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Abstract: In this paper, we introduced the notion of soft multifunctions and definepiper and lower inverse of a soft multifunction
and prove basic properties. Then using these ideas we introducechtept®of upper and lower continuous soft multifunctions. Also
we obtain some characterizations and several properties concepgrgand lower soft continuous multifunctions.
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1 Introduction researchers from several domains such as knowledge
engineering 21,22], rough set theory3] and granular

There are various types of functions which play anCOMPUting P4,25. Pei and Miao 1§ showed the
important role in the classical theory of set topology. A operations of information systems are parallel to those of

great deal of works on such functions has been extendegOft Sets. They also investigated that there exist some
to the setting of multifunctions. A multifunction is a compact connections between soft sets and information
set-valued function. The theory of multifunctions was SYStemMS-
first codified by Bergeq]. In the last three decades, the ~ The topological structure of set theories dealing with
theory of multifunctions has advanced in a variety of uncertainies were first studied by Charig]} Lashin et
ways and applications of this theory, can be found foral. [14] generalized rough set theory in the framework of
example, in economic theory, noncooparative gamestopological spaces. Recently, Shabir and Néaz [
artificial intelligence, medicine, information sciencesla introduced the notion of soft topological spaces which are
decision theory (See 2] and references therein). defined over an initial universe with a fixed set of
Papageorgioud], Allbrycht and Maltoba 4] , Beg [5], parameters. Also they studied soft seperation axioms for
Heilpein [6] and Butnairu 7] have started the study of soft topological spaces. Zorlutuna et &l6] introduced
fuzzy multifunctions and obtained several fixed point the concept of soft continuity of functions and studied
theorems for fuzzy mappings. On the other hand, asome of its properties. Then Aygunoglu and Aygds][
Russian researcher Molodtsd®] jntroduced the concept studied continuous soft functions. Recently, Kharal and
of soft sets as a general mathematical tool for dealingAhmad [L8] defined the notion of a mapping on soft
with uncertainty and he successifully applied the soft setclasses and studied several properties of images and
theory into several directions, such as smoothness ofverse images of soft sets. Also they applied these
functions, theory of measurement, game theory, Riemanigoncepts to the problem of medical diagnosis in medical
integration and so on. Then, Maji et a@] [defined some  expert systems.
operations on soft sets and some basic properties of these In this paper our purpose is two fold. First, we define
operations are revealed ifi(]. Also, Aktas and Cgman  upper and lower inverse of a soft multifunction and study
[12] compared soft sets with fuzzy sets and rough setstheir various properties. Next, we use these ideas to
Applications of Soft Set Theory in other disciplines and introduce upper soft continuous multifunctions and lower
real life problems are now catching momentum. soft continuous multifunctions. Moreover, we obtain
We can say that soft sets are a class of speciakome characterizations and several properties concerning
information systems, and both researches of soft sets anslich multifunctions. In addition, we investigate the
information systems are the same formal structuresrelationships between soft multifunction and information
Information systems have been studies by manysystems.
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2 Preliminaries

Molodtsov B] defined soft sets in the following manner.
Let U be an initial universe set an& be a set of
parameters. LeP(U) denote the power set &f, and let
BCE.

Definition 1.[8] A pair (G,B) is called a soft set over U,
where G is a mapping given by

G:B—P(U)

Definition 2.[ 11] For two soft set§G, B) and (H,C) over
a common universe UG,B) is a soft subset ofH,C),

denoted by(G,B)C(H,C), if BC C andVx € B, G(x) C
H(x).

Definition 3.[9] Two soft sets(G,B) and (H,C) over a
common universe U are said to be soft equa3fB) is a
soft subset ofH,C) and (H,C) is a soft subset dfG, B).

Definition 4.[19] The complement of a soft séG B),
denoted by(G,B)¢, is defined by(G,B)¢ = ( B).
G®: B — P(U) is a mapping given by %x) = ( X),
vx € B. G° is called the soft complement functlon of G.
Clearly, (G°)¢ is the same as G andG, B)©)¢ = (G, B).
Definition 5.[9] A soft set(G,E) over U is said to be a
null soft set, denoted b, if Vx € E, G(x) = &

Definition 6.[9] A soft set(G E) over U is said to be an
absolute soft set denoted Uy if Yx € E, G(x) =

CIearIy,U —o andCD —U.
Definition 7.[9] The union of two soft setéG,B) and

(H,C) over the common universe U is the soft etD),
where D= BUC and for all xe D,

G(x) ifx e B\C
T(x):{H(x) if x e C\B
G(x)UH(x) ifxeCnB

This relationship is written aéH,C)U(G, B) = (T, D).
Definition 8.[11] The intersection of two soft set§&, B)
and (H,C) over the common universe U is the soft set
(T,D), where D= BnNC and for all x e D,
T(X) = H(x) N G(x). This relationship is written as
(H,C)N(G.B) = (T.D).

Definition 9.[16] Let | be arbitrary index set and
{(Gi,E)}iel be soft sets over U, then

(@) The union of these soft sets is the soft(s&tE),
where HX) = Ui Gi(X) for each x€ E.

We W”‘eig (Gi,E) = (H,E).

(b) The intersection of these soft sets is the soft set
(M,E), where Me) = iQIGi (x) forallx € E.

We Write_@I (Gi,E) = (M,E).
|

Proposition 2[16] Let | be arbitrary index set and
{(Gj,E) }iel be soft sets over U, then
C

(1) [ig(ei,a} N(Gi,E)",
@|pee]

Definition 10.[16] The soft sefG,E) over U is called a

soft point inG, denoted by g, if for the element & A,
G(e) # g and G€) =g foralle € E—{e}.

Definition 11[16] The soft point ¥ is said to be in the
soft set(H, E), denoted by g<(H, E), if for the element
x € E and Gx) C H(x).

and

U (Gj,E)°.
i€l

Proposition 3[?]Let xs€U and (G, B)CU. If xs& (G, E),
then x¢ (G, E)°.

Definition 12[15] Let T be the collection of soft sets over
a universe U, them is called a soft topology on U if

T1.0 and @ belong tot
T2. the union of any number of soft setgibelongs to

T3. the intersection of any two soft setsibelongs to

The triplet (U, 7,E) is called soft topological space
over U. The members afare called soft open sets in U
and complements of their are called soft closed sets in U.

Definition 13.[16] A soft set(T,E) in a soft topological
space(U, 1,E) is called a soft neighborhood (briefly: nbd)

of the soft point e@q if there exists a soft open sgt,E)
such that € (H,E)C(T,E).

The neigborhood system of a soft pokat, denoted by
N: (Xg), is the family of all its neigborhoods.

Definition 14[16] A soft set(T,E) in a soft topological

For other properties of these operations, we refer tospaceU, T, E) is called a soft neighborhood (briefly: nbd)

referencesg,11,19].

Remarl12] Zadeh's fuzzy set may be considered a
special case of the soft set.

Proposition 1[15] If (G,E) and (H,E) are two soft sets
over U, then

of the soft setG, E) if there exists a soft open sgil,E)
such that(G,E)C(H,E)C(T,E).

Theorem 1[16] The neighbohood system (Xg) at Xg in
a soft topological spaceU,T1,E) has the following
properties:

(@) If (H,E) € N¢(xg), then x € (H,E),

(1) ((G,E)U(H,E))° = (G,E)°N(H,E)". b) If (H,E) € N; d (H,E)C(M,E), th
(2) ((G,E)A(H,E))¢ = (G,E)°T(H,E)°. (M,(Ege NI('(XG),) € Nr(xg) and (H,E)C( ), then
@© 2014 NSP
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(©) If (H,E), (M,E) € Nr(xg), then(G,E)N (M,E) €
Nt (XG),

((d))lf (H,E) € N¢(Xg), then there is dM,E) € N;(xg)
such that(H,E) € N;(x;) for each % € (M, E).

Definition 15.Let(U, 7,E) be a soft topological space and
let (G,E) be a soft set over U.

(a) [15 The soft closure ofG,E) in (U,1,E) is the
soft set clG,E) = N{(SE) : (SE) is soft closed and
(G,E)S(SE)}.

(b) [16] The soft interior of(G,E) in (U, 1,E) is the
soft set infG,E) = U{(SE) : (SE) is soft open and
(SE)S(G,E)}.

Definition 18[3] Let (X, 1) be an ordinary topological

space and (Y,8) be a fuzzy topological space.
F:(X,T) = (Y,3) is called a fuzzy multifunction iff for
every xe X, F(x) is afuzzy setinY

RemarkSince every fuzzy set may be considered a soft
set, then every fuzzy multifunction may be considered a

soft multifunction.
Example 1Lett = {@,X,{a},{b},{a b}} be a topology
onX = {a,b,c} and leto = {53,\?,(6, E),(H,E)} be a

soft topology ovely = {yi1,Y2,y3} whereE = {e1, e, €3},
Gler) = {n1}, G(e) = {ys} and G(&) = o,

cl(G,E) is soft closed and the smallest soft closed setH (e1) = {y1,y2}, H(e2) = {ys} andH(e3) =Y. Then the

containing(G, E), in the sense that it is contained in every multifunction F :

soft closed set containings, E). Similarly, by property T3
for soft open setsnt (G, E) is soft open and the largest soft
open set contained i(G, E).

Corollary 1.Let (U, 1,E) be a soft topological space and
let (G,E) be a soft set over U. Then

(@) [19] (G,E) is soft closed iffG,E) = cl(G,E).

(b) [16] (G, E) is soft open ifiG,E) = int(G, E).

Theorem 2[16] A soft set(G, E) is soft open if and only
if for each soft se{H, E) contained in(G,E), (G,E) is a
soft neighborhood ofH, E).

Proposition 4Let (U

,T,E) be a soft topological space

and let(G,E) and(H,E)
(
(

be soft sets over U. Then
), then c[G,E)Ccl(H,E).
), then in{G,E)Cint(H,E).

(a) [15] If (G,E)C(H

)C(H,E
(b) [16] If (G,E)(H,E
Theorem 3[16] Let (U, 1,E) be a soft topological space
and let(G,E) be a soft set iover U. Then

(2) (cl(G,E))° = int((G,E)°).

(b) (int(G, E))° = cl((G,E)°).

3 Continuity of Soft Multifunctions

LetY be an initial universe set aritlbe the non-empty set
of parameters.

Definition 16.A soft multifunction F from an ordinary
topological space(X,7) into a soft topological space
(Y,0,E) assings to each x in X a soft se{ over Y. A
soft multifunction will be denoted by F (X 1) —
(Y,0,E). F is said to be onto if for each soft séB,E)
over Y, there exists a point g X such that Fx) = (G, E).

Definition 17.For a soft multifunction F: (X,7) —
(Y,o0,E), the upper inverse F(G,E) and the lower
inverse F (G,E) of a soft set(G,E) over Y are defined
as follows: F"(G,E) = {x € X : F(x)C(G,E)} and

F~(G,E) = {xe X :F(X)N(G,E) # a}.Moreover, for a
subset M of X FM) = U{F(x) : x € X}.

X,t) = (Y,0,E) given by

F(a = (GE), F(b) = (H,E) andF(c) =Y is a soft
multifunction but not fuzzy multifunction. Because the
soft set(H, E) is not a fuzzy set.

Proposition 5Let M be a subset of Xrhen the follows are
true for a soft multifunction E (X, 1) — (Y,0,E):
@ MCF*T(F(M)).IfFisonto M=F*(F(M)).
(b)MC F~(F(M)).IfFisonto M=F~(F (M)).

Proof(a) Let X € M. Then
F(X)CF (M) = U{F(x) :xe M} and sox € F(F (M)).
HenceM C F*(F (M)).

(b) The proof is similar tqa) .

Proposition 6.Let (G,E) be a soft set over .YThen the
followings are true for a soft multifunction F(X, 1) —
(Y,0,E):

(@) F*((G,E))
(b) F~((G,E)%)

X
X

=X—-F"(GE)

—X—F*(G,E).

Proof(a) If xe X —F~(G,E) thenx ¢ F~(G,E) which
implies F(X)1(G,E) = ® and thereforeF (X)C(G, E)°.
Thusx € F7((G,E)®) andX — F~(G,E)CF((G,B)°).
Conversely, Ifx € F*((G, E)®) thenF (x)C(G, E)® which
implies F(x)(G,E) = @ and thereforex ¢ F~(G,E).
Thusx € X —F~(G,E) andF " ((G,E)®)CX — F (G,E).
(b) If xe X—F*(G,E) thenx ¢ F*(G,E) which implies
F(X) € (G,E) and thereforeF (x)N((G,E)®) # @. Thus
x € F~((G,E)°) andX — F*(G,E)CF~((G,E)®).
Conversely, Ifx € F~((G,E)®) thenF (x)N((G,E)°) # @

which impliesF (x) ¢ (G,E) and thereforex ¢ F (G, E).
Thusx € X — F*(G,E) andF~((G,E)®)CX — F*(G,E).

Proposition 7.Let (G, E) be soft sets over Y for eaclei
I. Then the follows are true for a soft multifunction:F
(X,1) = (Y,0,E):

(8) F(U(Gi.E) = U(F~(G.E)).

(b) F*(@I(Gi,E)) = N(F*(Gi,E)).

i i€l
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Proof(a) For every x € F-~ ( (G.,E)) , ProofFirst assume that= is soft lower continuous.
o - . Let (G,E) soft open set ovey andx € F~(G,E). Then
FOON(Y(Gi,E)) # @. There existsi ¢ | such there is an open neighborho&{x) of x such thatF ()1

thatF (x)N(Gj,E) # ®.For the saméc |, xe F~(G;,E).
Therefore X € LEJI(F*.(Gi,E)). Thus
I

F(4(Gi,E) C 4 (F .(Gi.E)).
Conversely, For every € U(
i €| such thatx € F~ (G., E).

.(Gj,E)),there exists

For the samei ¢ I,

F()A(G,E) # @. Therefore, F(x) (C(G1,E) # ®
and X € F‘(~(Gi,E)) Thus
U(F .(G,E))CF~ ( (Gu,E))

icl
(b)The proof is S|m|Iar of a.
Definition 19.Let (X, 7) be an ordinary topological space
and (Y,0,E) be a soft topological spaceThen a soft
multifunction F: (X, 1) — (Y, 0,E) is said to be

(a) soft upper continuous ( briefly: soft u. c.) at a
point x € X if for each soft open(G,E) such that
F (X) C(G,E), there exists an open neighborhoo@p of
x such that Rz) C(G,E) forall z€ P(x).

(b) soft lower continuous ( briefly: soft I. c.) at a point
x € X if for each soft ope(G, E) such that Ax) (G, E) #

5, there exists an open neighborhoodxp of x such that
F(2N(G,E)# @forallze P(x).

(c) soft upper(lower) continuous if F has this property

at every point of X

Example et = {2, X,{a},{b},{a b}} be a topology
&3,\?,(0,5),(H,E)} be a
soft topology ovelY = {y1,y2,y3} whereE = {e;, e, €3},

onX = {a,b,c} and leto =

G(er) = {y1}, G(&) = {ys} and G(es) = &,
H(er) = {y1,y2}, H(e2) = {y3} andH( ) =Y. Then the
multifunction F : (X,7) — (Y,0,E) given by

F(a) = (G,E), F(b)=(H,E) andF(c) =Y is upper soft
multifunction. Because F*(G,E) = {a} € T and
FT(G,E)={ab}er.

Proposition 8A soft multifunction F. (X, 1) — (Y,0,E)

is soft upper continuous if and only if for all soft open set

(G,E) over U, F*(G,E) is open in X

ProofFirst suppose thaf is soft upper continuous.
Let (G,E) is be soft open set ovéf andx € F*(G,E).

Then from Definition 19 we know that there exists an

open neighborhoodP(x) of x such that for all

z € P(x), F(2Z(G,E) which means thafF " (G,E) is

(G,E) # @ for all ze P(x). SoP(x) C F~(G,E) which
implies thatF~(G,E) is open inX. Now suppose that
F~(G,E) is open. Letx € F~(G,E). ThenF~(G,E) is
an open neighborhood ofand for allze F~(G,E) we

haveF (2)N (G,E) # ®. SoF is soft lower continuous.
Theorem 4The followings are equivalent for a soft
multifunction F: (X, 1) — (Y,0,E) :

(a) F is soft upper continuous

(b) for each soft closed s€G,E) over Y, F (G,E) is
closed in X.

(c) for each soft set (G,E) over Yof Y,
cl(F~(G,E)) CF~ (cl(G,E)).
(d) for each soft set (GE) over Y,

F(Int(G,E)) C Int(F*(G,E)).

Proof(a)=-(b) Let (G,E) be a closed soft over. Then
proposition 1 implies (G,E)¢ is soft open and
T((G,E)*) = X — F(G,E), then sinceF~(G,E) is

open and s& (G, E) is closed.
(b)=(c) Let (G,E) be any soft set ove¥. Then
cl(G,E) is soft closed set. By (05~ (cl(G,E)) is closed

in X. Hence,cl(F~(G,E)) C F~ (cl(G,E)) and since
FT(GE) ¢ “(cl(GE)).cl(F(GE)) <
~ (cl(G,E)).
(c)=(d) Let( , ) be any soft set oveY. By (c),
ol(F~(G,E)%) C F~ (cl(G,E)°), X — F~((int(G,E)°) C
int(X - F~((int(G,E)®)),

X —X —F*(int(G,E)) C intF*(G,E).

(d)=(a) Let (G,E) be any soft set oveY. By (d)
FH(Int(G,E)) = F*(G,E) C Int(F™(G,E)) and so
F*(G,E) is open inX. They by proposition (1F soft
upper continuous.

Theorem 5The following are equivalent for a soft
multifunction F: (X, 1) — (Y,0,E) :

(a) F is soft lower continuous.

(b) for each soft closed sé6,E) over Y, F (G,E) is
closed in X.

(c) for each soft
cl(F*(G,E)) C F* (cl(G,E)).

(d) for each soft setG,E) over Y, F (Int(G,E)) C
int(F~(G,E)).

set (G,E) over Y,

Prooflt is similar to that of Theorem 4.

[12] A fuzzy topological spacéX,T) can be as well
be treated as a soft topological space. Edte a fuzzy set
with the membership functiopr. Now let us consider

open as claimed. The other direction is just the deﬂnmonlt(he family a—level setsF(a) for the functionp . If we

of soft upper continuty oF.

Proposition 9F : (X,7) — (Y,0,E) is soft lower

now the fam|IyF we can find the functiorug (x) by
means ofpig (X) = sup{a : x€ F(a)}. Thus avery fuzzy
setF may be considered a soft s€E,[0,1]). Then for

continuous multifunction if and only if for every soft set another soft topological spad®, o), the product soft

(G,E) overY, F (G,E) is open setin X

topological spaceX x Y can be considered in the usual

© 2014 NSP
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manner, i.e, the soft sets forgy x hc with gg € T and
hc € o form a basis for the product soft topologyx o

om X x Y, where any (xy) € X xY,
@:ifxeB

(98 x hc) (X,Y) {h(y): if x¢ B Thus

(g8 xhc) (x,y)Ch(y). We now set the following

definition.

Definition 20.For a soft multifunction F: (X,7) —
(Y,0,E), the graph multifunction &: X — X xY of F
is defined as &(x) =the soft set xx F(x), for every
x € X. over Xx Y, where x is the soft set over XWe
shall write {x} x F(x) for x; x F(x).

Lemma 1For a soft multifunction . (X, 1) — (Y,0,E),
the followings are hold:

(@) GE(M x (H,E)) =MNF*(H,E)

(b) Ge(M x (H,E)) = MNF~(H,E)

Proof(a)LetM be any subset ok and let(H,E) be any
soft set overY. Let x € Gf(M x (H,E)). Then
Ge(X)C(M x (H,E)) that is ({x} x F(x))CM x (H,E).
Therefore, we havex € M and F(x)C(H,E). Hence
xe MNF+(H,E).

Conversely, letx e MNF*(H,E). Thenx € M and
x € F*(H,E). Thusx € M and F(x)C(H,E) that is
Gr (X)C(M x (H,E)). Thereforex € Gt (M x (H,E)).
(b)LetM be any subset o and let(H, E) be any soft set
over Y. Let x € Gg(M x (H,E)). Then

@ # GE(X)M x (H,E)) = ({x} x F)NAM x
(H,E)) = ({x} n M) x (F(x)N )). Therefore, we

N(H,E
have x € M and F(X)N(H,E) # .
xe MNF~(H,E).

Conversely, letx e MNF~(H,E). Then x € M and
X € F~(H,E). Thusx € M andF (x)N(H,E) # @ that is

Hence

GE(X)N(M x (H,E)) # ®. Therefore
x€ Gg (M x (H,E)).
Theorem6Let F : (X,1) — (Y,0,E) be a soft

multifunction. If the soft graph function of F is soft lower
(upper) continuous, then F is soft lower (upper)
continuous.

ProofFor a subse¥ of X and(G,E) a soft set ovet, we
take(V x (G,E))(zy) = G‘Z;):fi zeV,

Let x € X and let (G,E) be soft open set such that
x € F7(G,E). Then we obtain thax € G¢ (X x (G,E))
andX x (G,E) is a soft set ove¥. Since the soft graph
multifuntion Gg is soft lower continuons, it follows that
there exists an open seP containg x such that
P € GE(X x (G,E). From here, we obtain that
P C F~(G,E). ThusF is soft lower continuous.

The proof of the soft upper continuity & is similar to
the above.

Theorem7Let F : (X,1) — (Y,0,E) be a soft
multifunction and M be an open set of. Xhen the
restriction F|yu is soft upper continuous if F is soft upper
continuous.

ProofLet (H,E) be any soft open set ovéf such that
(F|m)(X)S(H,E). SinceF is soft upper continuous and
F(x) = (F‘M)(X)Q(H,E), there exists open séi C X
containingx such thatF (z)C(H,E) for all ze U. Put
U; = U NM then we havéJ; is open set irM containing
x andF (Uy) = (F | )(U1)C(H,E). This shows thaF |y

is soft upper continuous.

Theorem8Let F : (X,7) — (Y,0,E) be a soft
multifunction and M be an open set of Xhen F is soft
lower continuous if and only if the restriction|fp is soft
lower continuous.

ProofLet (H,E) be any soft open set ovéf such that
(FIm)(X)N(H,E) # @®. Since F(x) = (F|m)(X), then

“

F(X)N(H,E) # ®. Also sinceF is soft lower continuous
there exists open sd) C X containing X such that

F(2)A(H,E) £ @ for all z€ U. PutU; = U NM then we
have U; is open set in M containing x and

F(U1)N(H,E) # ® Therefore

(Fm)(U)N(H,E) # ®.This shows thatF |y is soft
lower continuous.

Corollary 2.Let F : (X,7) — (Y,0,E) be a soft
multifunction and{M; : i € I} be an open cover set of
X.The followings are hold:

(a) F is soft lower continuous if and only if the restriction
F |m; is soft lower continuous for everyil.

(b) F is soft upper continuous if and only if the restriction
F |m; s soft upper continuous for evergil .

Proof(a): Letx € X andx € M; for ani € I. Let (G,E) be

a soft closed set ovef with F |y, (X)1(G,E) # @. Since
F is soft lower continuous ané(x) = F |, (X), there
exists an open sét containingx such thaP C F~ (G, E).
TakeP, = PN M;. ThenP; is an open set iivl; containing
x. We haveP; C F~ |y, (G,E). ThusF |y, is soft lower
continuous.

Conversely, leix € X and (G,E) be a soft closed set
overY with F(x)C(G,E). Since{M; :i € I} is an open
cover set ofX, thenx € M;, for ani, € I. We have
F~w, (®) = F(x) and hencex € F~|y. (G,E). Since
F~ |y, is soft lower continuous, there exists an open set
B=GnM, in M, such that x € B and
F~(G,E)NM;, = F~[y_(G,E) > B=GnNM;, whereG
is an open set inX. We havex €¢ B=GnNnM;, C
F~ |y (G.E)=F~(G,E)NM;, C F~(G,E). HenceF is
soft lower continuous.

(b): Itis similar to the proof (a).
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Definition 21.Let F: (X,T) — (Y,0) be a multifunction
andletG: (Y,0) — (Z,3,E) be a soft multifunction. Then
the soft multifunction GF : (X, 1) — (Z,3,E) is defined
by (GoF)(x) = G(F(x)).

Proposition 10Let F: (X, 7) — (Y, 0) be a multifunction

andletG: (Y,0) — (Z,3,E) be a soft multifunction. Then
we have

(@) (GoF)*(H,E)=F"(G"(H,E))

(b) (GoF)"(H,E) =F (G (H,E))

ProofClear from the Definitions 17 and 20.

Definition 22[1] Let (X,7) and (Y,0) be two ordinary
topological spacesThen a multifunction E (X, 1) —
(Y,0) is said to be

(a) upper semi continuous if for each open setV jin'Y

F* (V) is an open setin X

4 Soft Multifunctions in Information Systems

In this section, we introduce that that there exist some
connections between soft multifunction and information
systems. It is well known that soft sets are a class of
special information systems, and both researches of soft
sets and information systems are the same formal
structures.

Let us first introduce the definition of set-valued
(multifunction) information systems given by Pei and
Miao in [18] as follows:

Definition 25.[18] The quadruplgU, A F,V) is called an
information system, where W= {x1,%p,....%n} IS a
containing all interested objects, A {a3,a2,...,am} is a

. m .
set of attributes, \&= _ulvi where V is the value set of the
1=

attribute g, and F= {f1, f2,..., fn} where § : U —V;.

It is assumed that if;f: U — P(V;) is a mapping from
U to the power set of Vfor all j < m, then the
corresponding information systems are called set-valued

(b) lower semi continuous if for each open setV inY (multifunction) information systems.

F~(V)is an open setin X

Theorem 9Let F: (X, 1)
let G: (Y,0) —

— (Y, 0) be a multifunction and
(Z,3,E) be a soft multifunction. If F is

Definition 26.In  Definition 25, if the functions
fi :U — P(V;) are taken as a soft multifunction, then the
corresponding information systems are called soft

upper (lower) semi continuous and G is soft upper (lower)set-valued information systems.

continuous then GF is soft upper (lower) continuous.

ProoflLet (H,E) be any soft open set ové&:. SinceG is
soft upper continuous the@™ (H,E) is open inY. Since
F is upper semi continuous then
F*(G"(H,E)) = (GoF)™(H,E) is open inX. Therefore
GoF is soft upper continuous.

Definition 23.[16] A family ¥ of soft sets is a cover of a
soft set(G,E) if (G,E)C U{(Gi,E): (G,E)e W,icl}.
Itis soft open cover if each member®fis a soft open set.
A subcover of! is a subfamily of¥ which is also cover.

Definition 24[16] A soft topological spac€Y,o,E) is
compact if each soft open covertas a finite subcover.

Theorem 10The image of a soft compact set under soft

upper continuous multifunction is soft compact.

ProofLet F : (X,T) — (Y,0,E) be an onto soft

multifunction and le = {(G;,E) : i € |} be a cover o
by soft open sets. Then sin€eis soft upper continuous,
the family of all open sets of the for&*(Gj,E), for
(Gi,E) € ¥ is an open cover oK which has a finite
subcover. However since is surjective, then it is easily
seen that (F*(Gj,E)) = (Gj, E) for any soft se{G;,E)

overY. There is the family of image members of subcover

is a finite subfamily of¥ which coversy . Consequently
(Y,0,E) is soft compact.

To illustrate this definition, let us consider following
convenient example:

Example 3.et us consider a soft-valued information

systeml = (U,G,A,V) is defined by
U= {Xl,Xz}
A= {a; = houseay = car,az = city}

V' = Vhouse Vear UVcity
where Vhouse = {hl,h27h3}, Vear = {bl,bz,b3,b4} and
Veity = {CLCZ}-

G= {Gla GZv G3}
where, if
E = {e; = cheapg, = beautiful,es = comfortablg, then

G1:U — Veity, G1(x1) =

(F1,E) andGy (Xz)f (F2,E)

G2 ‘U —)Vcar, Gz (Xl) (Hl, ) andGz (Xz) (Hz7 )
G3 U — Ve, Gs(x1) = (Kg,E) and
Gs(x2) = (K2,E)
F : E — P (Mhouse s
Fi(er )={h17h3} Fi(e ) {h2},Fi(€3) = {hz, h3
) — P(Vhouse)a
Fo(er) = {h, o}, Fa(es ) {h3} ,Fx(e3) = {hz,hs}
H_’]_ . E — P(Vcar),
( ) = {b1,b3,ba} Hi(e2) = &, Hi(e3) = {b2,bs}
Ho : E — P (Vear),
Ha(e1) = @, Ha(e2) = {bs},Ha(€3) = {b1,ba}
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