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l. INTRODUCTION

In 1981, K.K. Azad [4] introduced the concept of semi-open sets in fuzzy topology. A.S. Bin Shahana [1] has
defined the concept of fuzzy pre-open sets in fuzzy topological spaces.

In 1989, A. Kandil [5] introduced the notation of fuzzy bitopological space. Further in 1996, S.S. Thakur and R.
Malviya [9] defined fuzzy semi-open and fuzzy semi-continuous in fuzzy bitopological space. Sampath kumar [10] defined
a (z;,7;)-fuzzy pre-open set and characterized a fuzzy pairwise precontinuous mappings on a fuzzy bitopological space.
Further M. Shrivastava, J.K.m maitra And M. Shukla [7] in 2006 defined fuzzy strongly pre-continuous mapping in fuzzy
topological space.

In this article we have established equivalent conditions for a mapping to be fuzzy pairwise strongly pre-continuous
mapping in fuzzy bitopological space. Further we have studied some properties of fuzzy pairwise pre-continuous mapping.

I, PRELIMINARIES

Let X be a set and let 7; and 7, be fuzzy topologies on X. Then we call (X,7,,7,) a fuzzy bitopological space
[fbts].

A mapping f: (X,7,,7,) = (Y, 75,73) is fuzzy pairwise continuous [fpc] if the induced mapping f: (X, ;) — (Y, ) is
fuzzy continuous for k = 1,2.

A mapping : (X,7,,7,) = (Y, 75, 73) is fuzzy pairwise open [fp open] ( fuzzy pairwise closed [fp closed]) if the induced
mapping f: (X, 7,) = (Y, t}) is fuzzy open (fuzzy closed) for k = 1,2.

Notations. (1) Throughout this paper, we take an ordered pair (z;, ;) with i, j € {1,2} and i # .
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(2) For simplicity, we abbreviate a 7;-fuzzy open set u and a 7;-fuzzy closed set u with a 7;-fo set u and a 7;-fc set u
respectively. Also, we denote the interior and the closure of u for a fuzzy topology t; —intu and t; — clu respectively.

Definition 2.1. Let u be a fuzzy set on a fbts X. Then we call y;

M a (t;, 7;)-fuzzy semi-open [(t;, ;) — fso] seton X if u < 7; — cl(z; — int(w))[9].
(i) a (t;, 7;)-fuzzy semi-closed [(z;, 7;) — fsc] seton X if 7; — int(r]- —cl(w) < p 9]
(iii) a (t;, 7;)-fuzzy pre-open [(z;,7;) — fpo] seton X if u < 7; — int(z; — cl(w))[10].
(iv) a (t;, 7;)-fuzzy pre-closed [(z;, ;) — fpc] seton X if 7; — cl(z; — int(u)) < u[10].
Definition 2.2. Let u be a fuzzy set on a fbts X.

(1) The (z;, 7;)-semi interior of u, [(t;, 7;) — sintu] is

u{9:9 <, disa(r;, 1;) — fso set} [9].
(ii) The (z;, 7;)-semi closure of u, [(z;, 7;) — sclu] is

N{9:9 = u,Jisa(r;1;) — fscset} [9].
(iii) The (z;, 7;)-pre interior of w, [(z;, 7;) — pint(w)] is

U{9:9 <, disal(r;, 1;) — fso set} [10].
(iv) The (;, 7;)-pre clouser of y, [(z;, 7;) — pcl(u)] is

N{9:9 = u,Jisa(r;, 1;) — fpc set} [10].

Definition 2.3. Let f: (X, 1,,7,) = (Y, 7], 73) be a mapping. Then f is called;

(i) fuzzy pairwise semi-continuous [fps continuous ] mapping if f~*(u) is a (z;,7;) — fso set on X for each
T/ — fosetuonY [9]

(i) fuzzy pairwise pre-continuous [fpp continuous] mapping if f='(u) is a (t;,7;) — fpo set on X for each 7; —
fosetuonY [10].

(iii) fuzzy pairwise a-continuous [fpsc open] mapping if f~*(u) is a (t;,7;) — fao set on X for each 7} — fo set u
onY [9].

It is clear that every fpac mapping is a fpsc and fppc mappings on fbts. But the converse may true

in general.

1. FUZZY PAIRWISE STRONGLY PRE-CONTINUOUS MAPPINGS

Definition 3.1. Let f: (X, 7,,7,) = (Y, 77,73) be a mapping. Then f is called a fuzzy pairwise strongly pre-continuous

[fpsp continuous] mapping if f~*(u) isa(z;, 7;) — fpo set on X for each (z;, 7j) — fsosetponY.
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Since any fuzzy open set is a fuzzy semi-open, if follows that every fuzzy pairwise strongly precontinuous
map (fpspcontinuous) is fuzzy pairwise precontinuous (fpp continuous). However, converse may not be true in
general. We have the following example.

Example 3.2. Let X = {x;,x,}and Y ={y,,y,}and u,9, u*, 9* be fuzzy sets defined as follows.

u(x1) = 0.5, u(x;) = 0.6,

9(x;) = 0.2, 9(x,) =0.4,

©*(y1) =0.3, u*(y,) =0.4,
and 9% (y,) = 0.4, 9°(y,) = 0.5.

Lett, = {0, 1,1}, 7, ={0,9,1} and 75 = {0, u*, 1}, 73 = {0,9*,1}. Then the mapping f: (X, 7,,7,) = (Y, 71, 75) defined
by f(x,) = y1,f(x,) = y, is fuzzy pairwise precontinuous [fpp-continuous] but not fuzzy pairwise strongly precontinuous
[fpsp-continuous] mapping.

Theorem 3.3. Let f: (X, 1,,7,) = (Y, 7], 73) be a mapping. Then the following statement are equivalent;

(1) f is fuzzy pairwise strongly pre-continuous [fpsp continuous] mapping.
(ii) The inverse image of each (z;,7;) —fsc setonY isa (z;, 7;)-fpc set on X.

(i) f((ri 1) —pcl(w) < (t7,77) — scl(f (w)) for each fuzzy set u on X.
V) () —pel(F®)) < £ (17, 77) — scl(9) ) for each fuzzy set 9 on V.

(v) f1 ((r;, ) - sint(s)) < (t;,7;) — pint(f~1(9)) for each fuzzy set 9 on Y.

Proof. (i) = (ii): Let ¥ be a (7;,7;)-fsc set on Y. Then 9¢ is a (z;,7;)-fso set on Y. Since, f is fpsp continuous,
f1@9) = (f~1(¥) isa(r;, 7;) -fpo seton X. Hence, f~'(¥) isa (t;, 7;)-fpc seton X.

(ii) = (iii): Letpis a fuzzy set onX.Then £~ ((z;,77) — scl(f())) is a (r;,7;)-fpe set onX.Thus (z;,7,) — pel(u) <
(ti,77) — pcl (f—l(f(u))) < (r1) —pel(fF 2 ((77,77) = scl(FW))) =f~* ((z7.77) —scl (fF(w))). Hence, f((z:,7;) —
pel() < f(F ((x7,77) = pel(F@))) < (x7,77) — sel(f ().

(iii) = (iv): Let 9 be a fuzzy set on Y. Then f((z;,7;)-pel(f 71 (9))) < (77,7} )-scl(F (F @)= (17,7]) — scl(®). Hence
(z7) = pel(F 2O < £ (7)) = pel(F @) < (1 77)-sel(9)).

(iv) = (v). Let 9 be a fuzzy set on Y. Then (7;,7;) - pcl(f 2 (®¥°)) < f1((z}.7}) - scl(9°)). Hence, f~2((},7}) -
sint(9)) = £ (¢}, 77) = pel@))< (7 5;) = sel(fF~ @)= (20, 5;)-sine (f 7 (9).

(v) = (). Letd bea(z],7})-fso seton Y. Then f~1(9) = f~* ((r;,r;) - sint(B)) < (v,77) — pint(f~1(9)).
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Hence f~1(9) isa (‘L'L-,T]-)-fso set on X and therefore, f is fpsp continuous function.

Theorem 3.4. Let f: (X,7,,7,) = (Y,75,73) be a bijection. f is fpsp continuous mapping if and only if for each fuzzy set
uonX.

(Tf,rlf‘) - sint(f(u)) <f ((‘L’L-,T]-) — pint(y)).

Proof: Let u be a fuzzy set on X. Then, by Theorem 3.3,
FU(x ) = sint(F()) < (7i.77) — pint (£71(FW)).

Since f is a bijection,

(1.57) = sint(£ () = £ (£ (1. 7) - pint(F(W)) ) < £(z0.77) - pine ().
Conversely, let 9 be a fuzzy set on Y. Then
(r7.77) = sint (F(F W) = £ ((r7y) — pint(f(9))).
Recall that f is a bijection. Hence
(vi.77) = sint(9) = (7}, 77) — sint(f(f () < f((70.7;) — pint(F 71 (9))).
and £1((z7,77) = sint(®)) < £(F (7. 7) = pine(F(9))))

= (1., 1;) — pint(F1(9)).

Therefore, by theorem 3.3, f is fpsp continuous mapping.

Definition 3.5. Let f: (X,7,,7,) = (Y,7;,75) be a mapping. Then f is called

(1) a fuzzy Pairwise strongly pre-open [fpsp open] mapping if f(u) is a (r;‘,r]f‘) — fso set on Y for each

(TL-,T]-) — fpo setuon X.
(ii) a fuzzy Pairwise strongly pre-closed [fpsp closed] mapping if f(u) is a (r;‘,r]f‘) — fsc set onY for each

(‘L’L-,T]-)-fpc set u on X.
Theorem 3.6. Let f: (X, 7,,7,) — (Y, 75, 75) be a mapping. Then the following statement are equivalent:;
(1) f is fpsp open mapping.
(ii) f((ri.7j) — pint(w)) < (77, 7") — sint(f (u)) for each fuzzy set u on X.
(i) (77) —pint(f 1)) < f1((r;,7}) — sint (9)) for each fuzzy set 9 on Y.
Proof. (i) = (ii). Let u be a fuzzy set on X. Then f((t;,7;) — pint(u)) is a (z;,7;) — fso set on Y and f ((ri,rj) -
pint(u)) < f(u). Hence
f ((‘L’L-,T]-) - pint(u)) = (T{‘,T;) —sint(f ((TL-,T]-) - pint(ﬂ)))
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< (z7,77) — sint(f ().
(ii) =(iii). Let 9 be a fuzzy set on Y. Then

f ((TL-,T]-) - pint(f‘l(ﬁ))) < (tf,77) — sint(f(f71(9)))

< (tf,77) —sint (9).
Hence (t;,7;) — pint(f71(9)) < f~! (f ((TL-,T]-) - pint(f‘l({)))))

< f1 ((Tf,rj*) - sint{)).

(iii) = (0). Let w be a (;,7;) — fpo set on X. Then
u = (1, 77) — pint(w) < (1, 77) — pine(f 1 (f(W)))
<f1 ((Tf,rj*) - sint(f(u))).

We have () < f(f*((zi,77) — sint(F(w)))) < (t,7}) — sint(f (w)).

Hence f(u) = (t7,7;) — sint(f (). Consequently, f(u) is a (t;,7;) — fso set on'Y and therefore, f is fpsp-open
mapping.

Theorem 3.7. A mapping f: (X,7,,7,) = (Y,7;,73) is fpsp-closed mapping if and only if (r;‘,r]f‘) —scl(f(w) <
F((ti,7;) — pel(w))) for each fuzzy set yon X.

Proof. Let u be a fuzzy set on X. Then f((t;,7;) — pcl(u)) isa (t;,7})-fso seton Y and f(w) < f ((ri,r]-) - pcl(u)).
Hence

(Tf,rlf‘) — scl(f(ﬂ)) < (Tf,T;) —scl (f ((TL-,T]-) — pcl(u)))

=f ((Ti’Tj) - PCl(ﬂ))-
Conversely, let u be a (z;,7;)-fpc set on X. Then
(zi.77) = scl(f W) < f((z1,77) = pel ()
=f(w).
Consequently, f(u) isa (r;‘,rj*) — fpc on'Y and therefore f is a fpsp-closed mapping.
Theorem 3.8. Let f: (X, 7,,7,) — (Y, 7}, 75) be a bijection. Then the following statements are equivalent:

(1) f is fpsp-closed mapping.
(ii) 1 ((r;, 77) —scl (s)) < (t:,7j) — pel(f~1(9)) for each fuzzy set 9 on Y.

(iii) f is fpsp-open mapping.
(iv) f~tis fpsp continuous mapping.
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Proof. (i)=(ii). Let 9 be a fuzzy set on Y. Then by Theorem 3.7,
(7, 77) = scl(F(F1ON) < f((777) — pel(F 71 (9))).

Hence f=((z,77) — sel(F(F 7)) < £ (F (7 57) — pel(f 7 (9)))).
Since f is a bijection,

£ ((z1,77) = 56l (9)) < (i) = pel(f1(9)).

(ii)=(i). Let u be a fuzzy set on X. Then
F((x77) = sel(Fw)) < (i) —pet (£ (FG)).

Hence f (£ ((xi,77) = sel(r () ) < £ ((z 1) — pet (£ ()
Since f is a bijection,
(z7,77) = sel(f W) < £ ((r077) = pel(w)).
Therefore by the theorem 3.7, f is fpsp-closed mapping.

(ii) =(iii). Let 9 be a fuzzy set on Y. Then
£ (1. 77) = sel®) < (r07)) — pel(£71(99)).
(ti,77) — pint(F 1)) = (71, 7;) — pel(F1(I9)))°
< (T 7)) = sel(9))°)
=17 ((xi.77) = sint ().
Hence f is fpsp-open mapping from Theorem 3.6 .

(iii) =(iv). Let 9 be a fuzzy set on Y. Then
(ti7;) —pine(F 1)) < 71 ((‘r;‘,rj*) —sint (19)).

Since f is a bijection. by Theorem 3.4, f~1 is fpsp continuous mapping.
(iv) =(ii). Itis clear from Theorem 3.3.

We have the following corollaries from Theorem 3.3, Theorem 3.7 and Theorem 3.6.

Copyright to JIRSET www.ijirset.com 13932



ISSN: 2319-8753

International Journal of Innovative Research in Science,
Engineering and Technology

(An 1SO 3297: 2007 Certified Organization)

Vol. 3, Issue 6, June 2014

Corollary 3.9. Let f: (X, t;,7,) = (Y, 7, 73) be a mapping. Then f is fpsp closed and fpsp continuous if and only if
f ((ri,rj) - pcl(,u)) = (z7,77) — scl( £ (w)) for each fuzzy set u on X.

Corollary 3.10. Let f: (X, 1,,7,) = (Y, 7}, 75) be a mapping. Then f is fpsp open and fpsp continous if and only if
F72((z;.77) — scl(®))= (r;,7;) — pel(f~(w)) for each fuzzy set 9 on Y.

Theorem 3.11. Let (X,7,,7,), (Y,01,0,),(Z w,, w,) be fuzzy topological spaces. If f:X - Y is fuzzy pairwise
strongly precontinuous [fpsp continuous] mapping and g:Y — Z is fuzzy pairwise semicontinuous [fps continuous]
mapping then gof: X — Z is fuzzy pairwise precontinuous [fpp continuous] mapping.

Concluding remark:

1. We have introduced and studied new kind of map fuzzy pairwise Strongly pr-econtinuos maps on fuzzy
bitopological spaces.

2. We defined the relation between fuzzy pairwise pre continuous and fuzzy pairwise strongly continuous map. We
investigated some of their properties.

3. We proved that the fuzzy pairwise storgly pre-continuous map is stronger form of fuzzy pagairwise pre-continuous
map by use of example.

4. We have established some significant properties of fuzzy pairwise strogly pre-continuous maps.

5. We introduce and study new kind of fuzzy pairwise strongly pre-closed and investigate of their properties.
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