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Abstract:

In this paper we introduce a new class of functions in bi-supra topological space called (contra-i[contra-ii]-

continuous,

contra-g-i[contra-g-ii]-continuous,contra-ga-i[contra-ga-ii]-continuous,

contra-gr-i[contra-gr-ii]-

continuous, contra-gb-i[contra-gb-ii]-continuous, contra-zg-i[contra-zg-ii]-continuous, contra-zga-i[contra-zgo-
ii]-continuous, contra-zgr-i[contra-zgr-ii]-continuouos, contra-zgb-i[contra-zgb-ii]-continuous) and we study the

relation among these functions and the composition of these functions. At

proved.

1.Introduction

In 1996, J. Dontchev[12] introduced the notion of
contra continuity. In 2007, Caldas et al.[16]
introduced and investigated the notion of contra g-
continuity.In 2012,S.1. Mahmood [23] introduced the
notion of contra gr-continuity. In 1991, H. Maki,
P.Sundaram and K. Balachandran[8] are introduced
the notion of contra ga-continuity. In 2012, Metin
Akdag and Alkan Ozkan[17] introduced and
investigated the notion of contra generalized
b—continuity (contra gb — continuity).In 2008,
Ekici.E[7] introduced the notion of contra =g-
continuity. In 2013,C.Janaki, V. Jeyanthi[4] are
introduced the nothion of contra zgr- continuity.In
2008, I. Arokiarani, K. Balachandran and C. Janaki,
[10] introduced the notion of contra zga-continuity.In
2011, Sreeja .D and Janaki.C[24] are introduced the
notion of contra zgb-continuity.In 1963,Kelly[14]
introduced the concept of bi-topological space where
a set X equipped with two topologies and denoted by
(X,77,75) where 73,7, are two topologies defined on
X.Al mashhour[15] in (1983) introduced the concept
of supra topological space as a subfamily T of a
family of all subset of X is said to be a supra topology
on X if:

lL.oX€ET

2. If Aie Tfor all i€ | then UAie T, where | is index
set.

(X, T) is called a supra topological space . The
elements of T are called supra open sets in (X,7) and
the complement of supra open set is called a supra
closed set .In this paper we introduce a new Types of
Contra Continuity in Bi-Supra Topological Space.
2.preliminaries

Let us recall the definitions and results which are
used in the sequel.

Definition 2.1:

A subset A of a topological space (X,7) is called:

1. regular-open[18]if A=int(cl(A)) and regular-closed
if A=cl(int(A)).

2. semi-open[20] if Ac cl(int(A)) and a semi-closed if
int(cl(A)) c A.

3. pre-open[2] if Ac int(cl(A)) and a pre-closed if
cl(int(A)) c A.

4. g-open[21] if Ac int(cl(int(A))) and an a-closed if
cl(int(cl(A))) c A.
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last many important theorems are

5. m-open[25] if it is the finite union of regular open
set.

Definition 2.2:[9]

Let A be a subset of a topological space (X,r), then:
1.Scl(A)=N{F: AcF,Fiss-closed set }.

2. Pcl(A)=N{F: AcF, Fisp-closed set }.

3. acl(A)=N{F: AcF,Fisa-closed set }.
4.rcl(A)=N{F: AcF,Fisr-closed set }.

Lemma 2.3:

Let A be a subset of topological space (X,t),then:

1. acl(A) = A U cl(int(cl(A))).[6]

2. bcl(A) = Scl(A) N Pcl(A) = A U int(cl(A)) N
cl(int(A))].[5]

Definition 2.4:

A subset A of a topological space (X,1) is called:

1. g-closed [19] if cl(A) < U whenever A < U and U
is open set in X.

2. gr-closed [22] if rcl(A) < U whenever A < U and
U is open setin X.

3. ga-closed [9] if acl(A) < U whenever Ac Uand U
is a-open set in X.

4. gb-closed [1] if bcl(A) < U whenever A c U and U
is open set in X.

5. mg-closed [11] if cl(A) < U whenever Ac Uand U
is z-open set in X.

6. mgr-closed [13] if rcl(A) < U whenever A c U and
U is z-open set in X.

7. nga-closed [3] if acl(A) < U whenever A c U and
U is z-open set in X.

8. mgb-closed [24] if bcl(A) < U whenever A c U and
U is z-open set in X.

3.Bi-supra topological space

Definition 3.1:

Let X be a non-empty set. Let ST be the set of all
semi open subsets of X(for short So(X) [20] and Let
PT be the set of all pre-open subsets of X (for short
Po(X))[2], then we say that (X,8T, PT) is a bi-supra
topological space. where each of (X,8T) and (X, PT)
are supra topological spaces.

Remark 3.2:

It is clear that ST, PT was independent .

Example 3.3:

Let X={ab,c,d} with T={o,{c},{a,b},{a,b,c}, X}
therefore

So(X) = ST ={o.{c}{a,b}, {c,d}.{a,b,c}{a,b,d} X3}
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Po(X)
PT={¢9.{c}.{ab}.{a,b,c}{a}.{b}{ac}{b.c}{ac.d},
{b,c,d},X}.

Hence (X,8T, PT) is bi-supra topological space.

Now we introduce the definition of the type of open
sets in bi-supra topological space .

Definition 3.4:

Let (X,8T, PT) be a bi-supra topological space and
let G be a subset of X. Then G is said to be:

1. (8T, PT)-supra open set (briefly i-open set) if
G=(AUB)U ¢ where AeST and Be PT.The
complement (ST, PT)-supra open set is called (ST,
PT)-supra closed set (briefly i-closed set).

2. (8T, PT)*-supra open set(briefly ii-open set) if
G=AUB where A € ST , B € PT such that A ¢ PT
and ANB= ¢@. The complement of (ST, PT)*-supra
open set is called (ST, PT)*-supra closed set (briefly
ii-closed set).

Proposition 3.5:

1.Every ii-open [ii-closed] set is i-open [i-closed] set
but the converse is not true.

2.Notice that if A € ST, B € PT such that B ¢ ST
and AnNB# ¢ is equivalent to (2) in Definition 3.4 .
Proof: Directly from definition.

Remark 3.6:

Observe that

The set of all i[ii]-open set and i[ii]-closed set is need
not necessarily form a topology it is a supra topology.
Now we give an example to explain the types of open
sets in bi-supra topological space.

Example 3.7:

Let X={a,b,c,d}
T={p,{a},{b},{a,b},{a,c},{ab,c},{a,b,d},X}.ST
={¢.,{a},{b},{a,b},{ac},{a.d},{b,d},{a,b,c},{a,b,d}
{a,c,d},X}.

PT ={¢,{a},{b},{a,b},{a,c},{ab,c},{a,b,d},X}.
i-open set s={o,{a},{b}.{a,b}.{a,c}.{a,d},{b,d},
{a,b,c},{a,b,d}, {a,c,d} X}.

i-closed sets={g,{b},{c},{d},{c,d},{b,d}{b,c},{ac},
{a,c,d},{b,c,d} X}.

ii-open sets={¢,{a,d },{a,b,d},{a,c,d},{b,d} X}
ii-closed sets ={¢,{a,c},{b,c},{c},{b},X}.

4.Some types of sets in bi-supra topological
space

Definition 4.1:

Asubset A of bi-supra topological space (X,8T, PT)
is called:

l.regular i[regular ii]-open if A=i-int[ii-int](i-
cl(A)[ii-cl(A)]) and regular i[regular ii]-closed if A=i-
clfii-cl](i-int(A)[ii-int(A)]).

2.semi-i[semi-ii]-open if  Aci-cl[ii-cl](i-int(A)[ii-
int(A)]) and semi-i[semi-ii]-closed if
i-int[ii-int](i-cl(A)[ii-cl(A)]) cA.

3.pre-i[pre-ii]-open if Ac i-int[ii-int](i-cl(A)[ii-cl(A)])
and pre-i[pre-ii]-closed if
i-cl[ii-cl](i-int(A)[ii-int(A)]) < A.

4.a-i[a-ii]-open if Ac i-int[ii-int](i-cl[ii-cl](i-int(A)[ii-
int(A)])) and an a-i[a-ii]-closed if
i-cl[ii-cl](i-int[ii-int] (i-cl(A)[ii-cl(A)])) < A.
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5. z-i[z-ii]-open if it is the finite union of regular
i[regular ii] open sets.

Definition 4.2:

A subset A of bi-supra topological space (X,8T, PT)
is called:

1. S-i-cl(A)[S-ii-cl(A)] = N{ F: A cF , F is semi-
i[semi-ii]-closed set }.

2. P-i-cl(A)[P-ii-cl(A)] = N{ F: Ac F, Fis pre-i[pre-
ii]-closed set }.

3. a-i-cl(A)[a-ii-cl(A)] = N{ F: A< F, F is a-i[o-ii]-
closed set }.

4. r-i-cl(A)[r-ii-cl(A)] = N{ F: A < F , F is regular
i[regular ii]-closed set }.

Lemma 4.3:

Let A be a subset of bi-supra topological space (X,ST,
PT) then:

1. a-i-cl(A)[a-ii-cl(A)] = AU i-cl[ii-cl](i-int[ii-int](i-
cl(A)[ii-cl(A)])).

2. b-i-cl(A)[b-ii-cl(A)] = S-i-cl(A)[S-ii-cl(A)] N P-i-
cl(A)[P-ii-cl(A)] =A U [i-int[ii-int]

(i-cl(A)[ii-cl(A)]) N i-clfii-cl](i-int(A)[ii-int(A)])].
Definition 4.4:

A subset A of bi-supra topological space (X,8T, PT)
is called:

1. g-i[g-ii]-closed if i-cl(A)[ii-cl(A)] < U whenever A
c Uand U is i[ii]-open set in X.
2.gr-i[gr-ii]-closed if r-i-cl(A)[r-ii-cl(A)]
whenever A c U and U is i[ii]-open set in X.
3.ga-i[ga-ii]-closed if  a-i-cl(A)[o-ii-cl(A)]
whenever AcU and U is a-i[o-ii]-open set in X.
4. gb-i[gb-ii]-closed if b-i-cl(A)[b-ii-cl(A)] < U
whenever A c U and U is i[ii]-open set in X.

5. mg-i[xg-ii]-closed if i-cl(A)[ii-cl(A)]< U whenever
A c Uand U is z-i[z-ii]-open set in X.

6. mgr-i[zgr-ii]-closed if r-i-cl(A)[r-ii-cl(A)] < U
whenever A < U and U is z-i[z-ii]-open set in X.

7. mgo-i[rga-ii]-closed if a-i-cl(A)[e-ii-cl(A)] < U
whenever A c U and U is z-i[z-ii]-open set  in X.

8. mgb-i[mgb-ii]-closed if b-i-cl(A)[b-ii-cl(A)] < U
whenever A ¢ U and U is z-i[z-ii]-open set in X.
5.Contra Continuity in bi-supra topological
space

Definition 5.1:

A function f: (X,87x, PTx) — (Y, 8Ty, PTy)
called:

1. Contra-i[contra-ii] continuous if f~1(V) is i[ii]-
closed in X for each i[ii]-open set V of Y.

2. Contra g-i[contra-g-ii]-continuous if f~1(V) is g-
i[g-ii]-closed in X for each i[ii]-open set V of Y.

3. Contra gr-i[contra-gr-ii]-continuous if f~1(V) is
gr-i[gr-ii]-closed in X for each i[ii]-open set V of Y.
4. Contra ga-i[contra-ga-ii]-continuous if f~1(V) is
ga-i[ga-ii]-closed in X for each i[ii]-open set V of Y.
5. Contra gh-i[contra-gb-ii]-continuous if f~1(V) is
gb-i[gb-ii]-closed in X for each i[ii]-open set V of Y.
6. Contra mg-i[contra-zg-ii]-continuous if f~1(V) is
rg-i[zg-ii]-closed in X for each i[ii]-open set V of Y.

c U

cU

is
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7. Contra zgr-i[contra-zgr-ii]-continuous if f~1(V) is
mgr-i[zgr-ii]-closed in X for each i[ii]-open set V of
Y.

8. Contra mga-i[contra-zga-ii]-continuous if f~1(V)
is zga-i[rga-ii]-closed in X for each i[ii]-open set V
of Y.

9. Contra mgh-i[contra-zgh-ii]-continuous if f~1(V) is
rgh-i[zgb-ii]-closed in X for each i[ii]-open set V of
Y.

Proposition 5.2:

For a function f: (X,87%, PTx) — (Y, 8Ty, PTy) the
following conditions are hold

1. Every contra-i[contra-ii]- continuous is contra g-
i[contra g-ii]-continuous.

2. Every contra g-i[contra g-ii]- continuous is contra
ga-i[contra ga-ii]-continuous.

3. Every contra gr-i[contra gr-ii]- continuous is
contra ga-i[contra ga-ii]-continuous.

4. Every contra g-i[contra g-ii]- continuous is contra
gb-i[contra gb-ii]-continuous.

5. Every contra gr-i[contra gr-ii]- continuous is
contra gb-i[contra gb-ii]-continuous.

6. Every contra gr-i[contra gr-ii]- continuous is
contra g-i[contra g-ii]-continuous.

7. Every contra zg-i[contra zg-ii]- continuous is
contra zgb-i[contra zgb-ii]

continuous.

8. Every contra zgo-i[contra zga-ii]- continuous is
contra zgb-i[contra zgh-ii]-continuous.

9. Every contra mgr-i[contra mgr-ii]- continuous is

contra zg-i[contra zg-ii]-continuous.

10. Every contra zgr-i[contra zgr-ii]- continuous
contra zga-i[contra zga-ii]- continuous.

11. Every contra mgr-i[contra zgr-ii]- continuous
contra zgb-i[contra zgb-ii]-continuous.

12. Every contra mg-i[contra mg-ii]- continuous is
contra zga-i[contra zga-ii]- continuous.

Proof:

1. Let V be i[ii]-open set in Y.Since f is contra-
i[contra-ii]-continuous , f~1(V) is i[ii]-closed in X.
Thus f~1(V) is g-i[g-ii]-closed in X.(since every i[ii]-
closed is g-i[g-ii]-closed).

Hence f is contra g-i[contra g-ii]-continuous.

2. Let V be i[ii]-open set in Y.Since f is contra g-
i[contra g-ii]-continuous , f~*(V) is g-i [g-ii]-closed
in X. Thus f~1(V) is ga-i[ga-ii]-closed in X.(since
every g-i[g-ii]-closed is ga-i[ga-ii]-closed).

Hence f is contra go-i[contra ga-ii]-continuous.

3. Let V be i[ii]-open set in Y.Since f is contra gr-
i[contra gr-ii]-continuous , f~Y(V) is gr-i[gr-ii]-
closed in X. Thus f~Y(V) is ga-i[ga-ii]-closed in
X.(since every gr-i[gr-ii]-closed is go-i[go-ii]-
closed).

Hence f is contra ga-i[contra ga-ii]-continuous.

is

is
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4. Let V be i[ii]-open set in Y.Since f is contra g-
i[contra g-ii]-continuous , f~1(V) is g-i [g-ii]-closed
in X. Thus f~1(V) is gb-i[gb-ii]-closed in X.(since
every g-i[g-ii]-closed is gb-i[gh-ii]-closed).

Hence f is contra gb-i[contra gb-ii]-continuous.

5. Let V be i[ii]-open set in Y.Since f is contra gr-
i[contra gr-ii]-continuous , f~(V) is gr-i[gr-ii]-
closed in X. Thus f~1(V) is gb-i[gb-ii]-closed in
X.(since every gr-i[gr-ii]-closed is gb-i[gb-ii]-
closed).

Hence f is contra gb-i[contra gb-ii]-continuous.

6. Let V be i[ii]-open set in Y.Since f is contra gr-
i[contra gr-ii]-continuous , f~(V) is gr-i[gr-ii]-
closed in X. Thus f~(V) is g-i[g-ii]-closed in
X.(since every gr-i[gr-ii]-closed is g-i[g-ii]-closed).
Hence f is contra g-i[contra g-ii]-continuous.

7. Let V be i[ii]-open set in Y.Since f is contra ng-
i[contra mg-ii]-continuous , f~Y(V) is ng-i[zg-ii]-
closed in X. Thus f~1(V) is ngb-i[zgb-ii]-closed in
X.(since every mg-i[zg-ii]-closed is =gb-i[zgb-ii]-
closed).

Hence f is contra zgb-i[contra zgb-ii]-continuous.

8. Let V be i[ii]-open set in Y.Since f is contra zga-
i[contra mga-ii]-continuous , f~1(V) is mga-i[rga-ii]-
closed in X. Thus f~1(V) is ngh-i[xgh-ii]-closed in
X.(since every mga-i  [rga-ii]-closed is zgb-i[zgb-
ii]-closed).

Hence f is contra zgb-i[contra zgh-ii]-continuous.

9. Let V be i[ii]-open set in Y.Since f is contra zgr-
i[contra zgr-ii]-continuous , f~1(V) is zgr-i[zgr-ii]-
closed in X. Thus f~Y(V) is ng-i[xg-ii]-closed in
X.(since every mgr-i[zgr-ii]-closed is =zg-i[zg-ii]-
closed).

Hence f is contra zg-i[contra zg-ii]-continuous.

10. Let V be i[ii]-open set in Y.Since f is contra zgr-
i[contra mgr-ii]-continuous , f~1(V) is mgr-i[zgr-ii]-
closed in X. Thus f~1(V) is mga-i[zga-ii]-closed in
X.(since every ngr-i[zgr-ii]-

closed is zgo-i[zga-ii]-closed).

Hence f is contra zga-i[contra zga-ii]-continuous.

11. Let V be i[ii]-open set in Y.Since f is contra zgr-
i[contra zgr-ii]-continuous , (V) is mgr-i[zgr-ii]-
closed in X. Thus f~1(V) is mgb-i[rgb-ii]-closed in
X.(since every mgr-i[zgr-ii]-closed is ngb-i[zgb-ii]-
closed).

Hence f is contra zgb-i[contra zgb-ii]-continuous.

12. Let V be i[ii]-open set in Y.Since f is contra zg-
i[contra mg-ii]-continuous , f~1(V) is mg-i[ng-ii]-
closed in X. Thus f~1(V) is nga-i[zga-ii]-closed in
X.(since every mg-i[rg-ii]-closed is ngo-i[zga-ii]-
closed).

Hence f is contra zga-i[contra zga-ii]-continuous.
Remark 5.3:The implication between some types in
proposition 5.2 are given in the following diagrams.
Contra-i[contra-ii]-continuous.
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Centra-if[contra-if]-continuous

|

Contra g-i[contra g-if]-continuous

v

Contra gh-i[contra gh-if]-continuous

N

N

Conftra go-i[contra go-ii]-continuous

;

Contra gr-i[contra gr-if]-continuous

Contra mg-i[contra mg-i{]-continmons

v

ontra mgh-if]-continuons

N

Contra zgh-i[c

N

contra Tgo-i[contra 7ga- i]-continuous

/

Contra mgr-i[contra mgr-if]-continuous

Remark 5.4:The converse of some of the above
statements is not ture as shown in the following
examples.

Example 5.5:

Let X={a,b,c,d}=Y
7}(={(p,{a},{c},{a,c},{b,c},{a,b,c},X} .j}:{([),{a,b},{a
,b,d}{ab,c} Y}

Let f: (X8, PTx) — (Y, 8Ty, PTy) be identity
function. Hence f is contra g-ii-continuous but not
contra-ii-continuous.

Example 5.6:

Let X={ab,c,d}=Y
Tx={p,{a},{c},{a,c},{b,c},{ab,c} X}
Ty={0,{a},{d},{a,d} . {a,c},{a,cd},Y}.

Let f: (X,8T%, PTx) — (Y, 8Ty, PTy) be identity
function. Hence f is contra gb-ii-continuous but not
contra g-ii-continuous and not contra gr-ii-
continuous.

Example 5.7:

Let X={ab,c,d}=Y

Tx={p,{a,b.c},X}.
Ty={0,{c},{d},{c,d},{a,c,d},{b,c,d},Y}.

Let f: (X8, PTx) — (Y, 8Ty, PTy) be identity
function. Hence f is contra g-i-continuous ,contra gb-
i-continuous and contra ga-i-continuous but not
contra gr-i-continuous.

Example 5.8:

Let X={ab,c,d}=Y
Tx={9.{a},{b}.{a,b},{a,c},{a,b.c},{a,b,d}.X}.
:TY:{(Pa {d} ’ {ayd}sY} .

Let f: (X,87x, PTx) — (Y, 8Ty, PTy) be identity
function. Hence f is contra zg-i-continuous ,contra
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mgb-i-continuous and contra zga-i-continuous but not
contra zgr-i-continuous.

6.The Composition of some types of functions
in bi-supra topological space

Proposition 6.1:

Let f: (X,8T, PTyx) — (Y, 8Ty, PTy) and g : (Y,8Ty,
PTy) — (Z, 8T, PT;) such that gof: (X,8T, PTy) —
(Z, 8T, PT) is the composition function, then:

1. If f is g-i[g-ii]-continuous and g is contra-
i[contra-ii]-continuous, then gof is

contra g-i[contra g-ii]-continuous.

2. If f is ga-i[ga-ii]-continuous and g is contra-
i[contra-ii]-continuous, then gof is

contra ga-i[contra ga-ii]-continuous.

3. If f is gr-i[gr-ii]-continuous and g is contra-
i[contra-ii]-continuous, then gof is

contra gr-i[contra gr-ii]-continuous.

4. If f is gb-i[gb-ii]-continuous and g is contra-
i[contra-ii]-continuous, then gof is

contra gb-i[contra gb-ii]-continuous.

5. If f is mg-i[rg-ii]-continuous and g is contra-
i[contra-ii]-continuous, then gof is

contra zg-i[contra zg-ii]-continuous.

6. If f is mgr-i[zgr-ii]-continuous and g is contra-
i[contra-ii]-continuous, then gof is contra =gr-
i[contra zgr-ii]-continuous.

7. If f is mga-i[zga-ii]-continuous and g is contra-
i[contra-ii]-continuous, then gof is contra =zga-
i[contra zga-ii]-continuous.

8. If f is mgb-i[rgb-ii]-continuous and g is contra-
i[contra-ii]-continuous, then gof is contra zgbh-
i[contra zgb-ii]-continuous.
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Proof:

1. Let V be i[ii]-open set in Z. Since g is contra-
i[contra-ii]-continuous, g~1(V) is i[ii]-closed in Y.
Since f is g-i[g-ii] continuous,
g Y (V))=(gof )"L(V) is g-i[g-ii]-closed in X.
Hence gof: (X,87, PTy) — (Z, 8T;, PT) is contra g-
i[contra g-ii]-continuous.

2. Let V be i[ii]-open set in Z. Since g is contra-
i[contra-ii]-continuous, g~1(V) is i[ii]-closed in Y.
Since f is go-i[ga-ii]-
continuous, f "1 (g~ 1(V))=(gof )~H(V) is ga-i[ga-ii]-
closed in X. Hence gof: (X,87%, PTx) — (Z, 8Ty,
PT;) is contra ga-i[contra ga-ii]-continuous.

3. Let V be i[ii]-open set in Z. Since g is contra-
i[contra-ii]-continuous, g~1(V) is i[ii]-closed in Y.
Since f is gr-i[gr-ii]-
continuous, f = (g~ Y(V))=(gof )~X(V) is gr-i[gr-ii]-
closed in X. Hence gof: (X,87x, PTx) — (Z, §T%,
P7T,) is contra gr-i[contra gr-ii]-continuous.

4. Let V be i[ii]-open set in Z. Since g is contra-
i[contra-ii]-continuous, g~1(V) is i[ii]-closed in Y.
Since f is gb-i[gb-ii] continuous
S Hg™H(V))=(gof )~1(V) is gb-i[gb-ii]-closed in X.
Hence gof: (X,87%, PTy) — (Z, §T,, PT) is contra
gb-i[contra gb-ii]-continuous.

5. Let V be i[ii]-open set in Z. Since g is contra-
i[contra-ii]-continuous, g~1(V) is i[ii]-closed in Y.
Since f is 7g-i[zg-ii] continuous,
g Y V))=(gof )~1(V) is ng-i[xg-ii]-closed in X.
Hence gof: (X,8Tx, PTy) — (Z, §T,, PT;) is contra
rg-i[contra zg-ii]-continuous.

6. Let V be i[ii]-open set in Z. Since g is contra-
i[contra-ii]-continuous, g~1(V) is i[ii]-closed in Y.
Since f is  mgr-i[xgr-ii] continuous,
F g Y (V)=(gof ) X(V) is mgr-i[xgr-ii]-closed in
X. Hence gof: (X,87, PTy) — (Z, §T;, PT) is
contra zgr-i[contra zgr-ii]-continuous.

7. Let V be i[ii]-open set in Z. Since g is contra-
i[contra-ii]-continuous, g~1(V) is i[ii]-closed in Y.
Since f is  mgo-i[rgo-ii] continuous,
g Y (V)=(gof )"(V) is nga-i[zga-ii]-closed in
X. Hence gof: (X,8Tx, PTx) — (Z, §T;, PT;) is
contra ga-i[contra Zga-ii]-continuous.

8. Let V be i[ii]-open set in Z. Since g is contra-
i[contra-ii]-continuous, g~(V) is i[ii]-closed in Y.
Since f is  wgb-i[zgh-ii] continuous,
g Y (V)=(gof )"X(V) is ngb-i[rgb-ii]-closed in
X. Hence gof: (X,87, PTy) — (Z, §T;, PT) is
contra zgb-i[contra zgh-ii]-continuous.

Proposition 6.2:

Let f: (X,8Tx, PTx) — (Y, 8Ty, PT) and g: (Y,S7;,
PTy) — (Z, 8T, PT;) such that gof: (X,8T, PTx) —
(Z, 8T, PT) is the composition function,then:

1. If f is contra g-i[contra g-ii]-continuous and g is
i[ii]-continuous, then gof is contra g-i[contra g-ii]-
continuous.

2. If f is contra ga-i[contra ga-ii]-continuous and g
is i[ii]-continuous, then gof is contra ga-i[contra ga-
ii]-continuous.

174

ISSN: 1813 - 1662

3. If f is contra gr-i[contra gr-ii]-continuous and g is
i[ii]-continuous, then gof is contra gr-i[contra gr-ii]-
continuous.

4. If f is contra gb-i[contra gb-ii]-continuous and g is
i[ii]-continuous, then gof is contra gh-i[contra gb-ii]-
continuous.

5. If f is contra mg-i[contra zg-ii]-continuous and g is
i[ii]-continuous, then gof is contra zg-i[contra zg-ii]-
continuous.

6. If f is contra mgr-i[contra zgr-ii]-continuous and g
is i[ii]-continuous, then gof is contra zgr-i[contra
zgr-ii]-continuous.

7. If f is contra mga-i[contra zga-ii]-continuous and
g is i[ii]-continuous, then gof is contra mga-i[contra
rga-ii]-continuous.

8. If f is contra zgb-i[contra zgb-ii]-continuous and
g is i[ii]-continuous, then gof is contra zgh-i[contra
mgb-ii]-continuous.

Proof:

1. Let V be i[ii]-open set in Z. Since g is i[ii]-
continuous, g~1(V) is i[ii]-open in Y. Since f is
contra g-i[contra g-ii] continuous,
g Y(V)=(gof )"L(V) is g-i[g-ii]-closed in X.
Hence gof: (X,8T, PTy) — (Z, §T,, PT;) is contra g-
i[contra g-ii]-continuous.

2. Let V be i[ii]-open set in Z. Since g is i[ii]-
continuous, g~1(V) is i[ii]-open in Y. Since f is
contra ga-i[contra ga-ii]-continuous,
g Y (V))=(gof )"1(V) is ga-i[ga-ii]-closed in X.
Hence gof: (X,8Tx, PTy) — (Z, §T,, PT;) is contra
ga-i[contra go-ii]-continuous.

3. Let V be i[ii]-open set in Z. Since g is i[ii]-
continuous, g~(V) is i[ii]-open in Y. Since f is
contra gr-i[contra gr-ii] continuous,
g Y (V)=(gof )~1(V) is gr-i[gr-ii]-closed in X.
Hence gof: (X,8Tx, PTx) — (Z, §T;, PT) is contra
gr-i[contra gr-ii]-continuous.

4. Let V be i[ii]-open set in Z. Since g is i[ii]-
continuous, g~1(V) is i[ii]-open in Y. Since f is
contra gb-i[contra gb-ii] continuous,
g~ Y(V)=(gof )1(V) is gb-i[gb-ii]-closed in X.
Hence gof: (X,8Tx, PTx) — (Z, §T;, PT;) is contra
gb-i[contra gb-ii]-continuous.

5. Let V be i[ii]-open set in Z. Since g is i[ii]-
continuous, g~1(V) is i[ii]-open in Y. Since f is
contra rg-i[contra 7g-ii] continuous,
g Y (V)=(gof )1(V) is ng-i[zg-ii]-closed in X.
Hence gof: (X,8Ty, PTx) — (Z, §T;, PT;) is contra
rg-i[contra zg-ii]-continuous.

6. Let V be i[ii]-open set in Z. Since g is i[ii]-
continuous, g~1(V) is i[ii]-open in Y. Since f is
contra rgr-i[contrazgr-ii] continuous,
g Y (V)=(gof ) Y(V) is mgr-i[xgr-ii]-closed in
X. Hence gof: (X,8Tx, PTx) — (Z, §T;, PTy) is
contra zgr-i[contra wgr-ii]-continuous.

7. Let V be i[ii]-open set in Z. Since g is i[ii]-
continuous, g~1(V) is i[ii]-open in Y. Since f is
contra  mga-ifcontra  mga-ii] continuous,
g Y (V)=(gof )"X(V) is ngo-i[zga-ii]-closed in
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X. Hence gof: (X,8Tx, PTx) — (Z, §T;, PTy) is
contra zga-i[contra zga-ii]-continuous.

8. Let V be i[ii]-open set in Z. Since g is i[ii]-
continuous, g~1(V) is i[ii]-open in Y. Since f is
contra rgb-i[contrazgh-ii] continuous,
g Y (V))=(gof )"Y(V) is ngb-i[zxgb-ii]-closed in
X. Hence gof: (X,8Tx, PTx) — (Z, §T;, PT,) is
contra zgb-i[contra mgb-ii]-continuous.

Remark 6.3:

1. Notice that If f is contra g-i[contra g-ii]-
continuous and g is i[ii]-continuous, then gof s
contra g-i[contra g-ii]-continuous is equivalent to If
f is g-i[g-ii]-continuous and g is contra-i[contra-ii]-
continuous, then gof is contra g-i[contra g-ii]-
continuous.

2. Notice that If f is contra ga-i[contra go-ii]-
continuous and g is i[ii]-continuous, then gof is
contra ga-i[contra ga-ii]-continuous is equivalent to
If f is ga-i[ga-ii]-continuous and g is contra-i[contra-
ii]-continuous, then gof is contra ga-i[contra go-ii]-
continuous

3. Notice that If f is contra gr-i[contra gr-ii]-
continuous and g is i[ii]-continuous, then gof is
contra gr-i[contra gr-ii]-continuous is equivalent to If
f is gr-i[gr-ii]-continuous and g is contra-i[contra-ii]-
continuous, then gof is contra gr-i[contra gr-ii]-
continuous.

4. Notice that If f is contra gb-i[contra gb-ii]-
continuous and g is i[ii]-continuous, then gof is
contra gb-i[contra gb-ii]-continuous is equivalent to If
f is gb-i[gb-ii]-continuous and g is contra-i[contra-
ii]-continuous, then gof is contra gb-i[contra gb-ii]-
continuous.
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