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Abstract: In this paper we introduce matrice represantation of fuzzy soft sets. By using the notion of fuzzy soft matrices, we apply
fuzzy soft set technology through the well known Sanchez’s [8] approach for medical diagnosis. Also we exhibit the technique with a
hypothetical case study.
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1 Introduction

Many complicated problems in economics, engineering, social science, medical science and many other fields involve

uncertain data. These problems which one come face to face with in life cannot be solved using classical mathematic

methods. In classical mathematics, a mathematical model ofan object is devised and the notion of the exact solution of

this model is determined. Because of that the mathematical model is too complex, the exact solution cannot be found.

There are several well-known theories to describe uncertainty. For instance fuzzy set theory [1], rough set theory [2]

and other mathematical tools. But all of these theories havetheir inherit difficulties as pointed out by Molodtsov [3]. To

overcome these difficulties, Molodtsov introduced the concept of soft set as a new mathematical tool for dealing with

uncertainties that is free from the difficulties affecting existing methods. The theory of soft sets has rich potential for

applications in several directions, few of which had been demonstrated by Molodtsov in his pioneer work [3]. At present,

works on soft set theory are making progress rapidly. Maji etal. [4] initiated the concept of fuzzy soft sets with some

properties regarding fuzzy soft union, intersection, complement of a fuzzy soft set, De Morgan’s Law etc. Neog and Sut

[5] have reintroduced the notion of fuzzy soft sets and redefined the complement of a fuzzy soft set accordingly. They have

shown that the modified definition of complement of a fuzzy soft set meets all the requirements that complement of a set

in classical sense really does. Applications of Fuzzy Soft Set Theory in many disciplines and real life situations have been

studied by many researchers. De et.al. [6] have studied Sanchez’s [7,8] method of medical diagnosis using intuitionistic

fuzzy set. Saikia et.al. [9] have extended the method in [6] using intuitionistic fuzzy soft set theory. In [10],Chetia and Das

have studied Sanchez’s approach of medical diagnosis through IVFSS obtaining an improvement of the same presented in

De et.al. [6]. Using the representation of interval valued fuzzy matrix, Meenakshi et.al. [11] have provided the techniques

to study Sanchez’s approach of medical diagnosis of Interval valued fuzzy matrices. In this paper, by using the notion

of fuzzy soft matrices, we apply fuzzy soft set technology through the well known Sanchez’s [8] approach for medical

diagnosis and we exhibit the technique with a hypothetical case study.
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2 Preliminaries

In this section, we will give some known and useful definitions and notations regarding soft set, fuzzy soft set.The

definitions and notions, in this part, may be found in references [1,3,4,12].

Definition 1. [3] Let U be an inital universe set and E be a set of parameters. Thepower set of U is denoted byP(U)

and A is a subset of E. A pair(F,A) is called a soft set over U, where F is a mapping given by F: A→ P(U).

Definition 2. [1] A fuzzy subsetµ of U is defined as a map from U to[0,1]. The family of all fuzzy subsets of U is denoted

byF (U). Let µ ,ν ∈ F (U) and x∈U. Then the union and intersection ofµ andν are defined following way:

(µ ∨ν)(x) = µ(x)∨ν(x)

(µ ∧ν)(x) = µ(x)∧ν(x)

µ ≤ ν if and only ifµ(x)≤ ν(x) for all x ∈U.

Definition 3. [4] Let U be a common universe, E be a set of parameters and A⊆ E. Then a pair(F̃ ,A) is called a fuzzy

soft set over U, wherẽF is a mapping given bỹF : A→ F (U).

Definition 4. [4] For two fuzzy soft sets(F̃ ,A) and(G̃,B) over a common universe U , we say that(F̃ ,A) is a fuzzy soft

subset of(G̃,B) if

(i) A⊆ B

(ii) F(a)≤ G(a) for all a ∈ A.

In this case, we write(F̃ ,A)⊆̃(G̃,B).

Definition 5. [4] The complement of fuzzy soft set(F̃ ,A) denoted by(F̃ ,A)c, is defined by(F̃ ,A)c = (
∼
F

c
,A), where

∼
F

c
: A→ F (U) is mapping given by

∼
F

c
= [F̃(a)]c for all a ∈ A.

Definition 6. [4]

(i) A fuzzy soft set(F̃ ,A) is said to be absolute fuzzy soft set over U ifF̃(a) =U for all a ∈ A.

(ii) A fuzzy soft set(F̃ ,A) is said to be null fuzzy soft set over U ifF̃(a) = 0U for all a ∈ A.

Definition 7. [12] Let (F̃ ,A) and(G̃,B) be two fuzzy soft sets over a common universe U. Then,

(1) The union of fuzzy soft sets(F̃ ,A) and(G̃,B) is defined as the fuzzy soft set(H̃,C) = (F̃ ,A)∪̃(G̃,B) over U, where

C= A∪B and

H̃(c) =





F(c) if c ∈ A\B

G(c) if c ∈ B\A

F(c)∨G(c) if c ∈ A∩B

for all c ∈C.

(2) The intersection of fuzzy soft sets(F̃ ,A) and(G̃,B) is defined as the fuzzy soft set(H̃,C) = (F̃,A)∩̃(G̃,B) over U,

where C= A∩B andH̃(c) = F̃(c)∧ G̃(c) for all c ∈C.

(3) The∧-intersection of fuzzy soft sets(F̃ ,A) and(G̃,B) is defined as the fuzzy soft set(H̃,C) = (F̃ ,A)∧̃(G̃,B) over U,

where C= A×B andH̃(a,b) = F̃(a)∧ G̃(b) for all (a,b) ∈ A×B.
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(4) The∨-union of fuzzy soft sets(F̃ ,A) and(F̃ ,B) is defined as the fuzzy soft set(H̃,C) = (F̃ ,A)∨̃(G̃,B) over U, where

C= A×B andH̃(a,b) = F̃(a)∨ G̃(b) for all (a,b) ∈ A×B.

Example 1.Let U = {h1,h2,h3} be the set of three houses under consideration and

E = {e1(costly),e2(beauti f ul),e3(greensurroundings)}

be the set of parameters. Consider two fuzzy soft sets(F̃ ,A) and(G̃,B), whereA= {e1,e2} andB= {e1,e2,e3} given by

(F̃ ,A) = {F̃(e1) = {(h1, .7),(h2, .5),(h3, .3)}, F̃(e2) = {(h1, .7),(h2, .6),(h3, .5)}}

(G̃,B) = {G̃(e1) = {(h1, .7),(h2, .5),(h3, .3)},G̃(e2) = {(h1, .7),(h2, .6),(h3, .5)}

G̃(e3) = {(h1, .2),(h2, .4),(h3, .5)}}

Then,

(i) (F̃ ,A)c = [F̃(e1)]
c = {(h1, .3),(h2, .5),(h3, .7)}, [F̃(e2)]

c = {(h1, .3),(h2, .4),(h3, .5)}

(ii) (F̃ ,A)⊆̃(G̃,B)

3 Fuzzy soft matrices

Let U = {u1,u2, ...,um} be the universal set andE be the set of parameters given byE = {e1,e2, ...,en}. Then the fuzzy

soft set(F̃ ,E) can be expressed in matrix form as̃A = [ai j ]m×n or simply by [ai j ], i = 1,2, ...,m, j = 1,2, ...,n and

[ai j ] = [(µi j ,γi j )]; whereµi j andγi j represent the fuzzy membership function and fuzzy reference function respectively of

ui in the fuzzy set̃F(ej) so thatδi j = µi j − γi j gives the fuzzy membership value ofui. We shall identify a fuzzy soft set

with its fuzzy soft matrix and use these two concepts interchangeable. The set of allm×n fuzzy soft matrices overU will

be denoted byFSMm×n. For usual fuzzy sets with fuzzy reference function 0, it is obvious to see that[ai j ] = [(µi j ,0)] for

all i, j.

Example 2.LetU = {u1,u2,u3} be the universal set andE be the set of parameters given byE = {e1,e2,e3}. We consider

a fuzzy soft set

(F̃ ,E) = {F̃(e1) = {(U1,0.3,0),(U2,0.4,0),(U3,0.7,0)},

F̃(e2) = {(U1,0.9,0),(U2,0.2,0),(U3,0.4,0)},

F̃(e3) = {(U1,0.8,0),(U2,0.1,0),(U3,0.3,0)}}.

We would represent this fuzzy soft set in matrix form as

[ai j ]3×3 =



(0.3,0) (0.9,0) (0.8,0)

(0.4,0) (0.2,0) (0.1,0)

(0.7,0) (0.4,0) (0.3,0)




3×3

.

Definition 8. The membership value matrix corresponding to the matrixÃ as MV(Ã) = [δi j ]m×n, whereδĩ j = µĩ j − γĩ j

∀i = 1,2, ...,m and j= 1,2, ...,n. µi j and γi j represent the fuzzy membership function and fuzzy reference function

respectively of ui in the fuzzy set̃F(ej).
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Definition 9. Let Ã= [ai j ] ∈ FSMm×n where ai j = (µi j ,γi j ). Then

(i) Ã is called a null fuzzy soft matrix denoted by[0̃]m×n or simply by[0̃] if δi j = 0̃ for all i and j. For usual fuzzy sets,

δi j = µi j ∀i, j.

(ii) Ã is called a identify fuzzy soft matrix denoted by[1̃], if m= n, ai j = (µi j ,γi j ) for all i 6= j and ai j = (1,0) i.e,

δi j = 1 for all i = j.

Definition 10. Let Ã= [(ai j ,0)] ∈ FSMm×n, where ai j = (µi j ,γi j ). Then the representation of the complement of the fuzzy

matrix Ã which is denoted by
∼
A

c
and then

∼
A

c
is called fuzzy soft complement matrix if

∼
A

c
= [(1,ai j )]m×n for all ai j ∈ [0,1].

Then the matrix obtained from so called membership value would be the following
∼
A

c
= [ai j ] = [(1−ai j )] for all i , j.

Definition 11. Let Ã = [ai j ]m×n, ai j = (µi j ,γi j ), whereµi j and γi j represent the fuzzy membership function and fuzzy

reference function respectively of ui. Also let B̃ = [b jk]n×p, bjk = (µ jk,γ jk), where µ jk and γ jk represent the fuzzy

membership function and fuzzy reference function respectively of ui . δ jk = µ jk − γ jk gives the fuzzy membership value of

ui . We now definẽA· B̃, the product of̃A andB̃ asÃ· B̃= [dik]m×p = [max min(µi j ,µ jk),min max(γi j ,γ jk)]m×p, 1≤ i ≤ m,

1≤ k≤ p for all j = 1,2, ..,n.

4 Methodology and algorithm

In this section we present an algorithm for medical diagnosis using fuzzy soft matrices. Assume that there is a set ofm

patients,P = {p1, p2, p3, ....., pm} with a set of n symptomsS = {s1,s2,s3, .....sn} related to a set ofk diseases

D = {d1,d2,d3, .....,dk}.

We apply fuzzy soft set theory to develop a technique throughSanchez’s method to diagnose which patient is suffering

from what disease by using fuzzy soft matrices.

For this, construct a fuzzy soft set(F̃ ,D) overSwhereF̃ is a mapping̃F : D → F (S). This fuzzy soft set gives a relation

matrix Ã, called symptom-disease matrix, where each element denotethe weight of the symptoms for a certain

disease.Also, its complement(F̃,D)
c

gives another relation matrix
∼
A

c
called non symptom-disease matrix. We call the

matricesÃ and
∼
A

c
as medical knowledge of fuzzy soft set.

Then construct another fuzzy soft set(G̃,S) over P, whereG̃ is a mappingG̃ : S→ F (P). This fuzzy soft set gives a

relation matrixB̃, called patient-symptom matrix. Similarly, its complement (G̃,S)c gives the relation matrix
∼
B

c
called

patient-non symptom matrix.

Thus the general form of̃A and
∼
A

c
are

d1 d2 d3 . . . dk

Ã=

s1

s2

s3

.

.

.

sn




a11 a12 a13 . . . a1n

a21 a22 a23 . . . a2n

a31 a32 a33 . . . a3n

. . . . . . .

. . . . . . .

. . . . . . .

am1 am2 am3 . . . ank
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d1 d2 d3 . . . dk

∼
A

c
=

s1

s2

s3

.

.

.

sn




(1,a11) (1,a12) (1,a13) . . . (1,a1n)

(1,a21) (1,a22) (1,a23) . . . (1,a2n)

(1,a31) (1,a32) (1,a33) . . . (1,a3n)

. . . . . . .

. . . . . . .

. . . . . . .

(1,am1) (1,am2) (1,am3) . . . (1,ank)




and the general form of̃B and
∼
B

c
are

s1 s2 s3 . . . sn

B̃=

p1

p2

p3

.

.

.

pm




b11 b12 b13 . . . b1k

b21 b22 b23 . . . b2k

b31 b32 b33 . . . b3k

. . . . . . .

. . . . . . .

. . . . . . .

bn1 bn2 bn3 . . . bmn




,

s1 s2 s3 . . . sn

∼
B

c
=

p1

p2

p3

.

.

.

pm




(1,b11) (1,b12) (1,b13) . . . (1,b1k)

(1,b21) (1,b22) (1,b23) . . . (1,b2k)

(1,b31) (1,b32) (1,b33) . . . (1,b3k)

. . . . . . .

. . . . . . .

. . . . . . .

(1,bn1) (1,bn2) (1,bn3) . . . (1,bmn)




.

Then using Definition (11), we obtain two new relation matrices̃T1 = B̃ · Ã and T̃2 = B̃ ·
∼
A

c
called patient symptom

disease matrix and patient symptom non disease matrix respectively. In similarly, we obtain the relation matrices

T̃3 =
∼
B

c
· Ã andT̃4 =

∼
B

c
·
∼
A

c
called the patient non symptom disease matrix and patient non symptom non disease matrix

respectively.

Using Definition (8), we may obtain the corresponding membership value matrices MV(T̃1), MV(T̃2), MV(T̃3) and

MV(T̃4). We calculate the diagnosis scoreST̃1
andST̃2

for and against the disease respectively as

ST̃1
= [γ(T̃1)i j ]m×n, where γ(T̃1)i j = δ (T̃1)i j − δ (T̃3)i j

and

ST̃2
= [γ(T̃2)i j ]m×n, where γ(T̃2)i j = δ (T̃2)i j − δ (T̃4)i j .

Now if maxj [ST̃1
(pi ,d j)−ST̃2

(pi ,d j)] occurs for exactly(pi ,dk) only, then we would be in a position to accept that

diagnostic hypothesis for patientpi is the diseasedk. In case there is a tie, the process is repeated for patientpi by

reassessing the symptoms.

c© 2016 BISKA Bilisim Technology
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4.1 Algorithm

Step I: Input the fuzzy soft set(F̃ ,D) and compute(F̃ ,D)c. Compute the corresponding matricesÃ and
∼
A

c
.

Step II: Input the fuzzy soft set(G̃,S) and compute(G̃,S)c. Compute the corresponding matricesB̃ and
∼
B

c
.

Step III: ComputeT̃1 = B̃· Ã, T̃2 = B̃ ·
∼
A

c
, T̃3 =

∼
B

c
· Ã andT̃4 =

∼
B

c
·
∼
A

c
.

Step IV: Compute the corresponding membership value matricesMV(T̃1), MV(T̃2), MV(T̃3) andMV(T̃4).

Step V: Compute the diagnosis scoreST̃1
andST̃2

.

Step VI: FindSk = maxj [ST̃1
(pi ,d j)−ST̃2

(pi ,d j)].

Then we conclude that the patientpi is suffering from the diseasedk. If Sk has more than one value, then go to step I and

repeat the process by reassessing the symptoms for the patient.

5 Case study

Suppose there are three patients John, George and Albert in ahospital those who intake over dosage for sensual pleasure

which will affect the brain cells lead to the symptoms of hysteria, then the patient who used sleeping pills will have the

side affect of headache and stomach pain, then the patient who take birth control pills will have side effect of depression

and stroke. We consider the setS= {s1,s2,s3} as universal set wheres1,s2,s3 represent symptoms of hysteria, headache

and stomach pain, depression and stroke problems respectively and the setD = {d1,d2} whered1 andd2 represent the

parameters of side effect in the human body, particularly brain and heart problem disease respectively.

Suppose,

(F̃ ,D) = {F̃(d1) = {(s1,0.4,0),(s2,0.7,0),(s3,0.6,0)},

F̃(d2) = {(s1,0.9,0),(s2,0.8,0),(s3,0.5,0)}}.

Complement of(F̃ ,D) is given by

(F̃ ,D)c = {F̃c(d1) = {(s1,1,0.4),(s2,1,0.7),(s3,1,0.6)},

F̃c(d2) = {(s1,1,0.9),(s2,1,0.8),(s3,1,0.5)}}.

We represent the fuzzy soft set(F̃ ,D) and(F̃ ,D)c by the following matrices̃A and
∼
A

c
respectively.

d1 d2

Ã=

p1

p2

p3



(0.4,0) (0.9,0)

(0.7,0) (0.8,0)

(0.6,0) (0.5,0)




d1 d2

∼
A

c
=

p1

p2

p3



(1,0.4) (1,0.9)

(1,0.7) (1,0.8)

(1,0.6) (1,0.5)


 .
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Next suppose,

(G̃,S) = {G̃(s1) = {(p1,0.6,0),(p2,0.8,0),(p3,0.2,0)},

G̃(s2) = {(p1,0.9,0),(p2,0.5,0),(p3,0.4,0)}

G̃(s3) = {(p1,0.3,0),(p2,0.9,0),(p3,0.8,0)}}.

Complement of(G̃,S) is given by

(G̃,S)c = {G̃c(s1) = {(p1,1,0.6),(p2,1,0.8),(p3,1,0.2)},

G̃c(s2) = {(p1,1,0.9),(p2,1,0.5),(p3,1,0.4)}

G̃c(s3) = {(p1,1,0.3),(p2,1,0.9),(p3,1,0.8)}}.

We represent the fuzzy soft set(G̃,S) and(G̃,S)c by the following matrices̃B and
∼
B

c
respectively.

s1 s2 s3

B̃=

p1

p2

p3



(0.6,0) (0.8,0) (0.2,0)

(0.9,0) (0.5,0) (0.4,0)

(0.3,0) (0.9,0) (0.8,0)




s1 s2 s3

∼
B

c
=

p1

p2

p3



(1,0.6) (1,0.8) (1,0.2)

(1,0.9) (1,0.5) (1,0.4)

(1,0.3) (1,0.9) (1,0.8)




Thus we have

d1 d2

T̃1 = B̃.Ã=

s1

s2

s3



(0.7,0) (0.8,0)

(0.5,0) (0.9,0)

(0.7,0) (0.8,0)




d1 d2

T̃2 = B̃.
∼
A

c
=

s1

s2

s3



(0.8,0.4) (0.8,0.5)

(0.9,0.4) (0.9,0.5)

(0.9,0.4) (0.9,0.4)




d1 d2

T̃3 =
∼
B

c
.Ã=

p1

p2

p3



(0.7,0.2) (0.9,0.2)

(0.7,0.4) (0.9,0.4)

(0.7,0.3) (0.9,0.3)




d1 d2

T̃4 =
∼
B

c
.

∼
A

c
=

p1

p2

p3



(1,0.7) (1,0.5)

(1,0.6) (1,0.5)

(1,0.4) (1,0.8)


 .
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Then we have following membership value matricesMV(T̃1), MV(T̃2), MV(T̃3) andMV(T̃4)

d1 d2

MV(T̃1) =

p1

p2

p3




0.7 0.8

0.5 0.9

0.7 0.8




d1 d2

MV(T̃2) =

p1

p2

p3




0.4 0.3

0.5 0.4

0.5 0.5




d1 d2

MV(T̃3) =

p1

p2

p3




0.5 0.7

0.3 0.5

0.4 0.6




d1 d2

MV(T̃4) =

p1

p2

p3




0.3 0.5

0.4 0.5

0.6 0.2


 .

We conclude the diagnosis scoreST̃1
andST̃2

for and against the disease as below.

d1 d2

ST̃1
=

p1

p2

p3




0.2 0.1

0.2 0.4

0.3 0.2




d1 d2

ST̃2
=

p1

p2

p3




0.1 −0.2

0.1 −0.1

−0.1 0.3


 .

Now we have the difference for and against the disease

ST̃1
−ST̃2

d1 d2

p1 0.1 0.3

p2 0.1 0.5

p3 0.4 -0.1

.

It is clear from the above matrix that patientsp1 andp2 are suffering from diseased2, patientp3 is suffering from disease

d1.

6 Conclusions

We have applied the notion of fuzzy soft matrices in the field of medical diagnosis. A case study has been taken to exhibit

the simplicity of the technique. Future work in this regard would be required to study whether the notions put forward in

this paper yield a fruitful result.
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