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Abstract. Fuzzy set theory plays a vital role in medical d&l There are varieties of
models involving fuzzy matrices to deal with difet complicated aspects of medical
diagnosis. Sanchez formulated the diagnostic modeil®lving fuzzy matrices
representing the medical knowledge between the ymgand diseases. In this paper
the above concept is applied to Hypotension andeAra
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1. Introduction

In recent years, computational intelligence hasnbased to solve many complex
problems by developing intelligent systems. Andzfulbgic has proved to be a powerful
tool for decision-making systems, such as expestesys and pattern classification
systems. Fuzzy set theory has already been usesbrite medical expert systems.
Sanchez [10] formulated the diagnostic models wingl fuzzy matrices representing the
medical knowledge between symptoms and diseasegbls and Elder utilized fuzzy
cluster analysis to model medical diagnostic. M&shiaand Kaliraja [7] have extended
Sanchez's approach for medical diagnosis usingetheesentation of a interval valued
fuzzy matrix. They have also introduced the ariticnemean matrix of an interval valued
fuzzy matrix and directly applied Sanchez's methbdhedical diagnosis on it. Baruah
[1,2] used the definition of complement of a fuznft set proposed by Neog and Sut [8]
and put forward a matrix representation of fuzzyt set and extended Sanchez's
approach for medical diagnosis. Edward Samuel addrBurugan [4] studied Sanchez's
approach for medical diagnosis using Intuitionistzy set. Fuzzy set theory also plays a
vital role in the field of Decision Making. Decisidvlaking is a most important scientific,
social and economic endeavour. In classical crésgisibn making theories, decisions are
made under conditions of certainty but in real Bfuations this is not possible which
gives rise to fuzzy decision making theories. Fecision making in fuzzy environment
one may refer Bellman and Zadeh [3]. Most probalyfuzzy decision model in which
overall ranking or ordering of different fuzzy sete determined by using comparison
matrix, introduced and developed by Shimura [11].
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In this paper, we would like to discuss how fuzey theory and fuzzy logic can be used
for developing knowledge based systems in mediSoee basic definitions of fuzzy set
theory has been discussed in section 2. In Se@i@novel approach is presented for
medical diagnosis which is also an extension ofcBem's approach with modified
procedure using triangular fuzzy number matriced #s new membership function.
Some conclusions are given in section 4.

2. Preliminaries

Definition 2.1. [13] (Triangular fuzzy number matrix)

Triangular fuzzy number matrix of order mxn is defil as A = (§mn Where @ =
(&j.am, au ) is the i]h element of A. @, gy are the left and right spreads of
ajrespectively and;a is the mean value.

Definition 2.2. (Addition and subtraction operation on triangulazZy number matrix)
Let A = (g)nr@and B = (B)nxn b€ two triangular fuzzy number matrices of sanuzor
Then (i) Addition Operation

A(+)B = (aj+ bj)nxn Where

a + by = (g + by, am + byw, gu + b) is the ijth element of A(+)B
(i) Subtraction Operation

A(-)B = (& -bj)nxn Where @ - by = (& - b, aum -bju, du - by) is the ijth
element of A(-)B
The same condition holds for triangular fuzzy mershig number.

Definition 2.3. (Multiplication operation on triangular fuzzy nunrbeatrix)

Let A = (a;;)mxp @and B =(b;; )pxn be two triangular fuzzy number matrices. Then the
Multiplication Operation: A(.)B = (Qmxn, Where (§) = XF_, a bg fori=1,2,..m
andj=1.2,...n

Definition 2.4. (Max-min composition on fuzzy membership value icat)

Let R, denote the set of all mxn matrices over F. Elemeitk,, are called as fuzzy
membership value matrices.

For A = (§) € Fnp and B = () € Fyxn the max-min product A(.)B = (sfinf{a i;
bh]) € Fnen.

Definition 2.5. (Maximum operation on triangular fuzzy number)

Let A = (g)nxn Where = (g, gm, au) and B = (§)nn Where B =(by, bjm, bju) be two
triangular fuzzy number matrices of same order.nTthee maximum operation on it is

given by Lnax = max(A, B) = (sup{g; by}) where sup{g , by} = (sup(av; by), sup(aw;
bim), sup(gu; bju)) is the ii" element of max(A, B).

Definition 2.6 (Arithmetic mean (AM) for triangular fuzzy number)
Let A = (a;,a,,a3) be a triangular fuzzy number then AM (A?i;%. The same
condition holds for triangular fuzzy membership ten

3. Medical diagnosis under fuzzy environment

212



An Application of Fuzzy Matrices in Medical Diagsie

Let S be the set of symptoms of certain diseasds,&set of diseases and P is a set of
patients. The elements of triangular fuzzy numbeitrix are defined as A = (g
where(a;;)= (. awm, au ) is the ijth element of A,Og; < gu< gu< 10. Here a is the
lower bound, g is the moderate value ang @ the upper bound.

Procedure 3.1.

Step 1. Construct a triangular fuzzy number matrix (F, De0S, where F is a mapping
given by F : D— F (S),F (S) is a set of all triangular fuzzy sets of ®isTmatrix is
denoted by Rwhich is the fuzzy occurrence matrix or symptorsedise triangular fuzzy
number matrix.

Step 2: Construct another triangular fuzzy number matkx §) over P, where;As a
mapping given by £ S — F (P). This matrix isdenoted by Rwhich is the patient-
symptom triangular fuzzy number matrix.

Step 3: Convert the elements of triangular fuzzy numberrixdhto its membership
function as followsMembership function of (@;; )= (airain, aju) is defined as

.uaij:(%i a%(l)vl S% ), if 0= aiiLS aiiMS aijUS 10 ,Where OS%S a%(l)vl Sall—]; <1.

Now the matrix R and R are converted into triangular fuzzy membership rives
namely (R)memand (R)mem

Step 4: Compute the following relation matrices.

R1 = (R)men{-)(Ro)mem it is calculated using Definition 2.5.

Rz = (Rs)mend ) (J(-)(R)mem), Where J is the triangular fuzzy membership madtriwhich
all entries are (1, 1, 1). (J(-X)Ren is the complement of R..mand it is called as non
symptom-disease triangular fuzzy membership matrix.

Rs = (J(')(Rs)mem)(-)(RO)mem where (‘](')(B)mem) is the Complement of

Rs and it is called as non patient-symptom triangfilazy membership matrix.

R, and R are calculated using subtraction operation andhidieih 2.5.

R; = max{R;R3}. It is calculated using Definition 2.6.

The elements of FR;,R3,R, is of the form ¥ = (i, Yijm. Yiu) where 0< i < Vim < Viu
<1

Rs = R1(-)R4. It is calculated using subtraction epien. The elements ofsRs of the
form 7 =z, zim, Zu) €[-1, 1] where g <z < Zy.

Step 5: Calculate R= AM(z;) and Row;= Maximum of i" row which helps the decision
maker to strongly confirm the disease for the phtie

[llustrative Example 3.1.

Suppose there are three patients B and B in a hospital with symptoms fatigue,
dizziness, headache and cramps in legs. Let theibd@sliseases relating to the above
symptoms be hypotension and anaemia.
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Step 1: We consider the set S =S5, S, Si} as universal set where, S, Ssand
represent the symptoms fatigue, dizziness, headaaheramps in legs respectively and
the set D = {d, d,} where d and d represent the parameters Hypotension and Anaemia
respectively. Suppose that

F(d) =[<e, (7,85, 10) ><£(2,3.5,5) ><g(6,6.5 7) ><g(3,4,5) >]

F(dh) =[<e, (6,7.59)><£(5,6,7) ><¢g (4, 557)><g(8,9, 10) >]

The triangular fuzzy number matrix (F,D) is a paesenized family (F(d, F(d)) of all
triangular fuzzy number matrix over the set S ared determined from expert medical
documentation. Thus the triangular fuzzy numberrimaf,D) represents a relation
matrix R, and it gives an approximate description of thangular fuzzy number matrix
medical knowledge of the two diseases and theipsyms given by

1 dZ
Sy (7,8.5,10)  (6,7.5,9)
Ro= S 2,35,5) (5,6,7)
S5 (6,6.5,7) 4,5.5,7)
Sy 3, 4, 5) 8,9, 10)

Step 2: Again we take P = {p m, P} as the universal set where, p, and p represent
patients respectively and S = {s,, S, S} as the set of parameters. Suppose that,
Fi(s1) = [<Py, (6,7.5,9) >;<P2, (3,4, 5) >;<P3(6, 7, 8)>]

F1(s2) = [<Py, (4, 5, 6) >;<Ps, (4, 6, 8) >;<P5(3, 5, 7) >]

F1(s3) = [<Py, (8, 9, 10) >;<P», (3,4, 5) >;<Ps, (6, 7, 8) >]

Fl(s4) = [<Py, (7, 8.5, 10) >;<Ps, (4, 5, 6) >;<P3, (3, 4.5.6) >]

The triangular fuzzy number matrix (FS) is another parameterized family of
triangular fuzzy number matrix and gives a collectof approximate description of the
patient-symptoms in the hospital. Thus the triaagudlzzy number matrix (£ S)
represents a relation matrix Ralled patient-symptom matrix given by

S S2 S S4
P, (6,7.5,9) (4,5,6) (8,9,10) (7,85, 10)

(
(

Rs=P: |(3,45 4,68 (3,4,5 4,5, 6)
P (6,7,8) (3,57 (67,8 (3, 4.5, 6)
Step 3: di d>
N (0.7, 0.85, 1) (0.6, 0.75,0.9)
Ro)mem= Sz (0.2, 0.35, 0.5) (0.5, 0.6, 0.7)
S3 (0.6, 0.65, 0.7) (0.4, 0.55,0.7)
Sy (0.3, 0.4, 0.5) (0.8,0.9, 1)
S Sz S3 Sy

P, {(0.6,0.7509) (0.4,05,0.6) (0.809,1) (0.7,0.85,1)
(R$)mem = P» | (0.3,0.4,05) (0.4,0.6,08) (0.3,0.4,0.5) (0.4,0.5,0.6)
P |(0.6,0.7,0.8) (0.3,0.5,0.7) (0.6,0.7,0.8) (0.3,0.4,0.6)

Step 4: Computing the following relation matrices
di do
Pi ((.6,0.75,0.9) (0.6, 0.85,1)
Ri = Rymen() R)mem= P> [(0.3,04,05)  (0.4,0.6,0.7)
P; 0.6,0.7,0.8) (0.6, 0.7,0.8)
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d1 dZ
P ((.7,0.6,0.6) (0.6, 0.5,0.6)
R = RYmen()JO) Ro)mem)= P2 | (0.4, 0.6, 0.5) (0.4, 0.4, 0.3)

Py (0.4,045,05)  (0.6,0.450.3)

d; d2
Py (0.4, 0.35,0.9) (0.6, 0.55,0.9)
Ri =(J () R)mem)()R)mem= P2 | (0.7, 0.6, 0.5) (0.6, 0.6, 0.5)
Ps |(0.4,0.4,0.4) (0.7, 0.55,0.4)

di d>
P, (07,0609 (0.6, 0.55, 0.9)
R, = max{Ry, Rs}= P, | (0.7, 0.6, 0.5) (0.6, 0.6, 0.5)
Ps  (0.4,0.45,0.5) (0.7, 0.55, 0.4)
d1 dZ
P (-0.3,0.150.3)  (:0.3,-0.3,0.4)

Rs =Ri(OR= P, [-0.4,-02,0) (-0.2,0,0.2)
P (0.1,0.25,04) (-0.1,0.15,0.4)

Step 5: ds d2 Rowi = maximum of ith row

Py .05  0.13 0.13

Re = P -02 0 0.00

P 18 0.15 0.18

This can be represented in the form of a graph hansdwork as follows:

o8

d,
P2

d,
Ps

Figure 1. Fuzzy medical diagnosis network

In the above network, nodes or vertices denot@étients and diseases, lengths
or edges denote the assumption of diseases tatlnis. The darken edges denotes the
strong confirmation of disease to the patient.

4. Conclusion

Medicine is one of the field in which the applidébiof fuzzy set theory was recognized
quite early. The physician generally gathers kndgteabout the patient from the past
history, laboratory test result and other invesiigaprocedures such as x-rays and ultra
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sonic rays etc. The knowledge provided by eacthe$e sources carries with it varying
degrees of uncertainty. Thus the best and mosulugdekcriptions of disease entities
often use linguistic terms that are vague. Henctnim paper, Fuzzy set framework has
been utilized in several different approaches tadehthe medical diagnostic process and
decision making process. From the above analys@soibvious that, the patien{ Bnd B
suffer from Anaemia whereas the patiepfdees Hypotension.

REFERENCES

1. H.K.Baruah, Towards forming a field of fuzzy sdt#ernational Journal of Energy,
Information and Communicationg(1) (2011) 16 - 20.

2. H.K.Baruah, The theory of fuzzy sets: beliefs aadlities,International Journal of
Energy, Information and Communicatid(2) (2011) 1 - 22.

3. R.Bellman and L.A.Zadeh, Decision Making in a fuzyironmentManagement
Sciencel7 (1970) B144-B164.

4. A.Edward Samuel and M.Balamurugan, Application miuitionistic fuzzy sets in
medical diagnosisProceeding of the International Conference on Mathgcal
Modeling and Applied Soft Computirig(2012) 189 -194.

5. A.O.Esogbue and R.C.Elder, Fuzzy diagnosis decisimuels, Fuzzy Sets and
Systems3 (1980) 1 - 9.

6. A.R.Meenakshi, Fuzzy Matrix theory and applicatiodSP publishers, 2008.

7. A.R.Meenakshi and M.Kaliraja, An application ofental valued fuzzy matrices in
medical diagnosis|nternational Journal of Mathematical Analysi§(36) (2011)
1791 - 1802.

8. T.J.Neog and D.K.Sut, Theory of fuzzy soft setsmfra new perspective,
International Journal of Latest Trends in Computiga@3) (2011) 439 - 450.

9. E.Sanchez, Resolution of composite fuzzy relatiquagions, Information and
Control, 30 (1976) 38 - 48.

10. E.Sanchez, Inverse of fuzzy relations, applicationpossibility distribution and
medical diagnosig;uzzy Sets and Systerl) (1979) 75 - 86.

11. M.Shimura, Fuzzy sets concept in rank ordering aibjel. Math. Anal. Appl.43
(1973) 717 - 733.

12. S.Elizabeth and L.Sujatha, Application of fuzzy nibemship matrix in medical
diagnosis and decision makingypplied Mathematical Sciences(127) (2013) 6297
- 6307.

13. A.K.Shyamal and M.Pal, Triangular fuzzy matricdsanian Journal of Fuzzy
Systems4(1) (2007) 75-87.

216



