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Decomposition of Hyper Spaces of Soft Sets

Alkan OZKAN!

ABSTRACT: In this paper, firstly, we define two new hyperspaces of soft sets called co-compact and co-Lindel6f
topological spaces and obtain some properties of them. Secondly, by use these topological spaces we define the
C-continuous and L-continuous of soft multifunction and obtain some characterization of them. Finally, we give
the decomposition of these topological spaces with Vietoris soft topological spaces.
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INTRODUCTION

Soft set theory has rich potential for practical applications in several sciences. Molodtsov (1999) introduced the
concept of soft sets. Pei and Miao (2005) investigated the relationships between soft sets and information systems.
Cagman et al. (2011) defined a soft topological space. Zorlutuna et al. (2012) studied some concepts in soft
topological spaces. Cagman and et al. (2011) redefined the operations of the soft sets and constructed a uni-int
decision making method by using these new operations. Then Akdag and Erol (2014, 2015) introduced the concept
of soft multifunction and studied their properties in many paper. Many researchers studied on soft set theory such as
Shabir and Naz (2011), Weijian (2012), Varol and et al. (2012), Roy and Samanta (2014), Nazmul and Samanta
(2013).

MATERIALS AND METHODS

Preliminaries

Definition 2.1. Let S(X, E') be the family of all soft sets and (U, E) be a soft open set in S(X, E). The soft set
families (U, E)* and (U, E)~ are defined as follows:

(U,EY*={(G,E)€e S(X,E):(T,E) € (U,E)},

(U,E)"={(G,E) € S(X,E): (T,E) 0 (U,E) #+ ®}. (Akdag et al., 2015-b)

Proposition 2.2. For non-null soft sets (G, E) and (H, E) in S(X, E) the following statements are true;

(@) (G, E)* n (H,E)* = ((G,E) fi (H, E))*

(b) (G,E)"U (H,E)" c ((G,E) U (H,E))"

(©) ((G,E) A (H,E))” < (G,E)™ N (H,E)"

(d) (G,E)y" U (H,E)" = ((G,E)U (H,E))

(e) (G,E) € (H,E) ifand only if (G,E)* < (H,E)*

() (G,E) € (H,E) ifand only if (G,E)” c (H,E)~

(&) (G,E)A (H,E) =® ifand only if (G,E)* N (H,E)* =&

(h) (G,E)"n (H,E)” # ®. (Akdag et al., 2015-b)

Proposition 2.3. Let (X, 7, E) be a soft topological space and S(X, E) be the family of all null soft sets. Then
the soft set families

B1 ={(,E)*: (U,E) soft open set}
B, ={(U,E)~: (U,E) soft open set}

are soft base (soft sub base) for different soft topological spaces on S(X, E), resp. (Akdag et al., 2015-b)

Definition 2.4. The soft topological spaces which mentioned in above proposition are called

soft upper Vietoris and soft lower Vietoris and denoted by g+, Tgy-, respectively.

The family of soft sets f; U B, = {(U,E)*,(U,E)™: (U,E) soft open set} is the soft sub base for a soft
topological space. This space is called Vietoris soft topological space and denoted by 7gy,. Also, Tgy ™ U Ty~ is soft
base for the soft vietoris topology. (Akdag et al., 2015-b)

Definition 2.5. Let S(X,E) and S(Y,K) be two families of soft sets. Let u: X = Y be multifunction and
p: E = K be mapping. Then a soft multifunction F: S(X,E) = S(Y, K) is defined as follows:

For a soft set (G,A) in S(X,E), (F(G,A),K) is a soft set in (Y, K) given by

u(G(e)) Jfptk)NA+ 0
F(G'A)(k) = eep~1(k)nA

() Jfp Y k)NA#Q
(F(G,A),K) is called soft image of a soft set (G, A).
Moreover, F(G,A) =U {F(E,*):E,* € (G,A)}. (Akdag et al., 2015-a)
Definition 2.6. Let F: S(X,E) = S(Y, K) be a soft multifunction.
i. The soft upper inverse image of (H, K) denoted by F*(H, K) and defined as
F*(H,K) = {E,* € X:F(E,*) € (H,K)}
ii. The soft lower inverse image of (H, K) denoted by F~(H, K) and defined as
F (H,K) ={E,*€X:F(E,*) 0 (H,K) # ®}.
Also, F(X) = UF(E,™). (Akdag et al., 2015-a)
Definition 2.7. Let F, G: X — Y be two soft multifunctions. For Eex € X, the combination and intersection of F

and G is denoted by

(Fu G)(Eex) = F(Eex) U G(Eex)s
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(F nG)(ES) = F(E,X) 0 G(E,™) resp. (Akdag et al., 2015-b)

Definition 2.8. Let F:S(X,E) - S(Y,K) and G: S(X,E) = S(Y, K) be two soft multifunctions. Then, F equal
to G if F(E,*) = G(E,™), for each E,* € X. (Akdag et al., 2015-a)

Definition 2.9. The soft multifunction F:S(X,E) = S(Y,K) is called surjective if p and u are surjective.
(Akdag et al., 2015-a)

Theorem 2.10. Let F: S(X,E) = S(Y, K) be a soft multifunction. For soft sets (F, E), (G, E) and for a family
of soft sets (Gj, E);e; in soft family S(X, E) the following are hold:

@F@) =9

b FXH ey

(¢) F((G,A) T (H,B)) = F(G,A) U F(H, B) and in general

F(U; (G, E)) =U; F(G, E)

(d) F((G,A) 1 (H,B)) € F(G,A) A F(H,B) in general

F(n; (G, E)) €N; F(G, E)

(e)If (G,E) € (H,E), then F(G,E) € F(H,E). (Akdag et al., 2015-a)

Theorem 2.11. Let F:S(X,E) = S(Y,K) be a soft multifunction. For soft sets (G, K), (H,K) in soft family
S(Y, K) the following statements are true:

@QF (@)=®and F (@)=

G F@)=Xand F*(Y) =X

(©)F((G,K)U (H,K)) =F (G,K)UF (H,K)

() F*(G,K)UF*(H,K) € F*((G,K) U (H,K))

e F((G,KYN(H,K)) € F(G,K)NF (H,K)

(H) F*(G,K)AF*(H,K) = F*((G,K) i (H,K))

() If (G,K) € (H,K), then F7(G,K) € F (H,K) and F*(G,K) € F*(H,K). (Akdag et al., 2015-a)

Proposition 2.12. Let F: S(X,E) = S(Y, K) be a soft multifunction. For a soft subset (G, E) in X and for soft
subsets (H,K), (U,K) inY the following statements are true:

(a) (G,E) T F*(F(G,E)) € F (F(G,E)).If F is surjectice then
(G,E) = F*(F(G,E)) = F7(F(G,E))

(b) F(F*(H,K)) € (H,K) € F(F (H,K)).

() If (H,K)N (U,K) = ® then F*(H,K) A F~(U,K) = ®. (Akdag et al., 2015-a)

Proposition 2.13. Let F: (X,7,E) = (Y,0,K) and G:(Y,0,K) — (Z,n,L) be soft multifunction. Then the
followings are true;

(@ (F) =F

(b) (GoF)™(T,C) = F (G (T, C)) and (GoF)*(T,C) = F*(G*(T, C)), for a soft subset (T,C) in Z. (Akdag et
al., 2015-a)

Proposition 2.14. Let F,G: (X,7,E) —» (Y,0,K) be two soft multifunctions. For a soft set (H,K) in Y the
following statements are hold:

(@ (FUG) (H,K)=F (H,K)UG (HK).

(b) (FUG)*(H,K) =F*(H,K) G G*(H,K)

©FNG) (HK)EF (H,K)YNG (HK)

(d) F*(H,K) N G*(H,K) € (F n G)*(H,K). (Akdag et al., 2015-b)

Proposition 2.15. Let F: (X, 7, E) - (Y, 0, K) be soft multifunction. The followings are true for soft set (G, K)
inyY;

(@ F'(Y - (G,K)) =X —F (G,K)

(b) F(Y — (G,K)) = X — F*(G,K). (Akdag et al., 2015-a)

Definition 2.16. A soft topological space (X, 7, E) is called soft compact space if each open soft cover of X has
a finite soft subcover. (Zorlutuna et al., 2012)

Definition 2.17. A soft topological space (X, 7, E) is called soft Lindeldf if each open soft cover of X has a soft
countable subcover. (Weijian, 2012)

Definition 2.18. A soft topological space (X, t, E) is called soft Lindel6f closed if each Lindeldf soft set in it
are soft closed.

Proposition 2.19. Let (X, 1, E) be a soft compact space and (M, E) be a closed soft set, then (M, E) is a soft
compact set. (Varol et al., 2012)

Definition 2.20. Let (X, 7, E) be a soft topological space and E,*, E,” € X such that E,* # E,”. Then (X, t,E)

Cilt/ Volume: 7, Say1/ Issue: 1,2017 253



Alkan OZKAN

is called a soft Hausdorff space if there exist open soft sets (F,E) and (G, E) such that E,* € (F,E), E,” € (G,E)
and (F,E) 0 (G,E) = ¢. (Shabir et al., 2011)

Upper (Lower) Co-Compact and Co-Lindel6f Topological Spaces

Lemma 3.1. Let (Y, 7, K) be soft topological space. The followings are true for soft set (G,K) in Y.

S, K) - (G6,K)*=(7-(6,K),

i) S(Y,K) — (G,K)~ =Y - (G,K)

Proof. i) (B,K) € S(Y,K) — (G,K)* & (B,K) ¢ (G,K)" < (B,K) & (G,K)

BN (T-(6K)*¢ = BK) e(7-(6K) .

i) (B,K) € S(Y,K) — (G,K)~ & (B,K) & (G,K)~ < (B,K) /1 (G,K) = &

= B,K) & (V- (6,K) = B,K €e(F-(6K) .

Lemma 3.2 For soft sets (C;,K), (C,, K) in S(Y, K) the following statements are true:

) [SW,K) = (C, KDTINISY,K) = (C5, K)71 = S(Y,K) = [(C1,K)™ U (€2, K)7]

i) S(Y,K) — [(C, K)T U (Co, K)*] = [S(Y,K) — (Cy, KDY I A [S(Y,K) — (C3, K)™]

Proof. 1) (H,K) € [S(Y,K) — (C,,K)"ID[S(Y,K) — (Cp, K)7]

& (H,K) e S(Y,K)—(C,K)” and (H,K) € S(Y,K) — (C5,K)~

< (H,K) ¢ (C,K)” and (H,K) & (C,,K)~

& (H,K)N(C,K)=dand (H,K)N(C,,K) =

e HKN(CL,KU(CK]=9¢

e (H,K) ¢ [(C,K) U (6, K™

e (H,K) € S(Y,K) — [(Cy, K) U (C3, K)]™

& (H,K)e S(Y,K) —[(C,,K)~ U (Cy,, K)7].

i) (H,K) € S(Y,K) — [(C;, KDt U (Cy, K)*]

e (H,K) & [(C, KD U (€, K)*]

& (H,K) & (C;,K)* and (H,K) & (C5, K)*

& (H,K) e S(Y,K)—(C,K)tand (H,K) € S(Y,K) — (C,, K)*

e (H,K)E[SWY,K) — (CL,K)TIA[S(Y,K) — (Cp, KT,

Proposition 3.3. Let (Y, 7, K) be a soft topological space. Then the soft set families

B; ={S(Y,K)—(C,K)": (C,K) compact} U {d}
Br={S(Y,K) — (C,K)*: (C,K) compact}

are soft base and soft subbase for different soft topological spaces on S(Y, K), respectively.

Proof. We know that (C,K) = ¢ is soft compact set and (C,K)~ = @. Therefore S(Y,K) — (C,K)™ =
S(Y,K) € Bs. Thus S(Y,K) = Ugyep, (B, K). For S(Y,K) = (C1,K)™, S(Y,K) = (Co, K)™ € B let (H,K) €
[S(Y,K) — (€, K)T]A[S(Y,K) — (C5,K)]. Since

[SCY,K) — (C,, K)T]NA[S(Y,K) = (C,,K)"] =S(Y,K) — [(C1,K)~ U (Cy,K)™]  then (H,K) € S(Y,K)—
[(Cy, K)* U (Cy, K)*]. Also we have (C;, K)™ U (C, K)™ = ((C, K) T (C,,K)) . Since (Cy,K) U (Cy,K) is soft
compact set then S(Y,K) — [(Cy,K)~ U (C,,K)~] € B3. Thus B5 is soft base for a soft topological space.

Similarly it can be show that 3, is soft sub base for a soft topological space.

Definition 3.4. The soft topological spaces which mentioned in above proposition are called soft upper co-
compact and soft lower co-compact and denoted by tgq+, Tgc-, respectively.

Lemma 3.5. A soft closed set in a soft compact topological spaces is soft compact.

Proof. Let (X, 7, E) be a soft compact topological spaces and (H, E) be a soft closed set in X. Let the family
{(G;, E): i € I} be a soft open cover of (H, E). Then the family {(G;, E):i € I} T ()? — (H,E) ) a soft open cover of
X. Since (X, 1,E) is a soft compact topological spaces then we obtain {(Gil,E), ...,(Gin,E) V] ()? - (H, E)) is a
finite soft cover of X. Therefore {(Gil,E), ...,(Gin,E)} is a finite soft cover of (H,E) and thus (H,E) is soft
compact.

Lemma 3.6. A soft compact set in a soft Hausdorff topological spaces is soft closed.

Proof. Let (X, 7, E) be a soft Hausdorff topological spaces and (C, E) be a soft compact set in X. We will show
that X — (C,E) is soft open set. Let E,* € X — (C,E) then E,* & (C,E). Since (X,t7,E) is soft Hausdorff
topological spaces, for every soft point E,” € (C,E) such that E,* # E,”, there exists (Uy, E) and (P,, E) two soft
neighborhood of E,*, E,” resp., such that (Uy,E) n (Py,E) = ¢. Then the family {(Py,E):Eey € (C,E)} is the
soft open neighborhood of (C,E). Since (C,E) is soft compact set there exists a finite soft sub cover such that
(C,E)c UL Py, E). Since (U, ,E n (Py_,E =¢ for every y; €{y;,..,¥,} then we have that
(U?zl Uy, E A Py, ,E) = ¢. Also Ul (U oE is a soft neighborhood of soft point E,*.
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(v, (v, E)) A Qu’;l (P E)) = & for yi € {1, ..y} So, (UL, (Uy, E)) 7 (C,E) = ¢ and thus

we obtain E,* € (U?=1 Cin, E)) & X — (C,E). Therefore X — (C,E) is soft open set and (C, E) is soft closed
set.

Remark 3.7. In a compact and Hausdorff soft topological spaces, a soft set is compact if and only if it soft
closed.

Theorem 3.8. Let (Y,7,K) be a soft topological space. Then the following statements are true for the soft
topological spaces Tgc+, Tsc-, Toy+, Tsy- on S(Y, K):

i) If (Y, 7, K) Hausdorff then tg-+ < Tgy+ and Tge- < Tgp-.

ii) If (Y, 7, K) Hausdorff and compact then 740+ = Tgy+ and Tge- = Tgy-. +

Proof. i) Let S(Y,K) — (C,K)~ € B5. Since S(Y,K) — (C,K)™ = (17_— (C,K)) , (C,K) is soft compact and
(Y,1,K) Hausdorff then ¥ — (C,K) is a soft open set. Then (17 - (c, K)) € tgy+ and S(Y,K) — (C,K)™ € Tgy+.
Thus we have that 7¢.+ < Tgp+. _

Similarly by use S(Y,K) — (C,K)* = (¥ = (C,K)) it can be show that Tg~ < g~

ii) In a Hausdorff and compact soft topological space, the compact soft sets are soft closed and the soft closed
sets are soft compact. Therefore we have g+ = Tgy+ and Tgc- = Tgp-.

Definition 3.9. Let (X,9,E), (Y, 1, K) be two soft topological spaces and E,*° be soft point in X. Then the soft
multifunction F: (X,9,E) - (Y, 71,K) is called;

i) soft upper C continuous at E,* if for each soft compact set (C,K) such that F(E,**) 1 (C,K) = ¢, there
exists (P, E) soft neighbourhood of E,*® such that F(E,*) A (C,K) =  for every E,* € (P,E).

ii) soft lower C continuous at E,*® if for each soft set (C, K) such that F(E,**) A (C,K) # ¢ and ¥ — (C,K) is
soft compact, there exists (P,E) a soft neighbourhood of E,*° such that F(E,*) A (C,K) # ¢ for every
E,* € (P,E).

RESULTS AND DISCUSSION

Theorem 3.10. Let F: (X,9,E) — (Y, 1, K) be soft multifunction. Then the following statements are true;

i) F is soft upper C continuous at E,*® if and only if the mapping f:(X,9,E) » (S(Y,K), tgc+, K) is
continuous at E,*°.

ii) F is soft lower C continuous at E,*® if and only if f: (X,9,E) - (S(Y,K), tgc-, K) is continuous at Eex"JF

Proof. i) () Let f(E.*)€S(Y,K)— (C,K)” € ;. Then we have that f(E.*) € (7 —(C,K)) =
{(4,K):(A4,K)EY —(C,K)} and f(E,*) € Y — (C,K). Then f(E,*) A (C,K) = ¢ and F(E,*) A (C,K) = .
Since F is soft upper C continuous at E,*°, then there exists (P,E) a soft neighbourhood of E,*® such that
F(E,*)N(C,K) = ¢ for every E,* € (P,E). Thus f(E,*) ¢ (C,K)™ and f(E,*) € S(Y,K) — (C,K)~. Thus we
have that

f:(X,9,E) - (S(Y,K), tgc+,K) is continuous at E,*°.

(&) Let (C, K) be a soft compact set such that F(E,*) A (C,K) = ¢. Then

F(E,®) & (C,K)~ andf(E,*) € S(Y,K) — (C,K)™ € Bs. Since f:(X,9,E) - (S(V,K),Tsc+,K) is
continuous at E,*°, then there exists (P, E) a soft neighbourhood of E,*° such that f(P,E) € S(Y,K) — (C,K)".
Thus f(E,*) € S(Y,K) — (C,K)~ for every E,* € (P,E). Therefore F(E,*) 0\ (C,K) = ¢. Hence F is soft upper
C continuous at E,*°.

i) Similarly it can be proof.

Theorem 3.11. Let (Y,7,K) be a Hausdorff soft topological spaces. Then the following statements are
equivalent for a soft multifunction F: (X,9,E) - (Y,1,K).

i) F is soft upper C continuous .

ii) F*(V, K) is soft open set for every soft open set (V, K) such that ¥ — (V, K) is soft compact.

iii) F~(H, K) is soft closed set for every soft compact set (H, K).

Proof. (i = ii) Let E,*° € F*(V,K) and (V,K) be a soft open set such that ¥ — (V/,K) is soft compact. Then
F(E,*) & (V,K) and F(E,*) A (}7 -, K)) # ¢. Since F is soft upper C continuous at E,*°, there exists (P, E)
a soft neighbourhood of E,*° such that F(E,*) & (V,K) for every soft point E,* € (P,E). Then we obtain
E,* € (P,E) € F*(V,K) and E,* € int(F*(V,K)). Therefore F*(V,K) & int(F*(V,K)). This shows that
F*(V,K) is soft open set.

(ii = iii) Let (H, K) be a soft compact set. Then (H, K) is soft closed. So, ¥ — (H, K) is soft open set such that
its complement is soft compact. By hypothesis, F* (17 - (H, K)) is soft open. Since F* (17 - (H, K)) =X-
(F~(H,K)), then X — (F~(H,K)) is soft open and F~(H, K) soft closed .
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(iii = i) Let (C, K) be soft compact set with F(E,*) A (C,K) = ¢. Then F(E,*°) € ¥ — (C,K). By hypthesis
F~(C,K) is soft closed and thus X — (F'(C,K)) =F* (Y’ - (C,K)) is soft open and E,*® € F* (¥ — (C,K)). If
we take (P,E) = F* (7 —(c, K)) soft open neighborhood of E,*°, then we obtain F(E,*) & ¥ — (C,K) for every
EXeFt (Y —(C, K)) and thus F(E,*) A (C,K) = §. Hence F is soft upper C continuous at E,*°.

Theorem 3.12. Let F: (X,9,E) — (Y,1,K) be a soft multifunction. The following statements are equivalent;

i) F is soft lower C continuous

ii) F~(V, K) is soft open set for every soft open set (V, K) such that ¥ — (V, K) is compact.

iii) F*(H, K) is soft closed set for every soft compact set (H, K).

Proof. Similar to previous proposition it can be proof.

Proposition 3.13. Let (Y, 7, K) be a soft topological space. Then the soft set families

Bs ={S(Y,K) — (L,K)* : (L,K) Lindelof} U {}}
Be ={S(Y,K)— (L,K)™ : (LK) Lindel6f}

are soft base and soft sub base for a different soft topological spaces on S(Y, K), respectively.

Proof. Since (L,K) = ¢ is soft Lindeldf set and (L, K)* = @ then S(Y,K) — (L,K)* = S(Y,K) € Bs. Thus
S(Y,K) = U iyep (B, K).

Let (H,K) € S(Y,K) — (L{,K)* and (H,K) € S(Y,K) — (L,,K)*. Then we have that

(H,K)e[SW,K) — (L, K)YIA[SY,K) — (L, K)T] =S, K) — [(L, KDt U (L, K)*]. Thus Bs is soft
base for a soft topological space.

Similarly it can be show that 5 is soft sub base for a soft topological space.

Definition 3.14. The topological spaces which mentioned in above proposition are called soft upper co-
Lindeldf and soft lower co-Lindel6f and denoted by tg;+, Tg;-, respectively.

Lemma 3.15. Every soft compact set is soft Lindelof set.

Proof. It is obvious from the definition of soft compact sets ans soft Lindelof sets.

Definition 3.16. (Y, 7, K) is called Lindel6f-closed soft topological space if every soft Lindelof set in (Y, 1, K)
is soft closed set.

Theorem 3.17. Let (Y, 7,K) be a soft topological space. Then the following statements are true for the soft
topological spaces Tg+, Tsi-» Tsc+> Tsc—> Tsy+» Tsy— on S(Y, K);

i) If (Y, 7, K) Lindelof-closed soft topological space then 74+ < Tgy+ and Tg;- < Tgy-.

il) Tge+ < T+ and Tge- < Tgp-.

Proof. i) Let S(Y,K) — (L,K)~ € Bs. Since (L,K),is Lindelof soft set by hypothesis (L, K) is soft closed.
Also, we know that S(V,K) — (L,K)™ = (17 —(L, K)) and (17 —(L, K)) € Tgy+ then we have S(Y,K) —
(L,K)™ € Tgy+. Thus Tg;+ < Tgy+. _

Similarly by use S(Y,K) — (L,K)* = (}7 - (L, K)) it can be show that 7g;- < Tgy-.

ii) In a soft topological space, the Lindelof soft sets are soft compact. So, the proof is obvious.

Remark 3.18. Let (Y, 7, K) be a Lindeldf-closed soft topological space. Then

Toet < T+ < Top+ and Tge- < Tg- < Tgp-.

Definition 3.19. Let (X,9,E), (Y,1,K) be two soft topological spaces and E,*° be soft point in X. The soft
multifunction F: (X,9,E) — (Y, 1,K) is called;

i) soft upper L continuous at E,*® if for each (L, K) soft Lindeldf set with F(E,*°) 1 (L, K) = ¢, there exists
(P, E) neighbourhood of E,*° such that F(E,*) A (L,K) = ¢ for every E,* € (P,E).

ii) soft lower L continuous at E,*® if for each (L, K) soft set with F(E,**) A (L,K) # ¢ and ¥ — (L, K) is soft
Lindeldf set, there exists (P, E) soft neighbourhood of E,*° such that F(E,*) A (L,K) #  for every E,* € (P, E).

Theorem 3.20. Let F: (X,9,E) — (Y, 1, K) be a soft multifunction.

i) F is soft upper L continuous at E,*° if and only if the mapping f:(X,9,E) > (S(Y,K), 15+, K) is
continuous at E,*°.

ii) F is soft lower L continuous at E,*° if and only if f: (X,9,E) - (S(Y,K), Tg,~, K) continuous at E,*°.

Proof. It can be show similar to Proposition 3.10.

Proposition 3.21. Let (Y, 7,K) be soft Lindeléf-closed topological space. Then the following statements are
equivalent for a soft multifunction F: (X,9,E) - (Y, 1,K);

i) F is soft upper L continuous at E,*® if and only if for every soft open set (V,K) with ¥ — (V,K) is soft
Lindelof and F(E,*°) € (V,K) there exists (P, E) soft open neighborhood of E,*° such that F(E,*) € (V,K) for
every E,* € (P,E).

ii) F is soft lower L continuous at E,*® if and only if for every soft open set (V,K) with ¥ — (V,K) is soft
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Lindeléf and F(E,*) A (V,K) # ¢ there exists such that
F(E,X) N (V,K) # ¢ forevery E,* € (P,E).

Proof. It can be show easily.

Theorem 3.22. Let (Y, 7,K) be soft Lindeldf-closed topological space. Then the following statements are
equivalent for a soft multifunction F: (X,9,E) - (Y, 1,K);

i) F is soft upper L continuous if and only if F*(V,K) is soft open set for every soft open set (V,K) with
Y — (V,K) is soft Lindelof.

ii) F is soft lower L continuous if and only if F~(V,K) is soft open set for every soft open set (V,K) with
Y — (V,K) is soft Lindelof.

Proof. i) () Let Y—(V,K) be a soft Lindeléf set and E,*° € F*(V,K). Then we have
F(E,*) & F(F*(V,K)) & (V,K) and thus F(E;*) i (¥ — (V,K)) = ¢. Since ¥ — (V, K) soft Lindelof and F is
soft upper L continuous at E,*° then there exists (P, E) soft open neighborhood of E,*® such that F(P,E) N (}7 -
(V,K)) =¢. Then F(P,E)E(V,K) and thus E,* € (P,E)EF*(V,K). Hence we have that
E,* € int (F*(V,K)). Thus F*(V,K) & int(F*(V,K)) and F*(V, K) is soft open set.

(&) Let (L, K) be soft Lindelof set and F(E,*°) A (L,K) = ¢. Then F(E,*) &€ Y — (L,K). Since (Y, 1,K) is
soft Lindelof-closed, by hypothesis we have F* (17 - (L,K)) is soft open seﬁ and E,* € F* (Y — (L,K) ). Put

(P,E) soft open neighborhood of E,*°

(P,E) = F* (¥ = (L,K)) soft open neighborhood of E,*®. Thus F(E,*) & F (F* (¥ - (L,K))) & (7 = (L,K0)).
Also F(F* (Y —(L,K))) A (L,K) = &. Hence F is soft upper L continuous at E,*°.

ii) () Let Y — (V,K) be soft Lindeléf set and E,* € F~(V,K). Then F(E,*°) A (V,K) # ¢. Since
Y — (V,K) soft Lindeldf and F is soft lower L continuous at E,*° then there exists (P, E) soft open neighborhood
of E,*® such that F(P,E) A (V,K) = ¢. Then

E,** € (P,E) & F~(V,K).Hence

E,* € int (F~(V,K)). Thus we obtain

F-(V,K) & int(F'(V, K)) and F~(V, K) is soft open set.

(&) Let ¥ — (V,K) be soft Lindelof set and F(E,**) A (V,K) # ¢. Since (Y,7,K) is soft Lindelof-closed
topological space then (V,K) soft open set. By hypothesis F~(V,K) is soft open set and E,* € F~(V,K). Put
(P,E) = F~(V,K) soft open neighborhood of E,*°. Thus we have that F(P,E) N (V,K) # ¢. Hence F is soft

lower L continuous at E,*°.

CONCLUSIONS

In this paper we study on hyperspaces of soft
sets. Then we give the relationship between of
hyperspaces of soft sets. We obtain characterizations
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