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l.INTRODUCTION

There are many problems encountered in real life. Various mathematical set theories such as soft set
initiated by Molodtsov[2] in 1999 for modeling uncertainty present in real life. Xio[13] and Pie and Mio [3]
discussed the relationship between soft sets is a parameterized classification of the objects of the universe.
Atanassov [7] introduced the fundamental concept of intuitionistic fuzzy topological spaces, fuzzy continuity , fuzzy
compactness and some other related concepts. Mahanta and Das[6] established the neighbourhood structures in
fuzzifying topological spaces. Some others [1],[4],[8],[10].studied some separation axioms and their separation
axioms are discussed on crisp points not on fuzzy points. My main aim in this paper is to develop the basic
properties of intuitionistic fuzzy soft separation axioms and established several equivalent forms of fuzzy soft
spaces.

I1. PRELIMINARIES

Definition2.1[9] Let U be an initial universe set and E be the set of parameters. Let A — E , a pair (F,A) is called a

fuzzy soft set over U . Where F is a mapping givenby F : A — IV Where 1Y denotes the collection of all fuzzy
subset of U.

Definition 2.2[8] Let U be an initial universe set and E be the set of parameters. let IF” denotes the collection of all
intuitionistic fuzzy subset s of U. Let A < A, a pair (F,E) is called an intuitionistic fuzzy soft set over U. Where F

is a mapping given by F : A — IFY

Definition 2.3[2] Let U be an initial universe set and E be the set of parameters. Let P(U) denotes the power set of
U. Apair (F,E) is called a soft set over U .Where F is called mapping given by F:E—P(U)

Definition 2.4[2] Union of two intuitionistic fuzzy soft sets (F, A) and (G,B) over a common universe U is a fuzzy
soft set (H,C) where C=AUBY¥ ¢€ C

H(e)=| F(e) ife € A-B
G (B) ife € B-A
F(s) U G (g) ife € ANB

And is written as F (A) U (G,B) = (H,C)
Definition 2.5[9] The intersection of two intuitionistic fuzzy soft sets (F,A) and (G,B) over U is an intuitionistic
fuzzy soft set denoted by (H,C) Where C=ANB
H(e)= F(e) ife € A-B
G (B) ife € B-A
F(e) NG(e) ife€CAn

ISSN: 2231-5373 http://www.ijmttjournal.org Page 176




International Journal of Mathematics Trends and Technology — Volume 5 —January 2014

And is written as F (A) N (G,B) = (H,C)
Definition 2.6[12] The complement of a fuzzy soft set (F,A) is denoted by (F,A)° and is defined by

(F, A)° = (F°, A). Where F: A — F (U) is mapping given by

F¢(a ) = U—F(a)=[F (z )]° ¥ = A
Definition 2.7[6] Let AZ E. Then the mapping Fa: E — £ (U), defined by Fa(e)=1° Fa (a fuzzy subset of U) is
called fuzzy soft over (U,E), Where n® Fa=0 if esE-A and p° FA #0 if ecA. The set of all fuzzy soft set over
(U,E) is denoted by FS(U,E)
Definition 2.8[8] The fuzzy soft set FFS (U,E) is called null fuzzy soft set and is denoted by @ . Here Fa(e)= 0
foe every ecE
Definition 2.9[12]A fuzzy soft topology T on (U,E) is a family of fuzzy soft sets over (U,E) satisfying the following
properties
()BEeT
(ii) If Fa, Gge T then Fafi Gge T
(iii) If F¥4, eTforall @ e A then UF*A, e T
Definition 2.10[ 2 JIf T is a fuzzy soft topology on (U,E) , then (U,E,T) is said to be a fuzzy soft topological space .
Also each member of T is called a fuzzy soft open set in (U,E,T)
Definition 2.11[6] Let (U,E, T) be a soft topological space. A soft separation of I is a pair of (F,E) ,(G,E) of no- null
soft open sets over U such that & =(F.E) I (G,E) , (F,E) i (G,E) =@

I11. Main Results
Definition3.1 Let(X,T,E) be a IFS topological space over X. Let (F,E) be subset of X. Then intuitionistic fuzzy soft

dense is denoted by (F,E)=X
Definition3.2 let (X,T,E) be a IFST space over X is said to be IFS separable space iff there exists a countable

intuitionistic fuzzy soft dense subset of (F,E) of X i.e (F, E) =X, where (F,E) is countable.
Example3.1 The usual fuzzy soft topological space (R,U) is IFS separable because (Q,E) of the rational numbers is a

IFS countable subset of R. Which is also IFS dense as (Q, E) =R

Definition 3.3 Let (X,T,E) be a IFTS is said to be intuitionistic fuzzy soft hereditarily separable if each of its IFS
separable is separable.

Theorem3.1 The continuous image of a fuzzy soft separable space is separable.

Proof: Let (X,T,E) and (Y, T,E) be two intuitionistic fuzzy soft topological space and f(X,E)—(Y,E) be such that f'is
T;-T, continuous mapping of (X,E) into (Y,E). If (X,T1,E) be IFS separable space then we are to prove that
(X,T2,E) be IFS separable .

Now (X,T1,E) be IFS separable then there exists a countable subset (A,E) of (X,E) such that (A, E) = (X, E)

Since (A,E) is countable so f(A,E) is also countable.
Let (y,E) be any element of (Y,E) then there exists (x,E) € (X,E) such that (y, E) = f(x,E). Let (G,E) be a T,- open

nbd of y so that f(x,E) € (G,E) = (X,E) e f (G, E) . But f being continuous and (G,E)being T,-open nbd of

(y,E) follows that f*(G,E) is T;-nbd of (X,E). Now (AE) is IFS dense in (X,E) i.e (A, E) =(XE) therefore every
point (X,E) e (X, E) isan every T1-nbd of (X,E) contain at least one point of (A,E)

Hence f(G,E)A (A E)#¢ , therefore f[ f (G, E)A (A E)]# ¢ ,implies (G, E) A (A E) ¢ asf
being onto i. e f[f"(G,E)]=(G,E)

So, (G,E) of (y,E) is open nbd of T,. Since (G,E) is an arbitrary nbd of (y,E) it follows every T2-nbd of
(v,E) contains at least one point of f(A,E). So (y,E) is an adherent point of f(AE).

Hence (Y,E)e(Y,E) = (y,E)e f(AE)
Therefore, (y,E) & (AE) but f(AE) S (Y,E) so f(A E)=(Y,E).Hence (Y, T, E) be a IFS separable.
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IV. Separable Axioms in Intuitionistic Fuzzy Topological Space.
Definition 4.1Let (X,t,E) be a intuitionistic fuzzy soft topological space over X and X, yeX such that x=y if there
exists two open sets (F,E) and (G,E) such that xe(F,E) andy ¢ (G,E) or ye(F,E) and x ¢ (G,E), then (X,t,E) is
said to be intuitionistic fuzzy soft T,- space.

Example 4.1 Every discrete IFS topological space (X,T,D) is a To- space because there exists a open set {x}
containing x but not containing y. This is distinct from x.

Example 4.2Indiscrete IFS topological space (X,T,1) there only T-open sets are X, ¢ .There no open set which

contains x but does not contains y. So it is not a IFS T,- space.
Theorem 4.1 A IFS topological space (X,T,E) is a IFS To- space iff the closures of distinct points are distinct.

Proof: Let x,y€ X and (X, T,E) be IFS To-space. We are to show that {X} and {y} are distinct. Since (X, T,E) be
IFS To-space then there exists a open set (G,E) such that X € (G, E) but y ¢ (G, E) . Now (G,E) being open .So
X-(G,E) isclosed. Also X ¢ X —(G,E)and y € X —(G, E) . Now by definition of IFS To-space {A} is the
intersection of all closed sets containing A and hence {y}is the intersection of all closed sets which contains y. hence
ye{y}but xg{y}as x¢g X — (G, E) therefore {X} ={V}

Conversely, We are to show (X,T,E) be IFS To-space. Let Z € X such that Z e{X}but z ¢ {y} Since
x ¢ {y} because if X € {y}then X C{Y}=>{X}E{V}={X} & {V} therefore z € {X} = z {y} But the
above is a contradiction to our assumption that z ¢ {y}.This contradiction is due to our taking X € {y} .Hence
x e{V} .Now X ¢{y}= x € [{Y}]° This [{Y}]° is open set containing x but not y. Hence(X,T,E) is a IFS To-

space.
Theorem 4.2 A IFS subspace of a IFS To-space is a IFS To-space.

Proof: Let (X,T,E) be a IFS topological space. Let (F,E) be a IFS subgroup of (X, T,E). Let y,,/, be two distinct
points of (F,E) and (F, E) & (X, T, E) therefore distinct points of (X, T,E).since (X,T,E) be IFS-ro-space
therefore there exists open set (G,E) such that y, ¢ (G, E)and v, ¢ (G, E) .hence (G,E) A (F, E) does not

contain ¥/, so (G,E) is also a IFS To-space.

Definition 3.2 Let (X,t,E) be a intuitionistic fuzzy soft topological space over X and X, ye X such that x =y if
there exists two soft open sets (F,E) and (G,E) such that xe (F,E)andy ¢ (F,E) and ye(G,E) and

x ¢ (G,E)then (X,1,E) is said to be IFS T,- space.

Remarks 4.1 Every IFS Ty-space is a IFS To-space but every IFS To-space is not a IFS T,-space.

Example 4.3 Every discrete IFS topological space (X,T,D) is a IFS T;-space.
Solution: Let (X,T,D) be IFS topological space and let x, ye X and {x} and {y} be two D open sets such that

xe{x} but y g{x} andy € {y} but X {y}. Hence (X,T,D) is a IFS T;-space.
Theorem 4.3 Every subspace of a IFS T;-space is a IFS T;-space.
Proof: let (X,T,E) be a IFS T;-space and (Y, T ,E) is a T-relative topology. Let Y., Y, €Yand y,,Y,arealso
distinct pointsof XasY & X if (G,E) and (H,E) be two open subsets of X then
(G"E)= (G,E)A(Y,E)and (H",E)=(H,E) A(Y,E) are T"-open subsets of Y and
hencey, € (G,E) =y, € (G',E)
y,2(G.E)=y,2(G,E)
Since (X,T,E) be a IFS T;-space and y;,y, are distinct points of X and Y. As y, € (G, E) buty, ¢ (G, E)
therefore y, (G, E)but y, ¢ (G',E) andy, € (H,E)buty, & (H, E) therefore y, € (H", E) but

y,  (H", E) .Hence (Y,T"E) is also a IFS T;- space.

Theorem4.4 Let (X,T,E) be a IFS topological space then the following are equivalent
a) (X, T,E)isalFS T;-space.
b) Every singleton subset of X is closed.
c) Every finite subset of X is closed.
d) The intersection of neighborhood of an arbitrary point of X is a singleton.
Proposition4.1 A IFS topological space (X,T,E) is IFS T;- space iff every finite subset of X is closed.
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Proof: Every singleton subset of {x} of X is closed if (X, T,E) is IFS T;- space. Now a finite subset of X is the union
of finite number of singleton sets which is closed. Hence if (X, T,E) is IFS T;- space then every finite subset of X is
closed.

Conversely, if every finite subset of closed then every singleton subset {x} being finite is also closed. So
(X,T,E) is IFS T;-space
Definition 4.5 Let (X,t,E) be a intuitionistic fuzzy soft topological space over X and x, yeX such that x =y then
there exists two open sets (F,E) and (G,E) such that xe(F,E) and y €(G,E) ,(F,E)/ (G,E)=9, then (X,t,E) is said to
be IFS T,- space.
Example 4.4Let (X,1,E) be a intuitionistic fuzzy soft topological space over X and x, ye X so {x} and {y} be two
open sets and D-open nbd of x and y such that {x} "{y} = @ .Hence (X,T,D) is IFS T,-space.

Theorem4.6 Every subspace of IFS T,-space is a IFS T,-space.

Proof : Let (X,t,E) be is a IFS T,-space and (Y,T",E) be a subspace of (X, T,E). so that T ={Y nG,GeT}
Letx,y €eX,Yand Y & X .Again (X, T, E) is IFS T,-space then there exists open nbds (G,E) and (H,E) of xand y
respectively such that (G,E) A (H,E)=¢

Now X € (G,E),xe (Y,E) = xe(Y,E)A(G,E) and ye (H,E),ye(Y,E)= ye(Y,E)A(H,E)
Also, ((Y,E)n(G,E))A((Y,E)n(H,E))= (Y,E)A((G,E)n(H,E))= (Y,E)"p=9¢

We see that (Y, E) N (G,E)and (Y,E) N (H, E) are disjoint open nbds of x and y respectively. So (Y,T",E) is

also a IFS T,-space.
Proposition4.2 Every IFS T,-space is a IFS T;-space.
Proof: Let (X,t,E) be is a IFS T,-space therefore there exists (G,E) and (H,E) two open nbds of distinct points of x

and y such that (G,E)n(H,E)= ¢ therefore X (G,E),ye (H,E) Also xe(G,E)= x¢(H,E) as
(G.E)n(H,E)=9¢

Similarly, ye(H,E)= vy ¢ (G, E) therefore Xe(G,E)buty ¢ (G,E) and ye(H,E)
but X ¢ (H, E) .Hence (X,T,E) is IFS T,-space.

Remarks4.3 Every IFS T,-space is T;-space but every IFS Ty-space is not IFS T,-space.

Definition 4.6 A IFS topological space (X,T,E) is said to be IFS regular if and only if every closed subsets (F,E) of
X and each point X ¢ (F,E) i.e xe X —(F,E) then there exists two disjoint open nbds (G,E) and (H,E) such
that (F,E) & (G,E)and xe (H,E)and (G,E)A(H,E)=¢

Remarks 4.4 A IFS topological space T, is IFS regular as well as a IFS T,-space.

Theorem4.7 Every IFS Ts-space is a IFS T,- space.

Proof: Let (X,T,E) be IFS T3 space so it is both IFS T;-space and IFS regular. Since (X,T,E) be IFS T, -space

implies that every singleton subset {x} of X is a closed.(X,T,E) being IFS regular and {x}is a closed subset of x and
y be any point in X-{x} then clearly y= x. Since it is IFS regular so there exist two open sets (G,E) and (H,E) such

that {x} < (G, E) .Hence(G,E) and (H,E) are two disjoint open nbds of x and y. Hence (X,T,E) is IFS T,-space.
Definition 4.7 let (X, T,E) be IFS topological space over X and (A,E) and (B,E) be two closed subset in X then there
exists open sets (G,E) and (H,E) such that (A,E) & (G,E),(B,E) & (H,E) and (G,E)~A(H,E)=¢
therefore (X, T,E) is called IFS normal space.

Remarks 4.5 A IFS regular and IFS T;-space is called IFS T,-space.

Example4.5 Let X={a,b,c} and T={X, ¢ {a},{b,c}}.Hence (X,T,E) is IFS normal but not IFS T,-space.

Theorem4.8 Every subspace of a IFS T4-space is a IFS T4-space..
Proof: let (X, T, E) be a IFS topological space. Since (X, T,E) be IFS T, space so it is IFS normal space as well as
IFS T;-space.Also every subspace of IFS T,-space is a IFS T;-space.

Let (A"E) and (B",E) be two T" closed disjoint subsets of (Y,E) and let X € (A", E),y € (B", E), X # Y .Since
(X,T,E) be IFS T;-space. So closed subsets of X then there two open sets (G, E) and (Hy, E) such that
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{3 (G, E){y}=&(H,,E),(G,,E)A(H,,E)=¢. Let (GE)and (H,E) are two open sets and
(G,E)A(H,E) =¢ because (G,,E)A(H,,E)=¢
Now (A", E) & (G,E)and(B",E) & (H,E),(G,E)A(H,E)=¢
(A", E)&(G,E)= (A",E)&(Y,E)n(G,E)as(A",E) & (Y,E)........ (3)
(B",E)&(H,E)=(B",E)&(Y,E)n(H,E)
(G,E)n(H,E)=¢= ((Y,E)A(G,E))n((Y,E)n(H,E))
=(Y,E)A((G,E)n(H,E))
=(Y,E)n¢=¢

Therefore (X,T,E) be IFS normal space it is IFS T,-space also .So it is IFS T4-space.

Definition 4.8 Let (X,T,E) be IFS topological space and (A,E) and (B,E) be two separated subsets of X and there
exists two open sets (G,E) and (H,E) such that (A,E) & (G,E),(B,E) & (H,E)and(G,E) A (H,E) =¢
then (X,T,E) is called IFS completely normal space.

Remarks 4.6 A IFS completely normal space is also a IFS T1-space is called IFS T5-space.

Theorem4.9 Every IFS completely normal space is a IFS normal and hence every IFS T4 space is IFS Ts-space.
Proof: Let (X,T,E) be IFS topological space which is IFS normal space. Let (A,E) and (B,E) be two closed disjoint

subsets of X i.e (A,E)=(AE),(B,E)=(B,E),(A,E)n(B,E) =¢ so(A, E)n(B,E)=(AE)n(B,E)= ¢
and (A,E)n(B,E)=(A,E)n(B,E) =¢ since (X,T,E) be IFS completely normal then there exists two open
sets (G,E) and (H,E) such that (A,E) & (G,E),(B,E) & (H,E)and(G,E) A(H,E)=¢ So (X,T,E)isIFS

normal space. Again IFS Ts-Space= IFS completely normal +1FS T;-space = IFS normal+ IFS Ty-space=IFS T,-
space. Hence every IFS Ts space is IFS T4-space

V. Conclusion.

Fuzzy soft topology is an important and major area of mathematics and it can give many relationships between other
scientific areas and mathematical models. In this present work | have continued to study the properties of soft
topological spaces. We introduced intuitionistic Fuzzy soft separable spaces and separable axioms in intuitionistic
fuzzy soft topological spaces, and regular IFS-T;, T4-space and lastly IFS completely normal space and have
established several interesting theorems, examples. | hope that the findings in this paper will help researchers
enhance and promote the father study on fuzzy soft topology to carry out a general framework for their applications
in practical life.

References
[1]C.L. Chang, “Fuzzy Topological Space” J.Math Anal.Appli Vol(24) PP182-190, 1968
[2]D. Molodtsov. “Soft set theory — First results" Copmt. Math.Appli Vol37 PP19-31

[3]D.Pei,D .Miao “From soft sets to information system” in X. Hu. Q.Liu,A .Skowron. T.Y .Lin,R.R. Yager, B. Zhang(Eds) Proceeding of
Granular Computing Vol.2 IEEE, PP 617-621, 2005

[4]D.Coker “An introduction to intuitionistic fuzzy topological space” Fuzzy sets and Systems VVol.88 No.1 PP 81-89, 1997

[5]1G.N. Miliars. “ Weak Types of Compactness” J. Math Comput. Sci No.5, PP. 1328-1334,2012

[6] J. Mahanta and P.K. Das “Results on Fuzzy soft topological space” Math. G.M March -3 PP1-11,2012

[7]1 K.T. Atanassov “Intuitionistic fuzzy sets” Fuzzy sets and system Vol.20 No.1 PP 87-96,1986

[8]P.k. Maji, A.R. Roy, R. Biswas. “ An application of soft sets in decision making problem” Comput. Math. Appl. Vol. 44 PP1077-1083,2002

[9]P.k. Maji, A.R. Roy, R. Biswas, “Intuitionistic Fuzzy soft sets” J. of Fuzzy Math. 9(3) PP 677-692, 2001

ISSN: 2231-5373 http://www.ijmttjournal.org Page 180




International Journal of Mathematics Trends and Technology — Volume 5 —January 2014
[10] R. Srivastava and M. Srivastava “On pairwise Hausedorff fuzzy bi -topological spaces” Journal of Fuzzy Mathematics Vol.5 Pp 553-
564,1997
[11]T. Simsekler, S. Yuksel. “ Fuzzy Soft topological Space” Annals of Fuzzy Mathematics and informatics. VVol.5 No.1 PP87-96 Jan 2013
[12]T. J. Neog, D. k. Sut, G. C. Hazarika “ Fuzzy soft topological Space” Int. J. Latest Trend Math Vol.2 No.1 March’ 2012

[13]Z. Xiao, L. Chen, B. Zhong, S. Ye, “Recognition for soft information based on the theory of soft sets in J. Chen (Ed) proceedings of ICSSM-
05 No.1 PP.1104-1106, 2005

Author:

Kumud Borgohain received his M. Sc in Mathematics from Dibrugarh University, Assam,India in 2004 and his M. Phil in
Mathematics from Madurai Kamaraj University , India in 2008. He is an assistant professor in the department of Mathematics,
Dhemaji College, Dhemaji-787057, Assam, India.

ISSN: 2231-5373 http://www.ijmttjournal.org Page 181




