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Abstract:

This paper is devoted to the study of new class of sets called an intuitionistic fuzzy
e’x-locally closed sets, intuitionistic fuzzy e”x G_g&-set, intuitionistic fuzzy e™x
G_d-locally closed sets and intuitionistic fuzzy G_&-locally closed sets are introduced
and studied. Also the concepts of an intuitionistic fuzzy G_&-e"*-locally closed set,
intuitionistic fuzzy subspace, intuitonistic fuzzy G_&-e”x-local-8-semi (resp., 6-pre and
B) spaces are introduced and interesting properties are established. In this connection,
interelations are discussed. Examples are provided where necessary.
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I. Introduction The concept of fuzzy sets
was introduced by Zadeh [15] and Atanassov [1]
introduced and studied intuitionistic fuzzy sets
(briefly, JFS ). On the other hand, Coker [4]
introduced the notions of an intuitionistic fuzzy
topological spaces (briefly, JFTS ), intuitionistic
fuzzy continuity and some other related concepts.
The concept of an intuitionistic fuzzy a-closed set
was introduced by Biljana Krsteshka and Erdal Ekici
[9]. The first step of locally closedness was done by
Bourbaki [3]. Ganster and Relly used locally closed
sets in [8] to define LC-continuity and
LC-irresoluteness. Roja, Uma and Balasubramanian
[2] discussed fuzzy Gs continuous functions. The
initiations of e* -open sets, e* -continuity and
e*-compactness in topological spaces are due to
Ekici [5, 6, 7]. In fuzzy topology, e*-open sets were
introduced by seenivasan in 2014 [12]. Sobana et.al
[13] were introduced the concept of fuzzy e*-open
sets, fuzzy e*-continuity and fuzzy e*-compactness
in intuitionistic fuzzy topological spaces (briefly.,
IFTS’s). In this paper we introduce the concepts of
an intuitionistic fuzzy e* -locally closed sets,
intuitionistic fuzzy e*Gg-sets, intuitionistic fuzzy
e*Gg -locally closed sets and intuitionistic fuzzy
Gs - e* -locally closed sets in IFTS’s. Also the
concepts of an intuitionistic fuzzy Gs-e*-locally
closed intuitionistic fuzzy subsapce, intuitionistic
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fuzzy Ggs-e*-local T: space, intuitionistic fuzzy

2
Gs-e*-local §-semi (resp., 5-pre and ) spaces are
introduced and studied. Some interesting properties
and interrelations among sets and spaces are
discussed with necessary examples.
I1. Preliminaries

Definition 2.1 [1] Let X be a nonempty
fixed setand I the closed interval [0,1]. An JFS UA
is an object of the following form A=
{(x, por(x), yr(x)): x € X} , where the mapping
Uo: X = 1 and yyo: X — I denote the degree of
membership (namely u,(x)) and the degree of non
membership (namely yq(x)) for each element x €
X to the set A, respectively, and 0 < py(x) +
ya(x) < 1 for each x € X. Obviously, every fuzzy
set A on a nonempty set X is an IFS of the
following form, A = {{x, uy(x), 1 — uy(x)): x € X}.
For the sake of simplicity, we shall use the symbol
A = {(x, por(x), ya(x)) for the IFS A=
{0, por (), yar()): x € X3

Definition 2.2 [1] Let A and B be JFS’s
of the form A = {(x, uy(x),yu(x)):x € X} and
B = {(x, ug(x), yx(x)):x € X}. Then

1. AW if and only if uy(x) <
pp(x) and yy(x) = yg(x);
2. U= {{x, ya(x), uu(x)): x € X};
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3. ANB = {{x, uy(x) A
Hss (X), Yar(x) V v (x)): x € X},
4 AU B = {{x, uy(x) v

s (), Ya(x) Aygs(x)):x € X}

Definition 2.3[1] The 7FS’s 0 . and 1 .
are defined by , 0 . ={<x,0,1>:x € X} and
1 .={<x,1,0>:x€X}.

Definition 2.4 [4] An intuitionistic fuzzy
topology (IFT) in Coker’s sense on a nonempty set
X is a family I' of JFS ’s in X satisfying the
following axioms:

1. 0 .,1 _€T;

2. &,NnG, eI, forany 6&;,®, €T;

3. UG; eI for any arbitrary family
{G:ieJ}cT.

In this paper by (X,I") or simply by X we
will denote the JFTS. Each JFS which belongs to
I' is called an JF open set (JFOS) in X. The

complement U of an JFOS A in X is called an
JF closed set (JFCS) in X.

Definition 2.5 [4] Let (X,I") be an JFTS
and A = {< x, uy, vor >:x € X} be an JFS in X.
Then the JF closure and JF interior of A are

defined by

1. cd() =N {C:Cisan IFCS
in Xand € 2 U},

2. int(AW)=U {D:Disan IFOS

in Xand D € U},

It can be also shown that cI() is an
JFCS, int(A) is an JFOS in X and A is and
JFCS in X if and only if cI(A) =A; A is an
JFOS in X ifand only if int(U) =A

Definition 2.6 [14] Let & be JFS in an
JFTS (X, I'). A is called an

1. JF regular open set (briefly IFROS)
if A =intcl(A)

2. JF regular closed set (briefly
IFRCS) if A = clint(A)

Definition 2.7 [2] Let (X,I") be a fuzzy
topological space and U be a fuzzy set in X. A is
called Gg set if A= N2, A; where each A; € T.
The complement of fuzzy G, is fuzzy E;

Definition 2.8 [14] Let (X,I') be an
JFTS and A = (x, uy(x), vy (x)) be a IFS in X.
Then the fuzzy § closure of 2 are denoted and
defined by cls() =N {K: K is an JFRCS in X
and A € K} and ints(A) =U {G: ® is an IFROS
in X and & € A}

Definition 2.9 [13] Let A be an JFS in an
JFTS (X, I'). A is called an JF §-semiopen (resp.
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& -preopen, B -open) set (JFS5SO (resp. JFS PO,
JFLO), for short), if A S cl(ints(A)) (resp. A <
int(cls(A)), A < cl(int(cl(A)))). A is called an
JF &-semiclosed (resp. §-preclosed, B-closed) set
(9FSSC (resp. IFSPC, JFLC) (for short)) if A 2
int(cls(A)) (resp. WU 2cl(ints(A)) , A2
int(cl(int(2A)))).

Definition 2.10 [13] Let A bean JFS inan
JFTS(X,I). A is called an JF e*-open set (JFe*
OS, for short) in X if A € clintcls (W)

Definition 2.11 [10] Let (X,I") be an
JFTS and Y be any JF subset of X. Then I, =
A/Y|Aerl) is an IJFT on Y and is called the
induced or relative JFT . The pair (Y, Iy) is called
an JF subspace of (X,I):(Y,Iy) is called an JF
open/JF closed subspace if the JF characteristic
function of (Y, I}) viz yy is IJF open/JF closed.

1. Intuitionistic fuzzy
Gs - e -locally closed sets in an
intuitionistic fuzzy topological spaces

Definition 3.1 Let (X,I") bean JFTS. Let
A = {(x, uy(x), yu(x)): x € X} be an JFS on an
JFTS (X,I'). Then A is said to be JF e*- locally
closed set (in short, JF-e*-lcs) if A=CEND,
where € = {(x,us(x),ys(x)):x € X} is an IF
e*-open set and D = {{x, up(x), yp(x)):x € X} is
an JF e*-closed setin (X, I).

Definition 3.2 Let (X,I") bean JFTS. Let
A = {(x, uy(x), y(x)): x € X} be an IJFS on an
JFTS X. Then U is said to be an JF e*Gg- set if
A =Nj=, A;, where U; = {(x, ,ugli(x),ymi(x)):x €
X} isan JF e*-opensetinan JFTS (X,I).

Definition 3.3 Let (X,I") bean JFTS. Let
A = {(x, por(x), yu(x)): x € X} be an JFS on an
JFTS (X,I'). Then U is said to be an IJF
e*Gg-locally closed set (in short,JF -e*Ggs-lcs) if
A=CND, where €= {{x, ug(x),vs(x)):x € X}
isan JF e*Gs setand D = {{x, up(x), yp(x)):x €
X} isan JF e*-closed setin (X, I).

Definition 3.4 Let (X,I') bean JFTS. Let
A = {(x, uy(x), y(x)): x € X} be an IJFS on an
JFTS (X,I'). Then A is said to be an JF
Gs-e*-locally closed set (in short,JF Gg-e*-lcs) if
A=BNCE, where B = {{x, ux(x),ys(x)): x € X}
isan JF Gg setand € = {(x, us(x),ys(x)): x € X}
isan JF e*-closed setin (X,I).

The complement of an JF Gg-e*-locally
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closed set is said to be an JF Gs-e*-locally open set
(in short, IF Gg-e*-l0s).
Definition 3.5 Let (X,I") bean JFTS. Let
A = {(x, uy (%), yu(x)): x € X} be an JFS on an
JFTS (X,I'). The JF Gs-e*-locally closure of A
is denoted and defined by IFGs-e*-lcl(W) =
N {B:B={{x,ug(x),yg(x)):x € X} is an IF
Gs-e*-locally closed setin X and A < B.
Proposition 3.1 Let (X,I") be an JFTS.
For any two JFS’s A = {(x, po(x), ya(x)): x € X}
and B = {(x, ug(x),yg(x)):x € X} of an JFTS
(X, I") then the following statements are true.
1. IFGg-e*-lcl(0 ) =0 .
2. AUCSB=>I1FGs - e* - lcl(A) S
IFGg-e*-1cl(B)
3. IFGg-e*-Ilcl(IFGg-e*-lcl(A)) =
IFGg-e*-lcl(A)
4. IFGs - e* - lcl(UuB) =
(IFGg-e*-lcl(W)) U (IF Gg-e*-Icl(B))

Definition 3.6 Let (X,I") bean JFTS. Let
A = {{x, uyr(x), yu(x)): x € X} be an JFS on an
JFTS (X,I'). The JF Gg-e*-locally interior of A
is denoted and defined by IFGgs-e*-lint(¥A) =
U {8:8={xus(x),ys(x)):x €X} is an IF
Gs-e*-los in X and B < 2.
Proposition 3.2 Let (X,I") be an JFTS.

Let A= {{x, uy(x),yu(x)):x € X} and B=
{(x, ug(x),ys(x)):x € X} are JFS’s in an IFTS
(X, I"). Then the following statements are true.

1. IFGs-e*-lcl() is the largest IF
Gs-e*-los contained in A

2. If A'is an IJF Gg-e*-los then A =
IFGg-e*-lint(A)

3. IF A is an JF Gs-e*-los then
IFGs - e* - lint(IFGs - e* - lint(A)) =
IF Gg-e*-lint(A)

4. IFGg-e*-lint(NA) = IFGg-e*-lcl(N)

5. IFGg-e*-lcl(A) = IFGs-e*-lint(N)

6. If A< B then IFGs-e*-lint(A) <
IF Gg-e*-lint(B)

7. (IFGs - e* - lint(A)n
(IFGg-e*-lint(B)) 2 IFGg-e*-lint(A N B).
Remark 3.1

1. IFGg-e*-lcl(W) = A if and only if
A isan JF Gs-e*-lcs

2, IFGs - e* -
IFGg-e*-Lcl(A)

lint(W) S AC
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3. IFGs-e*-lint(1 ) =1 .
4. IFGg-e*-lint(0 .)=0 _
5 [IFGg-e*-lcl(1 )=1 .

Proposition 3.3 Every JF e*-lcs isan JF
e*Ggs-lcs.

Remark 3.2 The converse of the
Proposition 3.3 need not be true as show in Example
3.1.

Example 3.1 Let X ={a,b} be a

a b a b
nonempty set. Let A = <x 553 (E'E)>’ B =

a b a b

<x,(E,a),(E,a)> , AU B =
a b a b

<x, (553 (E,a)> and ANY =
a b a b ,

<x, (E'E)' (ﬁ,ﬁ» be JFS ’s of X. Then the

family '={0 _,1 _, U, B,AUB,ANB} is an
IFT on X. Now G = <x, @2, (i,i)> be IF
0 0.1 0.9° 0.9
* — a byab
e*Gs - set let D-(x, G5 (1,1)> be an JF
e*  -closed set. Hence C=CNnD=
<x, (%,Ob—l), (%,§)> is JF e*Gs-lcs. But, € is not an
JF e*-lcs. Hence, JF e*Gg-set need not be an JF

e*-lcs.

Proposition 3.4 Every JF Gg-Ilcs is an
JF Gs-e*-lcs.

Remark 3.3 The converse of the
Propositionn 3.4 need not be true as shown in
Example 3.2.

Example 3.2 In Example 3.1 AN B is an

a b a b
JF Gg-set. Let § = <x, (E’E)’(ﬁ'ﬁ)> be an JF
e* -closed set. Hence C=@AAnNB)NnF=

<x, @D, (%,%)) is Gs-e*-Ics. But, & is not an
JF Ggs-lcs. Hence, JF Gg-e*-lcs need not be an
JF Gg-lcs.

Remark 3.4 JF e* - lcs and IJF
Gs-e*-lcs’s are independent of each other as shown
by the following Example 3.3.

Example 3.3 In Example 3.1 AN B is an

- a bye b
IF Gg-set. Let G = <x, (0.1,0.2),(0_5,0_5)> be an
JF e* -closed set. Hence €= ANB)NG =

a b a b . * .
<x, (E'E)' (&,&)> IS Gs-e*-lcs. But, € isnotan
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9F e*-lcs and § = <x (%,%),(%,%ﬁ be an IF

e -open set Hence E=6n9H=
a b a b . % .
<x, G5 (E'E)> Is JF e*-lcs. But, € is not

Gs-e*-lcs.
Proposition 3.5 Every JF Gg-e*-lcs is an
JF e*Gg-lcs.

Remark 3.5 The converse of the
Proposition 3.5 need not be true as shown in
Example 3.4.

Example 3.4 In Example 3.1 €=

<x, (%,ﬁ),(ﬁ,%» be JF e*Gs- set and ® =
<x, (i,i),(i,£)> be an JF e* -closed set.
0.1 0.2 0.5° 0.5

a b a b .
@=®ﬂ(ﬁ=<x,(6,a),(ﬁ,ﬁ)> IS
e*Gs-lcs. But, € is not an JF Gs-e*-lcs. Hence,
JF e*Gg-lcs need not be an JF Gs-e*- Ics.

Remark 36 JF Ggs- lcs and IJF
e*Gg-lcs’s are independent of each other as shown
by the following Example 3.5.

Example 3.5 In Example 3.1 €=

a b a b * —
<x, (E’E)’(E’E)> be JF e*Gs- set and ® =

Hence

<x, (i,i),(i,i)> be an JF e* -closed set.
0.1 0.2 0.5 0.5

Hence C=CNn6G= <x (E,L), (i,£)> is
0°0.1 0.9° 0.9
e*Gg-lcs. But, € is not an JF Gg-lcs and AN B
. X = [y (2 by 2 b
is an JF Gg-set let 3 = <x, (0_6,0.6),(0'3,0_1)> be
an JF closed set. Hence €E=ANB) NI =
a b a b . H
<x, (ﬁ'ﬁ)’(ﬁ’ﬁ)> Is Gg-lcs. But, € is not an

JF e*Gg-lcs.
Proposition 3.6 Every JF lcs is an JF
e*-lcs.

Remark 3.7 The converse of the
Proposition 3.6 need not be true as shown in
Example 3.6

Example 3.6 In Example 3.1 Let § =

<x, (%%L(%,i)) be JF e*-open set and $ =
<x, (i.i),(i,i)> be an JF e* -closed set.
0.1 0.2 0.4° 0.4

@=3n55=<x,(§,£),(i b > is

Hence ,—)
0.5 0.4
e*-lcs. But, € isnotan JF Ics.

Remark 3.8 Every JF lcs is an JF
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Gs-lcs but the converse need not be true as shown in
[10].

Remark 3.9
diagram holds.

N A

IF- ¢G5 -lcs

Definition 3.7 Let (X,I") be an JFTS
and Y be any JF subset of X . Then [, =
A/Y|IA el is an JFT on Y and is called the
induced or relative JF7. The pair (Y, I;) is called
an JF subspace of (X,I):(Y,Iy) is called an JF
Gs-e*-lc IJF subspace if the JF characteristic
function of (Y, Iy) viz yy is IF Gg-e*-lcs.

Proposition 3.7 Let (X,I') be an JFTS.
Suppose ZcYcX and (Y, Iy) is an IJF
Gs-e*-locally closed JF subspace of an JFTS
(X,I). If (Z,I) is an JF Gg-e*-lc IF subspace
in an JFTS (X,I) & (Z,I;) is an JF Gg-e*-lc
JF subspace inan JFTS (Y, [y).

Definition 3.8 An JFTS (X,I') is said to
be an JF Gg-e*-local-T1 space if for every JF

2

Gs-e*-lcs isan JF closed setinan JFTS (X,I).
Definition 3.9 An JFTS (X,I') is said to
be an JF Gg-e*-local-6-semi (resp.,6-pre and f)
space if for every JF Gs-e*-lcs is an JF &-semi

(resp.,6-pre and f) closed set inan JFTS (X,I).
Proposition 3.8 Every JF Gs-e*-local-T:
2

space is an JF  Gs - e* -local- § -semi
(resp.,Gs-e*-local-6-pre and Gs-e*-local-p) space.
Remark 3.10 The converse of the
Proposition 3.8 need not be true as shown in
Examples 3.7 and 3.8.
Example 3.7

Clearly the followinng

IF- G5 -lcs

Let X ={a, b} be a

nonempty set. Let A = <x, (%,%), (i,ob—G)>, B =

a b a b
<X, (E’ a). (E’ﬁ)> '
< a by ca £> nd
o (0.3 ! 0.3)' (0.5 ’ 0.4) a
<x, 2, (i,i)> be 7F sets of X. Then the
0.370.17" 0.6’ 0.6

family '={0 _,1 ., 4, B,ANB,AUB} is an
7453
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JFT on X. Now, A N B is an JF Gs-set. Let € =
a b a b *
<x, (ﬁ’ﬁ)’ (E'E)> be an JF e*- closed set.
a b a b
Hence G= (ANB)NGE = <x, D, (E'E)>
is & -semi-closed. Hence (X,I') is an JF
Gs-e*-local-§ -semi space. But, € is not an JF
closed set. Thus, (X,I') is not an JF Gg-e*-local
T. space. Hence, JF Ggs-e*-local-&-semi space

2
need not be an JF Gg-e*-local Ti.
2
Example 3.8 In Example 3.7 Let D =
<x, &2, (i,£)> be an JF e- closed set. Hence
0°0 0.5°0.5

a b a b .
(§=(%n%)n®=<x,(6,6),(£,£)> is
& -pre-closed(resp., S-closed). Hence (X,I') is an
JF Gg-e*-local-6-pre (Gs-e*-local-B-space). But,
€ is not an JF closed set. Thus, (X,I") is not an
JF  Gs - e* -local T.i space. Hence, IF

2
Gs-e*-local-5-pre (Gs-e*-local-)space need not be
an JF Gg-e*-local T..

Remark 3.11 Clearly the following
diagram holds.

I L= & = JUGHE L] Sy

/1N

IF (i3 - ¢ - local § semi space IF G - & - local  pre space IF (35 - ¢" - local f space
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