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Abstract. In this paper, sine inverse distance among innisic fuzzy multi sets is
proposed and some of its properties are discussesinh The concept of the above
method is an essential tool for dealing with uraiattes and shortcomings that affect the
existing methods. Implementation of medical diaghds presented to find out the
disease impacting the patient.
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1. Introduction

Kumbakonam being a temple city with lots of tempdesl mutts attracts thousands of
pilgrims and tourists every day. The dumped waste®ut by them are causing diseases.
Further, Kumbakonam is surrounded by a lot of pat tanks. These water bodies get
their water from several inlets. But in the abseofcproper outlets to drain the water, the
water gets contaminated and it becomes stagnatedAtdd it is crystal clear that the
stagnated water becomes the breeding ground foguiioss to spread diseases like
malaria, dengue and elephantiasis and so on afwitholn many areas of Kumbakonam
the prime cause of disease and decease is mosijhigcreated an urge to carry out
research in the medical field. By introducing inative methods in the research, the
diseases can be diagnosed instantly and infallibly.

A number of real life problems in engineering, noadlisciences, social sciences,
economics etc., involve imprecise data and theilutem involves the use of
mathematical principles based on uncertainty anprégision. Such uncertainties are
being dealt with the help of topics like probakiliheory, fuzzy set theory [20], rough set
theory [12] etc., Healthcare industry has beeimgryo complement the services offered
by conventional clinical decision making systemshwthe integration of fuzzy logic
techniques in them. As it is not an easy task farlimician to derive a fool proof
diagnosis it is advantageous to automate few irsteps of diagnosis which would not
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require intervention from an expert doctor. Intuitistic fuzzy set possesses all attributes
necessary to encode medical knowledge base andgreapedical inputs.

As medical diagnosis demands large amount of nmédion processing, large
portion of which is quantifiable, also intuitiveaight process involve rapid unconscious
data processing and combines available informdtjolaw of average, the whole process
offers low intra and inter personal consistency. ®atradictions, inconsistency and
fuzziness should be accepted as unavoidable asatteeintegrated in the behavior of
biological systems as well as in their charactéiona To model an expert doctor it is
imperative that it should not disallow uncertaiaty it would be then inapt to capture
fuzzy or incomplete knowledge that might lead t@ thanger of fallacies due to
misplaced precision.

As medical diagnosis contains lots of uncertainti@sl increased volume of
information available to physicians from new meditachnologies, the process of
classifying different sets of symptoms under alsimgame of disease becomes difficult.
In some practical situations, there is the posgilif each element having different truth
membership and false membership functions. Saitionistic fuzzy sets play a vital role
in medical diagnosis.

In 1965, Fuzzy set theory was firstly given by Zad20] which is applied in
many real applications to handle uncertainty. Sanmext membership function itself is
uncertain and hard to be defined by a crisp vaébaeethe concept of interval valued fuzzy
sets was proposed to capture the uncertainty oiegphmembership. In 1986, Atanassov
[1] introduced the intuitionistic fuzzy sets whidonsider both truth-membership and
falsity-membership. Hung and Yang [5] proposedsdinglarity measures of intuitionistic
fuzzy sets based on Hausdorff distance. Hung amg) Y&] examined the j-divergence of
intuitionistic fuzzy sets. Similarity measures fire intuitionistic fuzzy sets were
proposed by Hung and Yang [7], Intarapaiboon [8ang and Shi [11]. Khatibi and
Montazer [10] examined the intuitionistic fuzzy sst fuzzy set application in medical
pattern recognition. Pramanik and Mondal [13] idtroed the weighted fuzzy similarity
measure based on tangent function. Samuel and Mhagaanam [3] proposed the
tangent inverse distance and sine similarity measa@tween intuitionistic fuzzy sets.
Jemal et al. [4] proposed the enhanced decisiopostigystems in intensive care unit
based on intuitionistic fuzzy sets. Xu [18] exandirike intuitionistic preference relations
and their application in group decision making. [¥8] introduced the cosine similarity
measures for intuitionistic fuzzy sets. Sebastind Ramakrishnan [16] studied a new
concept called fuzzy multi sets (FMS), which is tleneralization of multi sets. Shinoj
and John [17] extended the concept of fuzzy melt ®y introducing intuitionistic fuzzy
multi sets (IFMS). Rajarajeswari and Uma [14,15pwsed various methods among
intuitionistic fuzzy multisets.

In this paper, by using the notion of intuitionistizzy multi set, it was provided
an exemplary for medical diagnosis. In order to enthks, a novel method was executed.

Rest of the article is structured as followsSkction 2, the basic definitions are
briefly presented. Section 3 deals with proposdihiiens and some of its properties.
Sections 4, 5 and 6 contain methodology, algoridmd case study related to medical
diagnosis respectively. Conclusion is given in Bect.
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2. Basic definitions
Definition 2.1. [20] Let X be a non-empty set. A fuzzy satdrawn from X is defined

as A:{(x, ,uA(X)): x X} where,uA(X): X - [0,1] is the membership function for the
fuzzy setA.

Definition 2.2. [2] Let X be a non-empty set. An intuitionistic fuzzy ggtin x is an
object having the formA={(x, £,(x),va(x)): xO X} where the functionsys, (x):

X a[Oﬂ,VA(X)Z X _>[0,]]define the degree of membership and degree of rembarship
respectively of the elemerX[JX to the sefr, which is a subset ok , and every
elementx[0X , 0< ,uA(x)+VA(x)sl. The valuem(x)=1—Q1A(x)+VA(x)) is called

the intuitionistic fuzzy index or hesitation margai X in A.nA(X) is the degree of
indeterminacy of XLIX to the intuitionistic fuzzy seta and ﬂA(X)D[O,l] e,
a(x): X - [01] and 0< 774(x)<1 for every x[IX. a(x) expresses the lack of
knowledge of whethek belongs to intuitionistic fuzzy seh or not.

Definition 2.3. [14] Let X be a nonempty set. An Intuitionistic Fuzzy Multt $&-MS)
A in X is characterized by two function namely count mership functionmc and
count non membership functioNlMc such thatMc: X - Q and NMc: X - Q

where Q is the set of all crisp multi sets[lhl]. Hence, for anxJ X, Mc(X) is the
crisp  multi  set from [0,1] whose membership sequence is defined
as(y;(x),ui(x),..#ﬁ(x)) where 1, (X) = £2(X) =... =2 (2 (x) and the corresponding
non membership sequen®¢Mc(X) is defined as(vi\(x),vf\(x),..uj(x)) where the
non membership can be either decreasing or incrgadunction. Such that
O, (X)+v,(¥X)<1,0x0OX andi =12,...p. Therefore, an IFMSA is given by

A={(x (1200, 12 (%), 22 ) VA (V2 (0,002 () I XD X
where 1, (X) = 1£5(X) 2.2 L2 (X)

3. Proposed definition
Definition 3.1. Let A= {<x (12 (%), 122 (X),... 1 (%), (vi\(x),vf\(x),..v,i’(x)»/ xO X}

and B = {<x (22 (%), 122 (%142 (%)), (x),vé(x),..v;’(x)»/xD X} be two
intuitionistic fuzzy multi sets. Then the sine inse distance is defined as

S0, (A B):zpjz"l[ilsin{g{\u&(x)—u&(x)(+\V,i(>ﬂ)—v;(>ﬂ)\m

spn

Proposition 1.
(i) SID,,s(AB)20
(ii) SIDlFMS (A, B) = SIDIFMS (B’ A)
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(i) f ADBOC thenSID,,(AC)= SID,,.(A B) and
SIDIFMS (A, C) 2 SIDIFMS (B' C)

Proof:
(i) The proof is straightforward
(ii) The proof is straightforward
(i) It was well known that,
(%)= pi(x ) s pi(x)
vilx)zvi(x)zvi(x)
(-ADBDOC)
Hence,
()= (% ) < [a (% ) = e (%)
Iué;(x) ) < i) -l (x )
vilx) v;(st\ vilx)- vg(x.)1
vix)-vilx) = pilx)-vil)

Here, the sine inverse distance is an increasinctifun.
U SIDIFMS (A, C) 2 SIDlFMS (A’ B) and SIDIFMS (A,C) 2 SIDIFMS (B'C)

4. Methodology
In this section, it was presented an applicatiomufitionistic fuzzy multi set in medical

diagnosis. In a given pathology, suppd&is a set of symptomd) is a set of diseases
and P is a set of patients and I€t be an intuitionistic fuzzy multi relation from tlset

of patients to the symptoms .i.Q,(P - S) and R be an intuitionistic fuzzy relation

from the set of symptoms to the diseases RéS - D)and then the methodology
involves three main jobs:
1. Determination of symptoms
2. Formulation of medical knowledge based on intuigtio fuzzy sets
3. Determination of diagnosis on the basis of new et intuitionistic fuzzy
multi sets

5. Algorithm

Step 1: The Symptoms of the patients are gigevbtain the patient-symptom relation
Qand are noted in Table 1

Step 2: The medical knowledge relating the symptavith the set of disease under
consideration are given to obtain the symptom-disegelationR and are
noted in Table 2.

Step3: The computation T of the relation of gais and diseases is found using
(1) and are noted in Table 3.

Step 4:  Finally, the minimum value from Tablef3ach row was selected to find the
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possibility of the patient affectedtlwithe respective disease and then it was
concluded that the patierpk(k: 12,3,4) was suffering from the disease

D, (r = 1234)

6. Case study [14]

Let there be four patient® = {Pl, P.,Ps, P4} and the set of symptonss={Temperature,
Cough, Throat pain, Headache, Body pain}.The imnistic fuzzy multi relation
Q(P - S) is given as in Table 1.Let the set of diseaBes{Viral fever, Tuberculosis,
Typhoid, Throat disease}.The intuitionistic fuzzglation R(S - D) is given as in
Table 2.

Table 1: The Relation between Patients and Symptoms (usépgl9

Q | Temperatur Cougt Throat pail | Headach Body pair
] (0.€,0.2) (0.4,0.3) (0.13,0.7 (0.5,0.4) (0.2,0.6)
(0.7,0.1) (0.3, 0.6) (0.2,0.7) (0.6, 0.3) (0.3,0.4)
(0.5, 0.4) (0.4,0.4) (0.0, 0.8) (0.7, 0.2) (0.4, 0.4)
P, (0.4,0.5) (0.7,0.2) (0.€,0.3 (0.3,0.7 (0.§,0.1)
(0.3,0.4) (0.6, 0.2) (0.5,0.3) (0.6, 0.3) (0.7,0.2)
(0.5, 0.4) (0.8,0.1) (0.4, 0.4) (0.2,0.7) (0.5, 0.3)
P (0.13,0.7 (0.3 0.6) (0., 0.0 (0.3,0.6 (0.4,0.4)
(0.2, 0.6) (0.2, 0.0) (0.7,0.1) (0.2,0.7) (0.3,0.7)
(0.1, 0.9) (0.1,0.7) (0.8,0.1) (0.2, 0.6) (0.2,0.7)
P4 (0.5,0.4 (0.4,0.5) (0.2,0.7 (0.5,0.4 (0.4,0.6)
(0.4,0.4) (0.3,0.3) (0.1, 0.6) (0.6, 0.3) (0.5, 0.4)
(0.5, 0.3) (0.1,0.7) (0.0, 0.7) (0.3, 0.6) (0.4, 0.3)
Table 2: The relation among symptoms and diseases (usip®¥te
R Viral Feve Tuberculosi Typhoic Throat diseas
Temperatur (0.§,0.1) (0.2,0.7) (0.5,0.3) (0.1,0.7
Cougt (0.2,0.7 (0.5,0.0) (0.3, 0.5 (0.3,0.6
Throat pail (0.3,0.5 (0.7,0.2) (0.2,0.7) (0.§,0.1)
Headach (0.5, 0.3 (0.€,0.3) (0.2,0.6) (0.1,0.8
Body ach (0.5, 0.4 (0.7,0.2) (0.4,0.4) (0.1,0.8
Table 3: Sine inverse distance (using step 3 and step4)
T Viral Fever Tuberculosi Typhoid Throat diseas
P 0.306¢ 0.708¢ 0.2682 0.765¢
P, 0.558( 0.3444 0.457: 0.677¢
P, 0.676¢ 0.564( 0.514: 0.2304
P, 0.319: 0.671¢ 0.1932 0.714¢

From Table 3, it is obvious that, if the doctor e&p, thenP, and p, suffers from
Typhoid, p, suffers from Tuberculosis and; suffers from Throat disease.
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7. Conclusion

In this paper, it was analyzed the relationshipvbeh the set of symptoms found with
the patients and the set of diseases and emplogested method (sine inverse distance)
to find out the disease possibly affected the pati€he technique considered in this
study was more reliable to handle medical diagnpsiblems quiet comfortably. In
future, these methods can be enhanced to othes bfpetuitionistic fuzzy sets also.
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