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Abstract

Using the idea of degree of openness and degree of nonopenness, Coker and Demirci [5] defined intuitionistic fuzzy
topological spaces in Sostak’s sense as a generalization of smooth topological spaces and intuitionistic fuzzy topolog-
ical spaces. M. N. Mukherjee and S. P. Sinha [10] introduced the concept of fuzzy irresolute maps on Chang’s fuzzy
topological spaces. In this paper, we introduce the concepts of fuzzy (r, s)-irresolute, fuzzy (r, s)-presemiopen, fuzzy
almost (r, s)-open, and fuzzy weakly (r, s)-continuous maps on intuitionistic fuzzy topological spaces in Sostak’s sense.
Using the notions of fuzzy (r, s)-neighborhoods and fuzzy (r, s)-semineighborhoods of a given intuitionistic fuzzy points,
characterizations of fuzzy (r, s)-irresolute maps are displayed. The relations among fuzzy (r, s)-irresolute maps, fuzzy
(r, s)-continuous maps, fuzzy almost (, s)-continuous maps, and fuzzy weakly (r, s)-cotinuous maps are discussed.
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1. Introduction

The concept of fuzzy set was introduced by Zadeh [14].
Chang [2] defined fuzzy topological spaces. These spaces
and its generalizations are later studied by several authors,
one of which, developed by Sostak [13], 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 [11].

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, 6] introduced intu-
itionistic fuzzy topological spaces using intuitionistic fuzzy
sets. Using the idea of degree of openness and degree of
nonopenness, Coker and Demirci [5] defined intuitionistic
fuzzy topological spaces in Sostak’s sense as a generaliza-
tion of smooth topological spaces and intuitionistic fuzzy
topological spaces. M. N. Mukherjee and S. P. Sinha [10]
introduced the concept of fuzzy irresolute maps on Chang’s
fuzzy topological spaces. Jun and his colleagues [7] in-
troduced various kinds of fuzzy mappings on intuitionistic
fuzzy topological spaces.

In this paper, we introduce the concepts of fuzzy (r, s)-
irresolute, fuzzy (r, s)-presemiopen, fuzzy almost (7, s)-
open, and fuzzy weakly (7, s)-continuous maps on intu-
itionistic fuzzy topological spaces in Sostak’s sense. Us-
ing the notions of fuzzy (r,s)-neighborhoods and fuzzy
(r, s)-semineighborhoods of a given intuitionistic fuzzy
points, characterizations of fuzzy (r, s)-irresolute maps
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are displayed. The relations among fuzzy (r, s)-irresolute
maps, fuzzy (r,s)-continuous maps, fuzzy almost (r, s)-
continuous maps, and fuzzy weakly (r, s)-cotinuous maps
are discussed.

2. Preliminaries

We will denote the unit interval [0, 1] of the real line by
I. A member p of IX is called a fuzzy set in X. For any
1 € IX, ¢ denotes the complement 1 — . By § and 1
we denote constant maps on X with value O and 1, respec-
tively. 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= (NA:'YA)

where the functions p4 : X — Jand y4 : X — [ de-
note the degree of membership and the degree of nonmem-
bership, respectively and (14 +v4 < 1. Obviously every
fuzzy set i in X is an intuitionistic fuzzy set of the form

(N 1- N‘)

Definition 2.1 ([1]) Let A = (ua,v4) and B =
(1B, yB) be intuitionistic fozzy sets in X. Then

(1) ACBiffus < ppandysa > vB.
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(2) A=Biff AC Band B C A.
(3) A® = (va,pa)-

(4) ANB = (pa ApB,vaVYB)-
(5) AUB = (uaV B, 74 AYB)-
6) 0= (0,1) and 1 = (1,0).

Let f be a map fromaset X toasetY. Let A =
(114,74) be an intvitionistic fuzzy set in X and B =
(1B, 7vp) an intuitionistic fuzzy set in Y. Then

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

f(A) = (f(pa), 1 = f(1 = va)).

(2) The inverse image of B under f, denoted by
f71(B), is an intuitionistic fuzzy set in X defined

by
FHB) = (f"(uB), f(vB)).

A smooth fuzzy topology on X isamap T : IX — I
which satisfies the following properties :

1 TO)=T1)=1.
(2) T(pa A p2) > T(pa) AT (p2).
3) T(V pi) 2 AT (i)
The pair (X, T) is called a smooth fuzzy topological space.

An intuitionistic fuzzy topology on X is a family T of
intuitionistic fuzzy sets in X which satisfies the following
properties :

10, 1eT.
) A, Ao €T, then Ay NA €T.
(3) If A; € T foreach i, then | J 4; € T

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

Let I(X) be a family of all intuitionistic fuzzy sets in
X and let I ®I be the set of the pair (r, s) such thatr, s € T
andr + s < 1.

Definition 2.2 ([5]) Let X be a nonempty set. An intu-
itionistic fuzzy topology in Sostak’s sense(SolFT for short)
7T =(T1,T;)on X isamap 7 : I(X) — I ® I which
satisfies the following properties :

(1) 71(0) = Th(1) = Land T5(0) = T2(1) = 0.
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) T.(AN B) > Ti(A) A T;(B) and T:(AN B) <
To(A) V To(B).

3) Ti(UA:) 2 ATi(A) and T (U 4i) <V T2(4).

The (X,7T) = (X,71,75) is said to be an intuitionis-
tic fuzzy topological space in Sostak’s sense(SoIFTS for
short). Also, we call 71 (A) a gradation of openness of A
and 73(A) a gradation of nonopenness of A.

Definition 2.3 ({8]) Let A be an intuitionistic fuzzy set
in SoIFTS (X,77,72) and (r,s) € I ® I. Then A is said
to be

(1) fuzzy (r, 8)-open if Ty(A) > r and To(A) < s,
(2) fuzzy (r,s)-closed if T (A°) > r and To(A°) < s.
Definition 2.4 ([8]) Let (X, 7y, 73) be a SoIFTS. For

each (r,s) € I ® I and for each A € I(X), the fuzzy
(r, s)-interior is defined by

int(4,r,s)

= U{B € I(X)| BC A, Bisfuzzy (r,s)-open}
and the fuzzy (r, s)-closure is defined by

cl(A,r, s)

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

Lemma 2.5 ([8]) For an intuitionistic fuzzy set A in a
SoIFTS (X, 71, 72) and (r,s) € I® I,

(1) int(4,r, )¢ = cl(A%, 1, s).
(2) cl{A,r, )¢ =int(A° 1, s).
Let (X,77,72) be an intuitionistic fuzzy topological

space in Sostak’s sense. Then it is easy to see that for each
(r,s) € I ® I, the family 7, ;) defined by

Tirs) = {A € I(X) | T1(4) 2 7 and To(4) < s}
is an intuitionistic fuzzy topology on X.

Let (X, T) be an intuitionistic fuzzy topological space
and (r,s) € I ® I. Thenthe map T™*) : [(X) —» I ® I
defined by

(1,0)

(r,s)
(0,1)

if A= 0,1,
it AeT - {_Qy.l.}a
otherwise

T(r.s) (A) —

becomes an intuitionistic fuzzy topology in Sostak’s sense
on X.



Let o, 8 € [0,1] with & + 3 < 1. An intuitionistic
fuzzy point z(, ) in X is an intuitionistic fuzzy set in X
defined by

if y=rz,
if y+# .

In this case, x is called the support of z(, gy, o the value
of (4,6, and (3 the nonvalue of T, gy. An intuitionis-
tic fuzzy point (g is said to belong to an intuitionistic
fuzzy set A = (jua,v4) in X, denoted by x,,9) € A, if
palx) > aand v4(z) < B. An intuitionistic fuzzy set
A in X is the union of all intuitionistic fuzzy points which
belong to A.

Z(a,p)(y) = { ((g 6))

Definition 2.6 ([8]) Let A be an intuitionistic fuzzy set
in a SolFTS (X, 7, 72) and (r,s) € I © I. Then A is said
to be

(1) fuzzy (r,s)-semiopen if there is a fuzzy (r, s)-open
set Bin X such that B C A C ¢l(B, 7, s),

(2) fuzzy (r,s)-semiclosed if there is a fuzzy (r,s)-
closed set B in X such that int(B,r,s) C A C B.

Theorem 2.7 ({8]) Let A be an intuitionistic fuzzy set
in a SOIFTS (X, Ty, 72) and (r,s) € I ® I. Then the fol-
lowing statements are equivalent :

(1) Aisafuzzy (r, s)-semiopen set.
(2) Acisafuzzy (r, s)-semiclosed set.
3) cl(int(A,r, s),7,s) 2 A.
(4) int(cl(AC,r, s),r,5) C AC.
Theorem 2.8 ([8]) Let (X,77,75) be a SoIFTS and
(r,s) eIl

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

(2) If {A;} is a family of fuzzy (r, s)-semiclosed sets in
X, then [) A, is fuzzy (r, s)-semiclosed.

Definition 2.9 ([8]) Let (X, 77,73) be a SoIFTS. For
each (r,s) € I ® I and for each A € I(X), the fuzzy
(r, 8)-semiinterior is defined by

sint(A, 7, s)

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

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

Fuzzy (r, s)-irresolute maps

scl(4,r, s)

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

Definition 2.10 ([12]) Let A be an intuitionistic fuzzy
set in a SOIFTS (X,77,72) and (r,s) € I ® I. Then A is
said to be

(1) fuzzy (r, s)-regular open if int(cl(A,r,s),r,s) = A,

(2) fuzzy (r,s)-regular closed if cl(int(A,r, s),r,s) =
A.

Theorem 2.11 ([12]) Let A be an intuitionistic fuzzy
set in a SOIFTS (X,77,73) and (r,s) € I ® I. Then the
following statements are equivalent :

(1) Ais fuzzy (r, s)-regular open.
(2) A€ is fuzzy (r, s)-regular closed.

Theorem 2.12 ([12]) (1) The fuzzy (r, s)-closure of a
fuzzy (r, s)-open set is fuzzy (r, s)-regular closed for each
(r,s)eI®l.

(2) The fuzzy (r, s)-interior of a fuzzy (r, s)-closed set is
fuzzy (r, s)-regular open for each (r,s) € I @ I.

Definition 2.13 ([9, 12]) Let f (X, 7., T5) —
(Y, Uy, Us) be a map from a SolFTS X to a SOIFTS Y and
{(r,s) € I ®I. Then f is called

(1) a fuzzy (r, s)-continuous map if f~1(B) is a fuzzy
(r, s)-open setin X for each fuzzy (r, s)-open set B
inY,

(2) afuzzy (r, s)-open map if f(A)is afuzzy (r, s)-open
setin Y for each fuzzy (r, s)-open set A in X,

(3) a fuzzy (né)-semicontinuous map if f~1(B) is a
fuzzy (r, s)-semiopen set in X for each fuzzy (r, s)-
openset BinY,

(4) afuzzy (r,s)-semiopen map if f(A)is a fuzzy (r, s)-
semiopen set in Y for each fuzzy (7, s)-open set A4 in
X7

(5) a fuzzy almost (r, s)-continuous map if f~1(B) is
a fuzzy (r,s)-open set in X for each fuzzy (r,s)-
regular open set Bin Y.

Theorem 2.14 ([12]) Let f (X, 11, T5) —
(Y,Uy,Us) be a map from a SoIFTS X to a SoIFTS Y and
(r,s) € I@I. Then the following statements are equivalent

(1) f isafuzzy almost (r, s)-continuous map.
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() f4B) C int(f~(int(ck(B,r,s),r,s)),rs) for
each fuzzy (r, s)-open set Bin Y.

(3) c(f~*(cl(int(B,r,s),7,8)),7,8) < f~YB) for
each fuzzy (r, s)-closed set Bin Y.

Theorem 2.15 ([8]) Let f : (X, 71, T3) — (Y, U, Us)
be amap and (r, s) € I ® I. Then the following statements
are equivalent :

(1) fis afuzzy (r, s)-semicontinuous map.

(2) f~Y(B) is a fuzzy (r,s)-semiclosed set in X for
each fuzzy (r, s)-closed set BinY.

(3) int(cl(f~*(B),r,s),7,5) C fl(cl(B,rs)) for
each intuitionistic fuzzy set Bin Y.

4) f(int(cl(A,r, s),7,8)) C cl(f(A),r,s) for each in-
tuitionistic fuzzy set A in X.

3. Fuzzy (r, s)-irresolute maps

Now, we define the notions of fuzzy (r, s)-irresolute,
fuzzy (r,s)-presemiopen, fuzzy almost (r,s)-open, and
fuzzy weakly (r,s)-continuous maps on intuitionistic
fuzzy topological spaces in Sostak’s sense, and then we in-
vestigate some of their properties.

Definition 3.1 Let f : (X, 71,73) — (Y,U1,Us) be a
map from a SoIFTS X to a SoIFTS Y and (r,s) € I ® I.
Then f is called

(1) a fuzzy (r,s)-irresolute map if f~1(B) is a fuzzy
(r,s)-semiopen set in X for each fuzzy (r,s)-
semiopen set Bin Y,

(2) a fuzzy (r,s)-presemiopen map if f(A) is a fuzzy
(r,s)-semiopen set in Y for each fuzzy (r,s)-
semiopen set A in X,

(3) a fuzzy almost (r, s)-open map if f(A) is a fuzzy
(r,s)-open set in Y for each fuzzy (r,s)-regular
open set A in X,

(4) a fuzzy weakly (r,s)-continuous map if for ev-
ery fuzzy (r,s)-open set B in Y, f~1(B) C
int(f~(cl(B,,s)),T,5).

Definition 3.2 Let x(, 5, be an intuitionistic fuzzy
point in a SoIFTS (X,7;,72) and (r,s) € I ® I. Then
an intuitionistic fuzzy set A in X is called

52

(1) a fuzzy (r,s)-neighborhood of x(, gy if there is a
fuzzy (r, s)-open set B in X such that z(, 5y € B C
A’

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

Theorem 3.3 Let f : (X,71,72) — (Y,U1,Uz) be a
map from a SOIFTS X to a SoIFTS Y and (r,s) € I ® I.
Then the following statements are equivalent :

(1) fis fuzzy (r, s)-irresolute.

(2) f~Y(B) is a fuzzy (r,s)-semiclosed set in X for
each fuzzy (r, s)-semiclosed set Bin Y.

(3) For every intuitionistic fuzzy point z(, g) in X and
every fuzzy (r,s)-semiopen set B in Y such that
f((a,8) € B, there is a fuzzy (r, s)-semiopen set
Ain X such that 2, ) € Aand f(A) C B.

(4) For every intuitionistic fuzzy point z(,, ) in X and
every fuzzy (r, s)-semineighborhood B of f(z(4,s))
inY, f~1(B) is a fuzzy (r, s)-semineighborhood of
T(a,8) in X.

(5) For every intuitionistic fuzzy point z(, g) in X and
every fuzzy (r, s)-semineighborhood B of f(z(4,z))
in Y, there is a fuzzy (r, s)-semineighborhood A of
T(q,) in X such that f(A) C B.

(6) f(scl(4,r,s)) Cscl(f(A),r,s) for each intuitionis-
tic fuzzy set A in X.

(7 scl(f~1(B),r,s) C f~1(scl(B,r,s)) for each intu-
itionistic fuzzy set Bin Y.

Proof. (1) & (2) It is obvious.
(3) = (1) Let B be a fuzzy (r, s)-semiopen set in Y and
T(a,) an intuitionistic fuzzy point in X such that z(, g) €
S7Y(B). Then f(x(s,5)) € B. Thus there is a fuzzy (r, s)-
semiopen set A in X such that z(, gy € Aand f(A) C B.
Then A C f~1(B). Thus

Tap €A C cl(int(A,r,s),r,s)
C d(int(f~H(B),r,s),7,5).

7B = Ulz@s | 2@s € F1B)}
C cl(int(f~H(B),r,8),7,5).

Therefore f is a fuzzy (r, s)-irresolute map.

(1) = (4) Let z(, g) be an intuitionistic fuzzy point in X
and B a fuzzy (r, s)-semineighborhood of f(z(a,g)) in Y.
Then there is a fuzzy (r, s)-semiopen set C in Y such that
f(@(,p) € C C B and hence x5 € f7HC) C



f~YB). Since f is fuzzy (r,s)-irresolute, f~
fuzzy (r, s)-semiopen set in X. Thus f~!
(r, 5)-semineighborhood of x(, g).
(4) = (5) Let (4 3) be an intuitionistic fuzzy point in
X and B a fuzzy (r, s)-semineighborhood of f(z (4 gy) in
Y. By (4), f~YB) is a fuzzy (r, s)-semineighborhood
of (a3 in X. Let f7}(B) = A. Then f(A) =
F(7~1(B) C B.
5) = (3) Let T(a,8) be an intuitionistic fuzzy point
in X and B a fuzzy (r,s)-semiopen set in Y such
that f(z(4 ) € B. Then since B is a fuzzy (r,s)-
semineighborhood of f(x(q,3)), by (5), there is a fuzzy
(r, s)-semineighborhood A of x4 5 in X such that
f(A) C B. Then there is a fuzzy (r, s)-semiopen set C' in
X such that z(,,3) € C' C A and hence f(C) C f(4) C
B.
(2) = (6) Let A be an intuitionistic fuzzy set in X. Since
scl(f(A) r,s) is fuzzy (r,s)-semiclosed in Y, by (2),
Yscl(f(A),r,s)) is a fuzzy (r, s)-semiclosed set in X.
Slnce f(A) Cscl(f(A),r,s), wehave A C f~1(f(4)) C
~L(scl(f(A),r,s)). Hence

scl(A,r,8) C scl(f
= f-

HO) is a
(B) is a fuzzy

“Lscl(f(A),r,8)),7,8)
Hsel(f(A), 7, 8)).

Therefore

f(scl(A,r, s)) FUH(sel(f(A), 7, 5))

scl(f(A),r,s).

(6) = (2) Let B be a fuzzy (r, s)-semiclosed setin Y. Then
f71(B) is an intuitionistic fuzzy set in X. By (6),

fsel(f~H(B),r,5))

N 1N

C scl(f(f7N(B)), 1, 8)
C scl(B,r,s) = B.

Thus scl(f1(B),r,8) € F=*(f(scl(f~(B),r5))) <
f71(B). Hence f~1(B) = scl{(f~1(B),r,s). Therefore
f~Y(B) is a fuzzy (r, s)-semiclosed set in X

(6) = (7) Let B be an intuitionistic fuzzy set in Y. Then
J7Y(B) is an intuitionistic fuzzy set in X. By (6),

Fsel(F7H(B),r,8)) € scl(f(fH(B)),r,s)
C scl(B,r, s).
Hence
scl(f~H(B), 7, s) FTHF(sel(fH(B), 1, s)))

N 1N

f(scl(B,r, ).

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

C sel(fTH(f(A)), 7, 5)
S fTHsel(f(A),r,5).

scl(A,r, s)

Fuzzy (r, s)-irresolute maps

Hence

f(scl(A,r,s)) FOFH(sel(f(A), 7, 9))

scl(f(A),r,s).
Lemma 3.4 Let f : (X,71,T2) — (YU, Us) be a
map from a SOIFTS X to a SoIFTS Y and let A and B

be intuitionistic fuzzy sets in X and Y, respectively. Then
f~Y1(B) C Aifand onlyif (f(A%))° 2 B

Proof.

im 1N

fFHBYC A

Theorem 3.5 Let f : (X,71,T2) — (Y.U1,Us) be a
map from a SoIFTS X to a SOIFTS Y and (r,s) € I @ 1.
Then f is fuzzy almost (r, s)-open if and only if for each
intuitionistic fuzzy set B in Y and each fuzzy (r, s)-regular
closed set A in X such that f~1(B) C A, there is a fuzzy
(r, s)-closed set C'in Y such that B C C'and f~1(C) C A.

Proof. Let f be a fuzzy almost (r, s)-open map, B an
intuitionistic fuzzy set in Y, and A a fuzzy (r, s)-regular
closed setin X such that f~*(B) C A. Let C' = (f(A%))".
Then C is a fuzzy (r, s)-closed setin Y and by Lemma 3.4,
B C C. Also, we have

FHO) = FHFA)Y) = (AN
C (49°=A.

Conversely, let A be a fuzzy (r, s)-regular open set in X.
Let B = f(A)¢ and D = A°. Then we have

FHB) = A = (FTHf(A) c A°=D

By hypothesis, there is a fuzzy (r,s)-closed set C in Y
such that f(A)° = B C Cand f1(C) € D = A°. Then
AC fHC) = f71(C"). Hence f(A) = C°. Therefore
f(A) is a fuzzy (r, s)-open set in Y and consequently f is
a fuzzy almost (r, s)-open map.

Theorem 3.6 Let f : (X, 71,T2) — (Y.l Uz) be a
map from a SoIFTS X to a SOoIFTS Y and (r,s) € I ® I.
Then f is a fuzzy almost (r,s)-open map if and only
if f(int(A,r,s)) C int(f(A),r,s) for each fuzzy (r,s)-
semiclosed set A in X,

Proof. Let f be a fuzzy almost (r,s)-open map
and A a fuzzy (r,s)-semiclosed set in X. Then
int(A,r,s) C int(cl(A,r )75 S A Note that
cl(A,r,s) is a fuzzy (r,s)-closed set in X. By Theo-
rem 2.12 (2), int(cl(A, 7, s),r,s) is a fuzzy (r, s)-regular
open set in X. Since f is a fuzzy almost (r, s)-open map,
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f(int(cl(A, 7, s),r,s)) is a fuzzy (r, s)-open setin Y. Thus
we have

fint(A,r,s)) C f(int(cl(A,r,s),7,5))
= int(f(int{cl{A,r, s), 7, )7 8)
C int(f(A4),r,s).

Conversely, let A be a fuzzy (r,s)-regular open set in
X. Then A is fuzzy (r, s)-open and hence int(A,r,s) =
A. Since int{cl(A4,r,s),7,5) = A, A is a fuzzy (r,s)-
semiclosed set. So

f(A) = f(int(A,r, ) C int(f(A),7,5) C f(A).

Thus f(A) = int(f(A4),r,s) and so f{A) is fuzzy (r, s)-
open in Y. Hence f is a fuzzy almost (r, s)-open map.

Theorem 3.7 Let f : (X,71,T2) — (Y,U;,Us) be a
map from a SoIFTS X to a SOIFTS Y and (r,s) € I ® I.
Then f is a fuzzy almost {r, s)-continuous map if and only
if for every intuitionistic fuzzy point x(, gy in X and ev-
ery fuzzy (r, s)-neighborhood B of f(x(4,g)), there is a
fuzzy (r, s)-neighborhood A of x(, gy such that f(A4) C
int(cl(B, r,s),1,s).

Proof. Let z(, ) be an intuitionistic fuzzy point in
X and B a fuzzy (r, s)-neighborhood of f(z(4,g)). Then
there is a fuzzy (r, s)-openset C'in Y such that f(z(,,)) €
C C B. Soxp € f~1(C) C f~HB). Since fisa
fuzzy almost (r, s)-continuous map, by Theorem 2.14,

F7HO) ¢ int(fTHint(el(C,r 5), 7, 5)), 7, 8)
C int(f~(int(cl(B,r, s),7,5)),7,5).
Put A = f~!int(cl(B,r,s),r,5)). Then z(a g €

f7YC) C int(A,r,s) C A By Theorem 2.12
@), int(cl(B,r,s),r,s) is fuzzy (r,s)-regular open.
Since f is fuzzy almost (r,s)-continuous, A =
f~(int(cl(B, 1, s),7,8)) is a fuzzy (r, s)-open set. Thus
A'is a fuzzy (r, s)-neighborhood of z(, 5 and

fA) = F(fH(int(cl(B, 1, 5),7,5)))
C int{cl(B,r,s),r,3).

Conversely, let B be a fuzzy (r, s)-regular open set in Y’
and 2(,.3) € f~1(B). Then B is fuzzy (r, s)-open and
a fuzzy (r, s)-neighborhood of f(x(,,g)). By hypothesis,
there is a fuzzy (r, s)-neighborhood of Azs Of T(a,p)
such that f(Az, ;) C int(cl(B,r,s),r,s) = B. Since
A is a fuzzy (r, s)-neighborhood of x4, g, there is a

(o)
fuzzy (r, s)-open set Cy,, ,, in X such that
(a8) € Copy € Aoy € 7 (F(Anip))
< f7UB).
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So we have
74B) = Ulews | 2@s € F71(B)}
< U{Cwm,ﬁ) | Z(a,) € FH(B)}
c fYB). ‘

Thus f~1(B) = WH{Cs . | T8 € f1(B)} and so
f~1(B) is a fuzzy (r, s)-open set in X. Hence f is a fuzzy
almost (r, s)-continuous map.

Theorem 3.8 Let (X, 7) and (Y,U) be SolFTSs and
(r,s) e IQLIff:(X,T) — (Y,U) is a fuzzy (r,s)-
irresolute map, then f is a fuzzy (r, s)-semicontinuous
map.

Proof. Let B be a fuzzy (r, s)-open setin Y. Then B is
a fuzzy (r, s)-semiopen set in Y. Since f is a fuzzy (r, s)-
irresolute map, f~1(B) is a fuzzy (r, s)-semiopen-set in
X. Hence f is a fuzzy (r, s)-semicontinuous map.

The following example shows that the converse of The-
orem 3.8 need not be true.

Example 3.9 Let X = {z,y, z} and let A1, A3 and B
be intuitionistic fuzzy sets in X defined as

Ai(z) = (0,0.9), Ai(y) = (0.3,0.6), A;(2) = (0.3,0.6);
As(z) = (0.9,0), As(y) = (0.3,0.6), Ax(2) = (0.3,0.6);

and
B(z) = (0.9,0), B(y) = (0.7,0.3), B(z)=(0.7,0.3).
Define 7 : I(X) —» @ TandU : I(X) — I ® I by

(L,o) if A=01,
T(A) = (Ti(4), T(A) = (3,3) if A=4,
(0,1) otherwise;
and
(170) if A= 0,1,
U(A) = (Uh(A),Us(A) = ¢ (3,3) if A=Ay,
(0,1) otherwise.

Then clearly 7 and I/ are SolFTs on X. Consider a map
f (X, T) = (X,U) defined by f(z) = 2, f(y) =y
and f(z) = z. It is easy to see that f is a fuzzy (3, 3)-
semicontinuous map and B is a fuzzy (%, %)—semiopen
set in (X,U). But f~1(B) = B is not a fuzzy (%, %)-
semiopen set in (X, 7). Hence f is not a fuzzy (3, 3)-
irresolute map. '

Theorem 3.10 Let f : (X,7) — (Y,U) be a map from
aSoIFTS X toa SoIFTS Y and (r, s) € I®1. If f is fuzzy
(7, s)-semicontinuous and fuzzy almost (r, s)-open, then f
is a fuzzy (r, s)-irresolute map.



Proof. Let B be a fuzzy (r, s)-semiclosed set in Y.
Then int(cl(B,r,s),r,s) C B. Since f is fuzzy (r,s)-
semicontinuous, by Theorem 2.15,

int(cl(f~H(B),r, s),7,8) C fH(cl(B,r,s)).

Thus we have
int(cl(f~1(B),7,s),7,5)

int(int(cl(f~*
int(f~!

(B),r, s), T,8),7,8)
(cl(B,r,5)),7,5).

N

Since f is fuzzy (r,s)-semicontinuous and cl(B,r,s)
is fuzzy (r,s)-closed, f~1(cl(B,r,s)) is fuzzy (r,s)-
semiclosed in X. Since f is a fuzzy almost (r, s)-open
map,
fnt(f~Hcl(B, 7, 5)),7,5))
int(f(f~H(cl(B, 1, 9))),r, s)
int(cl(B,r,s),r,s) C B.

N 1N

Hence we have

int(cl(f~(B),r,s),r,5)

FH(f(nt(el(f
FH(fime(f~
F7UB).

“H(B).r,s),7,8))
Hel(B, 7, 5)),1,)))

NN N

Thus f~!(B) is a fuzzy (r, s)-semiclosed set in X . There-
fore f is a fuzzy (r, s)-irresolute map.

Remark 3.11 Clearly a fuzzy (r, s)-continuous map
is a fuzzy almost (r, s)-continuous map for each (r,s) €
I ® I. That the converse need not be true is shown by the
following example. Also, the example shows that a fuzzy
almost (r, s)-continuous map need not be a fuzzy (r, s)-
irresolute map for each (r,s) € I @ I.

Example 3.12 Let X = {x,y,2} and let A and B be
intuitionistic fuzzy sets in X defined as

A(z) = (0,0.5), A(y)=(0.3,0.5), A(z) = (0.3,0.5);
and
B(z) = (0,0.7), B(y) = (0.2,0.7), B(z) = (0.2,0.7).
Define 7 : I(X) - I®@Tand U : [(X) — I ® I by
(1,0) if C=0,1,
T(0) = (L(C), B(C) = { (L,1) if C=4,
(0,1) otherwise;
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and
(1,0) if C=0,1,
UC) = U(C),Ue(C)) =4 (4,}) if C=A4A,B,
(0,1) otherwise.

)

Then clearly 7 and U/ are SoIFTs on X.
(
z

Con-
sider a map f : (X,7 ) —  (X,U) defined by
fl@) = =z, fly) = yand f(z) = z Note
that int(cl(4,3,%),5,4) = in (A .3,3) = A and
int(cl(B, 5, 3), 3, 5) =mt(A° L 1) = A+ Bin (X,U).
SoAlsafuzzy(% 1) -regular open set but B is notafuzzy
(;, 1)-regular open set in (X,U). Since f~1(A) = A

is a fuzzy (3, )-open set in (X, 7), f is a fuzzy almost
(1, 3)-continuous map. But since f~'(B) = B is not a
fuzzy (1, 1)-open set in (X T), f is not a fuzzy (%, —%1-)-
continuous map. Since f~(B) = B is not fuzzy (3, 3)-
semiopen in (X, T), f is not a fuzzy (3, 3)-irresolute map.

The following example shows that a fuzzy (r,s)-
continuous map need not be a fuzzy (r, s)-irresolute map
foreach (r,s) e I @ I.

Example 3.13 Let X = {z,y, 2} and let A;, A5 and B
be intuitionistic fuzzy sets in X defined as

Ai(z) =(0,0.7), Ai(y) =(0.3,0.5), Ai(z) = (0.3,0.5);
Aq(z) = (0,0.7), Aa(y) = (0.3,0.5), As(z) = (0.8,0.2);
and

B(z) =(0.1,0.7), B(y) =(0.8,0.1}, B(z) = (0.8,0.1).

Define7 : [(X) —I®Tandl : [{X) — I®Iby

(L,o) if A=0,1,
T(A) = (T (A), (4) =< (L,1) if A=A,
(0,1) otherwise;
and
(1,0) if A=0,1,
U(A) = (U (A), U (A)) =< (3,3) if A=Ay,
(0,1) otherwise.

Then clearly 7 and U are SoIFTs on X. Consider a
map f : (X,7) — (X,U) defined by f(z) = z and
fly) = f(2) = y. Then it is easy to see that f is a fuzzy
(1, il))) continuous map and B is a fuzzy (2, 3) semiopen
setin (X, ). Butsince f~!(B) = Bisnota fuzzy (3, 3)-
semiopen set in (X, T), f is not a fuzzy (%, 1)-irresolute
map.

Remark 3.14 Clearly a fuzzy (r, s)-continuous map is
a fuzzy weakly (r, s)-continuous map for each (r,s) €
I ® I. That the converse need not be true is shown by
the following example. Also, the following example shows
that a fuzzy weakly (r, s)-continuous map is neither a fuzzy
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(r, 8)-irresolute map nor a fuzzy almost (r, s)-continuous
map for each (r,s) e I ® I.

Example 3.16 Let X = {z,y, 2z} and let A; and A5 be
intuitionistic fuzzy sets in X defined as

Example 3.15 Let X = {z,y, 2} andlet A, Agand B 41(®) = (0,1), Ai(y) = (0.2,0.7), Ai(2) = (0.1,0.7);
be intuitionistic fuzzy sets in X defined as and
Ai(z) = (0.4,0.3), A1(y) = (0.4,0.4), Ai(z) = (0'1’0'5)?A2(m) =(0,1), As(y) = (0.3,0.7), As(z) = (0.1,0.7).
Az(z) = (0,0.5), Az(y) = (0.3,0.5), A2(2) =(0.1,0.6); Define 7 : I(X) —» I® TandUf : I(X) — I & I by
and (1,0) if A=0,1,
T(A) = (T.(A), T;(A)) = ¢ (L, 1) if A= 4,
B(z) = (0.3,0), B(y) = (0.4,0.3), B(z)=(0.5,0.2). (4) = (T.(4), To(4)) Eg) 13)) Ctharwicor
Define7 : I(X) - I@TandU : I(X) — I ® I by and
(L,o) if A=0,1, (1,0) if A=0,1,
T(A)=(Ti(A),(A) =3 (3,5) if A=Ay, U(A) = Ui (A), Us(A) =& (3, 1) if A= Ay,
(0,1) otherwise; (0,1) otherwise.
and Then clearly 7 and I/ are SolFTs on X. Consider a map
. [ (X, T) — (X,U) defined by f(z) = z, f(y)—yand
({’01) %f A=0,1, f(z) = z. Thenitis easy to see that f is a fuzzy (% is)
U(A) = th(A4),Us(A)) = § (3,3) if A = A, irresolute map. Since f~!(Az) = A, is not fuzzy (3, 3)-
(0,1)  otherwise. open in (X, T), f is not a fuzzy (1, })-continuous map.
~ 11y 1 1y _
Then clearly 7 and U are SoIFTs on X. Consider a map jnc; IJ; no(t s Jzuzz lilvzea%l;n(t(f )(gégﬁi;g; 5’ 2])];;’ gl)nce
f (X, T) = (X,U) defined by f(z) =z, f(y) = yand Y 2.3

J{(%) = z. Note that

F7H1) = 1 int(f (L, % §>>, 3 =1
and
F7H(Ag) = Ay Cint(f (CI(AQ, 37 3)) ; ; = A;.

Hence f is a fuzzy Weakly (2, 3) -continuous map On
the other hand, since f~'(Az) = Ay is not fuzzy (1,1)-
open in (X,7 ), f is not a fuzzy (2, 3) -continuous map.
It is easy to see that B is a fuzzy (2, 3)-semiopen set in
(X,U). Butsince f~!(B) = B is not a fuzzy (3, 1)-
semiopen set in (X, T), f is not fuzzy (3, 1)- irresolute.
Since int(cl(Az, 1,3), 3,3) = Az, Az is a fuzzy (3, 3)
regular open set in (X, Z/{) But since f~1(A42) = Ay is
not fuzzy (2, 5) open in (X, T), f is not a fuzzy almost
(3, 3)-continuous map.

The following example shows that a fuzzy (r,s)-
irresolute map is neither a fuzzy (r, s)-continuous map nor
a fuzzy weakly (r,s)-continuous map for each (r,s) €
I®I. Also, the example shows that a fuzzy (r, s)-irresolute
map need not be a fuzzy almost (r, s)-continuous map for
each (r,s) e I ® I.
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As, A2 is a fuzzy (3, §)-regular
But f~1(Ay) = A is not a fuzzy
L)-open set in (X, 7). Hence f is not a fuzzy almost
)-continuous map.

int(cl(42,3,3),3,3) =
open set in (X, U).

(L
(&1

In view of Example 3.12, Example 3.13, Example 3.15,
and Example 3.16, we have the following result.

Theorem 3.17 (1) Fuzzy (r,s)-irresolute maps and
fuzzy (r, s)-continuous maps are independent notions.
(2) Fuzzy (r, s)-irresolute maps and fuzzy almost (r, s)-
continuous maps are independent notions.
(3) Fuzzy (r, s)-irresolute maps and fuzzy weakly (r, s)-
continuous maps are independent notions.

Remark 3.18 It is clear that every fuzzy (r,s)-
presemiopen map is a fuzzy (r, s)-semiopen map for each
(r,s) € I ® I. However, the converse may be false as
shown by the following example.

Example 3.19 Let X = {z,y,2} and let A;, A2 and B
be mtumomstlc fuzzy sets in X defined as

Az) = (1, 0) Ai(y) = (0.3,0.5), A;(z) = (0.1,0.5);
Aq(x) = (0,1), Aa(y) =(0.3,0.5), Aa(z)=(0.1,0.5);
and

B(z) = (1,0), B(y) =(0.4,0.2), B(z)=(0.1,0.1).



Define7 : I(X) = I@TandU : I(X) — I ®Iby

(1,0) if A=01,
T(A) = (Ti(A), R(A) =1 (3.3) if A=Ay,
(0,1)  otherwise;
and
UA) = (Uh(A),Us(A) = { (3,3) if A=A,
(0,1)  otherwise.

Then clearly 7 and ¢/ are SolFTs on X. Consider a map
(X, T) — (X,U) defined by f(z) = z, f(y) = y and

f(z) = z. Then it is easy to see that f is a fuzzy (3, $)-

semiopen map. Obviously, B is a fuzzy (1, %)-semiopen
setin (X, 7). Butsince f(B) = B is not a fuzzy (3, })-

semiopen set in (X, (), f is not fuzzy (3, £)-presemiopen
map.
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