(_/
NTMSCI 4, No. 1, 113-124 (2016) BISKA 113

~ NewTrendsinMathemaical Sciences

http://dx.doi.org/10.20852/ntmsci.2016217822

On defining soft spaces by weak soft neighborhood
systems

Taha Yasin Ozturk

Department of Mathematics, Faculty of Science and Letkatkas University, Kars, Turkey

Received: 17 February 2016, Revised: 22 March 2016, AcdeftieApril 2016
Published online: 18 April 2016.
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1 Introduction

Molodtsov P] defined the notions of soft set theory as a new mathematizdl for dealing with uncertainties in
economics, engineering, social science, medical sciegtce,Subsequently, many authors have introduced different
operations and on soft sets and studied a lot of applicatidlasly authors have developed algebra areas of soft set
theory, after Akt8 and Cagman1]] introduced soft groups. In 2011, Shabir and NAaZ] [defined soft topological spaces
and introduced basic properties. There have been manyestirdthe field of soft topology by some autho?§[2], [3],

(5], (6], [10], [11], [12), [13], [14).

In [4], Cséaszar defined the concept of generalized neighbdregstems and generalized topological spaces. Thomas
and John introduced soft generalized topology, soft géimechneighborhood systems and some propertiedsh |n
2008, Min defined the weak neighborhood systems and intextiseme properties. The weak neighborhood systems are
generalized systems of open neighborhood systems bugsirtiman generalized neighborhood systems.

In this paper, we introduce the weak soft neighborhood systen a soft set defined by using the concept of weak soft
neighborhoods. Let us note that weak soft neighborhoodesigaindependent of a soft neighborhood space. We prove
that softw% —opensets induced by the weak soft neighborhood systems formtaogmflogy. Furthermore, we define
the concepts of some soft continuity and connected softiantand soft closure operators on weak soft neighborhood
spaces.

2 Preliminaries

In this section we will introduce necessary definitions drebtems for soft sets. Molodtso®] [defined the soft set in the
following way.
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Let X be an initial universe set arielbe a set of parameters. LX) denotes the power set ¥fandA B C E.
Definition 1. [9] A pair (F,A) is called a soft set over Xvhere F is a mapping given by FA — P(X).

In other words, the soft set is a parameterized family of etshsf the set X. For € A, F(e) may be considered as the set
of e—elements of the soft sgf, A), or as the set of eapproximate elements of the soft set, i.e.,

(F,A)={(eF(e)):ec ACE,F:A—=P(X)}.

Definition 2. [7] For two soft setgF,A) and (G, B) over X,(F,A) is called soft subset ¢f5, B) if

(i) AcBand
(i) Yee A, F(e) and Ge) are identical approximations.

This relationship is denoted k¥, A)C (G, B). Similarly, (F,A) is called a soft superset 66, B) if (G,B) is a soft subset
of (F,A). This relationship is denoted Ly, A) (G, B). Two soft setgF,A) and (G, B) over X are called soft equal if
(F,A) is a soft subset dfG, B) and (G, B) is a soft subset diF,A).

Definition 3. [7] The intersection of two soft se§,A) and (G, B) over X is the soft seH,C), where C= ANB and
VeeC, H(e) = F(e)NG(e). This is denoted b§F, A)N (G, B) = (H,C).

Definition 4. [7] The union of two soft se{§, A) and (G, B) over X is the soft set, where-£AUB andve € C,

F(e), ifeec A—B,
H(e) =< G(e), ifee B—A,
F(egUG(e) ifecANnB.
This relationship is denoted k¥, A) U (G,B) = (H,C).
Definition 5. [7] A soft sefF,A) over X is said to be a NULL soft set denotedd®yf for all e € A, F(e) = 0 (null set).

Definition 6. [7] A soft se{F, A) over X is said to be an absolute soft set denoted bifyfor all e € A, F(e) = X.

Definition 7. [11] The differencéH,E) of two soft set$F,E) and (G,E) over X , denoted by, E)\(G,E), is defined
as H(e) =F(e)\G(e) foralle € E.

Definition 8. [11] LetY be a non-empty subset of X , thexenotes the soft sét,E) over X for which Ye) =, for
allecE.

In particular, (X, E) will be denoted by.

Definition 9. [11] The complement of a soft §&t E), denoted by(F, E)®, is defined F,E)¢ = (F¢,E), where F: E —
P (X) is a mapping given by He) = X\F (e), Ve € E and F° is called the soft complement function of F

Definition 10.[11] Lett be the collection of soft set over, ¥ienrt is said to be a soft topology on X if

0] cD,)N( belongs tar;
(i) the union of any number of soft setstibelongs tor;
(iii) the intersection of any two soft setsiifbelongs tor.

The triplet(X, 7,E) is called a soft topological space over X
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Definition 11.[11] Let(X, 1,E) be a soft topological space over Xhen members afare said to be soft open sets in X

Definition 12.[11] Let(X,1,E) be a soft topological space over. X soft se{F,E) over X is said to be a soft closed in
X, if its complementF, E ) belongs tor.

Proposition 1.[11] Let(X,1,E) be a soft topological space over Xhen the collectione = {F(e) : (F,E) € 7} for each
e € E, defines a topology on X.

Definition 13.[11] Let(X,1,E) be a soft topological space over X afel E) be a soft set over XThen the soft closure
of (F,E), denoted by dF,E) is the intersection of all soft closed super set$FOE). Clearly cl(F,E) is the smallest soft
closed set over X which contai(is, E).

Definition 14.[?] Let(F,E) be a soft set over X. The soft $&tE) is called a soft point, denoted e, E) , if for the
element e E, F(e) = {x} and F(e°) = & for all e° € E — {e} (briefly denoted byg} .

Definition 15. [?] Two soft pointgxe, E) and (yg,E) over a common universe X, we say that the points are different
points if x#£ y or e# €.

Definition 16.[?] The soft pointxis said to be belonging to the soft $&t E), denoted bys€ (F,E), if xe () € F (e) ,i.e.,
{x} CF(e.

Definition 17. [?] Let (X,7,E) be a soft topological space over.)A soft set(F,E) in (X,7,E) is called a soft
neighborhood of the soft poilite, E) €(F, E) if there exists a soft open s@, E) such that(xe, E) €(G,E)C(F,E).

Definition 18.[6] Let(X,1,E) and(Y,T’,E) be two soft topological spaces; {X,1,E) — (Y, T’,E) be a mapping. For
each soft neighbourhoodH,E) of (f(x)e,E), if there exists a soft neighbourhoodF,E) of (xe,E) such that
f (F,E)) C(H,E), then f is said to be soft continuous mapping>atE).

If f is soft continuous mapping for alke, E), then f is called soft continuous mapping.

Definition 19.[6] Let(X,T,E) and (Y, ,E) be two soft topological spaces; K — Y be a mapping. If f is a bijection,
soft continuous and flis a soft continuous mapping, then f is said to be soft homeuimigm from X to Y. When a
homeomorphism f exists between X and Y, we say that X is sofidmorphicto Y.

Definition 20.[3] Let{(ds, Ys) : (X, T,E) — (¥s, Ts, Es) }s. 5 be a family of soft mappings arfdYs, 7s, Es) } .5 is a family
of soft topological spaces. Then, the topolagyenerated from the subbade= { (¢s, llls)gels(F, E):(F,E) € 15,5€ S}is
called the soft topology (or initial soft topology) induceylthe family of soft mappindg ¢s, Ys) } .-

Definition 21.[4] Let X be a nonempty set and g be a collection of subsets of X.dlsecalled a generalized topology
on X if and only if

(i) 0eg,
(i) Gegforicl#0 implies_UIGi €Jg.
le

Definition 22.[4] Let X be a nonempty set agd: X — P(P(X)) satisfy xe V forV € @(x). Then Ve ((x) is called a
generalized neighborhood ofxX andy is called a generalized neighborhood system on X.

Definition 23.[15] Let u be the collection of soft set over Xheny is said to be a soft generalized topology on X if

(i) @ belongs tar;
(ii) the union of any number of soft setgirbelongs tou.

The triplet(X, i, E) is called a soft generalized topological space over X
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Definition 24.[8] Let X be a nonempty set agd: X — P(P(X)). Theny is called a weak neighborhood system on X if
it satisfies the following:

(i) Forxe X andVe y(x), xeV,
(i) ForU,V e g(x),VNU € Y(x),
(i) Forxe X, g(x) #0.

Then the pai(X, ¢) is called a weak neighborhood space on Xe\W(x) is called a weak neighborhood ofxX.

3 Weak soft neighborhood systems and its spaces

Definition 25. Let ¢ : S§X)g — P(SSX)e) be a mapping. Thed is called a weak soft neighborhood system XnE)
if it satisfies the following conditions:

(i) For %ESSX)e and(V,E) € §(xe), % (V,E);
(i) For (U,E), (V,E) € B(%e). (U,E)A(V,E) € B(xe);
(i) For xeESIX)e. §(%e) # 9.

Then the triple(X, ¢,E) is called a weak soft neighborhood space (briefly WSNEXoE). The soft sefV,E) € ¢ (Xe)
is called a weak soft neighborhood BSS X )e.

Definition 26.Let (X, $,E) be a WSNS ofX,E) and(F,E)C (X, E) be a soft set. The soft interior (%, E) on (denoted
by ((F,E)) is defined as follows:

75 ((F.E)) = {xE(F.E) : (V,E) € § (xe) such thatV,E)C(F.E) }.

Theorem 1.Let (X, $,E) be a WSNS ofX, E). Then the following conditions are satisfied:

(i) Forall (F,E)C(X,E),T5((F,E))C(F,E),
(i) Forall (F,E), (G,E)C(X,E), T3 ((F,E)N(G,E)) =15 ((F,E)) iz ((G.E)),
(iii) T3 ((X,E)) = (X,E).

Proof. (1) and (3) are straighforward.

(2) Let xe€ly ((F,E))Nig ((G,E)). Then there are two weak soft neighborho@d,E), (V,E) € ¢(xe) such that
(U,E)C(F,E) and (V,E)C(G,E). From the Definition 25.(ii)), we have(U,E)A(V,E) € $(xe). Therefore,
Xe€l5 ((F.E)N(G,E)).

The convere of proof is obvious.

Example 1.Let X = {x!, X%, x®} , E = {e1, &} and § : S3X)e — P(SIX)e) be a weak soft neighborhood system
defined as follows:

06) = [{(er, {X'%), (e (1)},
) =[{(er {x'}). (e2 {x. ¥})}],
506) = [{ (e, D), (e {¥})}],
506 = [{(er. (X', (e (1)},
50¢) = [{ (e, {X'%), (e {x 1)},
#0&) = [X]
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Suppose thatF,E) = {(e1, {x}, x?}), (e, {xt, %2, x3})} C(X,E). ThenTy ((F.E)) = {(e1, {x'}), (&2, {¥*})}
butis (i3 ((F,E))) = @ and saig ((F,E)) # 15 (i3 ((F,E))).

Definition 27.Let(X, ¢, E) be a WSNS ofX, E) and (F,E)C(X, E) be a soft set. The soft closure(8t E) on ¢ (denoted
by kg ((F,E)) is defined as follows:

Ry ((F.E)) = {%ESIX)e : (V,E)A(F,E) # @ forall (V,E) € §(xe)} .

Example 2.According to the Example 1, The soft closu?@((F, E)) = X.
Theorem 2.Let (X, $,E) be a WSNS ofX, E). Then the following conditions are satisfied:
() Ry(®) =,
(i) Forall (F,E)C(X,E), (F,E)CRy ((F.E)),
(i) For all (F.E), (G,E)E(X.E), Ky ((F.E)J(G,E)) =Ry (F.E)) DRy ((G.E)).
(V) Kg((F,E)) = (g (F.E)) . T3 ((F.E)) = (Kg ((F.E))".
Proof. From the Definition 27. and the Definition 26. it is obvious.
Definition 28. A mappingl : SX)e — SSX)e is said to be a soft interior operator on the soft §&t E) if the following
conditions hold.
(1) Forall (F,E)C(X,E), J((F,E)) C(F,E),
(2) Forall (F,E), (G,E)C(X,E), J((F,E)\(G,E)) = J((F,E))NI((G,E)),
3) J((X,E)) = (X,E).
From the Theorem 1. and the definition of soft interior oparate have the following results.

Theorem 3.

(1) Let (X,$,E) be a WSNS ortX,E) and J: SSX)e — SSX)e be defined asl((F,E)) = 73 ((F,E)) for each
(F, E) (X,E). ThenJ is a soft interior operator.

(2) Let J: S§X)e — S§X)e be a soft interior operator andéj: SSX)e — P(SSX)g) be defined as

§j(xe) = {5((F,E)) : xe€J((F,E)) for (F,E)C(X, E)}. Thenéj is a weak soft neighborhood system induced by

soft interior operatorJ.

Let (X, @,E) be a WSNS oifX, E) andJ: S§X)e — SSX)e be defined ad((F, E)) 15 ((F, ))foreach(F E)C(X,E).
Then the soft interior operatdr= 1;,5 induces a weak soft neighborhood syst@gn Moreover@L and¢ are not equal as
the following example shows.

Example 3.Let X = {x}, x?, x3} ,E={e} and¢ : SIX)e — P(SSX)e) be a weak soft neighborhood system defined
as follows:

o0c) =[{(e (N}, {(e (<},
500 = [{(e (N}, {(e (.},
#0Q) = [X|.
Then®;_is a weak soft neighborhood system mduce(T(-ppls follows
6,00 = [{(e (H}. {(e (¥} X],
6,02 = [{(e N} {(e (N} X],
%(x@: [ X]
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Definition 29. Let (X, ,E), (Y, ¢ ,E') be two WSNS's andf,g) : (X,d,E) — (Y, ,E') be a soft mapping. The(f,g)
is called soft \/%(6, Eﬁ') — continuous if there i§U,E) € ¢ (xe) such that(f,g) ((U,E))C (V, E/) for xe€SgX)e and

(VE) €8 (FX)gie)-

Theorem 4. Let (f,g) : (X,9,E) — (Y, ¢'.E') be a soft mapping on two WSNSX,¢,E) and (Y, ¢'.E'). Then the
following statements are equivalent:

1) (f,9)is softvx?((ﬁ Eﬁ’) — continuous

(2) For (FE)S(X.E), (1.9) (Rg (F.E))) SRy ((1.0) (F.E)).
(3) For (GENC(Y.E). K (1,97 ((G.E)) ) E(F.0 2 (Ry ((G.E))).
(4) For (GENC(V.E), (,9) (Ty ((G.E)) ) Sig (.97 ((G.E))).

Proof. (1)=(2) LetxecK ((F,E)). Suppose that(x)g<e)%%/ ((f,9) ((F,E))). Then there existév, E’) X (f(X)g(e))
such that(v E ) +((f,9) ((F,E))) = @. From the softn® (Eﬁ,&/) — continuity there existgU,E) € @ (x¢) such that
(£,0)(U,E)C (v,E ). andso

(f,9) ((U,E))NKy ((f,9) ((F.E))) = @.
Therefore(U,E)N(F,E) = @; This is a contradiction. That ié,(x)g(e)ékqsl ((f,9) ((F,E))).
(2)=(3) Suppose thafF,E) = (f,g)* ((G, E')) for (G,E')C(Y,E'). From the hypothesis,

(f.9) (Rg ((F.E))) SRy ((£,0) (F.E)) =Ry (1.0) (1,97 ((G.E)) ) SRy ((G.E)).

Thus,Rs ((1,9) 2 ((G.E)) ) E(1.9)* (R ((G.E))).
(3)=-(4) From the Theorem 2, it is obvious.

(4)=(1) Let (v, E’) € ¢ (fXge) for xESSX)e. Then f(X)geEly ((v, E’)). From the hypothesis,
xe€(f,g) 7t (T(,ﬁ/ ((V E'))) Ciy ((f,g)*1 ((V, E'))). By the definition of soft interior, there existsl,E) € ¢ (xe) such
that(U,E) C(f,g)~ (( ')). Therefore( f,g) is softw® (&,(ﬁ/) — continuous

Definition 30. Let (X, $,E) be a WSNS ofX, E) and (F,E)C(X,E) be a soft set. ThefF,E) is called a soft\% open
set if there exist$V, E) € @ (xe) such thatV,E)C(F,E) for each x&(F,E).

Let W (X)e denote the collection of all soft%w— open set on aa WSNS, ¢,E). The complements of sof%w open
sets are called soft%v— closed sets.

Theorem 5.Let (X, ¢, E) be a WSNS ofX,E). Then the collection WX )e of all soft v\% —open subsets ¢, E) is
a soft topology or{X,E).

Proof. (1) It is clear that andX are soflw% — opensets.
(2) Let(F,E) and(G,E) be two soflvvfﬁ —opensets. Then for eackc(F,E)N(G,E) there exist§U,E), (V,E) € @ (Xe)

such that(U,E)C(F,E), (V,E)C(G,E). Since @ (xe) is a weak soft neighborhood, the,E)A(V,E) € @ (xe).
Therefore(F,E)N(G,E) is also soft/v% —openset.
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(3) Let (R, E)ici € WS5(X)E. In this case, for eadqeéOI(Fl,E), there existgF;, E) such thake<(F,E) fori € |, and so
e
there is(V, E) € ¢ (xe) such thaiV,E) C(F, E)QOI(F“E). Thus, U (Fi,E) is a softws —openset.
e le

RemarkLet us defingp : SIX)g — P(SSX)E) in a soft topological spacgX, T,E) as

[ﬁ(xe) = {(F7E> S XGE(F’E)}

for xeeS§X)e. Thend is a weak soft neighborhood system. THisS; (X)g = T.

Definition 31. Let (X, ¢,E) be a WSNS o(X,E) and(F,E)C(X,E) be a soft set. The softsajv\interior of (F,E) (denoted
byi} ((F,E))) is the soft union of aliG,E) C(F,E) such that{G,E) € WS (X)e. The soft \%—closure of(F,E) (denoted
by s ((F,E))) is the soft intersection of all soﬂ%w— closed sets containing-, E).

Theorem 6. Let (X,$,E) be a WSNS oifX,E) and (F,E)C(X,E) be a soft set. Then the following conditions are
satisfied.

(1) ig (F.E)Ci5 ((FE)),

(3) (F,E) is soft v% —open setifiz ((F,E)) = (F,E),

4) (F,E)is softv% — closed set ifts ((F,E)) = (F,E).

Proof. (1) Let xeéi}((F,E)). Then there exists a sow% — openset (G,E) such thatx€ (G,E)C(F,E). From the
definition of soft w§ — open set, there exists(V,E) € ¢ (x) such thatxe&(V,E)C (G,E)C(F,E).
%€l ((F,E)).

Therefore,

(2) Itis similar to (1).

(3) and (4) are straighforward.

Example 4.Let X = {x}, X%, X} , E = {e1, &} and§ : S3X)e — P(SIX)e) be a weak soft neighborhood system
defined as follows:

60e) = [{(er {x'.%%}). (&2, (¥})}],

06) = [{(er, {%}). (20 {x" *})}],

60€) = [{(er, {x"%}). (2 {4 %)},

60&) = [{(e, {x}). (20 {*})}]

606) = [{(er, {}). (2 {x" % P}

00¢) = [{(er. 0), (&2 1)}
Suppose that

(F.E)={(er, {4 %)), (&2, {x} X% x*})} C(X,E).

Then

3 (FE)={(e {X',¢}), (e {¥ })}
and

i5(FE) ={(er, {*}), (e 0)}.

Thus,

75 ((F.E) #i5((F,E)).
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Theorem 7.Let (X, ,E) be a WSNS ofX, E) and (F,E)C (X, E) be a soft set. Thery ((F,E)) = (F,E) iff (F,E) is soft
W% —open set.

Proof. Let 75 ((F,E)) = (F,E). There exist§V,E) € § (xe) such thaxe.e(V,E)C (F,E) =75 ((F,E)), and soi ((F,E))
isa softv\% — openset.
Conversely, suppose thdt, E) is softvvfﬁ — openset. From the Theorem 6.(3), We have

Thatis,i ((F,E)) = (F,E).
Theorem 8.LetJ: S§X)e — SX)e be a soft interior operator. Then there exists a weak sofgmeorhood syster
induced byd such tha{F, E) is soft v, — open set ifff((F,E)) = (F,E).

Proof. Let us definep : S§X)e — P(SSX)e) by ¢ (xe) = {( E):J((V,E)) = (V,E) andxeé(V,E)} for xe€SSX)e
Theng is a WSNS (F,E) is softvv% —opensetiff(F,.E)= U (V,E)where(V,E) € § (xe). SinceJ ((V,E)) = (V,E)

%€ (F,E)
for (V,E) € ¢ (xe), then

(FE)= U (\,E)= U 5((V,E))§5( 0 (V,E))zj((F,E)).
%e€(F,E) Xe€(F.E) Xe€

Therefore(F,E) is a soft\/\% —openset iff J((F,E)) = (F,E).

Definition 32. Let (X, $,E), (Y,§ ,E') be two WSNS's andf,g) : (X,$,E) — (Y,d ,E') be a soft mapping. The(f, g)
is called soft W— continuous if f,g) ™ ((G,E)) is soft v% —open setin W X)e for every soft \ig/ —opensetG,E) €

WS¢/ (Y)E

Theorem 9. Let (f,g) : (X,9,E) — (Y, ¢ .E') be a soft mapping on two WSNSX,¢,E) and (Y, ¢',E'). Then the
following statements are equivalent:

(1) (f,qg) is soft w — continuous;
(2) For eachv% —closed setG,E) in (Y,E), (f,g) 1 ((G,E)) is softv% closed set ir(X,E),

(
(3) Forall (F,E)C(X,E), (f,9) (S5 ((F, ))) ((f,g) F.E))
(4) Forall (G,E)C(Y,E), & ((f,0)*((G, (f.9)~ (C / )
(5) Forall (G.E)C(Y.E), (1.9 (i, ((GE ) 5 ((£.9)72((G, )))
Proof. Straighforward.

Theorem 10.Let (f,9) : (X,$,E) — (Y, ,E') be a soft mapping on two WSN$X%,$,E) and (Y,§ ,E). If (f,g) is
soft w (Eﬁ, 6/) — continuous, then it is also soffw continuous.

Proof. Let (G,E) be a soﬂ\/\%, — openset. From the Theorem 7, it followsg ((G,E)) = (G,E). By Theorem 3.7. and
Theorem 3.10.(5), we have

(fvg)il((GaE)) = (fvg)71 (Ta ((GvE))) QT(]S ((fvg)il((GaE))) :
Therefore(f,9) 1 ((G,E)) is WS —openset.

From the following example, the converse of Theorem 10 ignuat
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Example 5. Let X = {x}, 2, x3, xX*}, E ={e} and§ : SX)e — P(SSX)e) be a weak soft neighborhood system
defined as follows:

=[{(e {3
= [l

e (¢},
#0) = d0d) = [X]
Let us define the soft mappirid, 1) : (X, W S (X)g,E) — (X,W (X ) as follows:

FO)1e() =X, F0)1(e) = X3,

F0C) 160 = Xer FOM)1p(e) = G-

Then (f,1g) is soft w® — continuous but it is not soft w®(¢,@) — continuous because forxi€SSX)e and
V.E)={(e, {x1,5°})} € ¢ (f(x})1c(e). thereis nqU,E) € ¢ (x3) such tha( f, 1) (U,E)) C(V,E).

4 New soft interior and closure operators on a WSNS

Definition 33. Let (X, §,E) be a WSNS ofX,E) and (F,E)C(X,E) be a soft set. Then,

(1) 35 (F.E)) = {xE(FE): (F.E) € (%)},
(2) & (F.E)) = {%E(X.E): (FE)° ¢ § (%)}

Theorem 11.Let(X,,E) be aWSNS ofX,E) and(F,E), (G,E)C (X, E) be two soft sets. Then the following statements
are satisfied.

(1) 3 (F.E) E(F.E),
(2 Ji ((F,E))HJ%((G,E))QJ% ((F,E)Q(G,E))7
(3) J; ((F.E)) S5 ((F.E)),

@) G (FE) = (S (FE®)

Proof(1) Straighforward.

(2) Let xeéjé((F,E))ﬁ%((G,E)). Then (F,E) and (G,E) € ¢ (xe). From the property of weak soft neighborhood,

(FE)N(G,E) €  (xe). ThereforexecJj ((F,E)N(G,E)).

(3) Obvious.

4) Letxeéj;((F,E)) for (F,E)C(X,E). In this case(F,E) = ((F,E)°)° € ¢ (xe) and by Definition 33&%6%((F,E)°).
Hence, we have.c (6}% ((F, E)C))c.

The converse of proof is obvious.
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Example 6.Let X = {x!, X%, x®} , E = {e1, &} and § : S3X)e — P(SIX)e) be a weak soft neighborhood system
defined as follows.

= [{(e, (%)), (& {x )}
(e, %), (&2 {x'})}]

(er, {€) (&2 D D}

(e, {X}). (&2 1)}

(en, %), (e {2 )},
(

=[{(er. 0). (&2 {¥})}].
Suppose thatF,E) = { (e, {x*, x*}), (e, {x}, xz})}é(X,E).Then we have the following results.

(1) Since Ja((F,E)) = {(er, {x!}), (&2, 0} and T5((F.E)) = {(er, {x}), (&2 {x,%°})}, then
35 ((F.E)) #75 (F.E)).

(2) Let(G,E) = (X, ) Then(F,E)C(G,E) andJ; ((G,E)) = @. Thus,J; ((F,E)) ¢.J; ((G,E)).

(3) Let (G,E) = (X,E). SinceJ; ((F,E)A(G,E)) = {(e1, {x'}), (e, 0)} andJ;((F,E))NJ; ((G,E)) = @, then

5 (FE)AGG, ))(,;J*(( )) nJ; (G, ))

{
=
=l
=
=
{

Theorem 12.Let(X, $,E) be aWSNS ofX,E) and(F,E), (G,E)C (X, E) be two soft sets. Then the following statements
are satisfied.

(1) (F, Yé};(( E)),

(2) C ((FaE) 7 )— $ )UE%((G,E)),
(3) & ( F,E)):(J%(F,E ) :
(4) Ky ((F,E)) 63 (F.E)).

Proof. (1), (3) and (4) are obvious.

(2) Let €€y ((F,E)) UC; ((G,E)). Then(F,E)° and (G,E)° € @ (xe). From the property of weak soft neighborhood,
(F,E)A(G,E)° € § (xe). ThereforexeC; ((F,E)U(G,E)).
Theorem 13.Let (X, $,E) be a WSNS ofX,E) and (F,E)C (X, E) be a soft set. Then the following hold:

1) If J} ((F.E)) = (F,E), then(F, E) is soft W}, —open,
(2) If ¢ ((F,E)) = (F,E), then(F,E) is SOftV% —closed

Proof. (1) Letj%((F,E)) = (F,E) for (F,E)C(X,E). Since(F,E) = %((F,E))é?a((F,E)) andT ((F,E)) C(F,E),
thenis ((F,E)) = (F,E). By Theorem 3.8.(F,E) is soft\/\% —open
(2) Sinceg ((F,E)) = (J; (% E)C))C, then it is obvious.

Definition 34. Let (X, @, E), (Y, ¢ ,E') be two WSNS's andf,g) : (X,d,E) — (Y, ,E') be a soft mapping. The(f,g)
is called soft W — continuous if for ¥£SSX)e and(G,E) € ¢ (f(X)g(e)), (F.9) > ((G,E)) is in § (Xe).

Every softw® — continuousis a softmﬁ(fﬁ,&/) — continuous but the following example shows that every soft

ws ((ﬁ, $') — continuougunction may not be a soft® — continuous
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Example 7. Let X = {x!, x*}, Y = {y!, y?} andE = {ey, &}. Consider two weak soft neighborhood systefns
SYX)e — P(SSX)e) andd’ : S]Y)e — P(S]Y)e) defined respectively as follows:

o0e) = [{(e, {x'}), (&2 {x",%®})}],
00) = [{(e. {°}), (&2 {x'})}],
00G) = [{(e, {%}), (&2 {x"%®})}],
00%) = [{(e, {x'}), (&2, {¥*})}],
and

6 ve) = [{(e, V" ¥2}), (&2 (Y ¥P1)},

6 (v8) = [{(er, Y ¥?}), (&2 YD)},

6 02) =[{(er, (")), (&2 (Y" VPP,

6 0% =[{(er, ")), (&2 (¥D}.

Let us(f,g) : (X,§,E) — (Y,§ ,E') be defined byf (x)qq) = Y5 for i = 1,2 andx, €SSX)e. Then(f,g) is a soft
we (Eﬁ, 6’) — continuousut notws” — continuous

Corollary 1. From the above results, we have the following implications.

WS — continuous=> w* ((ﬁ, $/) — continuous=> W — continuous

Theorem 14.Let (f,9) : (X,$,E) — (Y,¢ ,E') be a soft mapping on two WSN$%,,E) and (Y,$ ,E'). Then the
following conditions are equivalent:

(1) (f,g) is soft W — continuous
(2) For (GE)C(V.E), (f.9)*(J;, ((G.E) CJ; ((.9) H(G.E)).

(3) For (G,E)S(Y,E'), & ((f,0) *((G,E))) S(f,0) *(C; ((G,E)).

S

¢

Proof. (1)=(2) Let (f,g) be softw® — continuousandxe&(f,g) (%, ((G,E)). Then(G,E) € § (f(X)g(¢)). From the
definition of softw® — continuous(f,g) 1 ((G,E)) € ¢ (Xe). Hence,xeéj:% ((f,9)"1((G,E))).

(2)=-(3) It is obtained from the Definition 33.

(3)=(1) It is obvious by the Theorem 33. and the Theorem 12.

5 Conclusions

In this paper, the concepts of weak soft neighborhood sisatey® ((ﬁ, $') — continuoussoftw® — continuousand soft

w® — continuousn weak soft neighborhood spaces are defined. We introdeiebiisic theorems and some interesting
results. By using same idea, we can definewéﬁfﬁ, 6/) — openfunctions, softv® — openfunctions and soft® — open
functions on weak soft neighborhood spaces.
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