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Abstract: Problem statement: In 1999 Molodtsov introduced the concept of a seft as a general

mathematical tool for dealing with uncertainty.

Tealutions of such problems involve the use of

mathematical principles based on uncertainty argtégision.Approach: In this study we recall the
definition of a soft set, its properties and itergiions.Results. As a generalization of Molodtsov’s
soft set we introduce the definition of a multiparderized soft set and its basic operations, namely
complement, union, intersection and GBonclusion: We give examples for these concepts. Basic

properties of the operations are also given.
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INTRODUCTION

Most of the problems in engineering, medical
science, economics, environments. have variou
uncertainties. Molodtsov (1999) initiated the cqytoef
soft set theory as a mathematical tool for dealiritp
uncertainties which is free from the above difftas.
After Molodtsov’'s work, some different operationsda
application of soft sets were studied by Cletral.
(2005), Majiet al. (2002, 2003). Furthermore Magt
al. (2001) presented the definition of fuzzy soft @etl
Roy and Maji (2007) presented the applicationshef t
notion to decision making problems. As
generalization of Molodtsov’s soft set we introdube
definition of a multisoft set and its basic opeyas,

a

Example 1: Let us consider a soft set (F, E) which
describes the “attractiveness of houses” that Mris
considering for purchase. Suppose that there are si
bouses in the universe U = {HH,, Hs, H4, H;, Hg}
under consideration and that E 5,{e, &, &, &} is a
set of decision parameters. The(® 2, 3, 4, 5) stand
for the parameters ‘“expensive”, ‘“beautiful”,
“wooden”, “cheap” and “in green surroundings”
respectively.

Consider the mapping F given by “houses (.)”, e
(.) is to be filled in by one of the parameterslE, For
instance, F (§ means “houses (expensive)” and its
functional value is the set {fJ: h is an expensive
house}

Suppose that F (e1) = {hh}, F (e,) = {hy, hs}, F (&) =

namely complement, union and intersection. We give], F (e) = {hy, hs, hs} and F (&) = {H.}. Then we can
examples for these concepts. Basic properties ®f thyiew the soft set (F, E) as consisting of the fuitog

operations are also given.

Preliminaries. We recall some basic notions in soft set
theory. Molodtsov (1999) defined soft set in the
following way. Let U be a universe set and let Eabe
set of parameters. Let P (U) denote the power fset o
and A0 E.

Definition 1: (Molodtsov, 1999). A pair (F, A) is called

collection of approximations:

(F,E)={( expensive housef, , h}h
(beautiful housed, ;h &h)

(wooden houses])

(cheap house§, ,h,h )

(in the green surroundings, 1}b}

a soft set over U, where F is a mapping given by F:

A-P (U). In other words, a soft set over U is a
parameterized family of subsets of the universeot) f
e A, F () may be considered as the set &f
approximate elements of the soft set (F, A).

Each approximation has two parts: a predicate and
an approximate value set.

The following definitions are due to Magt al.
(2003).
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Definition 2: For two soft sets (F, A) and (G, B) over they defined Hg) = F €) or G ). This was pointed

U, (F, A) is called a soft subset of (G, B) if: out by Ali et al. (2009). In fact also gave the definition
of restricted intersection.

e AQ0OBand

e [elA, F () and G €) are identical approximations Definition 10: If (F, A) and(G, B), are two soft sets,
then (F, A) and (G, B), denoted by (F, B)(G, B), is

This relationship is denoted Py,A)0(G,B). In  defined by:
this case (G, B) is called a soft superset of (Fard is
denoted byG,B) 0 (F,A). (F,A)O(G,B)=(H,AxB)

Definition 3: Two soft sets (F, A) and (G, B) over a
common universe U are said to be soft equal iAjHs a
soft subset of (G, B) and (G, B) is a soft sub$¢FpA).

where H(a,B) = F(a)N G(B)O(a B)0 Ax B.

Definition 11: If (F, A) and (G, B) are two soft sets,
Definition 4: Let E = {a, &,..., 6} be a set of then (F, A) OR (G, B) denoted by (F, A) (G, B), is
parameters. The NOT set of denoted by E, is defined  defined by:

by 1E = q1¢.,.7 .8 whereje =noteg .
YiE ={16a¢..7 ¢ e i (F. A) O(G, B) = (H, A<B)

Definition 5: The complement of a soft set (F, A) is
denoted by (F, A)and is defined byF, A)" =(F,q A)

where F°:qA - P(U) is a mapping given by Multiparameterized soft set: We introduce the
F(a)=U-F(qa),0a0q A. definition of a multiparameterized soft set andbisic
operations, namely complement, union, interseciuch

and OR. We give examples for these concepts. Basic
properties of the operations are derived.

where H(a,B) = F(a)U G(B)O(a )0 Ax B.

Definition 6: A soft set (F, A) over U is said to be a null
soft set, denoted by, if De0A, F €) =0 ( null-set).

Let U be a universe set and Be a set of

Definition 7: A soft set (F,~A? over U is said to be an parameters for(il such thaf )&, =0 . Let P (U) denote
absolute soft set, denoted Byif Je OA, F(e)=U. o

the power set ofu,E= | JE,R B denotes the power
Definition 8: The union of two soft sets (F, A) and (G, 0
B) over a common universe U is the soft set (H, C)setof E and AP (E).

whereC=AUB,andCe0 C: o . . .
Definition 12: A pair (F, A) is called a multipa-

rameterized soft set over U where F is a mappingri

F(e) it e0 A- B, by F: A - P (U). In other words, a multiparameterized
H(e) =1G(e) if e0 B A, soft set over U is a parameterized family of subsét
F(e)UG(e) if €0 ANB. the universe Uor eJA, F (€) may be considered as the

set ofe-approximate sets of the multiparameterized soft

Definition 9: (Ali et al., 2009). The extended Set(F.A).

intersection of two soft sets (F, A) and (G, B) oee £ le2 L id i ized soft
common universe U is the soft set (H, C) whereEX@mple2: et us consider a multiparameterized so

_ . set (F, E) which describes the “attractiveneshaises
C=AUB,anded C: : ’ - .
U in the state of Selangor, Malaysia” that Mr. X is
. considering for purchase. Suppose that there are te
F(e) if el A B houses in the universe:

He)=18() tene s U=, P, b, b, B, B, P, i, b, P
F(g)ﬂG(g) |f SDAmB - 1 ] ] ] 1] ] ] ] ] 0,
Under consideration and that £{Eq, E,, E3} is a
Note: The definition of intersection of two soft sets set of decision parameters. Lei Be a set of cost
given by Majiet al. (2003) was not correct because parameters given by.E= {e;; = expensive, & =
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cheap, e; very expensive,,q = very cheap} Eis a set
of location parameters given by, E {e,; = Subang
Jaya, €, = Klang, @ 3 = Ampang, g,= Shah Alam, g5

= Kajang} and k is a set of color parameters given by

E; = {e31 = green, g, = dark green, & = blue, g5 =
red}. Let E= [ JE and A P (E) such that:

A={a,={e} . a={e,. ¢} a={ & & .4
a,={e;} .a={e.. ¢ ¢
a,={e..e4.3={ ¢ .¢}}
Suppose that Fag) = {hy, hs, he, hy, g}, F (a2) =
{he, Iy}, F (as) =0 F (@4) = {hy, he, he}, F (as) = {hg},
F (0g) =0 and F €7) = {hg} Then we can view the

multiparameterized soft séff, A) as consisting of the
following collection of approximations:

FA={(a.{hh.h.n0) (af b.b)
(&.0){a{h.h.9) .
(a.{h}).(a.0) (3 {8Q)

G.B)={(a{h.h.h.h.0) (2l b.b)
(a0). (a{h.h.B) (a8 .
(a.0).(a{ h})}

ThereforgF,A) 0 (G, B)

Definition 14: Let P (E) be a power set of param- eters.
The not set of P (E) denoted $§(E), is defined by

1P(E)= {137 27 a..1 4 Whereqg = notay,L;.

Example 4: Consider the example as presented in
Example 2. The:

A={ra,={re} 1a={1 8,7 ¢}
133:{1 €:18.7€f .
a,={184},

& ={18.18.7 &}
a,={16.1¢84 .
18, ={1e,71 84} -

Each approximation has two parts: a predicate and

an approximate value set.

Definition 13: For two multiparameterized soft s€Es
A) and (G, B) over U, (F, A) is called a
multiparameterized soft subset of (G, B) if:

« alpgand

« [elA, F () and G §€) are identical
approximations
This relationship is denoted By,A)0(G,B). In

this case (G, B) is called a multiparameterized sof

superset of (F, A) denoted fg,B) 0 (F,A) .

Definition 13: Two multiparameterized soft s€f5, A)

Definition 15: The complement of amultipara-
meterized soft set (F, A) is denoted by (Ff ahd is

defined by (F, A)= (F°,7A) where F*:qA - P(U) is
mapping given by (a)=U~-F(ya),0a OqA.

Example 5: Consider the example as presented in
Example 2. Then we have:

(F A ={(1a{A1a}) (1 a{ & &}) .
(a{F1a}) (1af & a)})
(135 F('l 1 (a3t &8l
ah}-

and (G, B) over a common universe U are said to b@efinjtion 16: A multiparameterized soft set (F, A)

multiparameterized soft equal if (F, A) is a
multiparameterized soft subset of (G, B) and (GisB)
multiparameterized soft subset of (F, A).

Example 3: Let A = {0y, 04, 07} and B = {0y, 05, O3,
04, Os, 07} O P (E) clearly, Al B. Let (F, A) and (G,

B) be two multiparameterized soft sets over theesamsets of cost,

universe U = {h, hy, hs, hy, hs, hs, hy, hg, g, hyo,} such
that (F, A) = {@, {h2, hs, Mq}), (0 {hy, he}), (az,
{hoh} and:
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over U is said to be a nullmultipara- meterized set
denoted byp if OeOA, F (€) =0 (null-set).

Example 6: Suppose that there are ten houses in the
universe U, where U is the set of red and expensive
houses under consideration in Kajang. LetH, E; be
locations and colours parameters
respectively where £ {e; ; = Expensive, g = cheap,
€3 = very expensive,;q = very cheap}, E= {e;; =
Subang Jaya,,g = Klang, @3 = Ampang, ¢, = Shah
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Alam, &5 = Kajang} & = {e;; = Green, g, = dark  the multiparameterized soft set (H, C) where AUB,
green, g; = blue, g4 = light blue. LetE= | JE and A ande(IC:

if e0 A B,
H(e) ={G(g) if ed B A,
F(e)UG(e) if e0ANB.

O P (E) such that: F(e)

A:{alz{e&l} , 32:{ €15 €1 %} J

a={e..e..¢} .&{ & .8

8 = {q P %} a= { €, §}1 Example 8: Consider the example as presented in
a ={ }} Example 3.1. Let (F, A) and (G, B) be two
771820 82 multiparameterized soft sets over the same universe

= {hli h21 h31 h41 h:_)! mi h71 h8! hE): h10!} such that:

The multiparameterized soft set (F, A) is the

collection of approximations as given below: A :{31 :{el } aZ:{ e %}
A 10 B !

F () =0,F@)=0,.... Fa)=0 a,={e,.6,.¢} . a={ ¢
Thus (F, A) is a null multiparameterized soft set. S CHL N RES N
a,={e,.e}}
Definition 17: A multiparameterized soft set (F, A) r : B
over U is said to be an absolute multipar- amegeriz B_{bl_{e“’ J} ’ bz_{ Q} h { 8 g}
soft set denoted by, if Ce DA, F(e)=U . b,={e, .. 6} . b={ g, ¢}}.

Example 7. Suppose that there are ten houses in the Suppose that Fa) = U = {hy, hs, hs, hy, g, F

universe U where U is the set of red and expensw = fh F -0, F = {h F
houses under consideration in Kajang. Leb& a set of fi {)hs} {Fﬁ’(gg _D(G;) @) = {(ﬁ:}? an{d 1Gh(3mhg_} {hz(GS)

cost parameters such that & {e; ; = expensive, £ =
cheap, ez very expensive, ;g = very cheap} kEis a set
of location parameters such that € {e,; = Subang

he, he.}, G (b2) = {hg}, G (bg) =0, G (ky) = {hs, he} and
G (bs) = {hg, ho}. Then:

Jaya, €, = Klang, @ 3 = Ampang, g,= Shah Alam, g _ [~ = -
= Kajanzg} and gis asset of colour?aarameters such that c=AUB { o ={e } e={a e}
E; = {e31 = green, g, = dark green, & = blue, g, light ={ } : ={ t—;‘,} :
blue, g s =red} Let E= U E and AO P (E), such that: ={elz e, %}
¢={es e c={e.. 8}
A={a,={e}. 2={q: 8} . ¢ ={e }, ={e..e,.8}} -
2={as s ad Hence the union of the two multiparameterized soft
= {%5 %5} a= { €1 ‘é‘,} sets (F, A) and (G, B) over a common universe U is:
8 =\ &y &= &y) -
(e a=(ed] (HO)={(a{h.h.h.h ).
The multiparameterized soft set (F, A) is the (c.{h.h.h b ) (60)
collection of approximations as given below: (04 {h.h, hg})
F(a)= U,{ a)= U.... £a)= (c{h}) (e 0).(cfh W)
(Cs{ }) ( {h, ht})}

Then (F, A) is an absolute multiparameterized
soft set. Definition 19: The intersection of two multipara-
meterized soft sets (F, A) and (G, B) over a common
Definition 18: The union of two multiparamet- erized universe U is the soft set (H, C) where AUB, and
soft sets (F, A) and (G, B) over a common univéise  OeC:
95
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F(e) if €0 A B, Malaysia” that Mr. X and Mr. Y considering for
_ . purchase respectively over the same universe U;= {h

H(e)=)6) en B A i, o, Ny, 1, T, N, 1, o} such that A = fi; =

F(e)NG(e) if el ANB. {erd, 02 = {11, &1}, a3 ={€11, &1, &} B = {by =

b, = bs =

Example 9: Let (F, A) and (G, B) be two multi- {ellseuzs}posze tE]Z{LS}Faﬁ)S—EE?h??E . b F (0tp) =
parameterized soft sets over the same universe U z{\ﬁ v} and F @z) =0 and G () = {hy, hs, e, he), G
given in Example 8. Then: (by) = {hye} and G (B) =0, Then:

c=AUB={c,={e}.c={a, e} .

& ={en e 6} | &) . AxB={(a,h).(a.b) (a.B) (a.h(2ad

(a..b)(a.b)(a.n(a b

c;={e. e 8}
Csz{el""%"‘} ’C’:{ qz’%} ‘ Hence the (F, A)O (G, B) over a common
¢={e}.c={e,. 6., g}} universe U is:
Hence the intersection of (F, A) and (G, B) ovasU (H,AxB)={(( b){h Q}) (( a.b){ I;Q)
(0.9={(c.{h .h.h, n ) ((a.b) D). ( tz){ )
(c..{h}) . (c.0).(c { h .h.1}) ((2.0) 7).((a k) 1),
(e {h}) (g (q{ ) ((2.0) 7) ((a.8) ) ,
(e {huo}) ( )} (as b,) D)}
We now derive the following properties of union pyinition 21: If (F, A) and (G, B) are two mult-
and intersection of multiparameterized soft sets. iparameterized soft sets, then “(F, A) OR (G, B)’

Proposition 1: If (F, A), (G, B) and (H, Care three denoted by (F, AJI(G, B) is defined by:
multiparameterized soft sets ovéithen:

(F, A)O(G, B) = (H, Ax B)
i (F,A)U(G,B)=(G,B)U (F,A)

e (F,A)N(G,B)= (G,B) (F,A) where H(a,B) = F(a)U G(B)O(a B)0 Ax B.
*  (F,AU((G,B)U(H,C) = ((F,A)U(G,B))U(H,C)
*  ((F,A)N(G,B)N (H,C)((F,A)N(G,B)N (H,C) Example 11: Let us consider multiparameterized soft

sets (F, A) and (G, B) which describes the
((FAUG.B)N((FAU H.C) “attractiveness of houses in the state of Selangor
((F.A)U(G,B)N((F.AU (H,C) Malaysia” that Mr. X and Mr. Y considering for
((F,A)N(G,B))U((F,A)N (H,C) purchase respectively over the same universe U;= {h
( )U( ) ha, e, hy, hs, he, hy, hg, ho, hyo} such that A = f; =
{erd, dz ={e11, a1}, Oz ={€1,1, &1, &1}} B = {€ 14,
€.}, b2 = {E1 3, Bs = {E14 E:4}}. Suppose that Fd1)

= {hy, hs, b, hy, hig}, F (05) = {He, H7} and F @3) =0
Definition 20: If (F, A) and (G, B) are two 219G (® ={hahsbe heh G (b) = {Hig} and G (B)

multiparameterized soft sets, then “(F, A) AND &, =0, Then:
denoted by (F, A)J (G, B) is defined by, (F, Al (G, B)
= (H, AxB) whereH (a.8) = F(a)N G(8) 0 (a, ) 0 AxB. AxB={(a.b).(a.b) (a.B) (a.h(ad

(2.0) (&) (3.0 (- 2 .4}
Example 10: Let us consider multiparameterized soft
sets (F, A) and (G, B) which describes the Hence the (F, A)] (G, B) over a common universe
“attractiveness of houses in the state of Selangory is (H, Ax B):
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(F,.A)N(G,B))U((F.AN (H.C)

Proof: Straightforward from definitions 18 and 19.
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{(a.B){h.h.h.h. . b &),
(a.){h.h.h. b, &),
((a.b){h.h. b . h. &),
((2.b){h.h.h.B.1}),

((2.0) {h.h.hd) ((a.B{ b B
((a.b){h . h.h.G),
((as.0:) { h) (& B) D)} -

Proposition2: If (F, A) and (G, B) are two
multiparameterized soft sets over U then:

((F,A)O(G,B))
((F,AO(G,B))

(F,A O (G,Bj
(F,AY O (G,Bj

Proof: See Majiet al. (2003).

Proposition 3: If (F, A), (G, B) and (H, C) are three
multiparameterized soft sets over U, then:

*  (F,A)DO((G,B)O(H,C) = ((F,A)O(G,B))0(H,C),
(F,A)O((G,B)O(H,C) = ((F,A)O(G,B))O(H,C),
(F.A)O((G,B)I(H,C) =
((F,A)O(G,B))O((F,A)O(H,C),
(F.A)D((G,B)O(H,C) =
((F,A)O(G,B))O((F,A)O(H,C)).

Proof: Straightforward from definitions 20 and 21.
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