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Abstract

We introduce the concepts of fuzzy (r, s)-regular semi (resp. (7, s)-a, (7, s)-pre, (7, s)-/3) open sets,
their respective interior and closure operators on intuitionistic fuzzy topological spaces in Sostak’s
sense and then we investigate some of their characteristic properties.
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1. Introduction

The concept of fuzzy sets was introduced by Zadeh (1965). Chang (1968) defined fuzzy topological
spaces. These spaces and its generalizations are later studied by several authors, one of which,
developed by Sostak (1985), used the idea of degree of openness. This type of generalization of
fuzzy topological spaces was later rephrased by Chattopadhyay et al. (1992) and by Ramadan
(1992). As a generalization of fuzzy sets, the concept of intuitionistic fuzzy sets was introduced by
Atanassov (1986). Recently, Coker and Haydar Es (1995), Coker (1997), and Gurcay et al. (1997)
introduced intuitionistic fuzzy topological spaces using intuitionistic fuzzy sets. Using the idea of
degree of openness and degree of nonopenness, Coker and Demirci (1996) defined intuitionistic
fuzzy topological spaces in Sostak’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 (resp. (r, s)-a, (r,s)-pre, (r,s)-) open sets, their respective interior and closure
operators on intuitionistic fuzzy topological spaces in Sostak’s sense and then we investigate some
of their characteristic properties.

2. Preliminaries

Let / be the unit interval [0, 1] of the real line. A member ;1 of I is called a fuzzy set of X. By 0
and 1 we denote constant maps on X with value 0 and 1, respectively. For any ;1 € IX, ¢ denotes
the complement of 1 — 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= (MA>7A),

where the functions p14 : X — [ and 4 : X — [ denote the degree of membership and degree of
non-membership, respectively, and p4 + v4 < 1.

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

Definition 2.1. (Atanassov (1986))

Let A = (pa,74) and B = (up,yp) be intuitionistic fuzzy sets on X. Then,

(i) ACBiff uy < ugandys > vp,
(i) A=Biff AC Band B C A,
(i) A° = (ya, 1),

(iv) ANB = (pa A pp,vaVyB),

(v) AU B:=~ (pa Vv pB; YA N vB),

(vi) 0 =(0,1)and L = (1,0).
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Definition 2.2. (Atanassov (1986))

Let f be a map from a set X toaset Y. Let A = (114,74) be a intuitionistic fuzzy set of X and
B = (up,yp) an intuitionistic fuzzy set of Y. Then,

(i) The image of A under f, denoted by f(A) is an intuitionistic fuzzy set in Y defined by
FA) = (f(pa), 1= f(1—7a)).

(ii) The inverse image of B under f, denoted by f~1(B) is an intuitionistic fuzzy set in X defined
by

f7HB) = (fHus), [ (v8))-
Definition 2.3. (Ramadan (1992))

A smooth fuzzy topology on X is amap T : I* — I which satisfies the following properties:

(i) T(0)=T(1) =
(i) T'(p1 A pi2) > T(u ) AT (p2),
(i) T(Vui) > AT ().

The pair (X, T) is called a smooth fuzzy topological space.

Definition 2.4. (Coker and Demirci (1996))

An intuitionistic fuzzy topology on X is a family 7" of intuitionistic fuzzy sets in X which satisfies
the following properties:

®» Q,LeT,
(11) If A17 A2 € T, then Al N A2 € T,
(iii) If A; € T for all 4, then UA; € T.

The pair (X, T') is called an intuitionistic fuzzy topological space.

Let /(X)) be a family of all intuitionistic fuzzy sets of X and let I ® I be the set of the pair (r, s)
suchthatr,s € Tandr+s < 1.

Definition 2.5. (Coker (1997))

Let X be a nonempty set. An intuitionistic fuzzy topology in Sostak’s sense (SoIFT for shor)
T = (T1,Ty) on X isamap T : I(X) — I ® I which satisfies the following properties:

@) Th(Q) =T1(L) =land T5(Q) = T(L) = 1,

Published by Digital Commons @PVAMU, 2019
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The (X,T) = (X, T1,T») is said to be an intuitionistic fuzzy topological space in Sostak’s sense
(SoIFTS, for short). Also, we call 7T} (A) a gradation of openness of A and 75(A) a gradation of
nonopenness of A.

Definition 2.6. (Lee and Im (2001))

Let A be an intuitionistic fuzzy set in a SoIFTS (X, 73,75) and (r,s) € I ® I. Then, A is said to
be

(i) fuzzy (r,s)-openif T1(A) > rand TH(A) < s,
(i) fuzzy (r, s)-closed if T (A°) > r and To(A°) < s.

Definition 2.7. (Lee and Im (2001))

Let (X,T1,T5) be a SoIFTS. For each (r,s) € [ ® I and for each A € I(X), the fuzzy (r, s)-
interior is defined by

int(A,r,s) =U{B € I(X)|A D B, B is fuzzy(r, s)-open}.
and the fuzzy (r, s)-closure is defined by
cl(A,r,s) =n{B € I(X)|A C B, Bis fuzzy(r, s)-closed}.

The operators int : [(X) x I @1 — I(X)and ¢l : I[(X) x I ® [ — I(X) are called the fuzzy
interior operator and fuzzy closure operator in (X, 77, T5), respectively.

Lemma 2.8. (Lee and Im (2001))
For an intuitionistic fuzzy set A in a SOIFTS (X, 73,75) and (r,s) € [ ® [

(i) int(A,r, s)¢ = cl(Acr,s),
(i) cl(A,r, s)¢ =1int(A° r,s).

Definition 2.9. (Lee and Im (2001))

Let (X,T") 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 T, ,) defined by

Tisy = {A € I(X)|Ti(A) > r and To(A) < s}.

is an intuitionistic fuzzy topology on X.

Definition 2.10. (Lee and Im (2001))

Let (X, T) be an intuitionistic fuzzy topological space (r,s) € I ® I. Then, the map 7% :

https://digitalcommons.pvamu.edu/aam/vol14/iss2/12



Saravanakumar et al.: Regular Semiopen Sets on Intuitionistic Fuzzy Topological

824 G. Saravanakumar et al.

I(X) — I ® I defined by
(1,0), ifA=0Q,L,
TC9(A) =1 (r,s), ifAeT—{0Q,1},
(0,1),  otherwise,
becomes an intuitionistic fuzzy topology in Sostak’s sense on X.

Definition 2.11. (Lee (2004))

Let A be an intuitionistic fuzzy set in a SoIFTS (X, 73,75) and (r,s) € I ® I. Then, A is said to
be

(i) fuzzy (r, s)-semi open if there is a fuzzy (r, s)-open set B in X suchthat B C A C cl(B,r, s),
(ii) fuzzy (r, s)-semi closed if there is a fuzzy (r, s)-closed B in X such thatint(B,r,s) C A C B.

3. Fuzzy (7, s)-regular semi (resp. (, s)-a, (7, s)-pre, (7, s)-(3) open
sets

Definition 3.1.

Let A be an intuitionistic fuzzy set in a SoIFTS (X, T3,75) and (r,s) € I ® I. Then, A is said to
be

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

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

(iii) fuzzy (r,s)-a openif A Cint(cl(int(A,r,s),r, s)r,s),

(iv) fuzzy (r, s)-a closed if A D cl(int(cl(A,r,s),r, s)r,s),

(v) fuzzy (r,s)-pre open if A C int(cl(A,r,s),r,s),

(vi) fuzzy (r,s)-pre closed if A D cl(int(A,r,s),r,s),

(vii) fuzzy (r,s)-f openif A C cl(int(cl(A,r1,s),r,s)r,s),

(viii) fuzzy (r,s)-p closed if A D int(cl(int(A,r,s),r,s)r,s),

(ix) fuzzy (r,s)-regular semi open if there is a fuzzy (r, s)-regular open set B in X such that
BC ACd(B,r,s),

(x) fuzzy (r, s)-regular semi closed if there is a fuzzy (r, s)-regular closed set B in X such that

int(B,r,s) C AC B.

Remark 3.2.

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

Published by Digital Commons @PVAMU, 2019
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(r,s)-open (r,s)-o open - (r;s)-pre open

(r,s)-regular open

\ (r,8)- open

(r,8)-regular semi open (r,s)-semi open

The converses of the above implications are not true as the following examples show.

Example 3.3.

Let X = {x,y} and let A; and A, be intuitionistic fuzzy set of X defined as

Ai(z) = (0.6,0.3), A (y) = (0.5,0.3);
As(z) = (0.8,0.1), As(y) = (0.5,0.1).

Define T: I(X) — I ® I by
(1,0), ifA=0Q,1,
11 .
T() = (R TA) = 4 (55) 0 ifA= A
(0,1), otherwise.
11
Then, clearly (77, 75) is a SoIFT on X. The intuitionistic fuzzy set A; is (5, 5) -open which is
11 . (11 . D 11 )
not [ —, = |-regular open. Also, As is | —, = |-semi open which is not | —, — ) -regular semi open.
22 22 22
Example 3.4.

Let X = {z,y} and let A; and A, be intuitionistic fuzzy set of X defined as

Ai(z) = (0.3,0.6), A1(y) = (0.3,0.5);
As(z) = (0.4,0.3), As(y) = (0.4,0.3).

Define 7' : I(X) — I ® I by
(1,0), ifA=0,L,
11 _
T(A) = (T4(A), Ty(A)) = (5, 5) A=A,
(0,1), otherwise.

11
Then, clearly (77,75%) is a SoIFT on X. The intuitionistic fuzzy set A, is (5, 5)-regular semi

11
open and semiopen which is not (5, 5) -regular open and a-open.

https://digitalcommons.pvamu.edu/aam/vol14/iss2/12
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Example 3.5.

Let X = {z,y} and let A; and A, be intuitionistic fuzzy set of X defined as

Ay(z) = (04,0.3), Ai(y) = (0.4,0.3);
Ay(r) = (0.3,0.1), Ax(y) = (0.3,0.1).

Define 7 : I(X) — I ® I by
(170)7 lfA — Q,L,
11 .
T(A) = (T1(A), Tx(A)) = (5, 5) , A=Ay,
(0,1), otherwise.

11
Then, clearly (77, T5) is a SOIFT on X. The intuitionistic fuzzy set A; is (— —) -ae open which is

273
not 1 1 open
979 ) P

Example 3.6.

Let X = {x,y} and let A; and A, be intuitionistic fuzzy set of X defined as

Ai(z) = (0.3,0.6), Ai(y) = (0.3,0.5);
As(z) = (0.1,0.2), As(y) = (0.1,0.2).

Define T': I(X) — I ® I by
(1,0, ifA=0,L1,

T(A) = (Ty(A), Ty(A)) = (% %) A=A,
(0,1), otherwise.

11
Then, clearly (77, 75) is a SOoIFT on X. The intuitionistic fuzzy set As is (5, 5) -3-open which is
( 11 i
not | o, 5 |-semi open.

Example 3.7.

Let X = {z,y} and let A; and A, be intuitionistic fuzzy set of X defined as
Ai(z) = (0.3,0.6), A;(y) = (0.3,0.5); As(z) = (0.1,0.3), As(y) = (0.1,0.3).

Define T: I(X) — I ® I by

Published by Digital Commons @PVAMU, 2019
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(1,0), ifA=0,1,

11 .
T(A) = (T4(A), Ty(A)) = (M), i 4= A,
(0,1), otherwise.
1 .
33 -3-open which is

11 11 11
not (5, 5) -pre open. Also, A; is (5, 5) -pre open which is not <§, 5) -a-open.

Then, clearly (77, 75) is a SOoIFT on X . The intuitionistic fuzzy set A, is

Theorem 3.8.

Let A be an intuitionistic fuzzy set in a SOoIFTS (X, T}, 7») and (r, s) € I ® I. Then, the following
statements are equivalent:

(i) Ais fuzzy (r, s)-regular semi open,

(i) int(A,r,s) =int(cl(A,r,s),r,s),
(iil) L — Ais fuzzy (r, s)-regular semi closed,
(iv) (L — A,r,s) =cl(int(L — A),r,s),r,s).

Proof:
(i)<(ii) Let A be an fuzzy (r, s)-regular semi open set. Then, there exists an fuzzy (r, s)-regular
open set B such that B C A C cl(B,r,s). Hence, cl(A,r,s) = cl(B,r,s). Since
int(cl(A,r,s),r,s) =B,
int(cl(A,r,s),r,s) =B Cint(A,r,s)
Cint(cl(B,r,s),r,s)
= int(cl(A,r,s),r,5)

Thus, int(A,r,s) = int(cl(A,r,s),1,S$).

(i)<(iii) Let A be an fuzzy (r, s)-regular semi open set. Then, there exists an fuzzy (r, s)-regular
open set B such that B C A C cl(B,r,s). Since L — B is fuzzy (r, s)-regular closed set, int(1 —
B,r,s) is an fuzzy (r, s)-regular open set such that int(L — B,r,s) € L — A C L — B =
cl(int(L — B,r,s),r,s). Thus, L — A is fuzzy (r, s)-regular semi closed. The implication (i)<(iv)
follow immediately by taking the complement of the two sides. n

Theorem 3.9.
Let A be an intuitionistic fuzzy set in a SOoIFTS (X, T}, 7») and (r, s) € I ® I. Then, the following

statements are equivalent:

(i) Ais fuzzy (r, s)-a open,
(i) A Ciant(cl(int(A,r,s),r, s)r,s),
(i) L — Ais fuzzy (r, s)-a closed,

https://digitalcommons.pvamu.edu/aam/vol14/iss2/12
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(iv) L — A Dcl(int(cl(L — A,r,s),r, 8)r,5).
Proof:

It follows from Theorem 3.8.

Theorem 3.10.

Let A be an intuitionistic fuzzy set in a SOoIFTS (X, T}, 7») and (r, s) € I ® I. Then, the following
statements are equivalent:

(i) Ais fuzzy (r, s)-pre open,

(i) A Cint(cl(A,r,s),r,s),
(iii) L — Ais fuzzy (r, s)-pre closed,
(iv) L—ADcl(int(L — A,r,s),1,5).

Proof:
It follows from Theorem 3.8.

Theorem 3.11.

Let A be an intuitionistic fuzzy set in a SOoIFTS (X, T}, 7») and (r, s) € I ® I. Then, the following
statements are equivalent:

(i) Ais fuzzy (r,s)-/ open,
(i) A Cecl(int(cl(A,r, s),r, s)r,s),
(iii) L — Ais fuzzy (r, s)-3 closed,
(iv) L — A Diant(cl(int(L — A,r,s),r,s)r,s),

Proof:
It follows from Theorem 3.8.
Theorem 3.12.

Let (X,T1,T5) be a SOIFTS and (r,s) € I ® [

(i) If Ais fuzzy (r, s)-regular open set, then A is fuzzy (r, s)-regular semi open,

(i) If A is fuzzy (r, s)-regular semi open and int(A,r,s) C B C cl(A,r,s), then B is fuzzy
(r, s)-regular semi open,

(iii) If A is fuzzy (r, s)-regular semi closed and int(A,r,s) C B C cl(A,r,s), then B is fuzzy
(r, s)-regular semi closed.

Proof:

(i) Let A be a fuzzy (r, s)-regular open, since A C A C cl(A,r,s). Then, A is fuzzy (r, s)-regular

Published by Digital Commons @PVAMU, 2019
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semi open.
(ii) Let A be a fuzzy (r, s)-regular semi open set and int(A,r,s) C B C cl(A,r,s). Then, there is
a fuzzy (r, s)-regular open set C' such that C' C A C cl(C,r, s). It follows that

C =int(C,r,s) Cint(A,r,s) CACcl(A,r,s) Cc(cd(C,r,s),r s)=cl(C,r,s),
and hence,
C Cint(A,r,s) C B Ccl(A,r,s) Cc(Cr,s).

Thus, B is a fuzzy (r, s)-regular semi open set.
(1i1) Similar to (ii). n
Theorem 3.13.
Let (X, T}, T5) be a SOoIFTS and (r,s) € I @ I.
(i) If {A;} is a family of fuzzy (r, s)-regular semi (resp. (r, s)-c, (r, s)-pre and (r, s)-/3) - open

sets of X, then | J A; is fuzzy (r, s)-regular semi (resp. (r, s)-«, (r, s)-pre and (r, s)-3) - open,

(i) If {A;} is a family of fuzzy (r, s)-regular semi(resp. (7, s)-a, (r, s)-pre and (r, s)-53) - closed
sets of X, then (] A; is fuzzy (r, s)-regular semi (resp. (r, $)-, (r, s)-pre and (r, s)-/3) - closed.

Proof:

(i) Let { A;} be a collection of fuzzy (r, s)-regular semi open sets. Then, for each i, there is a fuzzy
(r, s)-regular open set B; such that B; C A; C cl(B;,,s). Since T1 (| B;) > ANT1(B;) > r and
T5(J Bi) € V Tsa(B;) < s,|J Bi is a fuzzy (r, s)-regular open set. Moreover,

UB:i CUA; CUcl(By,r,s) C el By, s).

Hence, | J A4, is a fuzzy (r, s)-regular semi open set.
(i1) Similar (i)
The other cases are similar as in (i) and (ii). =

Definition 3.14.

Let (X, T1,T,) be a SOIFTS. For each (r, s) € I®I and foreach A € (X)), the fuzzy (r, s)-regular
semi (resp. (r, s)-, (r, s)-pre and (r, s)-/3) - interior is defined by

rsint(A,r,s) (resp. aint(A,r,s), pint(A,r,s)and gint(A,r,s)) = J{B € [(X)|A D
B, B is fuzzy (r, s)- regular semi (resp. «, pre and ) -open},

and the fuzzy (r, s)-regular semi (resp. (7, s)-a, (r, s)-pre and (r, s)-/3) - closure is defined by

https://digitalcommons.pvamu.edu/aam/vol14/iss2/12
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rscl(A,r,s) (resp. acl(A,r,s), pcl(A,r, s)and Bel(A,r,s)) =({B € I(X)|A C
B, B is fuzzy (r, s)-regular semi(resp. «, pre and [3) -closed}.

Obviously rscl(A,r,s) (respectively, acl(A,r,s), pcl(A,r,s) and Scl(A,r,s)) is the small-
est fuzzy (r,s)-regular semi (respectively, «, pre and () - closed set which con-
tains A and rsint(A,r,s) (resp. aint(A,r,s), pint(A,r,s) and pint(A,r,s)) is the great-
est fuzzy (r,s)-regular semi (respectively, «, pre and ) - open set which is con-
tained in A. Also, rscl(A,r, s) (respectively, acl(A,r,s), pcl(A,r,s) and Bcl(A,r,s)) =
A for any fuzzy (r,s)-regular semi (respectively, «, pre and () - closed set A and
rsint(A,r, s) (respectively, aint(A,r,s), pint(A,r,s) and Gint(A,r,s)) = A for any fuzzy
(r, s)-regular semi (respectively, «, pre and f3) - open set A. Moreover, we have

int(A,r,s) Crsint(A,r,s) C ACrscl(A,rs) Ccl(A,r,s),

int(A,r,s) C aint(A,r,s) C A

N

acl(A,r,s) Ccl(A,r,s),
int(A,r,s) C pint(A,r,s) CACpcl(A,rs) CclA,r,s),

int(A,r,s) C Bint(A,r,s) C AC Bcl(A,r,s) Ccl(A,r,s).

Also, we have the following results:

() rscl(Q,r,s) = Q rscl(L,r,s) =1,
(ii) rscl(A,r,s) 2
(iii) rscl(AU B,r, s) D rscl(A,r,s) Urscl(B,r,s),
(iv) rscl(rscl(A, r,s),r,s) =rscl(A,r,s),
(v) rsint(Q,r,s) = Q rsint(L,r,s) =L,
(vi) rsint(A,r,s) C
(vii) rsint(AN B,r, 3) C rsint(A,r, s) Nrsint(B,r,s),
(viii) rsint(rsint(A,r,s),r,s) = rsint(A,r,s).

Theorem 3.15.
Let (X, T}, T5) be SoIFTS. For A, B € I and (r,s) € I ® I. It satisfies the following statements:

(i) Ais fuzzy (r, s)-regular semi open < A = rsint(A,r, s),
(ii) Ais fuzzy (r, s)-regular semi closed < A = rscl(A,r, s),
(iii) rscl(Q,r,s) =Q,
(iv) rint(A,r,s) Crsint(A,r,s) C A Crscl(A,r,s) Crel(A,r,s),
(v) rscl(A,r,s)Urscl(B,r,s) Crscl(AUB,r,s),
(vi) rcl(rscl(A,r, s),r,s) =rscl(rcl(A,r,s),r,s) =rcl(A,r,s).
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Proof:
(i) Let A be fuzzy (r, s)-regular semi open. Then,

rsint(A,r,s) = U{G € I* : G C A, Gisfuzzy (r,s) -regular semi open}
=A.
Conversely, let A = rsint(A,r, s). Since rsint(A,r, s) is the arbitrary union of fuzzy (r, s)-regular
semi open, then A is fuzzy (r, s)-regular semi open.
(ii) It is similar to part (i).
(i11) It is easily obtained from Definition 3.1.
(iv) Since
rint(A,r,s) = U{G € I* : G C A, Gisfuzzy (r,s) -regular open}
C U{G € I* : G C A,G is fuzzy (r, s) -regular semi open}
= rsint(A,r, s),
it follows that, rint(A,r, s) C rsint(A,r, s). Also,
rscl(A,r,s) = ﬂ{G € I’V : G D A, G is fuzzy r -regular semi closed}

Crc(A,r,s).

Finally, we have

rint(A,r,s) Crsint(A,r,s) C A Crscl(A,r,s) Crc(A,r,s).

(v) Since, BC BV G, G C BV (G, then,
rscl(B,r,s) Crscl(BUG,r,s)and rscl(G,r,s) C rscll(BUG,r,s).

Hence, rscl(B,r,s) Urscl(G,r,s) C rscl(BUG,r,s).

(vi) Since rcl(A,r, s) is fuzzy (r, s)-regular semi closed set, then

rscl(rel(A,r, s),r,s) =rcl(A,r,s) (1)

Now it remains to prove only the relation:

rel(rscl(A,r,s),r,s) =rcl(A,r,s).

Since, A C  rscl(A,r,s), then rcl(A,r,s) C  rcl(rscl(A,r,s). It remains to prove:
rel(rscl(A,r, s),r,s) C rel(A,r, s). Let the contrary, that is, rcl(rscl(A,r, s),r,s) € rcl(A,r, s).
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Then, rcl(rscl(A,r,s),r,s) D rel(A,r, s). So, there exists fuzzy (r, s)-regular closed set G € X,
G DO A such that

rel(A,r,s)(z) C G(x) C rel(rscl(A,r, s),r, s)(x). (2)

Since A € G = rscl(A,r,s) C rscl(G,r,s) = rscl(rcl(A,r,s),r,s) = rcl(G,r,s), then,
rscl(A,r,s) C rcl(G,r,s) and this implies rcl(rscl(A,r,s),r,s) C rcl(A,r,s), which contra-
dicts to the relation (2). Hence, the result. =

Theorem 3.16.
Let (X, T}, T5) be SoIFTS. For A, B € I and (r,s) € I ® I. It satisfies the following statements:

(i) Ais fuzzy (r, s)-aopen < A = aint(A,r,s),

(ii) Ais fuzzy (r,s)-a closed < A = acl(A,r, s),

(iii) acl(Q,r,s) =Q,

(iv) int(A,r,s) C aint(A,r,s) C A C acl(A,r,s) Ccl(A,r,s),
V) acl(A,r,s)Uacl(B,r,s) C acl(AUB,r,s),

(vi) acl(acl(A,r,s),r,s) = acl(cl(A,r,s),r,s) =cl(A,r,s).

Proof:

It follows from Theorem 3.15. m

Theorem 3.17.
Let (X, Ty, T5) be SOIFTS. For A, B € I* and (r, s) € I ® I. It satisfies the following statements:

(i) Ais fuzzy (r,s)-pre open < A = pint(A,r,s),
(i) Ais fuzzy (r,s)-pre closed < A = pcl(A,r,s),
(iii) pcl(Q,r,s) =AQ,
(iv) int(A,r,s) C pint(A,r,s) C A C pcl(A,r,s) Ccl(A,r,s),
(V) pcl(A,r,s)Upcl(B,r,s) C pcl(AU B,r,s),
(vi) pel(pcl(A,r,s),r,s) = pcl(cl(A,r,s),r,s) =cl(A,r,s).

Proof:

It follows from Theorem 3.15. n

Theorem 3.18.
Let (X, T}, T) be SoIFTS. For A, B € I and (r,s) € I ® I. It satisfies the following statements:

(i) Aisfuzzy (r,s)-Sopen < A = Fint(A,r, s),
(ii) Ais fuzzy (r,s)-f closed < A = Scl(A,r, s),

(iii) Bel(Q,r,s) =Q,

(iv) int(A,r,s) C pint(A,r,s) C A C Bel(A,r,s) Ccl(A,r,s),
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(V) Bcl(A,r,s)U Bel(B,r,s) C Bel(AU B, 1, s),
(vi) Bel(Bel(A,r,s),r,s) = Bel(cl(A,r, s),r,s) = cl(A,r,s).
Proof:

It follows from Theorem 3.15. m

Theorem 3.19.
For an intuitionistic fuzzy set A of a SoIFTS (X, T}, 7T3) and (r,s) € I ® I, we have:

(1) rsint(A,r,s)¢ =rscl(Ar,s),
(ii) rscl(A,r,s)¢ = rsint(A°r,s).

Proof:
(i) Since rsint(A,r,s) C A and rsint(A,r,s) is fuzzy (r, s)-regular semi open in X, A¢ C

rsint(A,r, s)¢ and rsint(A,r, s)¢ is fuzzy (r, s)-regular semi closed in X. Thus,

rscl(A¢ r,s) C rscl(rsint(A,r,s)°, 1, s)
= rsint(A,r,s)°

Conversely, since A C rscl(A¢, r,s) and rscl(A°, r, s) is fuzzy (r, s)-regular semi closed in X,
rscl(A r, s)¢ C Aand rscl(A°,r, s)¢ is fuzzy (r, s)-regular semi open in X . Thus,

rscl(AC,r, s)¢ = rsint(rscl(AC, r, s)¢, 1, s)
C rsint(A,r, s)

and hence, rsint(A,r, s)* C rscl(A°,r, s)
(i1) Similar to (i). []

Theorem 3.20.
For an intuitionistic fuzzy set A of a SoIFTS (X, T}, T3) and (r,s) € I ® I, we have:

(i) aint(A,r,s)* = acl(ASr,s),
(i) acl(A,r, s)c = aint(A°,r,s).
Proof:

It follow from Theorem 3.19. n

Theorem 3.21.
For an intuitionistic fuzzy set A of a SoIFTS (X, 7}, T3) and (r,s) € I ® I, we have:
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(i) pint(A,r,s)¢ = pcl(A°r,s),
(i) pcl(A,r,s)® = pint(A° r,s).
Proof:

It follow from Theorem 3.19. m

Theorem 3.22.
For an intuitionistic fuzzy set A of a SoIFTS (X, T}, 7T3) and (r,s) € I ® I, we have:

(1) Bint(A,r,s)¢ = Bcl(AS, 1, s),
(i) Bel(A,r,s) = Bint(AS, T, s).

Proof:

It follow from Theorem 3.19. n

4. Conclusion

In the present paper we introduced fuzzy (r,s)-regular semi (respectively, (r,s)-«, (r, s)-pre,
(r, s)-/3) open sets, their respective interior and closure operators on intuitionistic fuzzy topological
spaces in Sostak’s sense. We investigate some of their characteristic properties and establish the
relations between them with some counter examples.
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