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Abstract

In this paper, we introduce the concepts of fuzzy (r, s)-semi-preopen sets and fuzzy (r, s)-semi-precontinuous mappings
on intuitionistic fuzzy topological spaces in Sostak’s sense. The relations among fuzzy (r, s)-semicontinuous, fuzzy
(r, s)-precontinuous, and fuzzy (r, s)-semi-precontinuous mappings are discussed. The concepts of fuzzy (r, s)-semi-
preinterior, fuzzy (r, s)-semi-preclosure, fuzzy (r, s)-semi-preneighborhood, and fuzzy (r, s)-quasi-semi-preneighborhood
are given. Using these concepts, the characterization for the fuzzy (r, s)-semi-precontinuous mapping is obtained. Also,
we introduce the notions of fuzzy (r, s)-semi-preopen and fuzzy (r, s)-semi-preclosed mappings on intuitionistic fuzzy
topological spaces in Sostak’s sense, and then we investigate some of their characteristic properties.
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1. Introduction

The concept of fuzzy topological spaces was intro-
duced by Chang [2]. These spaces and its generalizations
are later studied by several authors, one of which, devel-
oped by Sostak [14], used the idea of degree of openness.
This type of generalization of fuzzy topological spaces was
later rephrased by Chattopadhyay and his colleagues [3],
and by Ramadan [13].

As a generalization of fuzzy sets, the concept of intu-
itionistic fuzzy sets was introduced by Atanassov [1]. Re-
cently, Coker and his colleagues [4, 7] introduced intu-
itionistic fuzzy topological spaces using intuitionistic fuzzy
sets. Using the idea of degree of openness and degree of
nonopenness, Coker and Demirci [6] defined intuitionis-
tic fuzzy topological spaces in Sostak’s sense as a gener-
alization of smooth topological spaces and intuitionistic
fuzzy topological spaces. Thakur and Singh [15] intro-
duced the concepts of fuzzy semi-preopen sets and fuzzy
semi-precontinuous mappings on Chang’s fuzzy topologi-
cal spaces.

In this paper, we introduce the concepts of fuzzy (r, s)-
semi-preopen sets and fuzzy (r,s)-semi-precontinuous
mappings on intuitionistic fuzzy topological spaces in
Sostak’s sense. The relations among fuzzy (r,s)-
semicontinuous, fuzzy (r,s)-precontinuous, and fuzzy
(r, s)-semi-precontinuous mappings are discussed. The
concepts of fuzzy (r,s)-semi-preinterior, fuzzy (r,s)-
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semi-preclosure, fuzzy (7, s)-semi-preneighborhood, and
fuzzy (r, s)-quasi-semi-preneighborhood are given. Us-
ing these concepts, the characterization for the fuzzy
(r, s)-semi-precontinuous mapping is obtained.  Also,
we introduce the notions of fuzzy (r,s)-semi-preopen
and fuzzy (r, s)-semi-preclosed mappings on intuitionistic
fuzzy topological spaces in Sostak’s sense, and then we in-
vestigate some of their characteristic properties.

2. Preliminaries

For the nonstandard definitions and notations we refer
to {9, 10].

Definition 2.1. ([6]) Let X be a nonempty set. An infu-
itionistic fuzzy topology in Sostak’s sense(SoIFT for short)
T =(7;,73) on X isamapping 7 : I(X) — I ® I which
satisfies the following properties :

(1) T(0) = T (1) = 1 and To(0) = Ta(1) = 0.

(2) (AN B) > Tu(A) A Ta(B) and T,(A N B) <
T,(A) vV T5(B).

3 Ti(UA:) > ANTi(A;) and To(UJ Ai) <V To(4)).

The (X,7) = (X,T1,75) is said to be an intuitionis-
tic fuzzy topological space in Sostak’s sense(SoIFTS for
short). Also, we call 7;(A) a gradation of openness of A
and 7 (A) a gradation of nonopenness of A.
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Definition 2.2. ([5, 8]) Let (X, 7;,75) be a SoIFTS and
(r,s) € I ®I. Then

(1) an intuitionistic fuzzy point z, g in X is said to be
quasi-coincident with the intuitionistic fuzzy set A in
X, denoted by x4 94, if and only if us(z) > 6
orya(z) < a.

(2) two intuitionistic fuzzy sets A and B in X are said
to be quasi-coincident, denoted by AqB, if and only
if there exists an element € X such that pa(z) >

vB(x) or ya(z) < pp(z).

The word ’not quasi-coincident’ will be abbreviated as

q-

Definition 2.3. ([12]) Let A be an intuitionistic fuzzy set
in a SoIFTS (X, 7;,73) and (r,s) € I ® I. Then A is said
to be

(1) fuzzy (r,s)-preopenif A Cint(cl(A,r,s),T,s),
(2) fuzzy (r, s)-preclosed if cl(int( A, r, s),7,s) C A.

Definition 2.4. ([12]) Let (X,7;,72) be a SolFTS. For
each (r,s) € I ® I and for each A € I(X), the fuzzy
(7, 8)-preinterior is defined by

pint(A4,r, s)

= U{B € I(X)| BC A, Bisfuzzy (r,s)-preopen}

and the fuzzy (r, 8)-preclosure is defined by
pcl(A, 1, s)

= ﬂ{B € I(X)| AC B, Bisfuzzy (r,s)-preclosed}.

Definition 2.5. ([11, 12]) Let f (X, 1,o) —
(Y,U,,Us) be a mapping from a SoIFTS X to a SoIFTS
Y and (r,s) € I ® I. Then f is called

(1) afuzzy (r, s)-semiclosed mapping if f(A) is a fuzzy
(r, s)-semiclosed set in Y for each fuzzy (r,s)-
closed set Ain X,

(2) afuzzy (r, s)-precontinuous mapping if f~1(B)is a
fuzzy (r, s)-preopen set in X for each fuzzy (r, s)-
openset BinY,

(3) a fuzzy (r,s)-preopen mapping if f(A) is a fuzzy
(r, s)-preopen set in Y for each fuzzy (r, s)-open set
Ain X,

(4) a fuzzy (r, s)-preclosed mapping if f(A) is a fuzzy
(r, s)-preclosed set in Y for each fuzzy (r, s)-closed
set Ain X.

Definition 2.6. ([10]) Let z(, gy be an intuitionistic fuzzy
point in a SoIFTS (X, 7;,7>) and (r,s) € T ® I. Then an
intuitionistic fuzzy set A in X is called

(1) a fuzzy (r,s)-neighborhood of x(, g if there is a
fuzzy (r, s)-open set B in X such that z(, gy € B C
A’

(2) a fuzzy (r,s)-semineighborhood of x4 g if there
is a fuzzy (r,s)-semiopen set B in X such that
Z(a,p € B C A.

3. Fuzzy (r, s)-semi-preopen sets and fuzzy
(r, s)-semi-precontinuous mappings

Now, we define the notions of fuzzy (r,s)-semi-
preopen sets and fuzzy (r,s)-semi-precontinuous map-
pings on intuitionistic fuzzy topological spaces in Sostak’s
sense, and then we investigate some of their properties.

Theorem 3.1. Let A be an intuitionistic fuzzy set in a
SoIFTS (X,7;,7;) and (r,s) € I ® I. Then A is a fuzzy
(r, s)-preopen set in X if and only if there is a fuzzy (7, s)-
open set B in X suchthat A C B C cl(A,r, s).

Proof. Let A be afuzzy (r, s)-preopen setin X. Then A C
int(cl(A,r, s),r,s). Put B = int(cl(A,r, s),r,s). Then B
is a fuzzy (r, s)-opensetin X and A C B C cl(4,r, 3).

Conversely, let B be a fuzzy (r, s)-open set in X such
that A C B C cl(A,r,s). Then A C B = int(B) C
int(cl(A,7r,s),r,s). Hence A is a fuzzy (r,s)-preopen
set. O

Definition 3.2. Let A be an intuitionistic fuzzy set in a
SoIFTS (X, 71,7;) and (r,s) € I ® I. Then A is called

(1) a fuzzy (r,s)-semi-preopen set if there is a fuzzy
(r,s)-preopen set B in X such that B C A C
c(B,r, s).

(2) a fuzzy (r, s)-semi-preclosed set if there is a fuzzy
(r, s)-preclosed set B in X such that int(B,r,s) C
ACB.

Theorem 3.3. Let A be an intuitionistic fuzzy set in a
SoIFTS (X, 71,73) and (r, 8) € I ® I. Then the following
statements are equivalent :

(1) Aisafuzzy (r, s)-semi-preopen set.
(2) Acis afuzzy (r, s)-semi-preclosed set.
Proof. Straightforward. (]

Remark 3.4. It is clear that every fuzzy (r,s)-
semiopen(resp.  fuzzy (r,s)-semiclosed) set and ev-
ery fuzzy (r,s)-preopen(resp. fuzzy (r,s)-preclosed)
set is fuzzy (r, s)-semi-preopen(resp. fuzzy (r,s)-semi-
preclosed) for each (r, s) € I ® I. However, the following
example shows that all of the converses need not be true.
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Example 3.5. Let X = {z,y} and let A;, A, A3, and Ay
be intuitionistic fuzzy sets in X defined as

Ai(z) = (0.2,0.8), Ai(y) = (0.3,0.5);

Az(z) = (0.8,0.1), Az(y) = (0.8,0.1);

Ag(il) = (05,02), Ag(y) = (02,05),
and

A4(z) = (0.1,0.9), A4(y) =(0.2,0.6).

Define 7 : I(X) — I ® I by

(1,0) if A=0,1,
L(A) = (5,3) if A=A4,
(0,1)

Then clearly 7 is a SolFT on X. Since Ay C
1 = 1nt(cl(A2,2,§),2,3) Ay is a fuzzy (;,;)
preopen set and hence As is fuzzy (2, 3) semi-preopen.
But Ay is not a fuzzy (,1)-semiopen set, because
Ay ¢ cl(int(A2,1,1),3.3) = Af. Since A, C
int(cl(A4,3,3),3,5) = A1, Agis a fuzzy (3,3)-
preopen set. 1)-semi-preopen

7(4) = (T (4),

otherwise.

Also, Aj is a fuzzy (

set, because 44 C A; C cl(A4,% %) = AS. But
Az is not a fuzzy (2, 3) preopen set, because Az ¢
Hlt(Cl(A;g, 5 3), 7 3) Aj.

Theorem 3.6. Let A be an intuitionistic fuzzy set in a
SoIFTS (X, 71, 7T3) and (1, s) € I ® I. Then the following
statements are true :

(1) For each fuzzy (r, s)-semi-preopen set B in X, B C
A C cl(B,r,s) implies that A is fuzzy (r, s)-semi-
preopen in X.

(2) For each fuzzy (r,s)-semi-preclosed set B in X,
int(B,r,s) C A C B implies that A is fuzzy (r, s)-
semi-preclosed in X.

Proof. (1) Let C be a fuzzy (r, s)-preopen set in X such
that C C B C cl(C,r,s). Then clearly C C A and
B C cl(C,r, s) implies that c1(B, r, s) C cl(C,r,s). Thus
C C ACcl(B,r,s) C cl(C,r,s). Hence A is a fuzzy
(r, s)-semi-preopen set in X.

(2) Similar to (1). 0

Theorem 3.7. Let (X,77,73) be a SoIFTS and (r,s) €
I®I.

(1) If {A;} is a family of fuzzy (r, s)-semi-preopen sets
in X, then | A; is fuzzy (r, s)-semi-preopen.

(2) If {A;} is a family of fuzzy (r, s)-semi-preclosed
sets in X, then (1} 4; is fuzzy (r, s)-semi-preclosed.

552

Proof. (1) Let {A;} be a collection of fuzzy (r, s)-semi-
preopen sets in X. Then for each ¢, there is a fuzzy (7, s)-
preopen set B; in X such that B; C A; C cl(B;,7,s).
So

B cJAi cJe(Bi,r.s) Sl Bisr,s)

and ,| J B; is fuzzy (r, s)-preopen. Hence | J A; is a fuzzy
(7, s)-semi-preopen set.
(2) It follows from (1) using Theorem 3.3. O

The following example shows that the intersec-
tion(resp. union) of two fuzzy (r, s)-semi-preopen(resp.
fuzzy (r, s)-semi-preclosed) sets need not be a fuzzy (r, s)-
semi-preopen(resp. fuzzy (r, s)-semi-preclosed) set for
each (r,s) € I®I.

Example 3.8. Let X = {z,y} and let A; and A5 be intu-

itionistic fuzzy sets in X defined as

Aq(z) =(0.1,0.7), A;i(y) = (0.4,0.3);

and
Aq(z) = (0.8,0.1),

Define 7 : I(X) — I ® I by

As(y) = (0.2,0.4).

(1,0) if A=0,1,
(Ti(A), T2(A)) = { (3,3) if A=Ay,
(0,1) otherwise.

T(A) =

Then clearly 7 is a SoIFT on
(%,?{)open Ay 1safuzzy( %)
A2 C1l= 1nt(cl(A2,2,3) )

1
3

preopen and hence A, is a fuzzy (3,
)-

)-pr

Since A; is fuzzy
mi-preopen set. Smce
A2 is fuzzy (3, 3)-
1)-semi-preopen set
emi-preopen set in X,
open set B in X such

;gk

ml\’)»—‘v

But A; N Aj is not a fuzzy (%
because there is no fuzzy (3,
that B C Ay N Ay C cl(B,

1
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Definition 3.9. Let (X, 7;,7;) be a SolFTS. For each
(r,s) € I ® I and for each A € I(X), the fuzzy (r,s)-
semi-preinterior is defined by

= {BeI(X)|BCA,
B is fuzzy (r,s)-semi-preopen}

(D

spint(A4,r, s)

and the fuzzy (r, s)-semi-preclosure is defined by

spcl(A,r,8) =({BecI(X)| ACB,
B is fuzzy (r,s)-semi-preclosed}.

Obviously spcl(A,r,s) is the smallest fuzzy (r,s)-
semi-preclosed set which contains A, and spint(A4, r, s) is
the greatest fuzzy (r,s)-semi-preopen set which is con-
tained in A. Also, spcl(A4,r,s) = A for any fuzzy (r, s)-
semi-preclosed set A, and spint(A, r, s) = A for any fuzzy
(7, s)-semi-preopen set A. Moreover, we have

int(A,7,s) C pint(A,r,s) C spint(A4,r,5) C A

spcl(A, r, s) C pel(A,r, s} Ccl(A,r,s).

N
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Also, we have the following results :

(1) spel(0, 7, s) = 0, spel(l, r,s) = 1.

(2) spcl(4,r,s) 2 A.

(3) spcl(AU B, 7, s) 2 spel(A,r, s) Uspel(B,, s).
(4) spcl(spcl{ A, r, s),7,8) = spcl(A4, r, s).

(5) spint(0, r, ) = 0, spint(l, r,s) = 1.

(6) spint(A,r,s) C

(7) spint(A N B, r, s) C spint(A, r, s) N spint(B, 7, s).
(8) spint(spmt(A r,8),T,8) = spint(A4,r, s).

Definition 3.10. Let A be an intuitionistic fuzzy set and
T(q,3) an intuitionistic fuzzy point in a SoIFTS (X, 7, 73)
and (r,s) € I ® I. Then A is called

(1) a fuzzy (r,s)-semi-preneighborhood of x(4p) if
there is a fuzzy (r, s)-semi-preopen set B in X such
that (o 8y € B C A.

(2) afuzzy (r, s)-quasi-semi-preneighborhood of Z(a,B)
if there is a fuzzy (r, s)-semi-preopen set B in X
such that z(, gqB C A.

Theorem 3.11. Let A be an intuitionistic fuzzy set in a
SolFTS (X,71,73) and (r,s) € I ® I. Then A is fuzzy
(7, s)-semi-preopen if and only if A is a fuzzy (r, s)-semi-
preneighborhood of z(, gy for each intuitionistic fuzzy
point z(, gy € A.

Proof. Straightforward.
|

Theorem 3.12. Let A be an intuitionistic fuzzy set in a
SoIFTS (X, 7:,73) and (r,s) € I ® I. Then an intuition-
istic fuzzy point z(, gy is contained in spcl(A, r, s) if and
only if every fuzzy (r, s)-quasi-semi-preneighborhood of
T(a,8) 18 quasi-coincident with A.

Proof. Suppose 2o gy € spcl(A,r,s) and there exists a
fuzzy (r, s)-quasi-semi-preneighborhood B of (4 g) such
that AqB. Then there is a fuzzy (7, s)-semi-preopen set C
in X such that z(, gyqC C B, which shows that AQC' and
hence A C C*°. Since C° is fuzzy (r, s)-semi-preclosed
in X, spcl(A,r,s) € C° Thus 2,5 € C° But
T(a,p) ¢ C°, because z(, 5qC. This is a contradiction.
Conversely, suppose every fuzzy (r,s)-quasi-semi-
preneighborhood of z(, g) is quasi-coincident with A. If
T(a,8) ¢ Spcl(A,r,s), then there is a fuzzy (r, s)-semi-
preclosed set B in X such that A C B and z(, g) ¢ B.
So B¢ is a fuzzy (r, s)-semi-preopen set in X such that
T(a,3)qB¢ and B°QA. This is a contradiction. ]

Definition 3.13. Let f : (X, 77,73) — (Y,Uy,Us) be a
mapping from a SoIFTS X to a SoIFTS Y and (r,s) €
I ® I. Then f is called a fuzzy (r, s)-semi-precontinuous
mapping if f~1(B) is a fuzzy (r, s)-semi-preopen set in X
for each fuzzy (r, s)-openset Bin Y.

Remark 3.14. It is clear that every fuzzy (r,s)-
semicontinuous and every fuzzy (r, s)-precontinuous map-
ping is fuzzy (r, s)-semi-precontinuous for each (r,s) €
I ® I. However, the following examples show that all of
the converses need not be true.

Example 3.15. Let X = {z,y} and let A, A and B be
intuitionistic fuzzy sets in X defined as

Ai(z) = (0.2,0.7), A;i(y)=(0.3,0.5);
Aqz(z) = (0.7,0.2), Ax(y) = (0.7,0.2);
and
B(z) = (0.7,0.2), B(y) = (0.6,0.3).
Define7 : [(X) - I®@Tandd : I(X) —» I ® by
(1,0) if A=0,1,
T(4) = (T(4), T(W) = { (3,3) i A=Ay,
(0,1) otherwise;
and
(1,0) if A=0,1,
U(A) = U (A),Uz(A)) = (3, 3) if A=Ay,
(0,1) otherwise.

Then clearly 7 and U are SolFTs on X. Consider a
mapping f : (X,7) — (X,U) defined by f(z) = =z
and f (y) = y. Then it is easy to see that B is a fuzzy
(4, 3)-preopen set in (X, T) and B C f71(Ay) = Ay C
cl(B,z,é) = 1. So f71(A4;) = A is a fuzzy (4, %)-
semi-preopen set in (X, 7") and hence f is a fuzzy (2 3)-
semi-precontinuous mapping. But f~1(A4s) = A is not
a fuzzy (3, 1)-semiopen set in (X, 7T), because Ay ¢
cl(int(A, 3,3),3,3) = A§ in (X, 7). Hence f is not
fuzzy (3, 1)-semicontinuous.

Example 3.16. Let X = {z,y} and let 4;, A, and B be
intuitionistic fuzzy sets in X defined as

|r—NI

Ai(z) =(0.2,0.5), Ai(y) = (0.3,0.3);
Asx(z) =(0.5,0.3), Aa(y) = (0.3,0.4);
and
B(z) = (0.2,0.6), B{y)=(0.2,0.4).
Define 7 : [(X) > I®IandlUd : I(X) - T®1by
(1,0) if A=0,1,
T(4) = (LA, T(A) = { (4,3) if A= 4,
(0,1) otherwise;
and
(1,00 if A=0,1,
U(A) = UL(A),Us(A)) = { (3. 5) if A=Ay,
(0,1) otherwise.
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Then clearly 7 and I are SoIFTs on X. Consider a map-
ping f : (X,7T) — (X,U) defined by f(x) = z, f(y) = v.
Then it is easy to see that B is a fuzzy (3, 3)-preopen set
in (X,7)and B C f~1(A2) = A, C cl(B,3,3) = 45.
So f~1(As) = A is a fuzzy (%, 1)-semi-preopen set in
(X,T) and hence f is a fuzzy (2%, %)—semi—precontinuous
mapping. But f~(Az) = Aj isnotafuzzy (3, )-preopen
setin (X, 7), because Ay ¢ int(cl(Ag, 3, %), 55 =4
in (X, T). Hence f is not fuzzy (3, 4 )-precontinuous.

Theorem 3.17. Let f : (X,7;,72) — (Y,U1,Us) be a
mapping from a SoIFTS X to a SoIFTS Y and (r,s) €
I ® I. Then the following statements are equivalent :

(1) f is fuzzy (r, s)-semi-precontinuous.

(2) For each fuzzy (r, s)-closedset BinY, f~1(B)isa
fuzzy (r, s)-semi-preclosed set in X

(3) For each intuitionistic fuzzy point (46 in X
and each fuzzy (r,s)-open set B in Y such that
f(z(a,) € B, there is a fuzzy (r, s)-semi-preopen
set Ain X such that 2, gy € Aand f(4) C B.

(4) For each intuitionistic fuzzy point z(, in X
and each fuzzy (r, s)-neighborhood B of f(z(q,g)),
f~Y(B) is a fuzzy (r, s)-semi-preneighborhood of
T(a,B)-

(5) For each intuitionistic fuzzy point z(, g) in X and
each fuzzy (7, s)-neighborhood B of f(z (4, g)), there
is a fuzzy (7, s)-semi-preneighborhood A of z(, g)
such that f(A) C B.

(6) For each intuitionistic fuzzy set B in Y,
spcl(f~1(B),r,s) C f~(cl(B,1,5)).

(7) For each intuitionistic fuzzy set A in X,
f(spel(4,7,8)) C cl(f(A),r,s).

(8) For each intuitionistic fuzzy set B in Y,
f~(int(B,r, s)) C spint(f~Y(B),r, s).

Proof. (1) & (2) It is obvious.

(1) = (3) Let z(, gy be an intuitionistic fuzzy point
in X and B a fuzzy (r,s)-open set in Y such that
f(:c(a,ﬁ)) € B. Thenz(, g) € fYB).Put A= f~Y(B).
Then by (1), A is a fuzzy (r, s)-semi-preopen set in X such
that z(, 5y € A and f(A) = f(f~1(B)) C B.

(3) = (1) Let B be a fuzzy (r, s)-open set in Y and
T(ap € fT1(B). Then f(z(a,8) € B. By (3), there
is a fuzzy (r, s)-semi-preopen set A, , in X such that
T(a,B) € Az(a,ﬁ) and f(AWa,B)) C B. Thus T(a,3) €
Agio sy S FTH (A, ) © fH(B). So we have

f—l(B) = U{x(a,ﬁ) | T(a,B) € f_l(B)}

c Ulews | 2ap €SB} S F7H(B).
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Thus f~Y(B) = {Azw s | Zap € f'(B)} and
hence f~1(B) is fuzzy (r, s)-semi-preopen in X. There-
fore f is a fuzzy (r, s)-semi-precontinuous mapping.

(1) = (4) Let z(,, ) be an intuitionistic fuzzy point in
X and B a fuzzy (r, s)-neighborhood of f(z(q g)). Then
there is a fuzzy (r, s)-open set C in Y such that f(2(, g)) €
C C B and hence z(a,g) € f~H(C) C f*(B). Since
f is fuzzy (r, s)-semi-precontinuous, f~1(C) is a fuzzy
(r, s)-semi-preopen set in X. Thus f~}(B) is a fuzzy
(7, s)-semi-preneighborhood of (4, ).

4) = (5) Let Z(a,B) be an intuitionistic fuzzy point in
X and B a fuzzy (r, s)-neighborhood of f(z(4,g)). By (4),
A = f~YB) is a fuzzy (r, s)-semi-preneighborhood of
(0,0 and f(4) = f(f7(B)) € B.

(5) = (3) Let z(, gy be an intuitionistic fuzzy point in
X and B afuzzy (r, s)-open setin Y such that f(z (o)) €
B. Then B is a fuzzy (r, s)-neighborhood of f(z(qg)).
By (5), there is a fuzzy (r, s)-semi-preneighborhood A of
T(a,3) in X such that z(, 8y € A and f(A) C B. Thus
there is a fuzzy (r, s)-semi-preopen set C' in X such that
T(a,p) € C C Aandhence f(C) C f(A) C B.

(2) = (6) Let B be an intuitionistic fuzzy set in Y.
Then cl(B,r,s) is a fuzzy (r,s)-closed set in Y and
f7HB) € fTHel(B,7,5)). By (2), f7H(cl(B,r,5)) is
a fuzzy (r, s)-semi-preclosed set in X. Hence

spel(f~H(B),r,s) C f_l(cl(B, r,5)).

(6) = (2) Let B be a fuzzy (r, s)-closed set in Y. Then
by (6),

fUB) Cspel(f~1(B),r,s) S fHcl(B,1,5))
= f(B).

Hence f~1(B) = spcl(f~1(B),r,s). Thus f~}(B)isa
fuzzy (r, s)-semi-preclosed set in X.

(6) = (7) Let A be an intuitionistic fuzzy set in X.
Then f(A) is an intuitionistic fuzzy setin Y. By (6),

spel(f T (f(4)), 7, 5)
FHEU(f(A), T, 9))-

Thus f(spcl(4,r,s)) C cl{(f(A),r, 3).

spcl(4,r, s)

N 1N

(7) = (6) Let B be an intuitionistic fuzzy set in Y.
Then f~1(B) is an intuitionistic fuzzy set in X. By (7),

cl(f(fH(B)),r, )

f(spel(fH(B),r,5)) C
C cl(B,rs).
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spel(f FH(f(spel(fTH(B), 1, 9)))

(B),r,8) <
C  fHc(B,r,s)).

(1) = (8) Let B be an intuitionistic fuzzy set in Y.
Then int(B,r, s) is a fuzzy (r, s)-open set in Y. Since f
is fuzzy (r, s)-semi-precontinuous, f~*(int(B,r,s)) is a
fuzzy (r, s)-semi-preopen set in X. Thus

f~Yint(B,r,s)) C spint(f !
(8) = (1) Let B be a fuzzy (r, s)-opensetin Y. By (8),

fHB) =

(B),r,s).

(int(B,r, s))

Thus f~1(B) = spint(f~1(B),r,s) and hence f~1(B) is
afuzzy (r, s)-semi-preopen set. Therefore f is fuzzy (r, s)-
semi-precontinuous. O

4. Fuzzy (r, s)-semi-preopen and fuzzy
(r, s)-semi-preclosed mappings

We define the notions of fuzzy (r,s)-semi-preopen
and fuzzy (r, s)-semi-preclosed mappings on intuitionistic
fuzzy topological spaces in Sostak’s sense, and then we in-
vestigate some of their properties.

Definition 4.1. Let f : (X, 71,75) — (Y,U1,Us) be a
mapping from a SoIFTS X to a SoIFTS Y and (r,s) €
I ® I. Then f is called

(1) a fuzzy (r,s)-semi-preopen mapping if f(A) is a
fuzzy (r,s)-semi-preopen set in Y for each fuzzy
(r,s)-open set Ain X,

(2) a fuzzy (r,s)-semi-preclosed mapping if f(A) is a
fuzzy (r, s)-semi-preclosed set in Y for each fuzzy
(r,s)-closed set A in X.

Remark 4.2. It is obvious that every fuzzy (r,s)-
semiopen(resp. fuzzy (r, s)-semiclosed) and every fuzzy
(r,s)-preopen(resp.  fuzzy (r,s)-preclosed) mapping
is fuzzy (r,s)-semi-preopen(resp. fuzzy (r,s)-semi-
preclosed). However, the following examples show that all
of the converses need not be true.

Example 4.3. Let X = {z,y} and let A;, A5 and B be
intuitionistic fuzzy sets in X defined as

Ar(y) =

(0.4,0.5), As(y) =

Al(x) = (0'9a0'1)7 (0.5,0.4);

Aq(x) = (0.4,0.2);

and
B(z) = (0.5,0.4), B(y)=(0.3,04).
Define7 : I(X) = I @ TandU : I(X) - I ® I by
(170) if A:Q»la
T(A) = (Ti(A), 1(A) = (3,5) if A=A,
(0,1) otherwise;
and
(1,0) if A=0,1,
U(A) = th(A),U(A)) =S (3,3) if A=A,
(0,1) otherwise.
Then clearly 7 and U/ are SolFTs on X. Consider a map-
ping f : (X,T) — (X,U) defined by f(z) = z and
fly) = y. Since B C int(cl(B,é,é),%,%) = 1in

(X,U), B is a fuzzy (3, )-preopen set in (X,U). Also,
f(A1) is a fuzzy (3, £)-semi-preopen set, because B C
f(A1) = A €1 =c(B,3, 3) n (X,U). Thus fisa
fuzzy (3, 3)-semi-preopen mapping. But f(A;) = A is
not a fuzzy (% 1) -semiopen set in (X, ), because 4; ¢
cl(int(A1, 5, 3), £,%) = 0in (X,U). Thus f is not a fuzzy
(3, 3)-semiopen mapping.

Example 4.4. Let X = {z,y} and let A;, A, and B be
intuitionistic fuzzy sets in X defined as

Ar(z) = (05,0.3), Ay(y) = (0.2,0.3);
Ag(z) =(0.2,0.5), Aa(y) =(0.2,0.2);
and
B(z) = (0.2,0.6), B(y)=(0.1,0.3).
Define7 : I(X) - I@landld: (X))~ I®Iby
(1L,0) if A=0,1,
T(A) = (Ti(A), B(4) = { (3.3) if A=A,
(0,1) otherwise;
and
(L0) if A=0,1,
U(A) = (ul(A)az’{?(A)) = (%7 %) if A= A2)
(0,1) otherwise.

Then clearly 7 and U/ are SolFTs on X. Consider a
mapping f @ (X,T) — (X,U) defined by f(z) = z
and f(y) = y. Since B C int(cl(B,3,3),3,3) =
1nt(A§, 3.3) = Az in (X, U), B is fuzzy (3, 1)-preopen

in (X,U). Also, Ay is a fuzzy (3, 3) -semi-preopen set in
(X,U), because B C f(A1) = A; C cl(B,3,3) = A§
n (X,U). Hence f is a fuzzy (3, £)-semi- preopen map-
ping. But f(A;) = A; is not a fuzzy ( 3)-preopen
set in (X U), because A, ¢ int(cl(As, 3, 5), 3 %) =
int(A$, 3, 3) = Az in (X, U). Thus fisnota fuzzy (3, 1)-
preopen mapping.

[y
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Theorem 4.5, Let f : (X,71,72) — (Y, U, Us) be a map-
ping from a SoIFTS X to a SoIFTS Y and (r,s) € I ® I.
Then f is a fuzzy {r, s)-semi-preopen mapping if and only
if f(int(A,r,s)) C spint(f(A),r,s) for each intuitionistic
fuzzy set A in X.

Proof. Let f be a fuzzy (r,s)-semi-preopen mapping.
Since int(A, 7, s) is fuzzy (r, s)-open in X, f(int(A,r,s))
is a fuzzy (r, s)-semi-preopen set in Y. Hence

f(int(A,r,8)) = spint(f(int(A4,r,s))},7,9)
C spint(f(A),r,s).

Conversely, let A be a fuzzy (r, s)-open set in X. By hy-
pothesis, f(A) = f(int(A4,r,s)) C spint(f(A4),r,s) C
f(A). So f(A) = spint(f(A),r,s). Thus f(A) is a fuzzy
(r, s)-semi-preopen set in Y. Hence f is a fuzzy (r, s)-
semi-preopen mapping. |

Theorem 4.6. Let f : (X,71,T2) — (Y,Uy, ) be amap-
ping from a SoIFTS X to a SoIFTS Y and (r,s) € I ® I.
Then f is a fuzzy (r, s)-semi-preclosed mapping if and
only if spcl{f(A4),r,s) C f(cl{A,r,s)) for each intuition-
istic fuzzy set A in X.

Proof. Let f be a fuzzy (r, s)-semi-preclosed mapping.
Since cl(A,r,s) is a fuzzy (r,s)-closed set in X,
F(cl(A,r,5)) is a fuzzy (r, s)-semi-preclosed set in Y.
Since f(A) C f(cl{A,r,s)), we have spel(f(A4),r,s) C
f(cl{A4,r,s)). Conversely, let A be a fuzzy (r, s)-closed
set in X. By hypothesis, f(A) C spcl(f(A),r,s) C
f(cl(A,r,5)) = f(A). So f(A) = spcl(f(A),r,s). Thus
f(A)is a fuzzy (r, s)-semi-preclosed set in Y. Hence f is
a fuzzy (r, s)-semi-preclosed mapping. O
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