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1. INTRODUCTION

L.A. Zadeh’s[22]introduced fuzzy sets,then using
these fuzzy setsC.L. Chang [4] was introduced and
developed fuzzy topological space. Atanassov’s[2]
Intuitionistic fuzzy set, Using this Intuitionistic fuzzy
sets Coker[5] introduced the notion of Intuitionistic
fuzzy topological spaces. The supra topological spaces
introduced and studied by A.S. Mashhour[10] in the
year 1983. M. E. AbdEI-Monsef et al. [1] introduced
the fuzzy supra topological spaces and studied fuzzy
supra-continuous functions and obtained some
properties and characterizations. In 2003 NeclaTuranl
[21] introduced the concept of Intuitionistic fuzzy
supra topological space.M. Parimala, [12] Jafari Saeid,
introduce Intuitionistic fuzzy a-supra continuous maps
in Intuitionistic fuzzy supra topological spaces. Aim of
this paper is we introduced and studied about
Intuitionistic fuzzy Ga supra closed sets and
Intuitionistic fuzzy Ga supra open sets in Intuitionistic
fuzzy supra topological spaces and its properties are
discussed details.

2. PRELIMINARIES

Definition 2.1[3]
An Intuitionistic fuzzy set (IF for short) A is an object
having the form A = {(X, ua(X), va(X)) : x € X}
where the functions pa:X— [0,1] and va:X— [0,1]
denote the degree of membership (namely ua(x)) and
the degree of non-membership (hamely va(x)) of each
element x € X to the set A respectively, and 0 < pa(X)
+ va(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, ua(X), 1- ua(x)): x € X}.

Definition 2.2 [3]

Let A and B be two Intuitionistic fuzzy sets of the
form

A = {(X, ua(x), va(x)): x € X} and

B = {(x, up(X), vg(X)) : Xx€X}. Then,

(i) A c Bifand only if ua (x)<ug(x) and va(x)=> vg(X)
for all x € X,

(i) A=Bifand only if Ac Band A2 B,

(iii) A = {(x, Va(X), a(X)): X € X3,

(iv) AUB = {{x, ua(X) Vig(x), va(X) Avg(X)): x € X},
(v) ANB = {(X, ua(x) Aug(X), va(x) Vvg(X)): X € X}.
(Vi) [JA= {(x, pa(X), 1 — pa(x)), x €X};

(vii) QA = {(x, 1 = va(X), va(X)), X €X};

The Intuitionistic fuzzy sets 0~ = (x, 0, 1) and 1~ = {X,
1, 0) are respectively the empty set and the whole set
of X

Definition 2.3. [3]

Let {A;ii €J } be an arbitrary family of Intuitionistic
fuzzy sets in X. Then

(I) mAI = {<X!/\P-Ai(X)IVVAi (X) ) “XE X},

(i) UA; = {{x,Vai(X),Avai (X) ) : X € X}

Definition 2.4.[3]

we must introduce the Intuitionistic fuzzy sets O~and
1~in X as follows:

0~={(x,0,1): xeX}and 1~ = {(x, 1, 0) :x €X}.
Definition 2.5[3]

Let A, B, C be Intuitionistic fuzzy sets in X. Then

(i) AcBand CcD =A uC BuD and ANC <BND,
(il AcBand AcC=>AcBNC,

(il) AcCand B <€C =>A UB cC,

(iv) AcB and B cC =A cC,

WAUB=AnB

(viiAn B =AU B,

(vii) A €SB =BCc
(viii) (A)= A,
(ix) 1~ = 0~,

(X) 0~ = 1~.
Definition 2.6[3]
Let f be a mapping from an ordinary set X into an
ordinary set Y,

Y
A,
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If B ={(y, us(y), va(y) ): Y €Y }isan IFST in Y , then
the inverse image of B under
f is an IFST defined by f'(B)={(xf"(ug)(X),
f'(vg)(X) ): x €EX}The image of IFST A = {(y, pa(y),
va(y) ): Y €Y }under fis an IFST defined by
f(A) = {(y, f(na)(¥), f(va)(y) ): Y €Y }.
Definition 2.7 [3]
Let A, A; (i €J) be Intuitionistic fuzzy sets in X, B, B;
(i €K) be Intuitionistic fuzzy setsin Y and f: X — Y is
a function. Then
(i) AlCA=T (A) SF(A),
(i) B,SB,=f }(B,) <f 1(B,),
(iii) A <f (f (A)) { If f is injective,

then A = f1(f (A)},
(iv) f (F1(B)) B { If f is surjective,

then f(f(B))=B},
(V) f_l(U B]) =U f_l(B])
(vii) f(u B;) =U f(B;)
(viii) f(n B;) en £(B;){ If f is injective, then

f(n B;) =n f(B;)}
(i) F(1~) = 1~,
(x) f(0~) = 0~,
(xi) f (1~) = 1~ , if fis surjective
(xii) f (0~) = 0~,
(xiii) f (A) =f (4), if fis surjective,
(xiv) f1(B) =f-1 (B).

Definition 2.8[21]

A family T, Intuitionistic fuzzy sets on X is called an

Intuitionistic fuzzy supra topology (in short,IFST) on

X if 0~€etyl~€et, and T,is closed under arbitrary

suprema. Then we call the pair (X,t,) an Intuitionistic

fuzzy supra topological space.

Each member of t, is called an Intuitionistic fuzzy

supra open set and the complement of an

Intuitionistic fuzzy supra open set is called an

Intuitionistic fuzzy supra closed set.

Definition 2.9 [21]

The Intuitionistic fuzzy supra closure of a set A is

denoted by S-cl(A) and is defined as

S-cl (A) = N {B: B is Intuitionistic fuzzy supra closed

and A c B}.

The Intuitionistic fuzzy supra interior of a set A is

denoted by S-int(A) and is defined as

S-int(A) = U{B : B is Intuitionistic fuzzy supra open

and A 2 B}

Definition 2.10[21]

(i). - (AgB) & AC B® .

(ii).A is an Intuitionistic fuzzy supra closed set in
X&S-Cl(A) = A

(iii). A is an Intuitionistic fuzzy supra open set in
XeS-int (A)=A.

(iv). S-cl(A°) = (S-int(A))°.

(V). S-int(A%) = (S-cl(A))°.

(vi). A € B = S-int(A) < S-int(B).

(vii). A € B = S-cl(A) < S-cl(B).

(viii). S-cl(A U B) =S-cl(A)U S-cl(B).

(ix). S-int(A N B) = S-int(A)NS-int(B).

Definition 2.11:[21]

AnIFS A of an IFSTS (X, 1) is an

(i) Intuitionistic fuzzy pre supra closed set
(IFPSCS in short) if S-cl(S-int(A)) € A,

(i) Intuitionistic fuzzy pre supra open set
(IFPSOS in short) if A < S-int(S-cl(A)).

Definition 2.12:[21]

An IFS A of an IFSTS (X, tw) is an

(i) Intuitionistic fuzzy a-supra open set

(IFaSOS in short) if AS S-int(S-cl(S-int(A))),

(ii) Intuitionistic fuzzy a-supra closed set
(IFaSCS in short) if S-cl(S-int(S-cl(A))SA.

Definition 2.13:[21]

An IFS A of an IFSTS (X, T ) is an

(i) Intuitionistic fuzzy supra regular open set
(IFRSOS in short) if A = S-int(S-cl(A)),

(ii) Intuitionistic fuzzy regular supra closed set
(IFRSCS in short) if A = S-cl(S-int(A)).

3. INTUITIONISTIC FUZZY GENERALIZED
ALPHA SUPRA CLOSED SETS

In this section we introduce Intuitionistic fuzzy
generalized supra closed sets and Intuitionistic fuzzy
generalized alpha supra closed sets and studied some
of its properties.

Definition 3.1
An IFS A of an IFSTS (X, Tw) is an Intuitionistic
fuzzy generalized supra closed set (IFGSCS in short)
if S-cl(A)cU whenever AcU and U is an IFSOS in X.
Definition 3.2:

An IFS A in (X, Tw) is said to be an Intuitionistic
fuzzy generalized alpha supra closed set (IFGaSCS in
short) if IFaS-cl(A)cU whenever ACU and U is an
IFaSOS in (X, 1, ) .

The family of all IFGaSCSs of an IFSTS (X,t,) is
denoted by IFGaSC(X).

Example 3.3:

Let X={a, b} and let 7, = {0~, G;,G,, GiUG,,1~} is an

IFT on X, where G; = (x, (0.2,0.3), (0.8,0.7)), G, ={X,
(0.1,0.2), (0.9,0.8)) Here the only IFa supra open sets
are 0~, 1~ and G. Then the IFS A=(x, (0.6, 0.7),
(0.4,0.3)) is an IFGaSCS in(X, 7, ) .

Theorem 3.4:

Every IFSCS in (X,z,) is an IFGaSCS, but not
conversely.

Proof:

Let ACU and U is an IFaSOS in (X, t) .Since IFaS-
cl(A)SS-cl(A)and A is an IFSCS, IFaS-cl(A)SS-
cl(A)=AcU.Therefore A is an IFGaSCS in X.
Example 3.5:

Let X={a,b} and let 1,={0~,G;,G,,G;UG,,1~} is an
IFST on X where G;=(x, (0.3,0.2), (0.7,0.7)). G, =(X,
(0.2,0.1),(0.8,0.8)). Let A=(x,(0.6,0.6), (0.3,0.4)) be
any IFS in X. Here IFaS-cl(A)< G, whenever A € G,
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for all IFaSOS G in X. A is an IFGaSCS, but not an
IFSCS in X since S-cl(A)=G® #A.

Theorem 3.6:

Every IFaSCS is an IFGaSCS but not conversely.
Proof:

Let ACU and U is an IFaSOS in (X,t,).By hypothesis
[FaS-cl(A)=A.Hence IFaS-cl(A)SU. Therefore A is
an IFGaSCS in X.

Example 3.7:

Let X={a, b} and let 1,={0~, G;,G,,G1UG; ,1~} is an
IFST on X where G;=(x,(0.3,0.2),(0.6,0.8)),
G,=(x,(0.2,0.1),(0.7,0.9)).Let A=(x,(0.5,0.6),(0.3,0.3))
be any IFS in X. Clearly IFaS-cl(A)=G, whenever
ACG, for all IFaSOS G in X. Therefore A is an
IFGaSCS, but not an IFaSCS in X. Since S-cl(S-int(S-
cl(A)) = G°¢ A.

Theorem 3.8:

Every IFRSCS is an IFGaSCS but not conversely.
Proof: Let A is an IFRSCS in (X, T ) . By Definition,
A = S-cl(S-int(A)). This implies S-cl(A) = S-cl(S-
int(A)). Therefore S-cl(A) = A. That is A is an IFSCS
in X. By Theorem 3.4, A is an IFGaSCS in X
Theorem 3.9.

If A and B are IFGa-supra closed sets, then AUB is
IFGa-supra closed set.

Proof:

If AUB < Gand G is IFS-supra open set, then A € G
and B € G. Since A and B are IFGa-supra closed sets,
S-cl(A) <€ G and S-cl(B) < G and hence S-cl(A) U S-
cl(B) < G. This implies S-cl(AUB) € G. Thus AU B
is IFGa-supra closed set in X.

Theorem 3.10.

A Intuitionistic fuzzy set A is IFGa-supra closed set
then S-cl(A)-A does not contain any nonempty
Intuitionistic fuzzy supra closed sets.

Proof:

Suppose that A is IFGa-supra closed set. Let F be a
Intuitionistic fuzzy supra closed subset of S-cl(A) —
AThen AcCF°But A is IFGo-supra closed set.
Therefore S-cl(A) € F©. Consequently FS(S-cl(A))°.
We have FSS-cl(A).Thus FES-cl(A)N(S-cl(A))© = ¢.
Hence F is empty.

Theorem 3.11.

A Intuitionistic fuzzy set A is IFGa-supra closed set if
and only if S-cl(A) — A contains no non-empty IFS-
supra closed set.

Proof:

Suppose that A is IFGa-supra closed set. Let H be a
IFS-supra closed subset of S-cl(A) — A. Then A € HC.
Since A is IFGa-supra closed set, we have S-cl(A) <
HC. Consequently H <(S-cl(A))°. Hence H < S-
cl(A)N(S-cl(A))°=¢. Therefore H is empty.
Conversely,

Suppose that S-cl(A) — A contains no nonempty IFS-
supra closed set. Let A € G and that G be IFS-supra
open. If S-cl(A) € G, then S-cl(A)NG® is a non-empty

IFS-supra closed subset of S-cl(A) — A. Hence A is
IFGa-supra closed set.

Theorem 3.12.

Suppose that B € A € X, B is a IFGa-supra closed set
relative to A and that A is IFGa-supra closed set in
X.Then B is IFGa-supra closed set in X.

Proof:

Let B € G, where G is IFS-supra open in X. We have
B € ANG and ANG is IFS-supra open in A. But B is a
IFGa-supra closed set relative to A. Hence S-clA(B)
€ ANG. Since S-clA(B) = AN S-cl(B). We have
ANS-cl(B) € ANG. It implies A SGU(S-cl(B))® and
GU(S-cl(B))c is a IFS-supra open set in X. Since A is
IFGo-supra closed in X, we have S-cl(A) € GU(S-
cl(B))°.Hence S-cl(B) < Gu(S-cl(B))© and S-cl(B) <
G. Therefore B is IFGa-supra closed set relative to X.
Theorem 3.13.

If A is IFGa-supra closed and A €B < S-cl(A),then B
is IFGa-supra closed.

Proof:

Since B < S-cl(A), we have S-cl(B) < S-cl(A) and S-
cl(B) — B < S-cl(A) — A. But A is IFGa-supra closed.
Hence S-cl(A)-A has no non-empty IFS-supra closed
subsets, neither does S-cl(B) — B. By theorem 3.11, B
is IFGa-supra closed.

Theorem 3.14.

Let A €Y <€ X and suppose that A is IFGa-supra
closed in X.Then A is IFGa-supra closed relative to Y.
Proof:

Let ASYNG where G is IFS-supra open in X. Then A
CG and hence S-cl(A)<G. This implies, YNS-cl(A)<
YNG. Thus A is IFGa-supra closed relative to Y.
Theorem 3.15.

If A'is IFS-supra open and IFGa-supra closed, then A
is Intuitionistic fuzzy supra closed set.

Proof:

Since A is IFS-supra open and IFGa-supra closed,
then S-cl(A) € A. Therefore S-cl(A) =A. Hence A is
Intuitionistic fuzzy supra closed.

Theorem 3.16:

If Ais an IFSOS and an IFGaSCS in (X, 7, ),then A is
an IFaSCS in X.

Proof :

Let A is an IFSOS in X. Since A < A, by hypothesis
IFaS-cl(A) < A. But from the definition A < IFaS-
clA .Therefore IFaS-cl(A) = A. Hence A is an IFaSCS
of X.

Theorem 3.17:

Let (X, 7,) be an IFSTS and A is an IFaSCS ofX.Then
A is an IFGaSCS iff —(Aq F) implies =(acl (A)gF)
for every IFaSCS F of X.

Proof:

Necessity:
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Let F be an IFaCS and ~(AgF) then ACFC where F° is
an IFaSOS.Then IFaScl(A)SFC, by hypothesis. Hence
=(IFaS-cl(A) q F).

Sufficiency:

Let Fis an IFaSCS in X and let A is an IFaSCS of X
then by hypothesis, —(AgF) implies =(aScl(A)gF).
Then IFaScl(A) € F© whenever A € FCand F€ is an
IFaSOS. Hence A is an IFaGSCS.

Theorem.3.18:

Let (X, 7,) be an IFSTS. Then IFaSO(X) = IFaSC(X)
if and only if every IFS in (X, 7, ) is an IFGaSCS.
Proof:

Necessity:

Suppose that IFaSO(X)=IFaSC(X). Let Ac Uand U
is an IFSOS in X. This Implies IFaScl(A) <
IFaScl(U) and U is an IFaSOS in X. Since by
hypothesis U is an IFaSCS in X, IFaS-cl(U) = U. This
implies IFaS-cl(A)<U. Therefore A is an IFGaSCS of
X

Sufficiency:

Suppose that every IFS in (X,1,) is an IFGaSCS. Let
U€elIFSO(X), then UelFaSO(X) and by hypothesis is
IFaScl(U)SUCIFaS-cl(U).Therefore Ue IFaSC(X).
Hence IFaSO(X)SIFaSC(X).Let A€IFaSC(X) then
AC is an IFaSOS in X.But IFaSO(X)SIFaSC(X).
Therefore A€ IFaSO(X).Hence IFaSC(X)<S IFaSO(X)
.Thus IFaSO(X) = IFaSC(X).

4, INTUITIONISTIC FUZZY SUPRA Ga OPEN
SETS

In this section, we introduce and study about
Intuitionistic fuzzy supra Ga open sets and some of
their properties.

Definition 4.1.

A Intuitionistic fuzzy set A in X is called IFGa-supra
open in X if A is IFGa-supra closed in X.

Theorem 4.2.

A Intuitionistic fuzzy set A is IFGa-supra open if and
only if F < S-int(4) where F is IFa-supra closed and
F CA.

Proof:

Suppose that F < S-int(A) where F is IFa-supra closed
and F € A. Let A® € G where G is IFS-supra open.
Then G° < A and G° is IFS-supra closed. Therefore
G® c S-int(A). Since G° € S-int(A), we have (S-
int(A))¢ € G. This implies S-cl((A)*)S G. Thus A® is
IFGa-supra closed. Hence A is IFGa-supra open.
Conversely, suppose that A is IFGa-supra open, F €
A and F is IFa supra-closed. Then FC is IFo-supra open
and A c F°. Therefore S-cl((A)°) < F°. But S-
cl((A)°) = (S-int(A))°. Hence F SS-int(A).

Theorem 4.3.

A Intuitionistic fuzzy set A is IFGo-supra open in X if
and only if G = X whenever G is IFS-supra open and
(S-int(A) UA®) S G.

Proof:

Let A be a IFGa-supra open, G be IFa-supra open and
(S-int(A)UA®) € G. This implies G°c(S-int(A))®
N((A)®)“=(S-int(A)) —A°=S-cl((A)“)-A°. Since A is
IFGo-supra closed and G© is IFa-supra closed, By
theorem 3.11, it follows that G =¢. Therefore X = G.
Conversely, suppose that F is IFS-supra closed and F
C A. Then S-int(A)UA® C S-int(A)UFC. This implies
S-int(A)UF®=X and hence F € S-int(A). Therefore A
is IFGa-supra open.

Theorem 4.4.

If S-int(A) B CA and if A is IFGa-supra open ,then B
is IFGa-supra open.

Proof:

Suppose that S-int(A) € B € A and A is IFGa-supra
open .Then A® €B® ¢ S-cl(A°) and since A® is IFGa-
supra closed. We have By theorem 3.11, B® is IFGa-
supra closed. Hence B is [IFGa-supra open .

Theorem 4.5.
A Intuitionistic fuzzy set A is IFGa-supra closed, if
and only if S-cl(A) — 4 is IFGa-supra open .

Proof:

Suppose that A is IFGa-supra closed set. Let H be a
IFS supra-closed subset of S-cl(A) — A. Then A € HC.
Since A is IFGa-supra closed set, we have S-cl(A) <
HC. Consequently H <(S-cl(A))°. Hence S < S-
cl(A)N(S-Cl(A))® = ¢. Therefore H is empty.
Conversely, suppose that S-cl(A) — A contains no
nonempty IFS-supra closed set. Let A € G and that G
be IFS-supra open. If S-cl(A) € G, then S-cl(A) N G©
is a non-empty IFS-supra closed subset of S-cl(A) — A.
Hence A is IFGa-supra closed set.

Theorem 4.6.

A Intuitionistic fuzzy set A is IFGa-supra closed, if
and only if S-cl(A)-A is IFGa-supra open.

Proof:

Suppose that A is [IFGa-supra closed. Let FES-clI(A) —
A Where F is IFS supra -closed. By theorem 3.11, F =
¢. Therefore FES-int((S-cl(A)-A) and by Theorem
4.2, we have S-cl(A)-A is IFGa-supra open.
Conversely, let A € G where G is a IFS supra -open
set. Then S-cl(A)NGCSS-cl(A)NA® =S-cl(A)-A.Since
S-cl(A)S GC is IFS supra -closed and S-cl(A)- A is
IFGa-supra open. By Theorem4.2, we have S-cl(A)
NG® C S-int(S-cl(A) — A =¢. Hence A is IFGo-supra
closed.

Theorem 4.7.

For a subset A cX the following are equivalent:

(i) A is IFGa-supra closed.

(i) S-cl(A) —A contains no non-empty IFS supra

closed set.

(iii) S-cl(A) -4 is IFGa-supra open set.

Proof:

Follows from theorem 3.12and Theorem 4.5.
Theorem 4.8:
An IFS A of an IFTS (X, 7,) is an IFGaOS if and only
if G < IFaSint(A), whenever G is an IFaSCS(X) and G
cA

Proof:
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Necessity:

Assume that A is an IFGaSOS in X. Also Let G be an
IFaSCS in X such that GEA. Then G° is an IFaSOS
in X such that A°cG°.Since A® is an IFGaSCS, IFaS-
cl(A9)cGC.ButlFaS-cl(A%)= (IFaScl
(A))C.HencelFaScl(A®)cG®.This  implies
int(A).

Sufficiency: Assume that GSIFaS-int(A) ,whenever G
is an IFaSCS and GSA.Then (IFaSint(A))°<S G°,
whenever G® is an IFaSOS and IFaScl(A%)cG°.
Therefore A® is an IFGaSCS. This implies A is an
IFGaSOS.

4. CONCLUSION

GCIFaS

Many different forms of generalized closed sets have
been introduced over the years. Various interesting
problems arise when one considers openness. Its
importance is significant in various areas of
mathematics and related sciences, this paper we
introduced in IFGaS closed sets in Intuitionistic fuzzy
supra topological spaces and investigate some of the
basic properties. This shall be extended in the future
Research with some applications.
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