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Abstract. A major task of the medical science is to diagndiseases. Hence medical
diagnosis is an art for determining a person’s @atfical conditions of the body, from
all the available symptoms. In real world situaipthe representation of the uncertain
and imprecise knowledge of medical documentatiovesgrise to fuzzy environment.
Recently, there are varieties of models of medi@dnosis, under the general framework
of fuzzy set theory, involving fuzzy matrices toatlevith the different complicating
aspects of medical diagnosis. In this paper, hage used thénterval valued fuzzy
number matrices to represent the medical knowléggween the symptoms/diseases and
patients/symptoms. Two different mathematical pdoces are presented in modeling the
diagnostic process, which helps to draw differgpés of diagnostic conclusions. Finally,
examples are illustrated with the simulation residtverify the proposed approach in
detail. Comparisons are made with the existingierarksults, which reveal that, the
method presented in this paper is an alternativetwaiagnose the diseases.
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1. Introduction

Most of our real life problems in medical scienad#ten involve data which are not
necessarily crisp, precise and deterministic inratter due to various uncertainties
associated with these problems. Uncertainty aidsesto several factors. For example,
the physician understands the medical status gbakient from his past history, physical
examination and laboratory test results etc. Tam pistory told by the patient may be
incomplete; the laboratory test results need nadoeirate. Thus the state and symptoms
of the patients can be viewed by the physician avith a limited degree of accuracy.
Such uncertainties are usually being handled wi¢hhtelp of fuzzy numbers and fuzzy
matrices. The applications of fuzzy numbers andyumatrices in medicine include
medical diagnosis and fuzzy decision making foedetning appropriate treatments for
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the respective diseases. There are varieties oklmaadvolving fuzzy matrices to deal
with different complicated aspects of medical d@gjs. Sanchez formulated the
diagnostic models involving fuzzy matrices repréisgnthe medical knowledge between
symptoms and diseases [6, 9, 10]. Esogbue and [HHatilized fuzzy cluster analysis
to model medical diagnostic. Meenakshi and Kalirgja have extended Sanchez’s
approach for medical diagnosis using the representaf an interval valued fuzzy
matrix. They have also introduced the arithmeti@ammatrix of an interval valued fuzzy
matrix and directly applied Sanchez’s method of iceddiagnosis on it. Baruah [1,2]
used the definition of complement of a fuzzy saft proposed by Neog and Sut [8] and
put forward a matrix representation of fuzzy sat and extended Sanchez’'s approach
for medical diagnosis. Edward Samuel and Balamurijghstudied Sanchez’'s approach
for medical diagnosis using Intuitionistic fuzzyt.sElizabeth and Sujatha [4] presented
the procedures for fuzzy medical diagnosis and ffmzy decision model based on
triangular fuzzy number matrices. Thus numerousepamave been published under
fuzzy medical diagnosis problem.

2. Pre-requisites
Definition 2.1. Interval valued fuzzy number
Interval valued fuzzy number is denotedsla,,a.],a,,a, 00,3, <a,.

Definition 2.2. Interval valued fuzzy number matrix
Interval valued fuzzy number matrix of order m xsndefined asA=(aq,),,, where

a, =[a,.a,] (interval valued fuzzy number) is thig" element of A.

Definition 2.3. New membership function of intervalvalued fuzzy number
Membership function ok, =[a, ,a,,] is defined as

ijL Y

_| A 3w | where g< i (v g
Ha Lo’ 10 [ 10 an <, <10 EETIRET R

Definition 2.4. Defuzzification formula of interval valued fuzzy number
The defuzzification value t of the interval valdedzy number A = [a, b] is calculated as

follows: Fora <t <p, (t-a)@) = (b-t)@) > t-a=b-t=2A =a+b=t :%b. This is the

Arithmetic Mean of (A) denoted by AM(A).
The same condition holds for the membership funabibinterval valued fuzzy numbers.

Definition 2.5. Arithmetic Operation on interval valued fuzzy number matrices
Let A=(g),, and B=(b;) be two interval valued fuzzy number matrices of sam

order. Then
(i) Addition Operation: A(+)B =(a; +b;),., where a, +b, =[a, +b, ,a; +b,] is

the ij" element of A(+)B
(i) Subtraction OperationA(-)B = (a; ~by),., Wherea, -b, =[a, -b,,,a,, —b,] is the

ij" element of A(-)B.
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The same condition holds for interval valued furaymbership number.

Definition 2.6. Max — Min Composition on membershigfunction of interval valued
fuzzy numbers
Let F,, denote the set of all m x n matrices over F. Elmef F , are called as fuzzy

membership value matrices. Far=(a,)OF, andB = (b;) O F, the max- min product
AQB = su(in 2, b)) | OF,..

Definition 2.7. Maximum/Minimum Operation on interv al valued fuzzy number

Let A=(a)., Wherea, =[a, ,a,]and B=(b),, wherep, =[b, ,b,] be two interval
valued fuzzy number matrices of same order. Themtaximum operation on it is given
by Ly, = max(A, B) = (supfa,,b;}) where sup{a, ,b,} = (supfa,,,b,. ], supla,, ,b;, 1) is the

nxn

ij™ element of max(A,B). The minimum operation on is igiven by

Lo = min(A,B) = (inf{ a,,b,}) Where inf{a, b} = (infla, b, L.infay, b, 1) is the ij"
element of min(A,B). The same holds for memberdhnztion of interval valued fuzzy
numbers.

3. Proposed algorithms
Algorithm 3.1.
Step 1: Construct an interval valued fuzzy matrigespy over S andr,s) over P

using the available medical documentation. Hers & inapping given by : D . F(S).
This interval valued fuzzy matrix gives the relatimatrix R called symptom — disease
matrix. F, is a mapping given by, :s - F(P). This interval valued fuzzy matrix gives

the relation matrix Q called patient-symptom matrix
Step 2:Construct the compliment, py¢ gives another relation matrix sgycalled non-

symptom disease matrix thatgg = j - r, Where j = 010,
Step 3:Convertr,Q,R, t0 (R) xns (Q) rems (Ry) e USING definition 2.3.

Step 4:Compute the following relation matrix to diagnodtie disease
(1) (R)rmem = (Q)rean R e DO, (1) (R, rem = (Q)mern( DXR) e I [0, (i) (R = AM(Ry) gy = AM(R,) e [ -1
Find the maximum value of each row in a mafg) ., which gives the strong

diagnostic of the disease to the patient.

Example 1.Suppose there are three patigntsp,and p, in a hospital with symptoms
temperature, headache, cough and stomach problkenthé. possible diseases relating to
the above symptoms be viral fever and malaria. @ensthe setS={s,s,,s,,s,} as
universal set wheres;,S,,S; and S, represent the symptoms temperature, headache,

cough and stomach problem respectively and theDse{d,,d,} where d, and d,

represent the parameters viral fever and malasigedively.
F(d) =[<s.[710 ><s,,[14] > <s, [56] >,<,,[24] >], F(d,) =[<5,[69] ><,,[46] > <s,,[36] >,<s,,[810 >]
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This gives the relation matriRg called symptom — disease matrix. Again we take

P={p,. p,. p,}as the universal set whepg, p,and p,represent patients respectively
ands={s;,s,,s,,s,}as the set of parameters. Suppose that

Fi(s) =[< p..[69] > < p,,[35] >, < p;, [68] >], Fy(s,) =[< p1.[35] >,< p,,[37] >, < p;,[26] >]

Fi(s,) =[< p..[8101 > < p,,[24] >, < p;, [57] 2], Fi(s,) =[< p.,[69] > < p,.,[35] > < 5, [25] ]

This gives the relation matrix Q called patientmgyom matrix.

d, d, s S S S,

s[710 (691]  p[[69] [35] [810 [69]

R=%(04 [46]| Q% p|[35] 37 [24] [35]

S| [56] [36] p,[[68] [26] [57] [25]
s, [24] [810]

By, applying algorithm 3.1, we get the followingsudt. The result can also be
represented in the form of a graph namely netwsr&h@wn in Figurel.

d, d, Row =Maximum of i"

p,[ 005 02702
(Rs)iem = P, |~ 01 0|0

p,| 02 015|0.2

row

Ps
Figure 1. Fuzzy medical diagnosis network

In the above network, nodes or vertices denotg#tients and diseases, lengths or edges
denote the assumption of diseases to the pati€hésdarken edges denotes the strong
confirmation of disease to the patient. Hence weckamle that patients’;pand p are
suffering from the diseasg dnd the patientyis suffering from the disease. d

Algorithm 3.2.

Step 1:Let S be the set of symptoms, D be the set obdessand P be the set of patients.
The fuzzy occurrence and conformability relationsnated by R and R. 0SxD
(symptom-disease matrix) ar®, 0P xS (patient — symptom matrix) are determined
from the expert medical documentation. The follayvgrades namely [10, 10], [ 5, 10],
[4, 6], [1, 4] and [0, O] are assigned for the lisjic terms always, often, unspecific,
seldom and never respectively.

Step 2:Construct the compliment of relation matmx, R_andRs namelyJ -R ,J - R,

andj - Ry respectively wherg = [1010].
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Step 3:Convertg,,R.,R; andy -R,,J =R, = Ry 10 (R) s (R s (R e
(3 = Ry) nems (3 = RS pem@Nd (3 - Ry) ., USiNG definition 2.3.
Step 4: Compute the following relation matrix to diagnosthe disease and to draw
different types of diagnostic conclusions.

(M) (R)mem = (Rs) e (O(Ro)mem» (1) (Re) memm = (RS) e (DR rem (1) (Re) e = (RS (D (I = Ro)

(Vi) (Rs) mem =MaX ((R) s (Re)rm) B[O, (Vi) (Ry) ey =MEX ((R) rems (R rem (R ) 01 [0,

(Vi) (Re) mem =Min ((Re) ems (R e (R )mem) T [0A], (%) (Ro)ivem = (Rs) mem ~ (Re) e 1 [0,

(9 (Ro)em =AM (R)) e D[ =111, (X0) (Rt e = AM (Rg) s (Xii) (Riz) e = AM (Ry)
Find the maximum value of each row in a matm)  Wwhich gives the strong
diagnostic of the disease to the patiento¥< (R ), <1then the disease D is strongly
possible for the patient P. §9< (R,),., <1 then the disease D is not possible for the

patient P.

Example 2.Let us consider the set of symptoms fever, joinh,pllood count increase
denoted byS={s,s,,s,} and the set of diseases pneumonia and arthritistelérby

D ={d1,d2}. Let R,R.,R, be determined from the expert medical documentation

d d, S S S d, d,
s[[L010 [13 _p,|[35] [810 [610] s, [[610] [00]
R =s|[35] [101q] " p,|[68] [00] [57] |R.=s,|[46] [1010]
s,| 810] [14] p;| [610 [68] [101Q s,| [510]  [46]
On applying algorithm 3.2, the required resultlained.
d, d, Row =Maximum of i" row
p,[ 03 0651065
(Ro)en = P, | 06 -02|06
p,| 06 04 | 06
d d, d, d,
p,[08 09 p,[ 06 075
(Riy) em = P,| 07 05 (R2)mem =P,/ 04 1
p;{ 09 07 p,| 06 08

From the above example we get the following conctug(i) Patient pis suffering from
the disease,dand the patients,fand g are suffering from the disease (i) Disease ¢
is strongly possible for the patient gnd disease, it strongly possible for the patient p
(iiif) Disease dis not possible for the patient p

4. Results and discussions

One way to verify the solution obtained is to makeexhaustive comparison. The results
obtained in illustrative example 1 and 2 coinciddth the existing earlier results [6,9,10]
and [7] respectively. The comparison reveals thatmhethod developed in this paper is
an alternative way to solve the medical diagnosiblem under fuzzy environment.
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Simulation result using C languaggfor illustrative example 1)

5. Conclusion

Medicine is one of the fields in which fuzzy numbernd fuzzy matrices find great
applications. In the present, many researchers Ffaugsed on the medical diagnosis
problem under fuzzy environment and also some stagkes were done for the same. In
this paper, two different mathematical proceduresewdeveloped for fuzzy medical
diagnosis problem. The result of the example ind&that it is possible to draw different
types of diagnostic conclusions. Hence it can belcnled that the method developed in
this paper will be an efficient tool for medicahdnosis and the physicians’ decisions.
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