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1. Introduction

American Mathematician Zadeh in his historical pdfé] has introduced the concept of
fuzzy sets. This historic paper of Zadeh enthralltedhematicians all over the world and
they started to study almost all the Mathematicalcepts based on Cantor’s set theory in
terms of fuzzy set theory. In this way a new braofdiathematics started to emerge which
is today known as fuzzy Mathematics. Chang [3] bowien [7] developed the theory of
fuzzy topological space using fuzzy sets. Next timech research have been done to
extend the theory of fuzzy topological spaces o directions. Lowen [7], Wong [14],
Srivastava and Ali [13] have developed the fuzzyotogical spaces as well as fuzzy
subspace topology. Hossain and Ali [4] workedl'prfuzzy topological spaces.

The research for fuzzy bitopological spaces stairiegarly nineties. The fuzzy
bitopological spaces with separation axioms hasomec attractive as these spaces
possesses many desirable properties and can bé flmoughout various areas in fuzzy
topologies. Recent progress has been made comstyusparation axioms on fuzzy
bitopological space in [5, 6, 11]. Ruhul Amin et[4l2] have also developdd concepts
in fuzzy bitopological spaces in quasi coincidegsepse.

In this paper, we study, some features wf T;-spaces in supra fuzzy
bitopological spaces. Significant results have l##ained. We also establish relationship
among them. As usual | = [0, 1] ahd= [0, 1).

2. Preliminaries
In this section, we review some concepts, whichlvgdlneeded in the sequel. Through the
present paper X and Y are always presented nontyesats.
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Definition 2.1. [16] For a set X, a function: X — [0, 1] is called a fuzzy set in X. For
everyx € X, u(x) represents the grade of membership of x in theyfaet u. Some authors
say u is a fuzzy subset of X. Thus a usual sulfs¥t s a special type of a fuzzy set in
which the ranges of the function is {0, 1}. Thesdaf all fuzzy sets from X into the closed
unit intervall will be denoted by~* .

Definition 2.2.[16] Let X be a nonempty set and A be a subset of X.flihctionl,: X —

, _(lifxeA
[0,1]{0, 1} defined byl (x) = {0 o oven
present authors also writk, for the characterstic function of {x}. The charxistic
functions of subsets of a set X are referred tthasrisp sets in X.

is called the characterstic function of A. The

Definition 2.3.[3] Let X and Y be two sets arfd X — Y be a function. For a fuzzy subset
uin X, we define a fuzzy subset vin Y by

v(y) = sup{u()}if f [y} # @, x €X.
=0; otherwise

Definition 2.4. [3] Let X and Y be two sets aifdX — Y be a function . For a fuzzy subset
v of Y, the inverse image of v under f is the fumbsetf ~1(v) =vo f in X and is
defined by f 1 (v)(x) = v(f(x)), for x € X.

Definition 2.5. [3] Let X be a non empty set and t be the collectibfuzzy sets in/*.
Then t is called a fuzzy topology on X if it saisf the following conditions:

0] 1, 0€et

(i) If u; € t for eachi € A, thenu;c, u; € t.

(i) If uy, u, €tthenu; Nu, €t.
If t is afuzzy topology on X, then the pair {Xjs called a fuzzy topological space(fts, in
short) and members of t are called t-open(or simpbn) fuzzy sets. If u is open fuzzy set,
then the fuzzy sets of the form 1-u are calledbset! (or simply closed) fuzzy sets.

Definition 2.6. [7] Let X be a non empty set and t be the collectidozzy sets inf* such
that
® 1, 0€t
(i) If u; € t for eachi € A, thenU;cp u; € t.
(iii) If uy, u, € tthenu; Nu, €t
(iv) All constants fuzzy sets in X belongs to t.
Then t is called a fuzzy topology on X.

Definition 2.7. [8] Let X be a non empty set. A subfamify of I¥ is said to be a supra
fuzzy topology on X if and only if

® 1, 0et”

(i) If u; € t*for eachi € A, thenU;c, u; € t*.
Then the pair(X, t*) is called a supra fuzzy topological spaces. Theehts oft* are
called supra open fuzzy sets(ixy t*) and complement of a supra fuzzy open set is called
supra closed fuzzy set
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Definition 2.8. [8] Let (X, t) and (Y, s) be two topological spacest ls* and t* are
associated supra fuzzy topologies with s and teaspely andf: (X,s*) - (Y,t*) be a
function. Then the functioh is a supra fuzzy continuous if the inverse imafyeach

i.e., if for anyv € t*, f~1(v) € s*. The functiorf is called supra fuzzy homeomorphic if
and only iff is supra bijective and boffandf ~* are supra fuzzy continuous.

Definition 2.9. [2] Let (X,s*) and (X,t*) be two supra fuzzy topological spacesuf
andu, are supra fuzzy subsets of X and Y respectivebn the Cartesian produgt X u,

is a supra fuzzy subsets df x Y defined by(u; X u,)(x,y) = min [u,; (x),u,(y)], for
each pail(x,y) e X XY .

Definition 2.10. [15] SupposgX;,i € A}, be any collection of sets and X denoted the
Cartesian product of these sets, i8.= [[;ca X;. Here X consists of all pointp =<
a;, L € A>, wherea; € X;. For eachj, € A, the authors defined the projectiar, by

mj,(a;:i € A) = aj,. These projections are used to define the produpra fuzzy
topology.

Definition 2.11. [15] Let{X,},ea be a family of nonempty sets. Lét= [[,ex X, be the
usual products of,,'s and letr,: X — X, be the projection. Further, assume that e¥gh

is a supra fuzzy topological space with supra fumpologyt;. Now the supra fuzzy
topology generated byr;*(b): b, € t), a € A} as a sub basis, is called the product supra
fuzzy topology on X. Thus if w is a basis elementthe product, then there exists
aq, Ay, e .y €A such that w(x) = min{b,(x,):a =1,2,3,....,n}, where x =
(X)aen €X .

Definition 2.12. [1] Let (X, T) be a topological space afitlbe associated supra topology
with T. Then a functionf: X — R is lower semi continuous if and only{if € X: f(x) >
a}is openforalE R .

Definition 2.13. [9] Let (X, T) be a topological space afitl be associated supra supra
topology with T. Then the lower semi continuousdiggy on X associated witfi* is
w(T*) ={u: X - [0,1], u is supralsc}. If (T*): (X,T*) — [0,1] be the set of all lower
semi continuous (Isc) functions. We can easily siwatw(T*) is a supra fuzzy topology
on X.

Definition 2.14. [10] Let (X,s;,t7) and(Y,s;,t;) are two supra fuzzy bitopological
spaces andl: (X, s1,t7) — (Y, s;,t5) be a function. Then the functidiis a supra pairwise
fuzzy continuous if both the functiof: (X,s7) — (¥,s;) andf: (X,t;) — (Y, t;) are
supra fuzzy continuous.

Definition 2.15. [10] Let (X,s;,t7) and(Y,s;,t;) are two supra fuzzy bitopological
spaces anfl: (X, s7,t7) = (Y, s3,t5) be a function. Then the functiéris a supra pairwise
fuzzy open if both the functiofi: (X,s7) — (¥,s;) andf: (X,t;) —» (Y, t;) are supra

fuzzy open. i.e., for every open se€ s;, f(u) € s; and for everw € t1, f(v) € t; .
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Definition 2.16. [15] Let{(X;, s;, t;): i € A} is afamily of fuzzy bitopological spaces. Then
the space]] X;, [1s;,[1t;) is called the product fuzzy bitopological spacehw family
{(X;,s;, t;): 1 € A}, where[] s; and []t; denote the usual product fuzzy topologies of the
families{]]s;:i € A} and{]]¢;:i € A} of the fuzzy topologies respectively on X .

LetS* andT* be two supra topologies associated with two togies S and T
respectively. Let P be the property of a suprapaitngical space (X§*,T*) and FP be its
supra fuzzy topological analogue. Then FP is dalegood extension’ of P ‘if and only
if the statement (X§*,T*) has P if and only ifX, w(S*), w(T*)) has FP” holds good for
every supra topological space (X, T*).

3.a—-T{(I),a—T{(I),a — T,(III) and T{(IV) spaces in supra fuzzy bitopological
space

In this section, we have given some new notiong fT; such as a —T;(i),a —

T, (ii), a — Ty (iii) andT; (iv) spaces in supra fuzzy bitopological spaces. Weditcuss
some properties of them and establish relationsnipeng them by using these concepts.

Definition 3.1. Let (X, s, t*) be a supra fuzzy bitopological space ard I,, then

(@) (X,s*,t*) is a pairwisex — T, (i) space if and only if for all distinct elements
x,y € X, there exista € s* such thatu(x) = 1,u(y) < a and there existg € t*
such thav(x) < a,v(y) = 1.

(b) (X,s*,t*) is a pairwisex — T, (ii) space if and only if for all distinct elements
x,y € X, there existsu € s* such thatt(x) = 0,u(y) > a and there existg €
t* such thav(x) > a,v(y) = 0.

(c) (X,s*,t*)is a pairwisex — T, (iii) space if and only if for all distinct elements
x,y € X, there exists u € s* such thal < u(y) <a <u(x) <1 and there
existsv € t* suchthad < v(x) <a <v(y) < 1.

(d) (X,s*,t*) is a pairwisd; (iv) space if and only if for all distinct elementy €
X, there existsu € s* such thati(x) # u(y) andv € t* such thav(x) # v(y).

Lemma3.1. Suppos€X,s*,t*) is a supra fuzzy bitopological space and I,. Then the
following implications are true:
(@) (X,s*,t*) is a pairwisex — T, (i) implies (X,s*,t*) is a pairwisex — T, (iii)
implies(X,s*, t*) is a pairwisd (iv).
(b) (X,s*,t*) is a pairwisea — T, (ii) implies (X, s*, t*) is apairwise a — T;(iii)
implies(X,s*, t*) is apairwise a — T; (iv).
Proof: Suppose that(X,s*,t*) is a pairwisex —T;(i). We have to prove that
(X,s*,t*) is a pairwisex — T; (iii). Let x and y be two distinct elements in X. Since
(X,s*,t*) is a pairwisexr — T, (i), for « € I, ,by definition there existsu € s* such that
u(x) = 1,u(y) < a and there exists € t* such thatv(x) < a,v(y) = 1, which shows
that there exista € s* such thad < u(y) < a <u(x) <1 and there exists € t* such
that 0 < v(x) < a < v(y) < 1. Hence by definition (c)(X,s*,t*) is a pairwiser —
T, (iii).
Supposé€X, s*,t*) is a pairwisex — T, (iii). Then forx,y € X, x #y there exists
u €s* suchthal <u(x) <a<u(y)<1 ..e.u(x) =+ u(y)and there existg € t*
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suchthad <v(y) <a <v(x) <1. i.e.,v(x) # v(y). Hence by definitiofX, s*, t*) is
apairwise Ty (iv).

Let(X,s*, t*)is a pairwise ¢ — Ty (ii). Thenforx,y € X, x # y there existsu €
s* such thatu(x) = 0,u(y) > a which implies thatd < u(x) <a<u(y) <1 and
there existsy € t* such thatv(x) > a, v(y) = 0 which implies that0 < v(y) < a <
v(x) < 1. Hence by definitior{X, s*, t*) is apairwise @ — T, (iii) and hencéX,s",t*)
a ispairwise T, (iv). Therefore the proof is complete.

The non-implications among pairwise— Ty (i), a — T (ii),a — Ty (iii) and T, (iv) are
shown in the following examples:

Example 3.1. Let X={x, y} andu, v € I¥ are defined by (x) = 0.45,u(y) = 0.82 and
v(x) = 0.82,v(y) = 0.45. The supra fuzzy topologies andt* on X are generated by
{0, u, 1, constants}and{0, v, 1, constants} respectively. Fot = 0.85, we can easily
show that(X, s*, t*) ispair wise T; (iv) but(X, s, t*) is not apairwise a — T, (iii) it can
also be shown th&X, s*, t*) is nota pairwise a — T, (i) andpairwise a — Ty (ii).

Example 3.2. Let X={x, y} andu, v € I¥ are defined by (x) = 0.42,u(y) = 0.85 and
v(x) = 0.85,v(y) = 0.42. The supra fuzzy topologies andt* on X are generated by
{0, u, 1, constants} and{0, v, 1, constants} respectively. Fox = 0.81, we haved <
u(x) <08l <u()<1 and 0<v(y)<081<wv(x)<1. This according to the
definition (X, s*, t*) is a pairwise a — T, (iii) but (X,s*, t*) is not apairwise a — T; (i).
Also it can be easily shown th@, s*, t*) is nota pairwise a — T; (ii).

Example 3.3. Let X={x, y} andu,v € I¥ are defined by (x) = 1,u(y) = 0.63 and
v(x) = 0.63,v(y) = 1. Consider the supra fuzzy topologigsandt™ on X are generated
by {0, u, 1, constants} and{0, v, 1, constants} respectively. Forr = 0.75, we have
(x)=1 u(y)<0.75 and(x) <0.75 ,w(y) =1. This according to the definition
(X,s*,t*) isa pairwise a — T, (i) but(X,s*, t*) nota pairwise a — T, (ii).

Example 3.4. Let X={x, y} andu,v € I¥ are defined by (x) = 0,u(y) = 0.73 and
v(x) = 0.73,v(y) = 0. Consider the supra fuzzy topologigsandt™ on X are generated
by {0, u, 1, constants} and{0, v, 1, constants} respectively. Fora = 0.35 it can be
easily shown that (X,s*,t*) isa pair wise a — T (ii) but (X,s*,t*) not a
pair wise @ — T (i). This completes the proof.

Lemma 3.2. Let (X,s*,t*) is a supra fuzzy bitopological space ang € I, with 0 <
a < B <1,then
(a) (X,s*,t*) is apairwise @ — T, (i) implies(X, s*, t*) is apairwise f — Ty (i).

(b) (X,s*,t") is a pairwisg? — T, (ii) implies(X, s*, t*) is a pairwise a — Ty (ii).
(©)(X,s*,t") isa pairwise 0 — T, (ii) implies(X, s*, t*) isa pairwise 0 — T; (iii).
Proof: SupposgX,s*, t*) is apairwise a — T;(i). We have to show thdi,s*,t*) is
a pairwise § — T, (i). Let any two distinct pointsc,y € X. Since (X,s*,t") is
apairwise a — T, (i), for€ I, , there existg € s* such thafx) = ,u(y) < a. Thisimplies
that(x) =1 ,u(y) <, since0 < a < <1 and there exists exists € t* such that
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v(x) < a,v(y) = 1. This implies that(x) < B,v(y) = 1,sinced < a < 8 <1 . Hence
by definition(X, s*, t*) is apairwise 8 — Ty (i).

Suppose(X,s*, t*) is a pairwise § — T (ii). Then forx,y € X, x #y there
existsu € s* such thati(x) = 0 ,u(y) > B, which implies that.(x) = 0 ,u(y) > a, since
0 <a < B <1 .Andthere exists € t* such thav(x) > B, v(y) = 0,which implies that
v(x) >av(y) =0,sincell <a<pf<1.

Hence by definition(X, s*, t*) is a pairwise a — T (ii).

Example 3.5. Let X= {x, y} andu,v € I* are defined by (x) = 1,u(y) = 0.72 and
v(x) =0.72,v(y) = 1. . Let the supra fuzzy topologigsandt™ on X are generated by
{0, u, 1, constants} and{0, v, 1, constants} respectively. Then by definition for =
0.4 andfB = 0.9; (X,s", t*) is a pairwise § — T, (i) but (X,s*, t*) is not apairwise a —
T, (0).

Example 3.6. Let X= {x, y} andu,v € I¥ are defined by (x) = 0,u(y) = 0.55 and
v(x) = 0.45,v(y) = 0. . Let the supra fuzzy topologigsandt™ on X are generated by
{0, u, 1, constants} and{0, v, 1, constants} respectively. Then by definition for =
0.40 andB = 0.65; (X, s*,t*) is a pairwiser — Ty (ii) but(X, s*,t*) is not gpairwise § —

T, (ii).

Theorem 3.1. Suppos€X,S*,T*) is a supra fuzzy bitopological space amde I;.
Suppose the following statements:
(1) (X, S, T*) be apairwise T; space.
@)X, w(S"),w(T")) be a pairwiser — T, (i) space.
B) (X, w(S"),w(T")) be a pairwisexr — T; (ii) space.
4) (X, w(S"),w(T")) be apairwise a — T; (iii) space.
(5) (X, w(S™), w(T*)) be apairwise T, (iv) space.
The following implications are true:

@MD=2=®=06)=).

by H=0B)=® =06)= ).
Proof: Suppos€X,S*,T*) be aT, bitopological space. We have to prove that
X, w(S"),w(T")) be a pairwisew — T, (i) space. Suppose x and y are two distinct
elements in X. Sinc€X,S*, T*) be apairwise T; space, there exists€ S* such thak €
U,y & U and there existg € T* such thaE V,x € V . By the definition of Isc, we have
Iy € w(S™) and Iy(x) =1,I;(y) = 0 andl, € w(T*)and I,(x) =0,I,(y) = 1.

Hence we havéX, w(S*), w(T*)) be apairwise a« — T, (i). Further it is easy to
show that(2) = (3), (3) = (4) and(4) = (5).

We therefore prove that(5) = (1).Suppose (X,w(S*),w(T*)) be a
pairwise T; (iv) space. We have to prove th@, S*, T*) be apairwise T; space. Let
x,y €X, and x #y.Since(X,w(S"),w(T")) be apairwise T, (iv), there exists €
w(S™) such thatu(x) < u(y) or u(x) > u(y) and there existsv € w(T™*) such that
v(x) <v(y) or v(x) > v(y). Supposei(x) < u(y) for r; € I; such thatu(x) <r <
u(y). We observe thatc ¢ u=1(r;,1) and y € u=%(ry,1) . By definition of Isc
u~(ry, 1) € S*. Suppose(y) < v(x) and forr, € I, such thav(y) <, < v(x). We
observe thay ¢ v~1(r,,1) andx € v~1(r,,1) and by the definition of Ise™1(r,, 1) €
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t*. Hence(X, S*, T*) be apairwise T; space. Thus it seen thatir wise a — T;(p) is a
good extension of its bitopological counterpartl(fi=iii, iv).

Theorem 3.2. Let (X,s*,t*) be a supra fuzzy bitopological spaees I; and let
1,(s*) = {u Y (a,1):u € s*} andl,,(t*) = {v™1(a,1): v € t*}, then
@) (X,s*,t*) is apairwisea—Ty (i) implies (X,1,(s"),1,(t*)) s
a pairwise T;.
(b) (X,s*,t*) is apairwise @ —T;(ii) implies (X,I1,(s*),I,(t")) is a
pairwise T;.
() (X,s*t*) is apairwise a — Ty (iii) if and only if (X,1,(s),1,(t%)) is a
pairwise T;.
Proof: (a) Let (X,s*,t*) be a supra fuzzy bitopological space aijs*, t*) is
apairwise a — Ty (i). Suppose x and y be two distinct elements in XerTfora € I,
there exists u € s* such that(x) = 1,u(y) <a. Since u(a,1) € ,(s*),y ¢
ul(a,1), x € u~(a, 1) and there existsy € t* such that(x) < a, v(y) = 1. Since
v i(a,1) €L, (t),x€v1(al), yeEv (a,1).
So this implies thatX, 1,(s*), I,(t*)) is apairwise T;.

Similarly (b) can be proved.
(c) Suppos€X,s*,t*) isa pairwise a — T, (iii). Letx,y € X,x # y, then fore I, there
exists u € s* such thatd < u(x) < a <u(y) <1. Sinceu (a, 1) € I,(s%), x &
u1(a, 1),y € u=!(a, 1) and there existsv € t* such tha0 < v(y) < a < v(x) < 1.
Since v l(a,1) €l (t"), y€v 1i(al),x€ v i(a1). So this implies that
(X,1,(s"),1,(t")) is apairwise T, space.

Conversely, suppose théX,1,(s*),I,(t*)) is a pairwise T; space. Letx,y €
X,x # y. Then there exists *(a, 1) € I,(s*) suchthak € u=1(a,1) andy & u*(a, 1),
whereu € s*. Thus, we havei(x) > a,u(y) <a.ie,0<u(y)<a<u(x)<1and
there existsv ™ (a, 1) € I,(t*) such that ¢ v~1(a, 1) andy € v~(a, 1), wherev € s*.
Thus, we haver(x) < a,v(y) > a. i.e. 0 < v(x) < a <v(y) <1. This implies that
(X,s*,t*) is apairwise a — T; (iii)

Example 3.7. Let X= {x, y} andu,v € IX are defined byu(x) = 1,u(y) = 0.6 and
v(x) =0..4,v(y) = 0.8. . Let the supra fuzzy topologigsandt* on X are generated
by {0, u, 1, constants} and{0, v, 1, constants} respectively. Then by definition for
a =05 (X,s*t") is not apairwise a — T, (ii). Now let [,(s*) = {X, ®, {x}} and let
I,(tY) = {X, o, {y}}. Then we see thdt,(s*) and,(t*) are supra topology on X and
(X, 1,(s),1,(t")) is a pairwise T; space. This completes the proof.

Theorem 3.3. Let (X,s*,t*) be a supra fuzzy bitopological spadec X and

sy ={u/A:u € s*} andt; = {v/A:v € t*}, then
(a)(X,s*, t*) is apairwise a — T; (i) implies(4, s;, t;) is a pairwise a — T; (i).
(b)(X,s*,t*) is apairwise a — Ty (ii) implies(4, s, t;) is apairwise a — T; (ii)
(c) (X,s*, t*) is apairwise a — Ty (iii) implies(4, s;,t;) is a pairwise a — Ty (iii).
(d) (X,s*,t*) is apairwise @ — T, (iv) implies(4, s;, t;) is a pairwise a — Ty (iv).
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Proof: Suppose thatX,s*,t*) is a supra fuzzy bitopological space dXgs*,t*) is a
pairwise a — T; (i) space. Let,y € A with x #y. So thatx,y € X asA < X. Since
(X,s*,t*) isapairwise a — T; (i), for a« € I; , there existat € s* such that(x) =
LLu@y)<a . For Ac X, we haveu/A €s; and (u/A)(x) = 1,then (u/A)(x) =
1, (u/A)(y) < a. And there existy € t* such thatv(x) < a,v(y) = 1. For4A € X, we
havev/A € t; and(v/A)(y) = 1,then (v/A)(x) < a,(v/A)(y) = 1.asx,y € A. Hence
by definition(4, s, t;) isa pairwise a — T, (i).

Similarly (b), (c) and (d) can be proved.

Theorem 3.4. Suppose {X;, s;, t;),i € A} is afamily of supra fuzzy bitopological spaces
and(I1X;, [1s/,[1t)) = (X, s, t*) be the product topological space on X, then
(@ vieA (X;si,t))is apairwisea —Ty(i) if and only if (X,s*t*) is a
pairwise a — Ty (i)
(b) VieA (X;,s;,t)) is apairwise a —T;(ii) if and only if (X,s*,t*) is a
pairwise a — Ty (ii).
(c) VieA (X;s;,t)) is apairwise a — T, (iii) if and only if (X,s*t*) is a
pairwise a — T (iii).
(d) VieA, (X;s/, t)) is apairwisea — T;(iv) if and only if (X,s* t") is a
pairwise a — Ty (iv).
Proof: Supposev i € A, (X;,s;,t;) is a pairwise a — T;(i). Letx,y € X with x # y,
thenx; # y;, for some € A. Since(X;, s/, t;) is a pair wise a — T; (i), for a € I, ,there
exists u; € s/, i €A such thatu;(x;) = 1,u;(y;) <a . But we haver;(x) = x;
andm;(y) =y;. Thus wu;(mr;(x)) =1and u;(mr;(y)) <a ie., (uom)(x)=
1, (u;om;)(y) < a and there exists; € t/, i € A such thaw;(x;) < aand v;(y;) =1 .
But we haver;(x) = x; andm;(y) = y;. Thusv;(m;(x)) < a andv;(m;(y)) =1 i.e,
(viomry))(x) < a, (v;om;)(y) = 1. Hence by definitiorfX, s*, t*) isa pairwise a — Ty (i).
Conversely, suppose th@f, s*, t*) ispairwise a« — T, (i). We have to show that
(X;,si,t]) ,i €A is apairwise a — T, (i). Let a; be a fixed point inX; and 4; =
{x € X =TlieaXi:x; = a;  forsomei#j}. Thus 4; is a subset of X and hence
(Ai, sa,ta) is also a subspace ¢K,s*,t*). Since(X,s"t") is pairwise a — Ty (i),
(A, sa,,ta,) 1s also gairwise a — Ty (i). Now we havel; is homeomorphic image &f.
Thus(X;, s/, t;) ,i € Ais a pairwise a — Ty (i).
Similarly (b), (c) and (d) can be proved.

Theorem 3.5. Let (X,s7,t;) and (Y,s;,t;) be two supra fuzzy bitopological spaces.
f:X - Y be one-one, onto and open map, then

(@) (X,sq,t7) is apairwise a — T (i) implies(Y, s3, t;) isa pairwise a — Ty (i).

(b) (X,s1,t7) isa pairwise a — Ty (ii) implies(Y, s3,t;) isa pairwise a — Ty (ii).

(c) (X,s1,t7) is apairwise a — Ty (iii) implies(Y, s3, t;) is a pairwise a — T, (iii).

(d) (X,s5,t7) is apairwise a — Ty (iv) implies(Y, s;,t5) is a pairwise a — T; (iv).

Proof: (a) Supposé€X, s;,t;) isa pairwise @« — T; (i). We have to prove théY, s3,t;) is

a pair wise @ — T; (i). Let y;, ¥, € Y with y; # y,, there existx;, x, € X with f(x;) =
v1, f(x3) = y,,since f is onto andx; # x, asf is one-one. Again sincgX, sy, t;) is

104



Some Features of PairwiseT; Spaces in Supra Fuzzy Bitopology

pair wise @« — T; (i) , @ € 11, there exista € s; such thatt(x;) = 1,u(y;) < a and there
existsv € t7 such thav(x;) < a,v(y;) = 1.
Now f(u)(y,) = {SUP u(xl):f(xl) = )’1}
=1.

andf (W) (y2) = {supu(xz): f(x2) = y2}

<a,
Now f(v)(y1) = {sup v(xy): f(x1) = 31} < a.
andf (v)(y2) = {SUP V(X f(xg) = }’2} = 1.

Sincef is openf(u) € s, asu € s;. We observe that there exigi&) € s; such
thatf (uw)(y1) = 1, f(w)(y2) < a and there existg(v) € t; ,asv € t; andf is open such
that f(v)(y1) < a, f(v)(y;) = 1. Hence by definition(Y,s;,t;) is a pair wise a —
T, (ii). Similarly (b), (c), (d) can be proved.

Theorem 3.6. Let (X,s7,t7) and (Y,s;,t;) be two supra fuzzy bitopological spaces.
f:X - Y be continuous and one-one map, then

(@) (Y,s3,t5)is a pairwisex — Ty (i) implies(X, s7, t7) isa pairwise a — T; (i).

(b) (Y,s3,t5) is apairwise a — T; (ii) implies(X, s1, t{) isa pairwise a — T (ii).

(c) (Y,s5,t;) isapairwise a — Ty (iii) implies(X, s, t7) isa pairwise a — Ty (iii).

(d) (Y,s5,t;) isapairwise a — T, (iv) implies(X, s1, t7) isa pairwise a — T, (iv).
Proof: (a) Let(Y,s;,t;) is a pairwisex — T, (i). We have to prove thdf,s;,t7) is a
pairwise a — T; (i). Letxy,x, € X with x; # x, , thenf(x;) # f(x,) inY, sincef is
one-one. Also sincg’, s;,t;) is a pairwisex — T, (i), @ € I, there exista € s; such that
u(f(x1)) = 1, u(f(x2))< a. This implies thaff ~(w)(xy) = 1, f "1 (w)(x,) < a, since
u € s; andf is continuous, thefi—1(u) € s; such thatf ~1(u)(x;) = 1, f T (w)(x,) <
a and there existg € t; such thav(f(xl)) < a,v(f(xy))=1, sincev e t; andf is
continuous, thenf~'(v) € t; such that f~1(v)(x;) < a, f*(v)(x,) = 1. Hence
(X, s1,t7) isa pairwise a — Ty (i).
Similarly (b), (c) and (d) can be proved.

4. Conclusion

One of the main results of this paper is introdgaonme new definitions of supra fuzzy
pairwise a —T; bitopological spaces. We represent their gooéreskbn, hereditary,
productive and projective properties.This conceptslld be interesting in supra fuzzy
bitopological spaces.
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