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Abstract: Today is a world of uncertainty with its associated problems, which can be well handled by soft set
theory. In this paper, we extend sanchez's approach for medical diagnosis using the representation of an
interval valued fuzzy soft matrices. we introduce the definition of union and intersection of Interval valued fuzzy
soft matrices with examples.Finally, we extend our approach in application of these matrices in medical
Diagnosis.
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. Introduction

The concept of interval valued fuzzy matrix(IVFM) is one of the recent topics developed for dealing
with the uncertainties present in most of our real life situations, the parameterization tool of interval valued
fuzzy  matrixenhances the flexibility of its applications. Most of our real life problems in medical
sciences,engineering,management environment and social sciences often involve data which are not necessarily
crisp. Precise and deterministic in character due to various uncertainties associated with these problems. Such
uncertainties are usually being handled with the help of the topics like probability, fuzzy set, intuitionistic fuzzy
sets, interval mathematics and rough sets etc. The concept of IVFM as a generalization of fuzzy matrix was
introduced and developed by shyamal and pal [8], by extending the max. min operations on fuzzy algebra
F=[0.1], for elements a, beF,a+b =max { a,b}and a. b = min {a,b}. Let F,,be the set of all m n Fuzzy Matrices
over the Fuzzy algebra with support [0,1], that is matrices whose entries are intervals and all the intervals are
subintervals of the interval [0,1].

De et.al. [2]have studied sanchez's [5,6] method of medical diagnosis using intuitionistic fuzzy set.
Saikia et.al.[7]have extended the method in [2] using intuitionistic fuzzy soft set theory. In [1],Chetia and Das
have studied sanchez's approach of medical diagnosis through IVFSS obtaining an improvement of the same
presented in De et .al.[2 and 7]. In our earlier work [3], we have represented an IVFM A =(a;;) =([aj..ai,]) where
each a;jis a subinterval of interval [0,1], as the Interval matrix A=[A_,Ay] whose ij"entry is the interval [aiL.aiu].,
where the lower limit A =(aj) and the upper limit Ay=(ajju) are fuzzy matrices such that A < Ay. By using this
representation we have discussed the consistency of Interval valued fuzzy relational equations in [4]. In[17]
P.Rajarajeswari and P.Dhanalakshmi have introduced interval valued fuzzy soft matrix, its types with
examples and some new operations on the basis of weights.

In this paper, we extend sanchez's approach for medical diagnosis is using the representation of an
interval valued fuzzy soft matrix. We introduce the definition of union and intersection of an interval valued
fuzzy soft matrix with examples. Finally, we extend are approach is application of these matrices in medical
Diagnosis.

Il. Preliminaries
Soft set 2.1 [9]
Suppose that U is an initial Universe set and E is a set of parameters, let P(U) denotes the power set of U.A pair
(F,E) is called a soft set over U where F is a mapping given by F :E—P(U). Clearly a soft set is a mapping from
parameters to P(U)and it is not a set, but a parameterized family of subsets of the Universe.
Fuzzy soft set 2.2 [10]
Let U be an initial Universe set and E be the set of parameters, let A € E. A pair (F,A) is called fuzzy soft set
over U where F is a mapping given by F: A—I", where 1Y denotes the collection of all fuzzy subsets of U.
Fuzzy soft Matrices 2.3 [12]
Let U ={c1,C,,C3...cm} be the Universe set and E be the set of parameters given by E ={e;,e;,63...e,}. Let ACE
and (F,A) be a fuzzy soft set in the fuzzy soft class (U,E). Then fuzzy soft set (F,A) in a matrix form as Anxn
:[aij] mxn OF A:[aij] 1=1,2,...m, j:1,2,3,...n
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by (i) ifeje A Where ajj =u (o5) represents the membership of ¢; in the fuzzy set

Fle). =

Interval valued fuzzy soft set 2.4 [11]

Let U be an initial Universe set and E be the set of parameters, let A < E. A pair (F,A) is called Interval valued
fuzzy soft set over U where F is a mapping given by F: A—I", where I” denotes the collection of all Interval
valued fuzzy subsets of U.

Interval valued fuzzy soft matrix 2.5[13]

Let U ={c;,C,,Cs...cm} be the Universe set and E be the set of parameters given by E ={e;,e;,6s...e,}. Let AC E
and (F,A) be a interval valued fuzzy soft set over U, where F is a mapping given by F: A—I", where 1" denotes
the collection of all Interval valued fuzzy subsets of U. Then the Interval valued fuzzy soft set can expressed in
matrix form as

Amxn:[aij] mxn OF A: [aij] i= 1,2,...m, j=l,2,...n
(e, pju ()] ifgje A
Wherea; =
[0,0] if ;¢ A

[r(ci), mju (ci)] represents the membership of ¢; in the Interval valued fuzzy set F (g).
Note that ifpy (Ci)=pe (ci) then the Interval- valued fuzzy soft matrix (IVFSM) reduces to an FSM
Example: 2.1
Suppose that there are four houses under consideration, namely the universes U= {h;h,,hs3h,}, and the
parameter set E={e;,e,,e3,e4} where e; stands for “beautiful”, ”large”, ’cheap”, and “in green surroundings”
respectively. Consider the mapping F from parameter set A ={e;,e,} < E to all interval valued fuzzy subsets of
power set U. Consider an interval valued fuzzy soft set (F,A) which describes the “attractiveness of houses” that
is considering for purchase. Then interval valued fuzzy soft set (F,A) is
(F.A) ={ F(e1)={(n1,[0.6,0.8]),(h2,[0.8,0.9]),(,[0.6,0.7]),(h4,[0.5,0.6])}

F(e2)= {(h.,[0.7,0.8]),(h2,[0.6,0.7]),(hs,[0.5,0.7]),(h4,[0.8,0.9])}

We would represent this Interval valued fuzzy soft set in matrix form as

([0.60.8] [0.7,0.8] [0.0,0.0] [0.0,0.0]]

[[0.8,0.9] [0.6,0.7] [0.0,0.0] [0.0,0.0]]

[[0.6,0.7] [0.5,0.7] [0.0,0.0] [0.0,0.0]]

l[050.6] [0.8,0.9] [0.0,0.0] [0.0,0.0]
Addition of interval valued fuzzy soft matrices 2.6 [13]

If A= [a;] € IVFSM pn, B= [bj] € IVFSM 1y, then we define A+B, addition of AandB s

A+B= [Cijlmxn = [Max (paL,1eL)], Max (Hau,peu)] for all iand j.
Example: 2.2
Consider
- _[[0.6,0.8] [0.7,0.8] . 1[0.8,0.9] [0.6,0.7]

_[[0.5,0.6] [0.8,0.9]]2x2 and B‘[[0.6,0.7] [0.5,0.7]]”2
are two interval valued fuzzy soft matrices then sum of these two is

[0.8,0.9] [0.7,0.8]
+B [ 0.6,0.7] [o0. 8,0.9]]2X2
Multiplication of mterval valued fuzzy soft matrices 2.7 [13]
If A =[a;] € IVFSM 1, B = [by] € IVFSM py, then we define A* B,multiplication of Aand B as
A* B =[Cilmxp = [Max min (uacj,peLj).max min (pau;meup], vi.j.k
Example:2.3
Consider
. [[0.6,0.8] [0.7,0.8]]
2x2

. 110.809] [0.60.7]
=1[05,0.6] [0.8,09] a”dB‘[ ]zxz

[0.6,0.7] [0.5,0.7]

are two interval valued fuzzy soft matrices then product of these two matrices is
A+ = [ [0.6,0.8] [0.6,0.7]]
0.6,0.7] [0.5,0.7]*
Remark: A*B=B* A
Interval valued fuzzy soft complement matrix 2.8 [13]
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Let A =[a;] € IVFSM peq, When a;= [(Ci), i (¢)] then ACis called interval valued fuzzy soft complement
if A =[bj]me Where by=[1-,,(ci), 1-piu (c))], Yijj.

Example: 2.4
[0.6,0.8] [azam]
Let A= [0506 0.8,0.91 1%

Be interval valued fuzzy soft matrix then complement of this matrix is
ic _[[0.2,0.4] [0.2,0.3]]
71[0.4,0.5] [0.1,0.2]]*¢

I11. Union and intersection of Interval valued fuzzy soft matrices
In this section, we introduce the definition of union and intersection of Interval valued fuzzy soft matrices with
examples and its properties
Definition: 3.1
Let A = [ay], B = [bj] € VFSM e Then union of A,B is defined by AunUBmwn = Coxn = [Cillixn,  Where
Ci= [aj] U [by] = [paw, paulUlueL, teul = [HaLt HeL - HaLXHeL, Haut Heu - HauXHau]-
Foralliandj.

Example: 3.1
[0.6,0.8] [azam] ~_Fa&aﬂ [&@Qﬂ]
LtA'[osoe [0.8,0.9]]72 andB=|1060.7] [05,0.7]22

are two interval valued fuzzy soft matrices than union of these two is
AUB :[[0.92,0.98] [0.88,0.94]]
[0.80.0.88] [0.90,0.97]
Proposition: 3.1
Let A= [aij] B :[bij] e IVFSM 1y,
Then
(i) AUO=A
(i) AUU:
(iii) AUB=BU A
(iv) (AU B)UC = AU(B UCQ).
Proof:
(Let A=[ag] = [uaL,uaul
AU O =[uai,pau]U O
=[(nac+o-1aX0), (mau+0-paux0)]
=[M~AL,MAU]

(i) AUO=[uaL.mav] U [1,1]
=[(pactl-pacx), (pavtl-pavx1)]
-[11] =0

(i) AUB=BUA
o Let A=[paL,paul, B =[paL,peul-
AU B =[(pact peL-pacXpel), (MautMeu-pauXpeL)]
=[(neLtpaL- HBUXpAL), (HBUTHAU-HBUXHAU)]
=B U A.
(iv)(AU B)UC =[(mac+pei-pacXien),( pautpsu-taXpeu)]UHet, teul
=[(nactusL-HaXpsL+HeL-(MaLFHeL-HALXHBL) X (HcL)),
(Mau+HBU-HALXHBUT Hcu-(Maut HBu-HAauXHBU)X(Hcu)]
=[(naLtHBUtHeL-HALMBL-MALXMCL-HBLxMcL HHALXUBLXHCL),
o (maut Ut Heu-MauxtBu-Mauxkcu-MBuxticut LauXHeuXHeu)
AU(B UC) = [par, pau]U[ueLt He-teXpeL, HeutHeu-HeuXHeu]-
=[(nactueLtper-peXpe-(Mal)X (MeLtieL-MeL X el ),
(nautpeutHcu-HeuXpcu-(HauXHeutHeu-HeuXicu)]
=[(naLtHeLt teL-palXeL-UeL X eL-HaLX oL~ AL X UBLX HCL),
o ~(HAl~J+lle~U+lJCU'HAUXHBU'HBLXHCU'HAUXHCU'HALXIJBLXIJCL)]
- AUBUC)=( AUB)UC.
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Definition: 3.2
Let A=[a;],B=b;] € IVFSM nythen intersection of A,B is defined by AN B mxn=Crmxn=[Cif]mxn,
where ci=[a;]N [bi]=[ paL,rav] N[ teL,te]=[HaXsL, HauXHeu]

Example: 3.2
10.6,0.8] [0.7,0.8]] . [[0.8,0.9] [0.6,0.7]]
Let A = [[0.5,0.6] [0.8,0.9]22 24 B= |[06,0.7] [0.5,0.7]]2

are two interval valued fuzzy soft matrices then the intersection of these two is.
Ar1E:|T&4&072] [a41056q
[0.30,0.42] [0.40,0.63]}*¢
Proposition: 3.2
Let A,B, and C €lVFSMyp,

Then
(i) ANO=0
(i ANU=A

(iiiy ANB =BNA
(iv) ANB)NC =AN BNC).
Proof:
Let A :[aij]mxn: B :[bij]mxnx c :[Cij]mxn-
Wh~ere ~[Glij] =[ paL, uAy], [by]=[ maL, peu] and [cy]=[ peL, meul-
(1) ANO=[paL, nau]NO
=[pax0, paux0]
=1[0,0]
=0.
(i)ANU=A
ANU = [pac, paol N [L1]
=[macXl, pauxl]
=[HAL: Haul
(iii) ANB = (AL maulN [ueL,peu]
= [nacXpsL, pauXpsu]
= LHBLZ(HAL: HeuXtau]
=BNA.
(iv) (ANB)N C = [uaXper, pauXusul NKeL Heul
= [HALXMeL XML, HauXMeuXicu]
= [uacX(uaLXper), hauX (HeuXpcu)]

= [pac,pau] N [HeLXpeL, peuXpcu]
=AN BNC)

IV. Application of interval valued fuzzy soft matrix in medical diagnosis.

Suppose S is a set of symptoms of certain diseases, D is a set of diseases and P is a set of patients.
Construct an interval - valued fuzzy soft set (F,D) over S, where F is a mapping F:D—F(S). A relation matrix
say , Ry is constructed from the interval - valued fuzzy soft set (F,D) and called symptom — diseases matrix.
Similarly its complement (F,D)¢ gives another relation matrix,sayR,called non symptom — diseases matrix.
Analogous to sanchez’s notion of ‘Medical Knowledge’ we refer to each of the matrices R; and Ryas ‘interval —
valued soft Medical Knowledge’. Again we construct another interval — valued fuzzy soft set (F;,S) over P,
Where F; is a mapping given by F;,:S—F (P). This interval — valued fuzzy soft set gives another relation
matrix Q called patient- symptom matrix. Then we obtain two new relation matrices T;=Q.R; and T,=Q.R,,
called symptom-patient matrix and non - symptom patient matrix respectively, in which the membership values
are given by
prs (i) = [max{min(uo(pi.e;), Ry (P di) } max{min (ug”(pi.e;), ke i(8),di)}]
pr2(pi—d) = [max{min(uq’(pi.e;), e"1(pj,d)},max{min (uo”(pi &), ur" (8, i)} V

We calculate
max

Sni= ij L0 (P ) (i)}, (1 ma(pidh)-1 s (py i)} and
max

Stz = L1 r2(pin ) 2P, )3 L r2(Pin G- r2(py ),
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Which we call as diagnosis score for and against the disease respectively.

Now, if max{°T(p;,d;)- °T, (pi,—d;)} occurs for exactly (p;,di) only , then we conclude that the acceptable
diagnostic hypothesis for patient p; is the disease di. In case there is a tie, the process has to be repeated patient
Pi by reassessing the symptoms.

V. Algorithm
1. Input the interval valued fuzzy soft sets (F,D) and (F,D)° over the sets S of symptoms, where D is the set of
diseases. Also write the soft medical Knowledge R; and R, reassessing the relation matrices of the IVFSS (F,D)
and (F,D)° respectively.
2. Input the IVFSS (F1,S) over the set P of patients and write its relation matrix Q.
3. Compute the relation matrices T; =Q.R; and T, =Q.R,.
4. Compute the diagnosis scores>T;and"T,
5. Find Sk =max {*T1(pi,dj) —>T(pi,dp}-
Then we conclude that the patient p; is suffering form the disease dy .
6. It Sk has more than one value then go to step one and repeat the process by reassessing the symptoms for the
patients.

VI. Case study

Suppose than there are three patientsP;,P, and Pz in a hospital with symptoms fever, headache,
generalized body pain (especially in the joint muscles ) andrash problem. Let the possible diseases relating to
the above symptoms be Dengue and Chikangunya . we consider the set S = {e;,e,,€3,64} asuniversal set, where
e1,62,63 and e, represent the symptoms fever, headache, generalized body pain (especially in the joint muscles )
and rash problemrespectively and the set D ={d;,d,}where d; and d, represent parameterized Dengue and
Chikangunya respectively.
Suppose that F (d;) = {(e1,[0.5,0.6]) ,( €,,[0.2,0.3] ), { €5,[0.8,0.9] ), ( €4,[0.3,0.4] ) },

F (dy) = { (e1,[0.8,0.9]) ,{ €,,[0.6,0.7] ), { €35,[0.7,0.8]) , ( €4[0.5,0.6]) },
The interval valued fuzzy soft set (F,D) is aparameterized family {F(d;), F(d»)} of all interval valued fuzzy set
over the set S and are determined from expert medical documentation. Thus the fuzzy soft set (F,D) gives an
approximate description of interval valued fuzzy soft medical Knowledge of the two diseases and their
symptoms. This interval valued fuzzy soft set (F,D) and its complement (F,D)€ are represented by two relation
matrices R; and R,, called symptom — disease matrix respectively, given by
ds d, d; d,

o1 [10.5,0.6] [0.8,0.9] o1 [10.4,0.5] [0.1,0.2]
n.€2|[0203] [0.607]| o _2{[07,08] [0304]
"e3([0.8,09] [0.7,0.8][*"% 2= Te3([0.1,0.2] [0.2,0.3]

€41[0.3,0.4] [0.5,0.6] e41[0.6,0.7] [0.4,0.5]
Again we take P = {P;,P,,Ps} as the universal set where P;,P, and P; represent patients respectively and
S ={e1,65,63,64} as the set of parameters. Suppose that,
F1(e1)= {(p1,[0.8,0.9]), (p,[0.2,0.3]), {ps,[0.4,0.5])}
F1(e2)= {(p1,[0.6,0.8]), (p,[0.3,0.5]), {ps,[0.5,0.6])}
F1(e3)= {(p1,[0.4,0.6]), (p2,[0.5,0.7]), {ps,[0.6,0.8])}
F1(e4)= {(p1,[0.7,0.9]), (p,[0.6,0.9]), (ps,[0.3,0.6])}
The interval - valued fuzzy soft set (F.S) is anther parameterized family of all interval - valued fuzzy set and
gives a collection of approximate description of the patient — symptoms in the hospital. This interval - valued
fuzzy soft set (F1,S) represents a relation matrix Q called patient — symptom matrix given by

€1 € €3 €4
p1[[0.8,0.9] [0.6,0.8] [0.4,0.6] [0.7,0.9]
Q = P2|[0.203] [0.3,05] [0.50.7] [0.60.9]

P3|[0.4,0.5] [0.5,0.6] [0.6,0.8] [0.3,0.6]
Then combining the relation matrices R; and R, separately with Q we get two matrices T; and T,
called patient — disease and patient —non disease matrices respectively, given by

d; d,
p1 [[0.5,0.6] [0.8,0.9]
T.=Q.R, = P2 |[0.5,0.7] [0.5,0.7]
P3|[0.6,0.8] [0.6,0.8]
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dl dz
p1 |[0.6,0.8] [0.4,0.5]

T,=Q.R, = P2 |[0.6,0.7] [0.4,0.5]

P3 [[0.5,0.6] [0.3,0.5]

Now we calculate

T, T, di dz
P 0.2 -0.1
P, -0.1 0.0
Ps 0.1 0.2

Now, it clear that the patient Py is suffering from disease d; and patients P,and P; are both suffering from
disease d,.

VIl.  Conclusion
We have applied the notion of interval valued fuzzy soft matrices in sanchez’s method of medical

diagnosis. A case study have been taken to exhibit the simplicity of the techique.
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