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. Introduction

The concept of bitopological spaces was introduced by J.C.Kelly[7]. A set equipped with two
topologies is called a bitopological spaces. In 1980, R.C. Jain[6] was introduced separation axioms in
bitopological spaces.The supra topological spaces have been introduced by A.S. Mashhour at[9] in 1983. In
topological space the arbitrary union condition is enough to have a supra topological space. Here every
topological space is a supra topologicl space but the converse is not always true. Then the authors S.P.Aray and
T.M. Nour[1] was discussed some higher separation axioms in bitopological spaces. In this paper we introduce
and study the concept of supra bitoplogical spaces and investigate some new separation axioms called supra
pairwise To, supra pairwise T1 and supra pairwise T, spaces. Also we study some of their basic properties in
supra bitopological spaces.

Il. Preliminaries
Definition 2.1 [9] (X, 7) is said to be a supra topological space if it is satisfying
these conditions:
(1) Xoer
(2) The union of any number of sets in T belongs to .

Definition 2.2 [9] Each element A€ t is called a supra open set in (X, 7), and its compliment is called a supra
closed set in (X, 7).

Definition 2.3 [9] If (X, 7) is a supra topological spaces, AS X, A # @, 7x is the class of all intersection of A
with each element in 7, then (4, ta) is called a supra topological subspace of (X, T ).

Definition 2.4 [9] The supra closure of the set A is denoted by supra cl(A) and is defined as supra-cl(A)=n
{B : B is a supra closed and A € B}.

Definition 2.5 [9] The supra interior of the set A is denoted by supra int(A) and is defined as supra-int(A)=uU
{B : Bis a supra closed and B € A}

I11. Supra Bitopological Spaces
Definition 3.1 If 7, and 7, are two supra topologies on a non-empty set X, then the triplet (X, 71, 72) is said to
be a supra bitopological space.

Definition 3.2 Each element of t; is called a supra i-open sets in (X, 7, 7,) for i=1,2. Then the complement of
supra ti-open sets are called a supra ti-closed sets.
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Definition 3.3 If (X, t4,7,) is a supra bitopological space, Y €X, Y # @ then
(Y, 71,75) is a supra bitopological subspace of (X,7, 7,) if
1 ={UNY;Uisasupra t, —openin X} and

7, ={VNnY;Visasupra t, —openinX}.

Definition 3.4 The supra ti-closure of the set A is denoted by supra 7i-cl(A) and is defined as supra ti-cl(A)=n
{B: Bisasuprat;_closed and A< B fori=1,2}.

Definition 3.5 The supra t; -interior of the set A is denoted by supra zi —int(A) and is  defined as supra 7 -
intf(A)=U{B : Bisasuprat,_openand B < A fori=1,2}.

IV. A New Classes Of Supra Pairwise Separation Axioms
Definition 4.1 A supra bitopological space (X,t,,7,) is called a supra pairwise Ty if for each pair of distinct
points X, y € X, x # Y, there is a supra 71 -open set U and a supra 72 -open set V such thatx e U,y g VoryeV,
XEV.

Example 4.2 Let X ={a, b, c}

7, ={0,X,{a},{a,c},{a b}, {b,c}}. T, = {0, X,{b}, {b,c}{a,c}}

Leta, b € X. Then there is a supra t,-open set U = {a, c} and a supra 7,-open set
V ={b,c}suchthataeU,a¢VorbeV,beU.

Let b, ¢ € X. Then there is a supra t,-open set U = {a, b} and a supra t,-open set
V ={a,c}suchthatbe U, bgVorceV,ce¢Uu.

Let a, ¢ € X. Then there is a supra t,-open set U = {a, b} and a supra t,-open set
V ={b,c}suchthataeU,a¢VorceV,ce¢Uu.

Therefore (X,74,7,) is a supra pairwise To-space.

Theorem 4.3 If (X,z4,7,) iS a supra pairwise To-space and (Y,z;,73) iS a supra bitopological subspace of
(X,t4,T,) then (Y,z1,75) is also a supra pairwise To-space.

Proof: suppose x, ye Y, x # V. Since Y € X, X, y € X. Since (X,t,,T,) iS a supra pairwise To-space, there exist a
supra t,-open set U and a supra 7,-open set V suchthatxe U,ygUoryeV ,x ¢V.ThenUNY,VnNY are
71,75 supra open sets in Y respectively suchthatx eUnY,y g UnYoryevnyY ,x ¢VnY.

Hence(Y,t7,75) isa supra pairwise To-space

Theorem 4.4 If (X,t;,7,), (X ,71,T,) are two supra bitopological spaces, (X,t;,7,), is a supra pairwise To-
space and f is a supra open function and bijective then (X ',z;,7,) is also a supra pairwise To-space.

Proof: Suppose that (X,7;,7,) is a supra pairwise To-space. Let x',y € X x # y/, since f is bijective
function then there exist x, y € X such that x "= f (x), y' =f(y) and x #y. Since (X,7,,7,) is a supra
pairwise To-space then there exist a supra 7;-open set U and a supra t,-open set V such that xe U, y ¢
UoryeV,x ¢V . Clearly f(U) € X'and f(V) € X since f is a supra open function, f(U)is a supra ;-
open set and f(V) is a supra t,-open set inX . Also f(x) € f(U), f(y) & f(U) or f(y) € f(V), f(x) & (V).
Hence (X',7,,7,) is a supra pairwise To-space.

Theorem 4.5 If (X,7,,7,), (X ',7;,T,) are two supra bitopological spaces where(X ',t;, 7,) is
a supra pairwise To-space and f: X — X' is a bijective continuous function then (X,z,, 75)

is a supra pairwise To-space.

Proof: Let x, y€ X , x#y.since f is bijective then there exist is a x',y € X 'x # y'such that x =
f(x), y = f(y) Since X ' is a supra pairwise To-space then there exist a supra t;-open set U and a supra t,-
open set V such that f (x) €U, f(y) & U or f(y) € V, f(x) € V. Since f is continuous, f 1(U) and f -}(V) are supra
T,-0pen set, supra T,-open set respectively in X. Also f(x) € U implies x € f 1(U),y ¢ f 2(U) or x ¢ f }(V), y € f
(V). Hence (X,z;, 7,), is a supra pairwise To-space.

Remark 4.6 Every pairwise To-space is a supra pairwise To-space, but the converse is not true as shown in the
following example.
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Example 4.7 Let X = {a, b, c}

7, = {0,X,{b}.{a,c},{a, b}, 7, = {0, X, {a}, {a, c}, {b,c}}
Therefore (X,74, T,) is @ supra pairwise To-space but not a pairwise To-space

Definition 4.8 A supra bitopological space (X,z,,t,) is called a supra pairwise Ty if for each pair of distinct
points x, y € X, X # y there is a supra 7, -open set U and a supra t,-open setV suchthatye U,y ¢ V and
YEV,X&V.

Example 4.9 Let X = {a, b, c}

7, ={0,X,{b}. {a,c},{a, b}}. 7, = {0, X, {a}, {b, c}.{a c}}

Let a, b € X. Then there is a supra 7, -open set U = {a, c} and a supra ,-open set
V ={b,c}suchthataeU,bgUandbeV, agV.

Let a, c € X. Then there is a supra t,-open set U = {a, b} and a supra t,-open set
V={b,c}suchthataeU,cgUandceV,ag¢V.

Let b, c € X. Then there is a supra t,-open set U = {a, b} and a supra t,-open set
V ={a,c}suchthatbe U,cégUandceV, begV.

Therefore (X,74, T,) is a supra pairwise T1-space.

Theorem 4.10 If (X,74,7,) IS a supra pairwise Ti-space and (Y,z{,73) is a supra bitopological subspace of
(X,t1,75) then (Y,z1,73) is also a supra pairwise Ti-space.

Proof: suppose X, y€ Y , x#Y. Since Y € X, x, y € X. Since (X,t,, T,) IS @ supra pairwise Ti-space, there exist
a supra t,-open set U and a supra 7,-open set Vsuchthatxe U,yg U,yeV ,x ¢V.ThenUNY,VNY are
T;, T, Supra open sets in Y respectively such that xeU NY, y¢éUnYand ye VnY , x ¢VnY.
Hence(Y,z;, t5) is a supra pairwise Ti.space

Theorem 4.11 If (X,7,,7;,), (X ',7;,T,) are two supra bitopological spaces, (X,7;, T,) is a

supra pairwise Ti-space and f is a supra open function and bijective then (X 't;, T,) is a supra
pairwise Ti-space.

Proof: Suppose that (X,t,,7,) is a supra pairwise Ti-space. Let x,y € X', x' # y/, since f is bijective
there exist x, y € Xsuchthat f (x) =x', f(y) = y and x #y.
Since (X,t4, T,) is @ supra pairwise Ti-space, there exist a supra t,-open set U and a supra t,-open set

VsuchthatxeU,ygUandyeV,x¢V.Clearly f (U) €X'

and f (V) €X' since f is a supra open function, f(U)is a supra t;-open set and f(V) is a supra t,-open
setin X' . Also f(x) € U, f(y) € U and f(y) € V), f(x) & V).
Hence (X ,t;,7,) is a supra pairwise Ti-space.

Remark 4.12 Every supra Ti-space is a supra To-space but the converse is not true as shown in the following
example.

Example 4.13 Let X ={a, b, c}

7, ={0,X,{b}.{a, c},{a,b}}. 7, = {0, X,{a}, {a,c},{b,c}}
Here (X,t4, T,) is a supra pairwise To-space but not a supra pairwise Ti-space

Definition 4.14 A supra bitopological space (X,t,, 7,) is called a supra pairwise T, (or supra pairwise
Hausdorff space) if for each pair of distinct points x, y € X, x # Y, there is a supra t,-open set U and a supra
T,-0open set Vsuchthatxe Uandy eV, UN V' =0.

Example 4.15 Let X = {a, b, c}

T, = {(Z),X, {b},{a},{a,b},{b,c} {qa, c}}. T, = {@, X, {c},{a, b}, {b, c}}.

Leta, b € X. Then there is a supra 7, -open set U = {a} and a supra t,-open set
V ={b,c}suchthataeUandbeV,UN V=0.

Let b, c € X. Then there is a supra t,-open set U = {b} and a supra t,-open set
V ={c}suchthatbeUandceV,UN V=@.
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Let a, c € X. Then there is a supra t,-open set U = {a} and a supra t,-open set
V ={c}suchthataeUandceV,UN V=0.
Therefore (X,t4, 75) is @ supra pairwise T,-space.

Theorem 4.16 If (X,74, T,) IS a supra pairwise To-space and (Y,t;, T5) is a supra bitopological subspace of
(X,71, T,) then (Y,t7, T3) is also a supra pairwise Tp-spac

Proof: suppose x, y€ Y, x#Y. Since Y € X, X, y € X. Since (X,t,, T,) is a supra pairwise T,-space, there exist
a supra t,-open set U and a supra 7,-open set V such that xe U, yeV ,UnV=@. Then UNY VNY are
71, T, supra open sets in Y respectively suchthatx e UNY,y g UnYandyeVNnY x ¢VnY
Unv=Uny)n¥ny)

=WUnY)NnyY

=Q9nY

= @. Hence(Y,z7, 73) is a supra pairwise Tp.space.

Theorem 4.17 If (X,74, T,), (X ',71,7,) are two supra bitopological spaces,
(X,74, T,) is @ supra pairwise T2-space and f is a supra open function and bijective

then (X ,7,,7,) is a supra pairwise To-space.

Proof: Suppose that (X,z,, 7,) is a supra pairwise To-space. Let x',y' € X', x" # y', since f is bijective
there exist x, y € X such that f(x) =x', f(y) =y’ and x #y.

Since (X,74, T,) is a supra pairwise Ti-space, there exist a supra 7, - open set U and a supra 7,- open set
VsuchthatxeUandy € ¥, UN V=0@. Clearly f(U) € X "and

f (V) € X', since f is a supra open function, f (U) is a supra t, - open set and f (V)

is a supra T,-open set in X'. Also f(x) € f(U) and f(y) € f(V), f(U) n f(V) = @

Hence (X ',t;,7,) is a supra pairwise To-space.

Remark 4.18 Every supra pairwise To-space is a supra pairwise Ti-space but the
converse is not true such as shown in the following example.

Example 4.19 Let X ={a, b, c}
7, = {0, X {a,b}.{a,c},{b,c}}. 7, = {0, X,{a}, {a,c},{b,c}}.
Here (X,7,, T,) is a supra pairwise Ti-space but not a supra pairwise T2-space.

V. Conclusion
In this paper, basic concepts of supra bitopological spaces are introduced and also separation axioms of supra
bitopological spaces are analysed.
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