© 2019 JETIR May 2019, Volume 6, Issue 5 www.jetir.org (ISSN-2349-5162)

Regular Semi Irresolute on Intuitionistic Fuzzy
Topological Spaces in Sostak’s Sense

1S, Tamilselvan, 2A. Vadivel and 3G. Saravanakumar
!Mathematics Section (FEAT), Annamalai University, Annamalainagar, Tamil Nadu-608002
2Department of Mathematics, Government Arts College(Autonomous) Karur, Tamil Nadu-639005
3Department of Mathematics, Annamalai University, Annamalainagar, Tamil Nadu-608002

Abstract
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l.Introduction
The concept of fuzzy sets was introduced by Zadeh [13]. Change [2] defined fuzzy topological
spaces. These spaces and its generalizations are later studied by several authors, one of which, developed

by S ostak [12], used the idea of degree of openness. This type of generalization of fuzzy topological
spaces was later rephrased by Chattopadhyay, Hazra and Samanta [3], and by Ramadan [10]. As a
generalization of fuzzy sets, the concept of intuitionistic fuzzy sets was introduced by Atanassov [1].
Recently, Coker and his collegues [4, 6, 7] introduced intuitionistic 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 S ostak’s sense as a generalization of smooth
fuzzy topological spaces and intuitionistic fuzzy topological spaces. In this paper, we introduce the

concepts of fuzzy (r,s)-regular semi irresolute on intuitionistic fuzzy topological spaces in S ostak’s
sense and then we investigate some of their characteristic properties.
2.Preliminaries

Let | be the unitinterval [0,1] of the real line. Amember u of 1% iscalled a fuzzy set of X
. By 0 and 1 we denote constant maps on X with value 0 and 1, respectively. For any uel”, u°
denotes the complement of 1- 4 . All other notations are standard notations of fuzzy set theory.

Let X be anonempty set. An intuitionistic fuzzy set A is an ordered pair

A= (Lp7a)

where the functions u,: X =1 and y,: X — 1| denote the degree of membership and degree
of non-membership, respectively, and u, + 7, <1.

Obviously every fuzzy set u on X is an intuitionistic fuzzy set of the form (u,1— u).

Definition 2.1 [1] Let A= (u,,y,) and B=(ug,7s) be intuitionistic fuzzy setson X . Then
AcB iff u,<p, and y,2y;,
A=B iff AcB and BcCA,
A= (Y ar M)
ANB = (Ly A g, ¥4V 78)
AUB = (Vv tg YA NYs)

vk W
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6. 0.=(0,1) and 1. =(1,0).

Definition 2.2 [1] Let f be amap fromaset X toaset Y.Llet A=(u,,7,) be aintuitionistic
fuzzy setof X and B = (ug,ys) anintuitionistic fuzzy set of Y . Then:
1. The image of A under f, denoted by f(A) is an intuitionistic fuzzy set in Y
defined by
f(A)=(f () 1-F(1-7.).

2. The inverse image of B under f, denoted by f(B) is an intuitionistic fuzzy set in
X defined by
F2(B) = (F (1), T (7a))-

Definition 2.3 [10] A smooth fuzzy topology on X is a map T:1* — | which satisfies the
following properties:

1. TO=T@A-=1,
2. T(uAw)2T () AT (1),
3. T(va) 2 AT ().
The pair (X,T) is called a smooth fuzzy topological space.
Definition 2.4 [5] An intuitionistic fuzzy topology on X is a family T of intuitionistic fuzzy sets in
X which satisfies the following properties:
1. 0.1, €T,
2. If A,A,eT,then AnA €T,
3. If AeT forall i,then UA€T.
The pair (X,T) is called an intuitionistic fuzzy topological space.
Let 1(X) be a family of all intuitionistic fuzzy sets of X and let | ®1 be the set of the pair
(r,s) suchthat r,sel and r+s<1

Definition 2.5 [6] Let X be a nonempty set. An intuitionistic fuzzy topology in S ostak’s sense
(SoIFT for short) T =(T,,T,) on X isamap T:1(X)— |1 ®I| which satisfied the following properties:

1. 7,00 .)=T,1.)=1and T,(0 .)=T,(1 .)=1,
2. T(AnB)2T,(A)AT/(B) and T,(AnB)<T,(A)VvT,(B),
3. T (UA)2AT(A) and T,(VA)<VT,(A)
The (X,T)=(X,T,T,) is said to be an intuitionistic fuzzy topological space in S ostak’s sense
(SolFTS for short). Also, we call T,(A) a gradation of openness of A and T,(A) a gradation of

nonopenness of A
Definition 2.6 [8] Let A be an intuitionistic fuzzy set in a SolFTS (X,T,,T,) and (r,s)el®I.

Then A s saidto be
1. fuzzy (r,s)-openif T (A)=>r and T,(A)<s,

2. fuzzy (r,s)-closedif T, (A")>r and T,(A°)<s.

Definition 2.7 [8] Let (X,T,,T,) be a SolFTS. For each (r,s)el®1 and for each Ael(X), the
fuzzy (r,s)-interior is defined by
intleT2 (A,r,s)={B eI (X)| Ao B, Bisfuzzy(r,s) —open}.
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and the fuzzy (r,s)-closure is defined by
C|T1,T2 (Ar,s) ={Bel(X)| Ac B,Bisfuzzy(r,s) —closed}.

The operators int:I(X)xI®1 > 1(X) and cl:I(X)xI®I > 1(X) are callled the fuzzy
interior operotar and fuzzy closure operatorin (X, T,,T,), respectively.
Lemma 2.1 [8] For an intuitionistic fuzzy set A ina SolFTS (X,T,T,) and (r,s)el®I

1. intTl‘TZ(A, r,s)’ = C|T1,T2(AC’ r,s),

2. C|T1,T2 (Ar,8) = intTl’TZ(AC, r,s).

Definition 2.8 [8] Let (X,T) be an intuitionistic fuzzy topological space in S ostak’s sense. Then it
is easy to see that for each (r,s) el ®1, the family T, ., defined by
Tio ={AI(X)|T,(A)2randT,(A) <s}
is an intuitionistic fuzzy topology on  X.
Definition 2.9 [8] Let (X,T) be an intuitionistic fuzzy topological space (r,s)el ® 1. Then the
map T 1(X) > 1 ®1 defined by
(1,0), ifA=0,1
TE(A)=4(r,s), if AeT-{0,1}
(0,1), otherwise,

r,s)

becomes an intuitionistic fuzzy topology in S ostak’s sense on X .
Definition 2.10 [9] Let A be an intuitionistic fuzzy set in a SolFTS (X,T,T,) and (r,s)el®I.

Then A s said to be
1. fuzzy (r,s) -semi open if there is a fuzzy (r,s)-open set B in X such that

Bc Ac cITlYT2 (B,r,s),

2. fuzzy (r,s)-semi closed if there is a fuzzy (r,s)-closed set B in X such that
int, . (B,r,s)c AcB.
172

Definition 2.11 [11] Let A be an intuitionistic fuzzy set in a SolFTS (X,T,,T,) and (r,s)el®I.

Then A s said to be
1. fuzzy (r,s)-regularopen if A:intleTz(CIleTz(A,r,s),r,s),

fuzzy (r,s)-regularclosedif A= CITl’T2 (intTl’T2 (A,r,s),r,s),

fuzzy (r,s)-a openif Acint, . (el o (int; o (A,r,s),1,5)r,5),
fuzzy (r,s)-a closed if Axcl . (int; . (ck  (AT,S),1,5)r,s),
fuzzy (r,s)-pre open if AgintTl’T2 (cITlVTZ(A,r,s),r,S),

fuzzy (r,s)-preclosedif Ao CITl'T2 (intTrT2 (A r,s),r,9),

fuzzy (r,s)-f openif AgCIleTZ(intleTZ(CITlVTZ(A,r,s),r,s)r,s),

© N o u B~ W N

fuzzy (r,s)-p closed if A;intTl‘Tz(cITl,TZ(intTlYTZ(A,r,s),r,s)r,s),

9. fuzzy (r,s)-regular semi open if there is a fuzzy (r,s)-regular openset B in X such
that Bc Ac cIleT2 (B,r,s),

10. fuzzy (r,s)-regular semi closed if there is a fuzzy (r,s)-regular closed set B in X
such that intTl’T2 (B,r,s)c AcB.
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Definition 2.12 [11] Let (X,T,,T,) be a SolFTS. For each (r,s)el®| and for each Ael(X)
, the fuzzy (r,s)-regular semi (resp. (r,s)-a, (r,s)-pre and (r,s)-f )-interior is defined by
rsintTI’T2 (A, r,s) (resp. ozintTl’T2 (Ar,s), pintleT2 (A,r,s)and [)’intTl,T2 (A/r,9))
=U{Be I1(X)| Ao B, Bisfuzzy (r,s) —regularsemi (resp. «, preand ) —open} and the fuzzy (r,s)
-reqular semi (resp. (r,s) - « , (r,s) -pre and (r,s) - B ) - closure s defined by
rscITl’T2 (A r,s) (resp.ochTlvT2 (Ar,s), IOC|T1,T2 (A r,s)and ,30|T1,T2(A, rs)) = ﬂ{B el(X)|AcB,
B isfuzzy (r,s) —regularsemi(resp. «, pre and ) —closed}

3.Fuzzy (r,s)-regular semi(resp.a, pre and pg) irresolute functions

Definition 3.1 Let f:(X,T,,T,)— (Y,W,,W,) be a mapping from a SolFTS X to another SolFTS
Y and (r,s)el®I.Then f issaidtobe

1. fuzzy (r,s)-regular semi (resp.a, pre and ) irresolute if f*(B) is a fuzzy (r,s)
-regular semi (resp. «, preand f)opensetof X foreach fuzzy (r,s)-regular semi(resp. «, pre and
p)openset B of Y,

2. fuzzy (r,s)-regular semi irresolute open if f(A) is a fuzzy (r,s)-regular semi (resp.
a,preand f)opensetof Y foreachfuzzy (r,s)-regular semi(resp. «, preand f)openset A of
X,

3. fuzzy (r,s)-regular semi (resp. «, pre and /) irresolute closed if f(A) is a fuzzy
(r,s)-regular semi (resp. «, preand f)closed setof Y foreach fuzzy (r,s)-regular semi(resp.« ,pre
and f)closedset A of X,

4. fuzzy (r,s)-regular semi (resp. «, pre and f) irresolute homeomorphism iff f is
bijective, f and f™' arefuzzy (r,s)-regularsemi(resp. a,preand pf)irresolute.

From the above definitions it is clear that the following implications are true for (r,s)el ®]I

(r.5)-regular irresolute

/

(r.s)-irresolute (r.s)-regular semi irresolute

r.s)- o resolute — J(rs)-semi irresolute

| |

(r.s)-pre imesolute— (r.5)- 7 irmesolule
The converses of the above implications are not true as the following examples show:
Example 3.1 Llet X ={ab}=Y and let A,A e€l(X) , Bel(Y) be defined by
A (x)=B,(x)=(0.1,0.8), A(y) =B,(y)=(0.1,0.5) , A, (x)=(0.3,0.6), A,(y)=(0.3,0.5) . Define
T I(X)>1®1 and W:I(Y)>1®1 by
(1,0) if A=0 .,1 .,
11 i
T(A) = (T(A).T,(A) = (E’E) if A=AA,
(0,1)  otherwise.
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1,00 ifB=0 1.,

WE)=WEWE)= | ) ifB=E,
(0,1)  otherwise.

1

For r:%,sz . Then the identity mapping f:(X,T,T,)—> (Y ,W,W,) is fuzzy (%,%)

-irresolute which is not fuzzy (%,%)—regular irresolute. Since B, is fuzzy (%,%) -regular openin W but

f(B,) is not fuzzy (%,%)-regularopen in T.
Example 3.2 let X ={a,b}=Y , oand let A,A €l(X), Bel(Y) be defined as
A (x)=B,(x) =(0.1,0.8), A(y) =B,(y)=(0.1,05) , B,(x) =(0.3,0.6), B,(y) =(0.3,0.5) .  Define
T:(X)>1®1 and W:I(Y)>1®1 by
(,0) ifA=0 .1,
TW=MATLA)= | C2) ifA=A
(0,1)  otherwise.
(1,00 ifB=0.,1 ,
W(B)=WEWLE)= | () ifB=B,B,
(0,1)  otherwise.

For r :%,s =%. Then the identity mapping f :(X,T,,T,) = (Y, W,,W,) is fuzzy (%,%)-regular
- e 11 . . . 11 .
semi irresolute which is not fuzzy (E,E)—regular irresolute. Since B, is fuzzy (E’E) -regular openin W

but f(B,) isnot fuzzy (%’%)-regular goenin T.

Example 3.3 Let X ={a,b}=Y, and lett A 1(X),B,,B,,B, UB,,B "B, l(Y) be defined as

A(x) = B,(x) = (0.3,0.1), A(y) = B,(y) = (0.3,0.1) , B,(x) = (0.4,0.3), B,(y) = (0.4,0.3) )
B,(X) U B, (X) = (0.4,0.1), B,(y) UB,(Y) = (04,01) , B,(x)"B,(x)=(0.3,0.3), B,(Y) N B,(y) = (0.3,0.3)
Define T:1(X)—>1®1 and W:I(Y)>1®1 by

1,00 ifA=0 .1,

TW=MATA) = Co) ifA=A,
(0,1)  otherwise.
(1,0) ifB=0 .1,
W (B) = (W,(B).W,(B)) = (%,%) if B=B,B,,B,uB,,B,NB,,
(0,1)  otherwise.

1

For r:%,s: . Then the identity mapping f:(X,T,T,) > (Y,W,W,) is fuzzy (%,%)— a

irresolute which is not fuzzy (%,%)-irresolute. Since B, is fuzzy (%,%)-open in W but f(B,) is
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11
not fuzzy (=,=)-openin T.
y (2 2) p

Example 3.4 Llet X ={ab}=Y , and let Aecl(X) , B,B,el(Y) be defined as

A(x)=B,(x)=(0.3,0.6), A(y) =B,(y)=(0.3,05) ,  B,(x)=(0.4,0.3),B,(y)=(0.4,0.3)  Define
T (X)>1®1 and W:1(Y)>1®1 by

1,00 ifA=0 . 1.,
TW=MATA)= | C2) ifA=A
(0,1)  otherwise.
(1,00 ifB=0 .1 .,
W (B) = (W,(B),W,(B)) = (%,%) if B=B,B,,
(0,1)  otherwise.

For r:%,S:%. Then the identity mapping f:(X,T,,T,) — (Y, W,W,) is fuzzy (%,%) -semi

11 11
irresolute, [ -irresolute which is not fuzzy (E,E)—a irresolute, pre irresolute. Since B, is fuzzy (E'E)

11
-preopen, a openin W but f*(B,) is not fuzzy (E,E)-pre open, « openin T.

Example 3.5 Llet X ={ab}=Y , and let Ael(X) , B,B,el(Y) be defined as

A(X)=(0.2,0.2), A(y) = (0.1,0.2) , B,(x) =(0.1,0.1), B,(y) = (0.1,0.1) . Define T:1(X)—>I1®I and
W:l(Y)>1®1 by

1L,0) ifA=0 1,
TW=MATLA= | C2) ifA=A

(0,1)  otherwise.
(1,00 ifB=0.,1 ,

W (B) = (W, (B) W, (B)) = (%%) ifB=8,
(0,1)  otherwise.

For rzl,s:
2

N |-

. Then the identity mapping f:(X,T,,T,) —> (Y, W, W,) is fuzzy (%,%) -semi
. L 11 . . . 11 .
irresolute which is not fuzzy (E,E)-regular semi irresolute. Since B, is fuzzy (E’E) -regular semi open

in W but f(B) isnotfuzzy (%,%)—regularsemiopen in T.

Example 3.6 Let X ={a,b}=Y , and let Aecl(X) , B,B,el(Y) be defined as

A(x)=(0.1,0.1), A(y) =(0.1,0.1) , B,(x)=(0.2,0.2), B,(y) = (0.1,0.2) . Define T:1(X)—>1®1 and
W:I(Y) > 1®1 by

(1,0) ifA=0 1.,
T(A) = (T,(A).T,(A) = (%é) if A=A,

(0,1)  otherwise.
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(1,0) ifB=0 1,
WE)=WEWE)= | ) ifB=E

(0,1)  otherwise.
1

For r:%,S:E. Then the identity mapping f:(X,T,,T,)—> (Y ,W,,W,) is fuzzy (%,%) -semi

irresolute which is not fuzzy (%,%)—ﬁ irresolute. Since B, is fuzzy (%,%)—ﬁ open in W but

f(B,) is not fuzzy (%,%)-ﬁ openin T.

Example 3.7 Let X ={a,b}=Y, and let A €1(X),B,B,,B,uUB, B nB,l(Y) be defined as

A(X) = B,(x) =(0.1,0.3), A(y) = B,(y) =(0.1,0.3) B,(x) =(0.3,0.6), B,(y) = (0.3,0.5) ,
B,(x) U B,(x) =(0.3,0.3), B,(y)uB,(y)=(0.3,0.3) , B,(x)nB,(x)=(0.1,0.6), B,(y) nB,(y) =(0.1,0.5)
Define T:1(X)—>1®I1 and W:I(Y)—>I®I by

(1,00 ifA=0 .,1 ,

TW=MATA)= | G5) A=A
(0,1)  otherwise.
(1,00 ifB=0 1,
W (B) = (W,(B),W,(B)) = (%,%) if B=B,B,,B,uB,,B,NB,,
(0,1)  otherwise.

1

For r:%,szz. Then the identity mapping f:(X,T,T,) —> (Y ,W,W,) is fuzzy (%,%)-a

irresolute which is not fuzzy (%,%) -pre irresolute. Since B, is fuzzy (%,%) -pre open in W but

f(B,) is not fuzzy (%%) -pre openin T.

Theorem 3.1 Let (X,T,T,),(Y,W,,W,) be SolFTSs and let f:X —Y be mappings and
(r,s) e | ® 1. Then the following statements are equivalent:
1. f isfuzzy (r,s)-regular semiirresolute.

2. Foreach (r,s)-frscset Bel", f*(B) is (r,s)-frscsetin X.

3. f(rscl; (Ar,s)) crscly , (f(A),r,s), foreach Ae I and (r,s)el®]I.

4, rscIleTz(f’l(B),r,s)g f’l(rscIWlVWZ(B,r,s)),for each Bel' and (r,5)el®I.
5. f‘l(rsintwlvwz(B,r,s))grsintTl,Tz(f‘l(B),r,s),for each Bel' and (r,9)el®]l.

Proof. (i) < (ii) It is easily proved from Definition 10(")@
(ii) = (iii) Let (ii) holds and let f(rscITlvTZ(A,r,s))U "SC|W1,W2(f(A)’r’S) for some Ael” and

(r,s)el ®I1 .Sothereexists yeY,te(0,1] such that:
f(rscl, - (Ar,8))(y) >t >rscl, , (f(A),r,s)(y)
If f*(y)=¢, itisacontradiction, because f (rscl - (Ar,9))(y) =0 . . So, if f(y) # ¢, there

exists xe f(y) such that
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f(rscly r, (AT, 9)(Y) 2 15¢h - (AF)() > t> rsch,,, (FALRS(F) ()

Also, rschlyWZ(f(A), r,s)(f(x)) <t, implies that there exists r-frsc set B with f(A)=B such
that rSCIWTW2 (f(A),r,s)(f(x)) = B(f(x))<t. Moreover, f(A)c B implies Ac f™*(B). From (2),
f *(B) is (r,s)-frsc. Thus rscl, ¢ (A )< f*(B) and this implies:
rscITlvTZ(A,r,s)(x) c fH(B)(x) =B(f(x)) <t (2)

From relations (1) and (2) we see that:
rsclleT2 (A,r,s)(x)>t and rscIleT2 (A,r,s)(x) <t which is a contradiction. Hence the result.
(iii)=>(iv) Put A= f(B)(Bel") and apply (iii) we have
f (rscl, ;. (f *(B),r,s)) < rschy w, (f(f *(B),r,s)) < rschy v, (B,1,5).
Hence, rscITl’Tz(f‘l(B), r,s)c f‘l(rsclwrW2 (B,r,9)).
(iv)=(v) It follows immediately by taking the complement of (iv).
(v)= (i) Let (v) holdsand let B be (r,s)-frsoin Y .By (v)
f‘l(rsintwl‘Wz(B,,s,r)) - rsintleTz(f‘l(B),r,s) . Then, f*(B)c rsintTl,Tz(f‘l(B),r,s) . But
rsintTlvTZ(f’l(B),r,s)g f*(B). Hence rsintTl,Tz(f’l(B),r,s) =f*(B). So, f*(B) is (r,s)-frso and
there by f is (r,s)-fuzzy regular semiirresolute.
Theorem 3.2 Let (X,T,,T,),(Y,W,W,) be SolfTSs and let f:X —Y be mappings and
(r,s) el ® 1. Then the following statements are equivalent:
1. f isfuzzy (r,s)-a irresolute.
2. Foreachfuzzy (r,s)-a closedset Bel', f*(B) isfuzzy (r,s)-a closedsetin X .
3. f(aCIleTz(A, r,s)) gaclwlywz(f(A), r,s),foreach Acl® and (r,s)el®]I.
4
5

aCIleTz(f_l(B),r,S) c f_l(adwl,wz(B'r,S)), foreach Bel' and (r,s)el®l.
f’l(aintwl’Wz(B,r,s))gaintTlsz(f’l(B),r,s),for each Bel' and (r,s)el®l.

Proof. It follows from Theorem 4(’) @
Theorem 3.3 Let (X,T,T,),(Y,W,W,) be SolFTSs and let f:X —Y be mappings and

(r,s) e | ® 1. Then the following statements are equivalent:
1. f isfuzzy (r,s)-preirresolute.

2. Foreach fuzzy (r,s)-preclosedset Bel”, f *(B) isfuzzy (r,s)-preclosedsetin X .
3. f(pcl . (Ar,s)) < pcly , (T(A).1,9), foreach Ae I and (r,s)el®I.

4, pcITl’TZ(f’l(B),r,s)g f’l(pclwlvwz(B,r,s)), foreach Bel' and (r,s)el®l.

5. f‘l(pinthYWZ(B, r,s)) c pintleTz(f_l(B), r,s),foreach Bel' and (r,s)el®I.

Proof. It follows from Theorem 4(*)@
Theorem 3.4 Let (X,T,T,),(Y,W,W,) be SolfTSs and let f:X —Y be mappings and

(r,s) el ® 1. Then the following statements are equivalent:
1. f isfuzzy (r,s)-p irresolute.
2. Foreach fuzzy (r,s)-fB closedset Bel", f *(B) isfuzzy (r,s)-fB closedsetin X .
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3. f(ﬂC|T1,T2(A’ r,s)) c ,devl,wz(f(A)’ r,s),foreach Ael* and (r,s)el®I.
4, ﬂclTl‘Tz(ffl(B),r,s) c f*l(ﬂclwlywz(B,r,s)), foreach Bel' and (r,s)el®l.
5. f‘l(ﬁintWrWZ(B,r,s))gﬂintleTz(f‘l(B),r,s),for each Bel' and (r,s)el®l.

Proof. It follows from Theorem 4(’)@
Theorem 3.5 Let (X,T,T,) and (Y,W,,W,) be SolFTSs. Let f:X —Y be a mapping. The

following statements are equivalent:
1. Amap f is (r,s)-fuzzy regular semiirresolute open.

2. f(rsint; . (Ar,s)) crsint, ,, (f(A).r,s), foreach Ael* and (r,5)el®I.
3. rsintTl,Tz(f‘l(B),r,s)gf‘l(rsintWyWZ(B,r,s)),foreach Bel” and (r,s)el®l.
4. For any Ael’ and any (r,s)-frso set Bel* such that B> f *(A), there exists a
(r,s)-frsclset Cel’ with AcC suchthat f*(C)cA.
Proof. (i) = (ii) Since rsintleTZ(A,r,s)gA,then rsintTl‘Tz(A,r,s)g f(A) . By (i),
f(rsintTrT2 (Ar,8) < rsintwl,wz(f (A),r,8).

(i) = (iii) Let (ii) holds. Take A= f *(B), Ac 1’ and apply part (ii).

(i) = (iv) Let Bel® be a (r,s) -frsc set. Since f*'(AcB , then
1 -Bcl. —-f*(A)=f7'Q.-A : It follows,
rsint, - (1. -B,r,s)cl . —Bcrsint,  (f7(1 . —A),r,s) By{ii),

1 —BgrsintleTz(f’l(l - —A),r1,8) f’l(rsintwlvwz(l . —Ar,3)).

It implies
Bol . —f‘l(rsintwlywz(l —Arns)=f7(1 . —rsinty , (1. —AT,S))= f‘l(rscIWIYWZ(A,r,s)) . So,
Bo ffl(rscIleTz(A,r,s)). Take C = rscIleTz(A,r,s)). Then C is (r,s)-frsc such that B> f*(C) and
C o A. Hence the result.

(iv)=(i) Let D be (r,s)-frso in X.Put A=1 . —f(D) and B=1 . —D. It is easy to see
that B f *(A). By part (iv), there exists (r,s)-frsc set Cel’ suchthat CoA and B> f*(C) or
1 -Dof*C). It implies Dgl . —f*(C)=f*(1 . -C). Thus f(wyc ff*(1 -C)cl . -C.
On the other hand, AcC, f(D)=1.-A implies f(D)=1. -A>21 . —C. Finally, we have
f(D)=1 . —C and therefore f(D) is (r,s)-frso. Hence f s fuzzy (r,s)regular semi irresolute

open.
Theorem 3.6 Let (X,T,T,) and (Y,W,,W,) be SolfTSs. Let f:X —Y be a mapping. The

following statements are equivalent:
1. Amap f isfuzzy (r,s)-a irresolute open.

2. f(aint; ; (Ar,5)) cainty,,, (f(A)r,s),foreach Ae I and (r,s)el®]I.
3. aintTlsz(f*l(B),r,S)g ffl(aintwlvwz(B,r,S)),for each Bel' and (r,s)el®l.

4. Forany Ael’ andanyfuzzy (r,s)-a openset Bel” suchthat B> f*(A), there
exists a fuzzy (r,s)-a closedset Cel’ with AcC suchthat f*(C)cA.

Proof. It follows from Theorem 5(°)@
Theorem 3.7 Let (X,T,T,) and (Y,W,,W,) be SolfTSs. Let f:X —Y be a mapping. The
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following statements are equivalent:
1. Amap f isfuzzy (r,s)-preirresolute open.

2 f(pintTl‘Tz(A,r,s)) c pinth‘WZ(f(A),r,s), foreach Ael” and (r,s)el®I.
3. pintleTz(f‘l(B),r,s) - f‘l(pintwlywz(B, r,s)),foreach Bel' and (r,s)el®I.
4

Forany Ael’ andanyfuzzy (r,s)-preopenset Bel” suchthat B> f *(A), there
exists a fuzzy (r,s)-preclosedset Cel’ with AcC suchthat f*(C)c A.

Proof. It follows from Theorem 5(°)@
Theorem 3.8 Let (X,T,T,) and (Y,W,,W,) be SolfTSs. Let f:X —Y be a mapping. The

following statements are equivalent:
1. Amap f isfuzzy (r,s)-f irresolute open.

2 f(ﬁ'intTlsz(A,r,s)) gﬂintwlvwz(f (A),r,s), foreach Ael”® and (r,s)el®I.
3. ﬁintTl’TZ(f’l(B),r,s)g ffl(,Bintwlywz(B,r,s)),for each Bel' and (r,5)el®I.
4

Forany Ael’ andany fuzzy (r,s)-f openset Bel* suchthat B> f*(A), there
exists a fuzzy (r,s)-f closedset Cel’ with AcC suchthat f'(C)cA.

Proof. It follows from Theorem 5(°)@
Theorem 3.9 Let (X,T,,T,) and (Y,W,W,) be SolfFTSs. Let f:X —Y be a mapping. The

following statements are equivalent:
1. f isfuzzy (r,s)-regular semiirresolute closed.

2. f(rscl ;. (Ar,s) 2rscly , (f(A),r,s), for each Acl”.
Proof. (i)=>(ii) Let Ael”. Since Ac FSC|T1,T2(A’V,5)r then f(A)c f(rscIleTz(A,r,s)). It
implies rschl,W2 (f(A),r,s)c f (rscITl’T2 (A, r,9)).
(i)=>(i) Let (ii) holds and Ael* such that A is (r,s)-frsc. Then rscIWl’WZ(f(A),r,s)g f(A).
But f(A)grscIWl’WZ(f(A),r,s). Hence f(A) is (r,s)-frsc and therefore f is fuzzy (r,s)-regular

semi irresolute closed.
Theorem 3.10 Let (X,T,,T,) and (Y,W,,W,) be SolfTSs. Let f:X —Y be a mapping. The

following statements are equivalent:
1. f isfuzzy (r,s)-a irresolute closed.

2. f(acl , (Ar,s)) 2acl,, (f(A)rs), foreach Acl”.

Proof. It follows from Theorem 4(’)@
Theorem 3.11 Let (X,T,,T,) and (Y,W,,W,) be SolfTSs. Let f:X —Y be a mapping. The

following statements are equivalent:
1. f isfuzzy (r,s)-preirresolute closed.

2. f(pcl . (Ar,8)) 2 pcly , (F(A).1,9), foreach Ae (R

Proof. It follows from Theorem 4(*) @
Theorem 3.12 Let (X,T,,T,) and (Y,W,,W,) be SolfTSs. Let f:X —Y be a mapping. The

following statements are equivalent:
1. f isfuzzy (r,s)-f irresolute closed.
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2. f(ﬂCITl,TZ(A’ r,s)) QIBCIWl,WZ(f(A)’ r,s),foreach Ael”.

Proof. It follows from Theorem 4(’)@
Theorem 3.13 Let (X,T,,T,) and (Y,W,,W,) be SolFTS’s. Let f:X —Y s bijective. Then :

1. f is fuzzy (r,s)  -regular semi irresolute closed iff
f’l(rsclwlyWZ(B,r,s))grscITlsz(f’l(B),r,s) foreach Bel' and (r,s)el®I.
2. f is fuzzy (r,s)-regular semi irresolute closed iff f is fuzzy (r,s)-regular semi

irresolute open.
Proof. (1)(=): Let f be fuzzy (r,s)-regular semi irresolute closed. From Theorem 4(’)@ we

have:
f(rscITl’T2 (Ar,8) 2 rSCIW1~Wz(f (A),r,s8)), Ael”.
let Bel' andput A= f*(B), we have
f(rscl ;. (f 1(B),r,s)) > rschy v, (ff *(B),r,s) = rschy w, (B,1,S).
It implies rscITl’Tz(f’l(B), rs)o f’l(rsclwrW2 (B,1,9)).
(<): On the other hand let the condition is satisfied and let Bel” such that B is (r,s)-frsc.
Then f(B)el".Apply the condition we have:
rsch. . (f 1f(B,r,s) o f ‘1(rsclwl,W2 (f(B),r,s),r,s).
It implies that rscl; ; (B.,r,s)2 f’l(rsclwlywz(f(B), rs),r,s) . Then,
f(rscIleTZ(B, r,s)) o rSCIleWz(f(B)’ r,s). So by Theorem 4(")@ f is fuzzy (r,s)-regular semi irresolute

closed.
(ii) Apply Theorem 4(’)@ and taking the complement we have the required result.
From Theorems 4(")@ 5(°)@ 4(')@ 2(’)@ we obtain the following Theorem.
Theorem 3.14 Let (X,T,T,) and (Y,W_,W,) be SolFTS’s. Let f:X —Y s bijective. Then :

1. f isfuzzy (r,s)-a irresolute closed iff f’l(aclwl’WZ(B,r,S))gaCITl’Tz(f’l(B),r,S) for

each Bel' and (r,s)el®]I.
2. f isfuzzy (r,s)-a irresolute closediff f isfuzzy (r,s)-a irresolute open.

Proof. It follows from Theorem 2(’)@
Theorem 3.15 Let (X,T,,T,) and (Y,W,,W,) be SolFTS’s. Let f :X —Y s bijective. Then :

1. f is fuzzy (r,s)-pre irresolute closed iff f_l(pC|W1YW2(B,r,S))g pcITl'Tz(f‘l(B),r,s)

foreach Bel' and (r,s)el®]I.
2. f isfuzzy (r,s)-preirresolute closed iff f isfuzzy (r,s)-preirresolute open.

Proof. It follows from Theorem 2(*)@
Theorem 3.16 Let (X,T,,T,) and (Y,W,,W,) be SolFTS’s. Let f:X —Y s bijective. Then :

1. f is fuzzy (r,s)-p irresolute closed iff f‘l(ﬂclwlyWZ(B,r,S))g/i'CIleTz(f_l(B),r,s)

foreach Bel' and (r,s)el®]I.
2. f isfuzzy (r,s)-p irresolute closediff f isfuzzy (r,s)-/£ irresolute open.

Proof. It follows from Theorem 2(*)@
Theorem 3.17 Let (X,T,,T,) and (Y,W,,W,) be SolFTSs. Let f:X —Y be a mapping. The
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following statements are equivalent:

1.

2
3
4.
5
6
7

f isfuzzy (r,s)-regular semiirresolute homeomorphism,
f isfuzzy (r,s)-regular semiirresolute and fuzzy (r,s)-regular semi irresolute open,
f isfuzzy (r,s)-regular semiirresolute and fuzzy (r,s)-regular semi irresolute closed,

f(rsintleTz(A, r,s)) = rsint\Nl’WZ(f (A),r,s),foreach Ael*, (r,s)el®Il,
f(rscIleTz(A, r,s)) = rschl‘WZ(f(A), r,s),foreach Ael” (r,s)el®l,
rsint, . (f *(B),r,s) = f ’1(rsintW1‘W2 (B,r,3)),

rscIleTz(f‘l(B),r,s) = f‘l(rsclwlyWZ(B,r,s)), el (rs)el®l.

Theorem 3.18 Let (X,T,,T,) and (Y,W,,W,) be SolfFTSs. Let f:X —Y be a mapping. The

following statements are equivalent:

1.

2
3
4,
5
6
7

f isfuzzy (r,s)-a irresolute homeomorphism,
f isfuzzy (r,s)-« irresolute and fuzzy (r,s)-« irresolute open,
f isfuzzy (r,s)-a irresolute and fuzzy (r,s)-a irresolute closed,

f(aintleTz(A, r,s)) = aint\Nl’WZ(f (A),r,s),foreach Acl” (r,s)el®I,
f(acIleTZ(A, r,s)) = aclwlywz(f(A), r,s),foreach Aecl”*, (r,8)el®l,
aintTl,Tz(f’l(B), r,s)= f’l(aintwlyWZ(B,r,s)),

acITl‘Tz(f‘l(B),r,s) 9 f‘l(aclwlvwz(B,r,s)), el (rs)el®l,

Theorem 3.19 Let (X,T,,T,) and (Y,W,,W,) be SolfTSs. Let f:X —Y be a mapping. The

following statements are equivalent:

1.

2
3
4,
5
6
7

f isfuzzy (r,s)-pre irresolute homeomorphism,
f isfuzzy (r,s)-preirresolute and fuzzy (r,s)-pre irresolute open,
f isfuzzy (r,s)-preirresolute and fuzzy (r,s)-preirresolute closed,

f(pint; ; (Ar,8)) = pint, . (f(A),r,s), foreach Acl (r,s)el®l,
f(pcITlsz(A,r,s)) = pchl,WZ(f(A),r,s), foreach Aecl”, (r,s)el®l,
pint, . (1°(B),1,5) = 1(pint,, ,, (B.r,S),

pcIleTZ(f‘l(B),r,s) = f‘l(pclwlywz(B,r,s)), el (rs)el®l.

Theorem 3.20 Let (X,T,,T,) and (Y,W,,W,) be SolfTSs. Let f:X —Y be a mapping. The

following statements are equivalent:

1.

2
3
4.
5
6
7

f isfuzzy (r,s)-f irresolute homeomorphism,
f isfuzzy (r,s)-f irresolute and fuzzy (r,s)-/ irresolute open,
f isfuzzy (r,s)-p irresolute and fuzzy (r,s)-/ irresolute closed,

f(ﬂintleTz(A, r,s)) = ﬁintwlvwz(f (A),r,s), foreach Ael” (r,s)el®l,
f(ﬁcIleTz(A, r,s)) = ﬁdwl,wz(f (A),r,s),foreach Aecl”* (r,s)el®I,
pint, . (f(B).r,5) = (fint, ,, (B,r.5),

ﬂcITlsz(f‘l(B),r,s) = f‘l(ﬁclwlywz(B,r,s)), uel’ (rs)el®l.
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Note that the composition of two fuzzy regular semi(resp. « ,pre and f) irresolute mappings is
fuzzy regular semi(resp. « ,pre and /) irresolute. In general, the composition of two fuzzy regular semi
(resp. « ,preand f)continuous mappings is not fuzzy regular semi(resp. « ,pre, ) continuous.
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