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Abstract: The paper explains more properties of intuitionistic fuzzy soft Multi sets. We here define
intuitionistic fuzzy soft multi set relations, its type including equivalence relation. Composition and the
equivalence of the inverse relation when relation satis_es the equivalence property are discussed. The
notion of intuitionistic fuzzy soft multi sets are tried to apply in a decision making problem which
describes the spread of a plant known as Makaniya Micrantha. Finally we use distance formula for
intuitionistic fuzzy soft multi set, which lead to a conclusion to which area has maximum and minimum
spread of this plant there by giving a result, to which area the destruction of the plant is require and in
which area its to be promoted. We establish several important results with adequate examples.
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Introduction:Many kind of uncertainties rule the human mind and perceptions. In most of the
engineering, physics, chemical, computer sciences, biological economics, social sciences and medical
sciences problems human mind deal with this uncertainties. These may be due to the uncertainties or
vagueness of natural environmental phenomena of human knowledge or perceptions. Vagueness or
uncertainty in the boarder or boundary between continents, or between countries or between urban
areas and rural areas or the exact continuous growth and death rate of population in a countries rural
area are some instances. Thus ordinary set theory, which is based on the crisp and we can see exact case
may not be fully suitable for handling such kind of problems of vagueness and uncertainty. Even though
various number of mathematical tools like probability theory, fuzzy sets [1] , soft sets Molodtsov [3]
rough sets [2] are well known and are proven as efficient models for dealing with vagueness and
uncertainties. Even though they has distinguished advantages and certain limitations. Parametrization
was not done before 1990s. This inadequacy of parametrization tools was perfectly cleared by Molodtsov
[3] by introducing a new concept named soft set theory. Maji [4] presented an application of soft sets in
decision making problems for the first time, that was based on the reduction of parameters to keep the
optimal choice of objects. Chen [5] presented a new definition of soft set parametrization reduction. Ali
et. al., presented some new kind of algebraic operations for soft set theory. The concept of soft set
relations are introduced as a sub soft set of the cartesian product of the soft sets in [10]. Combining soft
sets with fuzzy sets , Maji et al [6] defined fuzzy soft sets which have rich potentials for solving decision
making problems. As a generalization of Molodtsov soft set Alkhazaleh [7] presented the definition of a
soft multi set and he defined basic operations such as complement, union, and intersection etc. Salleh
and Alkhazaleh presented

the application of soft multi set in decision making problem. Different operator such as AND, OR
operator on soft multiset and DeMorgans laws was proved by [11] Babitha. In 2011 Salleh gave a brief
review literature survey from soft sets to intuitionistic fuzzy soft sets. In 2012 Alkhazaleh and Salleh [8]
introduced the concept of fuzzy soft multi set theory and studied the application of such an etended
version of set theory. Operations on anti fuzzy graphs was done by Seethalakshmi[14]. R. Padmapriya
and P Thangavelu. [15] explained on “Topologies generated by fuzzy sets”. K Bageerathi[16], put forward
a generalized study of fuzzy semi closed sets in fuzzy topological spaces.

This paper is an attempt to apply the theory of fuzzy soft multi set theory in intuitionestic fuzzy soft
multi set relation. An application is also accompanied to support the theory.
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Preliminaries:
Definition 1.1: [3] Let U be an initial universe set and E be set of parameters. Let P(U) denotes the

power set of U and 4 — U . A pair (F, A) is called a soft set over U, where F is a mapping given by
F:4—- PU)-

Definition 1.2. [9]: A Multiset M drawn from the set X is represented by a function Count M or C,

defined as C,:X—>N , where N represents the set of non negative integers.

Definition 1.3. [4]: Let U be an initial universal set and let E be a set of parameters. Let / Y denote the
power set of all fuzzy subsets of U. Let ACE A pair (F, E) is called a fuzzy soft set over U, where F is a
mapping givenby F: 4 — JY.

Definition 1.4. [8]: Let {U;‘ iel} be a collection of universes such that N, U, =¢ and let
{E, :iel} be a collection of sets of parameters. Let [/ = T, PU,) where P(U[) denotes the
power set of U,E=nr_E, and 4 c E. A pair (F,A) is called a fuzzy soft multiset over U, where F

is a mapping given by F:A—>U foralleinA. F(e):({L()};ie]).
HipU

Definition 1.5. [8]: The union of two soft multisets (F,A) and (G,B) over U, denoted by F', 4) U (G, B)
is the soft multiset (H,C) where C= 4 U B, Ve eC,
H(e)=F(¢)ife e A-B
= G(g), ife€B-4
- F(e)NG(e) ifec AnB

Definition 1.6. [8:] The intersection of two soft multisets (F,A) and (G,B) over U, denoted by
F,A) (G, B) is the soft multiset (H,C) where C=4uB,VeeC(,
H(s)=F(&),ifc e A-B
-G ifeeB-4
- F(e)vG(e) iree AnB

Similar results can be taken from fuzzy soft multi sets also.

Definition 1.7. [13]: The normalized Euclidean distance between two intuitionistic fuzzy set A and B is
defined as
dn = H(A;B)
1 < 2 2 2 3
:dan(A,B) (EZ[(IUA (X[) — Hp (Xi)) +V, (Xi) Vg (Xi)) +7, (X,’) Ty (X[)) )2 . X

={x1, x2,..... xn} for i=1,2,3,....n.

n

Intuitionistic Fuzzy Soft Multi Set Relations:
Definition 2.1: Let (F,A) and (G,B) be two intuitionistic fuzzy soft multi sets over U. Then the Cartesian
product of (F,A) and (G,B) is defined as (F,A) X (G,B) = {(a;, bj) : min((77 rwy(ak); 77 i@k)), max( u

r@(@k); w gpy(ak)))/ue U;
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Example 2.2. Consider two intuitionistic fuzzy soft multi sets (F,A) and (F2,B)as follows

(FI’A):{(a"({oshlm 0?03 0h10 oo})) {0801 05r03 oo} {0801 (1)92)})
(o ({09}1101 05}1204 % E})) {0702 020 00} {0504 (1)72)})
(FZ’B)={(a"({o7hlo3 0;1203 % 0,0 0801 020 oo} {0503 53”

h h, h
(e 09101 05204 o_o ﬁ})) {oo 020 00} {0802 58}))}
(FLA)X (FuA) = (((anby), (02}103 0}% % 00" {0802 020 00} % 52).4’%}
(@b:)( 02}103 0;203 :_o ﬁ})) {00 m 00} {00 00}
(@b, (0 e LEREUEI Dy P Py

0.7,0.270.4,0.3°0.5,0.37 0,0 0702 0503 0,0 0504 0,0

Mo B My ho Ty P Payy

@0 (0901050370000 00700700 0504 0.0

Definition 2.3: Consider two intuitionistic fuzzy soft multi sets (F,A) and (G,B) over U. Then the
intuitionistic fuzzy soft multi set relation R on (F,A) and (G,B) is a fuzzy soft multi subset of the set (F,A)
X (G,B).

Where Ris givenby R: A X B = U.

Definition 2.4: An intuitionistic fuzzy soft multi relation R is said to be reflexive if and only if £ p(y ) 1)
=1forallu € Uanda € A

Example 2.5: Consider a relation R in (F,A) as

M by by Ry n P Py
ana), (10 1.0°1.0 10})) {10 1.0 10} {10’10}

h, h,  h, P P>
@) 503702.03700 00})) {00 0203 00} {00’00}

Mo b R B By P Py
0702 0403 0.5,0.3 0,0 0702 0503 0,0 0504 0,0

h, h, hy h,
(aya,), (ﬁ ﬁ E m})) {E ﬁ E} {1(1) 10})} then R is a reflexive relation.

(a;a), (

Definition 2.6: Consider an intuitionistic fuzzy soft multi sets (F,A), then a relation R on (F,A) is said to
be symmetric if and only if (a, b) € R then (b, a) € R.

Example 2.7: Consider a relation R in (F,A) as

h h h,
{((anba), (—1 . ] RE R N
0204 0205 00 OO 0801 OO 0,0 0504 0,0
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TS B WL S N A R -1
0206 0.6,0.3 0,0 00 0.3,0.5 080100 080100

W b B by h By P Py
0.2,0.7 0207 0503 0,0 0305 0801 0,0 0801 0,0

h, h, h, N D>
0901 0503 0,0 00})) {00 0,0 00} {0504 00})}

(a,b.),(

(bya), (

(as,b.), (

Definition 2.8: Consider two intuitionistic fuzzy soft multi set relations Ri, R2 in (F,A), the composition
of R1 and Rz is defined as RoR, : A X A —U. That is £ i (o) (1) =k max {min( 77 R o), 77 Ragn)(Q),

max ( 4 pap(W), Urp(u))}forall uelU,,abkeA

Definition 2.9: Consider an intuitionistic fuzzy soft multi sets (F,A), then a relation R on (F,A) is said to
be transitive if and only if RoR < R

Example 2.10: Consider a relation R in (F,A) as

h h h, 7y p p
,b 1 2 3 "4 1 ,_2
(@ )(0304 0.7,0.2° 0,0 OO})) {0802 0.8,0.1 OO} {05,0.4 0,0}
h h h, 7y p p
sz 1 2 o3 4 1 ,_2
@ )(0205 0.6,0.3°0,0 00})) {0305 0.8,0.2 OO} {05,0.3 0,0}
h h h, r r p p
b)), 1 2 My 2 3 L £z
e )(0305 0.6,0.370,0 00})) {0305 0.8,0.1 00} {0.50.1 0,0}
h h h, 7
B QL. B L WU g 2y B Payy

0.9,0.170.6,0.2°0,0° 0,0 0603 0.8,0.170,0 0504 0,0

then R is a transitive relation.

)

Definition 2.11: Consider a relation R in an intuitionistic fuzzy soft multi set (F,A). Then R is said to be
an equivalence relation if R is reflexive, symmetric, and transitive.

Definition 2.12: Consider a relation R in an intuitionistic fuzzy soft multi set (F,A). Then the inverse of
R, denoted by R isdefinedasR™’ (a,b) =R(b,a) foralla,b € A

Example 2.13: Consider a relation R in (F,A) as {((a, a)

S S I W W RO IR ¥\
0305 0.7,0.2 0,0 0,0 0802 0801 0,0 0504 0,0
h h h, 7, p
b 1 2 My Ry 2
@ )(0207 0603 0,0 00})) {0305 0.8,0.1 00} {0504 OO}
h h h, 7, P
b 1 2 2
( )(0207 0603 00 00})) {0305 0.8,0.1 00} {0504 OO}
h h h
(bb), (— 1 N Dy P Doy

0906 0.6,0.8 0,0 0,0 060 080 0,0 05,0.4’0,0
(a,b) is the inverse of (b,a).

Theorem 2.14. A relation R is a symmetric intuitionistic fuzzy soft multimrelation on (F,A) if and only if

. -1 . .
the inverse of R, R is symmetric
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Proof: Consider the relation R as a symmetric intuitionistic fuzzy soft multi relation on (F,A). Then xR
! (a,b) = pR(ba) = uR(@@b) = u R (b,a). Therefore u R (ab) = u R (b,a). Therefore R is
symmetric.

Conversely assume that R isa symmetric fuzzy soft multi set on (F,A).

Then gR(ab)= 1 R~ (ba)= 1 R™' (a,b) = £ R(b,a). Since 1 R(a,b) = 1 R(b,a), R

is a symmetric intuitionistic fuzzy soft multi relation on (F,A).

Theorem 2.15: A relation R is a reexive ituitionistic fuzzy soft multirelation on (F,A) if and only if the
inverse of R, R ! is reflexive.
Proof: Consider the relation R as a reflexive intuitionistic fuzzy soft multirelation on (F,A). Then u R

(a,a) = pR(a,a). Thus R is reflexive. Conversely let R is a reflexive relation on (F,A). Then 1 R(a,a)

-R™' (a,a)
Therefore R is reflexive.

Theorem 2.16: A relation R is a transitive intuitionistic fuzzy soft multirelation on (F,A) if and only if

the inverse of R, R ! is transitive
Proof: Consider the relation R as a transitive intuitionistic fuzzy soft multirelation on (F,A). For every
a,be A.

Myt any = Hr@b) Z Hrorib.a)
ma
= k {min(nR(b,k) 5 77R(k,a) ), ma(,uR(b,k) 5 lLlR(k,a) )}
ma
:k {min(ﬂk(k,a) aﬂR(b,k)),ma(,uR(k’a) ’:uR(b,k) )}

ma
= k {mm( s (a,k)’ s (k,b) ); ma('uR’l (a.k)’ Hp (k.b) )}

= Hyropt(an)” Hence R "' is a transitive fuzzy soft multi relation on (F,A).

Conversely assume that R ! is a transitive fuzzy soft multi relation on(F,A).
Forany (a,a) € Ax A4,
Hpriapy = Hp (b,a) = Hpiop

ma

= k {min( s (b,k)’ s (k,a) ); ma(/uzrl (b.k)? Hp (k,a) )}
ma

= k {min( s (k,a)° s (b,k) ); ma(‘uR’l(k,a) M (b,k) )}

= k {min(nR(a,k) s Rk by ), ma(ﬂk(a,k) s MRk ) )}

= Hror(a,b)

2.1 An Application of Intuitionistic Fuzzy Soft Multiset Theory: Invasion of alien plant species is
considered as a serious problem that which different countries have to face. Alien plant species invade
and badly affect both natural and semi natural ecosystems. Many weed plants contain a variety of
metabolites which are harmful as well as beneficial to biotic stresses, whereas same compounds in plants
are bene_cial to insects also for their better growth and development to continue their life style. Mikania
micrantha is one of the 100 worst alien species. It is among the ten worst exotic species in South-east
and South Asia, and one of the 16 exotic species in China. Mikania micrantha, an invasive alien species,
is native to Central and South America is one of the serious bio diversity.
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Let S = {s1, s2, s3, s4} be the different universes or countries. Consider C={Biological, Medical, Shade,
Spread} as the set of decision parameters.

andSu = {Biological property, Medicinal advantage for animals, Medicinal disadvantage for animals,
Shade for air fields, quick spread} are the set of subjects relating to the above parameters. That is
Micania Micrantha have many advantages as well as disadvantages. Such as we have many many
biological aspects we have to learn from this plant. These plants are good to some extend to some
animals, but shows serious kidney decease to many

animals. Another thing is it spreads as fast as other plants.

Table 1:Parameters vs Subject
. Biological Medical(A) Medical(D) Shade Spread
Biological (0.81,0.1,0.1)  (0.7,0.21,0.1)  (0.9,0.0,0.11)  (0.6,0.31,0.1)  (0.8,0.11,0.1)
Medical (0.91,0.1,0.0) (0.8,0.11,0.1) (0.8,0.11,0.1) (0.51,0.3,0.2) (0.7,0.21,0.1)
Shade  (0.5,0.31,0.2) (0.51,0.2,0.3) (0.9,0.0,0.1) (0.5,0.41,0.1)  (0.71,0.1,0.2)
Spread  (0.71,0.2,0.1) (0.5,0.41,0.1) (0.9,0.11,0.0) (0.61,0.3,0.1) (0.8,0.0,0.21)

Each of these parameter is described by three numbers such as soft multi membership, soft multi non
membership, and soft multi hesitation margin. After going through a serious calculations we have the
following table

Table 2: Shows Universe vs Subject
Biological =~ Medical(A)  Medical(D) Shade Spread
S1 (0.61,0.3,0.1) (0.5,0.41,0.1) (0.6,0.21,0.2) (0.5,0.3,0.2) (0.5,0.51,0.0)
$2 (0.9,0.11,0.0) (0.81,0.1,0.1) (0.8,0.1,0.1) (0.5,0.3,0.2) (0.7,0.2,0.1)
$3 (0.5,0.3,0.2) (0.50.2,03) (0.9,0.0,0.1) (0.504,0.1) (0.7,0.1,0.2)
S4 (0.7,0.21,0.1) (0.51,0.4,0.1) (0.9,0.1,0.0) (0.6,0.31,0.1) (0.81,0.0,0.2)

Using the definition cited in the preliminary section we have the following table

Table 3: Universe vs Parameter

Biological Medical Shade Spread
S1 0.1007 0.0898 0.0905 0.0806
S2 0.0739 0.0857 0.0592 0.0955
S3 0.0783 0.0806 0.0812 0.0858
S4 0.0832 0.0750 0.0929 0.1015

From the above table, it is clear that the shortest distance gives the proper area determination for each
universe. The result is as follows

S1 neads to take the measure to stop the spread of Macania Micrantha.

S2 needs to take step to use Micania Micrantha as a shade for air field etc.

S3 needs to take step to use Micania Micrantha as a research area in biological studies

S4 needs to take step to take Micania Micrantha as a medicinal plant.

So we have seen that each country have different aspects about the same plant, that is each country will
have economic growth if the plant is treated in different way.

3. Conclusion: Here we establish many properties if intuitionistic fuzzy soft multi set theory. Here we
have gone through the relational properties. Equivalence properties are also discussed. Szmidt's distance
between intuitionistic fuzzy setswas discussed and extended to intuitionistic fuzzy soft multi sets
throughan application on a decision making problem. The distance formula can beused for various
uncertainty problems.
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