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ABSTRACT

Research on information and communication technologies have been developed rapidly since it can be
applied easily to several areas like computer science, medical science, economics, environments,
engineering, among other. Applications of soft set theory, especially in information systems have been
found paramount importance. Recently, Mukherjee and Das defined some new operations in fuzzy soft
multi set theory and show that the De-Morgan’s type of results hold in fuzzy soft multi set theory with
respect to these newly defined operations. In this paper, we extend their work and study some more basic
properties of their defined operations. Also, we define some basic supporting tools in information system
also application of fuzzy soft multi sets in information system are presented and discussed. Here we define
the notion of fuzzy multi-valued information system in fuzzy soft multi set theory and show that every fuzzy
soft multi set is a fuzzy multi valued information system.

KEYWORDS

Soft set, fuzzy set, soft multi set, fuzzy soft multi set, information system.

1. INTRODUCTION

In recent years vague concepts have been used in different areas such as information and
communication technologies, medical applications, pharmacology, economics and engineering
since; these kinds of problems have their own uncertainties. There are many mathematical tools
for dealing with uncertainties; some of them are fuzzy set theory [18] and soft set theory [12]. In
soft set theory there is no limited condition to the description of objects; so researchers can
choose the form of parameters they need, which greatly simplifies the decision making process
and make the process more efficient in the absence of partial information. Although many
mathematical tools are available for modelling uncertainties such as probability theory, fuzzy set
theory, rough set theory, interval valued mathematics etc, but there are inherent difficulties
associated with each of these techniques. Soft set theory is standing in a unique way in the sense
that it is free from the above difficulties. Soft set theory has a rich potential for application in
many directions, some of which are reported by Molodtsov [12] in his work. Later on Maji et
al.[10, 11] presented some new definitions on soft sets and discussed in details the application of
soft set in decision making problem. Based on the analysis of several operations on soft sets
introduced in [12], Ali et al. [2] presented some new algebraic operations for soft sets and proved
that certain De Morgan’s law holds in soft set theory with respect to these new definitions.
Combining soft sets [12] with fuzzy sets [18], Maji et al. [9] defined fuzzy soft sets, which are
rich potential for solving decision making problems. Alkhazaleh and others [[1], [4], [5], [7],
[16], [17]] as a generalization of Molodtsov’s soft set, presented the definition of a soft multi set
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and its basic operations such as complement, union, and intersection etc. In 2012 Alkhazaleh and
Salleh [3] introduced the concept of fuzzy soft multi set theory and studied the application of
these sets and recently, Mukherjee and Das[14] defined some new algebraic operations for fuzzy
soft multi sets and proved that certain De Morgan's law holds in fuzzy soft multi set theory with
respect to these new definitions. They also presented an application of fuzzy soft multi set based
decision making problems in [13].

Molodtsov [12] presented some applications of soft set theory in several directions, which
includes: the study of smoothness of functions, game theory, operations research, Riemann-
integration, probability, theory of measurement, etc. It has been shown that there is compact
connection between soft sets and information system. From the concept and the example of fuzzy
soft multisets given in the section 4.3, it can be seen that a fuzzy soft multi set is a multi-valued
information system. In this paper we define the notion of fuzzy multi-valued information system
in fuzzy soft multi set theory and application of fuzzy soft multi sets in information system were
presented and discussed.

2. PRELIMINARY NOTES

In this section, we recall some basic notions in soft set theory and fuzzy soft multi set theory. Let
U be an initial universe and E be a set of parameters. Let P(U) denotes the power set of U and
AcE.

A pair (F, A) is called a soft set over U, where F is a mapping given by F: A— P(U). In other
words, soft set over U is a parameterized family of subsets of the universe U.

2.1. Definition [12]

Let {U,:ieI}be a collection of universes such that N_,U,=¢ and let {EU e I} be a

collection of sets of parameters. Let U =[], FS (U,.) where FS(U,) denotes the set of all fuzzy

subsets of U,,E = 11 E, and AC E. A pair (F, A) is called a fuzzy soft multi set over U,

iel

where F: A—U is a mapping given by Vee A, F(e) = {L:ue Ul}:ie 1
luF(e) u

For illustration, we consider the following example.

2.2. Example

Let us consider three universes U, ={h,h,,h,,h,,h}, U, ={c,,c,,c;,c,} and U, ={v,,v,,v,} be the

99 ¢

sets of “houses,” “cars,” and “hotels”, respectively. Suppose Mr. X has a budget to buy a house, a
car and rent a venue to hold a wedding celebration. Let us consider a intuitionistic fuzzy soft
multi set (F, A) which describes “houses,” “cars,” and ‘“hotels” that Mr. X is considering for
accommodation purchase, transportation purchase, and a venue to hold a wedding celebration,

respectively. Let { E, E, ,E, } be a collection of sets of decision parameters related to the above
1 2 3

universes, where

E, = {eul,l =expensive, ¢, , =cheap, ¢, ; = wooden}
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E, :{euz,1 =beautiful, ¢, , =cheap, ¢, ;= Sporty},

E, ={eU3’1 =expensive, ¢, , =model,¢, ;= beautiful}.
Let y =TT, Fs(U,)> E=IT, E, and A c E, such that

{al (Ul’ Uy, U11)02 (UI’UZ’ U;l)a’j (UZ’ U, 3° le)azt (U3’ U, 3° U1l)a5 (Ul’ Uy 10 sz)as (Ul’ U, 20 U12)}'

Suppose Mr. X wants to choose objects from the sets of given objects with respect to the sets of
choice parameters. Then fuzzy soft multi set (F, A) can be represent as in Table 1.

Table 1. The tabular representation of the fuzzy soft multi-set (¥, A)

Ui a a a3 a  as  ag
h, 0.8 0.6 0.5 04 0.7 06
h, 04 05 07 05 05 04
U, | hs 0.9 0 1 01 1 08
hy 04 04 04 0 04 1

hs 0.1 1 0.8 08 1 0.1
C 0.8 09 0.6 0.8 0 0.7
Cy 1 0.6 0.1 0 0.1 0.1

Uil 08 1 0 08 07 09
ol 1 0 1 11 01
vi| 08 06 0 1 o1

Us | v 0.7 0.6 0.7 0.7 0.8 09
Vs 0.6 0 0.7 0 0 0.1

2.4. Definition [14]

The restricted union of two fuzzy soft multi sets (F, A) and (G, B) over U is a fuzzy soft multi set
(H,C)whereC=AnBandVee C,

H(e)=U(F(e).G(e)) = - ‘uel,biel
max {ﬂF(e)(u)7/lG(L’) (”)}

and is written as (F, A)U, (G, B)=(H,C).

2.5 Definition [14]

The extended union of two fuzzy soft multi sets (F, A) and (G, B) over U is a fuzzy soft multi set
(H, D), where D=AUB and Vee D,

F(e), if ee A—-B
H(e)=1G(e), if ee B—A
U(F(e),G(e)), if ee ANB,

where J(F(e),G(e)) = u ueU, piiel
max{,uF(e)(u),,uG(e) (”)}

31



International Journal of Computer-Aided Technologies (IJCAx) Vol.2, No.3, July 2015

and is written as (F, A) Uy (G, B)=(H,D).
2.6 Definition [14]

The restricted intersection of two intuitionistic fuzzy soft multi sets (F, A) and (G, B) over U is a
fuzzy soft multi set (H, D) where D=ANB and Vee D,

H(e)=N(F(e),G(e)) =H - U,}:ie IJ

- ‘ue
min{ gy, (W), fg., (W)}
and is written as (F, A)"\ (G, B)=(H,D).

2.7 Definition [14]

The extended intersection of two fuzzy soft multi sets (F, A) and (G, B) over U is a fuzzy soft
multi set (H, D), where D=AUB and Vee D,

F(e), if e A-B
H(e)=1G(e), if ee B—A
N(F(e),G(e)), if ee ANB
Where

N(F(e).G(e) = “ ‘uel, tiiel
min{/uF(e)(u)uuG(e)(u)}

and is written as (F, A) A (G, B)=(H,D).

2.8. Definition [14]

If (F, A) and (G, B) be two fuzzy soft multi sets over U, then "(F,A) AND (G,B)" is a fuzzy soft
multi set denoted by (F,A)A(G,B) and is defined by (F,A)A(G,B)=(H,AxB),where H is
mapping given by H: AXB—U and

V(a,b)e AxB, H(a,b) = “ uel, \iel |.
(@) [{min{/tp(a)(u),uc(,,)(u)} ' } ]

2.9. Definition [14]

If (F, A) and (G, B) be two fuzzy soft multi sets over U, then "(F,A) OR (G,B)" is a fuzzy soft
multi set denoted by (F,A)v(G.B) and is defined by (F,A)V(G,B)=(K,A><B),where K is
mapping given by K: AXB—U and

V(a,b)e AXB, K(a,b)= u uel biiel
(a,b)e AxB, K(a,b) Hmﬂx{ﬂm)(u),ﬂw)(u)} ue } ie J

2.10. Definition [8]
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An information system is a 4-tuple S = (U, A, V, f), where U = {uy, uy, us, ..., u,} is a non-empty
finite set of objects, A = {ay, a,, as,...., ay,} is a non-empty finite set of attributes, V =U,es V,, V,
is the domain of attribute a, f : U x A—V is an information function, such that f (u, a) € V, for
every (i, a) € U x A, called information(knowledge) function.

3. MAIN RESULTS

Mukherjee and Das [14] defined some new operations in fuzzy soft multi set theory and show that
the De Morgan’s types of results hold in fuzzy soft multi set theory with respect to these newly
defined operations. In this section, we extend their work and study some more basic properties of
their defined operations.

3.1. Proposition (Associative Laws)

Let (F, A), (G, B) and (H, C) are three fuzzy soft multi sets over U, then we have the following
properties:

1. (F,A) " ((G,BYA\ (H,0))=((F,A) " (G,B)) Ny (H,C)
2. (F,A)U, ((G,B) Uy (H,0)) = ((F,A) Uy (G, B)) Uy (H, C)

Proof. 1. Assume that (G,B)"\, (H,C)=(I,D), where D=BNC and Vee D,

u
1(e)=Gle)nH(e) = weU,biel
o Hmin{ﬂ(;(“(u),ﬂmu)} ! }l J

Since (F,4) A, ((G,B)Ay (H,C)) = (F,A) A, (I, D)» We suppose that (r, 4y~ (1,D)=(k,m) Where
M=AND=ANBNC and Vee M,

K(e)=F(e)nI(e) = Y ueU tiiel
ﬂK(@)(u)

where

Hg o @) = min {1, ), g1y, @O} = min{ g1 @), min{ g @), ) O} = min {1, G0), 10 @0), 3, 0D}

Suppose that (F,A) A, (G,B)=(J,N), where N=ANB and Vee N,

u .
J(@)=Fle)nGle)= [{min{ﬂp@) (“)’ﬂa(e)(u)} e Ui} e 1]

Since ((F,A)A (G,B)) Ay (H,C) = (J,N)A (H,C)» We suppose that (7, N)A, (H,C)=(0,NnC) Where
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VeeNmCzAmBmC,0(e)=J(e)mH(e)=H “ :ueU[}:iel]
0(e)\U

Hoe (u)= min{,ul,(g) (M)’ﬂH(e) (”)} = min{min{,uF(g) (”)nuc(e)(”)} ’II'tH(e)(u)}
= min{,uf(e) (), Moy (U)s My, (”‘)} =ty ()

Consequently, K and O are the same operators. Thus

(F,A)"\ ((G,B)", (H,C))=((F,A) " (G,B)) M (H,C).

2. Assume that (G, B) Uy (H,C)=(1,D), where D=BNC and Vee D,

[(e)=G(e)UH(e)= - el viel
ST {{;nax{;qnw<u>uuﬂ(ﬂ(u)} ! } ' ]

Since (F, A) Uy ((G,B) Oy (H,C)) = (F, A) Uy (1,D) » We suppose that (¢, 4) O, (1,0)=(k,m) Where
M=AND=ANBNC and VYee M,

K(e)=F(e)Ul(e)= Y ueU tiiel
ﬂK(@)(u)

where

Hg oy @) = max {1y (@), 1y @)} = max{ gt @), max { g @), g0 ) }} = max { gty ), g ), 1, )}

Suppose that (F,A) O, (G,B)=(J,N), where N=ANB and Vee N,

J(e)=F(e)UG(e) = . el piiel
‘ ‘ ‘ [{maX{/‘Fw(”)’ﬂG(m(”)} ! }l J

Since ((F,A) O, (G, B)) Oy (H,C)=(J,N) Uy (H,C)» We suppose that (J,N) Uy, (H,C)=(0,NNC)

where voe NnC=ANBAC, 0(e)=J(e)uH(e)=H “ :ueUi}:ieI]
0(e) U

Ho o (u)= max{ﬂue)(”)nume)(”)} = max{max{ﬂme)(”)’ﬂme)(”)} ’ﬂH(e>(”)}
= max { £y ) (), M) (), My 0y (0} = ) (10)
Consequently, K and O are the same operators. Thus

(F,A) U, ((G,B)Ug (H,C))=((F,A) Uy (G,B)) Uy (H,C).
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3.2. Proposition (Distributive Laws)

Let (F, A), (G, B) and (H, C) are three fuzzy soft multi sets over U, then we have the following
properties:

M. (F,A) U, ((G.B)YAg (H,O))=((F,A) Uy (G, B)) g (F,A) Uy (H,0))
). (F,A N ((G,BYUg (H,0))=((F,A) N (G, B)) Uy ((F,A) A\ (H,C))

Proof. (1). Assume that (G,B)M (H,C)=(I,D), where D=BNC and Vee D,

I(e)=G(e)nH(e) = “ uel, el
min {:uc(e)(“)nuf{(e)(”)}

Since (F,4) Uy ((G.B) Ay (H,C)) = (F,A) Oy, (1,D) » We suppose that (£, 4) O, (1,D)=(k, M) Where

M=AND=ANBNC and Yeec M,

K(e)=F(e)Ul(e) = Y ueU el
Hi oy (1)

where iy, (1) = max{ﬂp(e)(u)uuue) (u)}
= max {ﬂF(@ (), min {:uc(e) (”)7/111(()(“)}}
=min {max {ﬂF(c) (), U, (”)} ,max {/’lF(e) (), tyy ., (u)}}

Suppose that (F,A) O, (G, B)=(J,N), where N=ANB and Vee N,

u
J(e)=F(e)uGle)= ue U, riiel
‘ ‘ ‘ {{max{ﬂlf(g)(u)’ﬂc(f)(u)} ! } l J

Again, let (F,A) Oy (H,C)=(S,T), where T=ANC and VeeT,

S(e)=F(e)UH(e)= = ‘ueU, el
‘ ‘ ‘ ({max{ﬂﬂa(”)aﬂﬁm(”)} ! } l ]

Since ((F,A) Uy (G, B)) Ay ((F,A) Uy (H,C)) =(J,N) A (S,T)» We suppose that

(J,N)A (S,T)=(0,N "T) where YVee NNnT=ANBNC,

O(e)=J(e)NS(e)= “ ueu liiel
:uom(u)
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Mo, (1) = min{ﬂj(a)(u)’/lsm(u)}
=min {max {IUF(e) (), U, (u)} »max {IUF(e) (), My ) (u)}} = My, (1)

Consequently, K and O are the same operators. Thus

(F,A) Ug ((G,BYAg (H,0))=((F,A) Uy (G, B)) Mg ((F,A) Oy (H,0))

(2). Assume that (G,B) U, (H,C)=(I,D), where D=BNC and Vee D, I(e)=G(e)UH(e)

_ u uel, piiel
max{,ua(e)(u)v/‘ﬂ(e)(”)}

Since (F,4) A, ((G,B) Uy (H,C)) = (F,A) A (I, D) » We suppose that (F, A)A\, (1,D)=(K,M) where

M=AND=ANBNC and Yee M,

K(e)=F(e)nI(e) = Y ueU el
:ul((e)(u)

where Hi o) (1) = min {ﬂp<e)(’4),ﬂ1(e)(”)}
=min {lup(e) (1), max {;uc(e) (), Hy o (u)}}
= max {min {/IF(() (), He e (“)} ,min {:upm (), Mo (u )}}

Suppose that (F,A)A (G,B)=(J,N), where N=ANB and Vee N,

u
J():F( )ﬁG()z : Ui siel
€ € ¢ [{min{ﬂp(f)(u),ﬂc(e)(”)} ' } - ]

Again, let (F,A)", (H,C)=(S,T), where T=ANC and VeeT,

u
S(e)=F(e)nH(e)= cueU, piiel
‘ ‘ ‘ [{min{ﬂﬂm(”)»ﬂym(”)} ! } l ]

Since ((F,A) A (G,B)) Ug ((F,A) Mg (H,C))=(J,N)Ug (S,T), we suppose that

(J,N)U, (5,T)=(0,NNT) where Vee NnT=ANBNC,

O(e)=J(e)uS(e)= “ ue U, riel
Ho ()
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Ho () = max {42, , (), fhs,, ()}
= max{min {IUF(e)(”)’/uG(e) (”)} » min {'UF(e)(”)’/uH(w (”)}} = Hy () (W0)
Consequently, K and O are the same operators. Thus
(F,A) " ((G,B) g (H,C))=((F,A) Mg (G,B)) Ug ((F,A) M\ (H,C))
3.3. Proposition (Associative Laws)

Let (F, A), (G, B) and (H, C) are three fuzzy soft multi sets over U, then we have the following
properties:

L (F, A0, ((G.B)U, (H,C))=((F,A) U, (G,B)) Uy, (H,C)
2. (F,A) A ((G,BYAL (H,0))=((F,A) "\ (G,B)) "\ (H,C)
Proof. 1. Suppose that (G,B)U, (H,C)=(I,D), where D=BUC and Vee D,
G(e), if ee B—C
I(e)=1H(e), if eeC-B

U(G(e),H(e)), if ee BNC,

Since (F,4)0, (G, B) O, (H,C))=(F,A),, (I,D)» We suppose that (r, 4) O, (1,0)=(J, M) Where
M=AuD=AUBUC and Vee M,

G(e), if ee B—-C—A
H(e), if eeC—B-A
F(e), if ee A—-B-C
J(@)=1U(G(e),H (o)), if ee BNC—A,
U(F(e),H(e)), if ee ANC—-B,
U(Gle), F(e)), if ee ANB-C,
U(F(e),Gle),H(e)), if ee ANBNC,

Assume that (F,A) U, (G,B)=(K,S), where S=AUB and Vee S,

F(e), if ee A-B
K(e)=1G(e), if ee B—A
U(F(e),G(e)), if e ANB,

Since ((r,4)0, (G,B)) Uy (H,C)=(K,S),, (H,C)» We suppose that (k,$)O, (H,C)=(L,T) Where
T=SuUC=AUBUC and VeeT,
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G(e), if ee B—-C—A
H(e), if eeC—B-A
F(e), if ee A—-B-C
L(e)=1U(G(e),H(e)), if ee BNC—A,
U(F(e),H(e)), if ee ANC—-B,
U(Gle), F(e)), if ee ANB-C,
U(F(e),Gle),H(e)), if ee ANBNC,

Therefore it is clear that M =T and Vee M, J(e)= L(e), thatis J and L are the same operators.
Thus (F, 4) U, ((G,B) Uy (H,0))=((F,A) Uy (G,B)) Uy (H,C) -

2. Suppose that (G,B)A, (H,C)=(I,D), where D=BUC and Vee D,
G(e), if ee B-C
I(e)=<H(e), if eeC—-B

ﬂ(G(e),H(e)), if ee BNC,

Since (F,4)A, ((G,B)A, (H,C))=(F,A)A, (I,D)» We suppose that(r, o)A, (1,0)=(7,m) Where
M=AuD=AUBUC and Vee M,

G(e), if ee B—-C—A
H(e), if eeC—B-A
F(e), if ee A—-B-C
J(@)=1N(G(e),H(e)), if ee BNC—A,
N(F(e),H(e)), if ee ANC—-B,
N(Gle), F(e)), if ee ANB-C,
N(F(e),Ge),H(e)), if ec ANBNC,

Assume that (F,A)A\, (G,B)=(K,S), where S=AUB and Vee S,
F(e), if e A—B
K(e)=1G(e), if ee B—A

N(F(e),G(e)), if ec ANB,

Since ((F,A)A, (G, B)) A, (H,C)=(K,S)A, (H,C)» We suppose that (x, sy~ (H,c)=(L,T) Where
T=SuUC=AuUBUC and VeeT,
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G(e), if ee B—-C-A
H(e), if eeC-B-A
F(e), if ee A—-B-C
L(e) ={N(G(e), H(e)), if ee BNC—A,
N(F(e),H(e)), if ee ANC—B,
N(G(e), F(e)), if ee AMB-C,
N(F(e),G(e),H(e)), if ee ANBNC,

Therefore it is clear that M =T and Vee M, J(e)=L(e), thatis J and L are the same operators.
Thus (F, 4) A ((G,B)A\g (H,C))=((F,A) A (G,B)) g (H,C) -

3.4. Proposition (Distributive Laws)

Let (F, A), (G, B) and (H, C) are three fuzzy soft multi sets over U, then we have the following
properties:

). (F, AN ((G,BY D, (H,0)=((F,A) N\ (G,B)) U (F, AN (H,C))
). (F, AU, ((G.BY"\ (H,O))=((F,A) UL (G,B)) " ((F,A) U (H,0))

Proof. (1). Suppose that (G,B) U, (H,C)=(1,D), where D=BUC and Vee D,
Gle), if ee B-C
I(e)=1H(e), if eeC—B

U(Gle),H(e)), if ee BAC,

Since (F,4)A, (G, B)O,, (H,C))=(F,A)A, (I,D)» We suppose that (r, o)A, (1,0)=(J,m) Where
M=AuD=AUBUC and Yee M,

G(e), if ee B-C—A
H(e), if eeC-B—A
F(e), if ee A-B-C
J(e)=<U(G(e),H(e)), if ee BNC—A,
N(F(e),H(e)), if ee ANC—B,
N(F(e),G(e)), if ee AMB-C,
N(F(@.,U(G(e), H(e)), if ee ANBAC,

Assume that (F,A)A, (G,B)=(K,S), where S=AUB and Vee S,
F(e), if ee A-B
K(e)=4G(o), if e B—A

ﬂ(F(e),G(e)), if e ANB,

and (F,A)A\, (H,C)=(N,T), where T=AUC and VeeT,
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Fe), if ee A-C
N(e)=1H(e), if eeC—-A
ﬂ(F(e),H(e)), if ee ANC,

Since ((F, )", (G.B)) Uy ((F. A) A (H.C)) = (K.S) Uy, (N.T)» We suppose that (k,5)0, (V.7)=(0.P)
where P=SUT=(AUB)U(AUC)=AUBUC and Vee P,

G(e), if ee B-C—A
H(e), if eeC—B-A
F(e), if ee A-B-C
0(e) =<U(G(e),H (o)), if ee BNC—A,
N(F(e),H(e)), if ee ANC—B,
N(F(e),G(e)), if ee ANB-C,
N(F(e).U(G(e).H(e))), if ee ANBNC,

Therefore it is clear that M =P and Vee M, J(e¢)=0(e), that is “J” and “O” are the same
operators. Thus (r, 4)A, ((G,B) O, (H,C))=((F,A) A, (G, B) Uy ((F,A) A, (H,C))-

(2). Suppose that (G,B)A, (H,C)=(I,D), where D=BUC and Vee D,

Since (r,4) 0, (G, B)A, (H,C))=(F,A) Uy, (1,D) » We suppose that (r 4) O, (1,0)=(J,m) Where
M=AuD=AUBUC and Vee M,

G(e), if ee B—C—-A
H(e), if eeC-B-A
F(e), if ee A—-B-C
J(e)=1N(G(e),H(e)), if ee BNC—A,
U(F(e),H(e)), if ee ANC—B,
U(F(e).G(e)), if ee ANB—C,
U(F(e).N(G(e). H(e)), if e ANBAC,

Assume that (F,A) U, (G,B)=(K,S), where S=AUB and Vee S,
F(e), if e A—B
K(e)=1G(e), if ee B—A

U(F(e),G(e)), if ec ANB,

and (F,A) O, (H,C)=(N,T), where T=AUC and VeeT,
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Fe), if ee A-C
N(e)=1H(e), if eeC—-A
U(F(e),H(e)), if ee ANC,

Since ((F,4)0, (G.B)) A, (F.A) Uy (H.C)) = (K.S) A (N.T)» We suppose that (k sy, (N.7)=(0.P)
where P=SUT=(AUB)U(AUC)=AUBUC and Vee P,

G(e), if ee B-C—A
H(e), if eeC—B-A
F(e), if ee A-B-C
0(e) =<N(G(e),H(e)), if ee BNC—A,
U(F(e),H(e)), if ee ANC—B,
U(F(e),G(e)), if ee ANB-C,
U(F(e).N(G(e).H(e))), if ee ANBNC,

Therefore it is clear that M =P and Vee M, J(e¢)=0(e), that is “J” and “O” are the same
operators. Thus (r, 4) 0, ((G,B) A, (H,C))=((F,A) U, (G, B) A, ((F,A) Oy (H,C)) -

3.5. Proposition (Associative Laws)

Let (F, A), (G, B) and (H, C) are three fuzzy soft multi sets over U, then we have the following
properties:

1. (F,A)A((G,B)A(H,C))=((F,A) A(G,B))A(H,C)
2. (F,A)v((G,B)v(H,C))=((F,A)Vv(G,B))v(H,C)

Proof. 1. Assume that (G,B)A(H,C)=(I,BxC), where V(b,c)e BXC,

I(b,c)=G(b)NH(c)= “ ueU biiel
‘ ‘ Hmin{ﬂcw(”)’/‘Hu->(”)} ! } l ]

Since (F,A)A((G.B)A(H.C))=(F,A)A(I,BXC), We suppose that (F,A)A(I,BxC)=(K,Ax(BxC))

where ¥/(a.b,c)e Ax(BxC) = AxBxC, K(a,b,c)=F(a>m1<b,c>=H” ( ):ueU,}:ielJ
Hi oot

where fly, ;. ., (1) = min{:uF(e)(u)vﬂuh,c)(u)} = min{:uF(e)(u)v min{,uah) (u),,tlH<L,)(u)}}
= min {44, (10), g, (). My (0}

We take (a,b)e AxB. Suppose that (r, A)A(G,B)=(J,AxB) Where V(a,b)e AXB,

u
J(a,b)=F(a)nG() = ueU, iiel
’ ’ [{mjn{/umm(”),ﬂc(b)(”)} ! } l J
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Since ((F,A)A(G.B))A(H,C)=(J,AxB)A(H,C)» We suppose that (J,AxB) A (H,C)=(0,(AxB)xC)
where V(a,b,c)e (AxB)xC = AXBXxC,

O(a,b,c) = J(a,b)NH(c)= {L:ue U,}:ie 1
/uO(a.b.c)(u)

Hoap.e) ) = min{,um’h) (”)’/‘H@)(”)} = min{min{,um) (”)’/‘Gu))(”)} Y ) (”)}
= min {4 ) (), Mg, (), fhyg o (0} = B 0 (0)

Consequently, K and O are the same operators. Thus
(F,A)A((G,B)A(H,C))=((F,A)A(G,B))A(H,C).

2. Assume that (G,B)v (H,C)=(I,BxC), where V(b,c)e BxC,

1(h,0)=G(b)UH(c) = “ ‘uel, biiel
max {:UG(/;)(”)’,UH(”(“)}

Since (F,A)v((G.B)v (H.C))=(F,A)v (I,BxC), We suppose that (F,A)v (I,BxC)=(K,Ax(BxC))

where V(a,b,c)e AX(BXC)=AxBXC, K(a,b,c)= F(a)u[(b,c)z({u():ue U,}:ie 1]
K (ab.c) \U

where ly,, (1) = max {Il'lF(e)(u)’ILlI(b,(?) (”)} = max {ﬂF(e)(”)’ maX{ﬂG(b)(”)wuH(c)(”)}}
= max { ) (), gy W0 fy 0, @)}

We take (a,b)e AxB. Suppose that (F, 4)v (G,B)=(J,AxB) Where ¥ (a,b)e AXB,

J(a,b)=F(a)UG(b) = 4 ueU, tiiel
‘ ‘ [{max{ﬂn{,)(”)»ﬂcw)(”)} ! } l ]

Since ((F,A)v(G.B))v (H.C)=(J,AxB)v (H,C)» We suppose that (J,AxB)v (H,C) = (0,(AxB)xC)
where

V(a,b,c)e (AXB)xC = AXxBXC, O(a,b,c)=J(a,b)UH c) =HL():ue U,}:ie IJ
Hoap.o) U

where p, ., ., (1) = max {,uj(a’b) (), iy o (u)} = max{max {,um) (), g, (u)} 7 (u)}
= max {IUF(e) (u), My (u), Hy o (”)} =M apo) (u)

Consequently, K and O are the same operators. Thus
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(F,A)v((G,B)v (H,C))=((F,A)v(G,B))v (H,C).

4. An Application Of Fuzzy Soft Multi Set Theory In Information
System

In this section we define some basic supporting tools in information system and also application
of fuzzy soft multi sets in information system are presented and discussed.

4.1. Definition

A fuzzy multi-valued information system is a quadruple I”lf system (X LA, f ,V) where X is

a non empty finite set of objects, A is a non empty finite set of attribute, V = %V“ , where V is
ac

the domain (a fuzzy set,) set of attribute, which has multi value and f : X XA =V is a total
function such that f (x,a) eV forevery (x,a) € X XA.

4.1. Proposition

If (F ) A) is a fuzzy soft multi set over universe U, then (F ,A) is a fuzzy multi-valued

information system.

Proof. Let {U el } be a collection of universes such that [1._, U, =@ and let {El el }
IFS (U,

1

be a collection of sets of parameters. Let U =] ) where IFS (U ; ) denotes the set of

iel
all fuzzy subsets of U;, E=II, E, and ACE. Let (F,A) be an fuzzy soft multi set over
U and X = _U[U .. We define a mapping [ where f:XXA—>V | defined as
flxa)=xl pty,(x)

Hence V = UAV” where V_ is the set of all counts of in F(a) and U represent the classical set
ae

union. Then the fuzzy multi-valued information system (X A f ,V) represents the fuzzy soft

multi set (F,A).

4.1. Application in information system

Let us consider three universes U, ={h.,h.h,h.h}, U,={c,c,c;,c,}] and

ERINT3

U, ={vl,v2,v3} be the sets of “houses,” “cars,” and “hotels”, respectively. Suppose Mr. X has a

budget to buy a house, a car and rent a venue to hold a wedding celebration. Let us consider a
intuitionistic fuzzy soft multi set (F, A) which describes “houses,” “cars,” and “hotels” that Mr. X
is considering for accommodation purchase, transportation purchase, and a venue to hold a
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wedding celebration, respectively. Let {EUI,EUZ,EU}} be a collection of sets of decision

parameters related to the above universes, where

E, = {eUl’l =expensive, ¢, , =cheap, ¢, , = wooden}

E, {eUml = beautiful, ¢, , =cheap, ¢, ;= sporty},

2

EU3 {eu3,1 = expensive,e; , = rnodel,eU}’3 = beautlful}.

Let U=II_ FS(U,), E= [T, E, ~and A C E |, such that

{al (Ull’ Uy 12 U31)az (Ull’ .22 U;l)% (UZ’ U,3° Ug1)

(US’ U, 3° Ul) G5 = (Ull’ U, 10 U32) Gs= (Ul’ .22 U3,2)}'

Suppose Mr. X wants to choose objects from the sets of given objects with respect to the sets of
choice parameters. Let

F(a,)=({n/0.2,h,/0.4,h,/0,h,10.4,h 10} {c,/0.8,c,/0.1,¢,/0,c,/1},{v,/0.8,v,/0.7,v,/0}),
F(a,)=({n10.3,h,10.5,h,/0,h, /0.4, /1},{c, 10.9,c,/0.6,c,/1,¢,/0},{»,10.6,v,/0.6,v,/0}),
F(ay)=({h10.51,10.7,h,/1,h,10.4,h 10} ,{c,10.6,c,/0.1,¢,/0,c, /1} {v,/0,v,/0.7,v,/0.7}),
F(a,)={h10.4,h,/0.5,h/0.1,h,10,hs/1},{c,/0.8,¢c,/0,c,/0.8,¢c,/1} ,{v,/1,v,/0.7,v,/0}),
F(as)=({h10.7,h,10.5, 1, /1,h, 0.4,k 1} {c, /0,c,/0.1,¢,10.7,¢,/1},{v, /1,v,/0.8,v,/0}),
F(ag)=({h10.6,h,/10.4,1,10.8,h,/1,h;10.1},{c,/0,c,/0.1,¢,/1,¢, 11}.{v, /1,v,/0,v,/1}),

Then the fuzzy soft multi set (F,A) defined above describes the conditions of some “house”,

“car” and “hotel” in a state. Then the quadruple (X A f ,V) corresponding to the fuzzy soft
multi set given above is a fuzzy multi-valued information system.

3
Where X =UU, and A is the set of parameters in the fuzzy soft multi set and

i=1

V, ={h/0.2,h,10.4,1,/0,h,10.4,h;10,c,/0.8,¢,/0.1,¢,/0,¢, /1,v,/0.8,v,/0.7,v,/0},

V, ={110.3,1,/0.5,h,10,h, 10.4,h /1,¢,/0.9,¢,/0.6,¢,/1,¢,/0,v,/0.6,v,/0.6,v,/0},
V, ={h10.5,1,10.7,h, /1,h, 10.4,h /0,¢,/0.6,¢,/0.1,¢,/0,¢c,/1,v,/0,v,/0.7,v,/0.7},
V, ={h10.4,h,/0.5,h,10.1,h,/0,h; /1,¢,10.8,¢,70,¢,/0.8,¢,/1,v, /1,v,/0.7,v,/0},
V, ={h/0.7,h, 105, 11,h,10.4,h;/1,¢,/0,¢,/0.1,¢,/0.7,¢,/1,v,/1,v,/0.8,v,10},
V, ={h10.6,h,/0.4,h,10.8,h,11,h;/0.1,¢,10,¢,10.1,c, /1,¢,/1,v,/1,v,10,v,/1}

b}
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For the pair (h,,a,) we have f(h,a) =0.2, for (h,a,), we have f(h,,a,)= 0.4. Continuing

in this way we obtain the values of other pairs. Therefore, according to the result above, it is seen
that fuzzy soft multi sets are fuzzy soft multi-valued information systems. Nevertheless, it is
obvious that fuzzy soft multi-valued information systems are not necessarily fuzzy soft multi sets.

We can construct an information table representing fuzzy soft multi set (F ,A) defined above as

follows.
4.1. An Information Table

Table 2. An information table

X a; a as ay as a6
h; 0.2 0.3 0.5 0.4 0.7 0.6
h, 0.4 0.5 0.7 0.5 0.5 0.4

h3 0 0 1 0.1 1 0.8
hy 0.4 0.4 0.4 0 0.4 1
hs 0 1 0 1 1 0.1

C 0.8 0.9 0.6 0.8 0 0
C2 0.1 0.6 0.1 0 0.1 0.1

c3 0 1 0 0.8 0.7 1
C4 1 0 1 1
Vi 0.8 0.6 0 1 1 1
\p) 0.7 0.6 0.7 0.7 0.8 0
V3 0 0 0.7 0 0 1

5. Conclusion

The theory of soft set, fuzzy soft set and multi set are vital mathematical tools used in handling
uncertainties about vague concepts. In this paper, we have introduced the notion of fuzzy multi-
valued information system in fuzzy soft multi set theory. Here we shall present the application of
fuzzy soft multi set in information system and show that every fuzzy soft multi set is a fuzzy
multi valued information system.
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