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I. INTRODUCTION

The concept of fuzzy sets was introduced by Zadeh [13]. Chang
[2] defined fuzzy topological spaces. These spaces and its
generalizations are later studied by several authors, one of which
developed by Sostak [12], used the idea of degree of openness.
This type of generalization of fuzzy topological spaces was later
rephrased by Chattopadhyay ef al. [3] and by Ramadan [10]. As
a generalization of fuzzy sets, the concept of intuitionistic fuzzy
set (briefly, IFS) was introduced by Atanassov [1]. Recently,
Coker and his colleagues [4, 6, 7] introduced intuitionistic
fuzzy topological spaces (briefly, IFTS’s) using IFS’s. Using
the idea of degree of openness and degree of nonopenness,
Coker and Demirci [5] defined intuitionistic fuzzy topological
spaces in Sostak’s sense (SoIFTS, for short) as a generalization
of smooth fuzzy topological spaces and IFTS’s. In this paper,
we introduce the concepts of fuzzy (1,k)-e (resp. (1,)-0 pre and
(1,€)-0 semi) open sets, their respective interior and closure
operators on SolFTS and then we investigate some of their
characteristic properties.

II. PRELIMINARIES

Let 7 be the unit interval [0,1] of the real line. A member p of
I¥ is called a fuzzy set of X. By (O and 1 we denote constant
maps on X with value 0 and 1, respectively. For any pef,

u¢ denotes the complement of f—u. All other notations are
standard notations of fuzzy set theory.

Let X be a nonempty set. An IFS K is an ordered pair K = (uy,
k)

where the functions pg:X—17 and yx:X—/ denote the degree of
membership and degree of non-membership, respectively, and

H Y <1 )
Obviously every fuzzy set p on Xis an IFS of the form (p,1—p).
Definition 1 [1] Let K = (pg, vg) and L = (u;, ;) be IFS’s on
X. Then

(i) KclLiffug<p and yg>y,

(i) K=LiffKcL and LcK,
(i) Ke = (yk, ug);
(iv) KNOL=(ugApg, vg vy,

() KUL=(ug Vv, v AV,
(vi) ~0=(70,"1) and

~1=(1,70).

Definition 2 [1] Let fbe a map from a set X to a set Y. Let K =
(ug, vx) be aIFS of Xand L = (pu, v, ) an IFS of Y. Then:

(1) The image of K under f, denoted by A(K) is an IFS in YV
defined by

f(K) = (F(RK), *T = f(°1 = yK)).

(ii) The inverse image of L under £, denoted by — is an IFS in
X defined by

L) = (F(up), T (7).

Definition 3 [10] A smooth fuzzy topology on X is a map —
which satisfies the following properties:

O 70)=1(i)=1,
(D) 7, Ap )2 T( AT,
(i) - T(vp)>AT(W).
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The pair (X,7) is called a smooth fuzzy topological space.
Definition 4 [5] An IFT on X is a family 7 of IFSs in X which
satisfies the following properties:

(i 0~1€eT,

(i) IfK,,K, €T, then K,NK,€eT,
(i) IfK,eT for all i, then UK,eT.
The pair (X,7) is called an IFTS.

Let /(X) be a family of all IFS’s of X' and let /®1 be the set of the
pair (1,x) such that Lke/ and t++k£1 .

Definition 5 [6] Let X be a nonempty set. An intuitionistic fuzzy
topology in Sostak’s sense (SoIFT, for short) T = (T,, T,) on X
is amap T:1/(X) — [ ® [ which satisfies the following properties:

() 7,(0)=T,(1 )=land
T(0)=T(1)=1,
(i) T, (KNL)>T (K)AT (L)and
T(KNL)<T (K)VT,(L),
(iii) Tl(uKl,)Z/\T 1(Kl,)and T 2(uKI,)SvT 2(Kl,).
The (X, T) = (X, T1, T2) is said to be SolFTS. Also, we call

a gradation of openness of K and a gradation of nonopenness
of K.

Definition 6 [8] Let K be an IFS in a SolFTS(X, T1, T2) and
(1,k)eI®I. Then K is said to be
(1) fuzzy (y,x)-open (briefly, (1,x)-fo ) if 7;(K)>t and <k,
(if) fuzzy (,x)-closed (briefly, (1,x)-fc) if 7,(K") >1and T,(K°)
<K
Definition 7 [8] Let (X, T1, T2) be a SoIFTS. For each (1,k) e I®[
and for each Ke(X), the fuzzy (1,x)-interior is defined by
int(K,K)=E{LeI(X)|K2L,L is (L,K)-fo}.
and the fuzzy (1,x)-closure is defined by
UK Q)=C{LeIXKSL,L is (LK)}
The operators int:[(X)xI®I— I(X) and cl:Ix I ® I — I[(X) are
called the fuzzy interior operator and fuzzy closure operator in
(X, T1, T2) respectively.
Lemma 1 [8] Foran IFS Kina SolFTS(X, T1, T2) and (1,x) e I®]
(i) int(K, 1, ©)°=cl(K", 1, )
(i) cl(K, 1, ¥)° = int(K°, 1, ¥).
Definition 8 [8] Let (X,T) be a SoIFTS. Then it is easy to see
that for each (1,x)€/®I, the family T, . defined by
Ty = {K € IX)IT,(K) > tand T,(K) < k}.

is an intuitionistic fuzzy topology on X.

Definition 9 [8] Let (X,T) be an IFTS (1,k)e/®I. Then the map
T (1 I(X) = I ® I defined by:

(1,0), itK=0,1
TENK) = S (1K), fKeT-{0.1}
(0,1), otherwise,

becomes an SoIFTS on X.

Definition 10 [11] Let K be an IFS in a SoIFTS(X, T1, T2) and
(Lk)€I®I. Then K is said to be

(1) fuzzy (uk)-regular open (briefly, (i,x)-fro) if
K=int(cl(K,1,K),1,K),
(i) fuzzy (yvx)-regular closed (briefly, (vk)-frc) if

K=cl(int(K,1,k),1,x),

1. Fuzzy (1, x)-e (RESP. (1, K)-0 SEMI AND
(1, ¥)-0 PRE) OPEN SETS

Definition 1 Let (X, T1, T2) be a SolFTS. For each (1,k)el®[
and for each KeI(X), the fuzzy (1,x)-0 interior is defined by

intd(K, 1, k) = U{L € I(X)[K 2 L, Lis (1, x)-fro}.
and the fuzzy (1,x)-6 closure is defined by
cld(K, 1, x)=N{L € IX)[K c L, Lis (1, x)-frc}.
Definition 2 Let K be an IFS in a SolFTS(X, T1, T2) and
(1,k)eI®I. Then K is said to be fuzzy
(i) (1,x)-dpre open (briefly, (1,x)-fdpo) if K < int(cld(K, 1, k),
LK),
(i1) (v,x)-dpre closed (briefly, (1,)-fdpc) if K o cl(intd(K, 1,
K)) ]’) K)’
(i) (1, x)-6semi open (briefly, (1, k)-fdso0) if K < cl(intd(K, t,
K)? ]'9 K)’
(iv) (v, x)-6semi closed (briefly, (1, k)-fosc) if K o int(clo(K,
LK), 1, K),
(v) (1, ¥)-e open (briefly, (1, k)-feo) if K < int(cld(K, 1, ), t, )
U cl(intd(K, 1, ¥), 1, ),
(vi) (1, ¥)-e closed (briefly, (1, k)-fec) if K o int(cld(K, 1, ¥), 1, k)
N cl(intd(K, 1, ¥), 1, k).
Theorem 1
(1) Every (y,x)-fo set is (1,k)-fdso set,
(i) Every (1x)-foset is (1,x)-fdpo set,
(ii1) Every (1,x)-fdso set is (1,k)-feo set,
(iv) Every (1,x)-fdpo set is (1,x)-feo set.
Proof. We prove only (i) the others are similar. Let K be a (1,x)-
fro set, clearly K be (1,k)-fo set. Since every (1,k)-fro set is (1,«)-
fo set. Therefore
A = intcl(A) < intd(A) = cl(A) < clintd(A) =A < cl(A) <
clintd(A) = A c clintd(A).
Remark 1 From the Theorem 1 it is clear that the implications
are true for (L,k)e/®/

(r, 8)-Eipo

-
T

(r, s)-Fis0

(r, 2}t {r, h:l-fl‘{l

The converses of the above implications are not true as the
following examples shows:
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Example I Let X={x,y} and let and be IFS of X defined as:
K1(x)= (0.8, 0.1), KI(y) = (0.5, 0.1);

K2(x) = (0.4, 0.3), K2(y) = (0.5, 0.3).

Define T: I(X) —» I ® I by

(Lo if K=0.1,
TiK) = ({N(K),T:(K)) = 1 !

(5:3) if K =K.

< bt | =

(0,1} otherwise,

Then clearly (T1, T2) is a SolFT on X. The IFS is (1/2,1/2)-
fdpo which is not (1/2,1/2)-fo also which is (1/2,1/2)-feo which
is not (1/2,1/2)-fdso.

Example 2 Let X={x,y} and let and be IFS of X defined as:
K1(x)= (0.1, 0.8), K1(y) = (0.1, 0.5);

K2(x) =(0.2, 0.4), K2(y) = (0.2, 0.4).
Define T:1(X) — I ® I by:

(1,0) ifK=0,1,
T(K) = (11 (K), T3(K)) = (% %) it K = Ky,
(0,1) otherwise.

Then clearly (T1, T2) is a SoIFT on X. The IFS is (1/2,1/2)-f5
so which is not (1/2,1/2)-fo also which is (1/2,1/2)-feo which is
not (1/2,1/2)-fdpo.

Theorem 2 Let K be an IFS in an SolFTS(X, T1, T2 and
(1,x)€/®I then
(1) pcld(K, 1, k) 2 K w cl(intd(K, 1, ), 1, k) and pintd(K, 1, k)
< K Nint(cld(K, 1, ¥), 1, )
(i) scld(K, 1, ¥) o K v int(cld(K, 1, ), 1, k) and sintd(K, t, k)
c K N cl(intd(K, 1, k), 1, K).

Proof. We will prove only the first statement of (i) and the
others is similar. Since pcld(K, 1, k) is f(1,x)-dpc set, we have
cl(intd(K, , ¥), 1, k) < clintd(pcld(K, 1, k), 1, k) < pcld(K, 1, k).
Thus K U cl(intd(K, t, k), 1, ¥) < pcld(K, t, k).

Theorem 3 Let K be an IFS in an SolFTS(X, T1, T2) and
(1,k)eI®I. Then the following statements are equivalent:

(1) Kis (1,x)-feo

(1) K=pintd(K, 1, x) U sintd(K, 1, k).

Proof. Let K be a (1,x)-feo set. Then K < cl(intd(K, 1, ¥), 1, k) U
int(cld(K, 1, ¥), 1, x). . By Theorem 2, we have pintd(K, 1, k) U
sintd(K, 1, ) = (K N int(cld(K, 1, k), 1, ¥)) U (K N cl(intd(K, 1,
K), 1, K)) = K N (int(cld(K, 1, «), 1, k) wcl(intd(K, 1, k), 1, ¥)) = K.

Conversely, if K = pintd(K, 1, ) U sintd(K, 1, «) then, by
Theorem 2 K = pintd(K, 1, x) U sintd(K, 1, k) = (K N int(cld(K,
L, K), 1, K)U(KNcl(intd(K, 1, k), 1, k)) = KN(int(cld(K, 1, ¥), 1,
K)wel(intd(K, 1, ¥), 1, x)) < int(cld(K, 1, ), 1, K)uel(intd(K, 1, k),
1, ¥) and hence KX is a (1,x)-feo set.

Theorem 4 Let K be an IFS in an SolFTS(X, T1, T2) and
(1,x)eI®I. Then the following statements are equivalent:

(1) Kis (1,x)-fec

(1) K=pintd(K, 1, ¥) N sintd(K, 1, ).
Proof. Let K be a (1,k)-fec set. Then K o cl(intd(K, 1, k), 1, k) N
int(cld(K, 1, k), 1, x).. By Theorem 2, we have pintd(K, 1, k) N
sintd(K, 1, k) = (K v int(cld(K, 1, k), 1, x)) N (K U cl(intd(K, 1,
K), 1, K)) = K U (int(cld(K, 1, ¥), 1, k) Nel(intd(K, 1, k), 1, ¥)) = K.
Conversely, if K = pintd(K, 1, k) N sintd(K, 1, k) then, by
Theorem 2 K = pintd(K, 1, ¥) N sintd(K, 1, k) = (K wint(cld(K,
1, K), 1, K))N(Kucl(intd(K, 1, ), 1, ¥)) = Ku(int(cld(K, 1, k), 1,
K)Nel(intd(K, 1, k), 1, k) 2 int(cld(K, 1, ), 1, K)Ncl(intd(K, 1, ),
1, k) and hence K is a (1,k)-fec set.
Theorem 5 Let K be an IFS in a SolFTS(X, T1, T2) and
(Lk)€I®I. Then the following statements are equivalent:

(1) Kis (1,x)-fdpo,

(i) K cint(cld(K, 1, ), 1, k).
Proof. 1t follows from Theorem 3.
Theorem 6 Let K be an IFS in a SolFTS(X, T1, T2) and
(Lk)€I®I. Then the following statements are equivalent:

(1) Kis (,k)-fdpc,

(i) Ko cl(intd(K, 1, ), 1, k).
Proof. 1t follows from Theorem 4.
Theorem 7 Let K be an IFS in a SolFTS(X, T1, T2) and
(Lk)€I®I. Then the following statements are equivalent:

(1) Kis (1,x)-fdso,

(i) K ccl(intd(K, 1, ), 1, k).
Proof. 1t follows from Theorem 3.
Theorem 8 Let K be an IFS in a SolFTS(X, T1, T2) and
(Lk)€I®I. Then the following statements are equivalent:

(1) Kis (1,x)-fdsc,

(i) Ko int(cld(K, 1, ), 1, k).
Proof. 1t follows from Theorem 4.

Theorem 9 Let (X, T1, T2) be a SolFTS and (1,k)e/®]

(i) If is a family of (1,x)-fe (resp. (1,x)-fds and (1,x)-fdp ) -
open sets of X, then is fuzzy (1,x)-fe (resp. (1,x)-fds and
(L,x)-fdp) - open,

(i) If is a family of (1,x)-fe (resp. (1,x)-fds and (1,x)-fdp ) -
closed sets of X, then is fuzzy (1,k)-fe (resp. (1,k)-fds and
(Lx)-fdp) - closed,

Proof. (i) Let {Ki, i € I} be a collection of (1,k)-feo sets. Then
Ki c cl(intd(Ki, 1, k), 1, ¥) U int(cld(Ki, 1, ), 1, K),, hence Li Ki
< vi(el(intd(Ki, 1, ), 1, k) U int(clo(Ki, 1, k), 1, K)) < cl(intd (Ui
Ki, 1, ), , ¥) U int(cld(wi Ki, , ), 1, k) for all i € . for all iel.
Then i Ki is (1, k)-feo.

(i1) Similar to (i).
The other cases are similar as in (i) and (ii).

Definition 3 Let (X, T1, T2) be a SolFTS. For each (1,x)e/®/
and for each Kel(X), the (1,x)-fe (resp. (1,x)-fdp and (1,x)-fds)-
interior is defined by:
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eint(K,,x) (resp. dpint(K,\,x) and dsint(K,.,x))={Lel(X)|K2L, L is
(LK)-fe (resp. fo p and f5 s) -open}.

and the (1,x)-fe (resp. (1,x)-fdp and (1,k)-fds) - closure is defined
by:

esp. dpcl(K,,x) and dscl(K,\,x))={Lel(X)|KcL, L isfuzzy (1,x)-
fe (resp. f6 pre and fo6 semi) -closed}. Obviously
ecl(K,,k) (resp. dpcl(K, k) and dscl(K,,k)) is the smallest
(1,x)-fe (resp. fdp and fds) - closed set which contains K and
eint(K,1,x) (resp. dpcl(K,\,x) and dscl(K,,x)) is the greatest
(Lk)-fe (resp. fdp and fds) - open set which is contained
in K. Also, ecl(K,.,x) (resp. dpcl(K, k) and dscl(K,,x))=K
for any (i,x)-fe (resp. fdp and f6 s) - closed set K and
eint(K,1,x) (resp. dpint(K,.,x) and dsint(K,1,x))=K for any (1,k)-
fe (resp. fdp and fds) - open set K. Moreover, we have
int(K,1,K)feint(K,1,K)gKfecl(K,t,K)fcl(K,l,K),
int(K,1,K)idpint(K,L,K)gK'fdpcl(K,t,K)fcl(K,L,K),
int(K,1,K)fdsint(K,1,K)g[ddscl(K,l,K)fcl(K,t,K).

Also, we have the following results:

(i) ecl(0~, 1, k) = ~0, ecl(i) ecl(0~, 1, K) = ~0, ecl(1~, 1, ) =
~1,

(1) ecl(K, 1, x) 2K,
(1) ecl(K UL, x)oeclK,t,x)ueclL, 1, k)
(iv) ecl(rscl(K, t, 1), 1, k) = ecl(K, 1, k)
(v) eint(0~, 1, ¥) = ~0, eint(1~, 1, K) = ~1,
(vi) eint(K, 1, x) c K,
(vii) eint(K N L, 1, x) < eint(K, 1, k) N eint(L, 1, )
(viii) eint(eint(K, t, ¥), 1, ) = eint(K, 1, K)I~, 1, K) = ~1,
Theorem 10 Let be SoIFTS. For € and (1,x) €/®I. It satisfies the
following statements:
(1) Kis (y, x)-feo < K = eint(K, 1, ),
(i) Kis (1, x)-fec & K =ecl(K, t, k),
(ii1) ecl(0~, 1, k) = ~0,
(iv) int(K, 1, ) c eint(K, 1, k) c K c ecl(K, 1, k) < cl(K, 1, k),
(v) ecl(K,1, k) uecl(L,t, «)cecl(KUL,t, k),
(vi) cl(ecl(K, 1, ), , ¥) = ecl(cl(K, t, ¥), t, ¥) = cl(K, 1, k).
Proof. (1) Let K be (1, ¥)-feo. Then
eint(K, , K)=u{G e IX:GcK,Gis (y, x) feo}=K

Conversely, let K = eint(K, 1, ). Since eint(K, t, «) is the
arbitrary union of (1, x)-feo, then K is (1, x)-feo.

—

(11) It is similar to part (i).

(ii1) It is easily obtained from Definition 2.

(iv) Since int(K, 1, k) =U{G € IX: G K, Gis (1, k) - fo}
cu{GeIX:GcK, Gis (4 k) -feo}

=eint(K, 1, ).

It follows that, int(K, 1, k) < eint(K, 1, ). Also,

ecl(K,, k) =N{G € IX: G2 K, Gis (1, k) -fec}c cl(K,
1, X).

Finally, we have int(K, 1, k) < eint(K, t, k) € K < ecl(K,
1, ¥) c cl(K, 1, ).
(v) Since, Lc Lv G,Gc LvG. Then
ecl(L, 1, k) cecl(L U G, 1, k) and ecl(G, 1, k) cecl(LU G,
1, ).
Hence, ecl(L, 1, k) U ecl(G, 1, ) < ecl(L U G, 1, ).
(vi) Since cl(K, 1, k) is (1, k)-fec set, then ecl(cl(K, 1, k), t,
K) = cl(K, 1, ). (1)
Now it remains to prove only the relation:cl(ecl(K, 1, k), 1, K) =
cl(K, 1, k).

Since, K < ecl(K, 1, k), then cl(K, 1, k) < cl(ecl(K, 1, x)). It
remains to prove: cl(ecl(K, 1, k), 1, ¥) < cl(K, 1, k). Let the
contrary, that is, cl(ecl(K, 1, ¥), 1, k) =cl(K, t, k). Then cl(ecl(K,
1, K), 1, K) D cl(K, 1, ). So, there exists (1, k)-fc setG € IX, G
D K such thatcl(K, 1, k)(x) < G(x) < cl(ecl(K, 1, ), 1, K)(X). (2)

Since, K < G = ecl(K, 1, k) < ecl(G, 1, ) = ecl(cl(K, 1, k), t,
K) = cl(G, 1, ). Then, ecl(K, 1, k) < cl(G, t, k) and this implies
cl(ecl(K, , k), 1, ¥) < cl(K, 1, k). which contradicts to the relation
(2). Hence the result.
Theorem 11 Let be SoIFTS. For € and (1,x)e/®]. It satisfies the
following statements:

(1) Kis (1, x)-fopo < K = dpint(K, 1, ),

(i) Kis (1, x)-fopc < K = dpcl(K, t, k),
(i)  dpcl(0~, 1, k) = ~0,
(iv) int(K, 1, k) < dpint(K, 1, ¥) < K < dpcl(K, 1, k) < cl(K, 1,

K),

(v) opcl(K, 1, k) U dpel(L, 1, x) < dpcl(K U L, 1, ),
(vi) Spcl(dpcl(K, t, k), 1, k) = dpcl(cl(K, 1, k), 1, k) = cl(K, 1, k).
Proof. 1t follows from Theorem 10.
Theorem 12 Let be SolFTS. For € and (1,x) e /®I. It satisfies the
following statements:

(1) Kis (1, k)-féso < K = dsint(K, 1, k),

(i) Kis (1, x)-fosc < K = 8scl(K, , x),
(iii) dscl(0~, 1, k) =~0,
(iv) int(K, 1, x) < dsint(K, 1, k) < K < dscl(K, 1, ¥) < cl(K, 1,

K),

(v) Oscl(K, 1, k) W dscl(L, 1, k) < dscl(K U L, 1, k),

(vi) dscl(dscl(K, 1, ¥), 1, k) = dscl(cl(K, 1, k), 1, K) = cl(K, 1, k).

Proof. 1t follows from Theorem 10.

Theorem 13 For an IFS K of a SolFTSand (1,x)e/®I, we have:
(1) eint(K, 1, x¥)c = ecl(Kc, t, ),
(i) ecl(K, 1, x)c = eint(Kc, 1, k),
Proof. (i) Since eint(K, 1, ¥) < K and eint(K, 1, ¥) is (1, x)-feo in
X, Kc ¢ eint(K, 1, k)¢ and eint(K, 1, k)¢ is (1, k)-fecin X. Thus
ecl(Kc, 1, ¥) < ecl(eint(K, 1, K)c, 1, ¥)= eint(K, 1, K)c.

Conversely, since Kc < ecl(Kc, 1, ¥) and ecl(Kc, 1, k) is (1, x)-fec
in X, ecl(Kc, 1, k)c < K and ecl(Kc, 1, K)c is (1, k)-feo in X. Thus
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ecl(Ke, 1, ¥)c = eint(ecl(Kec, 1, )¢, 1, K)c eint(K, 1, ).

and hence eint(K, 1, k)c < ecl(Kec, 1, k).

(i1) Similar to (i).

Theorem 14 For an IFS K of a SoIFTS and (1,k) e /®I, we have:
(1) opint(K, 1, k)c = dpcl(Ke, 1, k),
(i) dpcl(K, 1, x)c = dpint(Kc, 1, «),

Proof. 1t follow from Theorem 13.

Theorem 15 For an IFS K of a SoIFTS and (1,k) e /®I, we have:
(1) osint(K, 1, x)c = dscl(Ke, 1, ),
(i) dscl(K, 1, x)c = dsint(Kc, 1, ),

Proof. 1t follow from Theorem 13.

IV. CoNCLUSION

In the present paper we introduced fuzzy (1,k)-e (resp. (1,€)-0 pre
and (1,)-0 semi) 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.

(1]

(2]

(3]

REFERENCES

K. Atanassov, “Intuitionistic fuzzy sets,” Fuzzy Sets and
Systems, vol. 20, pp. 87-96, 1986.
C. L. Chang, “Fuzzy topological spaces,” J. Math. Anal.
Appl., vol. 24, pp. 182-190, 1968.
K. C. Chattopadhyay, R. N. Harza, and S. K. Samanta,

“Gradation of openness: Fuzzy topology,” Fuzzy Sets
and Systems, vol. 49, pp. 237-242, 1992.

(4]

(3]

(6]

[7]

(8]

(9]

[12]

[13]

D. Coker, and A. Haydar Es, “On fuzzy compactness in
intuitionistic fuzzy topological spaces,” J. Fuzzy Math,
vol. 3, pp. 899-909, 1995.

D. Coker, and M. Demirci, “An introduction to intu-
itionistic fuzzy topologica spaces in Sostak’s sense,”
BUSEFAL, vol. 67, pp. 67-76, 1996.

D. Coker, “An introduction to intuitionistic fuzzy topo-
logical spaces,” Fuzzy Sets and Systems, vol. 88, pp. 81-
89, 1997.

H. Gurcay, D. Coker, and A. Haydar Es, “On fuzzy
continuity in intuitionistic fuzzy topological spaces,” J.
Fuzzy Math, vol. 5, pp. 365-378, 1997.

E. P. Lee, and Y. B. Im, “Mated fuzzy topological spac-

es,” J. of Fuzzy Logic and Intelligent Systems, vol. 11,
pp. 161-165, 2001.

E. P. Lee, “Semiopen sets on intuitionistic fuzzy topo-
logical spaces in Sostak’s sense,” Journal of Korean
Institute of Intelligent Systems, vol. 11, no. 2, pp. 234-
238.2004.

A. A. Ramadan, “Smooth topological spaces,” Fuzzy
Sets and Systems, vol. 48, pp. 371-375, 1992.

G. Saravanakumar, S. Tamilselvan, and A. Vadivel,
“Regular Semiopen sets on intuitionistic fuzzy topologi-
cal spaces in Sostak’s sense,” Applications and Applied
Mathematics, vol. 14, no. 2, pp. 820-835. 2019.

A. Sostak, “On a fuzzy topological structure,” Supp.
Rend. Circ. Math. Palermo (Ser. 1), vol. 11, pp. 89-103.
1985.

L. A. Zadeh, “Fuzzy sets,” Information and Control,
vol. 8, pp. 338-353, 1965.



