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Abstract

In this paper, we introduce the concept of fuzzy (r, s)-semi-irresolute mappings on intuitionistic fuzzy topological spaces
in Sostak’s sense, which is a generalization of the concept of fuzzy semi-irresolute mappings introduced by S. Malakar.
The characterizations for the fuzzy (r, s)-semi-irresolute mappings are obtained by terms of semi-interior, semi-6-interior,

semi-clopen, and regular semi-open.
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1. Introduction and Preliminaries

The concept of fuzzy set was introduced by Zadeh [1].
Chang [2] defined fuzzy topological spaces. These spaces
and its generalizations are later studied by several authors,
one of which, developed by Sostak [3], used the idea of
degree of openness. This type of generalization of fuzzy
topological spaces was later rephrased by Chattopadhyay
and his colleagues [4], and by Ramadan [5].

As a generalization of fuzzy sets, the concept of intu-
itionistic fuzzy sets was introduced by Atanassov [6]. Re-
cently, Coker and his colleagues [7, 8] introduced intu-
itionistic fuzzy topological spaces using intuitionistic fuzzy
sets. Using the idea of degree of openness and degree of
nonopenness, Coker and Demirci [9] defined intuitionistic
fuzzy topological spaces in Sostak’s sense as a generaliza-
tion of smooth topological spaces and intuitionistic fuzzy
topological spaces. S. Malakar [10] introduced the concept
of fuzzy semi-irresolute mappings, and Seong Hoon Cho
and Jae Keun Park [11] established some other properties
of fuzzy semi-irresolute mappings on Chang’s fuzzy topo-
logical spaces.

In this paper, we introduce the concept of fuzzy (r, s)-
semi-irresolute mappings on intuitionistic fuzzy topolog-
ical spaces in Sostak’s sense. The characterizations for
the fuzzy (r, s)-semi-irresolute mappings are obtained by
terms of semi-interior, semi-f-interior, semi-clopen, and
regular semi-open.

Definition 1.1. ([9]) Let X be a nonempty set. An intu-
itionistic fuzzy topology in Sostak’s sense(SoIFT for short)
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fuzzy (r, s)-semi-cluster point, fuzzy (r, s)-semi-irresolute.

T = (T1,73) on X is amapping T : I(X
satisfies the following properties:

(1) 71(0) = 71(1) = 1 and 73(0) = T2(1) = 0

©
(2) Ti(ANB) = Ti(A)ATi(B) and To(ANB) < To(A)V
T2(B).

3 Ti(UA:) = ATi(Ai) and T2(U 4i) <V T2(Ai).
Then (X,7) = (X,T1,7Tz) is said to be an intuitionis-
tic fuzzy topological space in Sostak’s sense(SoIFTS for

short). Also, we call T;(A) a gradation of openness of A
and T2 (A) a gradation of nonopenness of A.

Theorem 1.2. ([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®I.

(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 1.3. ([12]) Let f : (X, 71, 72) — (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)-irresolute mapping if
f71(B) is a fuzzy (r, s)-semiopen set in X for each fuzzy
(r, s)-semiopen set B in Y.

Definition 1.4. ([10]) A function f : X — Y is said to
be fuzzy semi-irresolute iff for any fuzzy singleton x,, in X
and for any fuzzy semi-open set V in Y containing f(z,),
there exists a fuzzy semi-open set U in X containing z,,
such that f(U) < scl(V).

) — I ® I which

For the nonstandard definitions and notations we refer to
[13, 14, 15, 12, 16].



Properties of fuzzy (r, s)

2. Fuzzy (r, s)-semi-irresolute Mappings

Now, we define the notion of fuzzy (r, s)-semi-irresolute
mappings on intuitionistic fuzzy topological spaces in
Sostak’s sense, and investigate some of their characteristic
properties.

Definition 2.1. Let A and B be intuitionistic fuzzy sets in
a SoIFTS (X,7) and (r,s) € I ® I. Then

(1) B is called a fuzzy (r, s)-quasi-neighborhood of A
if there is a fuzzy (r,s)-open set C' in X such that
AqC C B.

(2) A is said to be a fuzzy (r, s)-quasi-semineighborhood
of z(4,p) if there is a fuzzy (r, s)-semiopen set B in
X such that z(, 3)qB C A. The family of all fuzzy
(7, s)-semiopen quasi-semineighborhoods of x4, g

will be denoted by qu(x(aﬁ)).

(3) Z(a,p) is said to be a fuzzy (r, s)-semi-cluster point of
A if for each B € Ng(x(a,ﬁ)), BqA.

(4) 2(q,p) is said to be afuzzy (r, s)-semi-0-cluster point
of A if for each B € N (T(a,))s scl(B, 1, 5)qA.

(5) The fuzzy (r,s)-semi-0-closure of A, denoted by
sclp(A,r, s), is the union of all fuzzy (r, s)-semi-6-
cluster points of A.

(6) A is called a fuzzy (r, s)-semi-0-closed set if A =
sclp(A, T, s).

(7) Asetis called fuzzy (r, s)-semi-0-open if it is the com-
plement of a fuzzy (r, s)-semi-f-closed set.

Theorem 2.2. Let A be an intuitionistic fuzzy set in a
SoIFTS (X, 71, T2) and (r,s) € I ® I. Then scl(A,r, s) is
the union of all fuzzy (r, s)-semi-cluster points of A.

Proof. Let SCP(A,r,s) is the union of all fuzzy (r,s)-
semi-cluster points of A. Suppose that there is an in-
tuitionistic fuzzy point x(, gy in X such that z(, ) €
scl(A,r,s) and z( 3y ¢ SCP(A,r,s). Then there is a
B e Ng (% (a,p) such that BGA. Then there exists a fuzzy
(7, s)-semiopen set C'in X such that 2, 3)qC' C B. Since
C C B, we have C'qA, and hence A C C*. Since C€ is
fuzzy (r, s)-semiclosed, we obtain scl(A,r,s) C C°. As
T(a,p) ¢ C°, we obtain x4 g) ¢ scl(A,r,s), which is a
contradiction. Hence scl(A,r, s) C SCP(A,r, s).
Conversely, assume that z(, 3y ¢ scl(A,r,s). Then
there is a fuzzy (r, s)-semiclosed set B such that A C B
and (4,3 ¢ B. Then x(, 3qB° B¢ is fuzzy (r,s)-
semiopen, and B°GA. Thus x(,, gy ¢ SCP(A,r, s). Hence
SCP(A,r,s) Cscl(A,r,s). O

By the above theorem, we see that scl(A,r,s) C
sclp(A, r, s) for any intuitionistic fuzzy set A in X.

—semi—irresolute Mappings in Intuitionistic Fuzzy Topological Spaces

Definition 2.3. Let f : (X,71,72) — (Y,Ui,Us) be a
mapping from a SoIFTS X to a SoIFTS Y and (r,s) €
I®1. Then f is said to be fuzzy (r, s)-semi-irresolute if for
each intuitionistic fuzzy point z(, g) in X and each fuzzy
(r,s)-semiopen set B in Y with f(x(,,5)) € B, there is a
fuzzy (r, s)-semiopen set A in X such that z(, 3) € A and
f(A) Cscl(B,r,s).

Remark 2.4. It is clear that every fuzzy (r, s)-irresolute
mapping is fuzzy (r, s)-semi-irresolute. But the following
example shows that the converse need not be true.

Example 2.5. Let X = {z} and let A; and A be intu-
itionistic fuzzy sets in X defined as

Aq(z) = (0.7,0.2), As(z) =(0.6,0.3).
Define 7 : I(X) = I®@ Tand U : I(X) — I ® I by
(1,0) if A=0,1,
T(A) = (Ti(A), T2(A) =4 (5.3) if A=Ay,
(0,1) otherwise;
and
(1,0) if A=0,1,
U(A) = (U (A),Us(A)) =1 (3, %) if A= As,
(0,1) otherwise.

Then clearly 7 and U are SolFTs on X. Consider a
mapping f : (X,7T) — (X,U) defined by f(z) = z.
Then Aj is a fuzzy (3, 3)-semiopen set in (X L{) Note
scl(B, 5,%) = 1in (X,U). Thus f is afuzzy (27 £)-semi-
irresolute mapplng But f is not fuzzy (3, §)-irresolute,
because f~!(Az) = Aj is not a fuzzy (3, 3 )-semiopen set

3
in (X, 7).

ol

Lemma 2.6. Let A be an intuitionistic fuzzy set in a
SoIFTS (X, 71, 72) and (r,s) € I ® I. Then for any fuzzy
(r, s)-semiopen set A in X, scl(A, 7, s) = sclp(A, 7, s).

Proof. Clearly scl(A,r,s) C sclg(A,7,s). Let 24,5y ¢
scl(A,r,s). Then there is a B € Ng(;v(aﬂ)) such that
B3A. This means B C A€, and hence scl(B,r,s) C
scl(A¢,r,s) = A°. Thus scl(B,r, s)qA, and so (4, g) §é
sclg(A,r,s). Hence sclg(A,r, s) C scl(A4,r,s).

Corollary 2.7. Let A be an intuitionistic fuzzy set in a
SoIFTS (X, 71, T2) and (r,s) € I ® I. If Ais fuzzy (r, s)-
semi-clopen in X, then A is a fuzzy (r, s)-semi-f-closed
set.

Proof. By Lemma 2.6, we have A = scl(4,r,s) =
sclg(A,r,s). Thus A is fuzzy (r, s)-semi-6-closed. O

Lemma 2.8. Let A be an intuitionistic fuzzy set in a
SoIFTS (X, 71,72) and (1, s) € I ®I. If B is fuzzy (r, s)-
semiopen in X such that AGB, then scl(A4, r, s)qB.
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Proof. Since AqB, we have A C B¢ and hence
scl(A,r,s) C scl(B¢r,s) = B°. Thus scl(A,r, s)qB.
O

Lemma 2.9. Let f X — Y be a mapping and
A and B intuitionistic fuzzy sets in Y. If AQB, then

fHA)af(B).
Proof. Suppose that f~*(A)qf~!(B). Then there is an

z € X such that a(f(x) > v5(F(2) or va(f(2)) <
wp(f(x)). Thus AqB, which is a contradiction. O

Theorem 2.10. Let f : (X,71,72) — (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) fis fuzzy (r, s)-semi-irresolute.
(2) For each fuzzy (r, s)-semiopen set Bin Y,

f_l(B) C sint(f_1 (scl(B,r,s)),r, ).

(3) For each fuzzy (r, s)-semiopen set Bin Y,

scl(f~Y(B),r,s) C f~(scl(B,r,s)).

Proof. (1) = (2) Let B be a fuzzy (r,s)-semiopen
set in Y and x(a5 € f7'(B). Then f(z(ap)) €
B. Since f is fuzzy (r,s)-semi-irresolute, there is a
fuzzy (r,s)-semiopen set A in X such that x(, 5 €
A and f(A) C scl(B,r,s). Thus 245 € A C
sint(f~1(scl(B,r,s)),r,s). Hence we have

F1B) = (@ | 2@s € F1(B)}
C sint(f(scl(B, 1, 8)),7, ).

(2) = (3) Let B be a fuzzy (r, s)-semiopen set in Y. If
T(a,p) & fTH(scl(B,r,s)), then f(x(q.p) & scl(B,r,s).
Hence there is a C' € qu(f(:c(a’ﬁ))) such that CqB.
By Lemma 2.8, we obtain scl(C,r,s)qB. Since C €

qu(f(a:(aﬁ))), we have x(a,ﬁ)qf’l(C). By (2), we ob-
tain f~(C) C sint(f~*(scl(C,r,s)),r, s), and hence

zzs(oéylg)qsint(f_1 (scl(C,r,5)),r,8).

Since scl(C,r,s)gB, by Lemma 2.9, we have
f(sel(C,r, 8))qf~*(B), and so

sint(f 1 (scl(C, r, 5)),r, s)af *(B).
Thus (a5 ¢  scl(f~1(B),r,s). Therefore

scl(f~Y(B),r,s) C f~Y(scl(B,r,s)).
(3) = (1) Let z (4, ) be an intuitionistic fuzzy point in X

and B a fuzzy (r, s)-semiopen set in Y with f(z(, 5)) €
B. Then (4,5 € f~(B), and hence z (4,5 (B°) =
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f~Y(scl(B¢,,s)). By (3), we obtain
scl(f~(sint(B¢,r,s)),7,s)

f~(scl(sint(BC, 7, s), 7, 5))
f (sel(BC, 1, s)).

Hence (4 )dscl(f ! (sint(B¢,r, s)),r, s), and thus
T(a,B) € scl(f 1 (sint(B®, 7, s)), 7, 5)°.
Put

A = scl(f!(sint(B,1,5)),7r,5)°
= sint(f ! (scl(B,r,5)),7,5).

Then A is fuzzy (r, s)-semiopen in X, z(, ) € A, and

F(A) = f(sint(f~(scl(B,r,5)),7,5))
C f(f N (sel(B,1,9)))
C scl(B,r,s).
Therefore f is fuzzy (r, s)-semi-irresolute. O

Lemma 2.11. Let A be an intuitionistic fuzzy set in a
SoIFTS (X, 71, T2) and (r,s) € I ® I. If Ais fuzzy (r, s)-
semiopen, then scl(A, r, s) is fuzzy (r, s)-semi-clopen.

Proof. 1t suffices to show that scl(A,r, s) is fuzzy (r, s)-
semiopen. Since A is fuzzy (r,s)-semiopen, we have
cl(int(A,r, s),r,s) 2 A. Hence

cl(int(scl(4,r, s),r,s),7,8) 2 A.

Since cl(int(scl(4,r,s),r,s),r,s) is fuzzy (r,s)-
semiclosed, we obtain

cl(int(scl(4,r,s),r,s),7,s) D scl(A,r,s).
Therefore scl( A, r, s) is fuzzy (r, s)-semiopen. O

Theorem 2.12. Let f : (X,71,72) — (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-irresolute.

(2) For each fuzzy (r, s)-semi-clopen set BinY, f~1(B)
is fuzzy (r, s)-semi-clopen in X.

(3) For each intuitionistic fuzzy point x(, gy in X and
each fuzzy (r,s)-semiopen set B in Y containing
f(%(,p)), there is a fuzzy (r,s)-semiopen set A
in X containing x4 gy such that f(scl(A4,r,s)) C
scl(B,r, s).

Proof. (1) = (2) Let B be a fuzzy (r, s)-semi-clopen set
in Y. Since f is fuzzy (r, s)-semi-irresolute, by Theorem
2.10,

f~YB) Csint(f~(scl(B,r,s)),r,s) = sint(f1(B),r,s).
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Hence f~1(B) is fuzzy (r,s)-semiopen in X. Similarly,
by Theorem 2.10, we have

scl(f7(B),r,8) € f (sel(B,,5)) = f~1(B).
Thus f~1(B) is fuzzy (r, s)-semiclosed.

(2) = (1) Let x(,, ) be an intuitionistic fuzzy point in X
and B a fuzzy (r, s)-semiopen set in Y with f(z(, ) €
B. Then z(q gy € f~1(B) C f~!(scl(B,r,s)). Put A =
f~(scl(B,r,s)). Then by (2), A is fuzzy (r, s)-semiopen
inX,xnpg) € A, and

f(A) = f(f~ (scl(B,r,5))) C scl(B,r,s).

Hence f is fuzzy (r, s)-semi-irresolute.

(2) = (3) Let z (4, ) be an intuitionistic fuzzy point in X
and B a fuzzy (r, s)-semiopen set in Y with f(x(, 5)) €
B. Then z(np € f~'(B) C f~'(scl(B,r,s)). Put
A = f=I(scl(B,r,s)). Then by (2), A is fuzzy (r,s)-
semi-clopen in X. Also, 7(,,3) € A and

F(f7H (sel(B,r,5)))
C scl(B,r,s).

f(scl(A,r,5)) = f(A)

(3) = (1) Trivial. O

Definition 2.13. Let A be an intuitionistic fuzzy set in a
SoIFTS (X, 71,72) and (r,s) € I ® I. Then A is said to
be fuzzy (r,s)-regular semiopen if there is a fuzzy (r, s)-
regular open set B in X such that B C A C cl(B,r, s).

It is clear that every fuzzy (r,s)-regular semiopen set
is fuzzy (r, s)-semiopen. However, the following example
shows that the converse need not be true.

Example 2.14. Let X = {z} and let A; and A, be intu-
itionistic fuzzy sets in X defined as

Ay (z) = (0.5,0.4), As(z) = (0.6,0.2).

Define 7 : I(X) - I ® I by

(1,0) if A=0,1,
T(A) = (Ti(A), Ta(A) = (3,%) if A= A4,
(0,1) otherwise.

Then 7 is SoIFT on X. It is easy to show that A5 is fuzzy

(%,%)-semiopen in X. Note that
1 1. 11 11
int(cl(A1,=,2), =, =) =int(l, =, =) = 1 # Aj.
ln(C( 17273)7273) ln(77273) 7# 1
11

Hence the only fuzzy (3, 5
and 1. Thus As is not a fuzzy (
in X.

)-regular open sets in X are Q

1, 4)-regular semiopen set

Definition 2.15. Let A be an intuitionistic fuzzy set in
a SoIFTS (X,71,72) and (r,s) € I ® I. Then the
fuzzy (1, s)-semi-O-interior is defined by sintg(A,r,s) =
sclp (A€, 7, s)°.

Lemma 2.16. Let A be an intuitionistic fuzzy set in a
SoIFTS (X, 71,72) and (r,s) € I ® I. Then

(1) sintg(A°,r,s) =sclg(A,r, s)°.
(2) sclp(AC,r,s) =sintg(A,r, s)C.
Proof. Straightforward. O

Theorem 2.17. Let A be an intuitionistic fuzzy set in a
SoIFTS (X, 71,72) and (r,s) € I ® I. Then A is a fuzzy
(r, s)-semi-f-open set if and only if A = sinty(A4, r, s).

Proof. Straightforward. O

Lemma 2.18. Let A be an intuitionistic fuzzy set in a
SoIFTS (X, 71, 72) and (r,s) € I ® I. Then the following
statements are equivalent:

(1) Ais fuzzy (r, s)-regular semiopen.
(2) A¢is fuzzy (r, s)-regular semiopen.

Proof. (1) = (2) Let A be a fuzzy (r, s)-regular semiopen
set in X. Then there is a fuzzy (r, s)-regular open set B
in X such that B C A C cl(B,r,s). Since B is fuzzy
(r, s)-open, cl(B, r, s) is fuzzy (r, s)-regular closed. Since

int(B¢,r,s) C A° C B® =cl(int(B°,r,s),r,s),
A¢ is fuzzy (r, s)-regular semiopen.
(2) = (1) Similar to the above. O

Lemma 2.19. Let A be an intuitionistic fuzzy set in a
SoIFTS (X, 71, 72) and (r,s) € I ® I. Then the following
statements are equivalent:

(1) Ais fuzzy (r, s)-regular semiopen.
(2) A =scl(sint(4,r,s),r,s).
(3) Ais fuzzy (r, s)-semi-clopen.

Proof. (1) = (2) Since A is fuzzy (r, s)-regular semiopen,
we have A = sint(4,r, s). By Lemma 2.18, A€ is fuzzy
(r, s)-regular semiopen. Thus A is fuzzy (r, s)-semiclosed,
and hence A = scl(sint(A4, r, s),, s).

(2) = (1) Let A = scl(sint(A,r,s),7,s). Put B =
sint(A,r, s). Then B C A C scl(B,r, s). Since B is fuzzy

(r, s)-semiopen, we have

B C A Cscl(cl(int(B,r,s),r,s),7,5),
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and hence
sint(int(cl(B€, r, s),r, s),r,s) C A° C B = scl(A°, r, s).

Note that
int(cl(B¢,r,s),7,$)

sint(int(cl(B€, r, s),r, s),1, S)

C  A°Cscl(Ar s) Ccl(ASr,s)

C  cl(cl(int(AC, 7, s), 7, 8),T,5)

= cl(int(A° 1, s),7,5)

C cl(int(cl(scl(AC, r, s),r, 8),1,8),1,8)
(

cl(int(cl(B,r,s),7,5),7,5).

Since int(cl(B¢,r, s),r, s) is fuzzy (r, s)-regular open, A°
is fuzzy (r, s)-regular semiopen. Hence by Lemma 2.18,
A is fuzzy (r, s)-regular semiopen.

(1) = (3) Let A be a fuzzy (r, s)-regular semiopen set.
Then A is fuzzy (r, s)-semiopen. Also, A€ is fuzzy (r, s)-
regular semiopen, and hence A€ is fuzzy (r, s)-semiopen.
Thus A is fuzzy (r, s)-semi-clopen.

(3) = (2) Since A is fuzzy (r, s)-semi-clopen, we obtain
A = scl(sint(A, 7, s),7, ).
O

Lemma 2.20. Let A be an intuitionistic fuzzy set in a
SoIFTS (X, 71, 72) and (r,s) € I ® I. Then A is fuzzy
(r, s)-regular semiopen if and only if A is a fuzzy (r, s)-
semi-f-clopen set.

Proof. (=) Let A be fuzzy (r, s)-regular semiopen. Then
A is fuzzy (r, s)-semiopen, and by Lemma 2.6, we have

A =scl(A,r,s) =sclg(A4,r,s).

Hence A is fuzzy (r, s)-semi-6-closed. Since A€ is fuzzy
(r, s)-semiopen, we obtain

A° = scl(AC r, s) = sclp(AC, T, s).

Thus A€ is fuzzy (r, s)-semi-f-closed. Hence A is a fuzzy
(r, s)-semi-f-open set.

(«<=) Let A be a fuzzy (r, s)-semi-6-clopen set. Then A
is fuzzy (r, s)-semi-clopen. Thus by Lemma 2.19, A is a
fuzzy (r, s)-regular semiopen set. O

Lemma 2.21. Let A be an intuitionistic fuzzy set in a
SoIFTS (X, 71,72) and (r,s) € I ® I. If A is a fuzzy
(r, s)-semiopen set in X, then scl(A,r, s) is fuzzy (r, s)-
regular semiopen in X.

194

Proof. By Lemma 2.11, scl(A,r,s) is fuzzy (r, s)-semi-
clopen. Hence by Lemma 2.19, scl(A, r, s) is fuzzy (r, s)-
regular semiopen in X. O

Theorem 2.22. Let f : (X,71,72) — (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-irresolute.

(2) For each intuitionistic fuzzy point x(, g) in X and
each fuzzy (r, s)-regular semiopen set B in Y contain-
ing f(2(q,p)) there is a fuzzy (r, s)-regular semiopen
set Aiin X such that z(, 3) € Aand f(A) C B.

(3) For each intuitionistic fuzzy point x(, gy in X and
each fuzzy (r, s)-regular semiopen set B in Y con-
taining f(x(4,p)), there is a fuzzy (r, s)-semiopen set
A'in X such that z(, g) € Aand f(scl(A,r,s)) C B.

Proof. (1) = (2) Let x(q,5) be an intuitionistic fuzzy
point in X and B a fuzzy (r,s)-regular semiopen set
containing f(x(4,5)). Then B is a fuzzy (r, s)-semiopen
set in Y containing f(z(4,3)). By Theorem 2.12, there is
a fuzzy (r, s)-semiopen set A such that x(, 3) € A and
f(scl(A,r,s)) C scl(B,r,s) = B. Let C = scl(A,r,s).
Then C is fuzzy (r,s)-regular semiopen such that
T(a,p) € C, and f(C) C B.

(2) = (3) Let x(q,5) be an intuitionistic fuzzy point
in X and B a fuzzy (r,s)-regular semiopen set in Y
containing f(z(q,3)). By (2), there is a fuzzy (r,s)-
regular semiopen set A in X such that z(,,3) € A and
f(A) C B. Since A is fuzzy (r, s)-semiclosed, we have
f(A) = f(scl(4,r,s)) C B.

(3) = (1) Let x(q,5) be an intuitionistic fuzzy point
in X and B a fuzzy (r,s)-semiopen set in Y contain-
ing f(x(4,p)). Then scl(B,r,s) is a fuzzy (r, s)-regular
semiopen set containing f (x4, gy). By (3), there is a fuzzy
(r,s)-semiopen set A in X such that 2, g) € A and

f(scl(A4,r,s)) Cscl(B,r,s).
Thus f is fuzzy (r, s)-semi-irresolute. O

Theorem 2.23. Let f : (X,71,72) — (Y,U1,Us2) be a
mapping from a SoIFTS X to a SoIFTS Y and (r,s) €
I ® I. Then the following statements are equivalent:

(1) fisfuzzy (r, s)-semi-irresolute.

(2) For each intuitionistic fuzzy point x(, gy in X and
each fuzzy (r,s)-semi-f-clopen set B containing
f(%(q,p)), there is a fuzzy (r, 5)-semi-6-clopen set A
such that v, ) € Aand f(A) C B.

(3) For each fuzzy (r, s)-regular semiopen set B in Y,
f~Y(B) is fuzzy (r, s)-regular semiopen in X.
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(4) For each fuzzy (r, s)-semiopen set Bin Y,

f~HB) Csintg(f*(sclp(B,r,8)),7,5).

(5) For each fuzzy (r, s)-semiclosed set BinY,

sclg(f~*(sintg(B, 1, 5)),r,5) C f~1(B).

(6) For each fuzzy (r, s)-semiopen set B in Y,
sclg(f~H(B),r,5) € " (sclg(B,7,5)).

Proof. (1) < (2) It follows from Lemma 2.20 and Theo-
rem 2.22.

(1) = (3) Let B be a fuzzy (r, s)-regular semiopen set
in Y. By Theorem 2.10,

scl(f71(B),r,s) C f (sel(B,r,5)) = f'(B),

and hence f~1(B) is fuzzy (r, s)-semiclosed. Similarly,
f~Y(B) is fuzzy (r,s)-semiopen. Therefore f~1(B) is
fuzzy (r, s)-regular semiopen in X.

(3) = (4) Let B be a fuzzy (r, s)-semiopen set in Y.
Then scly(B,r,s) = scl(B,r,s) is fuzzy (r,s)-regular
semiopen. By (3), f 1 (sclg(B, 1, s)) is fuzzy (r, s)-regular
semiopen. By Lemma 2.20, f~!(scly(B,r,s)) is fuzzy
(r, s)-semi-f-clopen. Since f~1(B) C f~*(sclp(B,,5)),
we have

f_l(B) - Sintg(f_l(SClg(B,?", $)),r,s).

(4) = (5) Let B be a fuzzy (r, s)-semiclosed set in Y.
Then B¢ is fuzzy (r, s)-semiopen. By (4), we have

f! (B) C Sintg(fil(SClg(Bc, r,8)),7,8).

Thus by Lemma 2.16, scly(f~!(sinty(B,r,s)),r,s) C
fHB).

(5) = (6) Let B be a fuzzy (r,s)-semiopen set in
Y. Then scl(B,r, s) is fuzzy (r, s)-regular semiopen, and
hence scl(B, r, s) is fuzzy (r, s)-semi-0-clopen. By (5), we
obtain

SCIG(f_l(B)v Ty S)

SClg(fil(SCI(B, 7,8)),7,8)

sclg(f~*(sintg(scl(B,r, s),1,5)),7,5)
C  fYscl(B,r,s)) = f (scly(B, T, 5)).

N

(6) = (3) Let B be a fuzzy (r, s)-regular semiopen set
in Y. Then B is fuzzy (r, s)-semi-clopen. By (6), we have

sclg(f~4(B),r,s) C [~ (sclo(B,r,s))
= fﬁl(SCI(Bvr’s)):fil(B)a

and hence f~(B) = sclg(f~1(B),r,s). Thus f~1(B)
is a fuzzy (r,s)-semi-f-closed set in X. Since B is
fuzzy (r, s)-regular semiopen, B¢ is a fuzzy (r, s)-regular
semiopen set. Hence f~1(B¢) is fuzzy (r,s)-semi-0-
closed in X. Thus f~!(B) is a fuzzy (r, s)-semi-0-open
set in X. Therefore f~1(B) is fuzzy (r,s)-regular
semiopen.

(3) = (1) It follows from Lemma 2.19 and Theorem
2.12. O
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