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Abstract

The purpose of this paper is to define and study supra pairwise b-Locally
open(res. closed) functions in supra bitopological spaces and obtain some results
and several characterizations concerning these concepts are discussed.
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1 Introduction

The concept of bitopological spaces was initiated by Kelly[4]. In 1983, Masshhour|[6]
introduced the concept of supra topological spaces and discussed the S-continuous
maps and S*-continuous maps. The arbitrary union condition is enough to have a
supra topological space. Gowri and Rajayal[2] are established the concept of supra
bitopological spaces. Rajesh[8] introduced the notion of b-Locally closed sets in
bitopological spaces and Tripathy and Sarma[l11] study pairwise b-Locally open and
pairwise b-Locally closed functions in bitopological spaces. In this paper, we inves-
tigate supra pairwise bL-open(res. closed) functions in supra bitopological spaces
and also discuss various properties of these functions.

2 Preliminaries

Definition 2.1 [6] (X, Sy) is said to be a supra topological space if it is satisfying
these conditions:

(1) X,0 € S;

(2) The union of any number of sets in S belongs to Sr.

Definition 2.2 [6/ Each element A € St is called a supra open set in (X, Se), and
its complement is called a supra closed set in (X, St).

Definition 2.3 [2/ If St, and Sy, are two supra topologies on a non-empty set X,
then the triplet (X, Sx,,St,) is said to be a supra bitopological space.

Definition 2.4 [2/ Fach element of Sy, is called a supra T;-open sets(briefly Se,-
open sets) in (X, Se,, St,). Then the complement of Sx,-open sets are called a supra
T;-closed sets(breifly Sy, -closed sets), for i = 1,2.
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Definition 2.5 [2] If (X, St,,Sx,) is a supra bitopological space, Y C X, Y # ()
then (Y, S, Svy) is a supra bitopological subspace of (X, Sk, Sx,) if

See ={UNY;Uis a S¢, — open in X} and

Sey ={VNY; Visa Sy, — open in X}.

Definition 2.6 [2] The Sk,-closure of the set A is denoted by Sc,-cl(A) and is de-
fined as Sc,-cl(A) = N{B: Bis a S, — closed and A C B, for i =1,2}.

Definition 2.7 [2] The Si,-interior of the set A is denoted by Se,-int(A) and is
defined as Sy;-int(A)=U{B : B is a Sy, — open and B C A, for i =1,2}.

Definition 2.8 [3] Let A be a subset of a supra bitopological space (X, S, St,),
then A is said to be supra T;j-Locally-open(briefly, St -L-open) if A = U U V,
where U is Sy,-closed and V is ST].—open in X.

The family of all Sx,;-L-open sets of (X, Sk, Sx,) is denoted by Sr,;-L-O(X), where
i,j = 1,2 and i # j.

Definition 2.9 [3] Let A be a subset of a supra bitopological space (X, Sr,, Sx,),
then A is said to be supra T;j-Locally-closed(briefly, Sk, -L-closed) if A = UN V,
where U is Sy,-open and V is STj—closed in X.

The family of all Sk, -L-closed sets of (X, Sx,, St,) is denoted by S,;-L-C(X), where
ij=1,2and i # j.

Definition 2.10 /3] Let A be a subset of a supra bitopological space (X, S, St,),
then A is said to be supra T;j-b-open(briefly, Sc,;-b-open) if A C St -cl(Sy,-int(A))
U Sq,-int(Sc;-cl(A)). where i,j = 1,2 and i # j.

The family of all Sy;-b-open sets of (X, Sy, Sx,) is denoted by St,;-bO(X), where
ij=1,2and i # j.

Definition 2.11 /3] Let A be a subset of a supra bitopological space (X, S, St,),
then A is said to be supra T;;-b-closed(briefly, S,;-b-closed) if Sc;-int(Se,-cl(A)) N
Se,-cl(Sc;-int(A)). where i,j = 1,2 and i # j.

The family of all Sk,;-b-closed sets of (X, Sk, St,) is denoted by Sy,;-bC(X), where
i,j = 1,2 and i # j.

Definition 2.12 [3] A subset A of a supra bitopological space (X, Sy, St,) is called
supra T;;-b-Locally-open(briefly, Sc,;-bL-open) if A = UU V, where U is Sy, -b-closed
and V is Sq,-b-open in (X, St,, Sty ).

The family of all Sy,,-bL-open sets of (X, St,, St,) is denoted by Sx,;-bL-O(X), where
ij=1,2and i# j.

Definition 2.13 /3] A subset A of a supra bitopological space (X, Sr,, St,) is called
supra T;j-b-Locally-closed(briefly, St,;-bL-closed) if A = U N V, where U is St,-b-
open and V is Sq;-b-closed in (X, Sc,, St,).
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The family of all S,;-bL-closed sets of (X, Sk, Sk,) is denoted by St -bL-C(X),
where 1,5 = 1,2 and i # j.

Definition 2.14 /3] The Sy,;-bL-closure of the set A is denoted by Sy, -bL-cl(A) and
is defined as S, ;-bL-cl(A) =N {B : Bis a Sy;; — bL — closed and A C B, for i,j = 1,2}.

Definition 2.15 [3] The Sy,;-bL-interior of the set A is denoted by Sy,,-bL-int(A)
and is defined as Sx,;-bL-int(A)=U {B : Biis a Sy;; —bL — open and B C A, for i,j =1, 2}.

3 Supra pairwise b-Locally open mapping

In this section, we introduced supra pairwise b-Locally open mapping in supra
bitopological spaces.

Definition 3.1 A function f:(X, Sc,, St,) = (Y, S/, S./) is said to be supra pairwise
1 2
continuous(briefly, Sc-p-continuous) if the image of each St,-open set in X is S_s-

open set in Y, where i = 1,2.

Definition 3.2 Let (X, Sy, St,) and (Y, ST’17ST’2) be two supra bitopological spaces.
A function f:(X, Sz, Sv,) — (Y, ST’l’ ST’Q) is called supra pairwise bL-open(briefly,S.-
p-bL-open) mapping if the image of each Sy, ;-bL-open set in X is ST;—open setin Y,
where 1 = 1,2.

Example 3.3 Let X = {a,b,c,d}, Y ={p,q,r, s},

Sy, =1{0,X,{a,d},{b,d},{a,b,d}},

S, =1{0,X,{a,b},{b,c},{a,b,c}},

ST; = {@, Y, {Q} ) {7’} ) {Q7 T} ) {T7 3} ) {Q7 S} ) {qa Ty S}}7

ST’Q ={0,Y, {s}, {a,7},{a: s}, {r. s}, {a, 7 s}}.

Consider the function f:(X, Se,, Sx,) — (Y, ST/I,ST;) defined by f(a) = r, f(b) = q,

f(c) =, f(d) =s. Here

St1,-bL-O(X) ={0, X, {b} ,{a,b},{a,c},{b,c},{b,d},{c,d},{a,b,c},{a,b,d},{a,c,d},{b,c,d}}
and image of each St,,-bL-O(X) are ST/I-open.

Also S,,-bL-0(X) = {0, X,{d} ,{a,b} ,{a,d},{b,d},{c,d},{a,b,c},{a,b,d} ,{a,c,d} ,{b,c,d}}
and image of each St,,-bL-O(X) are ST;—open.

Hence fis St-p-bL-open mapping.

Theorem 3.4 Let f:(X, Sy, S) — (Y, ST/I,ST;) be a mapping between two supra
bitopological spaces. Then the following are equivalent.

(i) f is St-p-bL-open mapping. (ii) f(Sk,;-bL-int(B)) C ST;-mt(f(B)), for every subset
B of X, where i = 1,2.

Proof: (i) = (ii) Since S,;-bL-int(B)) is a St,;-bL-open set in X for any subset
B of X and S, ,-bL-int(B)) C B. Thus, we have f(Sr,-bL-int(B)) C f(B).

Since f is Sr-p-bL-open mapping, therefore f(Sr,;-bL-int(B)) is S_/-open. Hence
f(S,,-bL-int(B)) C S -int(f(B)). Z
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(ii) = (i) Let B be a Sy,;-bL-open set in X.

Then we get S/ int(f(B)) C {(B) — (1)

By hypothesis f(ST” -bL-int(B)) C S/ int(f(B)) = {(B) C ST;—int(f(B)) — (2).
By (1) and (2) we have f(A) is S open inY.

Therefore f is S¢-p-bL-open mapplng O

Definition 3.5 A subset U is called an St,;-bL-open neighbourhood of a point x of
(X, St,, St,) if there exists a S,;-bL-open set V such that z € V C U.

Theorem 3.6 Let f:(X, S, Sr,) — (Y, 51/1751’2) be a function. Then the following
are equivalent.

(i) f is Sc-p-bL-open mapping. (ii) For each v € X and each Sk, ;-bL-open neigh-
bourhood U of x in X, then there exists a S_s-neighbourhood D of f(x) such that D C
f(U), where i = 1,2. l

Proof: (i) = (ii) Let U be a St,;-bL-open neighbourhood of x and € X. Then
there exists a Sy, ;-bL-open set V in X such that x € V C U. Since f is S¢-p-bL-open
mapping, by Theorem (3.4), we have f(St,-bL-int(V)) € S_ —mt(f(V)) Therefore
f(V) is S_-open set such that f(x) € f(V)C f(U). Put f(V) = D then we have D is
a ST/_—OpeIZl set such that D C f(U).

(i) = (i) Let U be a St,;-bL-open set in X and x € X. By hypothesis, for each
f(x) € f(U), then there exists a S_-neighbourhood V of f(x) such that V C f(U).
Since V is S_/-neighbourhood of f(;(), then there exists a S_s-open set D such that
f(x) CD C V. l

Now f(V) = U D: f(x) € f(U). It is clear that f(U) is ST;—open.

Therefore f is S¢-p-bL-open mapping. O
Theorem 3.7 Let f:(X, Sq,, St,) — (Y, ST S ) and g:(Y, ST ,ST ) — (Z, ST/{,ST;/)
be two mappings. If go f: X — Z is St-p- bL open mapping and g is St-p-continuous
injection, then fis St-p-bL-open mapping.

Proof: Let C be an Si-p-bL-open set in X. Since g o f is S¢-p-bL-open mapping,
therefore (g o f)(c) is S v-open. Further g is Sr-p-continuous and injective, then

91 (9(f(c))) = f(c) is S_n-open. Therefore f is Sr-p-bL-open mapping. O

Theorem 3.8 A function f:(X, Sz, St,) — (Y, ST S ) is St-p-bL-open iff for any
subset B of Y and for any Sk, -bL-closed set C in X such that f~1(B) C C, then
there exists a S s-closed set D contammg B such that f~1(D) C C, where i = 1,2.

Proof: Let E be a Sy, -bL-open set in (X, Sr,,Sr,). Putting B =Y — {(E) =
B =fY)-E=X-E— ().

Then X — E is a Sy, .-bL-closed set in X such that f~!(B) C X — E. By hypothesis,
there exists a S_ —closed set D containing B such that f1(D)C X - E = D C
f(x) — f(E )—Y—f( ) = f(E) CY —D — (2).

Since BCD,wehaveY —-DCY —-B=f{(E)by (1) = Y - D C{(E) — (3).
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Then from (2) and (3), we get f(E) = Y — D and so f(E) is S_-open. Since D is
S-closed. Therefore, f is S¢-p-bL-open mapping. '
Cc;nversely, let B be any subset of Y and C be a St;-bL-closed set of X such that
f~1(B) C C. Suppose that f is S¢-p-bL-open mapping. Let D =Y — (X — C).
Since C is Sy, ;-bL-closed set in X and so X — C is Sy;;-bL-open set in X. Since f is
Se-p-bL-open, therefore f(X — C) is S s-open.
— Y — (X — C) is S-closed.
= D is S_-closed. '
Now,D =Y — f(X — C)
— fi(D)=X-(X-C)cCcC.
— f~Y(D)CC.
Since f~}(B) C C
— X - fYB)2X-C
— Y-B2fX-C)
— BCY-f(X-C) =D
— B CD.
Then there exists a ST;—closed set D such that f~1(D) C C. O

Theorem 3.9 Let f:(X, Sy, S,) — (Y, STII’ ST;) be a mapping. Then the following
are equivalent.

(i) f is St-p-bL-open mapping.

(i) f_l(ST;—cl(B)) C Sy, -bL-cl(f~Y(B)) for every subset B of Y, where i = 1,2.

Proof: (i) = (ii) Let B be a subset of Y. Then we have f~'(B) C Sg,,-bL-
c(f~1(B)) and Sx,;-bL-cl(f~1(A)) is S,,-bL-closed set in X. Since f is S-p-bL-open
mapping, by Theorem 3.8, then there exists a ST; -closed set C such that B C C and
f7HC) C Sq,;-bL-cl(f~1(B)). Also B C C.

= [7U(B) € f71(C) C Sx,-bLecl(f1(B))

— f71(5-cl(B))C Sx,,-bL-cl(f~(B)).

(i) = (Zi) Let B be a subset of Y and C be a Si,;-bL-closed set in X such
that f~1(B) C C. Then we get B C ST;—CI(B) and ST;—CI(B)is ST;—closed. Hence by
hypothesis, f~(S-cl(B))C Sx,;-bL-cl(f~1(B)) C Sy,,-bL-cl(C) = C = f~1(S_-
cl(B))C C. Z Z
Therefore, by Theorem 3.8, then we get f is S¢-p-bL-open mapping. U

4 Supra pairwise b-Locally closed mapping

In this section, supra pairwise b-Locally closed mappings are introduced and inves-
tigate their properties.

Definition 4.1 Let (X, Sy, St,) and (Y, ST;,ST;) be two supra bitopological spaces.
A function f:(X, Sz,, Sv,) = (Y, ST'l , ST;) is called supra pairwise bL-closed(briefly,Sx-
p-bL-closed) mapping if the image of each Sk,;-bL-closed set in X is ST;—closed set
in Y, where i = 1,2.
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Example 4.2 Let X = {a,b,c,d}, Y ={p,q,r, s},

S, = {@, X, {a7 d} ) {b7 d} ) {aa b, d}};

S, =1{0,X,{a,b},{b,c},{a,b,c}},

Sy ={0.Y:Ap,¢} . {p, v} Ap s} Ap. g v} Aps a5} {783}

Sy = {0,V {p} {p,q} . {p. s} Ap.asr} AP, g5 s} {po 7 s}

Consider the function f:(X, Se,, Sx,) — (Y, ST/I,ST;) defined by f(a) = r, f(b) = q,

f(c) =T f(d) =S

Here Sq,,-bL-C(X) ={0, X, {a},{b},{c},{d},{a,b},{a,c} {a,d},{b,d},{c,d},{a,c,d}}
and image of each St,,-bL-C(X) are STfl—closed.

Also S, -bL-C(X) = {0, X, {a},{b},{c},{d},{a,b},{b,c},{a,c} {c,d},{a,b,c}}

and image of each S, -bL-C(X) are ST;—closed.

Hence fis St-p-bL-closed mapping.
Theorem 4.3 Let f:(X, Sy, Sr,) — (Y, STzl,
bitopological spaces. Then the following are equivalent.

(i) f is St-p-bL-closed mapping. (ii) S -cl(f(B)) C f(Sx,;-bL-cl(B)), for each subset
B of X, where i = 1,2. '

ST/) be a mapping between two supra
2

Proof: (i) = (ii) Let f be St-p-bL-closed mapping. Then for any subset B of X.
We get B C S,;-bL-cl(B) and Sy, ;-bL-cl(B) is Sr,;-bL-closed set in X. Then f(B) C
f(Sk;;-bL-cl(B)). By assumption we obtain f(Sk,;-bL-cl(B)) is S /-closed. Therefore
Sy-cl(f(B)) C £(Sk,,-bL-cl(B)). 1

(ii) == (i) Let B be a S, ;-bL-closed set in X. Then we have f(B) C f(Sx,,-bL-
cl(B)). By hypothesis, S_/-cl(f(B)) C {(B).

Therefore f(B) is ST; _closed in Y and hence f is St-p-bL-closed mapping. O

Theorem 4.4 Let f:(X, Sz, S,) — (Y, ST/I, ST;) be a mapping. Then the following
are equivalent.

(i) f be St-p-bL-closed mapping. (ii) For any subset B of Y and for any Sy,,-bL-open
set Cin X such that f~Y(B) C C, then there exists a ST;—open set D containing B

such that f~Y(D) C C, where i = 1,2.
Proof: The proof is similarly to proof of Theorem 3.8. O

Definition 4.5 A function f:(X, S, S«) — (Y, ST/I,ST;) is called supra pairwise
bL-closed(briefly,Sc-p-bL-closed) irresolute if f~1(B) € St,;-bL-C(X) for every B €
ST./ ./ -bL- C(Y)

i g

Theorem 4.6 Let f:(X, Sy, Sr,) — (Y, ST;,ST/Q) and g:(Y, ST’17ST’2) — (2,8, ST/Q/)
1

be two mappings. If go f: X — Z is St-p-bL-closed mapping. If f St-p-bL-closed

irresolute surjection, then g is St-p-bL-closed mapping.

Proof: Let us assume that, B be St -bL-closed set in Y. since f is Si-p-bL-closed
irresolute surjection, then f=1(B) is Sr,;-bL-closed set in X. Since g o f is S¢-p-
bL-closed map and f is surjection, then we have (go f)(f~(B) is S »-closed. This
implies g(B) isST;/—closed. Therefore g is St-p-bL-closed mapping. ' OJ
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5 Conclusion

The notion of Sr-p-bL-open(closed) functions in supra bitopological space has been
introduced. Applying these notions we obtain and investigate many properties to
supra bitopological spaces.
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