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ABSTRACT

The concept of soft set is one of the recent topics developed for dealing with the
uncertainties present in most of our real life situations. The parameterization tools of soft set
theory enhance the flexibility of its applications to different problems. Here we apply fuzzy
soft set technology through the well known Sanchez’s approach for medical diagnosis using
arithmetic operations on fuzzy numbers and exhibit the technique with a hypothetical case
study.
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INTRODUCTION

A number of real life problems in engineering, medical sciences, social sciences
economics etc. involve imprecise data and their solution involves the use of mathematical
principles based on uncertainty and imprecision. Such uncertainties are being dealt with the
help of topics like probability, fuzzy set theory, intuitionistic fuzzy set, vague set, theory of
interval mathematics, rough set theory etc. However, Molodtsov " has shown that each of the
above topics has some inherent difficulties due to the inadequacy of their parameterization
tools. Then he initiated a different concept called soft set theory as a new mathematical tool for
dealing with uncertainties which is free from the limitations of the above topics. Soft set theory
has a rich potential for applications in several directions, few of which had been explained by
Molodtsov in his pioneer work " and by Maji ez al '*!.

In this paper we study Sanchez’s ! method for medical diagnosis using the notion of
fuzzy soft set together with arithmetic operations on fuzzy number and exhibit the technique

with a hypothetical case study.
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Preliminaries

In this section we present a brief summary of the definition and results of the soft sets
and fuzzy soft sets which are useful for subsequent discussion.
Definition 1:

Suppose U is an initial universe set and £ is a set of parameters. Let P(U) denote the power
set of U and Ac E . Then a pair (F, A)is called a soft set overU , where F is mapping from
A into P(U).
Definition 2:
Suppose U be a universal set, E a set of parameters and A < E . Also suppose [ (U) denote the
set of all fuzzy subsets of U . Then a pair (F, 4) is called a fuzzy soft set overU , where F'is
mapping from 4 into [ (U).
Definition 3:
For two fuzzy soft sets (F, A)and (G, B)over a common universe U , we have

(1)(F,A4) C(G,B),if Ac Band Ve e A, F(e)is a fuzzy subset of G(e)

ie., (F,A)is a fuzzy soft subset of (G, B) .
(i1) (F, A)is said a fuzzy soft superset of (G, B), denoted by (F', 4A) 5 (G, B) if
(G, B) s a fuzzy soft subset of (F, 4).

(i) (F,A4)=(G,B),if (F,A4) ©(G,B)and (G,B) S (F,A).
Definition 4:
The complement of fuzzy soft set (F, 4)denoted by (F, 4)°, is defined by (F,4)"=(F°,q A4),
where F° :q 4 — [1U is a mapping given by F'“(a) =fuzzy complement of (5 a), Va €q A).
Definition 5:
A fuzzy soft set(F,A4)is said to be absolute fuzzy soft set over U, denoted by A,
if F(ey=U,Vee 4.
Definition 6:
(AND( A) operation of two fuzzy soft sets ), (F,A) A (G,B)=(H,Ax B)where
H(a,B)=F(a)NG(B),Vae Adand VS € B.
Definition 7:
(OR( ) operation of two fuzzy soft sets ), (£, 4) v (G,B)= (0, Ax B) where
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O(a,B)=F(a) OG(B),Vae Aand VS € B.

Example 1:

Let U = {h,,h,,h,} be the set of three houses and E = {costly(e,),cheap(e,), beautiful(e;)} be
the set of parameters.

Consider two fuzzy soft sets (F', 4)and (G, B), where 4 = {e,,e,}and B = {e,,e,,e;} C E
given by (F,A)={F(e)) = {(h,,.6),(h,,.4),(h;,.3)},F(e,) = {(h,,.6),(h,,.7),(h;,.5)} }

and (G, B)=

{G(el )= {(hl ,-6), (hz »-4), (h3 9-3)}7 G(ez) = {(hl ,-0), (hz 1), (h3 ,.5)}, G(e3) = {(hl 52, (hz 4, (hs 9-5)} }
then

D (F, A= F(q ¢) = 1(7,4),(h,,.6),(h3,. 1)}, F(q €,) = 1(1,.7),(hy,.3), (h,.5)
(i) (F,4) & (G,B)

Some propositions

Let (F,A)and (G, B) be two fuzzy soft sets over a common universe U, then

(i) (F,A)O(F,A)=(F,A). (Idempotent)
(ii) (F,A) N (F,A)=(F,A). (Idempotent)
(iil) (F,A) O ¢ =¢. (Identity)
(iv) (F,A)Ng=¢. (Identity)

(v) (F,4)0 A = A. where A4is an absolute fuzzy soft set. (Identity)

(vi) (F,A)RAA=A. (Identity)

(vii) (F,4)T(G,B))¢ =(F,A)° O(G,B)". (De Morgan’s law)
(viii) ((F,4) N (G,B)) =(F,A)° A (G,B)". (De Morgan’s law)
(ix) ((F,A4)v (G,B)) =(F,4)° A(G,B)". (De Morgan’s law)
(x) (F,A) A (G,B))" =(F,A)° v(G,B)°. (De Morgan’s law)
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Arithmetic operations on fuzzy numbers
Definition 1:
A fuzzy set A on the universe of discourse R (the set of all real numbers) is convex if and only
iffora;,a;in U f,(la, +(1-A)a,) 2min{f,(a,), f,(a,)} where A €[0,1].
Definition 2:
A fuzzy set A on the universe of discourse U is called a normal fuzzy set if Ja; € U such that
fia)=1.
Definition 3:
A fuzzy number is a fuzzy set defined on the universe of discourse R which is both convex and

normal.

A fuzzy number A on the universe of discourse R may be characterized by a triangular

distribution function parameterized by a triplet (a, b, ¢). The membership function of the fuzzy

number A4 is defined as

0, u<a
Z_a, a<u<b
-a
Sawy=1"""
, bfu<c
c—b
0, u>c

Let 4 and Bbe two triangular fuzzy numbers parameterized by the triplet
b, =(a,,b,,c,) and b, =(a,,b,,c,)respectively.
Then addition and multiplication of 4and B as given in *! are
A®B =0, ®b,
=(a,,a,,a;)® (b,,b,,b;)
=(a, +b,,a, +b,,a, +b,)
and
A®B =4, ®b,
=(a,,a,,a;)®(b,,b,,b;)
=(a, xb,,a, xb,,a, xb,)

For example, if 4 =(7,8,9) and B =(2,3,4) are two triangular fuzzy numbers, then
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A®B=(7,89)@(23,4)=(9,11,13) = 1
A® B =(7,89)® (2,3,4) = (14,24,36) = 24.
Similarly the addition and multiplication of two trapezoidal fuzzy numbers
A=(a,,a,,a;,a,) and B=(b,,b,,b;,b,)are given as
A® B =(a,,a,,a;,a,)®(b,b,,b;,b,)
=(a, +b,,a, +b,,a, +b;,a, +b,)
A®B =(a,,a,,a;,a,)®(b,,b,,b;,b,)
=(a,xb,,a, xb,,a,xb;,a,xb,)
Next we present a defuzzification method of trapezoidal fuzzy number. Take a
trapezoidal fuzzy number parameterized by a quadruplet(p,q,r,s) as shown in the figure 1.

Then the defuzzification value 7 of the fuzzy number is calculated from the figure as follows:

1.2

1

0.8 1

0.6 -

F(U)

0.4 -

0.2 1

0 < >

Figure 1: A trapezoidal fuzzy number M = (p,q,r,s)
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-1+ %(q — o)) = (D) + %(s )
S (=)= P =0+ (s=1)

:(r—q)—(r—t>=%(s—r)—%(q—p)

2
o PFAFTrES
L _Ptqtris
4
Similarly the defuzzification value e of a triangular fuzzy number (a, b, c) is equal to
a+b+b+c
= yEEEEEEREEREEEREREEE (1)

METHODOLOGY AND ALGORITHM

In this section we present an algorithm for medical diagnosis using fuzzy arithmetic

operations. Assume that there is a set of m patients, P={p,, p, p;,....... ,P,} with a set of n
symptoms S={s,,5,,5;,.....,5, } related to a set of k diseases D={d,,d,,d,,.....,d, }. We apply

fuzzy soft set technology to develop a technique through Sanchez’s method to diagnose which
patient is suffering from what disease.

For this, construct a fuzzy soft set (F, P) over S where F' is a mapping F: P —>[]S.
This fuzzy soft set gives a relation matrix Q, called patient-symptom matrix, where the entries
are fuzzy numbers p parameterized by a triplet (p-1, p, p+1).Then construct another fuzzy soft
set (G, S) over D, where G is a mapping G:S — 1 D. This fuzzy soft set gives a relation
matrix (weighted matrix), say R, called symptom-disease matrix, where each element denote
the weight of the symptoms for a certain disease. These elements are also taken as triangular

fuzzy numbers.
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Thus the general form of Q and R are

Py |4y 4 4
Py | Ay 4y Ay
P | 43 dzp  di

~ ~

pm aml amZ am3

Now

matrix D" as follows:
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performing the transformation operationQ ® R we get the patient-diagnosis

Then defuzzifying each element of the above matrix by (1) we get the crisp diagnosis matrix as

P
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Now if maxv, = v, then we conclude that the patient p, is suffering from diseased . In
1<I<k

case max v, occurs for more than one value of /, 1 </ <m then we can reassess the symptoms
I<i<k

to break the tie.

Algorithm
Step I: Input the soft set (F, P) to obtain the patient-symptom matrix Q.
Step II: Input the soft set (G, S) to obtain the symptom-disease matrix R.
Step III: Perform the transformation operation O ® R to get the patient diagnosis
matrix D" .
Step IV: Defuzzify all the elements of the matrix D" by (1) to obtain the matrix D™ .
max v,

Step V: Find s for which v, = ;

Then we conclude that the patient p, is suffering from diseased . In case max v, occurs for

more than one value of /, then we can reassess the symptoms to break the tie.
Case Study

Suppose there are three patients John, George and Albert in a hospital with symptoms
temperature, headache, cough and stomach problem. Let the possible diseases relating to the
above symptoms be viral fever, typhoid and malaria. Now take P = {p,, p, p,} as the universal
set where p,,p, and p,represents patients John, George and Albert respectively. Next
consider the set S = {s,,s,,5;,5,} as universal set where s,,s,,s,,s, represents symptoms
temperature, headache, cough and stomach problem respectively and the setD ={d,,d,,d,},
whered,, d,and d, represent the diseases viral fever, typhoid and malaria respectively.
Suppose,
F(s))={p,/8,p,/7,p, 18}, F(s,)={p, /4, p,/3,ps/ 5}, F(s;)={p,/6,p,/4.p,/4}and
F(s,)={p,/ 3. P,/ 6, psy/ 7} . Then the fuzzy soft set (F,S) is a parameterized family of all
fuzzy sets over S and gives a collection of approximate description of the patient-symptoms in
the hospital. This fuzzy soft set (F, P)represents the relation matrix (patient-symptom matrix)
0 and is given by
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i
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Next suppose that G(s,) ={d, /9,d, / 6,d, / 1}, G(s,)={d, / 4,d, /5,d, / 6},
G(sy)={d,/5,d,/2,d,/5}, G(s,)={p,/2,d,/8,d,/8}so that the fuzzy soft set (G, S) is a
parameterized family {G(s,),G(s,),G(s;5),G(s,)} of all fuzzy sets over the set S where

G : S — [J Dand is determined from expert medical documentation. Thus the fuzzy soft set

(G, S) gives an approximate description of the three diseases and their symptoms. This soft set

is represented by a relation matrix (symptom-disease matrix) R and is given by

d, d,

an
IV SNt A W
o\l

0! Nl WDl
ol Wl O\ =

Then performing the transformation operation Q ® R we get the patient- diagnosis

matrix D" as

p|124 104 86
D" =p,|107 113 93
ps| 90 113 110

Where, 124 = (87,124,164), 107 = (71,107,151), 90 = (54,90,134)

104 = (66,104,150), 113 = (76,113,158)
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Now defuzzifying the above matrix, we get
. d, dy
p,|124.75 106 88

D" =p,| 109 115 95
| 92 115 112

It is clear from the above matrix that patient p,is suffering from disease d,and patients

p,and p,both are suffering from diseased, .
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