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New Similarity Measure between
Intuitionistic Fuzzy Multisets based on
Tangent Function and its Application in
Medical Diagnosis
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Abstract--- In recent years, Intuitionistic fuzzy set is very
useful in decision making problems such as medical diagnosis,
pattern recognition, clustering etc., which deals with vagueness
and uncertainty. Similarity measure is a tool used to find the
closeness of the intuitionistic fuzzy sets by considering the
membership, nonmembership and hesitation function. In this
paper, we propose an effective similarity measure based on
tangent function for intuitionistic fuzzy multi sets in which
membership, nonmembership, hesitation function occurs more
than once and also we apply this measure in medical diagnosis
and pattern recognition.
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I INTRODUCTION

In 1965, L.A.Zadeh[28] introduced the notion of fuzzy
subset of a set as a method for representing uncertainty in
real physical world. In fuzzy set theory, the membership of
an element to a fuzzy set is a single value between 0 and 1.
As a generalization of this, intuitionistic fuzzy subset was
defined by K.T.Atanassov in 1986[1,2]. These sets are
suited to deal with vagueness or the representation of
imperfect knowledge in decision making. In reality, it may
not true that the degree of non-membership of an element in
an intuitionistic fuzzy set is equal to 1 minus the degree of
membership, but there may be some hesitation degree. At
first the study of distance measures for IFS was carried out
by E.Szmidt and and J.Kacprzyk [22,23,24]. Hung and
Yang[6] presented a similarity measure based on Hausdroff
distance. Various similarity measures were given by the
authors like Li and Cheng, Liang and Shi,
Mitchell[3,4,7,8,9,26,27] which was applied in decision
making problem and pattern recognition.

Recently, T.K.Shinoj and Sunil.J.J[20,21] introduced
intuitionistic fuzzy multisets from the combination of
intuitionistic fuzzy sets and fuzzy multisets which was
proposed by Yager[25]. In intuitionistic fuzzy multisets, the
membership function and non-membership function are
allowed to occur more than once. Some of the distance and
similarity measures for IFS were extended to
IFMS[5,11,12,13,14,15,16,17,18]. In 2015, K.Mondal and
S.Pramanik[10] proposed a similarity measure based on
tangent function for IFS. In this paper, we extend this
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measure for intuitionistic fuzzy multisets and prove its
efficiency by comparing the measure with the existing
similarity measures for IFMS. Also we present a case study
for diagnosing a disease in medical field and also apply this
measure in pattern recognition.

Il.  PRELIMINARIES

Definition 2.1 [1]
Let X be a non-empty set. An intuitionistic fuzzy sets A in X
is an object having the form

A={ (X, ua(x), va(x) ) / x € X } where the functions pa

: X — [0,1] and va : X — [0,1] define the degree of
membership and non membership of the element x € X.

For each IFS A in X, if ta = 1 — pua(X) — va(X), X € X,
then ma(X) is called intuitionistic index of the element x in
A. It is a hesitancy degree of x in A.

Definition 2.2[25]

Let X be a nonempty set. A Fuzzy Multiset(FMS) A
drawn from X 1is characterized by a function, ‘count
membership’ of A denoted by CM4 such that CMp : X — Q
where Q is the set of all crisp multisets drawn from the unit
interval [0,1]. Then for any x € X, the value CMa(X) is a
crisp multiset drawn from [0,1]. For each x in X, the
membership sequence is defined as the decreasingly ordered
sequence of elements in CMa(X). It is denoted by
(aCo), pz (), .y (x)) where (u(x) 2 pi(x) =2
1h ().

Definition 2.3[20]

Let X be a non-empty set . An Intuitionistic Fuzzy
Multiset A denoted by IFMS drawn from X is a
characterized by two functions: count membership of
A(CM,) and ‘count non membership’ of A(CN,) given
respectively by CMa : X — Q and CNa: X — Q where Q is
the set of all crisp multisets drawn from the unit interval
[0,1] such that for each x € X, the membership sequence is
defined as a decreasingly ordered sequence of elements in
CMa (x) which is denoted by (u}(x),u%(x), ...u5(x))
where  (uh(x) = pi(x) = =>uf(x)) and the
corresponding non membership sequence will be denoted by
(O3 (x),92(x), ... 9% (x)) such that 0 <pui(x) + 9i(x) < 1
for everyx € Xandi=1,2,...p.

An IFMS A is denoted by
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A={(x:

(1 (0, 3 (0), ooty (), (91(6), 2 (), .. 95 (1)) ) : x
EX}

Definition 2.4[21]

The length of an element x in an IFMS A is defined as the
cardinality of CMa(x) or CNa(x) for which 0 < uj;(x) +
ﬁj(x) < 1 anditis denoted by L(x : A). That is

L(x:A)=| CMa(X)| =] CNa(X)|

Definition 2.5[21]

If A and B are IFMS drawn from X then L(x : AB) =

Max{L(x : A), L(x : B)}. Alternatively we use L(x) for L(x :
A, B).
Definition 2.6[7]

A real-valued function S : IFS(X) x IFS(X) — [0,1] is
called a similarity measure on IFS(X), if it satisfies the
axiomatic requirements:

1. 0<S(AB)<1

2. S(AB)=1lifandonlyifA=B

3. S(AB)=S(B,A)

4. S(A,C) <S(A,B) and S(A,C) <S(B,C)ifAcBCc
C.

Definition 2.7[11]

The similarity measure based on Hausdroff distance for
IFMS is

SH(AIB) =
wBxi, YAjxi— IBjxi)

1 1 j
o et [1- 222, max( | (x) -

Definition 2.8[13]

Cotangent similarity measure for IFMS is
IFMS(A,B) =

1vr [1en -+ (|G- uhGep| v [95eo- 8f G
n Z1'=1 [n X COt( 4

Definition 2.9[15]

The similarity measure based on Normalized Hamming
distance [15] is

. _ Np(AB)
SIm(A,B) = m

Where N;(4,B) = %Z’? L

j=13n ?:1('#1]4(%) - ,Ui;(xi)| +
GAxi— IB)x7)

Definition 2.10[19]

The correlation similarity measure for IFMS[19] is
CIFMS (A' B)

\/ Cirms (A, A) * Cipys(B, B)

1 . .
Cirus(4,B) = 7 Z?=1{Z?=1(#,]4 Ceup () +
JAxidBxi)

Crrus(4,4) = % Z?:l{ZTiLl(/Jil(xi)/“‘il(xi) +

GAxidAsxr) CIFMSBE= 1y j=1pi=1n( ubjxiubixi+
IBxidB)xr)

Pirms =

where

Definition 2.11[16]
Cosine similarity measure for IFMS[16] is
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Cirm(AB) =
1zn: {(1 zn: Wi Cedud () + 95 ()9 (x)
n< n 4 i . ) -
=t ‘:1\/11,]4(9&)2 + 9, (x;)? Jﬂé(xi)z +9,(x:)? )

Definition 2.12[10]

The tangent similarity measure between two IFS P and Q
can be presented as

TITIL:S(P!Q) =

1

;Z [1

— tan <7T (e Ge) = G| + [vpae) — v x| + [Ep(x) — fQ(xi)l))]
12

I1l. PROPOSED SIMILARITY MEASURE FOR
INTUITIONISTIC FUZZY MULTISETS

Definition 3.1

The new similarity measure for IFMS based on tangent
function with two parameters membership and non-
membership function is

Tirms(AB) =
n
1
z Z 1
n 4
n . . . .
1 Z  (Juy () — up )| + 195 Ge) — 95(x)))
- - tan
£ 12
The new similarity measure for IFMS based on tangent
function with three parameters membership, non-
membership and hesitation function is
Tirvs(A,B) =

n
2!
j=1
1 itan <ﬂ<lui(xi> - w )|+ Iﬁ,{(xol ; 95 (x| + 17 Cxp) _ng(xi)h)]

n
i=1

Preposition 3.2

The defined new similarity measure Turs(A,B) between
IFMS A and B satisfies the following properties
P1. 0 <Tims(A,B) < 1
P2. Trws(AB) =1 ifand only if A=B
P3. Tirms(AB) = Tirms(B,A)
P4. If A€ B ¢ C, then T||:M5(A,C) < T||:|\/|5(A,B) and
Tirms(A,C) < Tirws(B,C).
Proof:
P1. 0<Trws(A,B) <1

Since the values of membership, non-membership and
hesitation functions of the intuitionistic fuzzy multiset are
lying in the interval [0,1], the similarity measure based on
tangent function Tgms(A,B) is lying between 0 and 1.
P2. T”:MS(A,B) =1ifand Only ifA=B
If the two IFMS A and B are equal, then p}(x;) =
iy (x), 95 (x) = 95 (x)and IT)(x;) = ITh(x;) ¥ j, which
implies that | (x;) — ph (x| = 0,]9) (x) — 95(x)| =
0, |2 (x) — 11| =0

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation



International Journal of Recent Technology and Engineering (IJRTE)

Hence T||:M5(A,B) =1.
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(A3:(0.1,0.2)) }and C={ (A (0.2,0.3) ), ( As: (0.1,0.1))

i) Let Tews(AB) = LThen |u,(x)- wx)|= 1} o
0, 19)x) = 93| = 0, T4 e)) — 11| = 0 This implies ¢ the careinaity m =2 = CMa1 = ICNa1 =2, |
i i i 1 i B! — Bl —4& -
that Uy ) = pp (), 9, () = g (xand I () = | oNe = 2.
Ty (x;) for all j. Thus A= B. Similarity measures | (A,B) | (A,C)
P3. Tirms(AB) = Tirms(B,A) Cotangent similarity | 0.8633 | 0.8633
T,F7,1V,S(A,B) = measure for IFMS
1 [1 Similarity measure based | 0.9 0.9
ne on Hausdroff distance for
1N, (RGO — mh G| + [8]G) = 85Ge| + ik — T (x| IFMS
Ta Lt 12 Similarity measure based | 0.6 0.66
-7 on Hamming distance for
IFMS
1y7 —
. i, [1 - Proposed Similarity | 0.9606 | 0.9474
, o L L measure based on tangent
In  [=Imtanz ( wbBxi—-  pdxi+ IBjxi- function for IEMS g

A+ By (xi)—11Aj(x7) 12

= Tiems(A,B)

P4. If Ac B € C, then Tirus(A,C) < Tiems(A,B) and
Tiems(A,C) < TIFMS(BxC) . ' '

If Ac B c C, then ) (x) < up(x) < pl(x),9)(x) =
95 (x) =9} (x) and IT)(x) > I (x;) = ITL(x;) . We
have

AR R TACHETACHI W TACHE

M (D) < pdjxi-ply (i)

|9Ge) = 95| < [9]0Ge) = 9L el [95(xe) —

I (x0) < BAjxi—IC) (xi)

and [17,(x) — 115 Ce)| < |13 (x) = L), 125 () —
HCyxd) < HA/x=11C7(x7)

Hence Tiews(A,C) < Tiews(AB) and Tiews(A,C) <
Tirvs(B,C)

IV. SIGNIFICANCE OF THE PROPOSED
SIMILARITY MEASURE

Example 4.1

Let X = {Al,Az,Ag,A4,....An} with the IFMS’s A = {Al,Az}
, B = {A,As} and C = { A,As} defined as A = { ( A
(0.20.2) )y, ( Ax (0404))}, B={ (A :(0202)),
(A3:(0.3,03)) T and C = { ( Ay : (0202) ), ( As:
(0.301,0.299)) }.

Here the cardinality n =2as 1CMal= ICNal =2, |
CMg 1= ICNg | =2, |CMC)|:

ICNc =2

Then by the correlation measure for IFMS, p;pys(A,B) =
0.9923 , p;rus(B,C) = 1. This implies that B = C which
cannot be true. By Cosine similarity measure for IFMS,
Ciem(AB) = 1, Cem(B,C) = 1. This implies that the IFMS
A,B and C are equal which is not acceptable.

But in our proposed similarity measure, Teus(A,B) =
0.9737, Tirms (B,C) = 0.9994 in which the similarities of the
IFMS A,B and C can be differentiated and we get the result
that B is more similar to C.

Example 4.2

Let X = {Al,Az,A3,A4,....An} with the IFMS’s A = {Al,Az}
, B = {Aj,As} and C = { Aj,As} defined as A = { ( A
(0.20.3) ), { A: (03,03) ) }, B={ ( A : (0203) ),
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From the table, we infer that we cannot differentiate the
similarity of (A,B) and (A,C) by using the cotangent
similarity measure, Similarity measure based on Hausdroff
distance and Similarity measure based on Hamming
distance. But by the proposed similarity measure based on
tangent function, we get the result that A is more similar to
B.

V. MEDICAL DIAGNOSIS USING SIMILARITY
MEASURE BASED ON TANGENT FUNCTION FOR
IFMS

Most of the human reasoning involves the use of variables
whose values are uncertain. These uncertainties are denoted
by membership values in fuzzy sets. But in some situations
like medical diagnosis, the terms of membership function is
not adequate.

Hence intuitionistic fuzzy set theory can be used because
it consisting of both membership and non-membership
functions of an elemlent in a set. Some times each element
has different membership values and non-membership
values. In such cases, intuitionistic fuzzy multisets can be
applied. Here we take the case study of childhood diseases
with common symptoms. Nowadays, the process of
classifying different set of symptoms under a single name of
disease is more difficult. The proposed similarity measure
among Children Vs Symptoms and Symptoms Vs Diseases
give proper medical diagnosis.

Let C = {C,,C,,Cs} be a set of children.

D = {Viral fever, Throat problem, Chickenpox, Skin
problem, Mumps} be the set of diseases and S = {
Temperature, Headache, Throat pain, Muscle ache, Spots}
be the set of symptoms.

Table 1 contains some diseases and their symptoms in
intuitionistic fuzzy set values.
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We observed that, the diseases have the same symptoms
but in different proportions. Each symptom is described by
three numbers: membership u, non-membership v and
hesitation margin 7.

Table 1: Symptoms Vs Diseases

Viral Throat | Chicke | Skin Mumps
fever proble | npox proble
m m

Temper | (0.8,0.2 | (0.2,0.5 | (0.9,0.1 | (0.1,0.6 | (0.6,0.2
ature ,0) ,0.3) ,0) ,0.3) ,0.2)
Headac | (0.7,0.1 | (0.3,0.7 | (0.7,0.2 | (0.2,0.6 | (0.5,0.3
he ,0.2) ,0) ,0.1) ,0.2) ,0.2)
Throat | (0.2,0.6 | (0.8,0.1 | (0.3,0.5 | (0.3,0.7 | (0.8,0.1
pain ,0.2) ,0.1) ,0.2) ,0) ,0.1)
Muscle | (0.5,0.3 | (0.4,0.3 | (0.5,0.4 | (0.3,0.6 | (0.7,0.1
ache ,0.2) ,0.3) ,0.1) ,0.1) ,0.2)
Spots (0.2,05 | (0.1,0.7 | (0.8,0.1 | (0.6,0.1 | (0.5,0.1

,0.3) ,0.2) ,0.1) ,0.3) ,0.4)

The objective is to make a proper diagnosis for each
children. Let the samples be taken at three different timings
in a day(morning, noon, night). After the samples obtained,
we get a supposed medical analysis of the Children as
shown in Table 2.

Table 2: Children Vs Symptoms

Tempera | Headach | Throat Muscle
. Spots
ture e pain ache
(0.2,0.4, | (0.2,0.6, | (0.8,0.1, | (0.50.2, | (0.2,0.6,
0.4) 0.2) 0.1) 0.3) 0.2)
C | (0.6,0.2, | (0.4,03, | (0.7,0.1, | (0.6,0.3, | (0,0.7,0.
1 0.2 0.3) 0.2) 0.1) 3)
(0.3,0.5, | (0.5,0.2, | (0.9,0.1, | (0.7,0.2, | (0.1,0.8,
0.2) 0.3) 0) 0.1) 0.1)
(0.8,0.1, | (0.7,0.2, | (0.2,0.7, | (0.6,0.2, | (0.7,0.1,
0.1) 0.1) 0.2) 0.2) 0.2)
C | (0.9,0.1, | (0.6,0.2, | (0.2,0.7, | (0.8,0.1, | (0.8,0.1,
2 | 0) 0.3) 0.1) 0.1) 0.1)
(0.6,0.2, | (0.5,0.2, | (0,0.6,0. | (0.7,0.3, | (0.6,0.1,
0.2) 0.3) 4) 0) 0.3)
(0.7,0.2, | (0.6,0.2, | (0.3,0.6, | (0.50.1, | (0.2,0.8,
0.1) 0.2) 0.1) 0.4) 0)
C | (06,03, | (04,04, | (04,03, |(0.4,0.1, | (04,05
3 | 0.1) 0.2) 0.3) 0.5) 0.1)
(0.8,0.1, | (0.5,0.2, | ((0.5,0.2, | (0.6,0.1, | (0.1,0.7,
0.1) 0.3) 0.3) 0.3) 0.2)
Table 3: Proposed Similarity Measure Based On
Tangent Function between Children & Diseases
Viral fever | Throat problem | Chickenpox | Skin problem | Mumps
C, | 08179 0.9120 0.7586 0.7744 0.8681
C, | 08833 0.7036 0.9123 0.7956 0.8529
Cs [ 0.8911 0.8188 0.8289 0.7634 0.8468

The proper diagnosis for the children is derived from the
highest value of the similarity measure in table 3. We get the
result that Child C, suffers from Throat problem, Child C,
suffers from Chickenpox, Child C; suffers from Viral fever.

VI. PATTERN RECOGNITION BY USING THE
PROPOSED SIMILARITY MEASURE & RESULTS

In this section, some testing patterns can be classified by
employing the proposed similarity measure for IFMS.
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Example 6.1

Let Pattern I, Pattern 11 be the two IFMS’s defined as
Pattern 1 = {( As: (0.4,0.3), (0.5,0.4) ), ( Az (0.6,0.4),
(0.5,0.5) ), ( A;3: (0.5,0.2), (0.3,0.4) ), (

A;:(0.3,0.1), (0.3,0.1) ), ( As: (0.3,0.2), (0.2,0.2) )},
Pattern Il = { ( A;: (0.6,0.4), (0.5,0.5) ), ( As: (0.3,0.2),
(0.2,0.2) ), ( A7: (0.5,0.3), (0.6,0.2) ), (

Ag: (0.7,0.1), (0.1,0.1) ), ( As: (0.8,0.2), (0.7,0.1) )}

The testing Pattern 111 is the IFMS defined as

Pattern 11l = {{ As: (0.6,0.2), (0.3,0.4) ), { Az (0.5,0.3),
(0.6,0.2) ), ( Ag: (0.7,0.1), (0.1,0.2) ), (

Ag: (0.8,0.2), (0.7,0.1) ), { A1o: (0,0.7), (0.1,0.6) )}

Here the cardinality n =5 as ICM(Pattern 1)1 = |
CN(Pattern 1) 1 =5, | CM(Pattern Il) I = | CN(Pattern II) |
=5, ICM(Pattern I11) 1 = | CN(Pattern I11) 1 =5

The proposed similarity measure between Pattern | and
Pattern 111 is 0.8893.

The proposed similarity measure between Pattern 1l and
Pattern 111 is 0.8561.

Hence the testing Pattern I11 belongs to Pattern |I.

Example 6.2

Let X = {ALA,,...... An} be a non empty set. Let the
patterns A={A; A}, B={A4As}, C = {Aj,As}, D =
{As,As}, E = {A;,As} be the IFMSs defined as
A={{(A;:(0.1,0.2) ), ( A: (0.1,0.3) ) }
B={(A4(0.3,0.3)), (As(0.20.3) )}
C={(A1:(0.1,0.2)),(As(0,0.2))}

D={(As(0.3,0.2) ), (As:(0.1,01))}
E={(A::(0.10.2)), (As: (0.2,0.3)) }

And the testing pattern Y = {( A¢: (0.1,0.1) ), { Ag: (0,0.2) )
}

Here the cardinality n =2 .

By the proposed similarity measure, Tirus(A,Y) = 0.9607,
T||:|\/|5(B,Y) = 09081, T||:M5(C,Y) = 09869, T||:M5(D,Y) =
09344, T||:|\/|5(E,Y) =0.9476.

Hence the testing Pattern Y belongs to Pattern C.

Example 6.3

Let X = { AjA,.,...... An} be a non empty set. Let the
patterns A={A1,A2}, B={A3,As}, C = {As,A¢} be the
IFMS’s defined as

A={ (A (04,030.3),(0.50.3,0.2) ), { Az (0.6,0.2,0.2),
(0.4,02,04))}

B ={ (As (0.7,0.1,0.2), (0.6,0.3,0.1) ), { As: (0.5,0.2,0.3),
(0.6,02,02) ) }

C ={(As (030.6,0.1), (0.2,04,04) ), ( As: (0.7,0.2,0.1),
(0.5,04,01) )}

The testing pattern D is { A;: (0.4,0.3,0.3), (0.5,0.3,0.2) ), {
As: (0.7,0.2,0.1), (0.5,0.4,0.1) ) }

Here the cardinality n = 2 and number of elementsn = 2.

By the proposed similarity measure, Tigms(A,D) = 0.9473,
T||:M5(B,D) = 08948, T|FM5(C,D):0.9208

Hence the testing pattern D belongs to pattern A.
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