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Abstract. This paper is aimed at developing an approach of a real life decision making problem with respect to
an weighted fuzzy soft set with preference. This paper introduces weighted fuzzy soft set and studies some of its
properties. This paper also enquires about the relations on weighted fuzzy soft sets. Finally, a real life decision
making problem in weighted fuzzy soft set is proposed.
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1. INTRODUCTION

Many real life problems in society, economics, management and engineering are uncertain
and imprecise. To dealing with uncertainty there are many theories, such as probability theory,
fuzzy set theory [2], intuitionistic fuzzy set theory [3], interval mathematics, rough set theory
[4] etc. But all these theories have their own difficulties due to lack of parametrization of the
theories. Molodtsov [1] proposed the notion of soft set theory to deal with the intrinsic flows
of the above mention theories. Maji et al. [7, 8] continued the study and gave first practical
example of the soft set in decision making problem by constructing comparison table. It is ob-

served that the application of soft set theory is in various areas, such as forecasting [5], decision
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making [7, 11] etc.

Maji et al. [9] introduced the notion of fuzzy soft set and studied some of its properties.
Mazumder-Samanta [10] generalized the concept of fuzzy soft set. Feng et al. [5] presented
a decision making problem based on fuzzy soft set. Due to its ability to parametrization, the
theory and applications of fuzzy soft set obtained lots of interest in past years.

In this paper we introduce weighted fuzzy soft set. It is more realistic as corresponding to each
parameter there is a degree of preference. Relations on weighted fuzzy soft set is defined and
some of its properties are studied. Finally an adjustable approach to decision making problem

is proposed with respect to weighted fuzzy soft set.

2. PRELIMINARIES

Here we have given some basic definitions and results which will be needed later for this

paper.

Definition 2.1. [1]. Let U be the initial universe of objects and P be the set of parameters.
Consider a mapping S : P — 2 (U) where & (U) is the power set of U, then the pair (S, P) is

called a soft set over U.

Definition 2.2. [9]. Let [0, 1]V be the set of all fuzzy subsets over U and A C P where P is
the set of all parameters. Also Let S : A — [0, 1]V be a mapping then the pair (S,A) is said to

be a fuzzy soft set over U.

Example 2.3. Suppose for a farm house protection the owner of the farm house
wanted to buy a trained dog. There is five high quality trained dogs are available
for consideration U = {t|,t,13,t4,ts} and A C P where P is the set of parameters and
A = {p1 = Temperment, p, = Life span, p3 = Medical issues}. Then the fuzzy soft sets are the
collection of followings.

S(p1) = {(t1,0.6),(t2,0.3),(t3,0.69), (t4,0.5), (t5,0.8) }
S(p2) = {(#1,0.5),(t2,0.9), (t3,0.6), (t4,0.4), (t5,0.69) }
S(p3) = {(t1,0.7),(t2,0.79), (t3,0.69), (t4,0.3), (t5,0.49) }
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Pr | P2 | P3

t]/0.6]05]0.7
t]/03]09]0.8
t3//0.7]0.60.7
t /050403
ts /080705

TABLE 1. Tabular representation of the fuzzy soft set. Now a computation table

1s formed for the 0.6 level soft set (i.e, at least 60 % capability) with respect to

each parameter.

pP1|p2|p3
nfl |0 |1
nHh{ 0 |1 |1
1l |1 |1
410 [0 [0
ts{1 |1 |0

TABLE 2. Tabular representation of 0.6 level soft level. Clearly the owner of the

farm house buy the dog #3 as it satisfies all the paprameters.

Definition 2.4. ([9]). Intrersection of two fuzzy soft sets (S,A) and (T,B) over a common
universe U is the fuzzy soft set (I,C) where C =ANB, andV e € C, I(e) = S(e)NT (e). We write
(S,A)N(T,B) = (I,C).

Definition 2.5. ([9]). Union of two fuzzy soft sets (S,A) and (T, B) over a common universe

U is the fuzzy soft set (J,C) where C=AUB, and Ve € C,

;

S(e), if e€cA—B
J(e) = T(e), if e€cB—A

S(e)UT (e), if e€ ANB.

We write (§,A)0(T,B) = (J,C).
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Definition 2.6. [9]. For two fuzzy soft sets (S,A) and (T ,B) over a common universe U, we
say that (S,A) is a fuzzy soft subset of (T, B) if
(i)A C B, and
(ii)Ve €A, S(e) is a fuzzy subset of T (e).
It is denoted by (S,A)C(T,B).

Definition 2.7. ([12]). A binary operation x:[0,1] x [0,1] — [0,1] is continuous t-norm
if * satisfies the following conditions:
(i) x is commutative and associative ,
(ii) = is continuous ,
(iii)ax1 = a, Ya € [0,1],
(iv)jaxb<cxd ifa<c,b<d, a,b,c,d€]0,1].

Some examples of continuous t-norm are:
i)axb = ab,
ii)a x b = min{a,b},
iii)ax b = max{a+b—1,0}.

Definition 2.8. ([12]). A binary operation <:[0,1]x [0,1] — [0,1] is continuous t-conorm
if © satisfies the following conditions :
(i) © is commutative and associative ,
(ii) ¢ is continuous ,
(iii) ac0=a, Ya € [0,1],

(iv)aob <cod whenever a<c,b<danda,b,c,d €[0,1].

Some examples of continuous t-conorm are:
iJaob =a-+b—ab,
ii)aob = max{a,b},

iiiyaob = min{a+b,1}.



A DECISION MAKING APPROACH BASED ON WEIGHTED FUZZY SOFT SET 5

3. WEIGHTED FUZZY SOFT SETS

Throughout this paper, U be the initial universe, and P be the set of parameters related to the

elements in U, and A,B,C C P and «, 3,y are the fuzzy subsets of A, B, C respectively.

Definition 3.1. Let .7 : A — [0, 1]Y be a mapping and « be preference fuzzy subset of A.
Then consider the mapping F 4 (p) : A — [0, 1]V x [0,1] where Z4(p) = (Z (p), a(p))

= ({(x, ;Lﬁ(p)(x)) cxe U}, OC(P))

is called a weighted fuzzy soft set over (U, P)

Example 3.2. Suppose 5 shortlisted students are under consideration for best stu-
dent of an engineering college. Let U = {by,by,b3,bs,bs} and A C P where P is
the set of parameters and A = {p; = problem solving ability, p = innovative idea,p3 =
ability for application to an idea }. If we consider o : A — [0,1] by o(p1) = 0.6, o(p2) =
0.5, a(p3) =0.7
We now define F as follows:

(p1) = ({(01,0.6),(b2,0.3),(b3,0.7), (b4,0.5),(bs5,0.8)}, 0.6)
Z(p2) = ({(b1,0.5),(b2,0.9), (b3,0.6), (b4,0.4),(bs5,0.7)}, 0.5)
Z(p3) = ({(b1,0.7),(b2,0.8), (b3,0.7), (b4,0.3), (bs5,0.5)}, 0.7)

N

Then clearly %, will be called weighted fuzzy soft set.

Definition 3.3. Consider two weighted fuzzy soft sets Fo and gﬁ over the soft universe
(U,P). Then % is called a weighted fuzzy soft subset of gﬁ if the following conditions are
satisfied.

(i) o is a fuzzy subset of B,

(ii) A C B, and

(iii) P () (x) < Py (x),Vx € Uand p € A ice., Z (p) is a fuzzy subset of 9 (p),Np € A. It is
denoted by F, Qgﬁ

Example 3.4. Suppose jﬁ be a weighted fuzzy soft set over the same universe as in the

previous example and gﬁ be defined as the following manner:

s(p1) = ({(b1,0.7), (b2,0.5), (b3,0.8), (b, 0.7), (b5,0.9)}, 0.7)
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_ﬁ(pz) ({(b1,0.8),(02,0.9), (b3,0.65), (b4,0.6), (bs,0.8)}, 0.6)
_ﬁ(pg) = ({(01,0.75), (b,,0.85), (b3,0.7), (b4,0.5), (bs,0.6) }, 0.75)
547[3 (p4) = ({(b1,0.6),(b2,0.7),(b3,0.5), (b4,0.65),(bs,0.7) }, 0.5)

where B = {p1,p2,P3,P4}, P1,P2,p3 are same as in the previous exmple and py stands for
‘good academic score’. Now if we take Fq as in the previous example and g;[; then we see that

Fo Qgﬁ. i.e. Fqo is a weighted fuzzy soft subset ofglg

Definition 3.5. Let %, and g_ﬁ be two weighted fuzzy soft sets over the soft set universe
(U,P). Then the intersection of ¥ and gﬁ is denoted by ﬁaﬁgﬁ and is defined by a weighted
fuzzy soft set 7 where 7 : ANB — F(U) x [0, 1] is a function defined by

H(p) = ({06, 1,5, (x).: x € UY, 7(p))
where L, (x) = [ (x) My (x) and y(p) = o(p) *B(p)

Example 3.6. Consider two weighted fuzzy soft sets % and gﬁ in the previous example and
suppose the t-norm x is defined by axb = ab. Here ANB = {py,p2,p3}. Then
(FaDg)(p1) = ({(b1,0.42), (b2,0.15), (b3,0.56), (b4,0.35), (b5,0.22)}, 0.42)
(FaDg)(p2) = ({(b1,0.4), (b2,0.81),(b3,0.39), (b4,0.24), (b5,0.56)}, 0.525)
(FaDg)(p3) = ({(b1,0.525), (b2,0.68), (b3,0.49), (b4,0.195), (bs5,0.35)}, 0.3)

Definition 3.7. Let %, and gﬁ be two weighted fuzzy soft sets over the soft set universe
(U,P). Then the union of % and E!;ﬁ is denoted by F Dg;ﬁ and is defined by a weighted fuzzy
soft set Sty where . AUB — F(U) x [0,1] is a function defined by

Vxe U,
(1t O 7). i pea—s
Hy(p) = § ({06 g, @), 7)), i pEB-A
({0 1y, (01 7)), i PEANB.

where iy, () = i, (9)0ky, (x) and 7(p) = a(p)oB(p)

Example 3.8. Again consider the above example in which the two weighted fuzzy soft

sets Fq and gﬁ are defined. Also AUB = {p1,p2,p3,pa}. Suppose t- conorm is defined as
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aob=a+b—ab. Then

(Za0%8)(p1) = ({(b1,0.88),(D2,0.65), (b3,0.94), (b4,0.85), (bs,0.98)}, 0.88)
(Za0%)(p2) = ({(£1,0.9), (p2,0.99), (b3,0.86), (b4,0.76), (b5,0.94) }, 0.925)
(Za09)(p3) = ({(£1,0.925), (b2,0.97), (b3,0.91), (b4,0.65), (bs5,0.8)}, 0.8)
(Za09)(pa) = ({(b1,0.6), (b2,0.7), (b3,0.5), (b4,0.65), (b5,0.7)}, 0.5)

Proof. The proof is obvious as 7-norm function and #-conorm functions are commutative and

associative.

4. RELATIONS ON WEIGHTED FUZZY SOFT SETS

Throughout this section .Zo : A — F(U) and &3 : B — F(U) two weighted fuzzy soft sets
over (U,P).

Definition 4.1. Suppose Zq and gﬁ be two weighted fuzzy soft sets over (U,P). By a
weighted fuzzy soft relation # from F to féﬁ we mean a function # : A x B — F(U) x [0,1]

such that

% (a,b)CFo(a) Gy (b), V(a,b) € AxB.

Definition 4.2. Let % be a weighted fuzzy soft relation from .F  to gﬁ. Then the inverse rela-
tion of Z from 4 to F¢ is denoted by #~" and is defined by %~ (b,a) = %(a,b), ¥ (a,b) €
A XB.

If Z is a weighted fuzzy soft relation from % to ¥ then %2~ is also a weighted fuzzy soft

relation from ¥ to Fy.
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Theorem 4.3. If %, and %> are weighted fuzzy soft relations from Fy to F, B
. —_1,—1
(i) (%1 1) = %A.
(ii) %) C % = %' C %y

Proof. Let (a, b) €A XB.
Then (i) %1 (a,b) = ;' (b.a) = (%; ")
Therefore (% ) = %’1
And (ii) %, (a,b) C %>(a,b)
= (%) (a,b) C (#,") ' (a,b)
= %, (b,a) C %, (b,a).

Therefore, %, Ic Ry I

_l(a,b).

Definition 4.4. Let Z1 and %> be two weighted fuzzy soft relations from Fy to %_ﬁ and %_ﬁ
to %%, respectively. Then the composition of two weighted fuzzy soft relations from F to %_”y is
denoted by %\ o %> and defined as (%) o %5 )(a,c) = bL;JB (Z%1(a,b)N%1(b,c)),

V(a,c) e AxC

Theorem 4.5. Let %1 and %> be two weighted fuzzy soft relations from Fy to g% and E% to
%;j, respectively. Then the composition of this two weighted fuzzy soft relations i.e. (%#)0%>)

is also a weighted fuzzy soft relation.

Proof. We know that
1(a,b) € Fala) "y (b)
={({x, (L (x) * My, (x)}, a(a)*B(b)): xe U}, V(a,b) € AxB.
r(b,¢) € Ty (B)NTH(0)
= (0 4 ()1 (D), (D)5 7€) : x €U, Wlb,c) € BXC.
Therefore (%) 0%>)(a,c) = bgB (% (a,b)NZs(b,c))
= O (1 ()b (3)) (B (58 ()}, () < B5)) # (B) 7(e)) < €
U}, V(a,c) eAxC.
Now (K5, (5) %y, (1) * (b (9) 105, ()
<y (0 e Lep, (3)
B ()% T ()
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= Mg, () F L (X)
Again, (a(a) (b)) * (B(b)*¥(c))
o(a)* 1 1xy(c)
= Oc(a)* 1 x7y(c)
= a(a)*xy(c).
Therefore bL;JB (%1 (a,b)"N%2(b,c)) C FoNH.

Hence %) 0%, is a weighted fuzzy soft relation from Fo o %73,

Theorem 4.6. Let %1 and %> be two weighted fuzzy soft relations from Fy to 54_[3 and E?_ﬁ to
S, respectively. Then (%0 %)~ = %y ' o %,

Proof. (%) 09%;) ' (c,a) = (%1 0%,)(a,c)

= 0 (#1(a,b)N#a(b,c) = O (#a(b, )" (a,b))
=0 (% (e.b)n ;! (b,a>) = (%, ' 0% ") (c.a).
whereac€ A, be B, c€C.

Therefore (%10 %)~ = %, o ;.

5. AN APPLICATION OF WEIGHTED FUZZY SOFT SET IN A DAILY LIFE DECISION

MAKING PROBLEM

In our daily life based problem, we can use application of weighted fuzzy soft set. Suppose
a person wants to buy a car depending on some parameters. Here we can help the person to
choose the best car for the person according to his preference.
Suppose initially the person shortlisted six cars U = {vy, v, v3,v4, Vs,V } and the set of decesion
parameters is P = {p1, p2, P3, P4, Ps, P6, P17, Ps, P9, P10, P11} Where each p; (i = 1,2,...,11)
stands respectively for

= price of the car nearing the budget of the person,
p2 = chosen color of the car,
p3 = best resale value of the car,
p4 = larger interior space,
ps = good safety features,

Pe = nearby service centre,
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p7 = most mileage per litre,

ps = good exterior design or looks of the car,

P9 = minimum maintenence cost per year,

p1o = brand or company,

p11 = smart technology.

Suppose, that person will choose a car depending on the parameters pi, p4, ps, p7, P8, P10
i.e., A={p1, ps, ps, P1, P8, P10}-

Consider the fuzzy subset o : A — [0, 1] depending upon the preference of that person is given
below

a(p1) =0.7, a(ps) =0.5, a(ps) = 0.8, a(p7) = 0.6, a(psg) = 0.6, &(p10) = 0.4

Let us consider a weighted fuzzy soft set .% and it’s approximation is given below.

Za(p2) = ({(v1,0.7), (v2,0.6), (v3,0.8), (v4,0.7), (v5,0.5), (v6,0.9)}, 0.7)

ja(p4) ({(v1,0.8), (v2,0.4), (v3,0.44), (v4,0.7), (v5,0.6), (v6,0.9) }, 0.5)
Za(ps) = ({(v1,0.9), (v2,0.8), (v3,0.7), (v4,0.7), (v5,0.64), (v,0.7)}, 0.8)
Fa(p1) = ({(v1,0.6), (v2,0.7), (v3,0.8), (v4,0.7), (v5,0.9), (v,0.8)}, 0.6)

Za(po) = ({(v1,0.5), (v2,0.6), (v3,0.7), (v4,0.54), (v5,0.7), (v6,0.8)}, 0.6)
Fa(p10) = ({(v1,0.6), (v2,0.5), (v3,0.8), (v4,0.7), (v5,0.6), (v6,0.7)}, 0.4)

Algorithm:

(1) Input a fuzzy soft set in tabular form.

(i1) Give a threshold i.e. give a different level of soft set (or Choose mid-level soft set or input a
threshold fuzzy set or input top-bottom-level decision rule or input top-top-level decision rule
or input bottom-bottom-level decision rule) to make decision.

(iii)) Compute the level soft set with respect to the threshold fuzzy soft set (or the mid-level soft
set or the top-bottom-level soft set or the top-top-level soft set or the bottom-bottom-level soft
set) in tabular form.

(iv) Compute the weighted score of v;, Vi in tabular form.

(v) If the maximum score occurs in k-th row then that person will buy the car vy.
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(vi) If k has more than one value then one of v; may be chosen.

P1 P4 Ps P71 | P8 | P10
v 107108 [09 (06|05 |0.6
v2 106104 (08 [0.7]0.6 |05
v3 (1081044107 [08|0.7 |0.8
v4 |10.710.7 107 10.7]0.54|0.7
vs 105106 [064]09|0.7 |0.6
v6 109109 (0.7 [08]0.8 |0.7

TABLE 3. Tabular representation of the weighted fuzzy soft set

Suppose, there are given threshold of different level of soft sets of (Fy,A) as follows.

Threshold of p; = 0.8,
threshold of py = 0.7,
threshold of ps = 0.85,
threshold of p7 = 0.7,
threshold of pg = 0.7,
threshold of pjp = 0.5

Therefore, the tabular representation of level soft set depending on the above thresholds is:

P1| P4 P5|DP7|P8|Plo| G
vil]O [1 |1 |0 |O |1 3
v [0 [0 |0 |0 |0 |1 1
val |0 [O |1 |1 |1 4
vae O [1 |O |O |O |1 2
vs O [0 |O |1 |1 |1 3
velll |1 |0 |1 |1 |1 5

TABLE 4. Tabular representation of level soft set with respect to above thresholds
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(P1,0.7) | (p4,0.5) | (p5,0.8) | (p7,0.6) | (ps,0.6) | (p10,0.4) | Score
vi |0 0.5 0.8 0 0 0.4 1.7
v |0 0 0 0 0 0.4 0.4
v [ 0.7 0 0 0.6 0.6 0.4 2.3
vy | O 0.5 0 0 0 0.4 0.9
vs | 0 0 0 0.6 0.6 0.4 1.6
ve || 0.7 0.5 0 0.6 0.6 0.4 2.8

TABLE 5. Decision table

Thus here we see that the score of the car vg is maximum. So the person will buy the car
ve otherwise his next better option will be v3. It is obvious that for different problem we use
different type of lavel soft sets, the choice depends on the nature of data under consideration

and nature of problem under consideration.
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