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Abstract

In this paper, we introduce the concept of fuzzy S-weakly (r,s)-continuous mapping on an intuitionistic fuzzy
topological space in Sostak’s sense and investigate some properties of such mappings.
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(r,s)~semiopen.

1. Intorduction

The concept of a fuzzy set was introduced by Zadeh
[13]. As a generalization of fuzzy sets, the concept of
intuitionistic fuzzy sets was introduced by Atanassov
[1]. Chang [2] defined fuzzy topological spaces using
fuzzy sets. In [3], Chattopadhyay, Hazra and Samanta
introduced the concept of smooth fuzzy topological
spaces which are a generalization of fuzzy topological
spaces. Coker and his colleagues [4, 5, 6, 7] introduced
intuitionistic fuzzy topological spaces using intuitionistic
fuzzy sets. In [5], Coker and Demirci introduced in-
tuitionistic fuzzy topological spaces in Sostak’s sense as
a generalization of smooth fuzzy topological spaces and
intuitionistic fuzzy topological spaces. The author in-
troduced the concept of fuzzy weakly (r,s)-continuous
mappings and studied characterizations for them in [11].

In this paper, we introduce fuzzy S-weakly (r,s)
—continuous mappings on the intuitionistic fuzzy topo—
logical space in Sostak’s sense and investigate some
properties. The concept of fuzzy S-weakly (r,s)
—continuous mappings is an extended concept of fuzzy
weakly (r,s)-continuous mappings.

2. Preliminaries

Let I be the unit interval [0,1] of the real line. A
member p of ¥ is called a fuzzy set of X, By 0 and
1 we denote constant maps on X with value 0 and 1,
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respectively. For any u€ %, u° denotes the comple-

ment I—p. All other notations are standard notations
of fuzzy set theory.

Let X be a nonempty set. An intuitionistic fuzzy set
A is an ordered pair A={< =z, p,(x),v,(z)> :z EX}
(simply, A=(py,74))
where the functions p,:X — [ and 7, :X — I denote

the degree of membership and the degree of non-
membership, respectively, and 0 < i, (z)+v,(z) <1 for
zE X,

An intuitionistic fuzzy point z, z in X is an in-
tuitionistic fuzzy set

2o, = (14> V)
where the functions the functions p,:X — 7 and
74+ X — I are defined as follows:

Crg ()74 () )={E8‘7’1€?’: 5:3
O0<a+tpf <1.

An intuitionistic fuzzy point z(, 5 is said to belong
to an intuitionistic fuzzy set A=(u,, vy A) in X, denoted
by z( 5 E A, if pyle)=a and v (z) <8 for zE X

An intuitionistic fuzzy set 4 in X is the union of all
intuitionistic fuzzy points which belong to A.

Definition 2.1 ([1]) Let A=(p,4,v,) and B=(ug,vz)
be intuitionistic fuzzy sets on X. Then

(1) AS B iff u,<pg and v4= vz

(2) A=B iff A< B and BC A.



(3) A% =(y ).

@) AN B=(u N pg, v4V V).
&) AU B=(uV jig, 4N vp).
(6) 0_=(0,1) and 1_=(1,0).

Let f be a map from a set X to a set Y. Let
A={p4,7v,) be an intuitionistic fuzzy set of X and
B=(pg,vp) an intuitionistic fuzzy set of ¥, Then:

(1) The image of A under f, denoted by f{A) is an
intuitionistic fuzzy set in Y defined by

FCA=(F g, 1-F1-700).

(2) The inverse image of B under f, denoted by
FHB) is an intuitionistic fuzzy set in X defined
by

FHB) = Hag), ).

A smooth fuzzy topology [12] on X is a map
T:1% — I which satisfies the following properties:
1) 7(0)=T(1)=1.
() Ty A py) = Tlud N Ty for py, p& 15
B TV p)= N Tly) for y& 1™,

The pair (X, 7) is alled a smooth fuzzy topological.

An intuitionistic fuzzy topology on X is a family 7
of intuitionistic fuzzy sets in X which satisfies the fol-
lowing properties:

o, 1.eT
(2 If Ay, 4, 7, then AN A, € T.
3 If A,€T for all i€ L then UAET.

The pair (X, 7) is called an intuitionistic fuzzy
topological space.

Let 7(X) be a family of all intuitionistic fuzzy sets
of X and let 7® I be the set of the pair (r,s) such that
rseland 0= r+s< 1,

Definition 2.2 ([6]) Let X be a nonempty set. An in-

tuitionistic fuzzy topology in Sostak’s sense (SoIFT for

short) T=(T, T,) on X is a map T:J{X)—I® [

which satisfies the following properties:

1) T (0_)=77(1_)=1 and 7,(0_)=To{1_)=0.

2) T(ANB) = T (A A T,(B) and T,(AN B)< T,(A)
v T,(B).

3) TWH{UA)= AT (4) and To(U A) <V TH(A).

Then the (X, T)=(X, 7, T,) is said to be an in-
tuitionistic  fuzzy topological space in Sostak’s sense
(SoIFTS for short). Also, we call 7,(4) a gradation of
openness of A and 7,(A4) a gradation of nonopenness
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of A.

The fuzzy (r,s)-closure and the fuzzy {(rs)-
interior of A, denoted by cl(4,r, s) and int(A4, r, s),
respectively, are defined as

A, r, sy =N{BEIF(X): ASB and B is fuzzy
{(r,s)—closed},

int(A4,r, ) =U{BEIF(X): B& A and B is fuzzy
{r,s)-open}.

Definition 2.3 Let A be an intuitionistic fuzzy set in
an SolFTS (X, 7, T,) and (r,s) € I® L Then A is said
to be
(1) fuzzy (r,s)-semiopen [8] if there is a fuzzy (r.s)
~open set B in X such that BS Accl{B, r,s),

(2) fuzzy (r,8)-preopen 9] if

Acint(cl(A, v s), r.8),
(3} fuzzy {r,s)-regularr open [10] if

A= intlcl(A, r, 8), 7, 8),

(4) fuzzy {(r,s)-B-open [11] if

ACcllntlell4, v, 8), r,8), 1,8).

Let A be an intuitionistic fuzzy set in an SolFTS (X,
7,7, and (r,s) =18 1

The fuzzy (rs)-semi-closure and the fuzzy (r,s)
-semi-interior of A4, denoted by scl{4,r, s) and sint
(A, r, 5), respectively, are defined as

scl{d, r, s)=N{BE IF(X): A B and B is
{r,s)-semiclosed},

sint(4, r, s)=U{BE IF(X): BSA and B is
{r,s)-semiopen}.

The following relationships are obtained:

int{A4,r,s)  sint{d,rns) € A € scl{4d,r, s)
Celld, s

Definition 2.4. ([10D) Let f:(X, 7,. T,) — (Y. U}, U)
be a mapping from an SoIFTS X to another SolFTS Y
and (r,8)E1® 1 Then f is said to be fuzzy weakly
(r,8)-continuous if for each fuzzy (r,s)-open set B of
Y, £ HB) S int(fHcl(B, r,8)), 7,8).

3. Main Results

Definition 3.1. Let f:(X, 7y, Ty) = (Y. U;, U;) be a
mapping from SolFTS's X, YV and (r,s)€ /& I Then
f is said to be fuzzy S-weakly {(rs)-conlinuous if
for each fuzzy (r.s)-open set B of Y, j '(B)Csint
(fHMB, r8)), 7, 8).

Remark 3.2. Every fuzzy weakly (r,s)-continucus

mapping is fuzzy S-weakly (r,s)-continuous but the
converse is not always true.
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= fuzzy weakly (r,s)-
= fuzzy S-weakly (r,s)-continuous

fuzzy (r,s)-continuous
continuous

Example 3.3. Let X={z,y} and 4,, A,, o and p be in-
tuitionistic fuzzy sets of X defined as

A;(2)=(02,0.8), A,(y)=(0.5, 0.5);
Ay (2)=(05,0.2), A;(y)=(05,0.5);
w(z)=00.6,0.2), wu(y)=(0505);
o(2)=(02,07), o(y)=(0505).
Define an SoIFT T;: I(X) —> I® I by
T (A)=(Vi(A), Vo(A)
(1,0), ifA=0_,1_,
= (%%), A= Ay, Ay A U A,
(0,1), otherwise;
and an T,: I(X) > I® I by

Ty(A)=(U(4), Up(A))

(1,0), ifA=0_,1_
i1y o,

(273)7 lfA_,Uw g,

(0,1), otherwise.

Consider a mapping f: (X, V}, V;) = (X, U}, U) de-
fined as follows f(z)==z for all xEX.

1
3
in an SolFTS (X, 7;,7,), clearly f is a fuzzy S

. 1 . 11 .
Since cl(,u,;, )=c° is a fuzzy (5,5)*Semlopen set

11 . . ..
-weakly (E,g)*contmuous mapping but it is not fuz-

11 .
zy weakly ( o3 )—continuous.

Theorem 3.4. Let f:(X, 7. T,) > (Y, U, ;) be a
mapping on two SolFTS's X, Y and (o, 8),(r,s)E
I® I Then fis fuzzy S-weakly (r,s)-continuous if
and only if for every intuitionistic fuzzy point z(, g
and each fuzzy (r,s)-open set V containing f(wz(, g),
there exists a fuzzy (r,s)-semiopen set U containing
x(, ) such that f(O)Scl(Vr,s).

@,

Proof. Suppose that f is a fuzzy S-weakly (r,s)- con-
tinuous mapping. Let z(, 5 be an intuitionistic fuzzy
point in X and V a fuzzy (r,s)-semiopen set contain-
ing f(z(, 5 then there exists a fuzzy (r,s)-open set
B such that f(z(, 5)& B< V. Since f is fuzzy §
—-weakly (r,s)-continuous, it follows

FHB) csint(f (BT, )1, 8)
Csint(f~Hel( Vyry s)),7, ).

Set U=sint(f Hcl(V,r,s)),r,s); then U is a fuzzy
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(r,s)~semiopen set such that z(, 5 Ef (B) S US !
(cl(V,ry8)). So f(O)Scl(Vir,s).

For the converse, let V be a fuzzy (r,s)-open set in
Y. For each z(, < f YV, by hypothesis, there ex-
ists a fuzzy (r,s)-semiopen set U, containing =,
such that f(U, J)<cl(Vrs). This implies (5

Ug_,(mgf_l(cl( V.r,s)). Thus we have

f_l( |41 U{Uz(ﬂ‘ﬁ): l’(a'ﬂ)efil(v)}
c £ Yl V,r, ).

Since UL, -

, T EFTVY is a fuzzy (rs)

—semiopen set,
UV Ssint(fF eV, 8)),r, ).

Hence f is fuzzy S-weakly (r,s)-continuous.

Theorem 3.5. Let f:(X 7}, Ty) — (Y. U, U;) be a
mapping on two SolFTS’s X, Y and (a, 8), (r,s)E
I® I Then the following statements are equivalent:

(1) fis fuzzy S-weakly (r,s)-continuous.

(2) scl(f nt( Py s)),r,s) S f7H(P) for each fuzzy
(r,s)-closed set Pin Y.

() cl(f Gntlcl(B,r, 8),r,8),r,8) < fHcl(B,r,s)  for
each fuzzy intuitionistic fuzzy set B in Y.

(4) fUint(B,r, s)) S sint(f~H(clGnt( B, 7, s),7, 8)),7, 5) for
each fuzzy intuitionistic fuzzy set B in Y.

B) sc(f 1 W,rs)S el Virys)) for a fuzzy (r,s)
—-open set Vin Y.

Proof. (1) = (2) Let P be any fuzzy (r,s)-closed set
of V. Then 1_-P is a fuzzy {(r,s)-open set in ¥ and

by (1),

=P sint(fHel(1-P, r,5),7,5)
sint(f~ 1 (1_-int(P,r, s)), 7,8)
= sint(1 .- Yint(P,r, s)),r, 8)
L_-scl(f 'Gnt(P,r, $)),7, 8).

11

Hence we have scl(f '(nt(Pr,s),rms)S fH(P).
(2) = (3) Let B be any intuitionistic fuzzy set in Y.
Since cl(B,r,s) is a fuzzy (r,s)-closed set in ¥, by (2),

scl(f~Hint(cl(B,r, s),7m, 8))) fHel(B,r, s)).

(3) = (4) Let B be any intuitionistic fuzzy set of Y.
Then, from (3),

fant(Brs)=1_~(f1cl(1.-B,r5))
<1 _-scl(f Yint(cl(1.-B,r, s),r,s ),y 8)
=sint(f~(cl(int(B,r, s),r, 8)),7, 5).

Hence, (4) is obtained.



(4) = (5) Let V be any fuzzy (r,s)-open set of Y.
Then from (4) and (V,r,s)Sintlcl{ V,r, s),r, 8), it fol-
lows:

MV )= Hint(1 .- Vir, s))
C sint(f~Hellint(1. - V,r, s),r,8)),7, 8)
=sint(1_-(f~Hintlcl( V,r, s),7, s)),7, 8))
=1_-scl(f Yint(cl( V,r, s),7,8)),7, 5)
Sl =scl(f V) s).

Hence we have scl(f (W), s)S f Hcl( Vi, s)).

(5) = (1) Let V be a fuzzy (r,s)-open set inY. By (V,
r,s)Sintlcl( V,r, s),r,5)) and (5),

FUW) < Hntel Vir, s),7, )
=l eI~ Vyr, s),r,8))
S 1 _-scl(f YW1 ~cl(Vir 8))r,s)
=sint(f~ el V,r, s)),7, 5).

Hence f is a fuzzy S-weakly (r,s)-continuous.

Theorem 3.6 Let f:(X, 7,,T,) — (Y, U,,U,) be a
mapping on two SolFTS's X, ¥ and (a, 8),(r,s)E
I® I Then the following statements are equivalent:

(1) f is fuzzy S-weakly (r,s)-continuous.

(2) scl(f~Hint(cl( Gyry 8),r, 8)),r, ) S f (G, r,8))  for
each fuzzy (r,s)-open set G in Y.

(3) scl(f~'ntlcl( V,r, s),m s),r, ) fHcl( Ve, s) for
each fuzzy (r.s)-preopen set Vin Y.

(4) scl(f Yint(Kr, s)),rs)S fTUK) for each fuzzy
(r,s) -regular closed set X in Y.

B) scl(fHantcl( Gry s),r, s)),r 8)C fH (G, 8)) for
each fuzzy (r,s)-S-open set G in Y.

6) scl(f Hantcl( Gory s),r.8)),rm, ) S fH (G s)) for
each fuzzy (r,s)—-semiopen set G in Y.

Proof. (1) = (2) Let G be a fuzzy (r.s)-open set of Y.
Then by Theorem 3.5 (3), we have

sel(f HAnt(cl{ Gy, s),m, 8)),m, ) fHCl(Gor, 5 ).

(2) = (3) Let V be a fuzzy (r.s)-preopen set of Y.
Set A=int(cl{ V,r, s),,5). Then since A is a fuzzy (r,s)
-open set, from (2), it follows
sel(f~Hnt(cl(A,r, s),m, 80,7, 8) S 7 Hcl(A,r, 8)).
Since cl(A,r,s)=cl{ V, r,s), we have

)

scl(f Hnt(cl( Vir, s),m ), ) S F el Vi, ).

(3) = (4) Let K be a fuzzy (r.s)-regular closed set of

Y. Since int(K,r,s) is fuzzy (r,s)—preopen, by (3),
scl(f~Hint{cl(int( K, r, s),r, s),7, 5
[N elint( K r, 8),7 8)).

Nyrys) &

Then rom int( K r, s)=int(clint( K7, s),r, 8),7.5), we
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have scl(f 'Gnt(&,r, s),m,8) < fH(K).
(4) = (5) Let G be a fuzzy (r,s)-G-open set. Then G
<clint{cl{ G,r,5),7,8),r,8) and cl(Gr,s) is a fuzzy
{r,s)-regular closed set. Hence by (4), we have

sel(f Hant(cl Gyry ), 8)),m, ) S f Hel( Gory s D).

(B) = (6) It is obvious.

(6) = (1) Let V be a fuzzy (r,s)-open set; then since
V is a fuzzy (r,s)-semiopen set, by (6) and VC
int(cl( V,r, s),r,s), we have

scl(f (W s) S Scl(f’l(int(cl( Virs)r, s))r,s)
C Ul Vor, s ).

Hence, f is fuzzy S-weakly (r,s)-continuous.
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