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Abstract. The main aim of this paper is to construct some fuzzy soft
topologies from other topological structures namely, crisp topology,
soft topology, and fuzzy topology and vice versa. For this reason, we
defined

and studied some notions in this sequel. Some results and properties
of these notions are investigated. Finally, the relationships between
these topological structures are presented with some necessary
examples.
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1. Introduction.

There are some mathematical tools for dealing with uncertainties
two of them are fuzzy set theory, introduced by Zadeh [24], and soft
set theory developed by Molodtsov [16]. The soft set theory has been
applied in many fields [1-3,7-9,13,15,21,23,25]. Fuzzy soft set, which
1s a combination of fuzzy set and soft set was introduced by Maji et
al.[14]. Then, Tanay et al. [22] introduced topological structure of
fuzzy soft sets and gave some basic properties of it by following
Chang [5]. Also, Roy and Samanta [20] gave the definition of fuzzy
soft topology over the initial universe set. Fuzzy soft sets and its
applications have been studied in recent time [2-4,6,8,10,17,19].

In this paper, we define and study some new concepts and properties
related to fuzzy soft spaces. This work is an attempt to introduce the
notions of soft characteristic function of crisp and soft set on X, soft
support of fuzzy soft sets, and for the concept of soft quasi-coincidence
more properties are given. According to these notions we established
some new results and relations on fuzzy soft spaces, we show how
some fuzzy soft topologies are derived from a crisp, soft, and fuzzy
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topology and vice versa. Finally, the relationships between these
topological structures are presented with some necessary examples.

2. Preliminaries

Here are some definitions and results required in the sequel.
Throughout this work, X refers to an initial universe, E be the set of
all parameters for X, P(X) is the power set of X and I* (where, I =
[0,1]) be the set of all fuzzy subsets of X.

Definition 2.1 [11]

A crisp set A € X is a set characterized by the function y, : X — {0,1}
called the characteristic function and A can be represented as
follows,

A={xeXiysx)=1ifx€A, yo(x) =0if x ¢ A}.

Correspondence author: S. Saleh (s wosabi@yahoo.com)

Definition 2.2 [11,24]

A fuzzy set A of X is a set characterized by the membership function
A : X — I and A can be represented by ordered pairs A = {(x,A(x)) :
x € X A(x) € I}, A(x) represents the degree of membership of x in A
for x € X.

A fuzzy point x; (4 € (0,1]) is a fuzzy set in X given by, x;(y) = 1 at
x =y and x;(y) = 0 otherwise Vy € X. For a € I, a € I* refers to the
fuzzy constant function where, a(x) = a@ V x € X. The support of

A € I* is the crisp set given by, S(4) = {x € X: A(x) > 0}. ForA,B €
I¥and A; € I*,i € ] we have:

S(ANB) =S(A) NSB), S(; A1) = iS4y, S(0) =0, S(1) =X and
S(xa) =4

For A, B € I%, the basic operations for fuzzy sets are given by Zadeh
[24] as:

(1)AcS B A(x) <B(x)Vx € X.

2)A=B < A(x) =B(x) Vx € X.

B)C=AUB & (C(x) =A(x)VB(x)Vx €X.
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4)D=AnB & up(x) =A(x) AB(x) Vx € X.
B)H=A° = A°(x) =1—-A(x) Vx € X.

Definition 2.2 [12,16]

A soft set Fy = (F,E) on X is a mapping F: E — P(X) where, the
value F(e) is a set called e-element of the soft set for all e € E. It is
worth noting that the set F(e) € P(X) may be arbitrary, empty or
have nonempty intersection. Thus a soft set over X can be
represented by the set of ordered pairs Fp = {(e,F(e)) te€FE,

F(e) € P(X)}. The family of all soft sets over X is denoted by SS(X, E).

Definition 2.3 [12,15,16]

Let Fy = (F,E) € SS(X,E) be a soft set over X. Then:

1) The soft set Fg is called a null, denoted by @z, if F(e) =@ Ve €

E, and

if F(e) = X Ve € E, then Fy is called an absolute soft set, denoted by
X

i) If F(e) = {x} and F(e') = @ for all e’ € E — {e}, then Fy is called a
soft

point in (X, E) and denoted by x, . The complement of a soft point x,
s a

soft set over X denoted by xS and given by, x¢(e) = X — {x}, x5(e’) =
X for

all e’ € E — {e}. The soft point x, € Fg iff for the elemente € E, x €
F(e).

The set of all soft points over X is denoted by SP(X, E).

i17) The complement of Fy denoted by Fg where F©: E — P(X) is a
mapping

given by, F¢(e) = X — F(e) for all e € E. Clearly (F§)¢ = Fg.

vi) The union of Fr and Gy is a soft set Hy given by H(e) = F(e) U
G(e)

for all e € E and denoted by, Fr U Gg.

v) The intersection of F; and G is a soft set Hy defined by,

H(e) = F(e) n G(e) for all e € E and denoted by Fy N Gg.

3 spaal) dadla — Ay S A0S — 22018 swise— Jid (10) 222l &l



Some New Results On Fuzzy Soft Spaces

Definition 2.4 [15,25]

A soft topological space is the triple (X, t%, E) where X an universe
set, E 1s

the set of parameters and t* is the collection of soft sets over X
satisfies:

1) Qg , Xg ET7,

1) if F;,G € T° , then Fy N Gy € 7%,

iii) if Fip €T Vi€ ], then ;) Fiz € T°.

The members of t* are called soft open sets in X and denoted by,
SO(X,7*,E). A soft set F; over X is called soft closed in X iff F§ € 7*
and denoted by SC(X, 1", E).

Definition 2.5 [14,20]

A fuzzy soft set fy = (f, E) over X with the set E of parameters is
defined by the set of ordered pairs f; = {(e,f(e)) te€E,f(e)€ IX}.
Here f is a mapping given by f: E — I¥ and the value f(e) is a fuzzy
set called e-element of the fuzzy soft set for all e € E. The family of
all fuzzy soft sets over X is denoted by FSS(X, E).

Definition 2.6 [2,14,20]

Let fz, gr € FSS(X,E) are two fuzzy soft sets over X.Then:

1) The fuzzy soft set fz is called a null fuzzy soft set, denoted by 0, if
f(e) =0 for every e € E where, 0(x) =0 Vx € X.

i1) If f(e) = 1 for every e € E, then f is called an universal fuzzy soft
set denoted by 15 , where 1(x) =1 Vx € X.

i11) fg is a fuzzy soft subset of g5, denoted by fz & gg if f(e) € g(e)
Ve€E.

iv) fr and gg are equal if fz E gg and gg E fz. It is denoted by fr = gg.
v) The complement of fg is denoted by f where, f¢: E — [¥isa
mapping

defined by f(e)¢ =1 — f(e) for all e € E. Clearly, (f§)¢ = f&-

vi) The union of fr and gy is a fuzzy soft set hy defined by, h(e) =
f(e) U g(e) for all e € E. hg is denoted by f U gg.

vii) The intersection of fr and gy is a fuzzy soft set hg defined by,
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h(e) = f(e) n g(e) for all e € E. hy is denoted by fz N gg.

Definition 2.7 [4]

A fuzzy soft set fz over X is said to be a fuzzy soft point if there is

e € E such that f(e) is a fuzzy point in X (i.e. there is x € X such that
fle)(x) =a€ (0,1],f(e)(y) =0forally € X —{x}) and f(e') = 0 for
every e’ € E — {e}. It will be denoted by x&. The set of all fuzzy soft
points in X is denoted by FSP(X, E).

The fuzzy soft point x¢ is called belongs to a fuzzy soft set fz ,
denoted by x¢ € fz iff a < f(e)(x). Every non-null fuzzy soft set fg
can be expressed as the union of all the fuzzy soft points belonging to

fe-

The complement of a fuzzy soft point x¢ is a fuzzy soft set over X,
denoted by (x&)¢ and given by, (x£)“(e) =1 — (x&)(e) and (x§)°(e’) =
1ve €E—{e}.

Definition 2.8 [4,20]

Let X be an universe set, E be a fixed set of parameters and § be the
collection of fuzzy soft sets over X satisfies the following conditions:
1) Og, 1z belong to 6,

i7) the union of any number of fuzzy soft sets in § belongs to §,

111) the intersection of any two fuzzy soft sets in § belongs to 8.

In this case (X, §,E) is called a fuzzy soft topological space. The
members of § are called fuzzy soft open sets in X and denoted by,
FSO(X,$,E).

A fuzzy soft set fz over X is called fuzzy soft closed in X iff ff € § and
denoted by FSC(X, 6, E).

Notation. For x§ € FSP(X) the fuzzy soft set O,¢ refers to a fuzzy
soft open set contains x; and Oye¢ is called a fuzzy soft neighborhood
of x&. The fuzzy soft neighborhood system of x& denoted by, Ny (xg) is
the family of all its fuzzy soft neighborhoods. In general, for

fr € FSS(X, E) the notation Of, refers to a fuzzy soft open set
contains fz and is called a fuzzy soft neighborhood of f5.
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Definition 2.9 [4,20,22]

Let (X, 6, E) be a fuzzy soft topological space and f; € FSS(X,E).
Then:

i) The fuzzy soft interior of f; is the fuzzy soft set denoted by fy and
given by fy =U{ gz : g €6 and gy E f; },thatis f; is a fuzzy soft
open set. Indeed it is the largest fuzzy soft open set contained in fz.
It is clear that x§ € fy if and only if there is 0,¢ € Ng(x§) such that
Oxg E fe

it) The fuzzy soft closure of f; is the fuzzy soft set denoted by fz and
given by fr =N { gz : gr € 6¢ and f; C gz}, thatis f; is a fuzzy soft
closed set, Clearly, E 1s the smallest fuzzy soft closed set over X
which contains f5.

3. Some new concepts with some results.

Definition 3.1

Let A € X. The soft characteristic function of A denoted by j, is a
fuzzy

soft set ¥, : E — I¥ defined by j4(e) = x4 Ve € E, where y,: X —
{0,1} 1s

the characteristic function of A. (i.e. ¥, can be defined as a set of
ordered pairs ¥, = {(e,x4) : e €EE, x4 € IX}.

Example 3.2

Let X ={x,y,z}, A= {x,z} c X and E = {e, e,}, then the
characteristic function of A is the set,

Fa = {(e1, (x1,¥0,21)), (€2, (x1,¥0,21))} which is a fuzzy soft set on X.

Proposition 3.3

Let X be a universe set, A,B € X and {4; : i €]} € P(X) Then:
1) ¥y =0p and Fy =1g,

i)ASB= J,E ¥z,

1) ¥aN X =Xans

) ia, = Z%Az ,
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v) Xa=Xac -
Proof. It is straightforward verification of the above definition.

Definition 3.4

Let Fy € SS(X, E). The soft characteristic function of Fy is a fuzzy soft
set denoted by fr, and given by a set of ordered pairs fr, =
{(e,xr(e)): € €E, Xpe) €1%}, where ¥z, (e) = xr() Ve € E and
XF(e):X d {0, 1}

Example 3.5

Let X ={x,y,z}, E = {ey,e,}, then Fz = {(ey, {x,y}), (e5, {x})} is a soft
set over X and the soft characteristic function of Fg is, ¥, =

{(91: (X1, Y1 Zo)):

(e2, (x1,¥0,20))} which is a fuzzy soft set over X.

One can to prove the following proposition by suing the above
definition.

Proposition 3.6

Let Fy, Gz € FSS(X,E) and {Fz:i € J} € FSS(X, E). Then:

1) Xop =0p and Xy, =1,

it) Fy € Gg = Jr, E ¥ep

110) Xrp N X6y = Xrpicg »

iv) Ll!)?Fl'E = )?OiFiE’

v) )?ng:)ZF,g .

Definition 3.7

Let fz € FSS(X,E). Then the soft support of fz, denoted by Ssup(fg) is
a soft set given by, Ssup(fy) = {(e, S(f(e)): e € E }, where S(f(e)) is
the support of fuzzy set f(e), given by S(f(e)) = {x € X: f(e)(x) >
0} C X.

Example 3.8

Let X ={x,y,2} , E = {ey, e;} , then fz = {(e1, (x03,20.2)), (€2, ¥055)} 1s @
fuzzy
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soft set over X and the soft support of
feis, Ssup(fy) = {(e1,{x, 2}), (e, {y})} which is a soft set over X.

Proposition 3.9

Let fz, gr € FSS(X,E) and {fjz : i €]} € FSS(X,E). Then:

i) Ssup(1g) = Xg and Ssup(0g) = O,

i) fz E gg = Ssup(fg) € Ssup(gg),

iii) ; & Ssup(fig) = Ssup(; &} fie ),

) Ssup(fg) N Ssup(gg) = Ssup(fz M gp).

Proof. It is straightforward verification of the above definition.

Definition 3.10

Let a € I. The fuzzy soft constant set over X is a fuzzy soft set
denoted by a; and given by, ap = {(e, a(e)):e € E}, where a(e)(x) =
a V x € X which is called the constant fuzzy set. A fuzzy soft
topological space (X, 6, E) is said to be fully stratified iff az €5 Va €
I.

Definition 3.11 [4]

The fuzzy soft sets fr and gg in (X, E) are called fuzzy soft quasi-
coincident, denoted by fzqgg iff there exist e € E, x € X such that
fe)(x) + g(e)(x) > 1. If fg is not fuzzy soft quasi-coincident with gz,
then we write fzGgg, that is fzGgg iff f(e)(x) + g(e)(x) < 1, i.e.
fle)(x) < g(e)(x) forallx € X ande € E.

A fuzzy soft point x¢ is said to be soft quasi-coincident with fz,
denoted by x¢qfy iff there exists e € E such that a + f(e)(x) > 1.

Example 3.12
Let X = {x,y,z} and E = {ey, e,}, then f = {(91; (%03, Yo.4 Zo.z))r

(32: (xo.3'J’o.7))}, ge = {(e1, (%03, Y08, 21)), (€2, (x03,Y02)} and hgp =
{e1, (X0.6 Your Zoa)), (€2, (Xo3,20.7))} are fuzzy soft sets over X and,

feq9E > feGhe and x;+Gfz while x,5q 9.

Proposition 3.13 [4]
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Let x¢, 5 € FSP(X,E), fz, gp € FSS(X, E) and {fiz : i € J} € FSS(X, E).
Then:

1) feq9s © f& E 9k

2) feNge =0z = fp4ge,

3) feq9r © x5qgp forsomex{ € fg,

5) x&Gfs © xG € f§

6) fg E 9g ©(x5qfr = X5q9e ¥V X&),

7) x&q(; eI}I fie ) © x£qfig for some fig.

8) fedfe-

Now in the next propositions we give more properties for the concept
of soft quasi-coincident of fuzzy soft sets.

Proposition 3.14

Let x5, y§ € FSP(X,E), fz, gg, hg € FSS(X,E) and {fiz: i € J} €
FSS(X,E). Then we have:

1) fe49e, he E gg = feGhe,

2) fgq9e,9e E he = feqhsg,

3) if x5q(; ] fir ), then x§qfip, Vi€ ],

4) feq9e = gelfe,

5 x#y=xiqy; Va,BEI

6) xiGyg; & x+y or(x=yanda+f < 1).

Proof. As a sample we prove the cases 3), 5) and 6).

3) Let x¢q(N fig ), then x& & (M fig ) = x& €U f& = x& & f5 for all
[ €J,

implies x¢qf;z forall i €].

5) Let x # y. Suppose xgqyg, then there exist e € E and x,y € X such
that « + f >1, that is must be x = y, this is contradiction. Hence
XGqxg-

6) Let xéﬁyg. Supposex =yand a+ f > 1. Takea = f =1, then
x7qx;, this is contradiction. Hence x # yor (x =yanda+ < 1).
Conversely, the proof follows from 5) and from Definition 3.11.

Proposition 3.15
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Let (X, 6, E) be a fuzzy soft topological space and x¢ € FSP(X, E).
Then:

i) 95qfr < 9&4 fr, ¥ gr € FSO(X,6,E),

1)) X5qfe € Oxeqfe V Oye € Ng(x8),

Proof.

i) grdfs © fz € 95 © fz E 95 = 95 © g5 [z

ii) x$Gfr © x5 € i = f£° © there exists O,e € Ng(xg) such that,
Ox& E fEC And Oxﬁqu-

4. Some constructed fuzzy soft topologies and relationships.
In this section, we drive some fuzzy soft topologies form other
topological structures such as, crisp topology, soft topology, and
fuzzy topology and vice versa. Also, we study the relationships
between them.

First, we give a simple comparative between crisp set, fuzzy set, soft
set, and fuzzy soft sets as in the following remarks and examples.

Proposition 4.1

1) Every crisp set is a fuzzy set [11], but the converse is not
necessary true,

i1) Every fuzzy set is a soft set [1], but the converse is not necessary
true,

i11) Clearly, if E # @ , then every crisp set A can be considered as a
soft set

in the form F; = {(e,A):e € E, A € X}, but the converse may not be
true.

Example 4.2

Let X ={x,y,z} ,E = {e;,e,} and A = {x,z} € X, then we can write A
as:

1) A fuzzy set in the form A = (x4,y,, z;). But the fuzzy set B =

(%02, Y1, Z01)»
1s not a crisp set in X.
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it) A soft set over X in the form Fz = {(ey, {x, z}), (e,, {x, z})}. But the
soft set
Gg = {(e1, {x}), (e2, {x,y})} is not crisp set and not fuzzy set on X.

Remark 4.3 From Definition 3.1, we observe, every crisp set A € X
can be considered as a fuzzy soft set in the form f; = {(e, x4): e €
E,xa:X — {0,1}}, but the converse is not true. The following example
shows this fact.

Example 4.4

Let X ={x,y,z,w},E = {e;,e;} and A = {x,y} € X, then we can write A
as a

fuzzy soft set over X in the form fz = {(e;, (x1,¥1)), (e, (x1,¥1))}. But
the fuzzy soft set gg = {(ey, (x5, 21)), (€2, (X022, ¥0.1))} is not a crisp set
in X.

Remark 4.5 From Definition 3.4, we observe, every soft set Fz on X
can be considered as a fuzzy soft set in the form f; = { (e, XFe)i€ €

E, Xre: X — {0,1}}, but the converse is not true. The following

example shows this fact.

Example 4.6

Let X = {x,y,z,w},E = {ey,e,} and Fz = {(ey, {x, z}), (e2,{z}))}, then

Fg is

a soft set over and we can write it as a fuzzy set over X in the form,
fe = {(e1, (x1,21)), (ez2)}. But the fuzzy soft set Gg = {(ey, (x5, 21)),
(e2, (x02,¥Y0.1))} 1s not a soft set over X.

Remark 4.7

i) Clearly, if E # @ , then every fuzzy set A € IX can be considered as
a

fuzzy soft set, in the form f; = {(e,A):e € E, A € I*}, but the
converse 18

not necessary true. The following example show this fact.

i1) Every parameterized family of fuzzy sets in X is a fuzzy soft set on

X [6].
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Example 4.8

Let X = {x,y,z},E = {e;,e;} and A = (x5, V1,201) € I, then we can
write A as fuzzy soft set on X in the form Fz = {(ey, (X0.2, Y1, Z0.1)),
(e2, (x0.2,Y1,Z0.1))}. But the fuzzy soft set

Jg = {(el, (x0.5,zl)), (€2, (x02,¥V0.1))} 1s not fuzzy set on X.

Fuzzy soft set _ﬁ Soft set

i

Crisp set ; Fuzzy set

Diagram 1.
Show the relation between crisp set, fuzzy set, soft set and fuzzy soft set

In the next theorems, we show how to generate some fuzzy soft
topologies from crisp topology, soft topology, and fuzzy topology and
vice versa.

By using Proposition 3.3 one can easily prove the following
theorems.

Theorem 4.9

Let (X, 7) be an ordinary topological space. Then the collection,
6, ={}a: A€ r}defines a fuzzy soft topology on X induced by 7.

Theorem 4.10

Every fuzzy soft topological space (X, §, E) defines a topology on X in
the

form 75 = {A € X : ¥4 € 6} which is induced by §.

Theorem 4.11

Let (X,7* E) be a soft topological space. Then the collections:
1) 8 = {fg € FSS(X,E) : Ssup(fg) € T°},

1) 8p = {)’ZFE:FE € ‘L'*},

define the fuzzy soft topologies on X which are induced by 7*.
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Proof. To prove the case i) by using Proposition 3.9 we have,
1) Og, 1z € 8, because, sup(0g) = @z € " and Ssup(1g) = Xz € T°.
2) Let fg, gg € 8;+, then Ssup(fy) € t*and Ssup(gy) € T*. Since,

Ssup(fg) N Ssup(gg) = Ssup(fg N gg) € T*, then fy N gg € &+ .

3) Let {fig:i € J} € 6, then Ssup(f;z) € T* Vi € J. By Proposition 3.9,
Ssup(Ufix) = USsup(fiz) € T, then Yfiz € &,-. Hence the result holds.
The proof for the case i) follows from Proposition 3.6.

Example 4.12

(1) Let X = {x,y,z}, E = {e,, e;}, then 7" = {(DE:XE'FE ={(er, (XD}, G =
{(e2, {z})}, Hg = {(ey, {x}), (e, {z})}} is a soft topology on X and the
family, 8§ = {0g, 1, fz, gg, hg} U { az: a € I — {0,1}} is a fuzzy soft
topology on X, induced by t* where az(e) =aVe €E, fz =
{(ell(xa'YO'Zo)): (92, (xo:YO:Zo))} e = {(91: (xol)’o'zo)),

(e2, (x0,Y0,24))}, hg = {(31; (xa:yo’zo))» (e2, (xO:yO'Za))}-

(2) Let X = {x,y}, E = {e;, e,}, then

T = {(Z)E,XE ,Fg = {(e1, {x}), (ey, {y})}} 1s a soft topology on X and

Sy = {OE, 1e, fr = {(e1, (x1,70)) , (€2, (xo,yl))}} is a fuzzy soft topology
on X which is induced by 7*.

Theorem 4.13

Let (X, 6, E) be a fuzzy soft topological space, then the collections:
1) 75 = {Ssup(fg) € SS(X,E) : f¢ € 8},

ii) T4 = {Fz € SS(X,E) : ¥, € 6},

define the soft topologies on X which are induced by 6.

Proof. 1) The proof follows by using Proposition 3.9.

i1) Let (X, 8, E) be a fuzzy soft topological, then by using Proposition
3.7 we have: 1) @, X € 1, because, ¥y, =0z € 6 and fx, = 1 € 6.

2) Let Fg, G € 15 , then ¥g,, ¥g, € 6. Since ¥r.n6, = Xrp M X6 € 6,
then Fy 0 G € 7.

3) Let {Fiz:i €J} S 75, then jp, €5Vi€]. Since )ZgiFiE = “Xr,; €O,
then

YF;z € 7;. Hence we obtain the result.
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Example 4.14
(1) Let X = {x,y}, E ={ey,e;} and 6§ = { 0g, 15, fr, gr} be a fuzzy soft
topology

on X, where f; = {(91, (x0.3,y0,20)), (92' (xo.s'}’omzo))}, Je =
{(31’ (%.2:3’0:20))}- Then 75 = {(DE'XE'FE = {(e1, {x}), (2, {x,¥}), Gg =
{(eq, {x})}} is a soft topology on X which is induced by §.

(2) Let X = {x,y,2}, E = {e1, e,}, then § = {0g, 1, fz, g5} 1s a fuzzy soft
topology on X where, fz = {(e1, (¥1,¥0, 205)), (€2, (%0, ¥1,20))} , 95 =
{(31’ (X1, Yo, Zo)); (ez; (X0, Y1, Zo)) } and

Ty = {Q)E»XE» Gg = {(e1, {x}), (ez,{y})}}
1s a soft topology on X which is induced by §.

Proposition 4.15

Let (X, T) be a topological space, (X,7", E) be a soft topological space
and (X, §, E) be a fuzzy soft topological space. Then:

)6 € 6;; and T:;T* =7,

i1) é}gr* = 6,

i) ag € 6 forall a €1,

v) Fgp € T° = Jp, € 6, 1n particular 6, € 6.

Proof. Obvious

Theorem 4.16

i) Let (X,7) be a fuzzy topological space and E is a parameter set,
then the

collection §; = {fz:f(e) =A Ve € E and A € T} defines a fuzzy soft
topology on X induced by 7.

i1) Let (X, 8, E) be a fuzzy soft topological space, then the collection,
t5 = {f(e) : fz € 6}, for every e € E defines a fuzzy topology on X [18].
Proof.

i) Let (X,7) be a fuzzy topological space and E is a parameter set,
then:

1) Since 0,1 €1, f(e) =0 and f(e) =1V e € E then, 0,15 € §;.
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2) Let fg, gr € 8;, then there are A,B € T such that f(e) = A4,g(e) =

B Ve € E. Since f(e)ng(e)=(fng)(e)=ANBVe€EandANB €T,
then fz N gz € 6;.

3) Let {fiz:i € J} € &5, then there are {A4;:i € J} € 7 such that f;(e) =
A;Ve€E

,JEJ. Since Uf;(e)=(Uf;)(e) =UA;Ve€E,i€]and UA; €1,

then U f;z € 65

Hence the result holds.

Theorem 4.17

1) Let (X, 7) be a topological space and E is a parameter set, then the
collection t; = {Fz: F(e) = A Ve € E and A € 1} defines a soft topology
on X induced by 7 [9].

i1) Let (X, 7%, E) be a soft topological space, then the collection,

12 = {F(e) : Fz € 17}, for every e € E defines a topology on X [21].

Example 4.18
Let X = {x,y}, E = {e;, e,}. Then the collections:

)6 ={0g 1g fz = {(31’ (%.3:3’0:20)), (32, (xo.s:)’omzo))}} 1s fuzzy soft
topology
on X, but is not topology, not fuzzy topology, and not soft topology.

i) T° = {@g, X5, Fr = {(e1,{x}), (e, X)}} is soft topology on X, but it's
neither topology nor fuzzy topology on X. Clearly, the familyz = {0 ,
1,A = (x92,Y05)} 1s a fuzzy topology on X, but is not a crisp topology
on X.

Corollary 4.19
From the above theorems , remarks, and examples, the implications
in the following diagram are hold.

Fuzzy soft topology _|_s@f t topology

Crisp topology <— fwzzy topology
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Diagram 2.
Show the relation between topology, fuzzy topology, soft topology and fuzzy soft
topology.

5. Conclusion

In this paper, we show how some fuzzy soft topologies are derived
from other topological structures and vice versa, as well as the
relations between them are showed. The notions of soft
characteristic function of crisp and soft set on X, soft support of fuzzy
soft sets are given, according to these notions some new results are
studied. To extend this work, we could study some properties of
fuzzy soft topological spaces in different topological aspects.
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