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Abstract

Soft set theory was originally proposed as a general mathematical tool for dealing with uncertainty. Soft multiset and
fuzzy soft multiset are generalization concepts obtained from soft set theory. As a generlazation of fuzzy soft
multiset we introduce the definition of intuitionistic fuzzy soft multiset and its operations and study some of their
properties. Finally, we give an application in decision making problems.
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1. Introduction

In 1999 Molodtsov [1] initiated the theory of soft sets as a new mathematical tool for dealing with uncertainties
which traditional mathematical tools cannot handle. [2, 3], have further studied the theory of soft sets and used this
theory to solve some decision-making problems. Alkhazaleh, et al. [4], introduced soft multiset as a generalization of
Molodtsov’s soft set. Maji, et al. [5], introduced the concept of fuzzy soft set and studied its properties and also Roy
and Maji used this theory to solve some decision-making problems [6]. Alkhazaleh, et al. [7], defined the concepts
of possibility fuzzy soft set and gave their applications in decision making and medical diagnosis. After that Bashir
and Salleh [8], defined the concept of possibility intuitionistic fuzzy soft set and gave their applications in decision
making and medical diagnosis. Maji, et al. [9], defined the concept of intuitionistic fuzzy soft set and Maji [10],
defined some new operations on intuitionistic fuzzy soft sets and studied some results relating to the properties of
these operations. In 2011 Alkhazaleh and Salleh [11] introduced a concept of fuzzy soft multiset theory which is a
combination of fuzzy set and soft multiset. In this paper, we generalize the concept of fuzzy soft multiset to the
intuitionistic fuzzy soft multiset.We also introduce its basic operations, namely complement, union and intersection,
and their properties. An application of this theory in a decision making problem is given.

2. Preliminaries

In this section, we recall some basic notions in soft multiset theory,and fuzzy soft multiset theory.

Alkhazaleh, et al. [4] defined the soft multiset and Alkhazaleh and Salleh [11], defend a fuzzy soft multiset in
the following way.

U, tiel} (V=2 {EU.:iel }
Let : be a collection of universes such that i€l and let :
U:HP(Ui) (U) U.
be a collection of sets of parameters. Let iel where '/ denotes the power set of ~ !,
e-TTE.,

iel ' and AcE . Alkhazaleh et al. define the soft multiset as follows:

U,

F, A). . . . :
Definition 2.1. [4] A pair ( )IS called a soft multiset over where Fis a mapping given by

F:A>U.

ecC A F(g)

In other words, a soft multiset over U is a parameterized family of subsets of U. For may be

. . . (F, A
considered as the set of € - approximate elements of the soft multlset( ) .
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U, :iell (=2 {Ey el |

Let : be a collection of universes such that i<l and let ! be a collection of
U=IFNQ) u,) _E=HEUi

sets of parameters. Let iel where '/ denotes the all fuzzy subsets of ~ ', iel

and ACE

U

. . (F, A). . . L
Definition 2.2. [11] A pair ( )IS called a fuzzy soft multiset over ~ ' where Fisa mapping given by

F:A>U.

In other words, a fuzzy soft multiset over U is a parameterized family of fuzzy subsets of U. For

A F F, A
£ (g) may be considered as the set of € - approximate elements of the fuzzy soft multiset ( ’ ) .

/s called a

€
Definition 2.3. For any fuzzy soft multiset (F’A)’a pair (
U, —fuzzy soft multiset part €y, ; €3 nd Feui,,- < F(A)

a eAk={123..,n},ie{l,23..,m}and je{1,23..,r}

is a fuzzy approximate value set, where

Definition 2.4. For two fuzzy soft multisets (F’ A) and (G ' B) over U , (F’ A) is called a fuzzy soft

multisubset of (G ! B) if
0 A SB and

Ve, ; €8, (eui’j,l:eu_ jj (eui’j,GeU_ jj
)] 17/ is a fuzzy subset of "

a A k={1,23..,n},ie{1,23..,m}and e{1,2,3,...,r}_
(F,A)=(G,B)

where

G,B). .
This relationship is denoted by . In this case ( ) is called a fuzzy soft multisuperset of

(F.A)
Definition 2.5. Two fuzzy soft multisets (F’ A) and (G ' B) over U are said to be equal if (F’ A) is
a fuzzy soft multisubset of (G B ) and (G B ) is a fuzzy soft multisubset of (F’ A).

m
E = HEUi EU. ) 1 E .
=1 where i is a set of parameters. The NOT set of E denoted by is

1E=]]1Ey - = ST
1:! B where-IEUi {-Ieuivl nOteUivJ’VI’J}'

Definition 2.6. Let

defined by

Definition 2.7. The complement of a fuzzy soft multiset (F’ A) is denoted by (F’ A) and is defined
oy (P AL (FA) F*qA -U
F°(a)=C (F (7 a)),Vac-|A

where is a mapping given by

, Where C be any fuzzy complement.

F,A
Definition 2.8. A fuzzy soft multiset ( ' ) over U is called a semi-null fuzzy soft multiset denoted by

(F.A). F, A
~0; , ifat least one of a fuzzy soft multiset parts of ( ’ ) equals 0,

F A . .
Definition 2.9. A fuzzy soft multiset ( ) over Y is called a null fuzzy soft multiset denoted by
(F,A

)0 if all of a fuzzy soft multiset parts of (F' A) equals 0 .
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_ . F,A . . .
Definition 2.10. A soft multiset ( ) over U is called a semi-absolute fuzzy soft multiset denoted by

F,A)_ (eu.,"Fe .j=i'
( )~ L if AR for at least one i, & €A,

a eAk={1,23..,n}ief,23..,m}and jef,23..r}

Definition 2.11. A fuzzy soft multiset (F’A) over U is called an absolute fuzzy soft multiset denoted by
e, .,F =1,Vi.
(F,A)l |f (UivJ eUi,j)

Definition 3.6. The union of two fuzzy soft multisets(F’A)and (G’B) over U denoted by

(F'A)U(G’B) is the soft multiset (H ’C)where C=AUB, jpq Ve<C,
F(e), if ¢ A—B,
H(e)=1G(¢), if £eB—A, wheres be any fuzzy s-norm.
S(F(s),G(s)), if ¢ ANB.

_ : : : F,A G,B
Definition 3.7. The intersection of two fuzzy soft multisets ( )and ( )over U denoted by

(F'A)ﬂ(G’B)isthefuzzysoftmultiset (H ’C)where C=AUB, VecC, and
F(e), if ¢ A-B,
H(e)=1G(¢), if £¢eB—A,  wheretbe any fuzzy t-norm.
t(F(s),G(g)), if € ANB.

3. Intuitionistic Fuzzy Soft Multisets Theory
In this section, we introduce the definition of the intuitionistic fuzzy soft multiset,and itsbasic operation such as
complement, union and intersection. We give example for these concepts.

U iel) (U, =2 {E_:ie|}
Let : be a collection of universes such that i<l and let : be a collection
= IF .

U=[IIFU) ) _ U,
of sets of parameters. Let iel where '/ denotes the all intuitionistic fuzzy subsets of ~ ',
E = E,.

il} "ad ACSE

U 1

Definition 3.1. A pair ( )IS called an intuitionistic fuzzy soft multiset over where Fis a mapping

givenby F 1A > U

In other words, an intuitionistic fuzzy soft multiset over U isa parameterized family of intuitionistic fuzzy

subsets of U - For ccAF (8)

may be considered as the set of € - approximate elements of the intuitionistic
. F, A
fuzzy soft multiset ( ) .
Based on the above definition, any change in the order of universes will produce a different intuitionistic fuzzy
soft multiset.

U,U, and U,

Example 3.1. Suppose that there are three universes . Let us consider a intuitionistic fuzzy

LERNT3

. F,A
soft multiset ( )which describes the ‘attractiveness of houses *’, “cars” and “hotels” that Mr. X is considering
for accommodation purchase, transportation purchase, and venue to hold a wedding celebration respectively. Let

U, ={h,h,,h;}, U, ={c,.c,} g U ={v,.V,}.
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E, ={Ey, Eu, By, |
Let ! 2 3) be a collection of sets of decision parameters related to the above universes,

where
Ey, = {euly1 = very costly, €y, 2 = costly, €5 = cheap,eur4 = wooden,

T in green surroundings},
EU2 = {euz,l =very costly, €, = costly, €y, = cheap, , €y, = White},
EU3 = {eu3,1 = very costly,eusy2 = costly, €, 8= cheap, Bu 4 = in Kuala Lumpur,

€y,5= majestic}.

u :f[u:s (U,) E zf[Eui

A :{ai :(eu 1€y, 1€y ,1)1a2 :(eul,l’euz,veu3,1)vas :<eul,2’euz,3’eu3,1)’

Let and ACE , such that

1 27 3

a, = (eul,S’eu2,41eu3,2)’a5 = (eul,4’eu2,3’eu3,3 )}

Suppose that

((02?4 0401) (o.sr%o.l)Hoso 0505)}’{0801 0702}

h,
(0204 0401) (0.8,0.1)]"]( 0801 0602 050

|
{ h

i
0.7,0.2) 0701) (10)}’ (0801 0603}
i

3
0503 0404}

} |
({090 0503) (05h305)}{01 0206 {0801 0702}
o

o
[{ 0801 (0.7?30.2)}'{(0701 0801} 0505 0502)}

) o . F,A - ) .
Then we can view the intuitionistic fuzzy soft multiset ( )as consisting of the following collection of
approximations:

(F.A)=

17
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02,0 4)' (0.4, o 1)’ (o.sh,so.l)}’{(o.csl,o)’(0.50,20.5)} {(o 8,0.1)’ (o 7.0 )m

|
|
( H oglo (0.5, o 3) (0.5,30.5)}’{(5,11)’(0.20,20.6)}'{(0 8,0.1) (0.7, o 2 }]
[as ({(1,5) (o.sh,zo.l) (o.7rj3o.2)}’{(o.7c,lo.1) ’ (o.g,zo.l)}’{(o 5,0.5)"(0.5, 0 2 H }

Each approximation has two parts: a predicate and an approximate value set .
We can logically explain the previous example as follows:

N F(a)= [{(o,zr,]loA) ’ (0.:20.1) ’ (0.5?,30.1)} ’ {(o.(;l, 0)’ (0.5(5,20.5)} ’ {(0.;,10.1) ’ (o.;/,zo.z)B |

h, h, h,
. {(0.2,0.4) '(0.4,0.1)'(0.8,0.1)

3

{ 2
% {0204 0401) (038, 1)}’{( )(0801)} {(0602 0503}
o j

a3a

0.
l
(0.7,02)° 0701 ’ 0801 0603) (0503 0404

} is the intuitionistic fuzzy set of very costely houses to Mr. X THEN

0.8,0)'(0.5,0.5
the intuitionistic fuzzy set of relatively very costely cars to him is ( ) ( ) and IF

hl h2 h3
(0.2,04)'(0.4,01)"(0.8,01))
is the intuitionistic fuzzy set of very costely houses to Mr. X and

} is the intuitionistic fuzzy set of relatively very costely cars to him THEN the intuitionistic

s s

Vl V2
(0.8,0.1)'(0.7,0.2)

fuzzy set of relatively very costely hotels to him is { } It is clear that the relation in

intuitionistic fuzzy soft multiset is a conditional relation.

€., 'Fe j
Definition 3.2. For any intuitionistic fuzzy soft multiset (F’ A)’a pair ( P s called a
I:eU c F(A)
.YJ - -
and i is a fuzzy approximate
value set, where a €A k={123..,n}, ie{l,23..,m}and j€{1,23..,r}

Example 3.2. Consider the example as the one presented in Example 3.1. Then

U, —intuitionistic fuzzy soft multiset part ~ Vey, ; €&
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h3 e hl h2 h3
Fu (0.2, 04 (0.4, 0 1) (0.8,0.1)) J'{ """ (0.2,0.4)"(0.4,0.1)" (0.8,0.1) |
h, ; h, h, h,
"12'1 (0.7, 02 (0.7, o 1) (1,0)] | +*"|(0.9,0)"(0.5,0.3)'(0.5,0.5) | |’

:
LE { 8,00 (0_:30_2)}}}

intuitionistic fuzzy soft multiset part (F.A).

isa 1
F,A G,B F,A) .
Definition 3.3. For two intuitionistic fuzzy soft multisets ( ) and ( ) over U , ( ) is called a

B
intuitionistic fuzzy soft multisubset of (G’ ) if

0 A SB and

Ve, ; €3, (eui’j,FeU' j (eui,,-,GeU‘ )
(2) i)/ is an intuitionstic fuzzy subset of i)
where & EAK={123...n},ie{L23..m}and je{L23..,r}

This relationship is denoted by (F ’A)Q(G B ) In this case (G ’ B) is called an intuitionistic fuzzy soft
multisuperset of (F A )

Definition 3.4. Two intuitionistic fuzzy soft multisets (F’ A) and (G ' B) over U are said to be equal if
(F’ A) is an intuitionistic fuzzy soft multisubset of (G ’ B) and (G B ) is an intuitionistic fuzzy soft
multisubset of(F’ A).

Example 3.3. Consider the example as the one presented in Example 3.1. Let

A :{ai :(eul,veuz,l’eus,l)’az :(eul,Z'eUZ,S’eUS,l)’aS :(eul,meuz,aveus,s)}v

and

B = {bl :(eUl,l’eUZ,l’eU3,l)’b2 :(eul,l’eUZ,Z’eUS,l)’b?, :(eul,zieuz,s’eu3,1)v

b4 = (eul,s’euz,meug,z)’bs = (eul,A’euz,sveu3,3 )}

F,A G,B o .
Clearly AcB . Let ( ) and ( ) be two intuitionistic fuzzy soft multisets over the same U such

that
{ai' {(0.;10.4) | (0.:,20.1) ’ (O.QSO-l)}’{(O-%’ 0) (0-;20-5)}’{(0-;’10-1) | (0-;’20'2)”

hl

% {(0.2,0.4) ! (0:,20.1) ! (0.230-1)}’{(1(?5) | (0-;20-1)}'{(0-;5/’10'2) | (0'2'20'3)}]

h, h, h, C C, vy v,

(F,A)= % {(0.7,0.2)’(0.7,0.1)’(1,0)}’{(0.8,0.1)’(0.6,0.3)}’{(0.5,0.3)’(0.4,0.4)}J}

19
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{Lb“{osoz 0.7,0) (0-23:0)}{090 0702}{090 0801)}D
b2’{0401 0.1,0) (0-;30-1)}{ OBOHO?M 0701}}}
bs'{osm 08,0) (1%)}’{(090 0701},{(0702 OGOZH]

Sl e} e

Therefore (F’ A)Q(G' B).

m
E = H = E, e
Definition 3.5. Let i=1l where I is a set of parameters. The NOT set of E  denoted by 15 s
m
'|E:1__['|Eui -|EU_:{1eu_j:noteu_j,Vi,j}.
defined by i=l where : " P

Example 3.4. Consider the example as the one presented in Example 3.1. Here
= {'I Q= (-l €u 116,001 eU3,1)'-| Q= (-l €u 116,201 eu3,1)’
18 = (-l eul,z’-l euz,s’-l eu3,1)1-| a, = (-l eul,sv-l eU2,47-| eu3,2)’
18 = ('l eUl,4’-| eu2,3"| eu3,3)}
Definition 3.6. The complement of an intuitionistic fuzzy soft multiset (F’ A) is denoted by (F’ A)C
and is defined by (F’ A)C: (|:°’ 1 F*iqA U
F* (a) =C (F (-I a)) VaciA , Where C be an intuitionistic fuzzy complement.

Example 3.5. Consider the example as the one presented in Example 3.1. by using the basic intuitionistic
fuzzy complement we have

(F, A) ={(1a,F (1a)).(12,F (12)),(18: F (1)) (12, F (1)),
(-' a;, F (-| as))}

{[1 % {(o.:lo.z) (01, 0 2)' (0.1, o 8 { 0,0.8)'(0.5,0. 5)} {(0-\1/’10-8) | (0':’20'7)m

i
1o {(0.4%.2) (0.1, o 4)' (0.1, 08 }{ (01 08 } {(0'2’10'6) | (0'\3/’20'5)}}

) 1% {(0.2%.7)’(0.{?37) ((?,31)} {(0.1,0.8) (o.?(,:,zo.es)} {(0.9\:5.5)’(0.:1/,20.4)}]

h

o[ s s i ovoa) i i)

) where is a mapping given by

20
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[" aS’H((?,ll) ! (0.1%.8) | (0.2%.7)}’{(0.&.7) ' (0-53-8)}’{(0-;35) | (0-;’20-5)”

) F,A . .
Definition 3.7. An intuitionistic fuzzy soft multiset ( ) over U is called a semi-null intuitionistic

(F.A)_ 0
fuzzy soft multiset denoted by i

. L . F,A
, if at least one of an intuitionistic fuzzy soft multiset parts of ( )

equals 0 .

Uu,U,andU

Example 3.6. Suppose that there are three universes 3. Let us consider an intuitionistic fuzzy

. F,A) . . ‘ :
soft multiset ( ' )whlch describes the ‘‘attractiveness of stone houses *’, “cars” and ‘“hotels” that Mr. X is
considering for accommodation purchase, transportation purchase, and venue to hold a wedding celebration

respectively. LetUl :{hl’hZ’hfﬂ},UZ :{Cl'cz} a U, :{Vl’VZ}'

. B ~{Ey,.E0, By, |

where

nd
be a collection of sets of decision parameters related to the above universes,
EU1 = {eulyl = very costly, 8,2 = costly, €5 = cheap, €4 = wooden,

€5 = in green surroundings},
E, = {euz,l =very costly, e, ,=costly, e, ;=cheap, e, ,= white},

2

EU3 = {eusy1 = very costly, 8,2~ costly, 8,3 = cheap, € 4 = in Kuala Lumpur,

8,5 = majestic}.

U:f[IFS(Ui),E

3
[1e.,
Le i=1

A= {ai :(eu ,4’eU2,1’eU3,1)’ a, :(eul,4’euz,3’eu3,1)’ a, :(eul,4'eu2,3’eu3,3)}'

1

and ACE , such that

L . F.A) . . N
The intuitionistic fuzzy soft multiset ( ) is the collection of approximations as below:

(F’A)z 01

{Ryer ety em w)
{«?fl)’<321>’<331>}’{<f?>>’(o.gfo-l)}’{(o-gfo-zf<0-;’2°-3>m
N {«?fl)’(gi)’(3,31)}’{<0-§10-1>’(0-6C120-3>} ’{<°-5V110-3>’(°'X’2°'4)m

(F.A)
Then ~ M1 is semi-null intuitionistic fuzzy soft multiset.

Definition 3.8. An intuitionistic fuzzy soft multiset ( ) over Y is called a null intuitionistic fuzzy

(F.A)

F,A
soft multiset denoted by if all of an intuitionistic fuzzy soft multiset parts of ( ) equals 0 :

21
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U.,,U,andU

Example 3.7. Suppose that there are three universes ~ 1’ 2 3. Let us consider an intuitionistic fuzzy

. F.A) . . :
soft multiset ( ' )whlch describes the ‘attractiveness of stone houses *’, “very cheap red cars” and “hotels in
Kajang” that Mr. X is considering for accommodation purchase, transportat10n purchase, and venue to hold a

U, ={hl,h2,h3},U2 ={c,.C,} g Y ={v,.V,}.

wedding celebration respectively. Let

Ey, ={Eu, Eu, E

o) | 3 .
Let 3) be a collection of sets of decision parameters as given in the above example.

Let

A= {ai = (eul,4veu2,3’eu3,4)’ a, = (eul,4’euz,11eu3,4)}-

The intuitionistic fuzzy soft multiset (F’ A) is the collection of approximations given by
h h h c c Vv v
F,A = , 1 , 2 , 3 , 1 , 2 , 1 ’ 2
( )o & [{(0,1) (0,2) (0,1)} {(0,1) (0,1)} {(0,1) (0,1)}]

az,[{(:, 11) ’ (Sfl) ’ ((?,31)} | {(5,11) | ((():,21)} | {(2’/'11) | (3721)}]]

F.A) . o .
Then ( ) is a null intuitionistic fuzzy soft multiset.

Definition 3.9. An intuitionistic fuzzy soft multiset ( ' ) over U is called a semi-absolute intuitionistic
Fay (o, )
fuzzy soft multiset denoted by ~1; if for at least one i, 3 €A,
a eAk={123..,n}ie{l23.. ,m}and jef,23.., r}
Example 3.8. Suppose that there are three universes U,.U, and U 3. Let us consider an intuitionistic fuzzy

. F,A
soft multiset ( ! )Which describes the ‘‘attractiveness of wooden houses *’°, “cars” and “hotels” that Mr. X is
considering for accommodation purchase, transportation purchase, and venue to hold a wedding celebration

U, :{hl,hz,he,}’uz ={c,.C,} U, ={v,v,}.

respectively. Let and

Let o :{Eul’Euz
Let

) | 5 .
3) be a collection of sets of decision parameters as given in the above example.

A= {a1 = (eul,4’eu2,1’eu3,1)’az :(eul,4’euz,31eu3,1)’a3 =<eu1,4’eu2,3’eu3,3)}

o . F.A) . . I .
The intuitionistic fuzzy soft multiset ( ) is the collection of approximations given by

(F'A)zll:

&

{(1%) ’ (1%) ’ (1%)}’{(0%, 0)’ (0.50,20.5)} ’ {(0.3\3/,10.1) ’ (o.;/,zo.z)}]
{(1%) ’ (1%) ’ (1%)}’{(1(,:5) ’ (o.g,zo.l)}’{(o.f\sl,lo.z) ’ (0.5\3/,20.3)}]

{(1%) ' (1r,] 6) ' (1%)}’{(0.;,10.1) ' (0.(220.3)}’{(0.1\3/,10.3) ’ (0.21/,20.4)}]

{ou
"

£

F, A) . . o .
Then ( ) is a semi-absolute intuitionistic fuzzy soft multiset.

22
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o . (F,A) U . .
Definition 3.10. An intuitionistic fuzzy soft multiset over is called an absolute intuitionistic ¢
e, :,F =ii ,Vi.
(F’A)l if (Ui'J eUi'j)

U,U,andU

fuzzy soft multiset denoted by

Example 3.9. Suppose that there are three universes 3. Let us consider an intuitionistic fuzzy

, A) . : .
soft multiset ( ' )whlch describes the “attractiveness of wooden houses *’, ““ very costly white cars” and “hotels
in KL” that Mr. X is considering for accommodation purchase, transportation purchase, and venue to hold a

U, ={hl,h2,h3},U2 ={c,.C,} g Y ={v,.V,}.

wedding celebration respectively. Let nd

B ~{Ey,.E0, By, |
Let

be a collection of sets of decision parameters as given in the above example.

A= {31 :(eu1,4'eu2,1’eu3,4)’az = (eul,4’euz,4!eu3,4)}

o . F.,A) . . o .
The intuitionistic fuzzy soft multiset ( ) is the collection of approximations given by

(F.A) = aﬂ’({(flo)'(1%)’(1%)}’{(1?10)’(10,20)}’{(:6)’(16)}}

az’[{(lt})) | (1%) | (1},13)}’{(1?5) | (53)}’{(1 B) | (ZB)}

F,A) . o .
Then ( ) is an intuitionistic fuzzy absolute multisoft set.

F,A
Proposition 3.1. If( ' ) is an intuitionistic fuzzy soft multiset over U , then

((F.AY) =(F.p),

(F,A)"in =(F.,A)

(F,A)°O=(F,A)1,
(FAY .y =(F.A) g

C
Proof: The proof is straightforward .

=1’

4. Union and Intersection
In this section we define the operation of union and intersection and give some examples by using the basic
intuitionistic fuzzy union and intersection.

F,A B
Definition 4.1. The union of two intuitionistic fuzzy soft multisetss( ’ )and (G ' ) over U, denoted by

(F’A)U(G’B)’ is the intuitionistic fuzzy soft multiset (H ’C)where C=A UB’and VecC,
F(¢) if ¢c A-B,
H(¢)=1G(¢) if ecB-A,
U (F(¢).G(¢)) if £ ANB,

Atan

where |J is Atanassov union.
Atan

Example 4.2. Consider Example 3.1. Let
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= =|e
and
=[50y, (0,00 |
b4 = (eul’l,e )}
uppose (F’A) and (G’B) are two intuitionistic fuzzy soft multisets over the same U such that

{[aﬂ {(0.21,0)’(0.:20.1)’(0.2?: }'{(020)’(0-;’20-2)}’{(0?/81'0)’(0'\7/’20'1)}]]

% { o.r;l,o)’(o.7h,zo.2)’(1r,]2) ’{(0-;10-1 '(0-(:62,0)}'{(0?/51’0)’(0\-/42’0)}}
h

0)
( )} )
’ (1%) | (o:;z,o) | (0.7,30.1)}’{(0.(:71,0) | (0.5,20.1)}’{(0?/51, 0)’ (0-:‘/'20-1)} J}
o8
@

h,
b,
{{1 {030 0401 (0.9,0)]"|(0.8,0)’ 0602}{090 07,03 J]

h,

9 )
b h, h,
2 030 0401 0.9,0 090 0801 0503

)
sl
| gy o Hosol 0801}{0703 oaoz>m
e MH ]

By using the Atanassov union which is the bas ic fuzzy union we hav

(H.C)=(
h, h, h, c, c, v, Y
(0.3,0)'(0.4,0.2)’ (0.9,0)}’{(0.8,0) ’ (0.6,0.2)}’{(0.9,0) ! (0.7,0.1)}D
h
8

E

[+

Co {(o ,0)' (0 ;20 1)’ (1h3)}’{(0-;10-1)'(0-082’0)}’{(0?/71'0)’(0\-/62’0)}]]
{

| [ao 059 @ 7h30-1>}’{<o-c71,o>’<o-§fo-1>}'{<o-vsl,0>’<0-Z’2°-1>m}
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[c“{{(ogo)’(o.zzo.n’(0-2310)}’{(0?81,0)’(0-;20-2>}’{<°-V9110>'<°-;’2°'3)m

[CS’[{(o.hsl,O) ’ (o.:,zo.l) ’ (02’3’ 0)}’{(3,11) | (0-;20-3)}’{(0-;'10-1) | (0-;’20'1)} B}

Remark 4.3. The Atanassov union can be replaced by any S-norm which is a general intuitionistic fuzzy union
(see [12].

- F.A) (G,B H,C o :
Proposition 4.4. If ( ) : ( ) and ( ) are three intuitionistic fuzzy soft multisets over U , by
using the basic intuitionistic fuzzy union ,then

. (F,AUG,B)UH,C)) = ((F,AUG,B)UH,C),
(F,AUF,A) =(F,A),
(F.AUG.A) g =(R.A),

(F.A)UG.A)g=(F.A),

i: (F.AJUG.B) o =(R.D).
| F,A)U(G,B),= (F.A) if A=B, e D - A LB
Vi, (FAJU(E.B)o= (R,D) otherwise W - ’
vii. (F’A)U(G’A)zL :(R'A)z]i'
i (FAUGAY=GA),
- ey JBPR TASB
) (F,A)U(G, )z;_ {(R,D) — . whereD =AUB,
| (G.B), if AcB,
(F.A)UG.B)y _{ where D =AUB.

(R,D) otherwise

X.
Proof: The proof is straightforward .

I . _ o _ F.A G,B
Definition 4.5. The intersection of two intuitionistic fuzzy soft multisets ( )and ( )over U

denoted by (F’A)ﬂ(G B ) is the intuitionistic fuzzy soft multiset (H C )where C=AUB, VecC,
and
F(e) if ¢ A-B,
H(¢)=1G(¢) if eeB-A,
N (F(¢).G(¢)) if £ ANB,

Atan

where () is Atanassov intersection.
Atan

Example 4.6. Consider Example 3.10. By using the Atanassov intersection which is the basic intuitionistic
fuzzy intersection we have

(F.A)UG.B)=(H.C)=
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Remark 4.7. The Atanassov intersection can be replaced by any T-norm which is a general intuitionistic fuzzy
intersection (see [12].

. F,A G,B H,C L :
Proposition 4.8. If ( ) , ( ) and( ) are three intuitionistic fuzzy soft multisetss over U , by
using the basic intuitionistic fuzzy intersection ,then

(F.A)N((G.B)N(H.C))=((F.A)N(G.B))N(H.C),

. (F.AN(FA) =(F.A),
N (F.ANGA) o =(RA) g -
N (F,A)ﬂ(G,A)OI =(R, A)oi :
(R.D)., if AcB
V (F,A)F](G,B)zol :{(R,D) i OtherWise,whereD =AUB,
(R,D)g if AcB
| (F.A)N(G,B), ={(R,D) stherwise’ where D =A UB,
C(FANE AL =(R.D)
viii, ANG.A) =(F.A).
 (FANGE), ~RD)
AN

5. Intuitionistic Fuzzy Soft set Based Decision Making
We begin this section with a novel algorithm designed for solving intuitionistic fuzzy soft set based decision
making problems, which was presented by Y. Jiang Y. Tang and Q. Chen which was presented in Jiang, et al. [13].

5.1.Y. Jiang Y. Tang and Q. Chen’s Algorithm 1.

w=(F,A)

a. Input the intuitionistic fuzzy soft set

26
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N A:A—|0,[x]0, . .

Input a threshold intuitionistic fuzzy set [ ] [ ] or choose the mid-level decision rule; or
choose the top-bottom-level decision rule or the top-top or bottom-bottom-level decision rule for decision
making.

Compute the level soft set L(w;2) or the (s,t) - level soft set L(w,s,1) ; or the mid, top-bottom, top-

top or bottom-bottom-level soft set.
Present the level soft set L(w;2) .
The optimal decision is to select O if G = Mmax; ¢, :

0
If K has more than one value then any one of ~¥ may be chosen.

5.2. Intuitionistic Fuzzy Soft Multiset Theoretic Approach to Decision Making Problems.
In this section we suggest the following algorithm to solving intuitionistic fuzzy soft multisets based decision

making problems. We note here that we will use the name (AA) for Y. Jiang ,Y. Tang and Q. Chen’s algorithm 1

(see [13].

Algorithm 1:

a. Input the intuitionistic fuzzy soft multisets (F,A) :

b. Apply (AA) to the first intuitionistic fuzzy soft multisets part in (F,A) to get the decision Skl .

c. Redefine the intuitionistic fuzzy soft multisets (F,A) by keeping all values in each row where Ski is
maximum and replacing the membership values in the other rows by zero to get (F, A)“e"” .

d. Apply (AA) to the second intuitionistic fuzzy soft multisets part in (F, A)”e"” to get the decision Skz .

e. Redefine the intuitionistic fuzzy soft multisets (F, A)"e"“ by keeping the first and second parts and apply
the method in step 3 for the third part to get (F, A)“eWZ .

f.  Apply (AA) for the third intuitionistic fuzzy soft multiests part in (F, A)”eWZ to get the decision S"S .

g. The decision (S S+ Si,) . Where S5k, and S, the decision come from step 2, 4 and 6

respectively.

5.3. Application in a Decision Making Problem:
Consider Example 3.1.Which is represent the intuitionistic fuzzy soft multisets
theory.

Now we apply (AA) to the first intuitionistic fuzzy soft multisets part in (F.A) by using the Mid-level

Table-1. Tabular representation the first intuitionistic fuzzy soft multisets part.
U ¢ S & Ss S
h | (0.2,04) | (02,04) | (0.7,0.2) | (09,0) | (10)
h, | (0401 | (04,01 |(0.7,0) | (0503) | (0,0.0)
h, | (08,01 | (08,0.1) | (L0) (0.5,0.5) | (0.7,0.2)

decision rule in table (2).

Table-2. Tabular representation of the mid-level decision rule with choice value.

U1 51 52 53 54 55 Choice value
h 0 0 0 1 1

Cl
h, [0 [0 [o [0 [o g,
h, [1 [1 |1 [o [o |g

1

N

Il
w|lo| N

From table (2) it follows that the maximum choice value is G = 3 so the optimal decision is to select h3.
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Now we redefine the intuitionistic fuzzy soft multiset (F,A) by keeping all values in each row where h3 is the

maximum and replacing membership value in other rows by zero to get (F, A)”9W1 .

Table-3. Tabular representation of (F, A)”e""l'
U, | & & S5 &4 S
C (0.8,0) ,0) (0.8,0.1) | (0,2) | (0,2

¢, | (0505) | (0.8,0.1) [ (0.603) | (0,2 | (0,)

Now we apply (AA) for the second intuitionistic fuzzy soft multisets part in (F, A)”e"ﬂ to take the decision

form the availability U, .
The tabular representation of resultant second intuitionistic fuzzy soft multiset part will be as in table (4).

Table-4. Tabular representation of _ 2 - intuitionistic fuzzy soft multisets part.

Llale e (& |6 |G
c |1 |1 [1 [1 1 5

c, |0 |0 |0 [T [1 [c=2

C =
C, =

From this table it follows the maximum choice value is G , S0 the optimal decision is to select C1.
Next we define the intuitionistic fuzzy soft multiset (Fs A)renn by keeping all values in each row where € is

the maximum and replacing the membership value in other rows by zero to get (F, A)”eWZ .

F,A) -
Table-5. Tabular representation of( ! )n9W2

Uy | & & & & | &
[ (08,0.2) [ (06,0) [ (0503) [ (0, | (0.1)
v, | (0.7,0.2) | (0.8,0.1) | (0.4,04) | (0,) | (0,1)

Now we apply ( )to the third intuitionistic fuzzy soft multiset part in (F, A)”ewz to take the decision form

the availability ~ 3. The tabular representation of resultant third intuitionistic fuzzy soft multiset part will be as in
table (6)

Table-6. Tabular representation of _ ° - intuitionistic fuzzy soft multisets part.

Uy [ 4 & | & [ & | & | Choievalue
v, 1 (1 |1 |1 1 c,=5
v, 0|0 |0 |1 1 c,=2

From the above table, it is clear that the maximum choice value is €= 5

Vl.

so the optimal decision is to select

Then from the above results the decision is (h3’ € Vl) .
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5.4.Y.Jiang, Y. Tang and Q. Chen’s algorithm 2.
Algorithm 2:

a.

b.

e.

f.

:<F,A,W>_
/1:A—>[0,1]><[O,1]

Input a weighted intuitionistic fuzzy soft set S

Input a threshold intuitionistic fuzzy set ( or give a threshold value pair

s,t) €/0,1]x|0,1 : . -

(s.0) e[ ]X[ ] ) or choose the mid-level decision rule; or choose the top-bottom-level decision rule;
or choose the top-top-level decision rule; or choose the bottom-bottom-level decision rule) for decision
making.

Compute the level soft set L(F, Ay 2) of S w.r.t. the threshold intuitionistic fuzzy set A (or the set
(s,1) -level soft set LKF, A S,t)) or the mid-level soft set L((F, A);mid) ;or

L((F, A); topbottom)

the top- bottom-level soft set or the top— top-level soft

set L((F, A); toptop) ; bottom— bottom-level soft set L((F,A};bottombottom)).
Present the level soft set LKF, Ax4) or I‘(<F"A‘>;S’t);or L(F, A); mid) or L((F, A);toptop) or
L((F, A);topbottom) -~ L((F, A); bottombottom).

!

choice value G of 0 forall 1.

In tabular form and compute the weighted

r_ '
The optimal decision is to select o if G =Mmax; G .

If K has more than one value then any one of O may be chosen.

5.5. Weighted Intuitionistic Fuzzy Soft Multisets Based Decision Making
In this section we suggest the following algorithm to solving intuitionistic fuzzy soft multisets based decision

making problems. We note here that we will use the name (AA)2 for Yuncheng Jiang ,Yong Tang and Qimai
Chen’s algorithm 2.

Algorithm 2:

a. Input the weighted intuitionistic fuzzy soft multisets (F,A) .

b. Apply (AA)Z to the first weighted intuitionistic fuzzy soft multisets part in (F, A) to get the decision Skl

c. Redefine the weighted intuitionistic fuzzy soft multisets (F,A) by keeping all values in each row where

% js maximum and replacing the membership values in other rows by zero to get (F, A)”e"” .

d. Apply (AA) to the second weighted intuitionistic fuzzy soft multisets part in (F, A)"eW1 to get the
decision k2 .

e. Redefine the weighted intuitionistic fuzzy soft (F, A)"e""l by keeping the first and second parts and apply
the method in number 3 for the third part to get (F, A)“eWZ .

f.  Apply (AA) to the third weighted intuitionistic fuzzy soft multiests part in (F\ Ao to get the decision
Sk3

g. The decision (Skl’SkZ’SkS). Where S5k, and Sk, the decision come from number 2, 4 and 6

respectively.

Example 5.6. that Mr. X has imposed the following weights for the parameters that describes the

. . W, =U.
““attractiveness of houses >’ in Example 3.1. For the parameter ‘‘costely >, ! 0 8; for the parameter ‘‘very
w, =0.6; w, =0.9; w, =0.7;
costely >, "2 ' for the parameter‘‘cheap >’, 3 " for the parameter ‘‘wooden > , 4 " and for
=0.5. . . w:A—>|01
the parameter ‘‘in green surrounding >* , W, =0.5 Thuse we have a weight function [ ] and the

intuitionistic fuzzy soft multiset as in Example 3.1 is a changed into a weighted intuitionistic fuzzy soft multiset.
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Table-7. Tabular representation of first part of the weighted intuitionistic fuzzy soft multiset.

U|é&w=08]¢&w=06]&w=09]|¢&w=07]|&w=05
h | (02,04) | (0204) | (07,02 | (09,0 (1,0)

h | (0401 | (04,01 | (07,01 |[(0503) |(0.80.0)
h, | 0801 | (0801 | (L0) (05,05 | (0.7,0.2)

AA
Now we apply ( )2 for the first weighted intuitionistic fuzzy soft multisets part in (F.A) by using the Mid-
level decision rule in table (8).

Table-8. Tabular representation of the mid-level decision rule with choice value.

U1 cfl .§2 §3 54 55 \(/:\/heighted
oice value
w, =08 | w,=06 | w,=09 | w,=0.7 | w,=0.5
h |0 0 0 1 1 c =12
h, |0 0 0 0 0 c,=0
h3 1 1 1 0 0 C, = 2.3

From the above table, it is clear that the maximum weighted choice value is € = 2'3. So the optimal decision

) h
is to select 3.

Then for Mr. X shoud buy h3 as the best house.
Now we redefine the weighted intuitionistic fuzzy soft multisets for the second part by keeping all values in

h, . . . . .
each rows where 3 is the maximum and replacing the membership value in other rows by zero.

(F.A)

Table-9. Tabular representation of newl’
U, | & & S S4 S
w,=08 | w,=06 | w,=09 | w,=07|w=05
¢ | (080) | (L0 (0.8,0.1) | (0,0 (0,1)
¢, | (0505) | (0.8,0.1) | (0.6,0.3) | (0,1) (0,2)

AA
Now we apply ( )2 for the second weighted intuitionistic fuzzy soft multisets part in (F\ A) e to take

. oo U
the decision form the availability — 2.
The tabular representation of resultant second weighted intuitionistic fuzzy soft multiset part will be as in table

(4).

Table-10. Tabular representation of 2 _ intuitionistic fuzzy soft multisets part.

u, | & 3 3 £, 3 BRIz
oice value
w,=08 | w,=06 | w,=09 | w,=0.7 | w,=05
Cl 1 1 1 1 1 Cl =5
c, 0 0 0 1 1 C, = 2

From this table, it is clear that the weighted maximum choice value is ¢, =5 and so the optimal decision is to

select Cl.Therefore Mr X sould bay G as the best car.
Now we redefine the intuitionistic fuzzy soft multiset for the third part by keeping all values in each row where

€ is the maximum and replacing the membership value in other rows by zero as in table (11).
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Table-11. Tabular representation of (F. A) newz’
Us | & S S S4 S
w,=08 | w,=06 [w,=09 | w,=07|w=05
A (0.8,0.2) | (0.6,0.2) | (0.5,0.3) | (0,2) 0,1
v, (0.7,0.2) | (0.5,0.3) | (0.7,0.2) | (0,2) (0,2)

AA
Now we applying ( )2 for the third weighted intuitionistic fuzzy soft multiset part in (F, A)“9W2 to take the

U3. The tabular representation of resultant third weighted intuitionistic fuzzy soft

multiset part will be as in table (12).

From the above table, it is clear that the maximum choice value is

Table-12. Tabular representation of 3 intuitionistic fuzzy soft multisets part.

Us | & 3 & ¢, & Weighted
oice value
w,=08 | w,=06 | w,=09 | w,=0.7 | w,=0.5
v, |1 1 1 1 1 c =5
v, 0 0 0 1 1 C,=2
c,=5

so the optimal decision is to select

Vi .Then from the above results the decision is (h3’ Gy Vl) .

6. Conclusion

In this paper we have introduced the concept of intuitionistic fuzzy soft multiset and studied some of its

properties. Application of this theory has been given to solve a decision making problem.
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