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Abstract: The aim of this paper is to introduce a new class of closed sets namely gspaw-closed sets which is
obtained by generalizing gsp -closed sets via aw- open sets and investigate some of their basic properties in
topological spaces.

Introduction:

LEVINE [5 ] introduced semi-open sets in 1963. In 1986, D.ANDRUIEVIC [ 1] introduced the notion of
semi-pre- open sets in topological spaces. In 2000, the @ closed sets [9] were introduced and studied
by P.SUNDARAM and M.SHRIK JOHN. M.PARIMALA [8] introduced the concept of 2w -closed sets,
and studied their properties in 2017.The aim of this paper is to introduce a new class of closed sets
namely gspaaw- closed sets and investigate some of their basic properties in topological spaces.

1. PRELIMINARIES:

DEFINITION 1.1:A subset A of a space(X, T)is called a
1. semiopensetifA C cl(int(A))

2. a-opensetif A Cint (cl(int(A)))

3. semipre(=p )-opensetifA < cl (int(cl(A)))
4, b-opensetifA C (cl(int(A))) U (int(cl(A)))
5. regular-opensetif A = int(cl(A))

DEFINITION 1.2: A subset A of a space (X, T) is called

generalized closed (briefly g-closed) if c1(A) € U whenever A € U and U is open
regular-generalized closed(briefly rg-closed)if cl(A) € U whenever AC U and U is
regularopen.

3. generalized b-closed (briefly gh-closed) if bcl(A) € U whenever A € U and U is open

4. regular-generalized b- closed(briefly rgb-closed)ifbcl(A) € UwheneverA € UandUis regular-
open

5. generalized semi-preregular-closed (briefly gspr-closed) if spcl(A) € Uwhenever A € U and
U is regular open

6. generalizedB-closed (briefly g B-closed) if Bcl(A) € U whenever A € U and U is open.
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7. yg-closedifpcl(A) € UwheneverA € UandUisg-open

8. Yg-closed ifPcl(A) <€ U whenever A € Uand Uis open

9. generalized semi-closed (briefly gs-closed) if scl(A) € U whenever A € U and U is open
10. 5 *-closed if spcl(A) € U whenever A € U and U is w-open

11. P-closed if scl(A) € U whenever A € U and U is sg-open

12. w(org) closed if cI(A) S U whenever A € U and U is semi-open

13. aw-closed ifwcl(A) € U whenever A € Uand U is a-open

14. gaw -closed if c1(A) € U whenever A € U and U is aw-open

2. gspoaw -CLOSED SET

DEFINITION 2.1:
A subset A of (X, 1) is called a gspaw-closed set if spcl(A) € U whenever A € U and U is aw-
open in (X,, T ). The complement of gspaw -closed set is gspaw —open set.

EXAMPLE2.2:

Let X ={a, b, c}; 7= {X,@, {c}, {a, c}}. Closed sets are {X,q, {b}, {a, b}}

semi-pre closed sets are (X, , {a}, {b}, {a, b}}. aw-open sets are {X,p , {c}, {a, c}}
gspaw -closed sets are {X,@ , {a}, {b}, {a, b}, {b, c}}

THEOREM 2.3:
Every closed set is gspaw -closed set

PROOF:

Let A be aclosed set, cl(A) = A.Let A € U,U be aw-open

We've spcl(A) <€ cl(A) € U= spcl(A) € U. Hence A is gspaw -closed set.

The converse of the above theorem need not be true as seen from the following example.

EXAMPLE 2.4: Let X ={a, b, c},t={X,@, {c}, {a, c}}
Closed sets are {X, ¢, {b}, {a, b}. gspaw-closed sets are {X,, {a}, {b}, {a, b}, {b, c}}
Let A ={a}. Here, {a} is gspaw-closed set but not closed set in (X, T)

THEOREM 2.5:
Every regular-closed set is gspaw-closed set

PROOF:

Let A be a regular-closed set. Let A € U, U be aw-open

But, every regular closed set is closed set.. cl(A) = A.

We've spcl(A) S cl(A) = A € U = spcl(A) € U. Hence A is gspaw-closed set

The converse of the above theorem need not be true as seen from the following example.

EXAMPLE 2.6:

Let X ={a, b, c}, == {X,p, {b}, {c}, {b, c}}, Closed sets are {X,q, {a}, {a, b}, {a, c}}
regular-closed sets are {X,¢, {a, b}, {a, c}}, gspaw-closed sets are {X,¢ , {a}, {b}, {c}, {3, b}, {3, c}}. Let
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A ={b}. Here, {b} is gspaw-closed set but not regular-closed set in (X, ).

THEOREM 2.7:
Every pre-closed set is gspaw-closed set

PROOF:

Let A be a pre-closed set. Let A € U, U be aw-open

Since A is pre-closed, pcl(A) = A. We'vespcl(A) € pcl(A) =Ac U=spcl(Ad) €U
Hence A is gspaw-closed set

The converse of the above theorem need not be true as seen from the following example.

EXAMPLE 2.8:

Let X={a, b, ¢}, T={X, @, {a}, {a, c}}. Closed sets are {X,@, {b}, {b, c}}
pre-closed sets are {X,¢, {b}, {c}, {b, c}}

gspaw -closed sets are {X,@ , {b}, {c}, {a, b}, {b, c}} Let A ={a,b}
Here, {a, blisgspaw-closed set but not pre-closed set in (X, T)

THEOREM 2.9:
Every a-closed set is gspaw-closed set

PROOF:
Let Abea a-closedset.LetA € U, U be aw-open
Since A is a-closed, cl (int(cl(A))) = A
We've A C cl(A) = cl(int(cl(A))) S cl(A).Also, cl(A) = A
= cl(int(A)) € A = int(cl(int(A))) € int(A) C A, [since int(A) S A]
= int (cl(int(A))) C A cU=spcl(A) € U.HenceAis gspaw -closed set

The converse of the above theorem need not be true as seen from the following example.

EXAMPLE 2.10:

Let X={a, b, c}, == {X,, {c}, {a, c}}, Closed sets are {X,¢, {b}, {3, b}}
a-closed sets are {X,¢, {a}, {b}, {a, b}}

gspaw -closed sets are {X,¢ , {a}, {b}, {a, b}, {b, c}}. Let A={b,c}
Here, {b, c} is gspaw-closed set but not a-closed set in (X, T).

THEOREM 2.11:
Every semi-pre-closed set is gspaw -closed set

PROOF:

Let A be a semi-pre-closed set. Let A € U, U be aw-open

Since A is semi-pre-closed, spcl(A) = A = spcl(A) = A €U ~spcl(A) €U

Hence A is gspaw-closed set

The converse of the above theorem need not be true as seen from the following example.

EXAMPLE 2.12:
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Let X={a, b, c}, == {X,, {c}, {a, c}}, Closed sets are {X,, {b}, {a, b}}
semi-pre-closed sets are {X,¢, {a}, {b}, {a, b}}

gspaw-closed sets are {X,, {a}, {b}, {a, b}, {b, c}} Let A ={b,c}

Here, {b, c} is gspaw -closed set but not semi-pre-closed set in (X, T)

THEOREM 2.13:
Every gaw-closed set is gspaw-closed set

PROOF:

Let A be a gaw -closed set LetA € U, U be aw-open

Since A is gaw-closed, cl(A) € U, U isaw-open

We've spcl(A) € cl(A) € U= spcl(A) € U.

Hence A is gspaw-closed set

The converse of the above theorem need not be true as seen from the following example.

EXAMPLE 2.14:

Let X={a, b, c}, t={X,, {b}, {a, b}}, Closed sets are {X,, {c}, {a, c}}

aw-open sets are {X,@ , {b}, {a, b}}, gaw -closed sets are {X,¢, {c}, {b, c}, {a, c}}
gspaw-closed sets are {X,¢ , {a}, {c}, {b, c}, {a, c}}. Let A ={a}

Here, {a} is gspaw -closed set but not gaw-closed set in (X, T)

THEOREM 2.15:
Every gpaw -closed set is gspaw-closed set

PROOF:

Let A be a gspaw-closed set. Let A © U, U be aw-open

Since A is gpaw -closed, pcl(A) € U, U is aw-open

We've spcl(A) € pcl(A) € U = spcl(A) € U.

Hence A is gspaw -closed set

The converse of the above theorem need not be true as seen from the following example.

EXAMPLE-2.16:

Let X ={a, b, c}, T=1{X, , {b}, {c}, {b, c}}, Closed sets are {X,@, {a}, {a, b}, {a, c}}
pre-closed sets are {X, , {a}, {a, b}, {a, c}}, aw-open sets are {X, , {b}, {c}, {b, c}}
gpaw-closed sets are {X,@ , {a}, {a, b}, {a, c}}

gspaw -closed sets are {X, , {a}, {b}, {c}, {3, b}, {a, c}}. Let A ={b}

Here, {b}is gspaw-closed set but not gpaw-closed set in (X, 1)

THEOREM-2.17:
If Ais aw-open and gspaw-closed, then A is semi-pre-closed.

PROOF:

Let A € U, U beaw—open. Since A is aw -open, takeA=U_ (1)

Also, A is gspaw-closedand open, then A € Aand spcl(A) € U = A (by (1))
= A S Aandspcl(A) € A. spcl(A) = A.Hence Ais semi-pre-closed
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THEOREM 2.18:
Union of two gspaw-closed sets is gspaw -closed set

PROOF:

Let A and B be two gspaw -closed sets in (X, T)

Let G be any aw-open setin (X, t) suchthat A UB € G, thenA € GandB € G
Since A and B are gspaw-closed sets, then spcl(A) € Gandspcl(B) € G

But, spcl(A UB) = spcl(A) Uspcl(B) € G

= spcl(A U B) € G, Gis aw-open Hence A U B is gspaw-closedset

REMARK 2.19:

Intersection of two gspaw-closed sets need not be gspaw-closed sets
For example, X ={a, b, ¢}, = {X,@, {c}}, Closed sets are {X,@, {a, b}}
gspaw-closed sets are {X, ¢, {b}, {c}, {a, b}, {b, c}, {a, c}}

Here, {a, b} and {3, c} are gspaw-closed sets

But {a, b} N{a, c} = {a} is not a gspaw -closed set

THEOREM 2.20:
If Ais gspaw-closed setin Xand A € B C spcl(A), then B is also gspaw-closed set in X.

PROOF:

Let A be gspaw-closed set inXand A € B C spcl(A). Let B € U and U be aw-open set in X. Since
A € B,then A € Uand A is gspaw-closed set, spcl(A) € U

Given B € spcl(A) = spcl(B) <€ spcl(spcl(A)) = spcl(B) S spcl(A) €U

~ spcl(B) <€ U. Hence B is gspaw -closed set in X.

THEOREM 2.21:
Let A € Y € X and suppose that A is gspaw-closedsetin X. Then A is gspaw-closed set relative toY.

PROOF:

LetA € Y NG, G be aw—open. Since A is gspaw-closed set, then spcl(A) € G, whenever A € G, G
is aw-open= Y Nspcl(A) € YN G.

Hence A is gspaw-closed set relative to Y.

REMARK 2.22:
The set gp*-closed set and gspaw -closed set are independent and this can be seen from the following
example.

2.23 EXAMPLE:

Let X ={a, b,c}, 1={X,, {b}, {a, b}}

Closed sets are {X, ¢ ,{c}, {3, c}}

gp-open sets are {X,@ , {a}, {b}, {b, c}, {a, c}}
semi-pre closed sets are {X,¢ , {a}, {c}, {b, ¢}, {a, c}}
aw-open sets are {X,@, {b}, {3, b}}

LetA ={a,b} S X, cl(A) = X =X
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Let = {a} < {a,b},spcl(A) = {a} < {a,b}.

gp*

-closed sets are {X,¢, {c}, {a, b}, {3, c}}

gspaw-closed sets are {X, , {a}, {c}, {b, c}, {a, c}}.
Here, the sets {a} and {b, c} are gspaw-closed set but not gp*closed set.

Also, the set {a, b} is gp*-closed set but not gspaw-closed set.

CONCLUSION

In this paper we have introduced gspaw-closed set and studied some of their properties in topological

spaces. Also we can extend the study to gspaw-continuous maps, gspaw-irresolute maps .This study

can be extended to the concept of compactness, connectedness and separation axioms. Also it can be
extended to spaces like Bitopology, Fuzzy and Ideal topological spaces.
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