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1 Introduction:

To solve the complicated problems in social sciences,economics, engineering and environment,
etc., classical methods are not useful. The solution of such problems involve the use of
mathematical principles based on uncertainity and imprecision. To handle such problems
of uncertainity, many theories such as fuzzy set theory, interval fuzzy theory, intuitionistic
fuzzy sets, rough sets, soft sets, etc are used.

The fuzzy concept has penetrated almost all branches of Mathematics since the intro-
duction of the concept of fuzzy set by Zadeh [10]. Fuzzy sets have applications in many
fields such as engineering, information and control. Fuzzy topological space was introduced
by C.L.Chang [3]. Ismail U.Tiryaki [7] introduced and studied the notion of soft fuzzy set.
V.Visalakshi, M.K.Uma, E.Roja [8] introduced the concept of soft fuzzy topological spaces.
T.Yogalakshmi, E.Roja, M.K.Uma studied the properties of soft fuzzy compact spaces in [9)].
D.Coker [4] studied the notion of intuitionistic sets and several properties are also discussed.
Besides, intuitionistic fuzzy sets were introduced by K.Atanassov [1]. Many authors studied
about the topological properties such as compactness, connectedness,e.t.c.
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In this paper, the concepts such as intuitionistic soft fuzzy topological spaces, intuitionis-
tic soft fuzzy continuous functions, intuitionistic soft fuzzy compactness are introduced and
studied. Properties related to those concepts are established. The notion of various compact-
ness such as intuitionistic soft fuzzy almost compact spaces, intuitionistic soft fuzzy nearly
compact spaces, etc are introduced and several properties are discussed. Some interesting
covering properties of the intuitionistic soft fuzzy filters are investigated.

2 Preliminaries :

Definition: 2.1. [8] Let X be a nonempty set. Let p be a fuzzy subset of X such that
i X — [0,1] and M be any crisp subset of X. Then, the pair (u, M) is called as a
soft fuzzy set in X. The family of all soft fuzzy subsets of X, will be denoted by SF(X).
The complement of a soft fuzzy set (u, M) is defined as (p, M) = (1 — p, X|M).

Definition: 2.2. [9] Let z € X and A : X — [0, 1]. Define,

A< A<, ifr=y
Tay) = { 0, otherwise

Then, the soft fuzzy set (x5, {x}) is called as the soft fuzzy point (inshort. SFP)in SF(X),
with support, x and value, .

Definition: 2.3. [?,1] An intuitionistic fuzzy set A in a non-empty set X is an object
having the form A = {{(z, a(x),ua(z)) : © € X} where the functions A4 : X — [0,1]
and p14 : X — [0,1] denote the degree of membership of each element z € X to the set A
respectively and 0 < pa(z) + Aa(z) < 1, for all z € X. For the sake of simplicity, we shall
use the symbol A = (A4, pa) for the intuitionistic fuzzy set {{(x, Aa(x), pa(x)) : x € X}.

Definition: 2.4. [9] Let 7 be a soft fuzzy topology on X. Then, (X, 7) is said to be soft
fuzzy compact, whenever U;c;()\;, N;) = (1, X), for (A\;, N;) € 7,5 € J, there exists a finite
subset F of J such that U;er (A, N;) = (1, X)

3 Intuitionistic soft fuzzy topological spaces :

Definition: 3.1. An intuitionistic soft fuzzy set A (inshort. ISFS) in a non-empty set
X is defined as A = (X, (\,N), (i, M)) with 0 < As(z) + pa(z) < 1, for z € X and
NUM = X where (\,N), (u, M) are the soft fuzzy sets. The complement of A is A’ =
<X7 (M’ M)’ <)\’ N)>

Example: 3.1. Let X = {a,b,c} be a non-empty set. Then, the ISFS A is defined as
A= <X, (/\1,N1>, ()\Q,NQ)> where )\z X = [0, 1}( for i = 1,2) such that /\1(@) = 0, >\1<b> =
0.6;A\1(c) = 0.8, Ny = {b} C X Xy(a) = 0.5;\a(b) = 0.2;\a(c) = 0; Ny = {a,c} C X

respectively.
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Definition: 3.2. Let X be a non-empty set and the intuitionistic soft fuzzy sets A and B
be in the form, A = (X, (\,N), (u, M)) and B = (X, (4, L), (v, K)). Then,

) AeB < (A\N)C (6,L) and (u, M) 3 (v, K).
2) AMB < (A\,N)M(0, L) and (u, M) U (v, K).
3) AUB< (A, N)U (4, L) and (p, M) 11 (v, K).

) (0,0)~ = (X,(0,9),(1,X)) ; (1, X). = (X, (1, X),(0,0))

Definition: 3.3. Let f : X — Y be any function and A = (X, (A, N),(u, M)), B =
(Y, (9, L), (v, K)) be any two intuitionistic soft fuzzy sets of X, Y respectively. Then the pre-
image of B is an intuitionistic soft fuzzy set in X is defined by f~*(B) = (X, f~1(d, L), f~(,

K)) and the image of A is an intuitionistic soft fuzzy set in Y is defined by f(A4) =
(¥, f(A V), (s, M) respectively.

(1
(
(
(4

Definition: 3.4. An intuitionistic soft fuzzy topology (inshort. ISFT) on a non-empty set
X is a family 7 of ISFSs in X satisfying the following axioms:

(ii) Ay m Ay € 7, for any Ay, Ay € 7.

(iii) Y;A; € 7, for any A; € T.

Now the ordered pair (X, 7) is called an intuitionistic soft fuzzy topological space (inshort.
ISFTS) and any intuitionistic set in 7 is said to be an intuitionistic soft fuzzy open set
(inshort. ISFOS) in X. The complement of an ISFOS is an intuitionistic soft fuzzy closed
set (inshort. ISFCS) in X.

Definition: 3.5. Let (X, 7) be an ISFTS and A = (X, (A, N), (i, M)) be an ISFS in X.
Then, the interior and closure of A are defined by int(A) = U{G : G is an ISFOS in X and G
€ A} and cl(A) = mM{K : K is an ISFCS in X and K 5 A} respectively.

Proposition: 3.1. Let (X, 7) be an intuitionistic soft fuzzy topological space. Let A, B be
any two intuitionistic soft fuzzy sets. Then, the following properties hold.

(1) int(A) € A € cl(A)
(2) Ae B=int(A) € int(B); A€ B = cl(A) € cl(B)
(3) int(int(A)) = int(A) ; cl(cl(A)) = cl(A)

(4) int(Am B) = int(A) mint(B)
(5) cl(AUB) = cl(A) U cl(B)
(6)
(7)
(8)

nit((1,
l

cl

)= (1, X)~

X~
(0,0)~) = (0,9)~
A') = (int(A))'; int(A') = (cl(A))’

~.

Q

(
(
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Definition: 3.6. Let (X, 7), (Y,0) be any two ISFTSs and f : X — Y be any function.
Then f is said to be an intuitionistic soft fuzzy continuous function, if the inverse image of
every intuitionistic soft fuzzy open set is intuitionistic soft fuzzy open.

Example: 3.2. Let X = {a,b,c}; Y ={p,q}; M; CY and N; C X i=1,2,3,4, j=1,2.
Define 7 = {(O, ¢)N, (1, X)N, <X, (/\1, Nl), ()\2, N2)>, <X7 ()\3, Ng), (/\2, NQ)), <X, ()\4, N4), ()\2,
NoN b o =H{(0,0)~, (1,Y)u, (Y, (11, M1), (po, Mz))} where X; : X — [0,1] (for i =1,2,...6)
and p; : Y — [0,1] (for ¢ = 1,2) such that A\j(a) = 0,\(b) = 0,1 (c) = 0.2, N; = {¢};
)\2(&) = 01, )\Q(b) = O,/\Q(C) = O, N2 = {CL}; )\3(&) = Ol,/\g(b) = 0, )\3(6) = 0.2,N3 = {b, C};
)\4<CZ) = 017)\4(17) = 0'27>‘4(C) = 0'27N4 = {b,C}, /1/1(]7) = Oza“l(Q) = 0'17M1 = {p}7
p2(p) = 0, ua(q) = 0.1, My = {q} respectively. Let f : X — Y be defined as f(a) = ¢; f(b) =
f(c) = p. Now f is an intuitionistic soft fuzzy continuous function.

Proposition: 3.2. Let (X, 7) and (Y, o) be any two ISFTSs and f : X — Y be any function.
Then, the following statements are equivalent:
(1) fis an intuitionistic soft fuzzy continuous.
(2) Inverse image of every ISFCS in (Y, o) is an intuitionistic soft fuzzy closed set in (X, 7).
(3) For each ISFS A in (X, 7), fint(A)) 2 int(f(A)).
(4) For each ISFS A in (X, 7), f(cl(A)) € cl(f(A)).

4 Intuitionistic soft fuzzy compact spaces :

Definition: 4.1. An intuitionistic soft fuzzy topological space, (X, 7) is said to be

(i) intuitionistic soft fuzzy compact, whenever U;c;A; = (1,X). , for A; € 7,5 € J,
there exists a finite subset F' of J such that U;epA; = (1, X)..

(ii) intuitionistic soft fuzzy almost compact, whenever U;c;A; = (1, X)., for A, e 1,j €
J, there exists a finite subset F' of .J such that Ucpcl(A4;) = (1, X)..

(ili) intuitionistic soft fuzzy nearly compact, whenever U;c;A;

(1, )N, for Aj S
7,7 € J, there exists a finite subset F' of J such that U cpint(cl(A;)) 1

(1, X)..

Proposition: 4.1.
(i) Every intuitionistic soft fuzzy compact space is intuitionistic soft fuzzy nearly compact.

(ii) Every intuitionistic soft fuzzy nearly compact space is intuitionistic soft fuzzy almost
compact.

Proof. (i) Let (X, 7) be an intuitionistic soft fuzzy compact space. Then, for every family
{A; : i € J} of ISFOSs such that U;c;A; = (1, X). has a finite subfamily of ISFOSs such
that U;cpA; = (1, X)~. Now, by the Proposition:3.1., (1, X). = U;crpA; = Ujcpint(A4;) €
Ujerint(cl(A;)). Thus, Ujepint(cl(A;)) = (1,X)~. Hence, (X,7) is an intuitionistic soft
fuzzy nearly compact space.

(i) Proof is similar.
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Proposition: 4.2.

(i) Continuous image of an intuitionistic soft fuzzy compact space is an intuitionistic soft
fuzzy compact space.

(ii) Continuous image of an intuitionistic soft fuzzy compact space is an intuitionistic soft
fuzzy almost compact space.

Example: 4.1. Let X = [a,b] and N;, M;, L be the subsets of X, for i = 1,2, 3, ...00. Define
7 ={(0,9)~, (1, X) s (X, (Nis Ni), (i Mi)), (X, (01, L), (62, La)), Mi (X, (Ao Ni), (i Mi)), (X,
(/\Z‘,NZ‘), (MzaMz» m <X7 (51,[/1)7 (527L2>>} where /\Z,/LZ X — [O, 1] ( for ¢ = 1,2, OO) such
that

(0.9, ifr=a

1, ifa<x<a7+b

M(z) =< 73 if ¢ = 45
1 if ¢t <z < b

it+4 e

\m, lfl’—b
(0.1, ifr=a

0, ifa<x<“7+b

i+1 : a+b
pile) =9 if v = 2
0 if 22 <z <b
\m, 1fx:b

1, ifr=a

fi(z) =2 0, ifa<a<o?
1 otherwise

0, ifa<z< et

_ ) 2
0a(z) = { 1 otherwise

for all z € X, and N; = [a, %] = Ly; M; = [%E,b] = L,. Now, (X, 7) is an intuitionistic

soft fuzzy almost and nearly compact space yet it is not an intuitionistic soft fuzzy compact
space.

95 Intuitionistic soft fuzzy filters :

Definition: 5.1. Let X be a non-empty set. An intuitionistic soft fuzzy filter, § is a
non-empty collection of intuitionistic soft fuzzy sets in X provided:

(1) (0,9)~ ¢ 3.
(2) A\ Beg=AMDB € 3.
(3) Ac Fand AC B= B€3.
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Definition: 5.2. An intuitionistic soft fuzzy filter § is said to be an intuitionistic soft
fuzzy prime filter , whenever AUB € § = Be g or Aeg.

Proposition: 5.1. For any intuitionistic soft fuzzy topological space (X, 7), the following
statements are equivalent:

i) (X, 7) is an intuitionistic soft fuzzy compact.
ii) Every intuitionistic soft fuzzy filter § satisfies MaczA # (0, ¢)~.
ii) Every intuitionistic soft fuzzy prime filter 3 satisfies MacpA # (0, ¢)~.

ii) Every intuitionistic soft fuzzy ultrafilter L satisfies MacyA # (0, @)~.

(
(
(
(
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