
Int. Journal of Math. Analysis, Vol. 6, 2012, no. 39, 1939 - 1952

On Regular Generalized weakly (rgw)-Closed Sets

in Topological Spaces

Sanjay Mishra

Department of Mathematics
Lovely Professional University, Phagwara, Punjab, India

drsanjaymishra@rediifmail.com

Nitin Bhardwaj

Department of Mathematics
NIMS University, Rajsthan, India
nitinbhardwaj2688@yahoo.com

Varun Joshi

Department of Mathematics
CMJ University Shillong, India

varunjoshi20@yahoo.com

Abstract

The aim of this paper is to introduce and study the class of rgw-
closed sets. This new class of sets lies between the class of semi weakly
generalized (briefly swg-closed) set and the class of regular weakly gen-
eralized (briefly rwg-closed) sets. We study the fundamental properties
of this class of sets.
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1 Introduction

The notation of closed set is fundamental in the study of topological spaces. In
1970, Levine [1] introduced the concept of generalized closed sets in the topo-
logical space by comparing the closure of subset with its open supersets. The
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investigation on generalization of closed set has lead to significant contribu-
tion to the theory of separation axiom, covering properties and generalization
of continuity. T. Kong, R. Kopperman and P. Meyer [2] shown some of the
properties of generalized closed set have been found to be useful in computer
science and digital topology. Caw, Ganster and Reilly [3] and [4] has shown
that generalization of closed set is also useful to characterize certain classes
of topological spaces and there variations, for example the class of extremely
disconnected spaces and the class of submaximal spaces. In 1990, S.P. Arya
and T.M. Nour [5] define generalized semi-open sets, generalized semi closed
sets and use them to obtain some cauterization of s-normal spaces. In 1993,
N. PalaniInappan and K. Chandrasekhara Rao [6] introduced regular general-
ized closed (briefly rg-closed) sets and study there properties relative to union,
intersection and subspaces. In 2000, A. Pushpalatha [7] introduce new class
of closed set called weakly closed (briefly w-closed) sets and study there prop-
erties. In 2007, S.S. Benchalli and R.S. Wali [8] introduced the new class of
the set called regular w-closed (briefly rw-closed) sets in topological spaces. In
this paper we define new generalization of closed set called regular generalized
weakly (rgw-closed) set which lies between swg-closed set and rwg-closed sets.
We also study their fundamental properties.

2 Preliminary Notes

Definition 2.1 A subset A of X is called generalized (briefly g-closed) [1]
set iff cl(A) ⊆ U whenever A ⊆ U and U is open.

Definition 2.2 A subset A of X is called regular (briefly r-open) [9] set if
A = int(cl(A)) and regular (briefly r-closed) [9] set if A = cl(int(A)).

Definition 2.3 A subset A of X is called pre-open set [10] if A ⊆ int(cl(A))
and pre-closed [10] set if A ⊆ cl(int(A)).

Definition 2.4 A subset A of X is called pre-open set [1] if A ⊆ cl(int(A))
and pre-closed [1] set if A ⊆ int(cl(A)).

Definition 2.5 A subset A of X is called α-open [11] if A ⊆ int(cl(int(A)))
and α-closed [11] if cl(int(cl(A))) ⊆ A.

Definition 2.6 A subset A of X is called θ-closed [26] if A = clθ(A), where
clθ(A) = {x ∈ X : cl(U) ∩ A �= U ∈ A}.

Definition 2.7 A subset A of X is called δ-closed [26] if A = clδ(A), where
clθ(A) = {x ∈ X : int(cl(U)) ∩ A �= U ∈ A}.
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Definition 2.8 A subset A of a space (X, τ) is called regular semi-open
[12] if there is a regular open set U such that U ⊂ A ⊂ cl(U). The family of
all regular semi-open sets of X is denoted by RSO(X).

Definition 2.9 A subset A of a space (X, τ) is said to be semi-regular open
[13] if it is both semi-open and semi-closed.

Definition 2.10 A subset of a topological space (X, τ) is called

1. Generalized closed (briefly g-closed) [1] if cl(A) ⊆ U whenever A ⊆ U
and U is open in X.

2. Semi-generalized closed (briefly sg-closed) [14] if scl(A) ⊆ U whenever
A ⊆ U and U is semi-open in X.

3. Generalized semiclosed (briefly gs-closed) [5] if scl(A) ⊆ U whenever
A ⊆ U and U is open in X.

4. Generalized α-closed (briefly gα-closed) [15] if α − cl(A) ⊆ U whenever
A ⊆ U and U is α-open in X.

5. α-generalized closed (briefly αg-closed) [16] if α − cl(A) ⊆ U whenever
A ⊆ U and U is open in X.

6. Generalized semi-preclosed (briefly gsp-closed) [17] if spcl(A) ⊆ U when-
ever A ⊆ U and U is open in X.

7. Regular generalized closed (briefly rg-closed) [6] if cl(A) ⊆ U whenever
A ⊆ U and U is regular open in X.

8. Generalized preclosed (briefly g-closed) [18] if pcl(A) ⊆ U whenever A ⊆
U and U is open in X.

9. Generalized pre regular closed (briefly gpr-closed) [19] if pcl(A) ⊆ U
whenever A ⊆ U and U is regular open in X.

10. θ-generalized closed (briefly θ-g-closed) [20] if clθ(A) ⊆ U whenever A ⊆
U and U is open in X.

11. δ-generalized closed (briefly δ-g-closed) [23] if clδ(A) ⊆ U whenever A ⊆
U and U is open in X.

12. Weakly generalized closed (briefly wg-closed) [21] if cl(int(A)) ⊆ U
whenever A ⊆ U and U is open in X.

13. Strongly generalized closed [22] (briefly g∗-closed [?]) if cl(A) ⊆ U when-
ever A ⊆ U and U is g-open in X.
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14. π-generalized closed (briefly π-g-closed) [23] if cl(A) ⊆ U whenever A ⊆
U and U is π-open in X.

15. Weakly closed (briefly w-closed) [7] if cl(A) ⊆ U whenever A ⊆ U and
U is semi-open in X.

16. Mildly generalized closed (briefly mildly g-closed) [24] if cl(int(A)) ⊆ U
whenever A ⊆ U and U is g-open in X.

17. Semi weakly generalized closed (briefly swg-closed) [21] if cl(int(A)) ⊆ U
whenever A ⊆ U and U is semi-open in X.

18. Regular weakly generalized closed (briefly rwg-closed) [21] if cl(int(A)) ⊆
U whenever A ⊆ U and U is regular open in X.

19. Regular weakly closed (briefly rw-closed) [8] if cl(A) ⊆ U whenever A ⊆
U and U is regular semi-open in X. We denote the set of all r-closed
sets in X by RWC(X).

The complements of the above mentioned closed sets are their respective open
sets.

Theorem 2.11 Every regular semi-open set in X is semi-open but not con-
versely.

Theorem 2.12 [25] If A is regular semi-open in X, then X/A is also reg-
ular semi-open.

Theorem 2.13 [25] In a space X, the regular closed sets, regular open sets
and clopen sets are regular semi-open.

3 The Regular Generalized Weakly (rgw)-Closed

Sets

After investigating several closed sets through extensive study we introduce the
definition of regular generalized closed (briefly rgw-closed) set. In this section,
the notion of rgw-closed is defined which lies between semi weakly generalized
closed (briefly swg-closed) set and regular weakly generalized closed (briefly
rwg-closed) set and some of its basic properties are studied.

Definition 3.1 A subset A of a space X is called regular generalized weakly
closed (briefly rgw-closed) if cl(int(A)) ⊆ U whenever A ⊆ U and U is regular
semi-open in X. We denote the collection of all rgw-closed sets in X by
RGWC(X).
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Theorem 3.2 Every swg-closed set in X is rgw-closed in X but not con-
versely.

Proof. Let A be an arbitrary swg-closed set in space X. Suppose A ⊂ U ,
where U is regular semi-open in X. Since every regular semi open set is semi-
open i.e. A ⊆ U , and U is semi-open in X. By definition of swg-closed set we
have cl(int(A)) ⊆ U whenever A ⊆ U and U is regular semi-open in X. Hence
A is rgw-closed set. The converse of above theorem need not be true.

Example 3.3 Let X = {a, b, c} be with topology τ = {X, φ, {a}, {a, b}}.
Here A = {a, b} is rgw-closed but not swg-closed in X.

Theorem 3.4 Every rgw-closed set is rwg-closed set in X, but not con-
versely.

Proof. Let A be an arbitrary rgw-closed set in space X. Suppose A ⊂ U , where
U is regular open. Since every regular open set is regular semi-open in X. So,
we can say that A ⊂ U , where U is regular semi-open. Hence by definition 3.1
we have cl(int(A)) ⊂ U whenever A ⊂ U . Finally A is rwg-closed set. The
converse of above theorem need not be true.

Example 3.5 Let X = {a, b, c, d} be space with topology τ = { X, φ, {a},
{b}, {a, b}, {a, b, c} }. Here A = {a, c} is rwg-closed but not rgw-closed in X.

Theorem 3.6 Every rw-closed set is rgw-closed set but not conversely.

Proof. Let A be arbitrary rw-closed set in space X. As we know that int(A) ⊂
A ⊂ cl(A) and also cl(int(A)) ⊂ cl(A). Thus we have cl(int(A)) ⊂ U whenever
A ⊂ U and U is regular semi-open. Finally by definition 3.1 A is rgw-closed.
The converse of above theorem need not be true.

Example 3.7 Let X = {a, b, c, d} be space with topology τ = { X, φ, {a},
{b}, {a, b}, {a, b, c} }. Here, A = {c} is rgw-closed set but not rw-closed set
in X.

Theorem 3.8 Every closed set is rgw-closed but not conversely.

Proof. According [8] as every closed set is rw-closed and by theorem 3.6 we
can say that every closed set is rgw-closed. The converse do not hold.

Example 3.9 Let X = {a, b, c} space be with topology τ = {X, φ, {a}, {a, b}}.
Let A = {a, b} be arbitrary subset of X. Now cl(int(A)) = X, which is a subset
of each regular semi-open set whenever A is contained in that regular semi-open
set. Thus A is rgw-closed but not closed in X.
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Theorem 3.10 Every regular closed set is rgw-closed set but not conversely.

Proof. According to [9] as every regular closed set is closed and by theorem
3.8 we can say that every regular closed set is rgw-closed. The converse do
not hold.

Example 3.11 As shown in example 3.9 A = {a, b} is rgw-closed. To
show A = {a, b} is not regular closed. We prove it with contradiction. Let
A = {a, b} is regular closed so it must be closed. But this is a contradiction,
as A = {a, b} is not closed. Thus A = {a, b} is not regular closed.

Theorem 3.12 Every θ-closed set is rgw-closed set but not conversely.

Proof. According to [26] as every θ-closed set is closed and by theorem 3.8
every θ-closed set is rgw-closed.
Converse, by example 3.9 A = {a, b} is rgw-closed. To show A = {a, b} is
not θ-closed. We prove it with contradiction. Let A = {a, b} is θ-closed so it
must be closed. But this is a contradiction, as A = {a, b} is not closed. Thus
A = {a, b} is not θ-closed.

Theorem 3.13 Every δ-closed set is rgw-closed set but not conversely.

Proof. According to [26] that every δ -closed set is closed so by theorem 3.8,
every δ -closed set is rgw-closed.
Converse, by example 3.9 A = {a, b} is rgw-closed. To show that A = {a, b} is
not δ -closed. We prove it with contradiction. Assume A = {a, b} is δ-closed
so it must be closed. But this is a contradiction, as A = {a, b} is not closed.
Thus A = {a, b} is not δ-closed.

Theorem 3.14 Every π-closed set is rgw-closed set but not conversely.

Proof. According to [23] that every π-closed set is closed so by theorem 3.8,
every π-closed set is rgw-closed.
Converse, by example 3.9 A = {a, b} is rgw-closed. To show A = {a, b} is
not π-closed. We prove it with contradiction. Let A = {a, b} is π-closed so it
must be closed. But this is a contradiction, as A = {a, b} is not closed. Thus
A = {a, b} is not π-closed.

Theorem 3.15 Every w-closed set is rgw-closed but not conversely.

Proof. According to [8] that every w-closed set is rw-closed but not conversely
and according to theorem 3.6 as every rw-closed is rgw-closed but not con-
versely. Thus every w-closed set is rgw-closed.
Converse, by example 3.9 for X = {a, b, c} and τ = {X ,φ,{a},{b},{a, b}} we
have A = {a, b} is rgw-closed. Now cl(A) = X is not contained in each semi
open whenever A is contained in that semi open set. Thus A = {a, b} is
rgw-closed but not w-closed.
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Theorem 3.16 Every pre-closed set is rgw-closed but not conversely.

Proof. Let A be arbitrary pre-closed set in space (X, τ). Also a regular semi-
open set U and A ⊆ U so we have cl(int(A)) ⊆ A ⊆ U that is cl(int(A)) ⊆ U
whenever A ⊆ U and U is regular semi-open in X. Thus A is rgw-closed in
X. The converse of above theorem does not hold true as shown in following
example.

Example 3.17 Let X = {a, b, c, d} be with topology τ = { X, φ, {a}, {b},
{a, b}, {a, b, c} }. Let A = {a, b} be arbitrary subset of X. Now cl(int(A)) =
X which is contained in each regular semi-open set whenever A is contained
in that regular semi-open set, but cl(int(A)) = X is not contained in A. Thus
A is rgw-closed but not pre-closed.

Theorem 3.18 Every α-closed set is rgw-closed but not conversely.

Proof. Let A be arbitrary α-closed set in space X. Suppose A ⊆ U and U is
regular semi-open. As we know that cl(int(A)) ⊆ cl(int(cl(A))) ⊆ A. Finally
A is rgw-closed in X. Converse, As shown in example 3.17 A = {a, b} is rgw-
closed. Now cl(A) = X and cl(int(cl(A))) = X which is not contained in A.
Thus A = {a, b} is rgw-closed but not α-closed set.

Remark 3.19 The following examples show that rgw-closed sets are inde-
pendent of g∗-closed sets, mildly g-closed sets, g-closed sets, wg-closed sets,
semi closed sets, αg-closed sets, sg-closed sets, gs-closed sets, gsp-closed sets,
β-closed sets, gp-closed sets, Πg-closed sets, θ-generalized closed sets, δ-generalized
closed sets.

Example 3.20 Let X = {a, b, c, d} be with the topology τ = { X, φ, {a},
{b}, {a, b}, {a, b, c} } then

1. Closed sets in X are X,φ,{d},{c, d},{a, c, d},{b, c, d}.
2. rgw-closed sets in X are X,φ,{c},{d},{a, b}, {c, d}, {a, b, c}, {a, b, d},

{a, c, d}, {b, c, d}.
3. g∗-closed set in X are X,φ,{d},{c, d},{a, d},{b, d},{a, b, d},{a, c, d},{b, c, d}.
4. Mildly g-closed sets in X are X, φ, {d}, {c, d}, {a, d}, {b, d}, {a, b, d},

{b, c, d}, {a, c, d}.
5. g-closed sets in X are X,φ, {d}, {c, d}, {a, d}, {b, d}, {a, b, d}, {a, c, d},

{b, c, d}.
6. wg-closed sets in X are X, φ, {c}, {d}, {c, d}, {a, d}, {b, d}, {a, c},

{a, b, d}, {a, c, d}, {b, c, d}.
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7. Semi-closed sets in X are X, φ, {a}, {b}, {c}, {d}, {c, d}, {a, d}, {b, d},
{a, c}, {b, c}, {a, c, d}, {b, c, d}.

8. αg-closed sets in X are X, φ, {c}, {d}, {c, d}, {a, c, d}, {b, c, d}.

9. sg-closed sets in X are X, φ, {a}, {b}, {c}, {d}, {c, d}, {a, d}, {b, c},
{b, d}, {a, c}, {a, c, d}, {b, c, d}.

10. gs-closed sets in X are X, φ, {a}, {b}, {c}, {d}, {b, c}, {c, d}, {a, d},
{b, d}, {a, c}, {a, c, d}, {a, b, d}, {b, c, d}.

11. gsp-closed sets in X are X, φ, {c}, {d}, {b, c}, {c, d}, {a, d}, {a, c},
{a, b, d}, {a, c, d}, {b, c, d}.

12. β-closed sets in X are X, φ, {a}, {b}, {c}, {d}, {c, d}, {a, d}, {b, c},
{a, c}, {b, d}, {b, c, d}, {a, c, d}.

13. gp-closed sets in X are X, φ, {c}, {d}, {c, d}, {a, d}, {b, d}, {a, b, d}.

14. πg-closed sets in X are X, φ, {c}, {d}, {a, c}, {b, c}, {c, d}, {a, d},
{b, d}, {a, b, c}, {a, b, d}, {a, c, d}, {b, c, d}.

15. θ-generalized closed sets in X are X, φ, {d}, {c, d}, {a, d}, {b, d}, {a, b, d},
{a, c, d}, {b, c, d}.

16. δ-generalized closed sets in X are X, φ, {d}, {c, d}, {a, d}, {b, d}, {a, b, d},
{a, c, d}, {b, c, d}.

Theorem 3.21 The union of two rgw-closed subsets of X is also an rgw-
closed subset of X.

Proof. Assume that A and B are rgw-closed sets in X. Let U be regular
semi-open in X such that A ∪ B ⊆ U . Thus A ⊆ U and B ⊆ U . Since
A and B are rgw-closed set so cl(int(A)) ⊆ U and cl(int(B)) ⊆ U . Hence
cl(int(A∪B)) = cl(int(A))∪ cl(int(B)) ⊆ U i.e. cl(int(A∪B)) ⊆ U . Hence,
A ∪ B is an rgw-closed set in X.

Remark 3.22 Now we see the the relationship with the help of the following
figure between different generalizations of closed sets and rgw-closed set in
topological spaces.
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A B means A and B are independent of each other

Remark 3.23 The intersection of two rgw-closed sets in X is generally
not an rgw-closed set in X.

Example 3.24 Let X = {a, b, c, d} be with topology τ = { X, φ, {a}, {b},
{a, b}, {a, b, c} }. Let A = {a, b} and B = {b, c, d} be two rgw-closed subsets
of X. But A ∩ B = {b} and cl(int(A ∩ B)) = {b, c, d} which is not contained
in regular semi-open set whenever A is contained in that regular semi-open.
Hence intersection of two rgw-closed sets is not rgw-closed set in X.

Theorem 3.25 If a subset A of X is rgw-closed in X, then cl(int(A)) \A
does not contain any non empty regular semi-open set in X.

Proof. Suppose that A is rgw-closed set in X. Let U be a regular semi-open
set such that cl(int(A)) \ A ⊃ U and U �= φ. Now U ⊆ cl(int(A)) \ A, i.e.



1948 S. Mishra, N. Bhardwaj, V. Joshi

U ⊆ X \A which implies that A ⊆ X \U . As U is regular semi-open [8], X \U
is also regular semi-open in X. Since A is an rgw-closed set in X, by definition
of rgw-closed, we have cl(int(A)) ⊆ X \ U . So U ⊆ X \ cl(int(A)). Therefore
U ⊆ cl(int(A)) ∩ (X \ cl(int(A))) = φ. This show that U = φ, which is a
contradiction. Hence cl(int(A)) \ A does not contain any nonempty regular
semi-open set in X.

Theorem 3.26 If a subset A of X is an rgw-closed set in X then cl(int(A))\
A does not contain any non empty regular open set in X.

Proof. From theorem 3.25 if a subset A of X is rgw-closed in X, then
cl(int(A)) \ A does not contain any non empty regular semi-open set in X
and we have the fact that every regular open set is regular semi-open. Thus
cl(int(A)) \ A does not contain any non empty regular open set in X.

Theorem 3.27 For an element x ∈ X, the set X \ {x} is rgw-closed or
regular semi-open.

Proof. Let x ∈ X. Suppose X \ {x} is not regular semi-open. Then X is
the only regular semi-open set containing X \ {x}. That means we have only
choice of regular semi-open set containing X \ {x} is X. i.e. X \ {x} ⊂ X.
Also, we know X \ {x} is not rgw-closed. To prove X \ {x} is regular semi
open. Let X \ {x} is not a regular semi-open. As X \ {x} is a subset of X
and X \ {x} only, but X \ {x} is not regular semi-open. Thus we have only
choice of regular semi-open set is X. Also, cl(int(X \ {x})) ⊂ X. Therefore
by definition X \ {x} is rgw-closed, which is a contradiction. Hence X \ {x}
is regular semi-open.

Theorem 3.28 If A is an rgw-closed subset of X such that A ⊂ B ⊂
cl(int(A)), then B is an rgw-closed set in X.

Proof. Let A be an rgw-closed in X such that A ⊂ B ⊂ cl(int(A)). Let U
be regular semi-open set such that B ⊂ U , then A ⊂ U . Since A is rgw-
closed, we have cl(int(A)) ⊂ U . Now as B ⊂ cl(int(A)) so cl(int(B)) ⊂
cl(int(cl(int(A))) ⊂ cl(int(A)) ⊂ U . Thus cl(int(B)) ⊂ U whenever B ⊂ U
and U is regular semi-open. Therefore B is an rgw-closed set in X.

Remark 3.29 The converse of theorem 3.28 need not be true in general.
Consider the topological space X where X = {a, b, c, d} be with topology τ =
{X, φ, {a}, {b}, {a, b}, {a, b, c}}. Let A = {d} and B = {c, d}. Now cl(int(A)) =
φ which is contained in each regular semi-open set whenever A is contained in
that regular semi-open and cl(int(B)) = φ which is also contained in each reg-
ular semi-open whenever B is contained in that regular semi-open set. Thus by
definition A and B both are rgw-closed. But A ⊂ B is not subset of cl(int(A)).
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Theorem 3.30 Let A be rgw-closed in X. Then A is regular closed if and
only if cl(int(A)) \ A is regular semi-open.

Proof. Suppose A is regular closed in X then cl(int(A)) = A. Thus cl(int(A))\
A = φ, and we know that φ is regular semi-open in every topological space X.
Conversely, suppose that cl(int(A)) \ A is regular semi-open in X. Since A
is rgw-closed, by theorem 3.25 cl(int(A)) \ A does not contain any nonempty
regular semi-open set in X. Then cl(int(A))\A = φ or A = cl(int(A)), Hence
A is regular closed in X.

Theorem 3.31 If A is regular open and rwg-closed then A is rgw-closed
in X.

Proof. Let A be regular open and rwg-closed in X. We prove that A is an
rgw-closed set in X. Let U be any regular semi-open set in X such that A ⊂ U .
Since A is regular open and rwg-closed, by definition we have cl(int(A)) ⊂ A.
Then cl(int(A)) ⊂ A ⊂ U or cl(int(A)) ⊂ U . Hence A is rgw-closed in X.

Theorem 3.32 If a subset A of a topological space X is both regular semi-
open and rgw-closed then it is regular closed.

Proof. Suppose a subset A of a topological space X is both regular semi-
open and rgw-closed. Now A ⊂ A then by definition of rgw-closed we have
cl(int(A)) ⊂ A. Since regular semi-open is semi-open [8], so A ⊂ cl(int(A)).
Thus we have A = cl(int(A)). Finally, A is regular closed.

Theorem 3.33 Let A be regular semi-open and rgw-closed in X. Suppose
that F is regular closed in X. Then A ∩ F is an rgw-closed set in X.

Proof. Let A be regular semi-open and rgw-closed in X, by theorem 3.32 A is
regular closed. As given F is regular closed in X and we know every regular
closed is closed i.e. both A and F are closed, so A ∩ F is closed. Hence by
theorem 3.8 A ∩ F is an rgw-closed set in X.

Theorem 3.34 Let A ⊂ Y ⊂ X and suppose that A is rgw-closed in X.
Then A is rgw-closed in Y provided Y is regular open in X.

Proof. Let A be rgw-closed in X and Y be regular open subspace of X. Let
U be any regular semi-open set in Y such that A ⊂ U . Then A ⊂ Y ⊂ X.
Thus by [8] U is regular semi-open in X. Since A is rgw-closed in X, so
cl(int(A)) ⊂ U . Thus clY (int(A)) ⊂ U whenever A ⊂ U and U is regular
semi-open in X. Finally A is rgw-closed in Y .

Theorem 3.35 If A is both open and wg-closed in X, then it is rgw-closed
in X.
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Proof. Let A be an open and wg-closed in X. Let A ⊂ U and U be regular semi-
open in X. Now A ⊂ A. As A is wg-closed so (by definition) cl(int(A)) ⊂ A.
That is cl(int(A)) ⊂ U . Thus by definition A is rgw-closed in X.

Remark 3.36 If A is both open and rgw-closed in X, then A need not be
wg-closed. It is seen from the following example.

Example 3.37 Consider X = {a, b, c} with topology τ = { X, φ, {a},
{b}, {a, b} } and let A = {a, b} be any subset of X. As A is open and also
cl(int(A)) = X which is contained in each regular semi-open set whenever A
is contained in that regular semi-open set. Thus A is rgw-closed in X. But
cl(int(A)) = X is not contained in each open set whenever A is contained in
that open set i.e. A is not wg-closed in X.

Theorem 3.38 In a topological space X, if regular semi-open sets of X are
{X, φ}, then every subset of X is an rgw-closed set.

Proof. Let X be a topological space and RSO(X) = {X, φ}. Suppose A be
any arbitrary subset of X, if A = φ then X is an rgw-closed set in X. If A �= φ
then X is the only regular semi-open set containing A and so cl(int(A)) ⊂ X.
Hence by definition A is an rgw-closed in X.

Remark 3.39 The converse of theorem 3.38 need not be true in general i.e.
if in a topological space every subset of a space is rgw-closed then RSO(X) =
{X, φ} as seen from the following example.

Example 3.40 Let X = {a, b, c, d} be with topology τ = { X,φ,{a, b},{c, d}
}. and every subset of X is an rgw-closed set in X. Thus for every subset
of X is an rgw-closed set we need not be regular semi-open sets only {X, φ}.
Hence, the result.

Theorem 3.41 A subset A of X is rgw-closed if and only if cl(int(A)) ⊂
rsker(A).

Proof. Suppose that A is rgw-closed. Then cl(int(A)) ⊂ U , whenever A ⊂ U
and U is regular semi-open. Let x ∈ cl(int(A)) and suppose x does not belong
to rsker(X), then there is a regular semi-open set U containing A such that
x is not in U . Since A is rgw-closed, cl(int(A)) ⊂ U . We have x not in
cl(int(A)), which is a contradiction. Hence x ∈ rsker(A) and so cl(int(A)) ⊂
rsker(A). Conversely, let cl(int(A)) ⊂ rsker(A). If U is any regular semi-open
set containing A, then rsker(A) ⊂ U . That is cl(int(A)) ⊂ rsker(A) ⊂ U .
Therefore A is rgw-closed in X.

Definition 3.42 A subset A in X is called regular generalized weakly open
brieflyrgw−open in X if Ac is rgw-closed in X.
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Theorem 3.43 Every singleton point set in a space is either rgw-open or
regular semi-open.

Proof. Let X be a topological space. Let x ∈ X. We prove {x} is either
rgw-open or regular semi-open, that is X \ {x} is either rgw-closed or regular
semi-open. From theorem 3.27 we have X \ {x} is rgw-closed or regular semi-
open. Thus {x} is either rgw-open or regular semi-open.
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