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1. Introduction

Levine [5] introduced generalized closed sets amli ®pen sets. Abd Monsef, Deeb and
Mahmoud introduce@ sets and Njastad introducedets and Mashour, Abd EI-Monsef
and Deeb introduced pre-open sets. Andregvic cdllesbts as semi pre-open sets.
Veerakumar [12] introduced g* closed sets. The afrthis paper is to introduce a new
type of closed sets namely **g closed sets andsitiyate some of the basic properties of
this class of sets.

2. Preliminaries
Definition 2.1. A subset A of topological space (X) is called

(1) ageneralized closed5] (briefly g-closed) set, if cl(A)l U whenever AJU and
U is open in (X%); the complement of a g-closed set is callgeopenset.

(2) ageneralized semi-closegbriefly gs- closed) set, if scl(A)JU whenever A1U
and U is open in (X7) ;the complement of a gs-closed set is callgd-apen
set.

(3) asemi-generalized closdthriefly sg- closed) set , if scl(AJU and ALJU and
U is semi-open in (Xr); the complement of a sg-closed set A is called-apen
set.

(4) a¥Y-closedset [9], if scl(A)LU whenever AJU and U is sg-open in (%) the
complement of & -closed set is called W-openset.

(5) aa -generalized closed5] (briefly a g- closed) set, ifa cl(A) UU, whenever
AU and U is open in (Xg); the complement of e{g-closed set is called
aq g-openset.
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(6) a generalizeda - closed[4] (briefly ga - closed) set, idr cl(A) U whenever
AU and U igr -open in (X,1); the complement of agy-closed set is called a
ga -openset.

(7) ageneralized pre-closedbriefly gp-closed) set, if pcl(A) U whenever A1U
and U is open in (X5); the complement of a gp-closed set is callegbapen
set.

(8) a generalized semi-pre closed2] (briefly gsp- closed) set, if Spcl(AJU
whenever A1U and U is open in (Xr); the complement of a gsp-closed set is
called agsp-openset.

(9) ageneralized*-closedbriefly g*-closed) set, if cl(A]lU whenever A1U and U
is g open in (Xz); the complement of a g*-closed set is callagi-@pen set.

(10) a generalized pre*-closed(briefly gp*-closed) set, if cl (A)JU whenever
ALlU and U is gp-open in (%); the complement of a gp*-closed setis called a
gp*-open set.

(11) a generalized” closed[7] (briefly g# closed set, if cl(A)LJU whenever AJU
and U isa g open in (X); the complement of &’ glosed set is calleg’ open
set.

(12) a regular generalized —star closed(briefly rgclosed) set, if rcl(A)JU
whenever AU and U is regular open in (X); the complement of a rg* closed
set isrg* open set.

(13) a*generalized closebriefly *g closed) set, if cl(A)JU whenever A1U and
U isg —open in (X;1); the complement of a *g-closed set is calléd-apen set.

(14) a strongly g* closedbriefly sg* closed) set, if cl(int(A))J U whenever A1U
and U is g open in (%%); the complement of a.

(15) aregular weakly generalized closedMriefly rwg closed)set, if cl(int(A)J U
whenever AU and U is regular open in (X); the complement of a rwg closed
set in calledwg openset.

3. **g closed sets
Definition 3.1. If a subset A of a topological spacg’{) is called **g closed set, if

cl(A) U whenever A1U and U is g* open in (Xg); the complement of a **g closed
set is called **g open set.

Example 3.1.X={a,b,c}

z ={X, ¢ {a}.{b}.{a,b}}

7 (Closed sets)={ X¢ ,{c},{b,c}.{a,c}}
g closed sets={ X¢ ,{c},{b,c}.{a,c}}

g* closed sets={ X¢ {c}{b,c}{a,c}}

g* open sets={ X¢ ,{a},{b}{a,b }

**g closed sets={ X¢ ,{c},{b,c}{a,c}}
**q open sets={Xg ,{a,b},{a}.{b}}.
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Theorem 3.1.Every closed set is **g closed set.
Proof: Let A be a closed set.
TPT: Alis **g closed set(i.e.) TPT: if cl(A) U , whenever AJU and U is g* open
Since A is closed, A= cl(A).
Let AUy, uiis g* open.
Now cl(A)=AH U
= Ais **g closed.

Example 3.2.The Converse of the above theorem is need noubeas seen from the
following example X={a,b,c}.

7=(X, ¢ {a}{a,c}} Z(Closed sets)={ X¢ {b},{b,c}}

**g closed sets ={ X¢ ,{b}{a,b}{b,c}}

Here A={a,b} be a **g closed set but not a closetl s

Theorem 3.2.Every g* closed set is **g closed set.
Proof: Let A be g* closed set

TPT: Ais **g closed, (i.e.)TPT if cl(A) Uy whenever A U and U is g* open
By the definition of g* closed set, if cl(,@ U whenever AJU and U is g open
Let AU U where U is g* open.
Since U is g*oEen=> U is g open.

Thus cl(A)~ U, U is g* open.

= Ais **g closed.

Example 3.3The converse of the above theorem is need noubeas seen from the
following example X={a,b,c}.

r ={X, ¢ {a},{a,c}} r (Closed sets)={X¢ {b},{b,c}}

g* closed sets={ X¢ ,{c}.{a,cKb,c}}**g closed sets ={ X, ¢ ,{b}.{a,b}{b,c}}

Here A={a,b} is a **g closed set, but not a gbskd set

Remark 3.1.**g closedness is independent of§f<€losedness. It can be seen from the
following examples.

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

7-({X, ¢ {a},{b}.{a,b},{a,b,c}} 7(Closed sets)={{X¢ ,{d}{c,d},{a,c,d},{b,c,d}}
**g closed sets={{X.¢ ,{d}{c,d}{a,c,d},{b,c,d} {a,d},{b,d}{a,b,d}}

Here A={b} be a g"// closed set, but not **g closed set

Example 3.5.X={a,b,c}.

7={IX, ¢ {a},{b,c}} 7(Closed sets)={{X¢,{a},{b,c,}}.
**g closed sets={{X ¢ ,{a},{b},{c},{a,b},{b,c}{a,c}}.
Here A={a,b} is a **g closed set, but not ﬁ‘kset.

Remark 3.2.Similarly we can prove **g closedness is independém# closedness.
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Theorem 3.3.If A is strongly g* closed and A is open then Affg closed set.

Proof: Let A LIy and U is g* open.
Since A is strongly g* closed set.

cl(int((A)) 1 U whenever AJU and U is g open in X.
Since A is open, int(A)=A , also g* open=>g open.
Thus cI(A)D U, U is g* open.

= Ais **g closed.

3.1. Properties of **g closed sets
Theorem 3.1.1If A and B are**g closed sets thenlAB is **g closed set.
Proof: Let U be a g* open in X such thatAB [ U.
Since A and B are **g closed sets.
Then, cl(A) Ju , ALy and U is g¥open.
Similarly cI(B) U, BHu and U is g*open.
= cl(AHB)=cl(A) Hel(B)O U
= cl(AUB) Oy
= ALBis **g closed.

Example 3.1.1X={a,b,c}

Z=( X, ¢ {a}.{b}.{a,b}}

**g closed sets ={ X¢ ,{c},{b,c}.{a,c}}
Let A={c} and B={b,c}.

Then ALB ={b,c} which is **g closed.

Remark 3.1.1.The intersection of two **g closed sets need not*geclosed set.

Theorem 3.1.2.If a subset A of X is **g closed set if cl(A) — Aods not contain any
non-empty g*closed set.
Proof: Let A be a **g closed set.
Suppose cl(A) — A contains a non-empty g*closechsetely F, (ie) £ cl(A) — A
Flcl(A) & FLUA>(1), (i.e) ALLF
=>cl(A) Ll F
“FL (A% > (2)
From (1) and (2)
FL cl(A) Ncl(A%)
= F=¢
This is a contradiction to our assumption.
Hence the theorem.
The converse is not true.

Theorem 3.1.3.f Ais a **g closed set of X such thatlAg Ll c(a) then B is also a **g

closed set.
Proof: Let U be a g*open set of X such thatBJ.
Now B cl(A)
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= clB) Uclcla)

= ClA) Uy, since A is **g closed.
cl(B)Hu
=>B is **g closed set.

Theorem 3.1.4If A is g* open and **g closed set then A is closset.
Proof: Let A be both g*open and **g closed.
TPT: Ais closed

Since A is **g closed, cI(A)D U, U is g*open
Since A is g*open , we can take A=U

= Cla) HA butAbclia)

= A=cl(A)

= Als closed.

Theorem 3.1.5.If a subset A of a topological space ¢ ) is both open and **g closed

then A is closed set.
Proof: Let A be both open and **g closed
TPT : Ais closed
cl(A) Dy where U is g*open
We know that, open =>g*open
= Ais g*open
Now take U=A
cl(a) Ha
Also AUcl(a)
= cl(A)=A
= As closed.

Theorem 3.1.6f a subset A of a topological spa%e(r) is both open and regular closed

then A is **g closed set.
Proof: Let A be both open and regular closed.
TPT: A be a **g closed
A=cl(int(A))
Let AD U whenever AU and U is g*open.
Since A is open, int(A)=A.
Since A is regular closed, cl(int(A))=A.
= cl(int(A))=A
= cl(A) Hu [since int(A)=A]
= Ais **g closed.

Theorem 3.1.7.If a subset A of a topological space ¢ ) is both open and **g closed

then A is both regular open and regular closed set.
Proof: Let A be both open and **g closed.

Then by the above theorem (4.7)

A is closed, (ie) cl(A)=A
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Also as A is open int(A)=A -->(*)
Sub A=cl(A) in eq (*)

= int(cl(A))=A

= As regular open
Since A is Closed, cl(A)=A
cl(int(A))=A [since int(A)=A]

= Asregular closed.

Theorem 3.1.8.If a subset A of a topological spacg, ¢ ) is both open and **g closed

then A is rg closed set.
Proof: If A is both open and **g closed then by the abtweorem (3.1.5).
A is closed, (ie) cl(A)=A
Also by the above theorem (3.1.7)
A is both regular open and regular closed
Let AL U where U is regular open
cl(a) Hu=A
= Aisrg closed.

Theorem 3.1.9.Let A be a **g closed and suppose that F is clabeth ANF is **g
closed.

Proof: Let A be a **g closed.

TPT : AN Fis **g closed.

Let F be such that & F LU where U is g*open.

Since Fis close@ " F is closed in A.
- c(ANF)=ANFOy

= Cl(A AR Uy
= A NFis**g closed.
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