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Abstract: In this paper, we introduce and investigate a new class of sets and maps be-
tween bitopological spaces called supra(1,2) b-open, and supra (1,2) b-continuous maps,
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§1. Introduction

In 1983 A.S.Mashhour et al [5] introduced supra topological spaces and studied s-continuous
maps and s*-continuous maps. Andrijevic [1] introduced a class of generalized open sets in a
topological space,the called b-open sets in 1996. In 1963, J.C.Kelly [3] introduced the concept
of bitopological spaces. The purpose of this present paper is to define some properties by
using supra(1,,2) b-open sets, supra(1,2) locally-closed, supra(1,2) locally b-closed in supra

bitopological spaces and investigate the relationship between them.

§2. Preliminaries

Throughout this paper by (X, 71, 72), (Y,01,02) and (Z,n1,72). (or simply X,Y and Z) rep-
resent bitopological spaces on which no separation axioms are assumed unless otherwise men-
tioned. For a subset A of X, A¢ denote the complement of A. A subcollection p is called a supra
topology [5] on X if X € u, where p is closed under arbitrary union. (X, ) is called a supra
topological space. The elements of u are said to be supra open in (X, ) and the complement of

a supra open set is called a supra closed set. The supra topology u is associated with the topol-
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ogy 7 if 7 C . A subset A of X is 7y7e-open [4] if A€ 71 Ume and 71 72-closed if its complement
is 7y 72-open in X. The 71 7o-closure of A is denoted by T 72cl(A) and mymcl(A)=N{ F: ACF
and F° is 1ymo-open}. Let (X,u1,u2) be a supra bitopological space. A set A is pgug-open if
A € p1 U pg and pgpo-closed if its complement is g puo-open in (X, p1, p2). The pqps-closure
of A is denoted by pipocl(A) and pypscl(A) =N{ F: AC F and F° is pujus — open}.

Definition 2.1 Let (X, u) be a supra topological space. A set A is called

(1) supra a-open set [2] if A C int*(cl*(int*(A)));
(2) supra semi-open set [2] if A C cl*(int*(A));
(3) supra b-open set [6] if A C clt(int'(A)) Uint*(cl*(A)).

Definition 2.2([4]) Let (X, 71,72) be a bitopological space. A subset A of (X, 71, 72) is called

(1) (1,2)semi-open set if A C myracl(mint(A));

(2) (1,2)pre-open set if A C mint(mimacl(A));

(3) (1,2)a-open-set if A C mint(mmacl(mint(A)));

(4) (1,2)b-open-set A C mymacl(myint(A)) U mint(mimecl(A)).

§3. Comparison

In this section we introduce a new class of generalized open sets called supra(1,2) b-open sets

and investigate the relationship between some other sets.

Definition 3.1 Let (X, 7, 72) be a supra bitopological space. A set A is called a supra(1,2)
b-open set if A C pypscl(print(A)) U print(pipacl(A)). The compliment of a supra(1,2) b-open
is called a supra(1,2) b-closed set.

Definition 3.2 Let X be a supra bitopological space. A set A is called

(1) supra (1,2) semi-open set if A C uypocl(print(A));
(2) supra (1,2) pre-open set if A C pyint(pipacl(A));
(3) supra (1,2) a-open-set if A C pyint(p pocl(urint(A))).

Theorem 3.3 In a supra bitopological space (X, u1,u2), any supra open set in (X, p1) is
supra(1,2) b-open set and any supra open set in (X, ua) is supra (2,1) b-open set.

Proof Let A be any supra open in (X, u1). Then A = pyint(A4). Now A C pypscl(A) =
w1 pocl(print(A)) C pypacl(print(A) U pyint(pypacl(A)). Hence A is supra(1,2) b-open set.
Similarly, any supra open in (X, u2) is supra(2,1) b-open set. O

Remark 3.4 The converse of the above theorem need not be true as shown by the following

example.

Example 3.5 Let X = {a,b,¢,d}, m1 = {¢, X, {a,b},{a,c,d}}, p2 = {¢, {a}, {a, b}, {b,c,d}, X };
M1 p2-0pen = {¢7 {(I}, {au b}7 {au c, d}7 {bu C, d}7 X}7 NlMTClOSGd = {(bv {a}u {b}7 {Cu d}7 {b7 c, d}7 X}7
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supra(1,2) bO(X) = {¢,{a,b},{a,c},{a,d},{a,b,c},{a,b,d},{a,c,d}, X}. It is obvious that
{a,d}€ supra(l,2) b-open but {a,d} ¢ pi-open. Also, supra(2,1) bO(X) = (¢,{a},{a,b},
{a,c},{a,d},{b,c},{b,d},{a,b,c}, {a,c,d}, {a,b,d}, {b,c,d},X}. Here {a,c} € supra(2,1) b-
open set but {a,c} ¢ us-open.

Theorem 3.6 In a supra bitopological space (X, p1,u12), any supra open set in (X, p1) is
supra(1,2) a-open set and any supra open set in (X, p2) is supra (2,1) a-open set.

Proof Let A be any supra open in (X, p1). Then A = pyint(A). Now A C pqpecl(A).
Then pyint(A) C print(uipecl(A)). Since A = pyint(A), A C pyint(pipacl(urint(A))). Hence
A is supra(1,2) a-open set. Similarly, any supra open in (X, p2) is supra(2,1) a-open set. [

Remark 3.7 The converse of the above theorem need not be true as shown in the following

example.

Example 3.8 Let X = {a,b,¢,d}, 1 = {¢,{a,c},{a,b,c},{a,b,d}, X}, us = {¢,{c,d},{a,b,d},
{b,c,d}, X}, p1po-open = {¢, {a,c}, {c,d}, {a,b,c}, {a,b,d,{b,c,d}, X}, pu1pa-closed = {¢, {a},

{c},{d},{a,b},{b,d}, X}. supra(1,2) aO(X) = {¢,{a,c},{a,b,c},{a,c,d},{a,b,d}}, X}. Here

{a,¢,d} € supra(l,2) a-open but {a,c,d} ¢ pi-open. Also, supra(2,1) aO(X) = (¢, {c,d},

{a,¢,d},{a,b,d},{b,c,d}, X}. Here {a,c,d} € supra(2,1)a-open but {a,c,d} ¢ ps-open.

Theorem 3.9 FEvery supra(1,2) a-open is supra(1,2) semi-open.

Proof Let A be a supra (1,2) a-open set in X. Then A C pyint(pipacl(urint(A4))) C
1 pocl(print(A)). Therefore, A C pypocl(urint(A)). Hence A is supra(1,2) semi-open set. [

Remark 3.10 The converse of the above theorem need not be true as shown below.

Example 3.11 Let X = {a,b,c,d}, u1 = {¢,{b},{a,d},{a,b,c}, X}, p2 = {6, {b,c},{a,b,d}, X},
ppz-open ={¢, {b}, {a,d}, {b, c}, {a,b,c,{a,b,d}, X}, p1pia-closed = {¢, {c}, {d}, {a,d}, {b, c},
{a,c,d}, X}. supra(1,2) aO(X) = {¢,{b},{a,d},{a,b,c},{a,b,d}}, X}, supra(1,2) SO(X) =
{#,{b},{a,d}, {b,c},{a,b,c},{a,b,d}}, X}. Here {b, ¢} is asupra(1,2) a-open but not supra(1,2)
semi-open.

Theorem 3.12 Fvery supra(1,2) semi-open set is supra(1,2) b-open.

Proof Let A be a supra(l,2) semi-open set X. Then A C pjuocl(puiint(A)). Hence
A C pypscl(print(A)) U print(pg pocl(A)). Thus A is supra(1,2) b-open set. O

Remark 3.13 The converse of the above theorem need not be true as shown in the following

example.

Example 3.14 Let X = {a,b,c,d}, p1 = {¢,{a},{a,b}, {b,c,d}, X}, ua = {¢,{b}, {a,d}, {a,b,d},
{b,c,d}, X}, urpo-open = {¢, {a}, {b}, {a, b}, {a,d}, {a,b,d}, {b,c,d}, X}, p1pe-closed = {¢, {a},
{c}, {b, ¢}, {c,d}, {a,c,d}, {b,c,d}, X}, supra(1,2) bO(X) = {¢, {a}, {a,b},{b,d},{a,b,c},{a,b,d},
{b,¢c,d}, X}, supra(1,2) SO(X) = {¢,{a},{a,b},{a,b,c},{a,b,d},{b,c,d}}, X}. Here {b,d} €
supra(l,2)b-open set but {b,d} ¢ supra(1,2) semi-open.
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Theorem 3.15 FEvery supra(1,2) a-open is supra(1,2) b-open.

Proof Let A be an supra(1,2) a-open in X. Then A C pyint(pipacl(print(A))). It is obvi-

ous that pyint(uypecl(urint(A))) C pypecl(print(A)) C pypscl(print(A)) U print(ug pocl(A)).
Hence A C pypscl(print(A)) U pyint(pgpacl(A)). Thus A is supra(1,2) b-open set. O

Remark 3.16 The reverse claim in Theorem 3.15 is not usually true.

Example 3.17 Let X = {a,b, ¢,d},u1 = {¢,{a,c},{a,b,c},{a,b,d}, X },u2 = {0, {c,d}, {b,c,d},
{a,b,d} X },u1pz-open= {¢, {a,c},{c,d},{a,b,c},{a,b,d{b,c,d}, X} p1po-closed = {9, {a}, {c},

{d},{a,b},{b,d}, X}, supra(1,2) aO(X) = {9, {a,c},{a,b, c}, {a,c,d},{a,b,d}}, X}, supra(1,2)

bO(X) = {¢,{a,c}, {a,d},{b,c},{c,d}{a,b,c}, {a,c,d},{a,b,d},{b,c,d}, X}. Here {a,d} €

supra(1,2) b-open but {a,d} ¢ supra(1,2) a-open.

Theorem 3.18 In a supra bitopological space (X, 1, pe2), any supra open set in (X, p1) is

supra(1,2) semi-open set and any supra open set in (X, u2) is supra (2,1) semi-open set.
Proof This follows immediately from Theorems 3.6 and 3.9. O

Remark 3.19 The converse of the above theorem need not be true as shown in the Example
3.8, {a, ¢, d} is both supra(1,2) semi-open and supra(2,1) semi-open but it is not supra p1-open
and also is not ps-open.

Remark 3.20 From the above discussions we have the following diagram. A —B represents A
implies B, A -~ B represents A does not implies B.

AN

>

Fig. 1 1=supra (1,2) b-open, 2=pu;-open,
3=supra (1,2) a-open, 4=supra (1,2) semi-open

§4. Properties of Supra(1,2) b-Open Sets

Theorem 4.1 A finite union of supra(1,2) b-open sets is always supra(1,2) b-open.

Proof Let A and B be two supra(l,2) b-open sets. Then A C pujpacl(urint(A)) U



14 M.Lellis Thivagar and B.Meera Devi

print(pypacl(A)) and B C pg pocl(urint(B))Upyint(py pecl(B)). Now, AUB C pqpacl(pyint( AU
B)) U pyint(pg pocl(A U B)). Hence AU B is supra(1,2) b-open set. O

Remark 4.2 Finite intersection of supra(1,2) b-open sets may fail to be supra(1,2) b-open
since, in Example 3.14, both {a, b} and {b,d} are supra(1,2) b-open sets, but their intersection
{c} is not supra(1,2) b-open.

Definition 4.3 The supra(1,2) b-closure of a set A is denoted by supra(1,2)bcl(A) and defined
as supra(1,2)bcl(A) = N{B : B is a supra(1,2) b-closed set and A C B}. The supra(1,2)
interior of a set A is denoted by supra(1,2)bint(A), and defined as supra(1,2)b int(A)=U{B: B
is a supra(1,2) b-open set and A 2O B}.

Remark 4.4 Tt is clear that supra(1,2)bint(A) is a supra(1,2) b-open and supra(1,2)bcl(A) is
supra(1,2) b-closed set.
Definition 4.5 A subset A of supra bitopological space X is called

(1) supra(1,2)locally-closed if A =UNV, where U € p1 and V is suprauqps closed;
(2) supra(1,2) locally b-closed if A=UNV, where U € p1 and V is supra(1,2) b-closed;
(3) supra (1,2)D(c,b) set if print(A) = supra(1,2)bint(A).

Theorem 4.6 The intersection of a supra open in (X, u1) and a supra(1,2) b-open set is a
supra(1,2) b-open set.

N

Proof Let A be supra open in (X, p1). Then A is supra(1,2) b-open and A = pyint(A) C
supra(l,2)bint(A). Let B be supra(1,2) b-open then B = supra(1,2)bint(B). Now AN B C
supra(l,2)bint(A) N supra(l,2)bint(B) = supra(1,2)bint(A N B). Hence the intersection of
supra open set in (X, 1) and a supra(1,2) b-open set is a supra(1,2) b-open set. O

Theorem 4.7 For a subset A of X, the following are equivalent:

(1) A is supra-open in (X, pu1);
(2) A is supra (1,2) b-open and supra(1,2) D(c,b)-set.

Proof (1)=(2) If A is supra-open in (X, u1), then A is supra (1,2) b-open and A =
urint(A), A = supra(1,2)bint(A). Hence print(A) = supra(l,2)bint(A). Therefore, A is
supra(l,2)D(ec, b)-set.

(2)=(1) Let A be supra (1,2) b-open and supra (1, 2)D(c, b)-set. Then A = supra(1,2)bint(A)
and p1int(A) = supra(l,2)bint(A). Hence A = pyint(A). This implies that A is supra-open in
(X, ). 0

Definition 4.8 A space X is called an supra(1,2) extremely disconnected space (briefly supra(1,2)
E.D) if suprauipe closure of each supra-open in (X, p1) is supra open set in (X, pu1). Similarly
suprapy pig closure of each supra-open in (X, po) is supra open set in (X, p2).

Example 4.9 Let X = {a,b,c}, u1 = {6, {b},{a,b},{a,c}, X}, no = {¢,{a},{b,c},{a,c}},
papzopen = {¢, {a}, {b}, {a, b}, {a, c}, {b, c}, X}, p1p2 closed = {¢, {a}, {b}, {c}, {a, c}{b,c}, X}.
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Hence every pqpe closure of supra-open is (X, p1) and also every suprap;ug closure of supra-
open in (X, pa).

Theorem 4.10 Let A be a subset of supra bitopological space (X, 1, pe) if A is supra(1,2)
locally b-closed, then

(1) supra(1,2)bel(A) — A is supra(1,2) b-closed set:
(2) [AU(X — supra(1,2)bcl(A))] is supra(1,2) b-open;
(3) A C supra(1,2)bint(AU (X — supra(1,2)bcl(A)).

Proof (1) If A is an supra(1,2) locally b-closed, there exist an U is supra-open in (X, y1)
such that A = U N supra(1,2)bcl(A). Now, supra(l,2)bel(A) — A = supra(1,2)bcl(A) — [UN
supra(l,2)bel(A)] = supra(l,2)bel(A) N [X — (U N supra(1,2)bcl(A))] = supra(l,2)bel(A) N
[(X —U)U(X —supra(1,2)bcl(A))] = supra(l,2)bel(A) N (X —U), which is supra(1,2) b-closed
by Theorem 4.5.

(2) Since supra(1,2)bel(A) — A is supra(1,2) b closed, then [X — (supra(1,2)bcl(A) — A)]
is supra(1,2) b-open and [X — (supra(1,2)bcl(A) — A)] = (X — supra(1,2)bcl(A) U (X NA) =
AU [X — supra(1,2)bcl(A)]. Hence [AU (X — supra(1,2)bcl(A))] is supra(1,2) b-open.

(3) It is clear that

A C[AU(X — supra(1,2)bcl(A)] = supra(l,2)bint[A U (X — supra(1,2)bcl(A))]. O

§5. Supra (1,2) b-Continuous Functions

In this section, We introduce a new class of continuous maps called a supra (1,2) b-continuous
maps and obtain some of their properties.

Definition 5.1 Let (X,71,72) and (Y,01,02) be two bitopological spaces and pi,p2 be an
associated supra bitopology with 71,72. A map [ : (X,71,72) — (Y,01,02) is called a supra
(1,2) b-continuous map [resp. supra (1,2) a-continuous, supra (1,2) semi-continuous/ if the
inverse image of each o10oa-open set in'Y is supra (1,2) b-open set [resp. supra (1,2 ) a-open,
supra (1,2) semi-open] in X .

Definition 5.2 Let (X,71,72) and (Y,01,02) be two bitopological spaces and 1, us be an
associated supra bitopology with 11,72. A function [ : (X, 71,72) — (Y,01,02) is called supra

(1,2) continuous if f=1(V') is ui-open in X for each oioz-open set V of Y.
Theorem 5.3 Fuvery (1,2) continuous is supra (1,2) b-continuous.

Proof Let f: (X, m,m7) — (Y,01,02) be an (1,2)-continuous map and let A be an o102-
open set in (Y,01,02). Then f~1(A) is an 7i-open set in (X, 71,72). Since p; and g are
associated with 71 and 7o, then 71 C p1. This implies that f~1(A) is pi-open in X and it is
supra (1,2) b-open in X. Hence f is supra (1,2)b-continuous. 0

Theorem 5.4 Every supra (1,2)-continuous is supra (1,2) b-continuous function.
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Proof Let f:(X,m1,72) — (Y,01,02) be an supra (1,2)-continuous and let A be an o109
open set in Y. Since f is supra (1,2)-continuous and 1, o associated with 71,72, f~1(A) is

pi-open in X and it is supra (1,2) b-open in X. Hence f is supra (1,2) b-continuous. O

Remark 5.5 The converse of Theorems 5.3 and 5.4 need not be true. We can shown this by
the following example.

Example 5.6 Let X = {a,b,c,d}, ¥ = {p,q,r,s}, . = {6,{a}, {a,b}, {a,d}, X} and 7, =

{(bv {CL}, {av b}a X} are topologies on (Xa 71, 7—2)7 o1 = {d)a {p}v {T}v {pa T}a Y}v 02 = {(bv {pa T}a Y}v
o10z-open = {¢, {p}, {r}, {p,7},Y}. The supra topologies u1, us are defined as follows:

m = {p,{a},{a,b},{a,d},{b,c}, X}, 2 = {¢,{a},{a, b}, {b,c}, X}, p1p2 open = {¢,{a},
{a,b},{a,d},{b,c}, X}, p1psa closed = {¢, {a,d}, {b, c}, {b,d},{b,c,d}, X },supra (1,2) b-open =
{p,{a},{c},{a,b},{a,c},{a,d}, {b,c},{a,b,c}, {a,c,d},{a,b,d}, X}. Defineamap f: (X, 71,72)
— (Y,01,02) by f(a) =p, f(b) =q, f(c) =r, f(d) = s. Clearly f is supra (1,2) b-continuous.
But f~1({p,7}) = {a, ¢} is not p1-open set in X where {p,r} is o102-openin Y. So f is not supra
(1,2) continuous. And also f is not (1,2)-continuous functions because f~*({p,r}) = {a,c} is

not 71-open in X where where {p,r} is o102-open in Y.

Theorem 5.7 Every supra (1,2) a-continuous map is supra (1,2)b-continuous.
Proof Tt is obvious that every supra (1,2) a-open is (1,2) b-open. O

Remark 5.8 The converse of the above theorem need not be true as shown in the following

example.

Example 5.9 Let X = {CL, b7 ¢, d}a Y= {p7 q,T, S}a T = {(bv {CL, b7 C}a X} and T2 = {¢a {a7 ba d}a X}
are topologies on (Xa 71, TQ)a o1 = {d)a {pvr}v Y}v o2 = {d)a {pv Q}a {pv q, S}a Y}a 0102-0pen =
{&,{p,q},{p,r},{p,q, s},Y}. The supra topologies p1, pio are defined as follows:

M1 = {(bv {au C}, {au ba C}u {a7 bu d}7 X}7 H2 = {¢7 {Cv d}7 {bu c, d}7 {au b7 d}7 X} Define a func-
tion f : (X7T177—2) - (}/701702) by f(a’) = q, f(b) = f(C) =D f(d) = 5. Then f is supra
(1,2) b-continuous but not (1,2) a-continuous because f~!({p,7}) = {b,c} is not supra (1,2)

a-open where {p,r} is o109-open in Y.

Theorem 5.10 Let (X,71,72), (Y,01,02) and (Z,m,n2) be three bitopological spaces. If a
map f: (X, 71,72 — (Y,01,09) is supra(1,2) b-continuous and g : (Y,01,092) — (Z,1m1,1m2) is a
(1,2)-continuous map, then go f : (X, m1,7) — (Z,m,n2) is a supra(1,2) b-continuous.

Proof Let A be a nine-open set in Z. Since g is (1,2)-continuous, then g=1(A) is o1-open
in Y. Every oj-open is ogy0z-open. Thus g~ 1(A) is o102-open in Y. Since f is supra (1,2)
b-continuous, then f~1(g71(A)) = (go f)~!(A) is supra (1,2) b-open set in X. Therefore g o f
is supra(1,2) b-continuous. ]

Theorem 5.11 Let (X, 71,72) and (Y,01,02) be bitopological spaces. Let u1, po and vy, vy be
the associated supra bitopologies with 11,72 and 01,09, respectively. Then f : (X,71,72) —

(Y,01,02) is a supra(1,2) b-continuous map if one of the following holds:
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(1) f~Y(supra(1,2)bint(A)) C mint(f~1(A)) for every set A inY;
(2) mimcl(f~Y(A)) C f~(supra(1,2)bcl(A)) for every set A inY;
(3) f(mm2cl(B)) C supra(l,2)bel(f(B)) for every set B in X.

Proof Let A be any oq02-open set of Y. If condition (1) is satisfied, then
fH(supra(1,2)bint(A)) C mint(f 1 (A)).

We get, f~1(A) C mint(f~1(A)). Therefore f~1(A) is supra open set in (X, u1). Every supra
open set in (X, p1) is supra(1,2) b-open set. Hence f is supra (1,2) b-continuous function.

If condition (2) is satisfied, then we can easily prove that f is supra(1,2) b-continuous
function.

Now if the condition (3) is satisfied and A be any oj04-open set of Y. Then f~1(A) is a set
in X and f(rimecl(f~1(A))) C supra(1,2)bel(f(f~1(A))). This implies f(ri72cl(f~1(4))) C
supra(l,2)bel(A). It is nothing but just the condition (2). Hence f is a supra(1,2) b-continuous
map. O

86. Applications

Now we introduce a new class of space called a supra(1,2)-extremely disconnected space.

Definition 6.1 A space X is called an supra(1,2)-extremely disconnected space (briefly supra
(1,2)-E.D) if p1pa closure of each supra-open in (X, 1) is supra-open set in (X, u1). Similarly
1 pa-closure of each supra-open in (X, ua) is supra-open set in (X, us2).

Theorem 6.2 For a subset A of a supra(1,2) extremely disconnected space X, the following
are equivalent:

(1) A is supra-open in (X, u1);
(2) A is supra(1,2) b-open and supra(1,2) locally closed.

Proof (1)=-(2) It is obvious.
(2)=(1) Let A be supra(1,2) b-open and supra(1,2) locally closed. Then

A C pypacl(print(A)) U print(uypecl(A)) and A = U N pypacl(A),

where U is supra-open in (X, u1). So A C U N (urint(pipzcl(A)) U prpscl(piint(A))

[pint(UNp pacl(A))JUUNpr pacl (paint(A))] € [paint(UNpa pacl(A))]O[UNpyint (p1 pacl (A)
(since X is supra(1,2) E.D)C [p1int(U N pypzcl(A))] U [print(U N pypecl(A))] = print(A) U
purint(A) = pyint(A). Hence A C pyint(A). Therefore A is supra-open in (X, u1). O

c
)

]

Theorem 6.3 Let (X, 11,72) and (Y, 01,02) be two bitopological spaces and py, pa be associated
supra topologies with T ,12. Let f: X — Y be a map. Then the following are equivalent.
(1) f s supra (1,2) b-continuous map;

(2) The inverse image of a oy02-closed set in Y is a supra (1,2) b-closed set in X ;
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(3) Supra (1,2)bel(f~H(A) C f~1(o102cl(A)) for every set A inY;
(4) f(supra(1,2)bel(A)) C or02cl(f(A)) for every set A € X;
(5) f~Y(o1(B)) C supra(l,2)int(f~1(B)) for every B in Y.

Proof (1)=(2) Let A be a 0102 closed set in Y, then Y — A is 0102 open set in Y. Since
f is supra (1,2) b-continuous, f~1(Y — A) = X — f~1(A) is a supra (1,2) b-open set in X. This
implies that f~*(A) is a supra (1,2) b-closed subset of X.

(2)=(3) Let A be any subset of Y. Since y102cl(A) is o102 closed in Y, then f~!(o102cl(A))
is supra (1,2) b-closed in X. Hence supra (1, 2)bel(f~1(A) C supra(1,2)bel(f~1(o102cl(A))) =
f Y (o102cl(A)).

(3)=(4) Let A be any subset of X. By (3), we obtain

fHoroacl(f(A))) 2 supra(l,2)bel f~(f(A)) D supra(l,2)bel(A).

Hence f(supra(1,2)cl(A)) C oro2cl(f(A)).

(4)=(5) Let B be any subset of Y. By (5), f(supra(1,2)bcl(X — f~1(B))) C oy102cl(f(X —
f~YB))) and f(X — supra(1,2)bint(f~1(B))) C o102¢l(Y — B) =Y — oyint(B). Therefore we
have

X — supra(1,2)bint(f~1(B)) € f~1(Y — oyint(B))

and
fYorint(B)) C supra(l,2)bint(f~*(B)).

(5)=(1) Let Bbeao;-opensetinY. Then by (4), f~(o1int(B)) C supra(l,2)int(f~1(B)).
Therefore f~1(B) C supra(1,2)int(f~1(B)). But supra(l,2)bint(f~1(B)) C f~1(B). Hence
f~YB) = supra(1,2)bint(f~1(B)). Therefore f~1(B) is supra (1,2) b-open in X. Thus f is

supra (1,2) b-continuous map. |

We introduce the following definition.

Definition 6.4 Let (X, 71,72) and (Y, 01,02) be two bitopological spaces and 1, po be associated
supra bitopologies with 71, 72. A map f: (X,71,72) — (Y,01,02) is called a supra (1,2) locally
closed continuous [resp. supra (1,2) D(e,b) continuous, supra (1,2) locally b-closed continuous/
if f~Y(B) is supra (1,2) locally closed [resp. supra (1,2) D(c,b) set, supra (1,2) locally b-closed]
in X for each o109 open set V of Y.

Theorem 6.5 Let X be supra (1,2) extremely disconnected space, the function f : (X, 11,72) —
(Y,01,02) is supra (1,2)-continuous iff f is supra (1,2) b-continuous and supra (1,2) locally
closed continuous.

Proof Let V be a oj09-open set in Y. Since f is supra (1,2)-continuous, f~1(V) is u1-open
in X. Then by Theorem 3.3, f~1(V) is supra (1,2) b-open and supra (1,2) locally closed in
X. Hence f is supra (1,2) b-continuous and supra (1,2) locally closed continuous. Conversely,
let U be a o109-open set in Y. Since f is supra (1,2) b-continuous and supra (1,2) locally
closed continuous, f~1(U) is supra (1,2) b-open and supra (1,2) locally-closed in X. Since X is
supra (1,2) extremely disconnected, by Theorem 6.1, f~1(U) is yi-open in X. Hence f is supra

(1,2)-continuous. O
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Theorem 6.6 The function [ : (X,71,72) — (Y,01,02) is supra (1,2) continuous iff [ is supra
(1,2) b-continuous and supra (1,2) D(c,b)-continuous.

Proof Let V be a o102 open set in Y. Since f is supra (1,2) continuous, f~1(V) is y1-open
in X. By Theorem 4.7, f~1(V) is supra (1,2) b-open and supra (1,2) D(c,b)set. Then f is supra
(1,2) b-continuous and supra (1,2) D(c,b)continuous. Conversely, let U be a o102 open in Y.
Since f is supra (1,2) b-continuous and supra (1,2) D(c,b)-continuous, f~1(U) is supra (1,2)
b-open and supra (1,2) D(c,b)set. By Theorem 4.7, f~(U) is supra open in (X,u1). Hence f
is supra (1,2) continuous. 0
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