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INTRODUCTION

In real life situation, the problems in Economics,
Engineering, Social sciences, Medical science etc.
do not always involve crisp data. So, we cannot
successfully use the traditional classical methods
because of various types of uncertainities
presented in these problems. To exceed these
uncertainities, some kind of theories were given
like theory of fuzzy set, intuitionistic fuzzy set,
rough set, bipolar fuzzy set, i.e. which we can use
as mathematical tools for dealings with
uncertainities. But, all these theories have their
inherent difficulities. The reason for these
difficulties Molodtsov [1] initiated the concept of
soft set theory as a new mathematical tool for
dealing with uncertainities which is free from the
above difficulties. In [1], Molodtsov successfully
applied the soft set theory in several directions,
such as smoothness of functions, game theory,
operations research, Riemannintegration, Perron
integration, Probability, theory of measurement,
and so on. After presentation of the operations of
soft sets [8], the properties and applications of
soft set theory have been studied increasingily [7,
2]. Xiao et al [4] and Pei and Miao [5] discussed
the relationship between soft sets and
information systems. They showed that soft sets
are a class of special information systems. In
recent years, many interesting applications of
soft set theory have been expanded by
embedding the ideas of fuzzy sets [2,8,9]. To

develop soft set theory, the operations of the soft
sets are redefined and a uni-intdecision making
method was constructed by using these new
operations [11].

Recently, 2011 Shabir and Naz[3] initiated the
study of soft topological spaces. They defined soft
topology on the collection 7 of soft sets over X.
Consequently, they defined basic notions of soft
topological spaces such as open soft and closed
soft sets, soft subspace, soft closure, soft
neighborhood of a point, Soft separation axioms,
Soft regular spaces and soft normal spaces and
established their several properties. Min
investigate some properties of these soft
separation axioms. In [6], Kandil et al. introduced
the notion of soft semi separation axioms. In
particular they study the properties of the soft
semi regular spaces and soft semi normal spaces.
The notion of soft ideal was initiated for the first
time by Kandil et al[6]. They also introduced the
concept of soft local function. These concepts are
discussed with a view to find new soft topologies
from the original one, called soft topological
spaces with soft ideal (X, 7, E, I). Applications to
various fields were further investigated by Kandil
et al. The notion of b-open soft sets was initiated
for the first time by El-Sheikh and Abd El-latif
[12]. Maji et al [9] initiated the study involving
bith fuzzy sets and soft sets.
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In [8] the notion of fuzzy soft set was introduced
as a fuzzy generalization of soft sets and some
basic properties of fuzzy soft sets are discussedin
detail. Then, many Scientists such X. Yang et al.
improved the concept of fuzziness of soft sets in
karl et al. defined the notion of a mapping on
classes of fuzzy soft sets, which is fundamental
important in fuzzy soft set theory, to improve this
work and they studied properties of fuzzy soft
images and fuzzy soft inverse images of fuzzy soft
sets.

Chang introduced the concept of fuzzy topology
on a set X by axiomatizing a collection ¥ of fuzzy
subset of X. Danay et al introduce the definition
of fuzzy soft topology over a subset of the initial
universe set while Roy and Samanta gave the
definition of fuzzy soft topology over the initial
universe set. Some fuzzy soft topological
properties based on fuzzy pre (resp. semi, § —)
open soft sets, were introduced in [1, 3,].

In the present paper, We introduce some new
concepts in fuzzy soft topological spaces such as
fuzzy soft a- open sets, soft a-closed sets and
soft a-continuous functions. We also study
relationship between fuzzy soft continuity [6],
fuzzy soft semi-continuity [7], and fuzzy soft a-
continuity of functions defined on fuzzy soft
topological spaces. With the help of counter
examples, We show the non-coincidence of these
various types of mappings.

PRELIMINARIES
Definition 1 (see [1])

Let X be an initial universe and let E be a set of
parameters. Let P(X) denote the power set of X
and let A be a nonempty subset of E. A pair (F, A)
is called a fuzzy soft set over X, where F is a
mapping givenby F : A — P(X). In other words,
a fuzzy soft set over X is a parameterized family
of subsets of the universe X. For € € A, F () may
be considered as the set of & —approximate
elements of the fuzzy soft set (F, A).
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Definition 2 (see [8])

A soft set (F, A) over X is called a fuzzy null soft
set, denoted by ®;ifee A, F(e) = @

Definition 3 (see [8])

Asoftset (F, A) over Xis called an fuzzy absolute
soft set, denoted by 4;ife e 4, F(e) = X.

Definition 4 (see [8])

The union of two fuzzy soft sets of (F,A) and
(G, B) over the common universe X is the fuzzy
soft set (H,C), where C = A0 B and , for all
F(e),ife€ A— B,
G(e),ife EB—A
F(e)TG(e),ife €eATIB

e €C,H(e) =

We write (F,A) U (G,B) = (H,C).
Definition 5 (see [8])

The intersection (H,C) of two fuzzy soft sets
(F,A) and (G, B) over a common universe X,
denoted (F, A) f1 (G, B),isdefinedasC = Afi B
and H(e) = F(e) TiG(e) foralle € C.

Definition 6 (see [8])

Let (F, A) and (G, B) be two fuzzy soft sets overa
common universe X. (F,A) £ (G,B), if A= B,
and H(e) = F(e) = G(e),foralle € A

Definition 7 (see [2])

Let 7 be the collection of fuzzy soft sets over X;
then t is said to be a fuzzy soft topology on X if it
satisfies the following axioms:

1) ¢and X belong to t,

2) The union of any number of fuzzy soft setsin
T belongs to t,

3) The intersection of any two fuzzy soft sets in
T belongs to .

The triplet (X,7,E) is called a fuzzy soft
topological space over X. Let (X, 7, E) be a fuzzy
soft topological space over X; then the members
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of T are said to be fuzzy soft setsin X. The relative
complement of a fuzzy soft set (F, A) is denoted
by (F,A)¢ and is defined by (F, A)¢ = (F°¢, 4),
where F€: A - P(X) is a mapping given by
F¢(e) =X —F(e)foralle € A.Let (X,7,E) bea
fuzzy soft topological space over X. A fuzzy soft
set (F, E) over X is said to be a fuzzy soft closed
setin X ifits relative complement (F, E)¢ belongs
to 7. If (X, 7, E) is a fuzzy soft topological space
with T = {®, X}, then 7 is called the fuzzy soft
indiscrete topology on Xand (X, 7, E) is said to be
a fuzzy soft indiscrete topological space. If
(X, 7, E) is a fuzzy soft topological space with t is
the collection of all fuzzy soft sets which can be
defined over X and (X, 7, E) is said to be a fuzzy
soft discrete topological space.

Definition 8

Let (X, 7, E) be afuzzy soft topological space over
Xand let (4, E) be a fuzzy soft set over X.

(1) [3] The fuzzy soft interior of (4,E) is the
fuzzy soft set

int(4,E) =
U

{(0, E): (0,E) which is fuzzy soft open and }

(0,E) E (A E)

(2) [2] The fuzzy soft closure of (4, E) is the fuzzy

soft set

cl(4,E) =

i

{(F, E): (F,E) which is fuzzy soft closed and
(A E)E (F,E)

Clearly cl(4, E) is the smallest soft closed set over
X which contains (4,E) and int(4,E) is the
largest fuzzy soft open set over X which is
contained in (4, E)

Throughout the paper, the spaces X and Y
(or (X,7,E) and (Y,v,K)) stand for fuzzy soft
topological spaces assumed unless otherwise
stated.
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FUZZY SOFT a-OPEN SETS

In this section we introduce fuzzy soft a-openset,
properties of fuzzy soft a-open set and relation
between them

Definition 9

A fuzzy soft set (4, E) of a fuzzy soft topological
space (X, t,E) is called fuzzy soft a-open set if

(4,E) E int (cl(int(A, E))).The complementof
fuzzy soft a-open set is called fuzzy soft a-closed
set.

Definition 10

Afuzzy soft set (4, E) is called fuzzy soft preopen
set [9] (resp., fuzzy soft semi-open [5]) in a fuzzy
soft topological space X if (4, E) £ int(cl(A, E))

(resp. J(A,E) & cl(int(4, E))).

We will denote the family of all fuzzy soft a-open
i (resp. , & — closed set and fuzzy soft ) ofa
€ preopen sets

fuzzy soft topological space (X,7,E) by

S.0S(X,1,E)
(resp.,S,CS(X,t,E) and SPO(X, 7, E)).

Fuzzy Soft open set
l Fuzzy Soft semiopen set
Pl
Fuzzy Soft a-opeKs.‘et
Fuzzy Soft preopen set

Proposition 11

(1) Arbitrary union of fuzzy soft a-open sets is a
fuzzy soft a-open sets.

(2) Arbitrary intersection of fuzzy soft a-closed
sets is a fuzzy soft a-closed sets.

Proof

(1) Let{(A;,E):i € A}beacollection of fuzzy soft
a-open sets. Then, foreach i € A,
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(4;,E) E int (cl(int(Al-, E))). Now
0 (4;,E) ED int (cl(int(Al-, E)))

int T cl(int(4;E))

m

int (cl(ﬁ int (Ai,E)))

m

int (cl(int O (4, E))).
Hence 0 (4;, E) is a fuzzy soft a-open set.

(2) Follows immediately from (1) by taking
complements.

Remark 12

It is obvious that every soft open
(resp., fuzzy soft closed) setis a fuzzy soft a-
open set(resp., fuzzy soft a — closed set).
Similarly, every fuzzy soft a-open set is fuzzy soft
semiopen and fuzzy soft pre-open. Thus we have
implications as shown in figure 1.

The examples given below show that the
converses of these implications are not true.

Example 13
LEt X = {al bl C}l D = {ell 321 63},

ABCED where A={e,e,},B=
{e; e3},C ={eq,e3} and Let

= {11)1 OD:flAlfZB:fBC}lWhereflAleBlfBC are
fuzzy soft sets over X defined as follows:

Hy, = {a02,bosicosh ks, = {aos,bo,cos},
‘uJe‘iB ={ao.sbo1, 1},

uz, ={a0e box coak

“Jeic ={ao.7,bos Co.2}-

Then, T defines a fuzzy soft topology on X. Then
the fuzzy soft set k;, where

.U;e(i, ={ao.2.bos o5l .UZ; ={ag.7.bo1, o0},
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u,i; ={ape bos, Co1}, IS a fuzzy a-open set of
(X, Z,E), but is not a fuzzy soft open set.

Definition 14

Let (X, 7, E) be a fuzzy soft topological space and
let (4, E) be a fuzzy soft set over X.

(1) Fuzzy soft a-closure of asoft set (4, E) in X is
denoted by
Sacl((AE)) =

f1{(F,E): (F,E) which is a fuzzy soft a —
closed setand (4,E) £ (F,E)}.

(2) Fuzzy soft a-interior of a fuzzy soft set (4, E)
in X is denoted by
Sqint((4,E)) =

0{(0,E): (0,E) whichis a fuzzy soft a —
opensetand (0,E) £ (4,E)}.

Clearly Socl((4, E)) is the smallest fuzzy soft a-
closed set over X which contains (4,E) and
Sqint((4, E))is the largest fuzzy soft a-open set
over X which is contained in (4, E).

Proposition 15

Let (X, 7, E) be a fuzzy soft topological space and
let (4, E) be a fuzzy soft set over X; then

(D (A,E)eS,cSX,t,E) © (AE) =
Sqcl(AE);

2) (A,E) e S,08(X,t,E) & (A E)=
Sqint(A,E)

Proof

(@) Let

(4,E) = Secl((A4.E)) =

ﬁ‘{ (F,E):(F,E) be a fuzzy soft }
a —closed setand (4,E) € (F,E))

This shows that
(A E) e

{(F,E).(F,E) isa fuzzy soft a —
closed setand (4,E) £ (F,E)}.
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Hence (4, E) is fuzzy soft a-closed.

Conversely, let (4, E) be fuzzy soft a-closed set.
Since (4,E) € (A, E) and (4, E) is afuzzy soft a-
closed,

(A E) €e{(F,E).(F,E)isa fuzzy softa —
closed setand (4,E) £ (F,E)}.

Further, (4,E) € (F,E) for all such (F,E)’s.
(A E) =T

{(F,E).(F,E) isa fuzzy soft a —
closed setand (4,E) £ (F,E)}.

(2) similar to (1).
Theorem 16

Let (X, 7, E) be a fuzzy soft topological space and
let (G, E) and (K, E) be two fuzzy soft sets over
X; then

(1) Secl((G,E)) = S,int (G, E)S;
(2) Soint((G,E)) = S,cl (G,E)S;
(3) (G,E) & (K,4) =

S,int(G,E) & S,int(K,E);

(4) Spcl(®) = © and

Secl(X) = X;

(5) Syint(®) = © and

Sqint(X) = X;

(6) S,cl((G,E)T (K,E)) =
S4cl(G, E) T Sucl(K, E);

(7) S,int((G,E) Fi (K, E)) =
Saint(G,E) fi Spint(K, E);

(8) Spcl((G E)F (K, E)) E
S4cl(G, E) Fi Sucl(K, E);

(9) S,int((G,E)T (K,E)) &

© Eureka Journals 2019. All Rights Reserved.
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Sqint(G,E) U S,int(K E);

(10) Sucl ((Sacl(G.ED)) = Sacl(G,E);

(11) S,int ((Sqint(G, E))) =
Sqint(G,E).
Proof

Let (G, E) and (K, E) be two fuzzy soft sets over
X.

(1) (Socl(G,E)) =

(7 {(F,E)|(G,E)E (F,E) and (F,E)
€ S,CS(X, 7, E)})°

=0{(F,E)°|(G,E)E (F,E)and (F,E) €
S,CS(X, T, E)} =

O{(F E)°|(F,E)*E (G,E) and (F,E)° €
S,0S(X,7,E)} = S,int(G, E)°

(2) Similar to (1).
(3) It follows from Definition 15.

(4) Since ® and X are fuzzy soft a-closed sets so,
Secl(®) = ®and S,cl(X) = X.

(5) Since ® and X are fuzzy soft a-open sets so,
Sqint(®) = ® and Syint(X) = X.

(6) We have (G,E) & ((6,E) T (K,E)) and
(K,E) & ((G,E) T (K,E)).

Then by proposition
Sacl(G,E) E S,cl((G,E) T (K,E)) and
Sqcl(K,E) & S,cl((G,E) T (K,E)) =
Sqecl(K,E) E S,cl(G,E)E S,

cl((A,E) T (K, E)).

Now, S,cl(G,E),Sy,cl(K,E)eS,CS(X,1,E) =
S.cl(G,E) T S,cl(K,E) € S,CS(X, 1, E).

Then (G,E) £ S,cl(G,E) and
(K,E) € Sy cl(K,E) imply
(G,E)T (K,E) E S,cl(G,E) T S,cl(K,E). That
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is, S,cl(G,E)TS,cl(K,E) is a fuzzy soft a-
closed set containing(G, E) U (K, E).

But S,cl((A E) T (K,E)) is the smallest fuzzy
soft a-closed set containing(G, E) U (K, E).

Hence S,cl((G,E) T (K,E)) & S,cl(G,E)

0 Secl(K, E). S0,
Secl((4,E))Sqcl((A,E) T (K,E)) =
Sqcl(G,E) T S,cl(K,E).

(7) Similar to (6)

(8) We have ((G,E)fi(K,E))E& (G,E) and
((G,E)Fi (K, E)) E (K,E) =
Secl((G, E) Fi(K,E))

& S,cl(G,E) and S,cl((G,E) fi (K,E))
& Sycl(K, E). = S,cl((G,E)Fi(K,E)) &
S«cl(G,E) € Sqcl(K, E).

(9) Similar to (8).

(10) Since (Sqcl(G,E)) € S,CS(X,7,E) so by

proposition  16(1), Sacl((Sacl(G,E)))z

(S4cl(G, E)).

(11) Since (S,int(G,E)) € S, 0S(X, 7, E) so by
proposition  16(2), S,int ((Saint(G, E))) =
(S4int(G,E)).

Theorem 17

If (G,E) is any fuzzy soft set in a fuzzy soft
topological space (X,7,E), then following are
equivalent:

(1) (G, E) is fuzzy soft a-closed set;

(2) int(cl(int(G,E))) 3 (G, E)S;

3) ct (int(cl(G. E)) ) € (6. E);

(4) (G, E) is fuzzy soft a-open set.
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Proof

(1) = (2) If (G, E) is fuzzy soft a-closed set, then
cl (int(cl(G, E)) & (G, E)) =
(G,E)e int(cl(int(G, E)C));

2= Q)
(int(clint(G, E))° 3 ((6.E))) =
cl (int(cl(G, E))) & (G,E);

(3) = (4) Itis obvious from Definition 9;
(4) = (1) Itis obvious from Definition 9.
FUZZY SOFT a-CONTINUITY

In this section we introduce the fuzzy soft a-
continuous, properties & relations

Definition 18

Let (X, E) and (Y, K) be fuzzy soft classes. Let
u:X-Y and p:E—- K be mapping f:
(X,E) - (Y,K) is defined as follows: for a fuzzy
soft set (F,A) in (X,E), (f(F,A),B),B =
p(4) E K is a fuzzy soft set in (Y,K) given by
FEDE =u(, 05D ) for  Bek.
(f(F,A), B), B is called fuzzy soft image of a soft
set (F,A). If B=K, then we will write
(f(F,A),K)as f(F,A).

Definition 19

Let f: (X,E) - (Y,K) be a mapping from a
fuzzy soft class (X, E') to another fuzzy soft class
(Y,K) and (G, C) of a fuzzy soft set in fuzzy soft
class(Y,K), where CC K. let u: X - Y and

p:E-K be mappings. Then
(f~1(G,C),D),D = p~1(C),isafuzzy softsetin
fuzzy soft classes (X,E), defined as

£716.0)(@) = uw (G(p(a)))forae D S E.
(f~1(@, €), D) is called a fuzzy soft inverse image
of (G, C). Hereafter we will write (f~1(G, C),E)
as f~1(G, C).
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Theorem 20

letf : (X,E) > (Y,K),u: X—>Yandp: E - K
be mappings. Then for fuzzy soft sets (F, A) and
(G, B) and a family of fuzzy soft sets (F;, 4;) in
the fuzzy soft class (X, E), one has:

1) f(@) = o,
@ fX)=7,

(3) f((F,A)T(G,B))=f(F,A)Tf(G,B) in
general f(u; (F;, 4;))) = u; f(F;, A),

@) f((F,A)T(G,B)) 3 f(F,A) 71 f(G,B)in
general f(l_li (FilAi)) gﬂi f(FilAi)

(5) If (F, A) € (G, B), then f(F,A) € £(G,B),
6) f~H (o) = o,
™y =X,

€))
f((FAT G B)= f(FATf G B)
ingeneral f~1(u; (F;, A)) = U; f71(F;, Ay,

9
fH(FAF G B)= f(FATfG,B)
ingeneral £~1(n; (F;, A)) =1, f~(F;, 4),

(10) If (F,A) E (G,B), then

f~'(F,A) E f~(G,B).
Definition 21

A mapping f : (X,1,E) - (Y,v,K) is said to be
fuzzy soft mapping if (X,7,E) and (Y,v,K) are
fuzzy soft topological spacesand u : X —» Y and
p : E = K are mappings.

Throughout the paper, the spaces X and Y
(or(X,7,E) and (Y,v,K)) stand for fuzzy soft
topological space assumed unless otherwise
stated.

Definition 22

A soft mapping f : X — Y is said to be fuzzy soft
a-continuous if the inverse Image of each fuzzy

© Eureka Journals 2019. All Rights Reserved.
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soft a-open subset of Y is a fuzzy soft a-open set
inX.

Example 23

Let X={x;,x%2,x3}Y = {y1,¥2. 73 1L E =
{er e ezt K = {ky kp k3} v =
{o.X,(F.E)},(F.E) =

{(eq, {x1D), (e2,{x2}), (3, {x1,x3DN} v =
{0.7,(6,K)}, and

(G, K) = {(ky, {y1,¥31), ez, {y1}), (3, {y3 D}
and let (X,7,E) and (Y,v,K) be fuzzy soft

topological spaces.
Defineu:X ->Yandp:E - Kas
ulxy) = {yihulxz) = {yshulxs) = {y2},

pler) = {y1}p(er) = {ks} p(es) = {k;}

Let £, : (X,7,E) - (Y,v,K) be asoft mapping.
Then (G,K) is a fuzzy soft open in Y and
fp‘ul((G, K)) = (F,E)isafuzzysoft a-openinX.
Therefore, f,, is a fuzzy soft a-continuous
function.

Theorem 24

Let f : X = Y be a mapping from a fuzzy soft
space X to soft space Y. Then the following
statements are true:

(1) fis fuzzy soft a-continuous;

(2) for each fuzzy soft singleton (P, E) in X and
each fuzzy soft open set (0,K) in Y and
f((P,E)) E (0,K), there exists a fuzzy soft a-
open set (U,E) in X such that (P,E) E (U,E)
and f((U, E)) € (0,K);

(3) The inverse image of each fuzzy soft closed set
inY is fuzzy soft a-closed in X;

@ £ (et (ime(cica, £))) € cl(f(a, B)), for
each fuzzy soft set (4, E) in X;

(5) cl (int (cl(r. K)))) & r1(cl(B, K)),
for each fuzzy soft set (B,K) in Y.
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Proof

(1) = (2)Since (0, K) is fuzzy softopenin Y and
f((P.E)) E (0,K),s0(P,E) E f71((0.K))and
£71((0,K)) is a fuzzy soft a-open set in X. Put
(U, E) = £~%((0,K)).Then(P,E) E (U,E)and
f((U,E)) E (0,K).

(2) = (1) Let (0, K) be a fuzzy soft open set in
Ysuchthat (P, E) € £~*((0,K)) and thus there
exists (U, E)e Sa0S(X) suchthat(P,E) € (U,E)
and f((U,E)) E (0,K) Then
(P,E)E (U,E)E f~*((0,K)) =0 (U,E) €
So(X). Hence f~%((0,K)) € Sa0S(X)and
therefore f is fuzzy soft a-continuous.

(1) = (3) Let (G, K) be a fuzzy soft closed set in
Y. Then (G,K)° is fuzzy soft open in Y. Thus
£71(G,K)°) € Sa0S(X).Hence f~1((G,K)) isa
fuzzy soft a-setin X.

(3) = (4) Let (S, K) be afuzzy softsetin Y. Then
cl(f(S,K)) is afuzzy soft closed setin Y, so that
£1(cl(S, K)) is fuzzy soft a-closed in X.

Therefore, we have f~*(cl(S,K)) 3

cl <int (el (F72(cics, K))))) 5

cl (int (cl(cl(S, K)))) = cl (int(cl(S, K))).

(4) = (5) Since (B,K) be a fuzzy soft setin Y,
then £=1((B, K)) is a fuzzy soft set in X; thus by

hypothesis we have
cl (int <cl (f (r2( K)))))) =

( ~1((B, K)))) or
cl (mt £1(¢B, K))))))
£ cl(B,K) that is,

cl <int (et (e, K))))) =
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f~(cl(B,K)).

(5) = (1) Let (0,K) be a soft open in Y. Let
(U,K) = (0,K)°and (D,E) = f~*((U,K)).By

(5) we have cl (int <cl (f (f‘l((U, K))))))

T c(U,K) = (U K); that is;
cl (int (cl(f‘l((O, K)C)))> £

£71((0,K)°). Therefore £~1((0,K)) is a fuzzy
soft a-open set in X; hence f is fuzzy soft a-
continuous function.

Corollary 25

let f: X —>Y be a fuzzy soft a-continuous
mapping. Then

(D) f(cl(4,E))E cl (f(cl(A,E))), for each
(A,E) e SPO(X);

@t (f((B.K))) E f~(cl(B,K)),foreach
(B.K) € SPO(Y).

Proof

Since for each(4,E) € SPO(X),cl((4,E)) =
cl (int (cl((A, E)))), therefore the proof follows
directly from statements (4) and (5) of theorem
26.

Definition 26

A Fuzzy Soft mapping f : X = Y is called fuzzy
soft pre-continuous (resp., fuzzy soft
semicontinuous [7]) if the inverse image of each
fuzzy soft open set in Y is fuzzy soft preopen
(resp., fuzzy soft semiopen) in X.

Remark 27

Itis clear that every fuzzy soft a-continuous map
is fuzzy soft semicontinuous and fuzzy soft
precontinuous. Every fuzzy soft continuous map
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is fuzzy soft a-continuous. Thus we have
implications as shown in fig 2.

The converses of these implications are not true,
which is clear from the following examples.

Example 28

LetX = {x1, %2, %3, %4}, Y = {y1,¥2, Y3, VL E =
{ei,e5,e3}, K = {ky,ky, ks}and (X, 7, E)andLet
(Y, v, K) be fuzzy soft topological spaces.

Fuzzy Soft continuity
l Fuzzy Soft semicontinuity
Fuzzy Soft a-continuity
S o
Fuzzy Soft precontinuity

Defineu:X ->Yandp:E - Kas

u(x;) = {y2}h ulxy) = {yadulxs) =
{ritulxy) = {y3}

pler) = {k.}.p(ez) = {ki}.p(es) = {ks}.

Let us consider the fuzzy soft topology t given in
example 14; that is,
T= {(Dl)?l (Fll E)l (F2| E)l (F3| E)l ey (F15| E)}l

v={0,7,(F,K)} and (F,K) =

{1, 1,53, ¥4D), (k2 {y1, ¥2, ¥a D), (k3 {y2, v D}

and let mapping f,,p = (X,7,E) - (¥,v,K) be a
fuzzy soft mapping. Then (F, K) is a fuzzy soft
open in Y and

£t ((F.K)) =

{(e1,{x1,x2, x3}), (2, {x2, x3, x4}), (3, {x1, x2, D}

is a fuzzy soft a-open but not fuzzy soft openin X.
Therefore, f,, is a fuzzy soft a-continuous
function but not fuzzy soft continuous function.

Therefore, f,, is a fuzzy soft a-continuous
function but not fuzzy soft continuous function.

Example 29

Let X ={a b,c},Y ={x,y}E ={e;,e;} and
K = {k,, k,}. Define

ACTEBCK, f,=
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{(e,{05,0.5,0.3}),(c,,{0.4,0.4,0.2})}
€ (X E) and
g5 = {(k,{05,0.3}), (k;,{0.4,0.21)} € (Y k)

Define fuzzy soft topologiesty : E - T(X, E ) and
3. K > T(YK) as follows:

( lifh;=0FE
1 —
2 i hg = fo 0%
1 —
T.(hg) = > if hg = f, N E04

2 —
3 if ho = fa U EO*
\ 0,Otherwise

1ifwp=¢E

X _)1
Tk(WD) - E, lf Wp = OB

0, Otherwise

Consider the maps ¢: X -Y and W:E - K
definedbygp(a) = @(b) = X, ¢(c) = y,W(ey) =
k1 and w(ez) - k2

Therefore, for each e € E,k € K and r € I,
define the fuzzy soft operatorsa = E x (X, E) x
T, — (X E) as follows:

a(el WD| T) = WD:

Then the map gy: (X, eg) — (Y, t3) is fuzzy soft
continuous.

Example 30

letX =Y ={a,b,c},E ={e;, e, es}andAC E
where A ={e;,e;}. Llet f,: (X, T4, E)~
(Y, Z,,K) be the constant soft mapping where
¥, is the indiscrete fuzzy soft topology and T, is
the discrete fuzzy soft topology such that
u(x) =avx € X and p(e) =e,Ve € E. Let [,
be fuzzy soft set over Y defined as follows:

€1

He, = {ao.1,bos co6t

u]eci ={ao6 bo2 Cos}
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Then £, € T,. Now we find £ (f,) as follows
o (fa)(e1)(@) = fa(p(en))(w(a))
= fa(e1)(a)
=06

o (fa)(e1) (0) = fa(p(en))(u(h))
= fa(e1)(a)
=06

2t (Fa) (1) (©) = fa(pler))(ule))
= fa(e1)(a)
=06

2k () (e2)(a) = fu(p(er)) (u(a))
= fa(e1)(a)
=06

i (fa)(e2)(0) = fa(p(e2)) (u(b))
= fa(e1)(a)
=06

2t () (e2)(0) = fa(pler)) (ul(c))
= fa(e1)(a)
=06

i (Fa)(e3)(@) = fa(ples))(u(a))
= fa(e1)(a)
=06

- (fa)(es)(0) = fa(p(es))(u(b))
= fa(e1)(a)
=06

2t (F4)(e3)(€) = fa(ples)) (u(c))
= fa(e1)(a)
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=0.6
Hence f,,' (fa) € Fa0S(X)

Therefore f,,, is not fuzzy soft a-continuous
function. On the other hand, if we consider I, is
the discrete fuzzy soft topology. In this case f,,,
will be fuzzy a-continuous soft function

Theorem 31

Let (4,E) € SPO(X) and (B,E) e Sa0S(X).
Then (4,E) i (B,E) € Sa0S(X).

Proof

Since
(4,E)F(B,E) E int(cl(A,E)) T int(cl(BE)) =

int (int(cl(A, E))) ficl(int(B,E)) E
int (cl ((A, E) fi int(cl(B, E)))), it follows that
(4,E) i (B, E) € int (cl((A,E) Fi int(B, E)) )

(4, E).

 wint <int (c1(C4,E) 7 ine (B, E))))
f1(AE)

& saint (cl((4, E) i int(B, E)) 71 (4,E))

= saint (sa cl((A E)Ti int(B, E)))
_ sacl
= samnt <(sa int((A E) f int(B, E))))

£ sa int (sa cl <sa int (ﬁ(?éEE)T)D)'

Therefore (4, E) 71 (B, E) is a fuzzy soft a-open
set of (4, E).

Theorem 32

If f : X = Yisafuzzy soft a-continuous mapping
and (4,E) € SPO(X), then f |(ar)is fuzzy soft
a-continuous mapping.

Proof
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Let (B,E) in Y be a fuzzy soft open set. Then
f~((B,E)) € S,(X)andsince (4, E) is afuzzy
soft preopen set in X, by theorem 26, we have

UEFF(B.E) = (flup) ((B.F)) €
Sa0S(X)((A,E)). Therefore f|p) is a fuzzy
soft a-continuous mapping.

Theorem 33

A fuzzy soft function f : X — Y is fuzzy soft a-
continuous if and only if

f(sacl(F,E)) & cl (f((F, E)))foreveryfuzzy
soft set (F, E) of X.

Proof

Let f : X —» Y be fuzzy soft a-continuous. Now
cl (f((F, E))) is a fuzzy soft closed set of Y;

So by
ft (cl (f((F, E)))) is fuzzy soft a-closed and

(F.E)E& f1 (cl (r(c E)))).

fuzzy soft a-continuity of f,

But sa cl(F,E) is the smallest a-closed set
containing (F, E);

Hence sa cl (F,E) £ f~* (Cl (f((F. E))))

= f(sa Cl(F,E)) £ cl (f((F' E)))

Conversely, Let (F, K) be any fuzzy soft closed set
of Y

= f~Y((F,K)) € X and by hypothesis
= f (sa cl (f‘l((F, K)))) &
cl (f (F2(¢, K))))

= f(sa cl (f‘l((F, K)))) £

cl(F,K) = (F,K)
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= sa cl (f‘l((F, K))) = f~Y((F,K)); hence
fuzzy soft a-closed. Consequently, f fuzzy soft a-
continuous.

Theorem 34

A Fuzzy Soft function f : X — Y is fuzzy soft a-
continuous if and if
f~1(int(H,K)) € sa intf~*((H,K)) forevery
fuzzy soft set (H,K) of Y.

Proof

Let f : X —» Y be fuzzy soft a-continuous. Now
for any fuzzy soft set (G, E) in X, int (f((G, E)))
is a fuzzy soft open set in Y; since f is fuzzy soft
a-continuity, then f=1 (int(f(G,E))) is fuzzy

softa-openand f 1 (int(f(G, E))) £ (G,E),As
sa int(G, E) is the largest fuzzy soft a-open set
contained in (G,E),

1 (int(f (6. B))) & sa int(G, E).

Conversely, take a fuzzy soft openset (G,K) inY.
Then = (int(G,K)) € sa intf ~*(G,K) =
f~YG,K) E saintf1(G,K) = f~1(G,K) is
fuzzy soft a-open.

FUZZY SOFT a-OPEN AND FUZZY SOFT a-
CLOSED MAPPINGS

Definition 35

A fuzzy soft mapping f : X = Y is called fuzzy
soft a-open (resp., fuzzy soft a-closed) mapping if
the image of each fuzzy soft open (resp., fuzzy
soft closed) set in X is a fuzzy soft a-open set
(resp., fuzzy soft a-closed set) in Y.

Definition 36

A fuzzy soft mapping f : X = Y is called fuzzy
soft pre-open (resp., fuzzy soft semiopen[7]) if
the image of each fuzzy soft open setin Xis fuzzy
soft preopen (rep., fuzzy soft semiopen)in Y.
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Clearly a fuzzy soft open map is fuzzy soft a-open
map is fuzzy soft preopen as well as fuzzy soft a-
open. Similar implications hold for fuzzy soft
closed mappings.

Theorem 37

A fuzzy soft mapping f : X - Y is fuzzy soft a-
closedifand onlyifsacl(f(4,E)) & f(cl(4,E))
for each fuzzy soft set (4, E) in X.

Proof

Let sacl(f(AE)) E f(cl(AE)). By the
definition of fuzzy soft a-closure, we have
f((4,E)) = f(cl(A,E)) and so f(cl(AE)) is
fuzzy soft a-closed set and f is a fuzzy soft a-
closed mapping.

Conversely, if f is fuzzy soft a-closed, then
f(cl(A, E))is afuzzy soft a-closed set containing
f((4,E)) and

sacl (f(AE)) & f(cl(A,E)).

therefore

Theorem 38

A fuzzy soft function f : X — Y is fuzzy soft a-
open if and only if

f(int(F,E)) & saint (f((F, E))) for every
fuzzy soft set (F, A) in X.

Proof

If f:X-Y
f(int(F.E)) =
sa int f(int(F,E)) € sa int f(int(F,E))

is fuzzy soft a-open, then

£ saint f(F E).

On the other hand, take a fuzzy soft open set
(G,E) in X. Then by hypothesis, f((G,E)) =

f(int(G,E)) E saint (f((G,E))) =
f((G,E)) is fuzzy soft a-openin Y.

Theorem 39

Letf : X — Y be afuzzy soft a-open (resp., fuzzy
soft a-closed) mapping. If (B, K) is a fuzzy soft
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setinY and (4, E) is a fuzzy soft closed (resp.,
fuzzy soft open) setin X, containing f ~*((B, K));
then there exists a fuzzy soft a-closed (resp.,
fuzzy soft a-open) set (C,K) in Y, such that
(B,K) & (C,K)and f~*((C,K)) & (A,E).

Proof
Let (C,K)= (f(4 E)°)e. Since
f~H((B,K)) E (4,E), we have

f((4,E)°) E (B,K)*.Since f isfuzzy soft a-open
(resp.,fuzzy soft a-closed), then (C, K) is a fuzzy
soft a-closed set (resp.,fuzzy soft a-open set) if

(¢, K) =

(FH (A ))& (A EY) = (A Eyand
hence (B,K) E (C,K) and
£H((C¢,K)) & (4,E).

Corollary 40

If f : X - Y isafuzzy soft a-open mapping, then

() F1 <cl (int (ci(e3, 1())))) =

cl (f‘l ((B, K))), for every fuzzy soft set (B, K)
iny;
(2)

£ (el((c. ) & e (F1((€.K))).(C.K)
SPO(Y).

m

Proof

Q) ¢l (f‘l((B, K))) is a fuzzy soft closed in X,

containing £ ~*((B, K)), for afuzzy softset(B, E)
inY.

By theorem 44, there exists a fuzzy soft a-
closedset (F,K)inY,and (B,K) € (F,K)
such that £*((F, K)) & cl (f((8,K))).

Thus £~ <cl (int (ci(e3, E))))) =
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cl (f‘1 <cl (int @ E)))))) -

FHF ) E el (£, K)))
(2) follows easily from (1).
Theorem 41

If f:X —Y is a fuzzy soft precontinuous and
fuzzy soft a-open mapping , then f~*((B,K)) €
SPO(X) for each (B,K) € SPO(Y).

Proof

Wehavef~1((B,K)) & f1 (int (Cl((B' K))))

& int (cl <f—1 (int (cl((B, K))))))
= e (e (5 (e(5.)))

Since f is a soft a-open map, we have, by
corollary 42,

F71((B,K)) E int <cl (f‘1 (e K»)))

E cl <int (f—l (ci(e3, 1())))) -
cl (int (r (e, 1()))).

Therefore £ ~*((B, K)) is a fuzzy soft preopen set
inX.

Theorem 42

If f:X —Y is a fuzzy soft precontinuous and
fuzzy soft semicontinuous, then f is fuzzy soft a-
continuous.

Proof

Wehavef=1((B,K)) & f1 (int (Cl((B' K))))

E int (cl <f_1 (i"t (e, IOD)))
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= e (e (5 (e(5.1)))

Since f is a soft a-open map, we have, by
corollary 42,

F1((B,K)) E int <cl (f‘1 (e K»)))

E cl <int (f—l (ci(e3, 1())))) -
cl (int (r (e, 1()))).

Therefore £ ~*((B, K)) is a fuzzy soft preopen set
inX.

Theorem 43

If f:X —Y is a fuzzy soft precontinuous and
fuzzy soft semicontinuous, then f is fuzzy soft a-
continuous.

Proof

Let (B, K) be any fuzzy soft open set in Y. Then
£~1((B,K)) is afuzzy soft preopen set as well as
a fuzzy soft semiopen set in X.

We havef~*((B,K)) & cl (int (f_l((B. K))))

and

f~Y((B,K)) E int <cl (int (cl(f‘%B,K)))))
int (cl (int(f‘l(B, K)))).
Hence f is a fuzzy soft a-continuous mapping.

Theorem 44

If f:X —Y is a fuzzy soft preopen mapping,
then, for each soft set (B,K) in Y,

£ (ine(c1(8.K)) ) € et (7 ((B.K))).
Proof

It follows from corollary 42.

Theorem 45

If f: X — Y is fuzzy soft a-continuous and soft
preopen, then the inverse image of each fuzzy
soft a-set is a fuzzy soft a-open set.
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Proof

Let (B, K) be any fuzzy soft a-open setin Y.

Then

F1((B,K)) E f1 <i"t (Cl (ine(c3. K))))>

36

E int| cl int(f—l<int<cl(int((3,1{)))))) Eint(cl(int(f—l (cl(int(B,K))))))

By theorem 44 we have

F1((B,F)) & int <cl (7 (ine(ca. E»)))

Since f is a fuzzy soft a-continuous mapping, by
Theorem 22(5),

F(B.K)) E f <int (Cl (ime(Ca. IOD))

Hence f~*((B,K)) is a fuzzy soft a-open set.
CONCLUSION

In this fuzzy soft a-open set extended to fuzzy
soft e-open setand in future, We introduce some
new concepts in fuzzy soft topological spaces
such as fuzzy soft a- open sets, soft a-closed sets
and soft a-continuous functions. We also study
relationship between fuzzy soft continuity [6],
fuzzy soft semi-continuity [7], and fuzzy soft a-
continuity of functions defined on fuzzy soft
topological spaces. With the help of
counterexamples, We show the non-coincidence
of these various types of mappings.
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