. Since A is a neutrosophic o closed set,
NCI(NInt(NCI(A))) €A. By hypothesis, NaCI(A) = AUNCI(NInt(NCI(A))) € AUA = A < U. Hence NaCl(A)
c U and A is a neutrosophic regular o generalized closed set in X.

Example 4.8: Let X={a,b} andt={0y,U,V,1\},where U=(x, (0.6,0.7)(0.1,0.1)(0.4,0.2)) and
V=(x, (0.1,0.2)(0.1,0.1)(0.8,0.8)), then (X, ) is a neutrosophic topological space. Here the
neutrosophic set A= (x, (0.2,0.2)(0.1,0.1)(0.6,0.7)) is a neutrosophic regular o generalized closed set, since
NaCl(A) = AUNCI(NInt(NCI(A))) = U° < U, whenever A < U and U is a neutrosophic regular open set in X.
But since NCI(NInt(NCI(A))) = U°Z A, A is not a neutrosophic o closed set in X.

Proposition 4.9: Every neutrosophic generalized closed set is a neutrosophic regular o generalized closed set in
X, but not conversely in general.
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Proof: Let A <€ U and U be a neutrosophic regular open set in X. By hypothesis, NCI(A) € U, whenever A <
U. This implies, NaCI(A) = AUNCI(NInt(NCI(A))) € AUNCI(A) < U. Therefore A is a neutrosophic regular o
generalized closed set in X.

Example4.10:LetX={a,b}andt={0\,U,V, 1y}, whereU=(x, (0.6,0.7)(0.1,0.1)(0.4,0.2)) and
V=(x,(0.1,0.2)(0.1,0.1)(0.8,0.8)), then (X, 7) is a neutrosophic topological space. Here the neutrosophic set
A= (x,(0.2,0.2)(0.1,0.1)(0.6,0.7)) is a neutrosophic regular o generalized closed set in X. Since A € U and U
is a neutrosophic regular open set, we have NaCl(A) = AUNCI(NInt(NCI(A))) = U° € U . But A is not a
neutrosophic generalized closed set in X as NCI(A) = U® ¢ U, whereas A € U.

Remark 4.11: Every neutrosophic regular o generalized closed set and neutrosophic pre-closed set in X are
independent to each other in general.

Example 4.12: Let X = {ab} and 7={0\,U,V,1\}, where U=(x, (0.6,0.7)(0.1,0.1)(0.4,0.2)) and
V=(x,(0.1,0.2)(0.1,0.1)(0.8,0.8)), then (X, 7) is a neutrosophic topological space. Here the neutrosophic set
A= {x,(0.2,0.2)(0.1,0.1)(0.6,0.7)) is a neutrosophic regular o generalized closed set, since NaCl(A) =
AUNCI(NInt(NCI(A))) = U° € U, whenever A € U. But since NCI(NInt(A)) = U° €A, Ais not a
neutrosophic pre-closed set in X.

Example 4.13: Let X={ab} and t = {0U,V,1\} where U=(x,(0.2,0.3)(0.1,0.1)(0.7,0.7)) and
V=(x, (0.8,0.7)(0.1,0.1)(0.2,0.2)), then (X, 1) is a neutrosophic topological space. Here the neutrosophic set
A= (x,(0.1,0.2)(0.1,0.1)(0.7,0.8)) is a neutrosophic pre-closed set in X, since NCI(NInt(A)) = Oy € A. But
since NaCI(A) = AUNCI(NInt(NCI(A))) = U° ¢ U where A € U and U is a neutrosophic regular open set in X,
A is not a neutrosophic regular o generalized closed set in X.

Remark 4.14: Every neutrosophic regular a generalized closed set and neutrosophic semi-closed set in X are
independent to each other in general.

Example 4.15: Let X={ab} and t = {0\U,V,1\}, where U=(x, (0.6,0.7)(0.1,0.1)(0.4,0.2)) and
V=(x,(0.1,0.2)(0.1,0.1)(0.8,0.8)), then (X, 7) is a neutrosophic topological space. Here the neutrosophic set
A= (x,(0.2,0.2)(0.1,0.1)(0.6,0.7)) is a neutrosophic regular o generalized closed set, since NaCIl(A) =
AUNCI(NInt(NCI(A))) = U® © U, whenever A € U. But since NInt(NCI(A)) = V £ A, A is not a
neutrosophic semi-closed set in X.

Example 4.16: Let X={ab} and t = {0\U,V,1\},where U=(x,(0.5,0.2)(0.1,0.1)(0.5,0.8)) and
V=(x, (0.2,0.2)(0.1,0.1)(0.8,0.8)), then (X, 7) is a neutrosophic topological space. Here the neutrosophic set
A= (x,(0.5,0.2)(0.1,0.1)(0.5,0.8)) is a neutrosophic semi-closed set in X, since NInt(NCI(A)) = U < A. But
since NaCl(A) = AUNCI(NInt(NCI(A))) = U° & U where A € U and U is a neutrosophic regular open set in X,
A is not a neutrosophic regular o generalized closed set in X.

Proposition 4.17: The union of two neutrosophic regular o generalized closed set is a neutrosophic regular o
generalized closed set in X.

Proof: Let A and B be the neutrosophic regular o generalized closed set in X. Let A UB < U where U is a
neutrosophic regular open set in X, Then A € U and B € U. NaCl(AU B) = (AUB)UNCI(NInt(NCI(AUB))) <
(AUB)UNCI(AUB) < NCI(AUB) = NCI(A) U NCI(B) < U. Hence AUB is also a neutrosophic regular o
generalized closed set in X.

The relation between various types of neutrosophic closed sets are given in the following diagram:

NBRCs ———— NCS ———» NGCS

.
-

NRaGCS

3
[~~.,

NSCS5 = NPCS

N
L 4
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Proposition 4.18: If A is both a neutrosophic regular open set and neutrosophic regular o generalized closed set
in X, then A is a neutrosophic regular generalized closed set in X.

Proof: Let A <€ U and U be a neutrosophic regular open set in X. By hypothesis, we have
NaCI(A) € U and NCI(A) = NCI(NInt(NCI(A))) & AUNCI(NInt(NCI(A))) = NaCI(A) <€ U. Hence A is a
neutrosophic regular generalized closed set in X.

Proposition 4.19: If A is both a neutrosophic pre-open set and neutrosophic regular o generalized closed set in
X, then A is a neutrosophic regular generalized closed set in X.

Proof: Let A < U and U be a neutrosophic regular open set in X. By hypothesis we have
NaCl(A) € U and NCI(A) = NCI(NInt(NCI(A))) < A U NCI(NInt(NCI(A))) = NaCl(A) € U. Hence A is a
neutrosophic regular generalized closed set in X.

Proposition 4.20: If A is both a neutrosophic regular open set and a neutrosophic regular o generalized closed
set in X, then A is a neutrosophic o closed set in X.

Proof: As A c A, by the hypothesis, NaCIl(A) € A. But we have A € NaCI(A). This implies NaCI(A) = A.
Hence A is a neutrosophic a closed set in X.

Proposition 4.21: Let A be a neutrosophic regular oo generalized closed set in X and AcBCc
NaCl(A), then B is a neutrosophic regular o. generalized closed set in X.

Proof: Let B € U and U is a neutrosophic regular open set in X. Then A € U since AcS B. AsAisa
neutrosophic regular a generalized closed set in X, NaCl(A) € U and by hypothesis B € NaCI(A). This implies
NoCl(B) € NaCI(A) € U. Therefore NaCI(B) < U and hence B is a neutrosophic regular a generalized closed
set in X.

Proposition 4.22: If A is a neutrosophic regular generalized closed set in X and if A € B < NCI(A), then B is
a neutrosophic regular a generalized closed set in X.

Proof: Let B € U and U is a neutrosophic regular open set in X. Then A € U since AcS B. AsAisa
neutrosophic regular generalized closed set in X, NCI(A) < U and by hypothesis B = NCI(A). This implies
NaCI(B) € NCI(B) € NCI(A) € U. Therefore NaCI(B) S U and B is a neutrosophic regular o generalized
closed set in X.

V. Neutrosophic Regular Generalized Open Set
In this section, we introduce neutrosophic regular generalized open sets and analyse some of their properties.
Definition 5.1: A neutrosophic set A in a neutrosophic topological space (X, t) is said to be a neutrosophic
regular generalized open set, if NInt(A) 2 U whenever A 2 U and U is a neutrosophic regular closed set in X.

Example 5.2: Let X={ab}and 1 ={0\,U,V,1y}where U=(x,(0.4,0.5)(0.1,0.1)(0.5,0.7)) and
V=(x, (0.8,0.8)(0.1,0.1)(0.2,0.3)), then (X, 1) is a neutrosophic topological space. Here the
neutrosophic set A= (x, (0.6,0.7)(0.1,0.1)(0.2,0.2)) is a neutrosophic regular generalized open set in X, since A
2 U°and U°®is a neutrosophic regular closed set, we have NInt(A) =U 2 U°,

Proposition 5.3: Every neutrosophic open set is a neutrosophic regular generalized open set in X, but not
conversely in general.

Proof: Let U be a neutrosophic regular closed set in X such that A 2 U. Since A is a neutrosophic open set,
NInt(A) = A. By hypothesis, NInt(A) 2 U. Thus A is a neutrosophic regular generalized open set in X.
Example 5.4: Let X ={a,b}andr={0y,U,V,1y},where U=(x, (0.4,0.2)(0.1,0.1)(0.5,0.7)) and
V=(x, (0.8,0.8)(0.1,0.1)(0.2,0.2)), then (X, 7) is a neutrosophic topological space. Here the neutrosophic set
A= (x,(0.6,0.7)(0.1,0.1)(0.2,0.2)) is a neutrosophic regular generalized open set in X. Since for A 2 U° and
U°® is a neutrosophic regular closed set, we have  NInt(A) = U 2 U°®. But A is not a neutrosophic open set in X
as NInt(A) = U #A.

Proposition 5.5: The intersection of two neutrosophic regular generalized open set is a neutrosophic regular
generalized open set in X.

Proof: Let A and B be neutrosophic regular generalized open sets in X. Let A n B 2 U and U be a neutrosophic
regular closed set in X, where A 2 U and B 2 U. Then NInt(A n B) = NInt(A) n NInt(B) 2
U, by hypothesis. Hence A n B is also a neutrosophic regular generalized open set in X.

V1. Neutrosophic Regular a Generalized Open Set

In this section, we introduce neutrosophic regular o generalized open set and analyse some of their properties.
Definition 6.1: A neutrosophic set A in a neutrosophic topological space (X, 1) is said to be neutrosophic
regular o generalized open set, if Nalnt(A) 2 U whenever A 2 U and U is a neutrosophic regular closed set in
X. The family of all neutrosophic regular o generalized open sets of an neutrosophic topological space (X,1) is
denoted by NRaGO(X).

Example  6.2:Let X={ab}and <t  ={0\,U,V,1\},where  U=(x,(0.5,0.4)(0.1,0.1)(0.5,0.4)) and
V=(x, (0.1,0.2)(0.1,0.1)(0.7,0.7)), then (X, 7) is a neutrosophic topological space. Here the neutrosophic set
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A= (x,(0.6,0.7)(0.1,0.1)(0.3,0.1)) is a neutrosophic regular o generalized open set in X. Since A 2 U°® and U°
is a neutrosophic regular closed set, we have Nalnt(A) = ANNInt(NCI(NInt(A))) = U 2 U°.

Proposition 6.3: Every neutrosophic open set is a neutrosophic regular a generalized open set in X , but not
conversely in general.

Proof: Let U be a neutrosophic regular closed set in X such that A 2 U. Since A is neutrosophic open set,
NInt(A) = A. By hypothesis, NaInt(A) = ANNInt(NCI(NInt(A))) = AnNInt(NCI(A)) 2 AnNInt(A) = ANA
= A 2 U. Thus A is a neutrosophic regular o generalized open set in X.

Example 6.4: Let X={a,b}and 7={0\,U,V, 1y}, where U=(x, (0.5,0.4)(0.1,0.1)(0.5,0.4)) and
V=(x,(0.1,0.2)(0.1,0.1)(0.7,0.7)), then (X, 7) is a neutrosophic topological space. Here the
neutrosophic set A= {x, (0.6,0.7)(0.1,0.1)(0.3,0.1)) is a neutrosophic regular o generalized open set in X. Since
A 2 U° and U° is a neutrosophic regular closed set, we have Nalnt(A) = ANNInt(NCI(NInt(A))) = U2 U°. But
A is not a neutrosophic open set in X as NInt(A) = U #A.

Proposition 6.5: Every neutrosophic regular open set is a neutrosophic regular o generalized open set in X, but
not conversely in general.

Proof: Let U be a neutrosophic regular closed set in X such that A 2 U. Since every neutrosophic regular open
set is a neutrosophic open set, NInt(A) = A. By hypothesis, Nalnt(A) = ANNInt(NCI(NInt(A)))
= AnNInt(NCI(A)) = AnA = A2 U. Hence Nalnt(A) 2 U. Thus A is a neutrosophic regular o generalized
closed set in X.

Example 6.6:Let X={a,b}and = ={0y,U,V,1x},where U=(x, (0.5,0.4)(0.1,0.1)(0.5,0.4)) and

V=(x, (0.1,0.2)(0.1,0.1)(0.6,0.6)), then (X, ) is a neutrosophic topological space. Here the
neutrosophic set A= (x, (0.6,0.7)(0.1,0.1)(0.3,0.1)) is a neutrosophic regular a generalized open set since
Nalnt(A) = ANNInt(NCI(NInt(A))) = U 2 US, whenever A 2 U°. Butsince NInt(NCI(A)) =1y # A, Alisnot a
neutrosophic regular open set in X.

Proposition 6.7: Every neutrosophic o open set is a neutrosophic regular a generalized open set in X, but not
conversely in general.

Proof: Let U be a neutrosophic regular closed set in X such that A 2 U. Since A is a neutrosophic a open set, A
C NInt(NCI(NInt(A))). By hypothesis, Nalnt(A) = ANNInt(NCI(NInt(A))) 2 AnNA=A2
U. Hence Nalnt(A) 2 U and A is a neutrosophic regular a generalized open set in X.

Example 6.8: Let X={a,b} andz={0y,U,V,1y},where U=(x, (0.5,0.4)(0.1,0.1)(0.5,0.4)) and

V=(x, (0.1,0.2)(0.1,0.1)(0.7,0.7)), then (X, ) is a neutrosophic topological space. Here the
neutrosophic set A= (x, (0.6,0.7)(0.1,0.1)(0.3,0.1)) is a neutrosophic regular a generalized open set, since
Nalnt(A) = ANNInt(NCI(NInt(A))) = U 2 U°, whenever A 2 U°®. But since NInt(NCI(NInt(A))) =U 2 A, Ais
not a neutrosophic o open set in X.

Proposition 6.9: Every neutrosophic generalized open set is a neutrosophic regular a generalized open set in X,
but not conversely in general.

Proof: Let A 2 U and U be a neutrosophic regular closed set in X. By hypothesis, NInt(A) 2 U, whenever
A 2 U.This implies, Nalnt(A) = ANNInt(NCI(NInt(A))) 2 ANNCI(A) 2 U. Therefore A is a neutrosophic
regular a generalized open set in X.

Example 6.10: LetX={a,b}and7={0y,U,V,1y},where U=(x, (0.6,0.7)(0.1,0.1)(0.2,0.2)) and
V=<(x,(0.1,0.2)(0.1,0.1)(0.8,0.8)), then (X, 7) is a neutrosophic topological space. Here the neutrosophic set
A= (x,(0.7,0.8)(0.1,0.1)(0.1,0.2)) is a neutrosophic regular o generalized closed set in X. Since A 2 U® and U°
is a neutrosophic regular closed set, we have Nalnt(A) = AUNInt(NCI(NInt(A))) = A 2 U° . But A is not a
neutrosophic generalized closed set in X as NCI(A) = U 2 U°. Whereas A 2 U°.

Remark 6.11: Every neutrosophic regular o generalized open set and neutrosophic pre-open set in X are
independent to each other in general.

Example 6.12: Let X = {ab} and 7={0\,U,V,1\}, where U=(x,(0.5,0.7)(0.1,0.1)(0.4,0.2)) and
V=(x, (0.2,0.2)(0.1,0.1)(0.8,0.8)), then (X, 7) is a neutrosophic topological space. Here the neutrosophic set
A= (x,(0.6,0.7)(0.1,0.1)(0.2,0.2)) is a neutrosophic regular o generalized open set, since Noalnt(A) =
ANNINt(NCI(NInt(A))) = U 2 U, whenever A 2 U® and U°® is a neutrosophic regular closed set in X. But since
NInt(NCI(A)) = U 2 A, Alis not a neutrosophic pre-open set in X.

Example 6.13: Let X={a,b} and t = {0\U,V,1y} where U=(x,(0.2,0.3)(0.1,0.1)(0.6,0.7)) and
V=(x, (0.8,0.7)(0.1,0.1)(0.1,0.1)), then (X, 1) is a neutrosophic topological space. Here the neutrosophic set
A= (x,(0.7,0.8)(0.1,0.1)(0.1,0.2)) is a neutrosophic pre-open set in X, since NInt(NCI(A)) = 1y 2 A. But since
Nalnt(A) = ANNInt(NCI(NInt(A))) = U 2 U° where A 2 U° and U® is a neutrosophic regular closed set in X, A
is not a neutrosophic regular o generalized open set in X.
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Remark 6.14: Every neutrosophic regular o generalized open set and neutrosophic semi-open set in X are
independent to each other in general.

Example 6.15: Let X={ab} and t = {0\U,V,1\}, where U=(x, (0.6,0.7)(0.1,0.1)(0.4,0.2)) and
V=(x, (0.1,0.2)(0.1,0.1)(0.7,0.8)), then (X, 7) is a neutrosophic topological space. Here the neutrosophic set
A= (x,(0.8,0.7)(0.1,0.1)(0.2,0.1)) is a neutrosophic regular o generalized open set, since Nalnt(A) =
ANNInt(NCI(NInt(A))) = U 2 U, whenever A 2 U°. But since  NCI(NInt(A)) = V¢ 2 A, A is not a
neutrosophic semi-open set in X.

Example 6.16: Let X={a,b} and © = {0\,U,V,1y} where U=(x, (0.5,0.2)(0.1,0.1)(0.5,0.8)) and
V=(x,(0.2,0.2)(0.1,0.1)(0.8,0.8)), then (X, 7) is a neutrosophic topological space. Here the neutrosophic set
A= (x,(0.5,0.8)(0.1,0.1)(0.5,0.2)) is a neutrosophic semi-open set in X, since NCI(NInt(A)) = U° 2 A. But
since Nalnt(A) = ANNInt(NCI(NInt(A))) = U 2 U° where A 2 U° and U° is a neutrosophic regular closed set in
X, A is not a neutrosophic regular a generalized open set in X.

The relation between various types of neutrosophic open sets are given in the following diagram:

NROS — NOS —» NuwOS

NRaGOS
/ \’\ |
v
NSOS 4 Ilrs' > NPOS

Proposition 6.17: The intersection of two neutrosophic regular o generalized open sets is a neutrosophic regular
a generalized open set in X.

Proof: Let A and B be the neutrosophic regular a generalized open sets in X. Let ANB 2 U and U be a
neutrosophic regular closed set in X, where A 2 U and B 2 U. Then Nalnt(ANB) =
(ANB)NNINt(NCI(NInt(AnB))) 2 (AnB)NNInt(ANB) = (AnB)NNInt(A)NNInt(B) =2 U, by hypothesis. Hence
A N B is also a neutrosophic regular o generalized open set in X.

Proposition 6.18: If A is both a neutrosophic regular closed set and neutrosophic regular o generalized open set
in X, then A is a neutrosophic regular generalized open set in X.

Proof: Let A 2 U and U be a neutrosophic regular closed set in X. By hypothesis, we have
Noalnt(A) 2 U and NInt(A) = NInt(NCI(NInt(A))) 2 ANNInt(NCI(NInt(A))) = Nalnt(A) 2 U. Hence A is a
neutrosophic regular generalized open set in X.

Proposition 6.19: If A is both a neutrosophic pre-closed set and neutrosophic regular o generalized open set in
X, then A 'is a neutrosophic regular generalized open set in X.

Proof: Let A 2 U and U be a neutrosophic regular closed set in X. By hypothesis we have
Nalnt(A) 2 U and NInt(A) 2 NInt(NCI(NInt(A))) 2 ANNCI(NInt(NCI(A))) = Nalnt(A) 2 U. Hence A is a
neutrosophic regular generalized open set in X.

Proposition 6.20: Let A be a neutrosophic regular o. generalized open set in X and A 2 B 2 Nalnt(A), then B
is a neutrosophic regular a generalized open set in X.

Proof: Let A be a neutrosophic regular a generalized open set in X and B be a neutrosophic set in X. Let A2 B
2 Nalnt(A). Then A®is a neutrosophic regular . generalized closed set in X and A° € B® € NaCI(A®). Then B
is a neutrosophic regular o generalized closed set in X [5]. Hence B is a neutrosophic regular a. generalized
open set in X.

Proposition 6.21: If A is a neutrosophic regular closed set in X and a neutrosophic regular o generalized open
set in X. Then A is a neutrosophic a open set in X.

Proof: As A 2 A, by the hypothesis, Nalnt(A) 2 A. But we have A 2 Nalnt(A). This implies Nolnt(A) = A.
Hence A is a neutrosophic a open set in X.

Proposition 6.22: Let (X,t) be a neutrosophic topological space and every B be a neutrosophic regular closed
set, B € A € NInt(NCI(B)). Then A is a neutrosophic regular a generalized open set in X.
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Proof: Let B be a neutrosophic regular closed set in X. Then B = NCI(NInt(B)). By hypothesis, AC
NInt(NCI(B)) < NInt(NCI(NCI(NInt(B)))) < NInt(NCI(NInt(B))) < NInt(NCI(NInt(A))). Therefore A is a
neutrosophic o open set. Since every neutrosophic a open set is a neutrosophic regular a generalized open set, A
is a neutrosophic regular a generalized open set in X.

VII.  Applications of Neutrosophic Regular a Generalized Closed Sets
In this section we introduce neutrosophic regular a Ty, space, neutrosophic regular aT space, neutrosophic
regular a generalized Ty, space and proved their characterizations.
Definition 7.1: A neutrosophic topological space (X,7) is said to be a neutrosophic regular a T/, space, if every
neutrosophic regular a generalized closed set is a neutrosophic a closed set in X.
Definition 7.2: A neutrosophic topological space (X,7) is said to be a neutrosophic regular a Ty, space, if
every neutrosophic regular a generalized closed set is a neutrosophic closed set in X.
Proposition 7.3: A neutrosophic topological space (X,t) is a neutrosophic regular aT,, space if and only if,
every neutrosophic a open set is a neutrosophic regular a generalized open set in X.
Proof: Necessity: Let A be a neutrosophic regular a generalized open set in X, then A® is a neutrosophic regular
a generalized closed set in X. By hypothesis, A® is a neutrosophic a closed set in X. Therefore, A is a
neutrosophic « open set in X.
Sufficiency: Let A be a neutrosophic regular a generalized closed set in X, then A® is a neutrosophic regular a
generalized open set in X. By hypothesis, A® is a neutrosophic a open set in X. Therefore, A is a
neutrosophicaclosed set in X. Hence (X,t) is a neutrosophic regular aT,, space.
Proposition 7.4: For a neutrosophic regular a T, space in (X,t), the following properties are equivalent:
(i) AeNRaGO(X)
(if) A €NInt(NCI(NInt(A)))
(iii) There exists neutrosophic open set G such that G € A SNInt(NCI(G)).
Proof:(i) = (ii): is obvious.
(if) = (iii): Let A e NInt(NCI(NInt(A))). Then NInt(A) < A < NInt(NCI(NInt(A))). Therefore we have a
neutrosophic open set G = NInt(A) in X such that G € A < NInt(NCI(G)).
(iii) = (i): Suppose there exists a neutrosophic open set G = NInt(A) such that
G € A < NInt(NCI(G)), then (NInt(NCI(G)))* < A°. That is (NInt(NCI(NInt(A))))® < A° which implies
NCI(NInt(NCI(A%))) € A°. Therefore, A® is a neutrosophic o closed set in X. Then A is a neutrosophic o open
set in X and A is a neutrosophic a generalized open set in X. Hence A € NRaGO(X).
Definition 7.5: A neutrosophic topological space (X, 1) is said to be a neutrosophic regular a generalized T,
space, if every neutrosophic regular o generalized closed set in X is a neutrosophic o generalized closed set in
X.
Proposition 7.6: If a neutrosophic topological space (X, 1) is a neutrosophic regular o generalized T/, Space,
then every neutrosophic regular a generalized open set is a neutrosophic a generalized open set.
Proof: Let A be a neutrosophic regular o generalized open set in X. This implies A° is a neutrosophic regular a
generalized closed set in X. Since X is a neutrosophic regular o generalized T/, space, then A® is a neutrosophic
a generalized closed set in X. Hence A is a neutrosophic o generalized open set in X.
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