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Abstract

In this paper, we introduce the notion of fuziy s)-.S; -pre-semicontinuous mappings on intuitionistic fuzzy topological
spaces irSostak’s sense, which is a generalizatiorbpfpre-semicontinuous mappings by Shi-Zhong Bai. The relation-
ship between fuzzyr, s)-pre-semicontinuous mapping and fuz@y s)-S;-pre-semicontinuous mapping is discussed.
The characterizations for the fuzgy, s)-S;-pre-semicontinuous mappings are obtained.
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1. Introduction .
2. Preliminaries

The concept of fuzzy set was introduced by Zadeh [1].

Chang [2] defined fuzzy topological spaces. These spacesye will denote the unit intervaD, 1] of the real line by
and its generalizations are later studied by several authogs, A membery, of IX is called afuzzy setn X. For any
one of which, developed bgostak [3], used the idea of |, < 7X ,c denotes the complement— . By 0 and
degree of openness. This type of generalization of fuzzyye denote constant mappings &hwith value 0 and 1,

topological spaces was later rephrased by Chattopadhygsspectively. All other notations are standard notations of
and his colleagues [4], and by Ramadan [S]. Shi-Zhong Bgjizzy set theory.

[6] introduced the concept of fuzzy; -pre-semicontinuous

mappings on Chang'’s fuzzy topological spaces. Let X be a nonempty set. Aintuitionistic fuzzy setl is
As a generalization of fuzzy sets, the concept of intu@n ordered pair
itionistic fuzzy sets was introduced by Atanassov [7]. Re- A= (pa,va)

cently, Coker and his colleagues [8, 9] introduced intughere the functiongis : X — I andys : X — I de-
itionistic f_uzzy topological spaces using intuitionistic fuzzynote the degree of membership and the degree of nonmem-
sets. Using the idea of degree of openness and degreep@{ship, respectively ands +v4 < 1. Obviously every

nonopenness, Coker and Demirci [10] defined intuitionistig,zzy set;, in X is an intuitionistic fuzzy set of the form
fuzzy topological spaces iBostak’s sense as a generalizam’ i—p).

tion of smooth topological spaces and intuitionistic fuzzy

topological spaces. In the previous works, we also studiddefinition 2.1 ([7]). Let A = (ua,v4) andB = (up,vB)

the structure of the category of intuitionistic fuzzy topolog-be intuitionistic fuzzy sets ik'. Then

ical spaces, and investigated properties of fuzzy strongl

(r, s)-precontinuous mappings in these spaces [11, 12].
In this paper, we introduce the notion of fuzzy s)-S1-  (2) A4 = Biff A C BandB C A.

pre-semicontinuous mappings on intuitionistic fuzzy topo-

logical spaces irsostak’s sense, which is a generalization(3) A° = (va, ta)-

of S;-pre-semicontinuous mappings by Shi-Zhong Bai.

The relationship between fuzzy, s)-pre-semicontinuous (4) ANB = (ua A up,vaV 7B).

mapping and fuzzyr, s)-S;-pre-semicontinuous mapping (5) AUB = (u

is discussed. The characterizations for the fuzzy)-S - L L

pre-semicontinuous mappings are obtained. (6) 0=(0,1) andl = (1,0).

)(1) ACBIiff pua < ppandys > vp.

AV uB, YA NYB)-

A smooth topologyn X is a mappingl’ : X — I
which satisfies the following properties:
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(2) T(p1 A p2) = T(p1) AT (p2).
) T(V pi) = NT (i)
The pair(X, T) is called asmooth topological space

An intuitionistic fuzzy topologyn X is a family T' of
intuitionistic fuzzy sets inX which satisfies the following
properties:

(1) 0,1€T.
(2) If Ay,A; € T, thenA; N A, € T.
(3) If A; € T for eachi, then| JA; € T.

The pair(X,T) is called arintuitionistic fuzzy topological
space

Let I(X) be the family of all intuitionistic fuzzy sets in
X and letl ® I be the set of the palr, s) such that, s € T
andr + s < 1.

Definition 2.2 ([10]). Let X' be a nonempty set. Amtu-
itionistic fuzzy topology itsostak’'s seng8olFT for short)
T = (Th,72) onX isamappind : I[(X) — I ® I which
satisfies the following properties:

(1) = 1 andT(0) = To(1) = 0

(1) 7:(0) =
@) Ti(ANB) > T(A)NTL(B) andT3(AnB) < T(4)v
To(B).

) LU A) = ANTi(A) andTz (U Ai) <V T2(4).

The (X, 7) (X,71,7T2) is said to be arintuitionis-
tic fuzzy topological space iSostak’s seng8olFTS for
short). Also, we call7; (A) agradation of opennessf A
and7;(A) agradation of nonopenness A.

Definition 2.3 ([13]). Let A be an intuitionistic fuzzy set
in SolFTS(X,7;,72) and(r,s) € I ® I. ThenA is said
to be

(1) fuzzy(r, s)-openif 7T1(A) > r and7Z2(A) < s,

(2) fuzzy(r, s)-closedif 7; (A°) > r andTz(A°) < s

Definition 2.4 ([13]). Let (X,7;,72) be a SolFTS. For
each(r,s) € I ® I and for eachd € I(X), thefuzzy
(r, s)-interior is defined by

= J{BeIx

and thefuzzy(r, s)-closureis defined by

=(\{BeI(x

Lemma 2.5 ([13]). For an intuitionistic fuzzy set in a
SolFTS(X,71,73) and(r,s) e I® I,

(1) int(A,r,s)¢ =cl(AS,r,s).

int(A,r, s)

cl(A,r,s)

Fuzzy(r, s)-S;-pre-semicontinuous mappings

(2) cl(4,r,s)¢ =int(A%, 1, s).

Let (X,7;,72) be an intuitionistic fuzzy topological

space irSostak’s sense. Then it is easy to see that for each

(r,s) € I ® I, the family7;,. ,, defined by
Tirs) = {A € I(X) | Ti(4) = r andT(A) < s}

is an intuitionistic fuzzy topology oiX.

Let (X, T) be an intuitionistic fuzzy topological space
and(r,s) € I ® I. Thenthe mag’("*) : [(X) - I ® I
defined by

(170) |f A:Qal?
T(r,S)(A) =< (r,s) if AeT—-{0,1},
(0,1) otherwise

becomes an intuitionistic fuzzy topology $ostak’s sense
onX.

Leta, 8 € [0, 1] with « + 8 < 1. An intuitionistic fuzzy
pointz, g in X is an intuitionistic fuzzy set ik defined
by

(e, B) if y=mum,
) = { if y#uax.

In this casey is called thesupportof z(, ), o the value
of x(,,3), and 3 the nonvalueof (. z). An intuitionistic
fuzzy pointz ,, gy is said tabelongto an intuitionistic fuzzy
setA = (pa,v4)in X, denoted by, 5) € A, if pa(z) >

aandya(xz) < S. Anintuitionistic fuzzy setd in X is the
union of all intuitionistic fuzzy points which belong té.

(0,1)

Definition 2.6 ([13]). Let A be an intuitionistic fuzzy set
ina SolFTS(X,7;,73) and(r, s) € I ® I. ThenA is said
to be

(1) fuzzy(r, s)-semioperif there is a fuzzy(r, s)-open set
Bin X suchthatB C A C cl(B,r, s),

(2) fuzzy(r, s)-semiclosedf there is a fuzzy(r, s)-closed
setBin X such thatintB,r,s) C A C B.

Theorem 2.7 ([13]). Let A be an intuitionistic fuzzy set in
a SolFTS(X,7;,7;) and(r, s) € I ® I. Then the follow-
ing statements are equivalent:

)| BC A, Bisfuzzy(r, s)- oper’}(l) Ais a fuzzy(r, s)-semiopen set.

(2) Acis afuzzy(r, s)-semiclosed set.

(3) cl(int(A,r,s),r,s) 2 A.

)| A C B, Bisfuzzy(r,s)-closeg.

(4) int(cl(Ac,r,s),7,5) C A°.

Definition 2.8 ([14, 15]). Let A be an intuitionistic fuzzy
setina SolFTSX,7;,7;) and(r,s) € I ® I. ThenA is
said to be
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(1) fuzzy(r, s)-pre-semiopeif A C sint(cl(A,r, s),r, s),

(2) fuzzy(r, s)-pre-semiclosedf scl(int(4,r,s),r,s) C
A!

(3) fuzzy strongly(r, s)-semiopenif there is a fuzzy
(r,s)-open setB in X such thatB C A C
int(cl(B,r, s),r,s),

(4) fuzzy strongly (r,s)-semiclosed if there is
a fuzzy (r,s)-closed setB in X such that
cl(int(B,r,s),r,s) C AC B.

Theorem 2.9 ([15]). Let A be an intuitionistic fuzzy set in
a SolFTS(X,7;,7;) and(r, s) € I ® I. Then the follow-
ing statements are equivalent:

(1) Ais afuzzy stronglyr, s)-semiopen set.
(2) Acis afuzzy stronglyr, s)-semiclosed set.
(3) A Cint(cl(int(A,r,s),r,s),r,s).

(4) Ac D cl(int(cl(Ac,r, s),r,8),7,$).

Definition 2.10 ([15]). Let (X, 7;,72) be a SolFTS. For
each(r,s) € I ® I and for eactd € I(X),

(1) thefuzzy stronglyr, s)-semiinterioris defined by
ssin(A,r,s) = {BeI(X)|BC 4,
B is fuzzy strongly(r, s)-semiopen,
(2) thefuzzy stronglyr, s)-semiclosurés defined by
ssc(A,r,s) = {BeI(X)|ACB,
B is fuzzy strongly(r, s)-semiclosedl.
Definition 2.11 ([14, 15]). Let f (X,71,73)

(Y,U,,Us) be a mapping from a SolFTX to a SolFTS
Y and(r,s) € I ® I. Thenf is called

—

(1) afuzzy(r, s)-pre-semicontinuousiapping if f ~*(B)
is a fuzzy(r, s)-pre-semiopen set iX’ for each fuzzy
(r,s)-openseBinY,

(2) a fuzzy strongly(r, s)-semicontinuousmapping if
f~1(B) is a fuzzy strongly(r, s)-semiopen set i
for each fuzzy(r, s)-open setB in Y.

Definition 2.12 ([6]). Let f : (X1,61) — (X2,02) be a
mapping from a fuzzy spac&’; to another fuzzy space
X, f is called afuzzyS,-pre-semicontinuousapping if
f~Y(B) is a fuzzy pre-semiopen set af; for each fuzzy
strongly semiopen sé® of Xo.
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3. Fuzzy(r, s)-S;-pre-semicontinuous
mappings

Now, we define the notion of fuzzyr, s)-S;-pre-
semicontinuous mappings, and then we investigate some
of their chacracteristic properties.

Definition 3.1. Let f : (X,71,72) — (Y,U;,Us) be a
mapping from a SolFTSY to a SolFTSY and(r,s) €
I®I. Thenf is called &uzzy(r, s)-S;-pre-semicontinuous
mapping if f ~(B) is fuzzy (r, s)-pre-semiopen in\ for
each fuzzy stronglyr, s)-semiopen seB in Y.

Definition 3.2. Let f : (X,71,72) — (Y,U;,Us) be a
mapping from a SolFTX to a SoIFTSY and(r, s) € I®
I. Thenf is said to bduzzy(r, s)-S;-pre-semicontinuous
at an intuitionistic fuzzy point,, ) in X if for each fuzzy
strongly (, s)-semiopen seB in Y with f(z(,. ) € B,
there is a fuzzy(r, s)-pre-semiopen setl in X such that
T(a,B) € A andf(A) C B.

Theorem 3.3.Let f : (X, T1,72) — (Y,U,Us) be amap-
ping from a SolFTSX to a SolFTSY and(r,s) € I ® I.
Thenf is fuzzy(r, s)-S;-pre-semicontinuous if and only if
f is fuzzy (r, s)-S1-pre-semicontinuous for each intuition-
istic fuzzy pointz, gy in X.

Proof. Let f be afuzzy(r, s)-S;-pre-semicontinuous map-
ping, z(,,5) an intuitionistic fuzzy point inX, and B a
fuzzy strongly(r, s)-semiopen set iY” with f(x(, 5)) €
B. Sincef is fuzzy (r, s)-S1-pre-semicontinuous’,~!(B)
is fuzzy (r, s)-pre-semiopen iX . PutA = f~1(B). Then
Ais fuzzy (r, s)-pre-semiopen such that, 5 € A, and
F(A) = f(f~\(B)) C B.

Conversely, leB be a fuzzy stronglyr, s)-semiopen set
inY andz, 5 € f'(B). Thenf(z(,g) € B. By the

assumption, there is a fuzzy, s)-pre-semiopen set,; ,

in X such thatr(, 5 € Az, , and f(Az<a,m) C
Hence
1B = H#@e | 2@e € F71(B)}

N

Ui ) | 2o € F7H(B)}
FY(B),

Thus f~1(B) = {4z 4 | Z(a,p) € f71(B)}, which
is a fuzzy(r, s)-pre-semiopen set iX. Thereforef is a
fuzzy (r, s)-S1-pre-semicontinuous mapping. O

-

Remark 3.4. It is clear that every fuzzy(r,s)-
Sp-pre-semicontinuous mapping is fuzzyr, s)-pre-
semicontinuous. However, the following example shows
that the converse need not be true.

Example 3.5. Let X = {z,y,z} and letA;, A,, and A3
be intuitionistic fuzzy sets it defined as

Ay (z) = (0.3,0.6), A1 (y) = (0.2,0.6), A1 (z) = (0.4,0.5);



As(z) = (0.4,0.5), As(y) = (0.2,0.6), As(2) = (0.5,0.5);
and

As(z) = (0.2,0.7), As(y) = (0.6,0.2), A3(z) = (0.4,0.5).
Define7 : I(X) - I®Tandl{ : I(X) - 1® by

(
(1,0) if A=0,1,
T(A)z(ﬂ(Am(A)):{ (L.5) if A=A A,
(0,1) otherwise;

and
(1,0) if A=0,1,
U(A)=(M1(A),U2(A))={ (3,3) if A= 43,
(0,1) otherwise.

Then7 andi{ are SolFTs onX. Consider a mapping :

(X,7T) — (X,U) defined byf(z) = =, f(y) = y, and
f(z) = z. Note that
11,11, 11
c C 1 1 c - I I
Al = Int(CI(Int(Al? 27 3)a 2a 3)7 27 3)
1.1 1
— int(cl(A S
in (C( 35 73)a2a3)
. 11
= tl —, - ) = 1.
int(1, 5, 5) =1
Hence AS is fuzzy strongly(3, 1)-semiopen in(X,U)
Since
11,11
-1 _ c e
[T (A3) = A3 C sint(cl(4s, 5 3),273)
= sini(4g, 5, 1) = 45,

fis fuzzy(g, 3) pre-semicontinuous. But is not fuzzy
(1, 3)-S1-pre-semicontinuous, because

1 1. 11
—1 Ac :Ac H |AC —_ ) =
7 (AD) 1 € sint(cl( Ly 3) ok 3)
. .11 e
= sint(Af, 3 §) = AS.

Theorem 3.6.Let f : (X,71,72) — (Y,U1,Us) be amap-
ping from a SolFTSX to a SolFTSY and(r,s) € T ® I.
Then the following statements are equivalent:

(1) fisfuzzy(r,s)-S;-pre-semicontinuous.

(2) f~Y(B) is fuzzy (r, s)-pre-semiclosed inX for each
fuzzy strongly(r, s)-semiclosed seB in Y.

(3) For each intuitionistic fuzzy set in X,

f(sclint(A,r,s),r,s)) Cssclf(A),r,s).

(4) For each intuitionistic fuzzy se® in Y,

sclint(f~Y(B),r,s),r,s) C f~(ssclB,r,s)).

Fuzzy(r, s)-S;-pre-semicontinuous mappings

(5) For each intuitionistic fuzzy sé® in Y,
f~Y(ssin(B,r,s)) C sint(cl(f~Y(B),r,s),r,s).
Proof. (1) < (2) Trivial.

(2) = (3) Let A € I(X), thenf(A) € I(Y). Since
ssclf(A),r,s) is fuzzy strongly(r, s)-semiclosed inY’,
f(ssclf(A),r,s)) is fuzzy (r, s)-pre-semiclosed inX
from (2). Hence
scl(int(A,r, s),r, s)

C  scllint(f~1(f(A)),r,5),7,5)
C scliint(f " (sscl f(A ) 7,8)),T,8),T,8)
C f(ssclf(A),r,s)).
Thus we havef(scl(int(A, r, s),r,s)) C ssclf(A),r, s).

(3)= (4) LetB € I(Y), thenf~1(B) € I(X). By (3),

we have

f(scl(int(f~ ssclf(f~1(B)),rs)

ssclB,r, s).

r,s) C f~1(ssclB,r,s)).

(4)= (5) LetB € I(Y). By (4), we obtain
sclint(f~1(B°),r,s),r,s) C f~'(ssclBC,r,s)).

Y(B),r,s),r,8))

N 1N

Thus sclint(f~1(B),r, s),

Hence we have
f(ssin(B,r,s)) C sint(cl(f~*(B),r,s),r,s).

(5) = (1) Let B be a fuzzy stronglyr, s)-semiopen set
inY. Then by (5), we have

J7(B) = £ (ssin(B, 7, 5)) C sintcl(f

Thus f~1(B) is fuzzy (r, s)-pre-semiopen inX. Hencef
is fuzzy (r, s)-S1-pre-semicontinuous. O

_1(B)77"7 S),r, s)’

Theorem 3.7. Let f : (X,71,T2) — (Y,Ui,Us) be
a bijective mapping from a SolFTX to a SolFTS
Y and (r,s) € I ® I. Then f is fuzzy (r,s)-Si-
pre-semicontinuous if and only if ss{gt(A),r,s) C
f(sint(cl(A,r, s),r,s) for each intuitionistic fuzzy setl
in X.

Proof. Suppose that f is fuzzy (r,s)-Si-pre-
semicontinuous. Letl € I(X), then f(A) € I(Y).
Since ssintf(A), r, s) is fuzzy strongly(r, s)-semiopen in
Y, f~l(ssin{f(A),r, s)) is fuzzy (r, s)-pre-semiopen in
X. Hence we have
ssin{ f(A),r,s)

= f(f7'(ssin(f(A),7,5)))
f(sint(cl(f~ (ssin{f(A),r,s)),r,5),7,5))
f(sintel(f~H(f(A)), 7 5),7,9))
f(sint(cl(A, 7, s),7,5)).

-
-
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Conversely, leB be a fuzzy stronglyr, s)-semiopen set

inY. Thenf~(B) € I(X). By hypothesis, we have

ssin(f(f~'(B)),r,s)
f(sint(cl(f~Y(B),r,s),r,5)).

Thus f~Y(B) C sint(cl(f~Y(B),r,s),r,s).
f~Y(B) is fuzzy (r, s)-pre-semiopen inX. Thereforef

B =ssin(B,r, s)

N

Hence
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