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|. INTRODUCTION

The field of medicine is one of the best areas of
application of fuzzy set theory. In the discrimination
analysis, the symptoms are ranked according to the grade
of discrimination of each disease by a particular symptom.
In real world, we frequently deal with vague or imprecise
information. Information available is sometimes vague,
sometimes inexact or sometimes insufficient. Out of
several higher order fuzzy sets, intuitionistic fuzzy
sets[1,2] have been found to be highly useful to deal with
vagueness. There are situations where due to insuffiency in
the information available, the evaluation of membership
values is not possible up to our satisfaction.Due to the
some reason, evaluation of non-membership values is not
always possible and consequently there remains a part
indeterministic on which hesitation survives.

Certainly fuzzy set theory is not appropriate to deal with
such problem, rather intuitionistic fuzzy set theory is more
suitable.Out of several generalizations of fuzzy set theory
for various objectives ,the notion introduced by
Atanassov[1] in defining intuitionistic fuzzy sets is
interesting and useful.Fuzzy sets are intuitionistic fuzzy
sets but the converse is not necessarily true[1].In fact,
there are situations where intuitionistic fuzzy set theory is
more appropriate to deal with [7].Besides, it has been
cultured in [8] that vague sets [10] are nothing but
intuitionistic fuzzy sets.

In the present paper we study Sanchez’s method[11] for
medical diagnosis using intuitionistic fuzzy extended
modal operators [IFEMO] in [3,4,5]. The method of
intuitionistic medical diagnosis[IMD] involves
intuitionistic fuzzy relations[IFR] as defined in [6].
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Il1. PRELIMINARIES

We give here some basic definitions, which are used in our
next section.

A. Definition

Let a set E be fixed. An intuitionistic fuzzy set (IFS) A
in E is an object having the form.
A={{x,uy(x),74(x))/x € XIwhere  the  function
usE = [0,1] and y.:E - [0,1] define the degree of
membership and degree of non-membership respectively
of the element x € E to the set A. which is a subset of E
and forevery x E E,0 < p, (x) + v (x) = 1.

The amount 7, (x) = 1 — (14(x) + y4(x)) is called the
hesitation part which may cater to either membership value
or non-membership value or both.

I1l. METHODOLOGY
A. Definition

If A and B are two IFS of the set E, then let

A= {(x,1,(0,y,(0))/ x € E} and

B = {(x,uz(x),y5(x))/ x€ E}

be two intuitionistic fuzzy set the Cartesian product of
these two intuitionistic fuzzy sets the set

AX B ={(us(x) % pg(x),ys(x) xy5(x))/ x € E}

B. Definition
If A and B are two IFS of the set E, then

AUB = {(x, max{:,uA (x}rﬂs(x)) . min{: Ya(x). vz (x}]),/x EE}

C. Definition

An operator over an intuitionistic fuzzy set A ( IFS A),
given the fixed numbers a,& € [0,1], as

D (A) = {{x,u(x)+ @ -my(x)ya(x) + (1 — @) - my(x))/x EEL.
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D. Definition

An operator over an intuitionistic fuzzy set A ( IFS A),
given the fixed numbers a, §
a,fE[01]anda+f =1, as
Fop(A) = {{x,uy(x0) + a-my(x),y,(x) + B -my(x))/x € E}.

1V. MEDICAL DIAGNOSIS

Suppose S is a set of symptoms, D is a set of Disease and
P is a set of patient. LetC; be an intuitionistic fuzzy
relations [IFR] €1(P — S and € be an intuitionistic fuzzy
relations [IFR] C;(S = D).
Then
C3 = AXB ={{ps(x) x pp(x),ys(x) X y5(x))/ x E E}
C,=AUB={{x, max(pA (x),pa(x)),min( Ya(®)iys (x)))/x EE}
C; = Dy(A) = (g () + @ my (1), 1 (1) + (1 - @) )/ E B},
Here @ = 0.5
Cs= Fa,,t?(A) = {{x, 14 (x) + @ - 1y (x), y4 (x) + B - my ()} /x € E).
Here &, £ = 0.5
Cr = 1, (x) Ay, (x) = minfu, (x),y, (x)}

A. Algorithm

Stepl:

The formula Czand C, are applied in Table 1 and Table 2,
and get the results is named Table 3,Table 4 Table 5 &
Table 6

Step2:
The Table 7 values are applied in the formula €5 and Cg
individually, we get the results is named Table 8.

Step3:
The Table 8 values applied in C; and get the result is
named Table 9.

Step4:
Finally, we select the minimum value from (Table 9)each
row, and then we conclude

that the Patients P;(i = 1,2,3,4) is suffering from the
Disease D;(j = 1,2,3,4,5)

B. Case Study [9]

Let there be four Patients P = {P;, 5, P35, Py }
and the set of Symptoms S = {Temperature, Headache,
Stomach-pain, Cough, Chest-pain} and the set of Disease
= {Viral fever, Malaria, Typhoid, Stomach-problem,
Chest-problem}.

Table 1: IFR C4(P — 5)

Cy Temperature | Headache | Stomach Cough Chest-

- pain pain
Pil (0801 (060.1) | (0.208) | (0.60.1) | (0.1,0.6)
Py (0.0,0.8) (0.4,0.4) | (0.60.1) | (0.1,0.7) | (0.1,0.8)
Py (0.8,0.1) (0.80.1) | (0.0,06) | (0207) | (0.0,0.5)
Py (0.6,0.1) (0504) | (0304) | (0.702) | (0.3,0.4)
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Table 2: IFR C5(5 — D)

C, Viral Malaria Typhoi | Stomachp Chest-

fever d -problem | problem
:eemperat“ (0'4)'0'0 (0.7,0.0) 50'3’0'3 0107 | (0.1,0.8)
Headache (0.3),0.5 (0.2,06) §0.6,0.1 (02,0.4) (00,0.8)
Stomach- 0.1,0.7 (0.2,0.7

00. 80. 20.

ain ) 0009) | | 0800) | (02,08
Cough (0.4),0.3 (0.7,00) §0.2,0.6 02,0.7) (02,08)
Chest-pain | (0LO.7 1 1 gy | @109 1 5507 | (080.)

) )
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Using step 1
Find P, from the following method for Table 1.

To find the product of membership function in (R, C,)
from Table 1&Table 2, and also the product of non-
membership function in (R, C,) from Table 1&Table 2.

(0.32, 0.00), (0.18, 0.05), (0.02, 0.56), (0.24, 0.03), (0.01,
0.42)

Now we have to find the maximum of membership
function and minimum of non-membership function from
above value is (0.32, 0.00)

To find the product of membership function in (R, C,)
from Table 1&Table 2, and also the product of non-
membership function in (Ry, C;) from Table 1&Table 2.

(0.56, 0.00), (0.12, 0.06), (0.00, 0.72), (0.42, 0.00), (0.01,
0.48)

Now we have to find the maximum of membership
function and minimum of non-membership function from
above value is (0.56, 0.00)

To find the product of membership function in (Ry, Cs)
from Table 1&Table 2, and also the product of non-
membership function in (R, C3) from Table 1&Table 2.

(0.24, 0.03), (0.12, 0.06), (0.00, 0.72), (0.42, 0.00), (0.01,
0.48)

Now we have to find the maximum of membership
function and minimum of non-membership function from
above value is (0.42, 0.00)

To find the product of membership function in (R, C,)
from Table 1&Table 2, and also the product of non-
membership function in (R, C4) from Table 1&Table 2.

(0.08, 0.07), (0.12, 0.04), (0.16, 0.00), (0.12, 0.07), (0.02,
0.42)
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Now we have to find the maximum of membership 0.07) 0.04) 0.00) 0.49) 0.35)

function and minimum of non-membership function from c (0.08, (0.00, (0.00, (0.04, (0.00,
above value is (0.16, 0.00) 0.08) 0.08) 0.48) 0.56) 0.05)

To find the product of membership function in (Ry, Cs)
from Table 1&Table 2, and also the product of non-
membership function in (Ry, Cs) from Table 1&Table 2.

V - Viral fever, M - Malaria, T - Typhoid, S-Stomach-
problem, C — Chest-problem

Table 6
(0.08, 0.08), (0.00, 0.08), (0.04, 0.64), (0.12, 0.08), (0.08,
0.06) Py Temp. Headache | Somach- Cough Chest-
pain pain
Now we have to find the maximum of membership v (0.24, (0.15, (0.03, (0.28, (0.03,
function and minimum of non-membership function from 0.00) 0.20) 0.28) 0.06) 0.28)
above value is (0.12, 0.06) m| ©42. (0.10, (0.00, (0.49, (0.03,
0.00) 0.24) 0.36) 0.00) 0.32)
P,| Temp. Headache | SPMN | cougn | NSt |08, (0.30, (0.06, (0.14, (0.03,
pain pain 0.03) 0.04) 0.28) 0.12) 0.36)
(0.18, (0.02, (0.24, (0.01,
V| (0.32,0.00) (0.08, (0.10, (0.24, (0.14, (0.12,
?(')sz) ?0506()) ?(')0432) ?040? S| 007) 0.16) 0.00) 0.14) 0.28)
M| (0.56, 0.00) . Y . o (0.08, (0.00, (0.24, (0.14, (0.24,
0.06) 0.72) 0.00) 048) ¢ 0.08) 0.32) 0.00) 0.16) 0.04)
| 024,003 (0.12, (0.00, (0.42, (0.01,
e 0.06) 0.72) 0.00) 0.48)
s | (008 007 0.12, (0.16, 0.12, (0.02, V - Viral fever, M - Malaria, T - Typhoid, S-Stomach-
(008900 100y |oo0)  |oon |04 problem, C - Chest-problem
(0.00, (0.04, (0.12, (0.08,
C | (0.08,0.08) 0.08) 0.64) 0.08) 0.06) Table 7
Table 3 -
Viral | . Stomach- Chest-
fever Malafla Typhoid problem problem

V - Viral fever, M - Malaria, T - Typhoid, S-Stomach-
problem, C — Chest-problem

Py | (0.32,0.00) | (0.56,0.00) | (0.42,0.00) | (0.16,0.00) | (0.12,0.06)

P
Using the above method to follow the patients of P,, P, 2| (012,000) | (042000) | (0.24,0.04) | (0.48,0.00) | (0.12,0.08)

and P4, then we get the Table 4, Table 5 and Table 6 is Py | (0.32,0.00) | (0.56,0.00) | (0.48,0.00) | (0.16,0.00) | (0.08,0.05)
given below. P
4 | (0.28,0.00) | (0.49,0.00) | (0.30,0.03) | (0.24,0.00) | (0.24,0.00)
Table 4
- - - Table 8
tomach- Chest-
Py | Temp. Headache pain Cough pain Viral . . Stomach- Chest-
Malaria Typhoid
v (0.00, (0.13, (0.06,0.07) (0.04, (0.01, fever problem problem
0.00) 0.20) ' 0.21) 0.56) Py | (0.34,0.66) | (0.22,0.78) | (0.29,0.71) | (0.42,0.58) | (0.47,0.53)
v | ©00 (0.08, 0.00,0.09) (0.42, (0.01,
0.00) 0.24) (0.00.0. 0.00) 0.64) Py | (0.44,056) | (0.29,0.71) | (0.40,0.60) | (0.26,0.74) | (0.48,0.52)
0.00, 0.24, 0.02, 0.01,
T (().24) (()_04) (0.12,0.07) 8.42) 5).72) Py | (0.34,0.66) | (0.22,0.78) | (0.26,0.73) | (0.26,0.74) | (0.48,0.51)
(0.00, (0.08, (0.02, e Py | (0.36,064) | (0.250.74) | (0.36,0.63) | (0.38,0.62) | (0.38,0.62
S 0.56) 0.16) (0.48, 0.00) 0.49) 0.56) (0.36,0.64) | (0.25,0.74) | (0.36,0.63) | (0.38,0.62) | (0.38,0.62)
(0.00, (0.00, (0.02, (0.08,
C 0.64) 0.32) (0.12, 0.08) 0.56) 0.08) Table 9
_ _ _ Viral Malaria Typhoid Stomach- Chest-
V - Viral fever, M - Malaria, T - Typhoid, S-Stomach- fever problem problem
problem, C — Chest-problem P, | 034 0.22 0.29 0.42 0.47
P, | 044 0.29 0.40 0.26 0.48
Table 5 P, | 034 0.22 0.26 0.26 0.48
- - P, | 036 0.25 0.36 0.38 0.38
Py | Temp. Headache Stgmach Cough Chest 4
pain pain
v | 032 (0.24, (0.00, (0.08, (0.00,
0.00) 0.05) 0.42) 0.21) 0.35) V. CONCLUSION
(0.56, (0.16, (0.00, (0.14, (0.00, o
M 0.00) 0.06) 0.54) 0.00) 0.40) From Table 9, We see that the minimum value of P; , F;&
T | 024 (0.48, (0.00, (0.04, (0.00, P, is 0.22 and 0.25 respectively, therefore they suffer from
0.03) 0.01) 0.42) 0.42) 0.45) Malaria. Whereas the minimum value of P, is 0.26 and
S | (0.8, (0.16, (0.00, (0.04, (0.00, therefore she faces Stomach problem. In this paper, a
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new technique to diagnose the symptom of the disease
using intuitionistic fuzzy set is proposed and it is
successful and effective to solve many problems faced by
patients.
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