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Abstract : Making decisions is undoubtedly one of the most fundamental activities of human beings. We are all faced in
our daily life with Varieties of alternative actions available to us and atleast in some instances, we have to decide which of
the available actions to take. The field of decision making are the most fruitful and interesting area of application of fuzzy
set theory. In real life situations, Uncertain information gathered for decision making requires the use of “fuzzy”. In this
paper procedures are presented for medical diagnosis and for fuzzy decision model. Examples are illustrated to verify the

proposed approach.
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I.LINTRODUCTION

The field of Medicine and decision making are the
most fruitful and interesting area of applications of fuzzy
set theory. In recent years fuzzy set theory and fuzzy logic
are highly suitable and applicable for developing
knowledge based system. Making decision is undoubtedly
one of the most fundamental activities of human beings.
Fuzzy logic has provided to be a powerful tool for
decision making systems, such as expert systems and
pattern classification systems. Fuzzy set theory has already
been used in some medical expert systems. In this paper,
we would like to discuss how fuzzy set theory and fuzzy
logic can be used for developing knowledge based system
in medicine. Some basic definitions of fuzzy set theory has
been discussed in section 2. In section 3, a novel approach
is presented for medical diagnosis which is also an
extension of sanchez’s approach with modified procedure
using triangular fuzzy number matrices and its new
membership function. In section 4, a procedure is
proposed for fuzzy decision model using new relativity
function and comparison matrix. In both the sections
illustrative example is included to demonstrate the
proposed approach. Some conclusions are given in section
5.
ILPRELIMINARIES
Definition 2.1 Triangular fuzzy Number

Triangular Fuzzy Number is denoted as

A =(a4,a5,a3),a4,a;,053 ER,a; < a, < az.
Definition 2.2 Triangular fuzzy Number Matrix

Triangular Fuzzy Number Matrix of order m x n is
defined as 4 = (aij)mxn, where al-]- = (aijL,aijM,aijU) is
the ij ™ element of A. a;j, a;jy are the left and right
spreads of a;; respectively and a; ;, is the mean value.
Definition 2.3 Addition and Subtraction Operation on
Triangular fuzzy Number Matrix

Let A=(ay)  and B=(b;)  be the two
triangular fuzzy number matrices of same order. Then
(i) Addition Operation

A + B = (aij + bij)nxn Where aij + bl] =

(al-jL + bile ai]-M + bl-]-M,al-jU + bijU) is the l] th element
of A+ B.

(ii) Subtration Operation

A—=B=(a;—by) _ where a;—b; = (aj — by,
@iju — biju, aiju — bij,) is the ij " element of A — B. The
same condition holds for triangular fuzzy membership
number.
Definition 2.4 Multiplication Operation on Triangular
fuzzy Number Matrix

Let A= (aij)mxp and B = (bii)an be the two
triangular fuzzy number matrices, then the multiplication
operation A.B = (Cij)mxn where ¢;; = Yh_; ayby; for
i=12,...,mandj=12,..,n
Definition 2.5 Max-Min Composition on fuzzy
Membership Value

Let F,,,, denote the set of all m x n matrices over F.
Elements of F,,, are called as fuzzy membership value
matrices. For A = (a;;) € Fy, and B = (b;;) € Fy,, the
max-min product

A()B = (sgp[{inf(aik,bkj)}D €F,.

Definition 2.6 Arithmetic Mean (AM) for triangular
fuzzy number :

Let A= (a;,a,a3) be a triangular fuzzy
number, then AM A =@. The same condition
holds for triangular fuzzy membership number.

I11.MEDICAL DIAGNOSIS UNDER FUZZY
ENVIRONMENT

Let S be the set of symptoms of certain diseases,
D is a set of diseases and P is a set of Patients. The
elements of triangular fuzzy number matrix are defined as
A= (ay) . where a; = (ayy,aijy, a;y) is the ij"
element of A, 0 < a;j;, < a;jy < a;jy < 10. Here a;;;, is
the lower bound, a;, is the moderate value and a;j; is the
upper bound.
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Procedure 3.1

Step 1 : Construct a triangular fuzzy matrix (F,D) over S,
where F is a mapping given by F: D - F(S), F(S) is a set
of all triangular fuzzy sets of S. This matrix is denoted by
Ry which is the fuzzy occurrence matrix or symptom-
disease triangular fuzzy number matrix.

Step 2 : Construct another triangular fuzzy number matrix
(F{, S) over P, where F, is a mapping given by F;:S —
F(P). This matrix is denoted by R which is the patient
symptom triangular fuzzy number matrix.

Step 3 : Convert the elements of triangular fuzzy number
matrix into its membership fumction as follows
Membership function of a;; = (a;j,, a;ju, aijy) is defined
as

(%L _ %ijm . Giju .
'uaij_(mgmglo) o I 0=y Sayy <
a0/ g
ajy < 10, where 0 < -2 < =1 < % < 1,

Now, the matrix R, and Rg are converted into triangular
fuzzy membership matrices namely (Rg)pmem and
(Rs)mem :

Step 4 : Compute the following relation matrices.

Ri = R)mem)(Rg)mem 1t is calculated using
Definition 2.5.

R; = Ry mem ()T — (Rg)mem), Where J is the triangular
fuzzy membership matrix in which all entries are (1,1,1).
(J — (Rg)mem) is the complement of (Ry)mem and it is
called as non symptom-disease triangular fuzzy
membership matrix.

R; = (J = (R)mem) () (Ro)mem, Where (J = (Rg)mem) 1S
the complement of Rg and it is called as non patient-
symptom triangular fuzzy membership matrix.

R, and R; are calculated using subtraction operation and
Definition 2.5.

R, = max{R,, R}. It is calculated using Definition 2.6
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The elements of Ry, R, R3,R, is of the form Y;; =
(VijL» Yijmo Viju) Where 0 < yip, < yijm < yiju < 1.
R; = R; — Ry. It is calculated using subtration operation.
The elements of Ry is of the form Zy; = (Zjj., Zijm, Ziju) €
[—1,1], where ZijL < ZijM < ZijU'
Step 5 : Calculate R, = AM(Z;;) and Row’; = Maximum
of i ™ row which helps the decision maker to strongly
confirm the disease for the patient.
Example 3.1

Suppose there are three patients P;,P, and P; in a
hospital with symptoms headache, Joint Pains, Vomiting,
Diarrhea. Let the Possible diseases relating to the above
symptoms be Swine flu and Dengue.
Step 1 : We consider the Set S = {s;,s,,53,54} as
universal set where s;,s,,5;ands, represent the
symptoms headache, Joint Pains, Vomiting, Diarrhea
respectively. and the set D = {d,,d,}. where d, and d,
represent the parameters Swing flu and Dengue
respectively.
Suppose that
F(dy) =
[{eq, (7,7.5,9)), (e,, (3,3.5,5)), (e, (5,6.5,7)), (€4, (3,4.5,5))]

F(d,) = [(el,(6,7,8.5)), (e,, (4.5,6,7)),
2 (e3,(3.5,5.6,5)), (e4, (8,9,10))

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

d, d,
s, (7759) (6785)
RySs, (3355) (4567)

S3

(56.57) (3.556.5)

s, (3,455) (89,10

Step 2 : Again we take P = {p,,p,,p3} as universal set, where p;,p, and p; as the universal set, where p;,p, and p;
represent Patients respectively and S = {s;, s,, 53, 5.} as the set pf parameters.
Suppose that F,(s;) = [{py, (5.5,7,8.5)), (p,, (3,4.5,5)), (p3, (6,7.5,8))]

Fl(sz) = [(PL (4;5;65)>: <p2! (35:65:75)): (p3' (3!5!75))]

FI(S3) = [(pp (8195'10)>1 (pZI (3145!5)>1 <p3' (65!75175))]

FI(S4—) = [(pl' (75!8'10))v (pZ! (415165))v (p3! (3145!6))]
The triangular fuzzy number matrix (F;, S) is another parameterized family of triangular fuzzy matrix and gives a collection of
approximate description of patient — Symptoms in the hospital. Thus the triangular fuzzy number matrix (F,, S) represents a
relation matrix R, called patient-symptom matrix given by

S1 S, S3 Sy
(5.5,7,8.5) (4,5,6.5) (8,9.5,10) (7.5,8,10)
s|= D2 (3455) (3.56.5,7.5) (3,4.5,5) (4,5,6.5)
D3 (6,7.5,8) (3,5,7.5) (6.5,7.5,7.5) (3,4.5,6)
Step 3:
dy d,

s, (0.7,0.75,0.9) (0.6,0.7,0.85)
(Ro)mem|= 5, (0.3,0.3,0.55)  (0.45,0.6,0.7)

s;  (0.5,0.65,0.7) (0.35,0.5,0.65)

sy (0.3,04505)  (0.8,09,1)
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S

S1 S2 3 Sy
(0.55,0.7,0.85)  (0.4,0.5,0.65) (0.8,0.95,1) (0.75,0.8,1)
(Remem|= 1) (0.3,0405) (0.350.650.75) (0.3,0.4505) (0.4,0.5,0.65)
ps  (0.6,0.75,08)  (0.3,0.50.75) (0.65,0.75,0.75) (0.3,0.45,0.6)
Step 4 : Computing the following relation matrices
dy d,

Ry = (R9)mem (. )(RO)mem{:

R, = (Rs)mem(')(] - (Ro)mem)

R; = U - (Rs)mem)(')(RO)mem

P1
D2
%]

2 D1
D2
\_ P3

; P1
b2

b2

R4_ = max{R2R3}[=
b3

_ P3

1
p,  (0.7,0.55,0.5)
(0.7,0.65,0.5)
(0.5,0.45,0.5)
d

1
(—0.15,0.15,0.35)

(0.3,0.45,0.55)  (0.4,0.6,0.7

(0.55,0.7,0.85) (0.75,0.8,1
)
(0.6,0.75,0.8)  (0.6,0.7,0.8

d; d;
(0.7,0.55,0.5)  (0.65,0.5,0.35)
(0.4,0.65,0.5) (0.35,0.45,0.35)

(0.5,0.45,0.5)  (0.65,0.5,0.35)
d d

(0.7,0.55,0.5)  (0.6,0.55,0.5)

1 2
(0.45,0.3,0.35) (0.45,0.5,0.35
(0.4,0.45,04)  (0.7,0.55,0.4)

2
(0.65,0.5,0.35))
(0.6,0.55,0.5)
(0.7,0.55,0.4)
d

2
(0.10,0.3,0.65))

D1
Rs =R, = R‘*{: P, (=0.4,-02,0.05) (—0.2,0.05,02)
s (0.1,0.3,0.3) (-0.1,0.15,0.4))
Step5:
d, d, Row'; = Max.of the i throw
R [_ p, (0.1167)  (0.35) 0.35}
6" p, (=0.183) (0.0167) 0.0167,
ps  (0.233)  (0.15) 0.233
p, and p, is suffering from dengue and p5 is suffering from swine flu.
IV. DECISION MAKING UNDER FUZZY Here pu,(x) —pu,(y) is calculated using

ENVIROMENT
PROCEDURE
Step 1 : Gather the imprecise estimation needed for the
problem which is in the form of triangular fuzzy number
matrix using equation (1).
Step 2 : Calculate the triangular membership matrix using
equation (2).
Step 3 : By using equation (3). Let us calculate all of the
relativity values f (xl- /x,-), from the comparsion matrix
using definition 2.6, this gives the solution to the required
problem.

(0,0,0)

Here f(xl-/xj) = Gin fori=j
Definition 4.1 : Relativity Function
Let x and y be Variables defined on a Universal Set
X. The relativity function is denoted as f(x/y) and is
defined as
_ uy)—ux®)
f&/y) = max(py (0).1x () @)

where u, (x) is the membership function of x with respect
to y for triangular fuzzy number.

lustrative
Example : 4.1

subtraction operation and max (uy(x),ux(y)> is calculated

using definition 2.4.
Definition: 4.2 Comparison Matrix

Let A = (xq, X5, e vy Xi—1, Xiy Xig1, - Xn) DE @ SEL
of n variables defined on X. Form a matrix of relativity
values f(xi/xj) where x;'s for i = 1 to n are n variables
defined on an universe X. The matrix C = (¢;;) is a square
matrix of order n is called the comparison matrix (or) C —

AM(#xj(xi)_lixi(xj)>

AM(max{ij(xi)_#xi(xj)})
where AM denote the Arithmetic mean and it is calculated
using definition 2.5. The comparison matrix is used to
rank different fuzzy sets, the elements of C — matrix
€ [-1,1]. The smaller value in the i ™ row of the
comparison matrix, that is C; = min{f(x;/X),i = 1 ton}
variable. The minimum of {C,'/i = 1 ton}, that is, the
smallest value in each of the rows of the C — matrix will
have the lowest weight for ranking purpose. Thus ranking
the variable x;, x5, ....., x,, are determined by ordering the
membership values C;’, C,', ..., C,".

matrix, with AM (f(xi/xj))=

Step 1 : Let us find out who resembles a Grandmother most among her grand elder daughter (x,), her Grand younger daughter
(x,) and her Grand son (x3). we have the following imprecise estimations from family members.
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X1 X2 X3
4= x; [(10,10,10) (6,7,8) (2,4,6)
X, (2,4,6) (10,10,10) (5,6,7)
X3 (2,4,6) (1,3,5) (10,10,10)

Step 2 : Calculate the triangular membership matrix using equation (2).
X1 X2 X3
X1 (1,1,1) (0.6,0.7,0.8) (0.2,0.4,0.6)
x, [(0.2,0.4,0.6) (1,1,1) (0.5,0.6,0.7)
x3 [(0.2,0.4,0.6) (0.1,0.3,0.5) (1,1,1)
Uy, (x1) = (1,T7D), U, (x1) = (0.6,0.7,0.8), Hy;(x1) = (0.2,0.4,0.6),
U, (x2) = (0.2,0.4,0.6), ty, (x2) = (1,1,1), Hy, (x2) = (0.5,0.6,0.7),
Uy, (x3) = (0.2,0.4,0.6), Uy, (x3) = (0.1,0.3,0.5), Uy, (x3) = (1,1,1),

Amem -

Step 3:
ey = ) i () (LD - AL} (000)

maxfp,, (), by, ()} max{(LLD, (1,10} (1,1,1)
AMf(xi/x) =2 =0

f, (1) = 1, (02)  {(0.6,0.7,0.8) — (0.2,0.4,0.6)}  (0,0.3,0.6)
max{, (x;), iy, ()} max{(0.6,0.7,0.8),(0.2,0.4,0.6)}  (0.6,0.7,0.8)

AMFf (x,/x;) = % =0.428
b, (1) — i, (3) _ {(0.2,04,0.6) — (0.2,04,06)}  (—0.4,0,0.4)
max{,, (x;), iy, (x3)}  max{(0.2,0.4,0.6),(0.2,0.4,0.6)}  (0.2,0.4,0.6)

0
AMf (x1/x3) = 04 =0

[l /%) =

[ /x3) =

b, O2) — e, () {(0.2,04,0.6) — (0.6,0.7,0.8)} _ (—0.6,—0.3,0)

fl/x) =

—-0.3
AMf(Xl/X3) = 0—7 = —0.43

Hx, (xZ) — Ux, (XZ) _ {(1,1,1) - (1,1,1)} _ (0'0'0)
max{p,, (), by, (0)}  max{(LL1), (LLD}  (1,1,1)

0
AMf(xz/x;) =7 =0

Hy (063) = e, (x3)  {(0.5,0.6,0.7) — (0.1,0.3,0.5)}  (0,0.3,0.6)
max{, (), fty, (x3)}  max{(0.5,0.6,0.7),(0.1,0.3,05)}  (0.5,0.6,0.7)

0.3
AMf (o /x5) = 5 = 0.5

3 e, (X3) — My (1) B {(0.2,0.4,0.6) — (0.2,0.4,0.6)} B 0
fles/x) = max(jiy, (x2), fix, (x1)]  max{(0.2,0.4,06),(02,0406)}  (0.2,0.4,0.6)

0
AMF (x5 /%) = 52 = 0

f(x2/x;) =

f(x2/x3) =

fxs/x2) =

max{,, (), fty, (%)} max{(0.2,0.4,0.6),(0.6,0.7,0.8)}  (0.6,0.7,0.8)

B, O3) — ey () {(0.1,03,0.5) — (0.1,0.3,0.5)} _ (~0.6,—0.3,0)

max{,, (x3), fty, (x;)}  max{(0.1,03,0.5),(0.1,03,05)}  0.5,0.6,0.7
—-0.3
AMf(X3/X2) = W =-0.5

oy ) = 0D ~He () {AID-ALDY 0
S max(uy, (), i, (02)} - max{(1LLD), (LLD}  (LL1)

0
AMf (x3/x3) = 1 =0
The Comparison matrix C = (¢;;) = AM (f(xi/xj)) is given by

Vol.2.Issue.2,March.2017
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X1 X, X3 ¢;' = minof ith row
4= Xq 0 0428 0 0
x, [—0.43 0 0.5 —0.43
xs | 0 =05 0 -0.5

For this problem the ranking is x;, x,, x5. Hence Grand elder daughter resembles a Grand mother ‘most’
CONCLUSION
Medicine is one of the field in which the
applicability of fuzzy set theory was recognized quite
early. As fuzzy decision making is a most important
scientific, social and economic endeavour, there exist
several major approaches within the theories of fuzzy
decision making. Here we have used the ranking order to
deal with the vagueness in imprecise determination of
preferences.
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