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On a type of generalized open sets
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ABSTRACT

In this paper, a new class of sets called u-generalized closed (briefly
ug-closed) sets in generalized topological spaces are introduced and
studied. The class of all pg-closed sets is strictly larger than the class
of all p-closed sets (in the sense of A. Csaszar). Furthermore, g-closed
sets (in the sense of N. Levine) is a special type of ug-closed sets in
a topological space. Some of their properties are investigated here.
Finally, some characterizations of p-regular and p-normal spaces have
been given.
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1. INTRODUCTION

In the past few years, different forms of open sets have been studied. Re-
cently, a significant contribution to the theory of generalized open sets, was
extended by A. Csaszdr. Especially, the author defined some basic operators
on generalized topological spaces.

It is observed that a large number of papers is devoted to the study of
generalized open like sets of a topological space, containing the class of open
sets and possessing properties more or less similar to those of open sets. For
example, [22] has introduced g-open sets, [4, 30, 2] sg-open sets, [25] pg-open
sets, [27, 28] ga-open sets, [13] dg*-open sets, [21, 17] bg-open sets.

Owing to the fact that corresponding definitions have many features in
common, it is quite natural to conjecture that they can be obtained and a
considerable part of the properties of generalized open sets can be deduced
from suitable more general definitions. The purpose of this paper is to point
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out extremely elementary character of the proofs and to get many unknown
results by special choice of the generalized topology.

We recall some notions defined in [9]. Let X be a non-empty set, expX
denotes the power set of X. We call a class u C expX a generalized topology
[9], (briefly, GT) if @ € u and union of elements of u belongs to u. A set X,
with a GT p on it is said to be a generalized topological space (briefly, GTS)
and is denoted by (X, p). The 0-closure [35] (resp. d-closure [35]) of a subset
A of a topological space (X, 7) is defined by {z € X : clUN A # & for all
Uer withz € U} (resp. {x € X : ANU # @ for all regular open sets U
containing z}, where a subset A is called regular open if A = int(cl(A))). Ais
called d-closed [35] (resp. @-closed [35]) if A = clsA (resp. A = clpA) and the
complement of a d-closed set (resp. #-closed) set is known as a d-open (resp. 6-
open) set. A subset A of a topological space (X, 7) is called preopen [29] (resp.
semiopen [23], d-preopen [33], -semiopen [32], a-open [27], S-open [1], b-open
[21]) if A C int(cl(A)) (resp. A C cl(int(A)),A C int(clsA), A C cl(intsA),
A Cint(cl(int(A))), A C cl(int(clA)), A C cl(int(A)) Uint(cl(A))). We note
that for any topological space (X, ), the collection of all open sets denoted
by 7 (preopen sets denoted by PO(X), semi-open sets denoted by SO(X), o-
open sets denoted by 60(X), é-preopen sets denoted by §-PO(X), §-semiopen
sets denoted by 6-SO(X), a-open sets denoted by aO(X), B-open sets denoted
by BO(X), 6-open sets denoted by 80O(X), b-open sets denoted by BO(X) or
~O(X)) forms a GT.

For a GTS (X, u), the elements of p are called p-open sets and the comple-
ment of p-open sets are called p-closed sets. For A C X, we denote by ¢, (A)
the intersection of all u-closed sets containing A, i.e., the smallest u-closed set
containing A; and by ¢,(A) the union of all p-open sets contained in A, i.e.,
the largest p-open set contained in A (see [9, 10]). Obviously in a topological
space (X, 1), if one takes 7 as the GT, then ¢, becomes equivalent to the usual
closure operator. Similarly, ¢, becomes pcl, scl, cls, pcls, scls, cla, clg, bel
if u stands for PO(X) (resp. SO(X), 600(X), §-PO(X), §-SO(X), aO(X),
BO(X), BO(X) or vO(X)).

It is easy to observe that i, and ¢, are idempotent and monotonic, where
v : expX — expX is said to be idempotent iff A C B C X implies y(v(A))
= v(A) and monotonic iff y(A4) C v(B). It is also well known from [10, 11]
thatif gisaGT on X and A C X,z € X, then x € ¢,(A) iff c e M € p =
MNA#@ and ¢, (X \A) =X \iu(A).

In this paper we introduce the concepts of pg-closed sets and pg-open sets.
It is shown that many results in previous papers can be considered as special
cases of our results.

2. PROPERTIES OF [1g-CLOSED SETS

Definition 2.1. Let (X, u) be a GTS. Then a subset A of X is called a p-
generalized closed set (or in short, pg-closed set) iff ¢,,(A) C U whenever A C U
where U is p-open in X. The complement of a pg-closed set is called a pg-open
set.
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Remark 2.2.

(i) If (X, 7) is a topological space, the definition of g-open set [22] (resp.
sg-open set [4, 2], pg-open set [25], ga-open set [27], dg*-open set [13],
bg-open set [21] or yg-open set [17]) can be obtained by taking pu = 7
(resp. SO(X), PO(X), aO(X), §0(X), vO(X)).

(ii) Every p-open set in a GTS (X, u) is ug-open. In fact, if A is a p-open
set in (X, p), then X \ A is a p-closed set. Let X \ A C U € p. Then
cu(X\A)=X\ACU. Thus X \ A is a pg-closed set and hence A is
a pg-open set.

The converse of Remark 2.2(ii) is not true as seen from the next example :

Example 2.3. Let X = {a,b,c} and pn = {2, X,{a},{b,c},{a,c}}. Then
(X, ) is a GTS. It is easy to verify that {c} is pg-open in (X, p) but not
[L-open.

The next two examples show that the union (intersection) of two pg-open
sets is not in general pug-open.

Example 2.4.

(a) Let X ={a,b,c} and p = {2, X,{a}}. Then (X,pn) is a GTS. It can
be shown that if A = {b} and B = {c}, then A and B are two ug-open
sets but AU B = {b,c} is not a pg-open set.

(b) Let X = {a,b,c,d} and p = {2, X,{a,b},{a,c,d},{a,b,d}, {b,c,d}}.
Then (X, ) is a GTS. It follows from Remark 2.2(ii) that {a,b} and
{a,c,d} are two pg-open sets but it is easy to check that their intersec-
tion {a} is not ug-open.

Theorem 2.5. A subset A of a GTS (X, p) is pg-closed iff ¢, (A)\ A contains
no non-empty p-closed set.

Proof. Let F be a p-closed subset of ¢,(A) \ A. Then A C F° (where F*°
denotes as usual the complement of F). Hence by pg-closedness of A, we have
cu(A) CF°or F C (cy(A))° Thus F C ¢, (A)N(cu(A)® =2, ie., F=0.
Conversely, suppose that A C U where U is p-open. If ¢,(A) ¢ U, then
cu(A)NU® (# @) is a p-closed subset of ¢, (A) \ A - a contradiction. Hence
cu(A) CU. O

Theorem 2.6. If a pug-closed subset A of a GTS (X, i) be such that c,(A)\ A
is p-closed, then A is p-closed.

Proof. Let A be a pg-closed subset such that ¢, (A) \ A is p-closed. Then
cu(A) \ A is a p-closed subset of itself. Then by Theorem 2.5, ¢, (A) \ A = @
and hence ¢, (A) = A, showing A to be a p-closed set. O

That the converse is false follows from the following example.

Example 2.7. Let X = {a,b,c} and p = {2,{a},{a,b}}. Then (X,u) is a
GTS. It is easy to observe that {b,c} is p-closed and hence a ug-closed set (by
Remark 2.2), but ¢, (A) \ A = &, which is not p-closed.
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Theorem 2.8. Let A be a pug-closed set in a GTS (X, ) and A C B C ¢, (A).
Then B is pg-closed.

Proof. Let B C U, where U is p-open in (X, u). Since A is pg-closed and
ACU, ¢,(A) CU. Now, B C ¢, (A) = cu(B) Ccu(A). So cu(B) CU. O

Theorem 2.9. In a GTS (X, ), u = Q (the collection of all u-closed sets) iff
every subset of X is ug-closed.

Proof. Suppose p = and A (C X) be such that A C U € p. Then ¢,(A) C
¢,(U) = U and hence A is pg-closed.

Conversely, suppose that every subset of X is ug-closed. Let U € . Then
U C U and by pg-closedness of U, we have ¢,(U) C U, ie.,, U € Q. Thus
Q.
Now, if FF € Q then F¢ € u,s0 F¢€Q (as p CQ), e, F € p. O

Theorem 2.10. A subset A of a GTS (X, p) is pg-open iff F C i,(A), when-
ever F is p-closed and F C A.

Proof. Obvious and hence omitted. O

Theorem 2.11. A set A is ug-open in a GTS (X, u) iff U = X whenever U
is p-open and i, (A)UA° CU.

Proof. Suppose U is p-open and i,(A) U A® C U. Now, U¢ C (i,(A)°NA=
cu(X\A)\ (X \ A). Since U® is p-closed and X \ A is pg-closed, by Theorem
25 U =@, ie, U=X

Conversely, let F' be a p-closed set and F' C A. Then by Theorem 2.10,
it is enough to show that F' C ¢,(A). Now, i,(A) U A° C i,(A) U F°, where
iu(A) U F° is p-open. Hence by the given condition, i,(A) U F¢ = X, ie.,
F Ciy(A). O

Theorem 2.12. A subset A of a GTS (X, u) is pg-closed iff c,(A) \ A is
1Lg-open.

Proof. Suppose A is pg-closed and F' C ¢, (A)\ A, where F is a p-closed subset
of X. Then by Theorem 2.5, F = @ and hence F' C i,[c,(A) \ A]. Then by
Theorem 2.10, ¢, (A) \ A is pg-open.

Conversely, suppose that A C U where U is p-open. Now, ¢,(A) NU® C
cu(A)NA® =¢,(A)\ A. Since ¢, (A)NU® is p-closed and ¢, (A) \ A is pg-open,
cu(A)NU® = @ (by Theorem 2.5). Thus ¢,(A) C U, ie., Ais pg-closed. O

Definition 2.13. A GTS (X, x1) is said to be

(i) p-To [34] iff z,y € X, x # y implies the existence of K € u containing
precisely one of x and y.
(ii) p-Ty [34] iff 2,y € X, x # y implies the existence of K, K! € u such
that re K,y¢ K andx ¢ K', y € K.
(iii) p-Ty o iff every pg-closed set is p-closed.
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Remark 2.14. A topological space (X, 1) is T; [16] (resp. semi-T; [4], pre-T;
[25], o-T; [28], 6-T; [13], b-T; [21]) for ¢ = 0,1/2,1 by taking p = 7 (resp.
SO(X), PO(X), aO(X), 60(X), BO(X) or yO(X)).

Theorem 2.15. If a GTS (X, p) is p-Ty 2 then it is p-To.

Proof. Suppose that (X, i) is not a u-Tj space. Then there exist distinct points
z and y in X such that ¢, ({z}) = c.({y}). Let A = c,({z}) N {z}°. We shall
show that A is pg-closed but not p-closed. Suppose that A CV € u. We have
to show that ¢,(A) € V. Thus it is enough to show that ¢,({z}) C V (as
A C ¢, ({z})). Again, since ¢,({z}) N {z}* = A C V, we need only to show
that € V. In fact, if x € V, then y € ¢,({z}) C V¢ (as V¢ is p-closed). So
y€ ACVeand hence y € VNV€ - a contradiction.

Ifx €U € p, then UNA D {y} # @, and hence z € ¢, (A). Clearly, z ¢ A and
thus A is not p-closed. O

Example 2.16. Let X = {a,b,c,d} and p = {9, X, {a,b},{a,c,d},{a,b,d},
{b,c,d}}. Then (X,p) is a GTS. Clearly, this GTS is u-Ty and it can be shown
that the collection of all pg-open sets are {@, X, {d},{a,b},{a,c,d},{a,b,d},
{b,c,d}}. Thus this space is not pu-Ti /5.

Theorem 2.17. If a GTS (X, p) is p-T1 then it is p-Ty 5.

Proof. Suppose that A is a subset of X which is not p-closed. Take z €
cu(A)\ A. Then {z} C ¢, (A)\ A and {x} is p-closed (as (X, p) is p-T1). Thus
by Theorem 2.5, A is not pg-closed. O
Example 2.18. Let X ={a,b,c,d} and p = {9, X, {d},{a,b},{b,c,d},{a,c,d},
{a,b,d}}. Then (X,p) is a GTS. It is easy to verify that (X, u) is p-T /5 but
not p-11.

Definition 2.19. A GTS (X, 1) is said to be u-symmetric iff for each 2,y € X,
z € cu{y}) =y € cu({z}).

Remark 2.20. It is easy to check that the above definition of a p-symmetric
space GT unifies the existing definitions of J-symmetric space [8], (, p)-symmetric

space [5], a-symmetric [6], d-semi symmetric space [7] if (X, 7) is a topological
space and u = 60(X), 0-PO(X), aO(X), 5-SO(X) respectively.

Theorem 2.21. A GTS (X, p) is p-symmetric iff {x} is pg-closed for each
reX.

Proof. Let {z} C U € p and (X, p) be p-symmetric but ¢, ({z}) € U. Then
cu{z})NU# @. Let y € c,({z}) NU°. Thenz € ¢,({y}) CU =2 ¢ U - a
contradiction.

Conversely, let for each x € X, {z} is pg-closed and = € ¢, ({y}) C (c,({z}))°
(as {y} is pg-closed). Thus z € (c,({x}))° - a contradiction. O

Corollary 2.22. If a GTS (X, u) is u-Ty then it is p-symmetric.

Example 2.23. Let X = {a,b} and p = {&,X}. Then (X,u) is a p-
symmetric space which is not p-T;.
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Theorem 2.24. A GTS (X, p) is p-symmetric and p-To iff (X, ) is p-T1.

Proof. Tt (X, p) is p-Ty then it is p-symmetric (by Corollary 2.22) and u-Tj
(by Definition 2.13).

Conversely, let (X, 1) be p-symmetric and p-Tp. We shall show that (X, p)
is u-T1. Let z,y € X and x # y. Then by u-To-ness of (X, u), there exists
U € psuch that z € U C {y}°. Then x ¢ c,({y}) and hence y & c,({z}).
Thus there exists V € p such that y € V and « ¢ V. Thus (X, p) is p-77. O

Theorem 2.25. If (X, pu) is p-symmetric, then (X,p) is pu-To iff (X, pn) is
w1 o iff (X, p) is p-T1.

Proof. Follows from Theorem 2.24 and the fact that p-T7 = p-Ty,, = p-To.
O

3. PRESERVATION OF jg-CLOSED SETS

Definition 3.1. Let (X,p,) and (Y, u,) be two GTS’s. A mapping f :
(X, p,) — (Y, p,) is said to be
(i) (u,,p,) continuous [9] iff f=1(G2) € u, for each G € pu,;
(ii) (py, i1, )-closed iff for any pu,-closed subset A of X, f(A) is u,-closed in
Y.

Theorem 3.2. Let (X, p,) and (Y, u,) be two GTS’s and [ : (X, p,) = (Y, )
be (i, , i, )-continuous and (u,, p,)-closed mapping. If A is u,g-closed in X
then f(A) is u,g-closed in Y.

Proof. Let f(A) C Ga, where Gy is a p,-open set in Y. Then A C f~(Gy),
where f~1(G2) is a p,-open set in X. Thus by p, g-closedness of A, ¢, (A) C
f7HGa). Thus f(cy, (A)) € Gz and f(cyu, (A)) is p,-closed in Y. Tt thus follows
that G, (F(4)) C e (F(eun (A))) = Flew (A)) C Ga. Thus F(A) is p,g-closed
inY. il

Theorem 3.3. Let (X, p1,) and (Y, u,) be two GTS’s and f : (X, p,) — (Y, )
be a (p1, p2)-continuous and (u, , p,)-closed mapping. If B is a p,g-closed set
inY, then f~Y(B) is p,g-closed in X.

Proof. Suppose that B is a u,g-closed set in Y and f~(B) C Gy, where G is
p1,-open in X. We shall show that c,, (f~'(B)) € G1. Now fle, (f7(B)) N
GS] € ¢, (B) \ B and by Theorem 2.5, flc, (f~'(B)) N G{] = @. Thus
Cp, (f~Y(B)) NG = @. Thus Cpu, (f~1(B)) € Gy and hence f~1(B) is p,g-
closed in X. (]

Next two examples show that (u,, i, )-continuity and (u, , i, )-closedness in
both of the above theorems are essential.

Example 3.4. Let X = {a,b,c,d}, p, ={2,X,{a,b},{c,d},{a,c,d},{a,b,d}}

and p, = {2,X,{a,b},{c,d},{a,c,d}}. Then (X,p,) and (X, p,) are two
GTS’s. Consider the identity mapping [ : (X,p,) = (X, pn,). It is easy to see
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that f is a (p, , i, )-continuous mapping which is not (u, , p,)-closed. The fami-
lies of p, g-open and p, g-open sets are respectively {@, X, {a}, {d}, {c, d}, {a, d},
{a,b},{a,c,d},{a,b,d}} and {2, X,{a},{c},{d},{c,d},{a,d}, {a, b}, {a,c},
{a,c,d},{a,b,d},{a,b,c}}. We note that {d} is gp,-closed but f~({d}) is not
g, -closed.

Again, the identity map h defined by h : (X, pu,) — (X, p,) is not a (pa, p1)-
continuous mapping but it is (p,, 1, )-closed. Clearly, {d} is a p,g-closed set
but h({d}) is not a u,g-closed set.

Example 3.5. Let X = {a,b,c,d} , p, = {2, X,{a,b},{c,d},{a,c,d}, {a,b,d}}
and p, = {2, X,{a,b},{a,b,d},{a,c,d}}. Then (X, p,) and (X, p,) are GTS’s.
Now, consider the identity map f: (X, u,) = (X, p,). It is easy to verify that
fis a (g, by )-continuous mapping which is not (p,, i, )-closed. The family of
gii, -open and g, -open sets are respectively {@, X, {a}, {d},{c, d}, {a,d},{a,b},
{a,c,d},{a,b,d}} and {2, X, {a},{d},{a, b}, {a,d},{a,b,d},{a,c,d}}. Wenote
that {a,b} is p,g-closed but f({a,b}) is not u,g-closed.

Again, consider the identity map h : (X, u,) — (X, u,). Then, clearly h
is a (W, 1, )-closed map which is not (u,, p,)-continuous. Clearly, {a,b} is
w,g-closed but h='({a,b}) is not a p,g-closed set.

4. PROPERTIES OF {i-REGULAR AND p-NORMAL SPACES

Definition 4.1. A GTS (X, u) is said to be p-regular if for each p-closed set
F of X not containing x, there exist disjoint u-open set U and V such that
zeUand FCV.

Remark 4.2. Regular space, pre-regular space, semi-regular space, S-regular
space, a-regular space are defined and studied in [16, 31, 15, 19, 20] respectively.
The above definition gives a unified version of all these definitions if p takes
the role of 7, PO(X), SO(X), fO(X), aO(X) respectively.

Theorem 4.3. For a GTS (X, ) the followings are equivalent:

(a) X is p-regular.

(b) For each x € X and each U € p containing x, there exists V € p such
that x € V C ¢, (V) CU.

(c) For each p-closed set F of X, N{c,(V): FCV epu}=F.

(d) For each subset A of X and each U € p with ANU # &, there exists
aV € p such that ANV # @ and ¢, (V) CU.

(e) For each non-empty subset A of X and each p-closed subset F of X
with AN F = @, there exist U,V € u such that ANV # @, F CW
and WNV =g2.

(f) For each p-closed set F with x & F there exist U € p and a ug-open
setV such that t e U, FCV andUNV = @.

(g) For each A C X and each p-closed set F with ANF = & there exist
a U € p and a pg-open set V. such that ANU # @&, F CV and
unv=g.

(h) For each p-closed set F of X, FF = N{c, (V) : F CV,V is ug-open}.



170 B. Roy

Proof. (a) = (b) : Let U be a p-open set containing . Then z ¢ X \U, where
X\ U is p-closed. Then by (a) there exist G,V € u such that X \ U C G and
zeVand GNV =2. ThusVC X\ Gandsox eV C¢,(V)CX\GCU.

(b) = (c) : Let X \ F € u be such that « ¢ F. Then by (b) there exists
Ue€psuchthat x € U C e (U) CX\F. So, FC X \c,(U)=V (say)e p
and UNV =@. Thus z & ¢, (V). Hence F D N{c, (V) : F CV € u}.

(c) = (d) : Let U € p withz € UN A. Then = ¢ X \ U and hence by (c)
there exists a p-open set W such that X \ U C W and = ¢ ¢,(WW). We put
V =X\ ¢, (W), which is a p-open set containing x and hence ANV # & (as
z€eANV). Now VC X\ W andsoc,(V)CX\W CU.

(d) = (e) : Let F be a u-closed set as in the hypothesis of (e). Then X \ F
is a p-open set and (X \ F) N A # @&. Then there exists V € pu such that
ANV # @ and ¢, (V) C X\ F. If we put W = X \ ¢,(V), then FF C W and
wnv=g.

(e) = (a) : Let F be a p-closed set not containing 2. Then by (e), there
exist W,V € psuchthat FC W andax €V and WNV = 2.

(a) = (f) : Obvious as every p-open set is pg-open (by Remark 2.2).

(f) = (g) : Let F be a p-closed set such that AN F = @ for any subset
A of X. Thus for a € A, a € F and hence by (f), there exist a U € p and a
png-open set Vsuch that a e U, FCV and UNV =@. So ANU # @.

(g) = (a) : Let x ¢ F, where F' is p-closed. Since {z}NF = &, by (g) there
exist a U € p and a pg-open set W such that c e U, FC W and UNW = @.
Now put V = i,(W). Then FF C V (by Theorem 2.10) and U NV = @.

(c) = (h) : We have FF C N{c,(V): F CV and V is pug-open} C N{c, (V) :
F CV and V is p-open} = F.

(h) = (a) : Let F be a p-closed set in X not containing 2. Then by (h)
there exists a pg-open set W such that ' C W and z € X \ ¢, (W). Since F is
p-closed and W is pg-open, F' C i, (W) (by Theorem 2.10). Take V = i,(W).
Then F CV,z € X\c, (V) =U (say) (as (X\F)NV =@)and UNV =@. O

Definition 4.4. A GTS (X, p) is p-normal [12] if for any pair of disjoint p-
closed subsets A and B of X, there exist disjoint p-open sets U and V' such
that ACU and BC V.

Remark 4.5. Normal space, pre-normal space, semi-normal space, a-normal
space, S-normal space, y-normal space are defined and studied in [16, 31, 2,



On a type of generalized open sets 171

20, 19, 17] respectively. The above definition gives a unified version of all these
definitions if 4 takes the role of 7, PO(X), SO(X), aO(X), BO(X) respectively.

Theorem 4.6. For a GTS (X, ) the followings are equivalent:

(a) X is pu-normal;

(b) For any pair of disjoint u-closed sets A and B, there exist disjoint
ug-open sets U and V' such that A C U and B CV;

(c) For every u-closed set A and p-open set B containing A, there exists
a pg-open set U such that A CU C ¢,(U) C B;

(d) For every u-closed set A and every pg-open set B containing A, there
exists a p-open set U such that A C U C ¢, (U) Ci,(B);

(e) For every pg-closed set A and every p-open set B containing A, there
exists a pr-open set U such that A C ¢, (A) CU C ¢,(U) C B.

Proof. (a) = (b) : Let A and B be two disjoint p-closed subsets of X. Then
by p-normality of X, there exist disjoint p-open sets U and V' such that A C U
and B C V. Then U and V are pg-open by Remark 2.2.

(b) = (c) : Let A be a u-closed set and B be a p-open set containing
A. Then A and B¢ are two disjoint p-closed sets in X. Then by (b), there
exist disjoint pug-open sets U and V such that A C U and B® C V. Thus
ACUCX\V C B. Again, since B is p-open and X \ V is ug-closed,
cu(X\V)C B. Hence ACU C¢,(U) C B.

(c) = (d) : Let A be a p-closed subset of X and B be a pg-open set
containing A. Since B is a ug-open set containing A and A is u-closed, by
Theorem 2.10, A C i,(B). Thus by (c) there exists a pg-open set U such that
ACUCe,(U) Cin(B).

(d) = (e) : Let A be a pug-closed set and B be a p-open set in X containing
A. A C B implies ¢,(A) C B, where ¢, (A) is p-closed and B is pug-open (as B
is p-open). Then by (d), there exists a p-open set U such that A C ¢, (A4) C
UCec,(U)Ciy(B). Thus A Cc,(4A) CU Ce,(U) CB.

(e) = (a) : Let A and B be two disjoint p-closed subsets of X. Then A
is ug-closed and A C X \ B, where X \ B is p-open. Thus by (e), there exists
a p-open set U such that A C ¢,(A) CU C ¢,(U) € X\ B. Thus A C U,
BCX\¢,(U)and UN(X \ ¢,(U)) = @. Hence X is p-normal. O

Remark 4.7. (a) By using u = 7 [22] (resp. PO(X) [25], SO(X) [4], aO(X)
[27], O(X) [13], BO(X) [17, 21]) on a topological space (X, T) several modifi-
cations of g-closed sets (resp. sg-closed sets, ga-closed sets, dg*-closed sets, bg-
closed sets) are introduced and investigated. Since each of 7, PO(X), SO(X),
aO(X), 0(X), BO(X) forms a GT on X, the characterizations of each of the
families are obtained from pg-open set.
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(b) The definition of many other similar types of generalized closed sets can
defined on a topological space (X, 7) from the definition of pg-closed set by

replacing p by the corresponding GT on X.
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