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Abstract

In this paper we introduce the concept of contra rg™b*- continuous functions, almost contra rg™b"- continuous functions and contra
rg”"bH-irresolute. We obtain the basic properties and their relationship with other forms of contra supra continuous functions in
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1. Introduction

In 1983, Mashhour et al., ® introduced Supra topological
spaces and studied S- continuous maps and S*- continuous
maps. In the year 1989, ! Noiri, introduced, on almost
continuous functions.

During the year 1999, Ganster and Rielly, I came up with the
idea of, on almost S- Continuity. In the year 1996, Andrijevic
(41, introduced b- open sets. In 1996, Dontchev B! presented a
new notation of continuous function called contra- continuity
in topological spaces. In 2008, Devi, Sampathkumar and
Caldas 4, defined supra & open sets and Sa- continuous maps.
In 2012, Jamal M. Mustafa, Hamzeh A. Qogazeh Bl introduced
a new class of supra D-sets and associated separation axioms
in supra topological space.

During the year, 2015, Krishnaveni and Vigneshwaran [
introduced Contra bTH - continuous function in supra
topological spaces. In 2016 /1, Ludi Jancy Jenifer and Indirani
introduced Supra regular generalized star star b- closed set in
Supra topological spaces.

The purpose of this paper is to introduce the concept of contra
rg ™" bH- continuous functions and contra rg**bh¥-irresolute
and to study some of its basic properties. Also we define almost
contra

rg”"bH- Continuous function and perfect contra rg™* b*-
irresolute function and investigate their relationship with other
functions in supra topological spaces.

2. Preliminaries

Definition 2.1 & 10

Let X be a non-empty set. The subfamily p S p(X) where p
(X) is the power set of X is said to be a supra topology on X if
X € p, @ € pand p is closed under arbitrary unions.

The pair (X, p) is called a supra topological space. The
elements of  are said to be supra open in (X, p). Complements
of supra open sets are called supra closed sets.

Definition 2.2 (€
Let A be a subset of (X, w). Then the supra closure of A is

denoted by cl*( A) =N { B/ B is a supra closed set and A
c B}.

Definition 2.3 B
Let A be a subset of (X, w). Then the supra interior of A is
denoted by int*(A)= U{ B/ B is a supra open set and Ao B}.

Definition 2.4 [¢
Let (X, u) be a topological space and p be a supra topology on
X. wis supra topology associated with tif T € p.

Definition 2.5 ']

A function f: (X, u)—(Y,o) is called contra rg™ b -
continuous function if £ ~1(V) is g™ b*-closed set of X for
every supra open set V of Y.

Definition 2.6 [']
A subset A of a supra topological space(X, ) is called supra
regular generalized star star b-closed set (briefly rg*b*-
closed set) if rg*bcl*(A) cU whenever ACU and U is
supra open in X.

Definition 2.7 [}

A function f: (X,u)—(Y,a) is called rg**b*-continuous if
f~Y(V) is g™ bHclosed set of (X,u) for every closed set V
of (Y.0).

Definition 2.8 ']

Afunctionf: (X, u)—(Y,0) is called - g** pH-irresolute if f£—1
V) is rg**b#closed (rg**b#-open)in X for every rg**bH-
closed (rg**b#-open) setVof Y.

Definition 2.9 Bl
Let (X, 1) and (Y, o) be two topological spaces and u be an
associated supra topology with t. A function f: (X, t) — (Y,
o) is called contra continuous if f 7! (V) is supra closed in(X, 1)
for every supra open set V of (Y, o).
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Definition 2.10 "]

A supra topological space (X, i) is called T?ffg -space, if

**b
every rg**b#-closed set is supra closed set.

3. Contra- 1g** b*-continuous function

Definition 3.1

A function f: (X, 1) — (Y, o) is called contra rg**hH -
continuous functions if f “'(V) is rg**h#-closed in (X, 1) for
every supra open set V of (Y, o).

Theorem 3.2
Every contra- supra continuous function is contra- rg**h#-
continuous but not conversely.

Proof: Let f:(X,1)—(Y,0) be contra supra continuous and V
be a supra open set in (Y,a).Since f is contra supra continuous,
f""l (V) is supra closed in (X, 1).Also every supra closed set
is 7g**b* —closed set, f =1 (V) is rg™*b* —closed set in
(X, ). Therefore f is contra rg™* h#continuous map.

Example 3.3

Let X=Y={a,b,c,d} with w =X 0
{0} {d}{b.d}{acd}fabcribcdy}r and u, =(Y, @ ,
{d}{acr{ad}{c.d}facdiy.Let f:(X, py) - (Y, uy) be
defined as f(a)=a,f(b)=b, f(c)=c,f(d)=d.

Hence f is contra- g**b*-continuous but not contra supra

continuous. Since for a supra open set {a,d} in Y,f"1
({a,d})={a,d} is not supra -closed in (X, 4).

Theorem 3.4

i) Every contra-s#-continuous function is contra- rg**bh#-
continuous but not conversely.

i) Every contra-a#-continuous function is contra- rg*"b#-
continuous but not conversely. (iii)Every contra-supra- pre-
continuous function is contra- rg**b#-continuous but not
conversely.

iii) Every contra-r#-continuous function is contra- rg**h*-
continuous but not conversely.

Proof: The proof is similar to theorem 3.2

Example 3.5

i) Let X=Y={a,b,c,d} with Uy =X, © ,
{a}{c}{ac}.{acd}.{abd}{b,cd}} and u, ={Y, @,
{b}.{a,b},{b,d} {c.d}.{a,b,d}{b,c,d}}.Let f:(X, p;) (Y,
;) be defined as f(a)=a,f(b)=b,f(c)=c, f(d)=d. Hence f is
contra- g ** h#-continuous but not contra s* continuous.
Since for a supra open set {a,b} in Y,f—l({a,b}):{a,b} is
not supra —semi -closed in (X, 1¢,).

i) Let  X=Y={abcd} with 4 =HX 0O ,
{a}.{b}{a,b}.{a,c.d}{ab,d},{b,cd}} and u, ={Y, @,
{b}.{b,c}.{b,d}.{c,d}.{b,c,d}}.Let f:(X, ut;) (Y, u,) be
defined as f(a)=a,f(b)=b,f(c)=c,f(d)=d. Hence f is contra-
rg™* hH-continuous but not contra-g# continuous. Since
for a supra open set {b,c} in Y,f‘l({b,c})z{b,c} is not
supra —q- closed in (X, u,).

iii) Let X=Y={a,b,c,d} with =X, @ ,
{a}.{d}{ad}.{acd}{ab,c}{b,cd}} and u, ={Y, 1)
J{d}.{a,b}{b,c}.{b,d}{ab,c}{b,c,d} {ab,d}}.Let f:(X,
) — (Y, u, ) be defined as
f(a)=a,f(b)=b,f(c)=c,f(d)=d.Hence f is contra- rg**h# -
continuous but not contra-supra-pre continuous. Since for a
supra open set {a,b,d} in Y,f‘l({a,b,d}):{a,b,d} is not
supra pre-closed in (X, tt,).

iv) Let X=Y={a,b,c,d} with Uy ={X, 0}
A{b}.{d}{a,b} {ac}{ad}{b.c}{b.d}{cd}.{abc}
{acd}{abd}{bcd}}and p, ={Y, )
Ach{ac}.{ad}{b,c}{ac,d}{ab,c}}.Let f:.(X, ;) (Y,
I4,) be defined as f(a)=a,f(b)=b,f(c)=c,f(d)=d.

Hence f is contra- g™ h#-continuous but not contra- -+

continuous. Since for a supra open set {c} in Y,f‘l({c}):{c}

is not supra r-closed in (X, it,).

Theorem 3.6

i) Every contra-pH-continuous function is contra- rg**hH-
continuous but not conversely.

i) Every contra-g#-continuous function is contra- rg**bh#-
continuous but not conversely.

iii) Every contra-s g#-continuous function is contra- r g™ b*
-continuous but not conversely.

iv) Every contra- gs#-continuous function is contra-r g ** hH-
continuous but not conversely

Proof: The proof is similar to theorem 3.2

Example 3.7

i) Let X=Y={a,b,c,d} with  uy =X, 0
{a}{d}{ad}{abd}{bcd}} and u, ={Y, @ {a}{b},
{ab}.{a,c.d}, {ab,c}{b,c,d}}.Let f:(X, ;) - (Y,u,) be
defined as f(a)=a,f(b)=b, f(c)=c,f(d)=d. Hence f is contra-
rg"" b*-continuous but not contra-# continuous. Since
for a supra open set {a,c,d} in Y,f‘l({a,c,d})z{a,c,d} is
not supra b-closed in (X, ut,).

ii) Let X=Y={a,b,c,d} with =X )}
Ab}{c}{b.c}{abc}{abd} {acd}} and u,={Y, 0,
{d}.{a,b}.{b,d}, {c,d}.{b,c,d}.{a,b,d}}.Let f:(X, ;) (Y,
W) be defined as f(a)=a,f(b)=b, f(c)=c,f(d)=d. Hence f is
contra- g ™" b#-continuous but not contra- g# continuous.
Since for a supra open set {a,b} in Y,f‘l({a,b}):{a,b} is
not supra g-closed in (X, t4).

iii) Let X=Y={a,b,c} with p,={X,@{a}.{a,b}.{b.c}} and p,
={Y,@0{b}{ac}.{b.c}}.Let f:(X,1t;)— (Y,u,) be defined
as f(a)=a,f(b)=b, f(c)=c.Hence f is contra- rg* b" -
continuous but not contra-sg# continuous. Since for a
supra open set {b} in Y,f‘l({b})={b} is not supra
sgclosed in (X, k).

iv) Let X=Y={a,b,c,d} with Uy ={X, 0}
{c}.{d} {c.d}.{ab,cHacd}{abd}} and u, ={Y, @,
{a}.{c}.{a.c}.{ab,d},{b,c.d}{ab,c}}.Let f:(X, ;) (Y,
U) be defined as f(a)=a,f(b)=b, f(c)=c,f(d)=d.Hence f is

183



International Journal of Multidisciplinary Research and Development

contra- 7g“*b# -continuous but not contra- gs¥
continuous. Since for a supra open set {a,c} in Y,f‘1
({a,ch)={a,c} is not supra gs-closed in (X, ).

Theorem 3.8

i) Every contraga*-continuous function is contra- rg** b*-
continuous but not conversely.

if) Every contragg*-continuous function is contra- rg** h*-
continuous but not conversely.

iii) Every contragp#-continuous function is contra- rg** b#-
continuous but not conversely.

iv) Every contragr#-continuous function is contra- rg**b#-
continuous but not conversely

Proof: The proof is similar to theorem 3.2

Example 3.9

i) Let X=Y={ab,cd} with u; ={X, @ {b}{d}{b.d},
{ab.cHacd}{abd}} and u, ={y, @ {ck{ad}
{b,c}{c,d}{a,c,d}{b,c.d}}.Let f:(X, tt1) — (Y, ttz) be
defined as f(a)=a,f(b)=b, f(c)=c,f(d)=d.Hence f is contra-
rg**b#-continuous but not contra- g # continuous. Since
for a supra open set {a,d} in Y,f‘l({a,d}):{a,d} is not
supra ga-closed in (X, tt,)-

i) Let X=Y={a,b,c,d} with Uy =X, 0 ,
{a}{c}{ac}{abcHacd} {abd} {bcd}} and p,
={Y,0.{d} {a,d},{b,c} {b,d}.{ab,d}{b,c,d}}.Let f:(X,yu,
)= (Y, u) be defined as f(a)=a,f(b)=D,f(c)=c,f(d)=d.Hence
f is contra- rg™*b# -continuous but not contra- ag#
continuous. Since for a supra open set {b,c} in Y,f"1
({b,c})={b,c} is not supra ag-closed in (X, {i1).

iii) Let X=Y={a,b,c,d} with e ={X, )
{ar{ack{adH{cd}.{acd}} and p;={Y, @ {a}{ab},
{b,c}{ab,.c}}Let (X, 1) = (Y, 1y) be defined as
f(a)=a,f(b)=D,f(c)=c,f(d)=d. Hence f is contra- g™ bH-
continuous but not contra- gp* continuous. Since for a
supra open set {a} in Y, f ~1({a})={a} is not supra gp-
closed in (X, 44).

iv) Let X=Y={a,b,c,d} with uw =X o .

{a}.{d}{a,d}.{ab,c}.{a,b,d}.{b,c,d}} and u, ={Y, @,

{b,c}{c,d}{b,d} {b,c,d}}.Let :(X, 1) - (Y, Uz ) be

defined as f(a)=a,f(b)=b, f(c)=c,f(d)=d. Hence f is contra-

rg**b#—continuous but not contra- gr# continuous. Since
for a supra open set {b,c} in Y,f—l({b,c}):{b,c} is not
supra gr-closed in (X, tt4).

Theorem 3.10
i) Every contra-g*#-continuous function is contra- rg* bH-

continuous but not conversely.
i) Every contra- g*gH -continuous function is contra-

Tg**bu-continuous but not conversely.
iii) Every contra-g##-continuous function is contra- rg** h#

-continuous but not conversely.
iv) Every contra- g#s“ -continuous function is contra-

rg**bn“--continuous but not conversely.

Proof: The proof is similar to theorem 3.2

Example 3.11

i) Let X=Y={abcd} with pu; =X, O
{b}{c}{b.c}{ac,d}{ab,d}, {bcd}} and u,={Y, (Z)
{a}.{a,c}.{a,d},{b,d}{a,c,d}{a,b,d}}.Let f:(X, 1)
—s (Y, u5) be defined as f(a)=a,f(b)=b,f(c)=c,f(d)=d. Hence
f is contra- rg**b* -continuous but not contra- g*#
continuous. Since for a supra open set {a,d} in Y,f‘1
({a,d})={a,d} is not supra g*-closed in (X, i;).

i) Let X=Y={a,b,c,d} with p1,={X,0,{b},{a.b}{a,c}{ad},
{a,b,cH{a,c,d}.{a,b,d}} and Uy, =Y,
{c}4b,chb.d}{c.ahb.c.d¥} Let F:(X, p1y) (¥, i1z) be
defined as f(a)=a,f(b)=b, f(c)=c,f(d)=d. Hence f is contra-
rg**b* -continuous but not contra- g*s# continuous.
Since for a supra open set {b,c,d} in Y, f‘l
({b,c,d})={b,c,d} is not supra g"s-closed in (X,u,).

iii) Let X=Y={a,b,c,d} with . =X, @
{b}.{c}.{b.c}{b,cd}{abd}} and u,={Y,p {c}{ac}
{a,d} {c.d}.{a,c,d}}.Let f:(X, ;) (Y,i,) be defined as
f(a)=a,f(b)=b, f(c)=c,f(d)=d. Hence f is contra- rg* bhH-
continuous but not contra- g#!«l —continuous. Since for a
supra open set {a,c} in Y,f—1({a,c}):{a,c} is not supra g*-
closed in (X, pt4).

iv) Let X=Y={a,b,c,d} with w =X o0 .
{c}.{d}.{c.d}.{bc,d}{abd}} and u,={Y,® {a}{ac}
{a,d}.{b,c}{ac,d}{ab,c}}.Let f:(X, ;) — (Y, ttz) be
defined as f(a)=a,f(b)=b, f(c)=c,f(d)=d. Hence f is contra-
rg**b#—continuous but not contra- g#gﬂ —continuous.
Since for a supra open set {a,c} in Y,f‘l({a,c}):{a,c} is
not supra g*s-closed in (X, u,).

Theorem 3.12

i) Every contra rg*b* -continuous function is contra-
rg"™* bH-continuous but not conversely.

if) Every contrag”b*-continuous function is contra- rg**b*
-continuous but not conversely.

iii) Every contra gab# -continuous function is contra-
rg™* b*-continuous but not conversely.

iv) Every contrasgh#-continuous function is contra- rg**h#
-continuous but not conversely.

Proof: The proof is similar to theorem 3.2

Example 3.13
i) Let X=Y={abcd} with pu =X @ ,
{b}.{d}.{b.d}{ab.c}{abd}} and u,={Y, {d}.{ac},

{a.d}.{b.c}{b.c.d}.{ac.d}{ab,c}} Let f:(X,15) (Y. 1)
be defined as f(a)=a,f(b)=b, f(c)=c,f(d)=d.Hence f is contra-

rg*" b*-continuous but not contra- rg*bh* —continuous.
Since for a supra open set {b,.c,d} in Y, f—l
({b,c,d})={b,c,d} is not supra rg*b —closed in (X, t4).
i) Let X=Y={a,b,c,d} with U4 ={X, 1)
{a}{d}{ad}{ab.c}{bcd}} and u, ={Y, @ {b}{c},
{b,c}{a,b,c}{a,c,d}}.Let f:(X, L1)— (Y,LL) be defined as
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f(a)=a,f(b)=b,f(c)=d,f(d)=c. Hence f is contra-rg""b"-
continuous but notcontra- supra-g "~ b-continuous.Since for
a supra open set {a,c,d} in Y,f—1({a,c,d}):{a,c,d} is
rg”” bH-closed but not supra - g* h-closed in (X, ti1).

iii) Let X=Y={a,b,c,d} with Uy ={X, 1)}
{c}{d}{cd}{facd}{abd}} and pu, ={Y, @
{a}.{a,b}.{b,c} {b,d}{b,c,d} {ab,d},{ab,c}} Let f:(X
Ui ) — (Y, U ) be defined as f(a)=a,f(b)=b,
f(c)=c,f(d)=d.Hence f is contra- rg**b#-continuous but
not contra- ggh# —continuous. Since for a supra open set
{b.d} in Y,f—l({b,d}):{b,d} is not supra garb-closed in
(X,)-

iv) Let X=Y={a,b,c,d} with Uy ={X, [0}
{a}{c}{ac}{acd}{abd}} and u={Y, @ {c}.{ab},
{b,c},{b,d},{a,b,c},{b,c,d},{ab,d}}.Letf:(X, 1) (Y, U2)
be defined as f(a)=a,f(b)=b, f(c)=c,f(d)=d. Hence f is
contra- rg**hH -continuous but not contra- sghH —
continuous. Since for a supra open set {a,c} in Y,f-l

({a,c})={a,c} is not supra sg b-closed in (X, 144).

Theorem 3.14
Contra—rg**b#-continuity is independent from contra- rgh-

From the above discussions we have the following implications

continuity and contra- gprﬂ-continuity.

Proof: The proof is similar to theorem 3.2

Example 3.15

Let ~ X=Y={abcde} with pu, =X @
{e},{d}.,{b,c}{c,d} {e,d},{b,c.e}{cde}, {bcd}{abce}
{a,c,d,e}{b,c,de}} and U ={Y, 1)}
{c}.{d}{c,d}.{a,b}{b,c}{ab,c}, {abd}{cbd}{abcd}
{a,b,d,e} {cbde}}.Let f:(X, it1) - (Y, Uy) be defined as
f(a)=a,f(b)=b,f(c)=c,f(d)=d,f(e)=e.

For a supra open set {b,c,d} and {c,b,d,e} in Y, f—l
({b,c,d})={b,c,d} is rg**bﬂ--closed but not supra - gpr -
closed in (X, ;) and f"1({c,b,d,e}):{c,b,d,e} is supra gpr-
closed but not 7g** b*-closed in (X, ;).

Let X=Y={a,b,c,d,e} with  p, ={X, 1) ,
{e}.{d}.{e.d}.{c.d}.{c.e}.{b,c,d}{b,c.e}{cd.e} {ab,cd}{a
bce}{bcde}}r and u, ={Y, 0 {a,e}.{b.e},
{a,d,e}{b,d,e},{a,b,e}{ac.de} {c,b,de}{ab,de}} Letf:(X,
W) = (Y Uy ) be defined as
f(a)=a,f(b)=Db,f(c)=c,f(d)=d,f(e)=e.For a supra open set {a,d,e}
and {b,d,e} in Y,f‘l({a,d,e}):{a,d,e} is rg™* b# closed but
not supra-r g -closed in (X,u,) and f‘1({b,d,e}):{b,d,e} is
supra rg-closed but not r g**b¥-closed in (X, t,).

1. contra-rg**h*- | 2.contra-sH- 3.contra-a*- 4. contra-supra pre-
continuous continuous continuous continuous
5.contra-yH- 6.contra-HhH- 7.contra—g"‘ - 8.contra—sgn“ -
continuous continuous continuous continuous
9.contra-gsH- 10. contra-ggr M - 11.contra-q g - 12.contra-gp* -
continuous continuous continuous continuous
13.contra-grH- 14.contra-g*H — 15.contra-g *s# - | 16.contra-g#H -
continuous continuous continuous continuous
17.contra-g#5#- 18. contra—rg*b#- l9.contra-g*b#- 20.contra-gab.u-
continuous continuous continuous continuous
21.contra-s gb'”- 22.contra-1 g-“- 23.contra-gpr H- 24. contra -supra
continuous continuous continuous continuous

5
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Theorem 3.16

The composition of two contra r g** b*- continuous map need
not be contra rg ™" b#-continuous. Let us prove the remark by
the following example.

Example 3.17

Let X=Y=Z={ab,c,d} with supra topologies & ={X, @ ,
{ac}{ad}, {bc} {acd} {abc}}, o =Y, @ .,
{a,c}.{a,d},{c,d}.{ac,d}}, n ={Z, [0}
{a,b}.{b,c}{b,d} {ab,c}{b,cd}{ab,d}} Let X —Y be
defined by f(a)=d,f(b)=c,f(c)=b,f(d)=a. Define a map g:Y—Z
be the identity map. Let gef:X—Z be th identity map. Both f
and g are contra rg**b* continuous but gof:X—Z is not a
contra rg**b#—continuous. Since for open set {a,b,c} in Z,
(g o )~ ({abch={ab,c} which is not contra rg**pH
continuous.

Theorem 3.18

If £:(X, t) — (Y, o) is contra g™~ h#- continuous function
and g: (Y, 6) — (Z, 8) is supra continuous function then
composition gof is contra rg** h# - continuous function.

Proof: obvious.

Theorem 3.19

If fi(X, 1) — (Y, o) is rg™" b*- irresolute function and g: (Y,
o) — (Z, 9) is contra rg**h#- continuous function then
composition gof is contra rg** h#- continuous function.

Proof: obvious

Remark 3.20
The concept of rg™ hH- continuity and contra rg**h# -
continuity are independent as shown in the following example.

Example 3.21

Let X=Y={ab,c} with u;={X,@.{a,b}.{a,c}} and t={Y,@,
{c,b}, {a,c}}.Let f:(X, 1) (Y,H2) be an identity map..Hence
f is rg ™" hH-continuous but not contra rg™* h#- continuous.
Since V={b,c} is supra open set in Y but f * ({b,c}) = {b,c} is
not rg** h#- closed set in X.

Let X=Y={a,b,c,d} with u =X o
{b}{d}.{b,d}{acd}{abc}{bcd}} and pu,={Y, @ {d},
{a.c}.{a,d}{c,d}{a,c,d}}.Let f:(X,p,) = (Y,u,) be defined as
f(a)=a,f(b)=b, f(c)=c,f(d)=d. Hence f is contra- rg**h¥ -
continuous,but not rg**ph# - continuous function, since
V={b,d} is supra closed set in Y but f * ({b,d}) ={b,d} is not
rg**bH- closed set in X.

Theorem 3.22
If (X, © ) — (Y, o) is contra g ™" hH- continuous function

and X is T g p~SPaCe, then f is contra supra continuous.

Proof: Let V be supra open set in Y. Since f is contra rg bt
- continuous function, then (V) is rg™ b#- closed in X.
Since X is Tif‘gub-space, we have every rg™* b#- closed set is
supra closed in X, then 1 (V) is supra closed in X. Therefore f

is contra supra continuous function.

4. Almost contra rg* b*- continuous function

Definition 4.1

A map £:(X, t) — (Y, o) is called almost contra rg*“b*-
continuous function if f*(V) is rg™*b*- closed in (X, t ) for
every supra regular open set V in (Y, o).

Theorem 4.2
Every contra supra continuous function is almost contra
rg”" b*- continuous function.

Proof: Obvious.

The converse of the above theorem need not be true. It is shown
by the following example.

Example 4.3
Let X=Y={a, b,c,d} and T = {X, v,
{b},{c},{b,c},{a,c,d},{b,c,d}},c={Y, v,

{b},{d},{b,d}.{b,c,d},{a,c,d}}.f:(X, T ) — (Y, o) be the
identity function. Here f is almost contra ¢ g** h#- continuous,
but it is not contra supra continuous, Since V={b,c,d} is supra
open in Y but f 1({b,c,d}) = {b,c,d} is not supra closed in X.

Theorem 4.4
Every contra y-g** hH- continuous function is almost contra

rg** b#- continuous function.

Proof: Obvious.

Remark 4.5
The converse of the above theorem need not be true. It is shown
by the following example.

Example 4.6

Let X=Y={a, b, c} and 1= {X, v, {a},{a,b},{b,c},{ac}}, o=
{Y, v, {a},{a,b},{b,c}}.fi(X, T ) — (Y, o) be the identity
function. Here f is almost contra g ** h#- continuous, but it is
not contra rg**h*- continuous, Since V={a,b} is supra open
in'Y but f* ({a,b}) = {a,b} is not rg** pH- closed in X.

Theorem 4.7

If a map f: X=Y from supra topological space X into a supra

topological space Y. The following statement are equivalent.
(@) fisalmost contra rg**hH- continuous.
(b) For every supra regular closed set F of Y, f(F) is
rg**bH- open in X.

Proof:

(8) —(b) :Let F be a supra regular closed set in Y, then Y-F is
a supra regular open set in Y. By (a) f1(Y-F) = X — f}(F)
is rg* bH- closed set in X. This implies f1(F) is rg**hH
- open set in X. Therefore (b) holds.

(b) _(a):Let G be a supra regular open set of Y. The Y-G is
supra regular closed set of Y. By (b) f1(Y-G) is rg**b*-
open in X. This implies X- f1(G) is rg**b# - open in X,
which implies f1(G) is rg*"b*-closed setin X. Therefore
(a) holds.
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Definition 4.8
A space (X, t) is g™ bH- locally indiscrete if every rg**b#
- open (r g ™" bH- closed) set is supra closed(supra open) in (X,

7).

Theorem 4.9

If f:(X, 1) — (Y, 6) is rg ™ b*- continuous function and X is
rg " b* - locally indiscrete, then f is contra rg**h* -
continuous.

Proof: Let V be supra open set in Y. Since f is g™ b#-
continuous function, then f1(V) is rg”" bH- open in X. Since
X'is rg**b#- locally indiscrete, then (V) is supra closed set
in X. We know that every supra closed set is g** h#- closed
set. Therefore f1(V) is rg**b*- closed set in X. Hence f is
contra rg ™" b*-continuous function.

Theorem 4.10

If f:(X, t) — (Y, o) is a surjective 7g"* b*- irresolute and g:
(Y, 0) — (Z, y) be any function such that gof: (X, 1) — (Z, ¥
) is contra 7g**b*- -continuous function, iff g is contra
rg”" bH- continuous.

Proof: Suppose gof is contra g ™" b*-continuous, Let V be a
supra closed set in Z, then (gof)*(V) = FX(g™*(V)) is rg** bH-
open in (X, t). Since f is subjective and rg** b#- irresolute,
then f(gof)X(V)=f( f1(g}(V))) = g(V) is supra N-open in (Y,
o).Hence g is contra rg bt continuous function.
Conversely, suppose g is contra r g ™* h#- continuous, Let V be
supra closed in Z, then g*(V) is

rg™“b# -open in Y. Since f is surjective and rg**h¥ -
irresolute, then (g™*(V)) is rg™*b#- open in X. Hence gof is
contra g """ b#- continuous function.

Theorem 4.11

If f:(X, 1) — (Y, 0)isarg" b*- continuous and g: (Y, ) —
(Z, y) is contra rg** b#- continuous function and (Y, o) is
T#q*’b'SPace’ then gof: (X, 1) — (Z, ¥) is contra yg** hH-
continuous function.

Proof: Let V be any supra open setin Z, then g*(V) is rg*bH
- closed setin Y. since Y is Tif‘g,*bspace, g2(V) is supra closed
setinY. Since fis yg** h#- continuous *(g*(V)) = (gof) (V)
isTg™ bH- closed set in X. Hence gof is contra rg™*bH-
continuous.

5. Contra - irresolute function

Definition 5.1

A function fi(X, Tt ) — (Y, o) is called contra rg* b* -
irresolute function if (V) is rg™*b*- closed in (X, 1) for
every rg ™" b#- open set V in (Y, o).

Definition 5.2
A function f: (X, 1) — (Y, o) is called perfectly contra g ™" h#

- irresolute function if f1(V) is g ** b#- closed and rg**hH-
open in (X,t) for every rg**b#- open set Vin (Y,g).

Theorem 5.3
Every contra yg** h#- irresolute function is contra rg** h*-
continuous.

Proof: obvious.

Remark 5.4
The converse of the above theorem need not be true. It is shown
by the following example.

Example 5.5

Let X=Y= {a b, ¢ d} 7 = {X ¢ .
{b}{d}.{bd}{bcd}facd}}, o ={ Y, @ {b}
{c}.{b,c}{a,c,d}{a,b,c}}. A function f: (X, 1) — (Y, o) is
defined by f(a) = a, f(b) = b, f(c) = c¢,f(d)=d.Here f is contra
rg”"b*- continuous but not contra g™~ h#- irresolute. Since
VvV = {bcd} isrg h* - open set in (Y,g) and f
'({b,c,d})={b,c,d} is not in g™ b*- closed set in (X, ).

Theorem 5.6

If f: (X, 1) — (Y, o) isarg"” bH- irresolute and g: (Y,a) —(
Z, y) is contra rg ™" b¥- irresolute function, then gof : (X,1)
—(Z, y) is contra rg** b*- irresolute function.

Proof: obvious.

Theorem 5.7

If f: (X, 1) — (Y, o) is a contra g™ bH- irresolute and g: (Y,
o) ~(Z,y) is rg™"b*- irresolute function, then gof: (X,7) —
(Z, y) is contra rg™* b*- irresolute function.

Proof: Obvious

Theorem 5.8
Every perfectly contra rg**h#- irresolute is contra r g** h#-
irresolute function.

Proof: obvious.

Remark
The converse of the above theorem need not be true. It is shown
by the following example.

Example 5.9

Let X=Y= {abcd} ad 1 = {X @ .
{c}{d}{cd}{abcr{abd}}, o = (Y. @ {b}
{c},{b,c},{a,b,c},{a,b,d}} f: (X, T) — (Y, o) be a function
defined by f(a) = a, f(b) = b, f(c)=c, f(d)=d. Here f is contra
rg** b*- irresolute function but not perfectly contra rg** b*-
irresolute function. Since V = {a,b} is rg** b#- open setin (Y,
o) and f'({a,b}) = {a,b} is not r g** bH- open set in (X, ).

Theorem 5.10
Every perfectly contra rg**b* - irresolute isrg **bH -
irresolute function.

Proof: Obvious.

Remark 5.11

The converse of the above theorem need not be true. It is shown
by the following example.
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Example 5.12

Let X=Y= {ab,c} and T = {X,@,{a}.{a.b}.{b,c}}, o= {Y.0
g{ar{ab}{b,c}. {c,a}}.f: X, t ) — (Y, o) be a identity
function. Here f is rg™hH - irresolute function but not
perfectly contra rg**bH- irresolute function.Since V = {a,b}
is rg**h#- open set in (Y,0) and fi({a,b}) = {ab} is not
rg**b*- closed in (X, 7).

6. Applications

6.1 Supra r g** b separation axioms

Definition 6.1.1

Let (X, p) be a supra topological space, then:

i) XisS-rg""b- Toif for every two distinct points x and y
in X there exists a supra g"*"b open set U that contains
only one of the points x and y.

i) XisS-rg" b -Tuif for every two distinct points x and y
in X there exists two supra g b open sets U and V such
thatx eU,ygUandy €V, X gV.

iii) X is S-rg ™" b -T if for every two distinct points x and y
in X there exists two disjoint supra rg™*b open sets U and
VsuchthatxeUandy € V.

Remark 6.1.2
Every S-rg*"b- Tispaceis S-rg*"b -Ti foreachi=1, 2 but
the converse need not be true.

Example 6.1.2

Let X = {a, b, ¢, d}, p = {X,0.{a} {d}{a,d}.{a,c,d}.{b,c,d}}
rg, " bOX, py)={X, 0, {a}, {c}{d}{ac}{ad}, {bd},
{c,d}, {a,b,d},{a,c,d},{b,c,d}}.Then (X, p) is an S-rg**b-To
space but not S-rg ™" b-T1. Since for the open subset {b,d} of
X, there are no two supra rg** b open sets U and V such that
beUdgUandd€eV,bgV.

Example 6.1.3

Let X = {a, b, ¢}, p = {X,0,{a}, {a, b}, {a, c}, {b, c}}, rg™™ b
O(X, pty)={X, @ {a},{a,b},{b,c},{c,a}}.Then (X, p) is an S-
rg ™" b-T1 space but not S-r g™ b-T..

Theorem 6.1.4
A supra topological space (X, p) is S-rg™*b -To if and only if
for each pair of distinct points x, y in X, rg**bcl*({x}) #
rg** bl {y}).

Proof:=) Let (X, p) be an S-rg**b -To space and x, y be any
two distinct points in X. There exists a supra rg™* b open set
U containing X or y, say X but not y. Then X — U is a supra
rg""b closed set containing y but not x. Now, rg™* bel* ({y})
C X — U, and therefore x & rg** bel({y}). Hence rg ™ bel*
({3) # g™ bel ({y}).

<) Suppose that x, y € X, x#y and rg™ bel* ({x})#= rg™ b
cl* ({y}). Then there exists a point z £ X such that z belongs
only to one of the sets rg** bel* ({x}) and rg™* bel* ({y}), say
zerg™ bcl ({x}) butz ¢ rg™ bel* ({y}). We claim that x ¢
rg*"bel* ({y}). For, if x € rg™* bcl* ({y}) then rg™* bcl*
{x}) € rg™~bcl* ({y}). This contradicts the fact that z
& rg”*bel* ({y}). Consequently x belongs to the supra open
set X — g™ bcl* ({y}) to which'y does not belong.

Theorem 6.1.5
A supra topological space (X, w) is S-rg**b -T1 if and only if
the singletons are supra rg** b closed sets.

Proof: Let (X, p) be S-rg™ b -T1 and let x be any point in X.
Suppose y € X\{x}, then x#£y, and so there exists a supra rg**b-
open set U such that y € U and x [ U. Consequently y € UC
X\{x}, that is X\{x} is supra rg**b open.

Conversely, suppose {p} is supra rg**b-closed for every p €
X. Let x,y € X with x£y, Now x#£y implies y € X\{x}.Hence
X\{x} is a supra rg**b-open set contains y but not x. Similarly
X\{y} is a supra rg**b-open set contains x but not .
Accordingly (X, p) is a S-rg**b-T; space.

Definition 6.1.6
A supra topological space (X, p) is called a supra rg**b-
symmetric space if for xand y in X, x € rg** bcl*({y}) implies

y e rg bel* ({x}).

Theorem 6.1.7
Let (X, p) be a supra rg“*h- symmetric space. Then the
following are equivalent:

1) (X, wiss-Tg b1y

2) X,wiss-Tg "b-T,.

Proof: It is enough to show that (1) = (2). Let X # y. Since
(X, ) is S-rg ™" b- To, we may assume that x € U € X—{y}
for some supra rg**b open set U. Then x & rg™* bcl*({y})
and hence y & rg™*bcl* ({x}).Therefore there exists a supra
rg*“bopensetV,suchthaty € VC X - {x} and (X, p) is an
S-rg™*b- T1 space.

Theorem 6.1.8

The following properties are equivalent:

1) XisS-rg* b-T..

2) Letx e X. For each y+ X, there exists a supra g ** b open
set U such that x € U and y¢ rg**hcl* (U).

3) Foreachx e X, N{rg™ hcl*(U):Uisasuprarg™h open
set with x € U} = {x}.

Proof:

(1) =(2) Let x e X and y== X. Then there are disjoint supra
rg"" b open sets U and V such that x € U and y € V. Now X
— Vis supra g™ b closed with rg**hcl* (U) S X — Vand y
€X —V and therefore y& rg™* bel* (U).

(2) =(3) If y&{x}, then there exists a supra rg** b open set U
such that x € U and y& rg™*hcl* (U). So y& N{rg**bel* (U)
:Uisasuprarg™*b open set with x € U}.

(3) =(1) If y#x. By assumption we have N{r g™ bcl* (U) : U
is a supra rg*”h open set with x € U} = {x}, then there exists
asupra g™ b open set U such that x € U, y& r g™ bel* (U).
Let V = X-rg™bcl* (U), then V is a supra g ™" b open set
withyeVandUNV =g

Definition 6.1.9

A subset A of a supra topological space (X, p) is called a supra
D—set if there are two supra open sets U and V such that Us£X
and A=U-V.

188



International Journal of Multidisciplinary Research and Development

Observe that every supra open set U different from X is a supra
D-set if A= U and V=0).

Definition 6.1.10

A supra topological space (X, p) is called:

1) S-rg™* b-Do if for any distinct pair of points x and y of X
there exists a supra 1 g** b D-set in X containing x but not
y orasupra rg** b D-set in X containing y but not x.

2) S-rg*" b-D: if for any distinct pair of points x and y in X
there exists a supra rg** b D-set in X containing x but not
y and a supra r g** b D—set in X containing y but not x.

3) S-rg*" b-D:if for any distinct pair of points x and y in X
there exist disjoint supra rg**b Dsets G and E in X
containing x and y, respectively.

Remark 6.1.11

Every proper supra rg**b -open set is a supra rg** b -D set.
But the converse is not true in general as shown in the example
below.

Example 6.1.12

Consider X={a,b,c,d} with p={X, @ {a},
{d}y{ad}{acd}{b.cd}}, rg™h OX, u; )={X, 0, {a},
{c}.{d}{a,c}.{a,d},{b,d},{c,d}{a,b,d} {a,c,d},{b,c,d}}. Then
U={b,c,d} # X and V={a,c,d} are supra rg** b open sets in X
and A=U\V={b},then we have A={b} is a supra rg**b —D set
but it is not supra ' g""b open.

Remark 6.1.13

1) If (X, p)is S-rg™ b- Ti, then (X, p) is S-rg™* b -Di, i = 0,
1,2

2) If (X, p)is S-rg™ b -Dj thenitis S-rg*h-Diy, i =1, 2.

However, S-rg**b-D1» S-rg*™*b-Tiand S-rg**bh D+

S-rg** b -T2 and shown in the examples below.

Example 6.1.14

Let X={a,b,c,d} with ;={X,@{a},{d}{a,d},{ac,d}{b,c,d}}
then rg=h# OX, u )X, @ fa}{c}{d}{ac}
{a,d},{b,d},{c,d}{a,b,d}.{ac,d},{b,c,d}}. Therefore the
supra topological space (X, ) is S-rg**bh —D1 but not S-
rg*”bh-Tu

Let X={a,b,c} with y={X,@.{a,b},{b,c}} thenrg™*bh # O(X,
u )={X, @ {b}{ab}{ac} {b,c}}.Therefore the supra
topological space (X,y) is S-r g**b -Dzbut not S-rg** b -T>.

Theorem 6.1.15
A supra topological space (X, p) is S-rg** b —Do if and only if
itis S-'rg**b —To.

Proof: Let (X, p) be S-rg**b —Do. Then for each distinct pair

X, yin X, at least one of X, y, say x, belongs to a supra rg**h

—D set U where y ¢ U. Let U = U; — U; such that U;#X and

Uzand Uz are supra rg™* b open sets in X. Then x € U. Fory

# U we have two cases:

(@ yu

(b) y€eUiandyE U,. In case (a), x € U; but y& Us; In case
(b), y € U, but x&U,.

Hence X is Srg™ b —To.

The converse part of the theorem holds true by Remark 6.1.13.

Theorem 6.1.16
A supra topological space (X, p) is S-rg** b D1 if and only if
itis S-rg™* b -D..

Proof: Suppose that X is 5-rg**b —D1. Then for each distinct
pair X, y € X, we have supra-y g** hD—sets G1, G2 such that x
EGL, Yy Gy, YEGy, Xg Gy, Let Gy = Uy —Uy, G2 = Uz —U,
where Uz, Uz, Us and U, are supra g™ b open sets such that
U#X and Us # X. Since X & Gy, it follows that either xg Uz or
X € Uz and x € Us. Now we consider two cases: (a)x gUs.
Since yg¢ G1 we have two subcases:

(al) y gU1. Since x € Uy — Uy, it follows that x € U1 — (U2 U
Usz) and y € Us—Us we have y € Us—(U1UU.). Hence (Ui—(U>
UU3))N(Us—(U1UU,)) = @.

(a2) y € U; and y € Uz. We have x € Ui—U,, y € U, and
(Ul—Uz)ﬂUz :Q). (b) X E Us and X € Us. We have Yy (S U3—U4,
X € Ug and (Us—Us)NU4 =0.

Therefore X is S-r g** p- D.

The converse part of the theorem holds true by Remark 6.1.13.

Theorem 6.1.17

Let (X, u) and (Y, §) be two topological spaces and y,6 be
associated supra topologies with p and & respectively. Let f :
X, 1) — (Y,§) be a supra rg""b-irresolute surjective
function and G be a supra-rg™“h-D setin Y, then f /(G) is a
supra-rg”"b D-set in X.

Proof: Let G be a supra-rg**b-D set in Y. Then there are
supra g **b- open sets Uy and U, in Y such that G = U; — U,
and U; #Y. By the supra rg**b irresoluteness of f, f!(Uy)
and f'(Uy) are supra g ™" b openin X. Since U; # Y, we have
f1(Uy) # X. Hence f/(G) = f!(Uy) - £'(Uz) isasupra rg**h
D—set.

Theorem 6.1.18

Let (X, u) and (Y, &) be two topological spaces and y,6 be
associated supra topologies with y and § respectively. Let f :
X,u) — (Y,§) be a supra rg*"b-irresolute bijective
function. If (Y, 6) is S-r g™ b- D1 then (X,y ) isalso S-rg™* b
- D1.

Proof: Suppose that Y is a S-r g™ b- D; space. Let x and y be
any pair of distinct points in X. Since f is injective and Y is S-
rg"*"b-Dy, there exist supra rg*"b-D sets Gx and Gy of Y
containing f(x) and f(y) respectively, such that f(y) & Gx and
f(x) & Gy. By Theorem 6.1.17, (G,) and f'(Gy) are supra
rg”~"b-D sets in X containing x and y, respectively, such that
y ¢ T'(Gx) and xg f'(Gy).

This implies that X is a S-rg** b -D1 space.

Theorem 6.1.19

Let (X, u) and (Y, &) be two topological spaces and y,6 be
associated supra topologies with pt and & respectively. Then
(X, p) is S-rg”™"b -D; if and only if for each pair of distinct
points X, y € X, there exists a supra rg*"b irresolute
subjective function f:(X, 1t )—(Y.&), where (Y,g) isaS-rg** b
-D1 space such that f(x) and f(y) are distinct.
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Proof: For every pair of distinct points of X, it suffices to take
the identity function on X.

Conversely, Let x and y be any pair of distinct points in X. By
assumption there exists a supra rg™* b irresolute, surjective
function f of a space (X, p) onto a S-rg**h-D1 space (Y,()
such that f(x) #f(y). Therefore, there exist two supra rg*"b-
D-sets Gx and Gy of Y such that f(x) € Gx and f(y) € Gy but f(y)
& Gx and f(x) €Gy. Since f is supra rg*"b- irresolute and
surjective, by Theorem 6.1.17, f(Gx) and f!(Gy) are distinct
supra r g** b D—sets in X containing x and y, respectively,
such that y& f1(Gy) and x &f (G y).This implies that X is a S-
rg"" b-D1space.
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