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ABSTRACT

In this paper we introduce a new class of weaker form of continuous function called Contra bg—continuous function. Some
characterization and several properties concerning Contra bg—continuity are obtained.
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1. INTRODUCTION

Levine [4] introduced generalized closed sets in topological spaces. Veerakumar [2] introduced g—closed sets in topological
spaces. Andrijevic[1] introduced a new class of generalized open sets called b—open sets. R. Subasree and M.Maria Singam
[3] introduced bg—closed sets in topological spaces.

Dontchev[6] introduced and investigated a new notion of continuity called Contra continuity. The purpose of this paper is
to introduce and investigate some of the properties of contra bg —continuous functions, contra bg —irresolute functions and
we obtain some of its characterization.

2. PRELIMINARIES

Throughout this paper (X, 1) (or simply X) represents topological spaces on which no separation axioms are assumed unless
otherwise mentioned. For a subset A of X, cl(A), Int(A) and A°denote the closure of A, interior of A and the complement
of A respectively. Let us recall the following definitions.

Definition 2.1: A subset A of a space (X, t) is called a
i) Semi-open set [6] if A = cl[Int (A)]
ii) o-open set[9] if A C Int[cl(Int (A))]
iii) b-openset[7] if A= cl[Int (A)] U Int [cl(A)]

The complement of a semi-open (resp. a-open, b-open) set is called semi-closed (resp.a-closed, b-closed) set.

The intersection of all semi-closed (resp. a-closed, b-closed) sets of X containing A is called the semi-closure (resp.
a-closure, b-closure) and is denoted by scl(A) (resp. acl(A), bel(A)). The family of all semi-open (resp. a-0pen, b-open)
subsets of a space X is denoted by SO(X) (resp. aO(X), bO(X)).

Definition 2.2: A subset A of a topological space (X, 1) is called
i) generalized closed(briefly g-closed) set[4] if cI(A)=U whenever ACU and U is open set in (X, 1).
i) g -closed set[2] if cl(A) EU whenever AZU and U is a semi-open set in (X, 1).
iii) bg -closed set[3] if bcl(A) EU whenever AEU and U is g-open set in (X, 1).
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The complement of a g-closed (resp. § —closed and bg—closed) set is called g-open (resp. & —open and  bg —open) set .
Definition 2.3: A space (X, 1) is called a Thg — space [3] if every bg — closed set in it is b—closed.

Definition 2.4: A function f: (X,1) —(Y, o) is called
i) bg- continuous [5] map if f_1 (V) is bg—closed in (X, 1) for every closed set V in (Y, o).
ii) bg-—irresolute [5] map if f_l(V) is bg—closed in (X, 1) for every bg —closed set V in (Y, o).

Definition 2.5: A function f; (X, 1)— (Y o) is called
i) contra continuous[10] map if f~ (V) is closed in (X, t) for every open set V in (Y, o).
i) contra semi—continuous[6] map if f (V) is semi—closed in (X, 1) for every open set V in (Y, o).
iii) contra a—continuous[9] map if f_1 (V) is a—closed in (X, 1) for every open set V in (Y, o).
iv) contra b—continuous[12] map if f _1(V) is b—closed in (X, 1) for every open set V in (Y, o).
v) contra g—continuous[11] map if f _1(V) is g—closed in (X, t) for every open set V in (Y, o).

3. Contra bg — Continuous function

Definition 3.1: A function f: (X, t) —(Y, o) is called contra bg —continuous if f_l(V) is bg—closed in (X, 1) for every
open set Vin (Y, o).

Example 3.2: Let X=Y={a, b, c}
t={X, ®, {a}, {b}, {a, b}} and 6 = {Y, ®, {a, b}, {c}}

Define a function f: (X, 1)— (Y, o) by f(a) = a, f(b) = c, f(c) = b.
bg_C(X) = {X7 (D: {a},{b},{c},{a, C}!{b! C}}

Here the inverse images of open sets {a, b} and {c} in Y are {a, c} and {b} respectively which are bg — closed sets in X.
Hence f is contra bg — continuous.

Theorem 3.3: Every contra continuous function is contra bg — continuous.

Proof: Let V be any open set in (Y, o). Since f is contra continuous, f _1(V) is closed in (X, 7). Since from [3] Remark
3.23 “Every closed set is bg — Closed”. Then f_l(V) is bg — Closed in (X, ). Hence f'is contra bg — continuous.

Remark 3.4: The converse of the above theorem need not be true.
(i.e) Every contra bg — continuous function need not be contra continuous as shown in the following example.

Example 3.5: Let X=Y={a, b, c, d}
t={X, ®, {a},{a, c},{a, b, d}}and o= {Y, ©, {b},{a, b} {b, c, d}}

Define a function f: (X, t) —» (Y, o) by f(a) = ¢, f(b) = b, f(c) = a, f(d) = d.
bg-C(X)={X,®,{b},{c},{d},{b,c},{c,d},{b,d}.{a,b,c}.{a,c,d}.{a,b,d} {b,c,d}}

Here the inverse images of open sets {b},{a, b}.{b, ¢, d} in (Y, o) are {b},{b, c},{a, b, d} respectively which are bg —
closed but not closed in (X, 1). Hence f is contra bg — continuous function but not contra continuous.

Theorem 3.6: Every contra g-continuous function is contra bg — continuous.

Proof: Let V be any open set in (Y, ). Since fis contra g—continuous, f _1(V) is g-closed in (X, t). From [3] Proposition
3.6, “Every g—closed set is bg—Closed”. Then f_l(V) is bg —Closed in (X, t). Hence f is contra bg—continuous.

Remark 3.7: The converse of the above theorem need not be true.
(i.e) Every contra bg — continuous need not be contra g—continuous function as shown in the following example.

Example 3.8: Let X=Y={a, b, c, d}
t={X, ®, {a},{a, c},{a, b,d}}and o= {Y, ©, {b},{a, b} {b, c, d}}
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Define a function f: (X, 1) — (Y, o) by f(a) =c, f(b) = b, f(c) = a, f(d) = d.
g-C(X) = {X,®,{b},{c},{d},{b, c}.{c, d}.{b, d}.{a, b, c} {a c, d}.{b, c, d}}
bg-C(X)={X,®,{b},{c},{d},{b,c},{c,d}.{b,d}.{a,b,c}{a,c,d},{ab,d}{b,c.d}}

Here the inverse images of open set {b, ¢, d} in (Y, o) is {a, b, d} which is bg—closed but not g—closed in (X, t). Hence f is
contra bg — continuous, but not contra g—continuous.

Theorem 3.9: Every contra b—continuous function is contra bg — continuous.

Proof: Let V be any open set in (Y, o). Since f is contra b—continuous, f_l(V) is b—closed in (X, ). Since from [3]
Proposition 3.3, “Every b—closed set is bg—Closed”. Then f_l(V) is bg —Closed in (X, t). Hence f is contra bg—continuous.

Remark 3.10: The converse of the above theorem need not be true.
(i.e) Every contra bg — continuous need not be contra b—continuous map as shown in the following example.

Example 3.11: Let X=Y={a, b, c}
t={X, D, {a}} and 6 = {Y, @, {a}, {b},{a, b}{a, c}}

Define a function f (X, 1)—» (Y, o) by f(a) = ¢, f(b) = a, f(c) = b.
bg—C(X):{X,(I),{b},{c},{a, b}v{av C}’{bv C}}
b—C(X):{X,(D,{b},{C},{b, C}}

Here the inverse image of an open set {a, ¢} in (Y, o) is {a, b} which is bg—closed but not b—closed in (X, t). Hence f is
contra bg—continuous, but not contra b—continuous.

Theorem 3.12: Every contra a—continuous function is contra bg — continuous.

Proof: Let V be any open set in (Y, o). Since f is contra a—continuous, f _l(V) is a—closed in (X, t). From [3] Remark
3.23 “Every a—closed set is bg — Closed”. Then f_l(V) is bg —Closed in (X, t). Hence f'is contra bg-continuous.

Remark 3.13: The converse of the above theorem need not be true.
(i.e) Every contra bg — continuous need not be contra a—continuous function as shown in the following example.

Example 3.14: Let X=Y={a, b, ¢, d}
1= {X, ®, {a}, {b, c},{a, b, c}} and o= {Y, ®, {a},{a, c}{a b, d}}

Define a function f: (X, t)— (Y, o) by f(a) = b, f(b) = a, f(c) = ¢, f(d) = d.
a-C(X) = {X,®,{d},{a, d},{b, c, d}}
bg-C(X)={X,®,{a},{b},{c},{d},{b,c}.{c.d}.{a,d}.{b.d}.{a,cd}{abd}.{b.cd}}

Here the inverse images of open sets {a},{a, c}.{a, b, d} in (Y, o) are {b},{b, c},{a, b, d} respectively which are bg —
closed but not a—closed in (X, t). Hence f is contra bg — continuous, but not contra a—continuous.

Theorem 3.15: Every contra semi—continuous function is contra bg— continuous.

Proof: Let V be any open set in (Y, o). Since f is contra semi-continuous, f _l(V) is semi—closed in (X, t). From [3]
Remark 3.23 “Every semi—closed set is bg—Closed”. Then f_l(V) is bg —Closed in (X, t). Hence f'is contra bg-continuous.

Remark 3.16: The converse of the above theorem need not be true.
(i.e) Every contra bg — continuous need not be contra semi—continuous function as shown in the following example.

Example 3.17: Let X=Y={a, b, ¢, d}
1= {X, ®, {b},{a, b}.{b, c,d}}and o= {Y, @, {a},{a, c},{a b, d}}

Define a function f: (X, t)— (Y, o) by f(a) = a, f(b) = b, f(c) = ¢, f(d) = d.

semi-C(X)={X,®,{a},{c},{d},{a, c},{a, d},{c, d}.{a c, d}}
bg-C(X)={X,®, {a},{c}.{d}.{a c}.{a, d}{c, d}{a c, d}{a b, c}.{a b, d}}
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Here the inverse image of an open set {a, b, d} in (Y, o) is {a, b, d} which is bg — closed but not semi-closed in (X, 7).
Hence f is contra bg — continuous, but not contra semi—continuous.

Remark 3.18: From the above discussions and known results, we have the following diagram.

Contra contirmous

Contra _— Contra —— Contra

. A . . .
b — contmuous 4+ bg - continuous +> semi — contmuous

Contra a—corit tmous
Remark 3.19: The Composition of two contra bg — continuous function need not be contra bg — continuous.

Example 3.20: Let X=Y=2Z={a, b, c, d}
t={X, ®, {a},{a, c},{a, b, d}}, o={Y, D, {b},{a, b},{b,c,d}}and n={Z, @, {a},{b, c}{a b, c}}

Define a function f: (X, ©)—» (Y, o) by f(a) =c, f(b) = b, f(c) = a, f(d) =d and
9: (Y, 0)—»(Z, 1) by g(a) =a, g(b) = d, g(c) = ¢, g(d) = b.

Clearly f and g are contra bg — continuous. But their composition is not contra bg — continuous function, since (fog)~* of
an open set{b,c}in (Z,n) is{a d} which is not bg - closed in (X, 7). Hence fog is not contra bg-continuous.

Theorem 3.21: The following are equivalent for a function f: (X, 1) —(Y, o)
(a) f is contra bg — continuous.

(b) For every closed subset F of Y, f"l(F) is bg—openin X.
(c) For each xeX and each closed subset F of Y with f(x) ¢ F, there exists a b§ —open set U of X with xeU, f(U) EF.

Proof:
(a) =——>(b) Obviously follows from the definition.

(b) —> (c) Let F be any Closed subset of Y and let f(x) ¢ F where xeX. Then by (b), f_l(F) is bg —open in X. Also
xef “H(F). Take U= f1(F). Then U is a bg —open set containing x and f(U) CF.

(¢) —> (b) Let F be any Closed subset of Y. If xsf_l(F) then f(x) € F. By (c), there exists a bg —open set U, of X with
xe U, such that f(U,) EF. Then f ~1(F) =U{U,: xef ~1(F)}. Hence f ~1(F) is bg —open in X.

Theorem 3.22: If a function f: (X, ©)— (Y, o) is contra bg — continuous and X is Thg —space, then f is contra b —
continuous.

Proof: Let V be any open set in Y. Since f is contra bg — continuous, f_l(V) is bg —closed in X. Also since X is Thg —
space, f_l(V) is b—closed in X. Hence f is contra b — continuous.

Corollary 3.23: If X is Thg —space, then for the function f: (X, ©)—(Y, o), the following statements are equivalent.

i) fiscontrab - continuous.
ii) fiscontra bg - continuous.
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Proof:
(l=—=> (ii) Let V be any open set in Y. Since f is contra b —continuous, f_l(V) is b —closed in X. From [3] proposition
3.3, “Every b —closed is bg —closed ”. Therefore, f_l(V) is bg —closed in X. Hence f is contra bg — continuous.

(i)—> (i) Let V be any open set in Y. Since f is contra bg —continuous, f_l(V) is bg —closed in X. Since X is Thg—
space, f_l(V) is b —closed in X. Hence f is contra b — continuous.

Theorem 3.24: Let f: (X, 1) —»(Y, o) be a function, then the following statements are equivalent.
1. fis bg — continuous.
2. For each point x € X and each open set of Y with f(x) € V, there exists a bg —open set U of X such that x ¢ U, f(U) EV.

Proof:
(i)—>(ii) Let f(x) ¢ V, then x & f (V). Since f is bg — continuous, f ~1(V) is bg —open in X. Let U=f ~1(V), then
x e U and f(U) EV.

(i) —=Xi) Let V be any open setin Y and x ¢ f_l(V), then f(x) € V. From (ii), there exists a bg — open set U, of X such
that x & U,E f 1 (V) and £ ~1(V) = u{U,}. Then f~1(V) is bg —open in X. Hence f is bg — continuous.

Theorem 3.25: If a function f: (X, ©) —» (Y, o) is contra bg — continuous and Y is regular, then f is bg — continuous.

Proof: Let x ¢ X and V be an open set in Y with f (x) ¢ V. Since Y is regular, there exists an open set W in Y such that
f(x) eW and CI(W) CV. Since f is contra bg — continuous and CI(W) isa closed subset of Y with f (x) e CI(W). By
theorem 3.21, there exists a bg —open set U of X with x € U such that f{U) = CI(W). That is f(U) = V. By theorem 3.24, fis
bg — continuous.

Definition 3.26: A function f: (X, t—»(Y, o) is said to be strongly bg —continuous if f_l(V) is closed in (X, 1) for every
bg —closed set V in (Y, o).

Definition 3.27: A function f: (X, 1) —» (Y, o) is said to be perfectly bg —continuous iff_l(V) is clopen in (X, 1) for
every bg —closed set V in (Y, o).

Definition 3.28: A topological space (X, 1) is said to be bg —Hausdorff if for each pair of distinct points x and y in X, there
exists bg —open subsets U and V of X containing x and y respectively suchthat U n V = @.

Definition 3.29: A topological space (X, 1) is said to be bg —ultra Hausdorff if for each pair of distinct points x and y in X,
there exists bg —clopen subsets U and V of X containing x and y respectively suchthat U nV = 0.

Definition 3.30: A space (X, 1) is said to be locally indiscrete if every open subset of X is closed.

Definition 3.31: A Topological space (X, t) is said to be bg —connected if X cannot be written as the disjoint union of
nonempty bg —open sets.

Definition 3.32: A Topological space (X, 1) is said to be Urysohn space if for each pair of distinct points x and y in X, there
exists two open sets U and V in X such that x ¢ U, y ¢ V and cl(U) n cl(V) = @.

Definition 3.33: A Topological space (X, 1) is said to be Thg —space if every bg —closed set in it is closed.

Example 3.34: Let X={a, b, c}

= 1{X, @, {a}, {b}, {a b}, {a c}}
bg—C(X)={X,(D,{b},{c},{a, C}v{b! C}}
C(X)={X,.{b},{c}. {a, ch.{b, c}}
Clearly X is Thg —space.

Theorem 3.35: Let f: (X, ©)—»(Y, o) be surjective, closed and contra bg—continuous. If X is Thg -space, then Y is locally
indiscrete.
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Proof: Let V be any open set in (Y, o). Since f is contra bg —continuous, f~1(V) is bg —closed in (X, 1). Also since X is
Thg —space, f~1(V) is closed in (X, 7). By hypothesis, f is closed and surjective, f(f~'(V)) = V is closed in Y. Hence Y is
locally indiscrete.

Theorem 3.36: If a function f: (X, ©)—» (Y, o) is continuous and (X, 1) is locally indiscrete space, then f is contra
bg — continuous.

Proof: Let V be any open set in (Y, o). Since f is continuous, f~1(V) is open in (X, 1). Since X is locally indiscrete,
f71(V) is closed in (X, ). Now from [3] Remark 3.23, f ~1(V) is bg —closed in X. Hence f is contra bg —continuous.

Theorem 3.37: If a function f: (X, ©) —(Y, o) is contra bg —continuous, injective and Y is bg —ultra Hausdorff, then the
topological space X is bg — Hausdorff.

Proof: Let x; and x, be two distinct points of X. Since f is injective, f (x;) # f(x;) and since Y is bg —ultra Hausdorff,
there exists bg —clopen sets U and V in Y such that f (x;)eU and f(x,)eV where U NV = @.Also x; ¢ f~1(U) and
x, € f7Y(V) where f71(U) n f~1(V) = @. Hence X is bg — Hausdorff.

Theorem 3.38: If a function f: (X, t) — (Y, o) is strongly bg —continuous function and g : (Y, o) —»(Z, n) is contra
bg —continuous function then gof: (X, 1) — (Z, ) is contra continuous.

Proof: Let V be any open set in (Z, n). Since g is contra bg —continuous, then g=1(V) is bg —closed in (Y, o). Since f is
strongly bg —continuous, then £~1(g=*(V)) = (gof)™* (V) is closed in (X, ). Hence gof is contra continuous.

Theorem 3.39: If a function f: (X, ©)— (Y, o) is contra bg —continuous, injective and Y is Urysohn space, then the
topological space X is bg — Hausdorff.

Proof: Let x;andx, be two distinct points of X. Suppose y; = f (x;) and y, = f (x;).Since f is injective, x; # x, then
y1 # y,. Since Y is Urysohn, there exists open sets V; and V, containing y; and y, respectively in Y such that CI(V;) n
Cl(V;) = @. Since f is contra bg —continuous, by theorem 3.21 there exists bg —open sets U; and U, containing x; and x;
respectively in X such that f(U;) = CI(V;) and f(U;) = CI(V,) . Since ClL(V;) n Cl(V,) = @, thenU; n U, = @. Hence X
is bg — Hausdorff.

Theorem 3.40: Let f: (X, 1)— (Y, o) be a function and g: X—» XxY be a graph function defined by g(x) = (x, f(x))
for every x € X. If g is contra bg —continuous, then f is contra bg — continuous.

Proof: Let V be a closed subset of Y. Then X x V is a closed subset of XxY. Since g is contra bg —continuous, g~ (XxV) is
bg —open subset of X. Also g~1(XxV) = f~1(V). Hence f is contra bg — continuous.

4. Contra bg — Irresolute

Definition 4.1: A function f: (X, 1) —»(Y, o) is called contra bg —irresolute if f_l(V) is bg—closed in (X, 1) for every bg—
opensetVin (Y, o).

Example 4.2: Let X=Y={a, b, c, d}
t={X, ®, {a}, {b, c}, {a, b, c}} and o = {Y, ®, {b},{a, b},{b, c, d}}

Define a function f: (X, 1) — (Y, o) by f(a) = c, f(b) = a, f(c) = d, f(d) =b.
bg-C(X)={X,®.{a}.{b}.{c}{d}.{b.c}{c.d}{b.d}{ad} {ac.d}.{abd}{b,cd}}
bg—O(Y)={Y,D,{b},{c},{d},{b,c},{a,b},{b,d}.{a,b,c} {a,b,d}{b,c,d}}

Clearly f is contra bg — irresolute.

Remark 4.3: The following example show that the concepts of bg — irresolute and contra bg —irresolute are independent of
each other.

Example 4.4: Let X=Y={a, b, c, d}
t={X, @, {a},{b, c},{a, b, c}}and o= {Y, ©, {b},{a, b} {b, c, d}}
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Define a function f: (X, 1) —»(Y, o) by f(a) = ¢, f(b) = a, f(c) =d, f(d) = b.
bg-C(X)={X,®,{a},{b},{c},{d},{b,c},{cd}.{b,d}{ad}.{acd} {abd}{b.cd}}
bg—O(Y)={Y,D,{b},{c},{d},{b,c},{a,b},{b,d},{ab,c} {ab,d}{b,c,d}}

Clearly f is contra bg — irresolute, but not bg—irresolute. Since the inverse images of bg — closed sets {c, d}, {a, c}, {a, ¢, d}
in (Y, o) are {a, c}.{a, b}.{a, b, c} respectively which are not bg — closed in (X, 1).

Example 4.5: Let X=Y={a, b, c}

1= {X, @, {a},{b}{a b}.{a, c}}and o= {Y, @, {a},{a, b},{a c}}
Define a function f: (X, t)—» (Y, o) by f(a) = a, f(b) = b, f(c) =c.
bg—C(X) = {X,d),{b},{c},{a, C},{b, C}}

bg—C(Y) = {Y,q),{b},{C},{b, C}}

Clearly f is I — irresolute, but not contra bg — irresolute. Since the inverse images of bg — closed sets {a} and {a, b} in
(Y, o) are {a} and {a, b} respectively which are not bg — closed in (X, 7).

Theorem 4.6: Every contra bg —irresolute function is contra bg — continuous.

Proof: Let V be any open set in (Y, o). From [3] Remark 3.23, V is also bg—open in (Y, o). Since f is contra bg —
irresolute, £ ~1(V) is bg —Closed in (X, ). Hence f is contra bg—continuous.

Remark 4.7: The converse of the above theorem need not be true.
(i.e) Every contra bg — continuous function need not be contra bg —irresolute as shown in the following example.

Example 4.8: Let X=Y={a, b, c}
1= {X, ®, {a},{b}.{a, b}}and 6 = {Y, @, {a, b}.{c}}

Define a function f: (X, 1) —(Y, o) by f(a) =a, f(b) =c, f(c) = b.
bg-C(X)={X,®.{a} {b} {c}{a c}{b, c}}
bg-O(Y)={Y,®{a},{b}.{c}{a b}.{a c}{b, c}}

Clearly f is contra bg —continuous but not contra bg —irresolute. Since the inverse image of a bg —open set {a,c} in (Y, o) is
{a, b}which is not bg—closed in (X, 1).

Remark 4.9: The following example show that the concepts of bg— continuous and contra bg —continuuous are independent
of each other.

Example 4.10: Let X=Y={a, b, c, d}
1= {X, ®, {b}{a, b}.{b, ¢, d}} and o= {Y, @, {a},{a c}.{a, b, d}}

Define a function f: (X, t) — (Y, o) by f(a) = a, f(b) = b, f(c) = ¢, f(d) = d.
bg-C(X)={X.®,{a},{c},{d},{ac},{c.d}.{a.d}.{a,c.d},{ab,c},{ab,d}}

Clearly f is contra bg — continuous, but not bg — continuous. Since the inverse images of closed sets {b, d} and {b, ¢, d} in
(Y, o) are {b, d} and {b, c, d} respectively which are not bg — closed in (X, 1).

Example 4.11: Let X=Y={a, b, ¢, d}
1= {X, ®, {b},{a, b}.{b, c,d}} and o= {Y, @, {a}{a, c}.{a b, d}}

Define a function f: (X, t) —» (Y, o) by f(a) = b, f(b) = a, f(c) = d, f(d) =c.
bg-C(X)={X,®,{a},{c},{d},{a,c},{c.d},{a.d},{a,c.d},{ab,c},{ab,d}}

Clearly f is bg — continuous, but not contra bg — continuous. Since the inverse images of open sets {a} and {a, ¢} in (Y, o)
are {b} and {b, d} respectively which are not bg — closed in (X, 1).

Theorem 4.12: If a function f: (X, 1)—» (Y, o) is contra bg —irresolute function and g : (Y, 6) —» (Z, n) is bg —irresolute
function then gof: (X, 1) —» (Z, m) is contra bg —irresolute.
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Proof: Let V be any bg —open set in (Z, ). Since g is bg —irresolute, then g_l(V) is bg —open in (Y, o). Since fis contra
bg —irresolute, then (g1 (V)) = (gof)~*(V) is also bg —closed in (X, ). Hence gof is contra bg —irresolute.

Theorem 4.13: If a function f: (X, 1) — (Y, o) is contra bg —irresolute function and g : (Y, 6) —»(Z, n) is bg -
continuous then gof: (X, ©)— (Z, ) is contra bg —continuous.

Proof: Let V be any open set in (Z,n). Since g is bg — continuous, then g~ (V) is bg —open in (Y, o). Since f is contra bg —
irresolute, then f=1(g=1(V)) = (gof)~*(V) is bg —closed in (X, 7). Hence gof is contra bg — continuous.

5. Perfectly Contra bg — Irresolute

Definition 5.1: A function f: (X, 1)— (Y, o) is called perfecty contra bg —irresolute if f~1(V) is bg—clopen in (X, 1) for
every bg—open set V in (Y, o).

Example 5.2: Let X=Y={a, b, c}
1= {X, ®, {a}, {b, c}} and o= {Y, ®.{a, c}}

Define a function f: (X, 1)— (Y, o) by f(a) = a, f(b) = b, f(c) = c.
bg-O(X)={X,®{a}{b}{c}{a b}{a, c}.{b, c}}
bg—C(X):{X,(D,{a},{b},{c},{a, b},{a, C},{b, C}}

bg_O(Y):{Y’(D’ {a}’ {C}, {a’ b},{a, C},{b, C}}

Clearly f is perfecty contra bg —irresolute, since the inverse images of all bg—open sets in Y are bg—clopen in X.
Theorem 5.3: Every perfecty contra bg —irresolute map is contra bg —irresolute
Proof: It directly follows from the definition.

Remark 5.4: The converse of the above theorem need not be true.
(i.e) Every contra bg — irresolute map need not be perfecty contra bg —irresolute map as shown in the following example.

Example 5.5: Let X=Y={a, b, c}
t={X, ®, {a}} and 6 = {Y, ,{a, c}}

Define a function f: (X, ©)— (Y, o) by f(a) = b, f(b) = a, f(c) = c.
bg—O(X):{X,CD,{a},{b},{c},{a, b}v{av C}}
bg—C(X):{X,d),{b},{c},{a, b},{a, C},{b, C}}
bg-O(Y)={Y.®,{a}.{c}.{a, b} .{a, c},{b, c}}

Clearly f is contra bg —irresolute but not perfecty contra bg —irresolute. Since the inverse image of bg—open set {a, c} in Y
is {b, c} which is not bg—clopen in X.

Theorem 5.6: Every perfecty contra bg —irresolute map is bg —irresolute
Proof: It directly follows from the definition.

Remark 5.7: The converse of the above theorem need not be true.
(i.e) Every bg — irresolute map need not be perfecty contra bg —irresolute map as shown in the following example.

Example 5.8: Let X=Y={a, b, ¢, d}
1= {X, ®, {a},{a, c}.{a, b, d}} and o= {Y, @, {b}{a, b}{b, c, d}}

Define a function f: (X, ©)— (Y, o) by f(a) = b, f(b) = a, f(c) = c, f(d) = d.
bg-O(X) = {X,d,{a},{b},{c},{d},{a, b}.{a, c}{a d}.{a c d}{a b, c}{a b, d}}
bg-C(X) = {X,®,{b},{c},{d},{b,c}{c,d}{b.d} {ac,d} {a,b,c}{a,b,d}{b,c,d}}
bg-O(Y) = {Y.D,{b},{c}.{d},{a, b}.{b, c}.{b, d}{b, c, d}.{a, b, c}.{a, b, d}}

© 2014, IIMA. All Rights Reserved 73



"R. Subasree and *M. Maria Singam / On Contra b§ — Continuous functions in Topological Spaces / IJMA- 5(12), Dec.-2014.

Clearly f is bg—irresolute, but not perfectly contra bg—irresolute. Since the inverse images of bg —open sets {b}, {a, b},
{b, c} and {b, d} in Y are {a},{a, b},{a, c} and {a, d} respectively which are not bg — clopen in (X, 7).

Remark 5.9: From the above discussions and known results, we have the following diagram.

Perfectly Contra bg — rrresolute

Al A
Contra bg — rresolute - p bg —reésolute

\ N

Contra bg —continmons 4+p bg —continuous

In this diagram, A— B means A implies B but not conversely. A <~ B means A and B are independent of each other.
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