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Abstract: In this paper we introduce matrice represantation of fuzfy sets. By using the notion of fuzzy soft matrices, we apply
fuzzy soft set technology through the well known Sanche&8'spproach for medical diagnosis. Also we exhibit the teghaiwith a
hypothetical case study.
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1 Introduction

Many complicated problems in economics, engineering,adacience, medical science and many other fields involve
uncertain data. These problems which one come face to fabeirwlife cannot be solved using classical mathematic
methods. In classical mathematics, a mathematical modst abject is devised and the notion of the exact solution of
this model is determined. Because of that the mathematiodelris too complex, the exact solution cannot be found.
There are several well-known theories to describe unegytaror instance fuzzy set theor][ rough set theoryZ]

and other mathematical tools. But all of these theories lia®ie inherit difficulties as pointed out by Molodtsa$]{ To
overcome these difficulties, Molodtsov introduced the emof soft set as a new mathematical tool for dealing with
uncertainties that is free from the difficulties affectingsting methods. The theory of soft sets has rich potential f
applications in several directions, few of which had beemalestrated by Molodtsov in his pioneer wof.[At present,
works on soft set theory are making progress rapidly. Maglef4] initiated the concept of fuzzy soft sets with some
properties regarding fuzzy soft union, intersection, ctement of a fuzzy soft set, De Morgan’s Law etc. Neog and Sut
[5] have reintroduced the notion of fuzzy soft sets and reddfine complement of a fuzzy soft set accordingly. They have
shown that the modified definition of complement of a fuzzyt sef meets all the requirements that complement of a set
in classical sense really does. Applications of Fuzzy Seftffheory in many disciplines and real life situations hagerb
studied by many researchers. De et.@].Have studied Sanchez'g,B] method of medical diagnosis using intuitionistic
fuzzy set. Saikia et.al9] have extended the method #] using intuitionistic fuzzy soft set theory. 11(],Chetia and Das
have studied Sanchez’s approach of medical diagnosisghiMFSS obtaining an improvement of the same presented in
De et.al. B]. Using the representation of interval valued fuzzy matkbeenakshi et.al.[1] have provided the techniques
to study Sanchez’s approach of medical diagnosis of Intenlaed fuzzy matrices. In this paper, by using the notion
of fuzzy soft matrices, we apply fuzzy soft set technologptiyh the well known Sanchez’8][approach for medical
diagnosis and we exhibit the technique with a hypothetiaaécstudy.
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2 Preliminaries

In this section, we will give some known and useful definiScand notations regarding soft set, fuzzy soft set.The
definitions and notions, in this part, may be found in refeesrfL, 3,4,12].

Definition 1. [3] Let U be an inital universe set and E be a set of parameterspber set of U is denoted by?(U)
and A is a subset of E. A paiF, A) is called a soft set over U, where F is a mapping given hyA=— ZZ(U).

Definition 2. [1] A fuzzy subset of U is defined as a map from U {6, 1]. The family of all fuzzy subsets of U is denoted
by #Z(U). Letu,v € Z(U) and xe U. Then the union and intersection pfandv are defined following way:

u <vifandonly ifu(x) <v(x) forall x € U.

Definition 3. [4] Let U be a common universe, E be a set of parameters aadEAThen a pair(lf,A) is called a fuzzy
soft set over U, wherE is a mapping given b : A — .7 (U).

Definition 4. [4] For two fuzzy soft set$=, A) and (G, B) over a common universe U , we say tfi&tA) is a fuzzy soft
subset of G, B) if

() ACB
(i) F(a) <G(a)forallacA.

In this case, we writ¢F, A)C (G, B).

~ ~ ~ ~C
Definition 5. [4] The complement of fuzzy soft $6t A) denoted by(F,A)¢, is defined by(F,A)¢ = (F ,A), where
~C c ~

F :A— #(U)is mapping given bﬁ = [F(a)]¢foralla cA.

Definition 6. [4]

(i) A fuzzy soft sefF,A) is said to be absolute fuzzy soft set over B &) = U for all a € A.
(i) A fuzzy soft sefF,A) is said to be null fuzzy soft set over UFifa) = Oy for all a € A.

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

(1) The union of fuzzy soft se§,A) and (G, B) is defined as the fuzzy soft $et,C) = (F,A)J(G,B) over U, where
C=AuBand

F(c) if ceA\B
H(c)={ G(c) if ceB\A
F(c)vG(c)if ceANnB

forallceC.

(2) The intersection of fuzzy soft s¢E,A) and (G, B) is defined as the fuzzy soft g&t,C) = (F,A)N\(G,B) over U,
where C= ANB andH (c) = F(c) AG(c) for all ¢ € C.

(3) TheA-intersection of fuzzy soft sefs, A) and (G, B) is defined as the fuzzy soft $et,C) = (F,A)A(G,B) over U,
where C= A x B andH (a,b) = F(a) A G(b) for all (a,b) € Ax B.
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(4) Thev-union of fuzzy soft set§, A) and(F, B) is defined as the fuzzy soft §&t. C) = (F,A)V(G,B) over U, where
C=AxBandH(a,b) = F(a) vG(b) for all (a,b) € Ax B.

Example 1.LetU = {hy,hy,h3} be the set of three houses under consideration and
E = {ei(costly), ex(beautiful), e3(greensurroundings

be the set of parameters. Consider two fuzzy soft@ets) and(G,B), whereA = {e;,e,} andB = {e;, &, e3} given by

(FvA) = {'E(el) = {(hla -7)7 (hz, -5)7 (hg, 3)}7 'E(eZ) = {(hla -7)7 (h27 .6), (h37 5)}}
(G,B) = {G(e1) = {(hy,.7), (h2,.5), (hs,.3)},G(&2) = {(h1,.7). (h2,.6), (hs, .5)}
G(es) = {(hy,.2), (hp,.4), (hs,.5)}}

Then,

() (F.AF=[F(en)]°={(h1..3).(he,.5). (hs,.7)}, [F (&2)]° = {(hs, .3). (2. 4), (N, .5)}
(i) (F,A)C(G,B)

3 Fuzzy soft matrices

LetU = {uj,uy,...,um} be the universal set artel be the set of parameters given By= {ej, ey, ....en}. Then the fuzzy
soft set(F,E) can be expressed in matrix form As= [ajj]mxn OF Simply by [a;j], i = 1,2,...,m, j = 1,2,....n and
[aij] = [(ij, Vij)]; whereps; andy; represent the fuzzy membership function and fuzzy referémction respectively of
u; in the fuzzy seﬁ(ej) so thatd; = ij — yij gives the fuzzy membership value wf We shall identify a fuzzy soft set
with its fuzzy soft matrix and use these two concepts intengjfeable. The set of att x n fuzzy soft matrices oved will
be denoted by SMn.n. For usual fuzzy sets with fuzzy reference function 0, ithgious to see thds;;] = [(Lij,0)] for
alli,j.

Example 2.LetU = {uy, u,,us} be the universal set aritibe the set of parameters givenby= {e;, e, e3}. We consider
a fuzzy soft set

(F,E) = {F(e1) = {(U1,0.3,0), (U2,0.4,0), (U3,0.7,0)},
F(e) = {(U1,0.9,0), (U;,0.2,0), (U3,0.4,0)},
F(e3) = {(U1,0.8,0), (Uz,0.1,0), (U3,0.3,0)} }.

We would represent this fuzzy soft set in matrix form as

(0.3,0) (0.9,0) (0.8,0)
[@jlsxa= | (0.4,0) (0.2,0) (0.1,0)

(0.7,0) (0.4,0) (0.3,0) |, .

Definition 8. The membership value matrix corresponding to the maras MV(,&) = [&j]mxn, wheredﬁ = Ky — Yy
Vi=1,2,..,mand j=1,2,..,n. uj and y; represent the fuzzy membership function and fuzzy referamwtion
respectively of uin the fuzzy seﬂ?(ej ).
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Definition 9. LetA = [@ij] € FSMnxn Where & = (Lij, Vij). Then

0] Ais called a null fuzzy soft matrix denoted [?bym or simply by[@] if §j = Oforalliand j- For usual fuzzy sets,

&j = pij Vi, j.
(ii) Ais called a identify fuzzy soft matrix denoted[ﬁy if m=n, a; = (uj,y;) foralli # jand a; = (1,0) i.e,
Gj=1foralli =j.

Definition 10. LetA = [(&; ,0)] € FSM,W,, where g = (L, yij). Then the representation of the complement of the fuzzy
matrix A which is denoted ba9( and thenA is called fuzzy soft complement matmmf_ [(1,aj)]mxn for all &;; € [0,1].
Then the matrix obtained from so called membership valuddiueithe foIIowmgA [@j] = [(1—aj)] foralli, j.

Definition 11. Let A = [@ijlmxn, &) = (Hij,¥j), wherep; and yj represent the fuzzy membership function and fuzzy
reference function respectively of. WAlso letB = [bjklnxp, bk = (Hjk, Vik), Where uj and yj represent the fuzzy
membership function and fuzzy reference function resggtof y. o = Ujk — Yjk gives the fuzzy membership value of
ui. We now defind - B, the product oA andB asA- B = [di]mxp = [max mir{ij, Ljk), Min maxy;j, Vi) mxp, 1 <i<m,
1<k<pforall j=1,2,..,n

4 Methodology and algorithm

In this section we present an algorithm for medical diaghasing fuzzy soft matrices. Assume that there is a set of
patients,P = {p1, p2, P3,....., Pm} With a set ofn symptomsS = {s;,%,S3,.....5n} related to a set ok diseases
D = {dj,d,ds,.....,dk}.

We apply fuzzy soft set theory to develop a technique thrds@ichez’s method to diagnose which patient is suffering
from what disease by using fuzzy soft matrices.

For this, construct a fuzzy soft s@ff D) overSwhereF is a mapping- : D — .% Z(S). This fuzzy soft set gives a relation
matrix A, called symptom-disease matrix, where each eIement dehetaveight of the symptoms for a certain

disease.Also, |ts compleme(ﬁ D) gives another relation matnA called non symptom-disease matrix. We call the
matricesA andA as medical knowledge of fuzzy soft set.

Then construct another fuzzy soft &, S) over P, whereG is a mappingG : S— .% (P). This fuzzy soft set gives a
~ ~ ~C

relation matrixB, called patient-symptom matrix. Similarly, its complerhé®, S)¢ gives the relation matriB called

patient-non symptom matrix.

~ ~C
Thus the general form gt andA are

dp do d3g...dg
[a11 @12 a3 . . . ain
dp1 azz A23 . . . Axn
az1 az2 a3z . . - Azn

& ¢

S LOml @m2 @m3 - - - Ank]
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ds d; ds

~ ~C
and the general form @& andB are

S5 £ S
py [P11 bz big

pp | P21 P22 b2 ...
_ ps | Psr P32 bss ...

Pm

st S SN
o ps |(Lbsp) (Lbs) (1,bsg) . ..

Pm

Then using Definition 1), we obtain two new relation matricé§ =

s [(Law) (La) (Las) ...
s, | (Laz) (La) (1,a3) ...
~c B (1,831) (1,832) (1,a833) . . .

s} L(L,am) (1,am2) (1,ams) - - -

_bnl bn2 bn3 .-

- Brn

_(1a bnl) (1, bnz) (1, bng) .

R
(1,a1n)]
(1, a2n)
(1, agn)

(L300

S
(1,ba)
(1,b)
(1, b3k)

(1.5

~ o~ ~ . ~C
=B-AandT, =B-A called patient symptom

dlsease matrix and patlent symptom non disease matrix cigglg. In similarly, we obtain the relation matrices

T3= B AandTy = B A called the patient non symptom disease matrix and patiemsypmptom non disease matrix

respectively.

Using Definition @), we may obtain the corresponding membership value matiée(T1), MV (T2), MV (Tz) and
MV('E,). We calculate the diagnosis sccﬁfe1 andSF2 for and against the disease respectively as

1

and

St = [V(Ta)ijlmxn, Where y(T1)ij = 8(Ta)ij — 6(Ta)ij

St, = [V(T2)ij]mxn, Where y(T2)ij = 3(T2)ij — (Ta)ij.-

Now if max; [Sﬁ(pi,dj) — Sr (pi,dj)] occurs for exactly(p;,dg) only, then we would be in a position to accept that
diagnostic hypothesis for patiept is the diseasels. In case there is a tie, the process is repeated for papieby

reassessing the symptoms.
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4.1 Algorithm

~C

Stept Input the fuzzy soft se, D) and computéF, D). Compute the corresponding matrideandA .

~C

Step It Input the fuzzy soft se(té, S) and computé@, S)°. Compute the corresponding matrideandB .

Step IIl: ComputeT; =B-A, T = I§-Z\c, Ta= éc-ﬂandﬁ _B A

Step IV, Compute the corresponding membership value matNBégT; ), MV (T2), MV (T3) andMV (Tz).

Step V' Compute the diagnosis s;ccfﬁgal andsfz.

Step VI Find §c = max[Sg, (pi, d;) — Sg, (pi, dj)]-

Then we conclude that the patigmtis suffering from the diseask. If S has more than one value, then go to step | and
repeat the process by reassessing the symptoms for thatpatie

5 Case study

Suppose there are three patients John, George and Albehbispédtal those who intake over dosage for sensual pleasure
which will affect the brain cells lead to the symptoms of ley&t, then the patient who used sleeping pills will have the
side affect of headache and stomach pain, then the patientakk birth control pills will have side effect of depressio
and stroke. We consider the €t {s1,5,53} as universal set wheme, sy, s3 represent symptoms of hysteria, headache
and stomach pain, depression and stroke problems resglgaivd the seb = {d;,d»} whered; andd, represent the
parameters of side effect in the human body, particuladyrband heart problem disease respectively.

Suppose,

(F,D) = {F(dy) = {(51,0.4,0),(s,0.7,0),(s,0.6,0) },
F(dy) = {(s1,0.9,0), (5,0.8,0), (s3,0.5,0)} }.

Complement of F, D) is given by

(F,D)® = {F°(ch) = {(s1,1,0.4),(s2,1,0.7), (Ss,1,0.6)},
FS(dp) = {(51,1,0.9),(5,1,0.8), (s3,1,0.5)} }.

~ ~ ~ ~C
We represent the fuzzy soft sét,D) and(F,D)® by the following matriced\ andA respectively.

ds d,

P1 [(0.4,0) (0.9,0)
A= P2 [(0.7,0) (0.8,0)
P3 |(0.6,0) (0.5,0)

ds d,

P1 [(1,0.4) (1,0.9)
A = P2 |(1,07) (1,0.8)
P3 |(1,0.6) (1,0.5)

(© 2016 BISKA Bilisim Technology



NTMSCI 4, No. 2, 248-256 (2016)www.ntmsci.com BISKA

Next suppose,

(G,S) = {G(s1) = {(p1,0.6,0), (p2,0.8,0), (p3,0.2,0)},
G(s2) = {(p1,0.9,0), (p2,0.5,0),(ps,0.4,0)}
G(ss) = {(p1,0.3,0), (p2,0.9,0), (p3,0.8,0)} }.

Complement 0(6, S) is given by

(G,9)° = {G%(s1) = {(p1,1,0.6), (p2,1,0.8), (p3,1,0.2)},
G%(s2) = {(P1,1,0.9), (p2,1,0.5),(ps, 1,0.4)}
C p1,1,0.3),(p2,1,0.9),(p3,1,0.8)} }.

(
G(s3) = {(

~ ~ ~ ~C
We represent the fuzzy soft &, S) and(G, S)¢ by the following matrice® andB respectively.

St SIS
P1 [(0.6,0) (0.8,0) (0.2,0)
B= P2 |(0.9,0) (0.5,0) (0.4,0)
Ps |(0.3,0) (0.9,0) (0.8,0)
S1 SIS
P1 (1,0.6) (1,0.8) (1,0.2)
B = P2 |(1,0.9) (1,0.5) (1,0.4)
Ps |(1,0.3) (1,0.9) (1,0.8)
Thus we have
dy dy
St [(0.7,0) (0.8,0)
T.=BA= % |(05,0) (0.9,0)
$ {(0.7,0) (0.8,0)

di d>
St [(0.8,0.4) (0.8,0.5)]
T,=BA =% [(0.9,0.4) (0.9,0.5)
S |(0.9,0.4) (0.9,0.4)
di d>
P1 [(0.7,0.2) (0.9,0.2)]
T3=B .A= P2 |(0.7,0.4) (0.9,0.4)
Ps (0.7,0.3) (0.9,0.3)
di d>
(1,0.7) (1,0.5)
T4=B.A = P2 |(1,06) (1,05)] .
(1,0.4) (1,0.8)
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Then we have following membership value matrib®é(T; ), MV (Tz), MV (T3) andMV (T,)
di dy

P1 0.7 0.8]
MV(Ty) = P2 |0509
Ps 0.7 0.8]

dg d

P1 0.4 0.3]
MV(Tz) = P2 {0504
P3 10.505]

d do

P1 0507
MV(Tz3) = P2 |0.305
Ps (0.4 06

dp d

P1 [0.305
MV (Tz) = P2 |04 05].
Ps (0.6 0.2

We conclude the diagnosis sccﬁfyzandsf2 for and against the disease as below.

dp d2

P1 To.2 01

S, = P2 (0204

Ps |0.302

d; d;

Pr [ 01 —02
S,=P2 |01 -o01f.

Ps [-0.1 03

Now we have the difference for and against the disease

S,-Sp [ & [
P2 0.1] 05
P3 04| -01

It is clear from the above matrix that patiemtsand p, are suffering from diseasi, patientps is suffering from disease
ds.

6 Conclusions

We have applied the notion of fuzzy soft matrices in the fidlchedical diagnosis. A case study has been taken to exhibit
the simplicity of the technique. Future work in this regarauld be required to study whether the notions put forward in
this paper yield a fruitful result.
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