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I. INTRODUCTION

In 1970, N. Levine [4] introduced the class of generalized closed sets in topological spaces. Different
types of generalization of closed sets were introduced and studied by various mathematicians. The notion of
generalization of generalized regular b-closed set and its properties are given in [7]. In this paper, we introduce
generalization of generalized regular b-open sets and introduce the notions of ggrb-neighborhood, ggrb-limit

points, ggrb-interior, ggrb-closure of a set and study their properties.
Il. PRELIMINARIES

Throughout this paper (X,t) or X represents a topological space on which no separation axiom is
assumed unless otherwise mentioned. For a subset A of a topological space X, cl(A) and int(A) denote the

closure of 4 and interior of A respectively. We recall some definitions and theorems.
Definition 2.1: Let X be a topological space. A subset A of X is said to be

1. Regular open [8] if A = int(cl(4)).
2. b-open [1] if A € int(cl(A)) U cl(int(A)).

Definition 2.2: A subset A of a topological space X is said to be
1. Generalized closed (g-closed) [4] if cl(A) € U whenever A € U and U is open in X.
2. Regular b-closed (rb-closed) [5] if rcl(A) € U whenever A € U and U is b-open in X.

3. Regular ~generalized closed (r”g-closed) [6] if gcl(A) < U whenever A < U and U is regular open in X.

The complements of the sets mentioned above are their open sets respectively.
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Definition 2.3: Let (X, t) be a topological space and A € X. Then g-closure [2] and r-closure of A is denoted
by gcl(A) and rcl(A) and defined as the intersection of all g-closed sets and regular closed sets containing A

respectively.

Definition 2.4: Let X be a topological space and A € X. Then g-interior [2] and r” g-interior [6] of A is denoted
by gint(A) and r*gint(A) and defined as the union of all g-open sets and r”g-open sets contained in A

respectively.

Definition 2.5: [7] A subset A of a topological space X is called the generalization of generalized regular
b-closed (ggrb-closed) set if gcl(A) < U whenever A € U and U is rb-open in X. We use the notation
GGRBC(X) to denote the set of all ggrb-closed sets in X.

Remark 2.6: Let A be any subset of X. Then gcl(X — A) = X — gint(4).

Theorem 2.7: [7]
(i) Every closed set is ggrb-closed.
(if) Every g-closed set is ggrb-closed.

(iii) Every ggrb-closed set is r* g-closed.

Theorem 2.8: [7] If a subset A of a topological space (X, 1) is ggrb-closed, then gcl(A) — A does not contain

any non-empty rb-closed set in (X, 7).
Theorem 2.9: [7] Union of two ggrb-closed set is a ggrb-closed set.
11l. THE GENERALIZATION OF GENERALIZED REGULAR b-OPEN SET

In this section, we introduce ggrb-open set and derive its properties. Also we define

ggrb-neighborhood and discuss some of its properties.

Definition 3.1: A subset A of a topological space (X,t) is called a ggrb-open set in Xif X —A is a
ggrb-closed set in (X, 7). We use the notation GGRBO (X) to denote the set of all ggrb-open sets in X.

Theorem 3.2: If A and B are ggrb-open sets in a topological space (X, 1), then A n B is also a ggrb-open set
in (X, 7).

Proof: Let A and B be ggrb-open sets in (X,7). Then X — A and X — B are ggrb-closed sets in (X, 7).
Therefore by Theorem 2.8, (X —A)U (X —B) is ggrb-closed in (X,7). But X—-A)U (X —B) =
X — (AN B). Therefore X — (A n B) is ggrb-closed in (X, 7). Hence AN B isa ggrb-open set in (X, 7).

Remark 3.3: The union of two ggrb-open sets need not be ggrb-open. For example, let X = {a, b, c,d} and
T = {@,{a}, {b},{a,b},{a, b,c}, X} be a topology on X. Then ggrb-open sets are @,{a},{b}, {c},{d}, {a, b},
{a,c},{a,d},{b,c},{b,d},{a,b,c}, {a,b,d} and X. Take A = {c} and B = {d}. Then A and B are ggrb-open
setshut AU B = {c,d} isnota ggrb-open setin X.
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Theorem 3.4: A subset A of a topological space X is ggrb-open if and only if U € gint(A) whenever U € A

and U is rb-closed in X.

Proof: Necessity: Suppose A is ggrb-open in X. Let U be any rb-closed in X suchthat U € A. Then X — A €
X—-U and X—U is rb-open in X. Since X —A is ggrb-closed, we have gcl(X —A) € X —U. But
gcl(X —A) = X — gint(A). Therefore X — gint(4) € X — U. Hence U < gint(A).

Sufficiency: Suppose U € gint(A) whenever U € A and U is rb-closed in X. Let U be any rb-open set in X
such that X —A € U. Then X —U € A and X — U is rb-closed in X. By hypothesis X — U < gint(A4) and so
X — gint(A) € U. Therefore gcl(X —A) € U. Therefore X — A is a ggrb-closed set in X. Hence A is
ggrb-openin X.

Theorem 3.5: Let A and B be any two subsets of a topological space X. If gint(A) € B < Aand A is ggrb-
open in X, then B is ggrb-open in X.

Proof: Suppose that gint(A) € B € A and A be ggrb-open in X. Let F be any rb-closed set in X such that
F S B.Since FS B and B<C A, F € A. Since A is ggrb-open, we have F € gint(A). But gint(4) € B, so
gint(A) < gint(B). Therefore F < gint(B). Hence B is ggrb-open in X.

Theorem 3.6: If A € X isa ggrb-closed set, then gcl(4) — A is a ggrb-open set in X.

Proof: Let A be a ggrb-closed set in X. Let F be any rb-closed set in X such that F < gcl(A) — A. Then by
Theorem 2.7, F = @. Therefore F < gint(gcl(A) — A). Hence gcl(A) — A is a ggrb-open set in X.

Remark 3.7: The converse of Theorem 3.6 need not be true. For example, let X = {a,b,c,d} and
T = {@,{a}, {b},{a,b},{a,b,c}, X} be atopology on X. Then the g-closed sets are @,{d}, {a,d},{b,d}, {c,d},
{a,b,d},{a,c,d},{b,c,d},X; ggrb-closed sets are @,{c},{d},{a, c}{a d} {b, c},{b,d} {c,d} {a b,c}
{a,b,d},{a,c,d},{b,c,d}and X. Take A = {a, b}. Then gcl(A) — A = {a,b,d} — {a, b} = {d} is ggrb-open in
X.But Aisnota ggrb-closed set in X.

Theorem 3.8: Let A and B be subsets of X. If B is ggrb-open and gint(B) < A, then AN B is a ggrb-open

setin X.

Proof: Let B be ggrb-open in X and gint(B) < A. Clearly, gint(B) S B. Therefore gint(B) €S AN B < B.
Then by Theorem 3.5, A n B is ggrb-open in X.

Theorem 3.9: If a subset A is ggrb-open in X and G is rb-open in X with gint(4) U (X — A) € G, then
X=aG.

Proof: Suppose G is rb-open in X with gint(4) U (X — A) € G. This implies X — G < (X — gint(4)) N A =
gcl(X —A)n A = (gcl(X — A)) — (X — A). Since X — A is ggrb-closed and X — G is rb-closed, by Theorem
27, X— G =0.Hence X =G.

Definition 3.10: Let X be a topological space and x € X. A subset N of X is said to be a ggrb-neighborhood of

x if there exists a ggrb-open set G such that x € G = N.
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Definition 3.11 : Let (X, 7) be a topological space and A be a subset of X. A subset N of X is said to be a
ggrb-neighborhood of A if there exists a ggrb-open set G suchthat A € G S N.

Theorem 3.12: Every neighborhood N of x belongs to X is a ggrb-neighborhood of x.

Proof: Let x € X and N be a neighborhood of x. Then there exists an open set G such that x € G € N. Since
every open set is ggrb-open, we have a ggrb-open set G such that x € G € N. Hence N is a ggrb-

neighborhood of x.

Remark 3.13: In general, a ggrb-neighborhood of x need not be a neighborhood of x. For example, let X =
{a,b,c,d} and © = {®,{a},{b},{a,b},{a,b,c}, X} be a topology on X. Since d € {d} < {a,b,d}, we have
{a,b,d} is a ggrb-neighborhood of d. But {a, b, d} is not a neighborhood of d, since there is no open set G such
thatd € G < {a,b,d}.

Theorem 3.14: Every ggrb-open set is a ggrb-neighborhood of each of its points.

Proof: Suppose N is a ggrb-open set in X. Let x € N. Then by Definition 3.10, we have N is a ggrb-

neighborhood of x. Hence N is a ggrb-neighborhood of each of its points.

Remark 3.15: The converse of Theorem 3.14 need not be true. For example let X ={a,b,c,d} and
= {@,{a},{b},{a,b},{a,b,c},X} be a topology on X. Then GGRBO(X) = {®,{a},{b},{c} {d},{a, b},
{a,c},{a,d},{b,c},{b,d},{a, b,c},{a b,d}, X} Take N = {c,d}. Then there exist ggrb-open sets {c}, {d} such
that c € {c} € N and d € {d} S N. Therefore N is a ggrb-neighborhood of ¢ and d but it is not a ggrb-open

setin X.

Theorem 3.16: Let X be a topological space. If F is a ggrb-closed subset of X and x € X — F, then there exists
a ggrb-neighborhood N of x suchthat N n F = @.

Proof: Let F be a ggrb-closed subset of X and x € X — F. Since X — F is a ggrb-open set in X, we have X —
F is a ggrb-neighborhood of each of its points. Hence there exists a ggrb-neighborhood N of x such that N <
X—F.Hence NNnF = @.

Definition 3.17: The collection of all ggrb-neighborhood of x € X is called a ggrb-neighborhood system at x
and is denoted by ggrb — N (x).

Theorem 3.18: Let (X, ) be a topological space and x € X. Then

() ggrb — N(x) # @ forevery x € X.
(i) If N € ggrb — N(x), then x € N.
(iii) N € ggrb — N(x) and M contains N implies M € ggrb — N(x).
(iv) N € ggrb — N(x)and M € ggrb — N(x) impliesN N M € ggrb — N(x).
(v) If N € ggrb — N(x), then there exists M € ggrb — N(x) such that M € N and M € ggrb — N(y)
forevery y € M.
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Proof: (i) Since X is a ggrb-open set, it is a ggrb-neighborhood of every x € X. Therefore there exists atleast

one ggrb-neighborhood, namely X for each x € X. Hence ggrb — N(x) # 0.

(i) If N € ggrb — N(x), then N is a ggrb-neighborhood of x. Therefore there exists a ggrb-open set G such
that x € G € N. Hence x € N.

(iii) Let N € ggrb — N(x). Suppose M contains N. Since N is a ggrb-neighborhood of x, there exists a ggrb-
open set G such that x € G € N. Since N € M, we have x € G S M. Therefore M is a ggrb-neighborhood of x.
Hence M € ggrb — N(x).

(iv) Let N € ggrb — N(x) and M € ggrb — N(x). Then there exist ggrb-open sets G, and G, such that x €
G, SN and x € G, € M. This implies x € G, N G, © N n M. Since intersection of two ggrb-open set is
ggrb-open, we have G, NG, is ggrb-open. Therefore NN M is a ggrb-neighborhood of x. Hence
NNnMeggrb— N(x).

(V) Let N € ggrb — N(x). Then there exists a ggrb-open set M such that x € M < N. Since M is a ggrb-open
set, it is a ggrb-neighborhood of each of its points. Hence M € ggrb — N(y) for every y € M.

IV. ggrb-INTERIOR AND ggrb-CLOSURE OF A SET

In this section, we introduce the concepts of ggrb-interior and ggrb-closure and derive their

properties.

Definition 4.1: Let A be a subset of a topological space (X,7). Then ggrb-interior of A is denoted by

ggrbint(A) and defined as the union of all ggrb-open sets contained in A.
That is, ggrbint(4) =U {G: G < A and G is ggrb-open in X}.

Definition 4.2: Let A be a subset of a topological space X. A point x € X is said to be a ggrb-interior point of A
if there exists a ggrb-open set G such that x € G < A.
Equivalently, by Definition 3.10, x is a ggrb-interior point of A if A is the ggrb-neighborhood of x.

Theorem 4.3: Let A be a subset of a topological space X. Then ggrbint(A) is the set of all ggrb-interior
points of A.

Proof: x € ggrbint(A) & x €U {G: G S Aand G is ggrb-open set in X}.
& There exists a ggrb-open set G such that x € G < A.
& x is a ggrb-interior point of A.

This shows that ggrbint(A) consists of all ggrb-interior points of A.

Theorem 4.4: Let A and B be subsets of a topological space (X, 7). Then

(i) ggrbint(X) = X and ggrbint(®) = Q.
(i) ggrbint(A) < A.
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(iii) If B is a ggrb-open set contained in A, then B < ggrbint(A).
(iv) If A € B, then ggrbint(A) € ggrbint(B).
(v)  ggrbint(A) = ggrbint(ggrbint(A)).

Proof: Let A and B be subsets of (X, 7).

(i) Since X is ggrb-open and ggrbint(X) is the union of all ggrb-open set contained in X, we have

ggrbint(X) = X. Also since @ is the only ggrb-open set contained in @, ggrbint(@) = @.
(ii) Directly follows from the definition ggrb-interior.

(iii) Let B be any ggrb-open set contained in A. Since ggrbint(A) is the union of all ggrb-open set contained

in A, ggrbint(A) contains every ggrb-open sets which is contained in A. Therefore B € ggrbint(A).

(iv) Suppose A € B. Let x € ggrbint(A). Then x is a ggrb-interior point of A. Therefore there exists a
ggrb-open set G such that x € G € A. Since A € B, x € G S B. Therefore x is ggrb-interior point of B. This
implies x € ggrbint(B). Hence ggrbint(A) < ggrbint(B).

(v) If GS A and G is ggrb-open in X, then by (iii), G S ggrbint(4). Again by using (iii), G <
ggrbint(ggrbint(A)). Therefore U{G:G S A,Gis ggrb-open in X} < ggrbint(ggrbint(A)).That is,
ggrbint(A) € ggrbint(ggrbint((A)). By (ii), ggrbint(ggrbint(A)) € ggrbint(A). Hence, ggrbint(A) =
ggrbint(ggrbint(A)).

Theorem 4.5 : Let A and B be subsets of a topological space (X, 7). Then

(M ggrbint(A) U ggrbint(B) € ggrbint(A U B).
(i) ggrbint(A n B) = ggrbint(A) n ggrbint(B).

Proof: Let A and B be subsets of X.

(i) Since A € AU B, ggrbint(A) < ggrbint(A U B). Also ggrbint(B) < ggrbint(A U B), since B € AU B.
Therefore ggrbint(A) U ggrbint(B) € ggrbint(A U B).

(if) Again An B < A implies ggrbint(A N B) € ggrbint(A). Also An B € B implies ggrbint(AN B) <
ggrbint(B). Therefore ggrbint(A N B) € ggrbint(A) N ggrbint(B). On the other hand, let
x € ggrbint(A) N ggrbint(B). Then x € ggrbint(A) and x € ggrbint(B). Then there exist ggrb-open sets
A, € Aand B; € B such that x € A; and x € B,. By Theorem 3.2, A, N B; is a ggrb-open set contained in
ANB such that x € A, N B;. Then by Theorem 4.4 (iii), A; N B; € ggrbint(ANn B). This implies
x € ggrbint(A n B). Therefore ggrbint(A) n ggrbint(B) S ggrbint(A N B). Hence ggrbint(ANB) =
ggrbint(A) n ggrbint(B).

Remark 4.6: In general, ggrbint(A U B) is not a subset of ggrbint(A) U ggrbint(B). For example, let X =
{a,b,c} and T ={0,{a},{b},{a, b} {a,c}, X} be a topology on X. Take A={a} and B = {c}. Then
ggrbint(A U B) = {a, c}. But ggrbint(A) U ggrbint(B) = {a}.
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Theorem 4.7: If a subset A of a topological space (X, 7) is ggrb-open, then ggrbint(4) = A.

Proof: Let A be a ggrb-open set of X. Then by Theorem 4.4 (iii), A € ggrbint(A). Also, by Theorem 4.4 (ii),
ggrbint(A) € A. Hence ggrbint(A) = A.

Remark 4.8: The converse of Theorem 4.7 need not be true. For example, let X = {a,b,c,d} and
T =1{0,{a}, {b},{a, b},{a,b,c}, X} beatopology on X. Take A = {b, c,d}. Then ggrbint(A) = A. But A is not
a ggrb-open setin X.

Theorem 4.9: For any subset A of X, int(4) € gint(A) € ggrbint(4) < r*gint(4).

Proof: Since every open set is g-open, we have int(A4) S gint(A). Since every g-open set is ggrb-open,
gint(A) € ggrbint(A). Also every ggrb-open set is r*g-open so ggrbint(A) € r*gint(A). Hence int(A) <
gint(A) € ggrbint(A) € r*gint(A).

Definition 4.10: Let A be any subset of (X, 7). Then ggrb-closure of A is denoted by ggrbcl(A) and is defined

as the intersection of all ggrb-closed sets containing A.
That is, ggrbcl(A) =N {F:A € F and F € GGRBC(X)}.
Theorem 4.11: Let A and B be two subsets of a topological space (X, t). Then

0] ggrbcl(X) = X and ggrbcl(@) = @.

(ii) A € ggrbcl(A).

(iii) If B is any ggrb-closed set containing A, then ggrbcl(A) € B.
(iv) If A € B, then ggrbcl(A) € ggrbcl(B).

(V) ggrbcl(A) = ggrbcl(ggrbcl(4)).

Proof: Let A and B be subsets of X.
(i) Since @ and X are ggrb-closed in X, we have ggrbcl(X) = X and ggrbcl(®) = 9.
(ii) By the definition of ggrb-closure of A, A € ggrbcl(A).

(iii) Let B be any ggrb-closed set containing A. Since ggrbcl(A) is the intersection of all ggrb-closed sets
containing A, ggrbcl(A) is contained in every ggrb-closed sets containing A. Therefore ggrbcl(A) € B.

(iv) Let A and B be any two subsets of X such that A € B. Let F be any ggrb-closed set such that B € F. Since
ACF and F is ggrb-closed, we have ggrbcl(A) € F. Therefore ggrbcl(A) SN{F:ACF and F €
GGRBC(X)}= ggrbcl(B). Hence ggrbcl(A) < ggrbcl(B).

(v) If ACF and F € GGRBC(X), then by (iii) ggrbcl(A) <€ F. Also by (iii), ggrbcl(ggrbcl(A)) € F.
Therefore ggrbcl(ggrbcl(A)) €n{F:A < F,F € GGRBC(X). That is, ggrbcl(ggrbcl(A)) < ggrbcl(A).
By (ii), ggrbcl(A) € ggrbcl(ggrbcl(A)). Hence ggrbcl(A) = ggrbcl(ggrbcl(A)).

Theorem 4.12: Let A and B be two subsets of a topological space (X, t). Then
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Q) ggrbcl(A U B) = ggrbcl(A) U ggrbcl(B).
(i) ggrbcl(An B) < ggrbcl(A) n ggrbcl(B).

Proof: (i) A< AUB implies ggrbcl(A) € ggrbcl(AUB). Also B< AUB implies ggrbcl(B) <
ggrbcl(AU B). Therefore ggrbcl(A) U ggrbcl(B) € ggrbcl(AU B). We show that ggrbcl(AUB) <
ggrbcl(4) U ggrbcl(B). Let x € ggrbcl(A U B). Suppose x & ggrbcl(A) U ggrbcl(B). Then there exist
ggrb-closed sets A, containing A and B, containing B such that x € A, UB,. Therefore A, UB; is a
ggrb-closed set containing AU B. Then by Theorem 4.11 (iii), ggrbcl(AU B) € A; U B,. Therefore
x &€ ggrbcl(AU B). This contradiction shows that ggrbcl(AU B) € ggrbcl(A) U ggrbcl(B). Hence
ggrbcl(A U B) = ggrbcl(A) U ggrbcl(B).

(i) AnB< A implies ggrbcl(AnB) < ggrbcl(A). Also AnB < B implies ggrbcl(AnB) <
ggrbcl(B).Therefore ggrbcl(A n B) € ggrbcl(A) n ggrbcl(B).

Remark 4.13: In general, ggrbcl(A) n ggrbcl(B) is not a subset of ggrbcl(A N B). For example, let X =
{a,b,c} and t={@,{a},{b},{a b} {ac}, X} be a topology on X. Then ggrb-closed sets are
@,{b},{c},{b,c},{a,c} and X. Take A = {a} and B = {c}. Then ggrbcl(4) n ggrbcl(B) = {c}. BuANnB =
@. Therefore ggrbcl(A N B) = @.

Theorem 4.14: If A € X isa ggrb-closed set, then ggrbcl(A) = A.

Proof: Let A be any ggrb-closed set in X. Then by Theorem 4.11 (iii), ggrbcl(4) € A. Also, A S ggrbcl(4).
Hence ggrbcl(A) = A.

Remark 4.15: The converse of Theorem 4.14 need not be true. For example, let X = {a,b,c,d} and
v =1{0,{a},{b},{a, b}, {a,b,c}, X} be atopology on X. Take A = {a}. Then ggrbcl(4) = A. But A is not a
ggrb-closed set in X.

Theorem 4.16: Let A be any subset of a topological space X. Then x € ggrbcl(A) ifand only if U n A # @ for

every ggrb-open set U containing x.

Proof: Necessity: Suppose x € ggrbcl(A). We show that U n A # @ for every ggrb-open set U containing x.
If there is a ggrb-open set U in X such that x € U and UN A = @, then X — U is ggrb-closed in X such that
A <€ X —U. Therefore ggrbcl(A) € X — U. Since x € ggrbcl(A), we have x € X — U. This is a contradiction,

since x € U. Hence U N A # @ for every ggrb-open set U containing x.

Sufficiency: Suppose U n A # @ for every ggrb-open set U containing x. If x € ggrbcl(A), then there exists a
ggrb-closed set F containing A such that x ¢ F. Therefore X — F is ggrb-open containing x such that
(X — F)n A = @. This is a contradiction to our assumption. Hence x € ggrbcl(A).

V. THE GENERALIZATION OF GENERALIZED REGULAR b-DERIVED SET

In this section, we define ggrb-limit point of a set and give some of its properties.
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Definition 5.1: Let A be a subset of a topological space X. A point x € X is said to be ggrb-limit point A if G N
(A — {x}) # o for every ggrb-open set G containing x.

Definition 5.2: The set of all ggrb-limit points of A is called a ggrb-derived set of A and is denoted by
Dggrb(A)'

Theorem 5.3: Let A and B be subsets of (X, ). Then the following are hold.

() Dygro(®) = 0.

(i) X € Dggrpp (A) implies x € Dy gp, (A — {x}).

(iliy  IfAC B, then D,y (4) S Dygry (B).

(iv) Dygrp(A) U Dggry(B) S Dygrp (AU B) and Dy gy (A N B) S Dy gy (A) N Dygrp (B).
(v) Dggrb(Dggry(A)) — A € Dggrp (A).

(vi) Dggrp (AU Dggrpp (A)) € AU Dggrp (A).

Proof: (i) Obviously, Dyg.p(8) = @.

(ii) If x € Dygrp(A), then x is a ggrb-limit point of A. Hence every ggrb-open set G containing x contains

atleast one point of A other than x. Therefore x is a ggrb-limit point of A — {x}. Hence x € Dyg,,(A — {x}).

(iii) Suppose A € B. Let x € Dyg,,(A). Then G N (A — {x}) # @ for every ggrb-open set G containing x.
Since A —{x} € B — {x}, G n (B — {x}) # @. Therefore x € D,,;,(B). Hence Dy4,,(A) S Dygrp (B).

(iv) Since ASAUB and BS AUB, by (iii) Dggp(A) € Dygrp(AU B) and Dygp,(B) € Dygyrp (AU B).
Therefore Dy, (A) U Dygrp(B) € Dygrp(AUB). Also since ANBSA and ANBCSB, by (iii)
Dggrb (AN B) € Dygrp(A) and Dygp, (AN B) € Dygrpp (B). Therefore Dy, (AN B) € Dygrpp (A) N Dygrp (B).

(V) Let x € Dggp(Dggrp(A)) — A. Then x € Dygr, (Dggrp (A)) and x & A. Therefore G N (Dggp (A) — {x}) #
@ for every ggrb-open set G containing x. Let y € G N (Dyg4r,(A) — {x}). Then y € G and y € Dy, (A) With
y # x. Therefore GN(A—{y}) #0. Take ze GN(A—{y}). Then z # x, since x & A. This implies
G N (A—{x}) # 0. Therefore x € Dy, (A). Hence Dy gy (Dyggrp (A)) — A € Dygrp, (A).

(vi) Let x € Dggrp (AU Dygpp(A)). If x €A, then there is nothing to prove. Suppose x & A. Since
X € Dggr (AU Dy gy (A)), we have G N ((A U Dggrp (A)) — {x}) # @ for every ggrb-open set G containing x.
Theneither G N (A—{x}) # @ or G N (Dygrp(A) —{x}) # 0. If G N (A —{x}) # @, then x € Dy, (A). If G N
(Dggrp(A) —{x}) # @, then x € Dygr,(Dggrp (A)). Since x & A, we have x € Dy g (Dggrp (A)) — A. Then by
(V), x € Dggrp(A) . Hence Dy grp (AU Dy grp (A)) € AU Dy, (A).

Theorem 5.4: For any subset A of X, Dy 4., (A) € ggrbcl(4).

Proof: Let x € Dyg,(A). Then G N (A—{x}) # @ for every ggrb-open set G containing x. Therefore
GNA=@ for every ggrb-open set G containing x. Then by Theorem 4.16, x € ggrbcl(A). Hence
Dggrp(A) S ggrbcl(A).
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Theorem 5.5: Let A be any subset of X. Then ggrbcl(A) = AU Dygp, (A).

Proof: Let x € ggrbcl(A). If x € A, then ggrbcl(A) € AU D4, (A). Suppose x & A. Since x € ggrbcl(A),
by Theorem 4.16 G N A # @ for every ggrb-open set G containing x. Since x € A, wehave G N (A —{x}) # @
for every ggrb-open set G containing x. Therefore x € Dy, (A). Hence ggrbcl(A) € AU D4, (A). Since
A € ggrbcl(A) and Dy4,, (A) € ggrbel(A), we have AU Dyg,p,(A) S ggrbel(A). Hence ggrbcl(A) = AU

Dggrb (A)
Theorem 5.6: For any subset A of a discrete topological space X, then Dy4,.,(4) = @.

Proof: Let A be any subset of a discrete topological space X. Let x € X. Since X is a discrete topological space,
every subset of X is open. Since every open set is ggrb-open, every subset of X is ggrb-open. In particular,
G = {x} is ggrb-open and hence G N (A—{x}) =@. Then x is not a ggrb-limit point of A. Therefore
Dggrb(A) = 0.

Theorem 5.7: For any subset A of X, ggrbint(A) = A — Dygrp (X — A).S

Proof: Let x € ggrbint(A). Then there exists a ggrb-open set G such that x € G € A. Therefore
GN(X—-A)=0, where G is a ggrb-open set containing x and hence x & Dygp(X —A) SO
x €A—Dygrp(X—A). Hence ggrbint(A) € A— Dygrp(X — A). On the other hand, let
X €A —Dgygrp(X —A). Then x & Dy, (A). Therefore there exists a ggrb-open set ¢ containing x such that
GN(X—A)=0. Then x € G < A. This implies x is a ggrb-interior point of A. Therefore x € ggrbint(A).
Hence A — Dyg4r, (X — A) € ggrbint(A). Therefore ggrbint(A) = A — Dggpp (X — A).

VI. CONCLUSION

In this paper, we have introduced a new type of sets, namely, ggrb-open sets in topological spaces.
Also we have introduced ggrb-interior, ggrb-closure, ggrb-neighborhood, ggrb-derived set and established

some of its properties.
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