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ABSTRACT

To deal with the uncertainties present in real life situations
both fuzzy set and soft set approach are concerned. But these
approaches have some challenges, to solve related dilemma a
hybridization approach is operated known as fuzzy soft set
approach, which is the hybridization of fuzzy sets and soft set
theory. Graph theory is also a significant tactic to solve some
existent problem graphically. In this paper, a brief study of
fuzzy soft sets and graph theory are done. Here a definition of
fuzzy soft graph is defined and give a method to solve
decision making problem and data reduction problem by using
fuzzy soft set definition defined by us. At last discuss an
application of decision making and data reduction problem by
using fuzzy soft sets and graph theory.
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1. INTRODUCTION

Zadeh [1] proposed a theory which is beneficial to handle the
problems related to uncertainty and vagueness in real life,
which is non-probabilistic in nature. Which is knew as fuzzy
set theory. Due to its potential for managing uncertainty,
fuzzy set has attains huge sensation. Like all other theories,
this theory has a drawback to allocate membership value. Due
to its difficulty to allocate the membership function, it is not
simply applied for some tricky challenges to economics,
engineering, environmental science, social science and other
real life situations. To deal with these types of dilemmas, a
significant theory is insinuated by Molodtsov [2], known as
soft sets theory, which is a new mathematical tool for trading
with those uncertainties which are not conducted by
traditional mathematical tool. Basically, a soft set is a
parameterized classification of the object of the universe. In
his work, he discussed several applications of soft sets in
various area like integration, decision making etc. Since after
his proposal, works on soft set theory is developing rapidly. A
theoretical study on the theory of soft sets and several
algebraic operations on soft sets were defined by Maji et al.
[5]. Maji et al. [4] also solve some decision making problems
by using soft sets. Maji et al. [3] also introduced the concept
of fuzzy soft set, a more generalized concept, which is a
combination of fuzzy set and soft set and studied its
properties. By using this definition of fuzzy soft sets many
interesting application of soft set theory has been expanded by
some researchers. Roy and Maji [6] discussed some
application of fuzzy soft sets. Zou and Xio [13] introduced the

soft set and fuzzy soft set into the incomplete environment.
Yang et al. [14] presented the combination of interval-valued
fuzzy set and soft set. Chen et al. [7] proposed
parameterization reduction of soft sets and then Kong et al.
[15, 16] defined the normal parameter reduction in the soft
sets and decision making in fuzzy soft sets and showed that
Roy and Maji [6] algorithm is not convenient in general cases.

In mathematics, some mathematical structures are used to
model pair-wise relations between objects, these structures are
known as graphs. The theory in which we study about graph is
known as graph theory. The notion of graph theory was
commenced by Euler (1736). To handle combinatorial
problems of various fields such as geometry, algebra, number
theory, topology, operation research, optimization and
computer science, etc, this theory is a significant tool. Various
researchers combine graph theory of other theory like fuzzy
theory by Rosenfeld [9], soft set theory by Thumbakara and
George [10], fuzzy soft set theory by Mohinta and Samanta,
[11]. Thomas and Arockiarani [12] discuss an application of
soft graph in decision making. The rest of paper is arranged
as:

In section second theoretical background some detail or
related concept and definition are discussed which are used in
this paper. In section third proposed method in which a
definition of fuzzy soft graph are defined and give the step
wise procedure for decision making and feature selection
problems [8] . In next section an application related to feature
selection and decision making problems are discussed. At last
conclude the paper.

2. THEORETICAL BACKGROUND

In this section some related concepts and definition related to
this work are discussed.

2.1. Fuzzy Set

In mathematics, fuzzy sets are those sets whose elements have
degree of membership. As an extension of the classical notion
of a set Lotfi A. Zadeh [1] pioneered fuzzy sets.

Definition 2.1

A fuzzy set is a pair (U,m) where U is a set and m: U —
[0,1] for each y e U, the value m(y) is called the grade of
membership of yin (U,m). For a finite set U =
Y1, V2, -, v}, the fuzzy set (U,m)is often denoted by
{m 1)/ 1), e e, m )/ ()}

Membership Function:

In the fuzzy set R the membership function, mg(y)
exemplifies the membership of the element y of the base set
Y, where for mg(y) a large class of function can be taken.
For the fuzzy set R, the grade of membership mg(y,) of a
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membership function mg(y) express for the special element
¥y = y,. This value is in the unit interval [0, 1].

2.2. Soft Set

Soft set theory is an overview of fuzzy set theory that was
suggested by Molodtsov [2] to manage uncertainty of a
parametric approach. Due to the lack of any limitations on the
approximate descriptions, soft set theory is very convenient
and easily suitable for execution. In this theory, we can
conduct any parameter that we desire, with the aid of words
and sentences, real number, function, mapping and so on.

Definitions 2.2

Let Z is an initial universe set and P is the set of parameters,
than the pair (7, P) is called a soft set (over Z) if I is a
mapping of P into the power set of Z, that is,

H: P - P(2).

Clearly, for a given universe Z a soft set is a parameterized
family of subsets over Z. Also for any peP,H (p) is
considered as the set of p-approximate element of the soft set
(H,E).

Example 1:
Let Z = {m,, m,, ..., ms}, be the sets of motor vehicle under
consideration and P be the set of parameters,

P = {p; = expensive,p, = good quality, ps3
= cheap,p, = stylish,ps = latest}.

Then the soft set (H,P) express the attractiveness of the
mobiles.

{expensive = mq, my, mg},
{good quality = mg,ms},
(#,P) = {cheap = m3,my, ms},
{stylish = m;,m,, ..., msg},
{latest = m,, ms, my, ms}

2.3 Fuzzy Soft Set:

By hybridization of fuzzy sets and soft sets Maji et al. [3]
characterized fuzzy soft sets. They established the notation of
fuzzy soft sets, which can be seen as a fuzzy generalization of
(classical) soft sets. The definition of fuzzy soft set is
followed by an example.

Definition 2.3

Let f(Z) denote the set of all fuzzy sets of universal set Z and
P be the set of parameters. Then a fuzzy soft set F; over Z is
a set defined by a function I representing a mapping

I'g: P->F@)
Such that Tz (p) = @if p ¢ E,where E c Pand T'z(p) is a
fuzzy set over Z forall p € P.

Thus, a fuzzy soft set F; over Z can be represented by the set
of ordered pairs

Fe = {(p. Te®) : p€ P, T(p) € F(2)}

A fuzzy soft set is actually a special case of a soft set because
it is still a mapping from parameters to a universe. The
difference between a soft set and a fuzzy soft set is that in a
fuzzy soft set, the universe to be considered is the set of fuzzy
subsets of Z.

Remark: Note that the set of all fuzzy soft sets over U will
be denoted by FS(Z).
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Example 2:

In example 1 of soft set considered above if m, has stylish
then it will not be possible to express it with only the two
numbers 0 and 1. In that case we can characterize it by a
membership function instead of the crisp number 0 and 1 that
associated with each element a real number in the interval [0,
1]. The fuzzy soft set can then be described as

Fp(py) = {%'%‘%‘%'%}'
Fp(ps) = {%'%'%’%’%}’
Fp= 4 Fplpy) = {2152, 255 220 25},
Fp(ps) ={%'%'%’%’$}’
Fp(ps) = {%'%'%'%’%}

2.4 Concept of Graph Theory

A graph G = (V, E) consists of a non-empty set of objects V,
called vertices and a set E of two element subsets of V called
edges. Two vertices x and y are adjacent if {x,y} € E. A
graph G = (V',E") is said to be a subgraph of G = (V,E) if
V'SV and E' € E. For any subset S of the vertex set of the
graph G, the induced subgraph S’ is the subgraph of G whose
vertex set is S and two vertices are adjacent in S if and only if
they are adjacent to G. A graph is complete if every vertex is
connected to every other vertex and we denote the complete
graph on n vertexes by K,,.

Definition 2.4.1:

A graph G is called bipartite if V(G) is the union of two
disjoint nonempty subset V; and V, such that every edge of G
joins a vertex of V; to a vertex of V,. A graph is called a
complete bipartite graph if, in addition, every vertex of V;is
joined to every vertex of V, by a unique edge.

2.5 Soft Graph:

Let G = (V, E) be a simple graph, A any non empty set. Let R
any arbitrary relation between elements of A and elements of
V. That is R< A X V. A set valued function F : A - P(V)
can be defined as F(x) = {y € V|x R y}. The pair (F,A) is a
soft set over V.

Definition 2.5.1:

Let (F,A) be a soft set over V. Thus(F, A) is said to be a soft
graph of G if the subgraph induced by F(x) in G,F(x) is
connected subgraph of G for all x € A.

Definition 2.5.2( Akram et al [18]):
A 4-tuple G = (G*,F, K, A) is called a soft graph if it satisfies
the following conditions:

G* = (V,E) is asimple graph,

A is non empty set of parameters,
(F,A) is a soft set over V,

(K, A) is a soft set over E,

(F(a), K(a)) isasub graph of G* for all a € A.

The sub graph (F(a), K(a)) is denoted by H(a) for
convenience.

cooe

The set of all soft graph of G* is denoted by SG(G*).

Definition 2.5.3 ( Akram et al [18]):
Asoft graph G = (G*, F, K, A) is said to be vertex-induced if
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H(x) = (F(x),K(x)) = (F(x)),Vx € A.

Definition ( Akram et al [18]):
A soft graph G = (G*, F, K, A) is said to be edge-induced if
H(x) = (F(x),K(x)) = (K(x)),Vx € A.

2.6 Fuzzy Soft Graph:
Definition 2.6.1 ( Akram et al [17]):
A fuzzy soft graph G = (G*, F, K, A) is a 4-tuple such that

G* = (V,E) is asimple graph,
A is non empty set of parameters,
(F, A) is a fuzzy soft set over V/,
(K, A) is a fuzzy soft set over E,
(F(a), K(a)) is a fuzzy (sub)graph of G* for all
a € A. That is,

K(a)(xy) < min{F(a)(x), F(a)(»)}
Va€A&xy €V, the fuzzy graph (F(a), K(a))
is denoted by H(a) for convenience.

Definition 2.6.2:

A fuzzy soft graph G = (G*, F, K, A) is said to be vertex-

induced if

A@w = (F@OR@W)) = F@@)va €48
ev.

Definition 2.6.3:

o
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A fuzzy soft graph G = (G*, F, K,A) is said to be edge-
induced if

A@ @) = ((F@n), K@) ) = R@)y)), va
EA&x,y€eEV.

3. PROPOSED METHOD

Before discussion of this method one more definition related
to soft graph is discussed and by using this definition a
corresponding definition of fuzzy soft graph is defined. This
definition used by Thomas et al [12] in his work related to
“decision making via soft graphs”

Definition 3.1:

Let (F4, E) be a soft set over U. Then a subset R, of U X E,
uniquely defined as R4 = {(u,e):e € A,u € F4(e)}, is called
a relation form of the soft set (F,, E).

Let
U = {uy, Uy, s, coveon oo JUphL E =
{ei, ez €3 ... ,enJand ACE. Then R, can be

represented as follows:

Ry ={(us¢)},wlerei=1tomandj =1 ton, be the set
of points on the graph. Then we can represent a graph and call
it a soft graph of the set (Fy, E) over U. In other words, a soft

set is uniquely represented by its corresponding soft graph.

Fig. 1 Soft Graph

n - & (um,en)
. @ (u5,e5)
.- ¢ (uled) & (uded)
. ® (ule3) ® (u3e3) @ (ude3) @ (u5.e3)
e2 - ® (ule2) @ (u2e2) @ (u3e2) @ (ude2) @ (u5e2)
el - ® (ulel) @ (u2el) @ (u3el) @ (udel) @ (uSel)
0 . T
0 ul u2 . : m

Example 3: The soft graph of example 1 defined in soft set
definition is as:
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Soft Graph
p6
PS L 4 L 4 L 4 L 4
(ul, p5) (u3, p5) (u4, p5) (u5, p5)
P
a p4 L 4 L 4 L 4 L 4 L 4
r (u1, pd) (u2,p 4) (u3,p4) (u4, pd) (u5, p4)
a
m p3 L 4 L 4 L 4
e (u3, p3) (u4, p3) (u5, p3)
t
e P2 4 L 4
r (u3,p2) (u5,p2)
pl L 4 4 L 4
(u1,p1) (u2,p1) (u5,p1)
p T T T T T ,
u ul u2 u3 ud us ub
Object
Fig. 2. Soft Graph of Example
Corresponding to above definition we define fuzzy soft graph R, = {(Fg(e') ,e-)},where i=1tomandj=1ton, be
definition as: NN
the set of points on the graph. Thus we can represent a graph,
Definition 3.2: and call it fuzzy soft graph of the set F over U. In other
LetFr = {(e, Tz(e)): e€e P,PCE,Tx(e) € F(U)}bea words, a fuzzy soft set is uniquely represented by its

corresponding fuzzy soft graph. A fuzzy soft graph shown in

fuzzy soft set over universe U. Then a subset R, of U X E, ) g e .
y r fig. 3 below in this figure FE(ej)i is represented by u;, for

uniquely defined as Rp ={([g(e),e):e € P, I'z(e) €

FU, is called a relation form of the fuzzy soft set FZ. i=1tom.
LetU = {uq, Uy, Uz, e e e U}y
E ={ey, e €3 n e e ,e,}and P CE. Then R, can be

represented as follows:

n # (um,en)
. @ (u5,e5)
. ¢ (uled) & (ud,ed)
. € (uleld) ¢ (u3,e3) @ (ude3) @ (u5.e3)
e2 - ® (ule2) @ (u2e2) @ (u3e2) @ (ude2) @ (u5e2)
el - @ (ulel) @ (u2el) @ (u3el) @ (udel) @ (uSel)
0 | | . 1 . i
0 ul u2 . . . m

Fig. 3 Fuzzy soft sets
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Example 4: The fuzzy soft graph of example 2 defined in
fuzzy soft set definitions are as:
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Fuzzy Soft Graph
p6
PS5 4 4 4 4
P (u1/0.48, p5) (u3/0.64, p5) (u4/0.48, p5) (u5/0.8, p5)
? pa 4 4 4 4 4
; (u1/0.6, p4) (u2/0.4,p 4) (u3/0.8,p4) (u4/0.6, p4) (u5/1.0, p4)
m p3 4 4 4
e (u3/0.48, p3) (u4/0.36, p3) (u5/0.6, p3)
s e o *
r (u3/0.32,p2) (u5/0.40,p2)
pl 4 4 4
(u1/0.36,p1) (u2/0.24,p1) (u5/0.6,p1)
p r r r r )
u ul u2 u3 ud u5 ué
Object

Fig. 4 Fuzzy Soft Graph of Example

3.2 Proposed Procedure:
The proposed step wise process of feature selection (data
reduction) or decision making is as:

1.
2.

Consider a soft set table or fuzzy soft set table.

If a soft set table is considered then convert it into
fuzzy soft set table by method discussed by Sharma
etal. [19].

Draw a fuzzy soft graph by using fuzzy soft
information tabled by using proposed technique.
Find the threshold value ‘T’ of the fuzzy soft
information table by using formula T =
(Z:Xjvij)/(UI % |Pl), where (JU|x |P]) is the
product of number of objects and parameters
respectively and v;; is the entries in the fuzzy soft
information table.

Represent the scattered points of graph into two
form one for those whose values are less than or
equal to threshold values and other for greater
values.

Now two cases arise,

e In first case remove those scattered
points representing less than or equal to
threshold values. Now delete those
objects not having any representation of

scattered  points  (after  removal
parameters).

e In second case remove those scattered
points representing greater than threshold
values. Now delete those parameters not
having any representation of scattered
points (after removal objects).

7. Now from the represented graph concluded the
results of feature selection and decision making.

4. APPLICATION IN FEATURE
SELECTION AND DECISION
MAKING

Here same example is analyzed which is discussed by Maji et
al. [4]. Letv = {hy,hy, h3, hg, hs, he} be a set of six houses, E =
{expensive, beautiful, wooden, cheap, in green surroundings,
modern, in good repair, in bad repair} be the set of
parameters. Let Mr. X is interested to buy a house on the
following parameters subset P = {beautiful, wooden, cheap, in
green surroundings, in good repair}. Let {p,, p,, 3, P4, s} be
symbolic representation of the set P. Soft set boolean-valued
information system table specified by the soft set as in Table
4.1.

Table 4.1 Soft Set Information Table

u/p P1 P2 P3 P4 Ps
hy 1 1 1 1 1
h, 1 1 1 1 0
hs 1 0 1 1 1
hy 1 0 1 1 0
hs 1 0 1 0 0
he 1 1 1 1 1
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Convert above soft set table into fuzzy soft set table by the
method discussed by Sharma et al [19]. The fuzzy soft set
table is as
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Table 4.2 Fuzzy Soft Set Information Table

u/p P1 P2 P3 P4 Ps
h, 1.00 0.50 1.00 0.83 0.50
h, 0.80 0.20 0.80 0.66 0
h; 0.80 0 0.80 0.66 0.40
h, 0.60 0 0.60 0.50 0
hs 0.40 0 0.40 0 0
hg 1.00 0.50 1.00 0.83 0.50
The fuzzy soft graph representation of above fuzzy soft set
table is shown below, in this graph {hy,hy,hs, by, hs,he} is
represented by {uq, u,, us, uy, us, ug} respectively.
p6
p5 L 4 L 4 L 2
(u1/0.5, p5) (u3/0.4, p5) (u6/0.5, p5)
2]
a p4 L 4 L 2 L 4 L 2 L 2
r (u1/0.83,p4)  (u2/0.66,p4)  (u3/0.66,p4) (u4/0.5, p4) (u6/0.83, p4)
a
m p3 L 4 L 2 L 4 L 2 L 4 L 2
e (u1/1.0, p3) (u2/0.8, p3) (u3/0.8, p3) (u4/0.6, p3) (u5/0.4, p3) (u6/1.0, p3)
t
e P2 L 4 L 2 L 2
r (u1/0.5,p2) (u2/0.4,p2) (u6/0.5, p2)
pl L 4 L 2 L 4 L 2 L 4 L 2
(u1/1.0,p1) (u2/0.8,p1) (u3/0.8, p1) (u4/0.6, p1) (u5/0.4,p1) (u6/1.0, p1)
p T T T T ]
u ul u2 u3 ud u5 ub u7
Object

Fig. 5 Fuzzy Soft Graph of fuzzy soft information table

Now determine T = (X;X;v;;)/(IU| X |P[) threshold value
of fuzzy soft sets, thus by calculation the value of T = 0.52.
Now represents scatter point in the fuzzy soft graph in two

ways first is triangle for those values having less than or equal
to threshold value and square for those value greater than

threshold value.
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- ® +~ ® 3 © =~ © O

p6

p5

p4

p3

p2

pl

u7

A A A
(u1/0.5, p5) (u3/0.4, p5) (u6/0.5, p5)
i | | A |
(u1/0.83,p4)  (u2/0.66,p4)  (u3/0.66,p4)  (u4/0.5, p4) (u6/0.83, p4)
L i i L A i
(u1/1.0, p3) (u2/0.8, p3) (u3,/0.8 p3) (u4/0.6, p3) (u5/0.4, p3) (u6/1.0,p 3)
A A A
(u1/0.5, p2) (u2/0.4, p2) (u6/0.5, p2)
i | | i A |
(u1/1.0,p1) (u2/0.8,p1) (u3/0.8,p1) (u4/0.6,p1) (u5/0.4, p1) (u6/1.0,p1)
ul u2 u3 usd u5 ub
Object

M greater than threshod value

A less than or eaual to threshold value

Fig. 6 Fuzzy Soft Graph of greater than and less than or equal to threshold value

Now here two cases arises in first case, from above graph
delete those scatter points represented by triangles then fuzzy
soft graph is represented as shown in fig. 7 and in second case

remove those scattered point represented by square then fuzzy

soft graph represented as shown in figure 8.

= ® ~ ® 3 O = © ©

p6

p5

p4

p3

p2

pl

u7

i i i i
(u1/0.83,p4) (u2/0.66, p4)  (u3/0.66, p4) (u6/0.83, p4)
i i i i i
(u1/1.0, p3) (u2/0.8, p3) (u3/0.8, p3) (u4/0.6, p3) (u6/1.0,p 3)
i i i i i
(u1/1.0,p1) (u2/0.8,p1) (u3/0.8,p1) (u4/0.6,p1) (u6/1.0,p1)
ul u2 u3 ud us ub
Object

W greater than threshod value

Fig. 7 Fuzzy Soft Graph represented values greater than threshold value (0.52)
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p6

p5

p4

p3

p2

=~ ® ~ ® 3 © =~ © O

pl

A A A
(u1/0.5, p5) (u3/0.4, p5) (u6/0.5, p5)
A
(u4/0.5, p4)
A
(u5/0.4, p3)
A A A
(u1/0.5, p2) (u2/0.4, p2) (u6/0.5, p2)
A
(u5/0.4, p1)
ul u2 u3 ud u5 ué

Object

A less than or eaual to threshold value

u7

Now fig. 7 represent that there is no any scattered point with
respect to ug or in other words that object us does not show
any relation to parameters. So delete the object us.

Fig. 8 Fuzzy Soft Graph values less than or equal to threshold value (0.52)

p6

p5

p4

p3

p2

=~ ® ~ ® 3 O = © U

pl

A A A
(ul, pS) (u3, pS) (u6, p5)
A
(u4, p4)
A A A
(u1, p2) (u2, p2) (u6, p2)
ul u2 u3 ud u5 ub

Object

A less than or eaual to threshold value

u7

Fig. 9 Fuzzy Soft Graph after removal ug

Now after removal of parameters and object fig. 9, represent
as fig. 10 graph shown below as:

Now after removal of object us in fig. 8, fig. 8 is represented
as fig. 9 (shown below) parameter p;& p; does not represent

any scattered point so remove these parameters.
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p6
p P> A A A
a (u1, p5) (u3, p5) (u, p5)
r P4 i H A
a (ul,p4) (u2, p4) (u3, p4) (u4, p4) (u6, p4)
m p3
e
t p2 Ak Ak A
€ (u1, p2) (u2, p2) (u6, p2)
oot

u ul u2 u3 ud u5 ub u7
Object
W greater than threshod value A less than or eaual to threshold value

Fig. 10 Fuzzy Soft Graph after removal p4, p3 & us.

From figure 10 it is conclude that for given problem two
parameters are reduced with-out affecting the Maji et al. [4]
decisions. By using the information of parameter p,, p, & ps,
house h, & hg are preffered

5. CONCLUSIONS

In this paper a fuzzy soft graph is describe with respect to soft
graph described by Thomas et al. [12]. A method to solve
decision making and feature selection problem by using fuzzy
set theory and graph set theory via their hybridization are
proposed. Finally an application of fuzzy soft graphs to
decision making and feature selection is presented. In future
this approach can be used in other application fields.
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