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Abstract

A function f: (X,;t) — (Y,0) is called g°p -continuous[2] if f * (V) is g°p -closed in(X,t) for every closed set V in (Y,o). The notion of
contra continuity was introduced and investigated by Dontchev[6]. In this paper we introduce and investigate a new generalization of
contra continuity called contra g*p -continuity.
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I. INTRODUCTION

Dontchev[6] introduced the notion of contracontinuity. Dontchev and Noiri [7] introduced and investigated contra semi-
continuous functions and RC continuous functions between topological spaces.Veerakumar also introduced contra pre-
semicontinuous functions. In this paper we introduce and investigate contra g*p-continuous functions. This new class properly
contains the class of contra continuous, contra a-continuous, contra pre-continuous, contra g*p—continuous functions and
contra go-continuous functions and is properly contained in the class of contra gsp-continuous functions and contra gpr-
continuous functions.

Il. PRELIMINARIES

Throughout this paper (X,t) represents a topological space on which no separation axiom is assumed unless otherwise
mentioned. For a subset A of a topological space X, clA and intA denote the closure of A and the interior of A respectively.
X\ A denotes the complement of A in X. We recall the following definitions and results.

Definition 2.1

A subset A of a topological space X is called

(i) regular-open if A = int clA and regular-closed if A = clintA, [18]

(ii) semi-open if A < [Icl intA and semi-closed if int clAC A,[11]

(iii) a-open if A C int cl intA and o-closed if cl int clA € A,[14]

(iv) pre-open if A — Llint clA and pre-closed if cl intAcC A,[13]

(v) semi-pre-open [3] or B-open [1] if Accl int clA and semi-pre-closed [3] or B-closed [1] if int cl intA < LA,

The semi-pre-closure of a subset A of X is the intersection of all semi-pre-closed sets containing A and is denoted by spclA and
the semi-closure of A is the intersection of all semi-closed sets containing A and is denoted by sclA. Andrijevic [3] established
the relationships among the above operators.

Definition 2.2

A subset A of a space X is called

(i) rg-closed if clA < U whenever A < U and U is regular open,[16]

(ii) g-closed if clA < U whenever A < U and U is open,[12]
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(iii) sg-closed if sclA < U whenever A < U and U is semiopen.[4]
(iv) g*-closed set if clA < U whenever A ¢ U and U is ag-open,[ 22]
The complement of an rg-closed set is rg-open. The g-open, sg-open and g’p-open sets can be analogously defined.
Definition 2.3

A subset A of a space X is called

(i) pre-semiclosed if spclA < U whenever A < U and U is g-open,[20]
(i) g"p-closed if pclA < U whenever A c U and U is g -open.[23]
(iii) g"p-closed if pclA = U whenever A = U and U is g* -open.[17]
The complement of an pre-semiclosed set is pre-semi-open ,g p-open and g*p-open sets can be analogously defined.
Definition 2.4:[ 17 ]

A topological space (X, 1) is said to be

(i).a T,"space if every g’p- closed set is closed.

(ii).a “T,space if every gp- closed set is g°p- closed.

(iii).a T, space if every gp- closed set is ga- closed.

(iv).a . T, space if every gp- closed set is preclosed.

(v).a . T, space if every g’p- closed set is o-closed.

(vi).a*sT, space if every gsp-closed set is g”p- closed.

Lemma2.5 [17]

Let (X, 1) be a topological space .Then

(i)..Every pre-closed set is a g*p-closed .

(ii).Every closed set , a-closed set and ga-closed set is g*p-closed.
(iii).Every g"p-closed set is g*p-closed.

(iv).Every g*p-closed set is gsp-closed

(v). Every g*p-closed set is gpr-closed set.

Definition 2.6[10]

A space X is locally indiscrete if every open subset of X is closed.

Definition 2.7

A function f: (X,tr) — (Y,0) is called

(i) contra continuous if f*(V) is closed in (X,t) for every open set V in (Y,0), [6]

(i) contra semi-continuous if (V) is semi-closed in (X,7) for every open set V in (Y,0), [7]
(i) RC continuous if (V) is regular-closed in (X,t) for every open set V in (Y,0), [7]

(iv) contra gp-continuous if £1(V) is gp-closed in (X,t) for every open set V in (Y,0),

(V) contra a-continuous if f(V) is a-closed in (X,t) for every open set V in (Y,o), [8]

(vi) contra pre-continuous if f*(V) is pre-closed in (X,t) for every open set V in (Y,o), [9]
(vii) contra gsp-continuous if (V) is gsp-closed in (X,t) for every open set V in (Y,0),
(viii) contra ga-continuous if f1(V) is ga-closed in (X,t) for every open set V in (Y,0),

(ix) contra g'p —continuous if f*(V) is g'p -closed in (X,7) for every open set V in (Y,0),
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(x) contra gpr-continuous if f*(V) is gpr-closed in (X,t) for every open set V in (Y,0),
(xi) g*p -continuous if £1(V) is g’p -closed in (X,7) for every closed set V in (Y,0), [2]
Lemma 2.8 [2]

Let f: (X,t) — (Y,0) be a function. Then the following are equivalent.

(i) fis g*p-continuous.

(i) The inverse image of each closed set in Y is g*p-closed in X.

(iii) The inverse image of each open set in Y is g°p—-open in X.

Diagram 2.9

Contra continuous —— » Contra a-continuous

Contra pre-contiinuous
Examples can be constructed to show that the reverse implications are not true.
111. CONTRA g*p -CONTINUOUS FUNCTIONS

In this section we introduce contra g*p -continuous functions.

Definition 3.1

A function f: (X,t) — (Y,0) is called contra g*p -continuous if £'(V) is g"p -closed in (X,t) for each open set V in (Y,0).
Theorem 3.2

Every contra pre-continuous function is contra g*p-continuous.

Proof

Suppose f: (X,t) — (Y,0) is contra pre-continuous function. Let V be an open set in Y. Since f is contra pre-continuous, using
Definition 2.7 (vi), f * (V) is pre-closed in X. Again usingLemma 2.5 (i), f * (V) is g°p -closed in X. Therefore by using
Definition 3.1, fis contra g*p -continuous.

The converse of Theorem 3.2 need not be true as seen from the following example.

Example 3.3

Let X =Y ={a,b,c,} with topologies 1 ={@,{a}, X } and o = {&J,{a},{a,c},Y}. Define f: (X,1) — (Y,0) by f(a)=c,f(b)=b,f(c)=a.
Then f is contra g*p -continuous ,since every open set V in Y, f™ (V) is gp —closed in ( X,r). But f is not contra pre —
continuous, since {a,c} is an open set in Y,f*{a,c}={c,a} is not preclosed in (X,1).

Corollary 3.4

(i) Every contra continuous function is contra g*p -continuous.

(i) Every contra a-continuous function is contra g”p -continuous.
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Proof

Follows from Diagram 2.9 and Theorem 3.2.

The converses of Corollary 3.4 need not be true as seen from the following example.

Example 3.5

Let X,Y,1,cand f beas inthe example 3.3.

Then f is contra g’p -continuous but not contra continuous and not contra a-continuous.

Theorem 3.6

Every contra gp- continuous function is contra gp-continuous.

Proof

Suppose f: (X,1) — (Y,0) is contra g p -continuous function. Let V be an open set in Y. Since f is contra g'p -continuous, using
Definition 2.7(ix), f * (V) is g'p -closed in X. Again using Lemma 2.5 (iii), f * (V) is g°p -closed in X. Therefore by using
Definition 3.1, fis contra g*p -continuous.

The converse of Theorem 3.6 need not be true as seen from the following example.

Example 3.7

Let X,Y, 1,0 and f be as in the example 3.3. Then f is contra g*p -continuous ,since every open set Vin Y, f* (V) is gp -
closed in ( X,7). But fis not contra g"p —continuous, since {a,c} is an open set in Y, f*{a,c}={c,a} is not g'p -closed in (X,1).
Theorem 3.8

Every contra g”p -continuous function is contra gsp-continuous.

Proof

Suppose f: (X,1) — (Y,0) is a contra g*p -continuous function.Let V be an open set in Y. Since f is contra g*p -continuous,using
Definition 3.1, f * (V) is g°p -closed in X. Again using Lemma 2.5(iv), f* (V) is gsp-closed in X. Therefore by using Definition
2.7(vii), fis contra gsp -continuous.This proves the theorem.

The converse of Theorem 3.8 need not be true as seen from thefollowing example.

Example 3.9

Let X =Y = {ab,c,} with 1 = {&,{a},{b}.{a.b},X } and o = {@,{a}.{a,c},Y}. Let £: (X,1) — (Y,0) be the identity function.
Then f is contra gsp-continuous but not contra g*p —continuous , since {a} is an open set in (Y,0) but f'{a}={a} is not g*p -
closed in (X,7).

Theorem 3.10

Every contra g”p -continuous function is contra gpr-continuous.

Proof

Suppose f: (X,1) — (Y,0) is a contra g"p -continuous function.Let V be an open set in Y. Since f is contra g*p -continuous,using
Definition 3.1, f * (V) is g°p -closed in X. Again using Lemma 2.5(v), £(V) is gpr-closed in X. Therefore by using Definition
2.7(x), fis contra gpr -continuous. This proves the theorem.

The converse of Theorem 3.10 need not be true as seen from thefollowing example.

Example 3.11

Let X,Y,1,and o beas in the example 3.3 .Let f: (X,1) — (Y,0) be the identity function. Then fis contra gpr-continuous but

f is not contra g”p —continuous , since {a} is an open set in (Y,o) but f*{a}={a} is not g*p —closed in (X,x).
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Definition 3.12
A space (X,7) is called gp -locally indiscrete if every g"p -open set is closed.
Theorem 3.13 Let f: (X,1) — (Y,0) be a function.

(i) If f isg'p-continuous and if X is g*p -locally indiscrete then f is contra continuous.

(i) If f is contra g’p -continuous and if X is aTs" space, then f is contra o-continuous.

(iii) If f is contra g*p —continuous and if X isTs" space, then f is contra continuous.

(iv) If T isg®p-continuous and if Y is locally indiscrete, then f is contra - g*p continuous.

(v) If f iscontra gp -continuous and if Xis oTp" space, then f is contra pre-continuous.

(vi) If f is contra g’p -continuous and if X is To"* space, then f is contra ga-continuous.

(vii) If f is contra gp-continuous and if Xis *Tp space, then f is contra g*p -continuous.

(viii) If f is contra gsp-continuous and if Xis *Tp space, then f is contra g°p -continuous.
Proof
(i)Suppose f is g°p -continuous. Let X be g°p -locally indiscrete. Let V be open in Y. Since f is g*p -continuous, by using
Definition 2.7(xi), f* (V) is g’p -open in X. Since X is gp -locally indiscrete, using Definition 3.12, f * (V) is closed in X.
Therefore by using Definition 2.7(i), fis contra continuous. This proves (i).
(ii)Suppose f is contra g*p -continuous. Let X be an oT,™ space. Let V be open in Y. Since f is contra g*p -continuous, by
using Definition 3.1, f * (V) is gp -closed in X. Since X is an «Tp™* space, by using Definition 2.4(v), f * (V) is a-closed in X.
Therefore by using Definition 2.7(v), fis contra a-continuous. This proves (ii).
(iii)Suppose f is contra g*p -continuous. Let X be a Tp" space. Let V be open in Y. Since f is contra g*p -continuous, by using
Definition 3.1, f * (V) is g*p -closed in X. Since X is a Ty* space, using Definition 2.4(i), f * (V) is closed in X. Therefore by
using Definition 2.7(i), f is contra continuous. This proves (iii).
(iv)Suppose f is g*p- continuous. Let Y be locally indiscrete. Let V be an open subset of Y. Since Y is locally indiscrete, by
using Definition 3.12, V is closed. Since f is g*p -continuous, by using Definition 2.7(xi), f * (V) is g*p -closed in X. Therefore
by using Definition 3.1, f is contra g°p -continuous. This proves (iv).
(v)Suppose f is contra g*p -continuous. Let X be an oTs* space. Let V be open in Y. Since f is contra g’p -continuous, by using
Definition 3.1, f ™ (V) is g°p -closed in X. Since X isan aTy* space, by using Definition 2.4(iv), f * (V) is pre-closed in X.
Therefore by using Definition 2.7(vi), f is contra pre-continuous. This proves (v).
(vi)Suppose f is contra g'p -continuous. Let X be a Tp" space. Let V be open in Y. Since f is contra g*p -continuous, by using
Definition 3.1, f ™ (V) is g’p -closed in X. Since X isa T, space, by using Definition 2.4(iii), f * (V) is ga-closed in X.
Therefore by using Definition 2.7(viii), fis contra ga-continuous. This proves (vi).
(vii)Suppose f is contra gp-continuous. Let X be a *Tp space. Let V be open in Y. Since f is contra gp-continuous, by using
Definition 2.7(iv), f * (V) is gp-closed in X. Since X is a *Tp space, using Definition 2.4(ii), f * (V) is g°p -closed in X.
Therefore by using Definition 3.1, f is contra g*p -continuous. This proves (vii).
(viii)Suppose f is contra gsp-continuous. Let X be a *Tp space. Let VV be open in Y. Since f is contra gsp-continuous, by
using Definition 2.7(vii), T (V) is gsp-closed in X. Since X is a *Tp space, using Definition 2.4(vi), f * (V) is g'p -closed in X.

Therefore by using Definition 3.1, f is contra g*p -continuous. This proves (viii).
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Remark 3.14:
The following diagram shows that the relationships between contra g*p-continuous function and some other contra continuous
functions.
contra pre-continuous contra -continuous contra a-continuous
contra g"p-continuous
contra g p-continuous contra gsp-continuous contra gpr-continuous

Where A—B represents A implies B and B need not imply A.
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