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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 [1] 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 [1] and by Maji et al [2]. 

 In this paper we study Sanchez’s [3] 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 E  is a set of parameters. Let )(UP  denote the power 

set of U  and A E⊂ . Then a pair ),( AF is called a soft set overU , where F is mapping from 

A  into )(UP . 

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 ofU . Then a pair ),( AF  is called a fuzzy soft set overU , where F is 

mapping from A  into ⁮ )(U . 

Definition 3: 

For two fuzzy soft sets ),( AF and ),( BG over a common universeU , we have  

 (i) ),( AF ),(~ BG⊂ , if BA ⊂ and )(, eFAe∈∀ is a fuzzy subset of )(eG  

      i.e., ),( AF is a fuzzy soft subset of ),( BG . 

 (ii) ),( AF is said a fuzzy soft superset of ),( BG , denoted by ),( AF ),(~ BG⊃  if   

      ),( BG is a fuzzy soft subset of ),( AF . 

(iii) ),( AF = ),( BG , if ),( AF ),(~ BG⊂ and ),( BG ),(~ AF⊂ . 

Definition 4:  

The complement of fuzzy soft set ),( AF denoted by cAF ),( , is defined by cAF ),( = ,( cF ┐ )A , 

where :cF ┐ →A ⁮U is a mapping given by =)(aF c fuzzy complement of F(┐ ∈∀aa), ┐A). 

Definition 5: 

A fuzzy soft set ),( AF is said to be absolute fuzzy soft set over U, denoted by A
~
, 

if AeUeF ∈∀= ,)( . 

Definition 6: 

(AND(∧ ) operation of two fuzzy soft sets ), ),(),( BGAF ∧ = ( BAH ×, )where 

AGFH ∈∀∩= αβαβα ,)(~)(),( and .B∈∀β  

Definition 7: 

(OR(∨ ) operation of two fuzzy soft sets ), ),(),( BGAF ∨ = ( BAO ×, ) where 
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AGFO ∈∀∪= αβαβα ,)(~)(),( and .B∈∀β  

Example 1: 

Let },,{ 321 hhhU = be the set of three houses and )}(),(),({cos 321 ebeautifulecheapetlyE = be 

the set of parameters.  

Consider two fuzzy soft sets ),( AF and ),,( BG where },{ 21 eeA = and EeeeB ⊂= },,{ 321  

given by ),( AF = )}}5,.(),7,.(),6,.{()()},3,.(),4,.(),6,.{()({ 32123211 hhheFhhheF ==  

and ),( BG =

)}}5,.(),4,.(),2,.{()()},5,.(),7,.(),6,.{()()},3,.(),4,.(),6,.{()({ 321332123211 hhheGhhheGhhheG ===
then  

(i) cAF ),( = (F ┐ ()},7,.(),6,.(),4,.{() 3211 Fhhhe = ┐ )}5,.(),3,.(),7,.{() 3212 hhhe =  

(ii) ),( AF ),(~ BG⊂  

Some propositions 

Let ),( AF and ),( BG be two fuzzy soft sets over a common universe ,U  then 

 (i) ).,(),(~),( AFAFAF =∪      (Idempotent) 

 (ii) ).,(),(~),( AFAFAF =∩     (Idempotent) 

 (iii) .~),( φφ =∪AF       (Identity) 

 (iv) .~),( φφ =∩AF       (Identity)  

 (v) .
~~~),( AAAF =∪ where A

~
is an absolute fuzzy soft set. (Identity) 

 (vi) .
~~~),( AAAF =∩       (Identity) 

 (vii) .),(~),()),(~),(( CCC BGAFBGAF ∪=∪   (De Morgan’s law) 

 (viii) .),(~),()),(~),(( CCC BGAFBGAF ∩=∩   (De Morgan’s law) 

 (ix) .),(),()),(),(( CCC BGAFBGAF ∧=∨   (De Morgan’s law) 

 (x) .),(),()),(),(( CCC BGAFBGAF ∨=∧   (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 

if for a1, a2 in U )}(),(min{))1(( 2121 afafaaf AAA ≥−+ λλ where ]1,0[∈λ . 

Definition 2: 

A fuzzy set A on the universe of discourse U is called a normal fuzzy set if Uai ∈∃ such that 

.1)( =iA af  

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, c). The membership function of the fuzzy 

number A  is defined as  















>

≤≤
−
−

≤≤
−
−

<

=

cu

cub
bc

uc

bua
ab

au

au

uf A

,0

,

,

,0

)(  

 Let A  and B be two triangular fuzzy numbers parameterized by the triplet 

),,(),,( 22221111 cbabandcbab == respectively. 

Then addition and multiplication of Aand B  as given in [4] are   

  

),,(

),,(),,(

~~

332211

321321

22

bababa

bbbaaa

baBA

+++=

⊕=

⊕=⊕

  

and   

),,(

),,(),,(

~~

332211

321321

22

bababa

bbbaaa

baBA

×××=

⊗=

⊗=⊗

 

For example, if )4,3,2()9,8,7( == BandA  are two triangular fuzzy numbers, then 
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.24)36,24,14()4,3,2()9,8,7(

11)13,11,9()4,3,2()9,8,7(
~

~

==⊗=⊗

==⊕=⊕

BA

BA
 

 Similarly the addition and multiplication of two trapezoidal fuzzy numbers 

),,,(),,,( 43214321 bbbbBandaaaaA == are given as  

  
),,,(

),,,(),,,(

44332211

43214321

babababa

bbbbaaaaBA

++++=

⊕=⊕
 

  
),,,(

),,,(),,,(

44332211

43214321

babababa

bbbbaaaaBA

××××=

⊗=⊗
 

 Next we present a defuzzification method of trapezoidal fuzzy number. Take a 

trapezoidal fuzzy number parameterized by a quadruplet ),,,( srqp  as shown in the figure 1. 

Then the defuzzification value t of the fuzzy number is calculated from the figure as follows: 
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   Figure 1: A trapezoidal fuzzy number M = ),,,( srqp  
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Similarly the defuzzification value e of a triangular fuzzy number (a, b, c) is equal to  

        
4

cbba
e

+++
= . . . . . . . . . . . . . . . .(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= }..,....,.,{ 3,21 mpppp  with a set of n 

symptoms S= }.,....,,,{ 321 nssss related to a set of k diseases D= },.....,,,{ 321 kdddd . 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 →PF : ⁮ 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 →SG : ⁮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  

    nssss ....321          kdddd ....321  
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Now performing the transformation operation RQ⊗  we get the patient-diagnosis 

matrix *D  as follows:  

         kdddd ....321  
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Then defuzzifying each element of the above matrix by (1) we get the crisp diagnosis matrix as   

          kdddd ....321  
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          Now if isil
kl

vv =
≤≤1

max then we conclude that the patient ip  is suffering from disease sd . In 

case il
kl
v

≤≤1
max occurs for more than one value of l, ml ≤≤1  then we can reassess the symptoms 

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 Q⊗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 . 

Step V: Find s for which isv =
l

vilmax
.  

Then we conclude that the patient ip  is suffering from disease sd . In case il
kl
v

≤≤1
max occurs for 

more than one value of l, 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 },{ 321 pppP = as the universal 

set where 21 , pp and 3p represents patients John, George and Albert respectively. Next 

consider the set S = { 4321 ,,, ssss } as universal set where 4321 ,,, ssss represents symptoms 

temperature, headache, cough and stomach problem respectively and the set },,{ 321 dddD = , 

where 1d , 2d and 3d  represent the diseases viral fever, typhoid and malaria respectively. 

 Suppose,  
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~
/,7

~
/,8

~
/{)( 321332123211 pppsFpppsFpppsF === and 

}7
~
/,6

~
/.3

~
/{)( 3214 pppsF = . Then the fuzzy soft set ),( SF 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 ),( PF represents the relation matrix (patient-symptom matrix) 

Q and is given by  
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→SG : ⁮D and is determined from expert medical documentation. Thus the fuzzy soft set 

),( SG 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  
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 Then performing the transformation operation Q⊗R we get the patient- diagnosis 

matrix *D as  
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Now defuzzifying the above matrix, we get  

            321 ddd  
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It is clear from the above matrix that patient 1p is suffering from disease 1d and patients 

2p and 3p both are suffering from disease 2d .  
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