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ABSTRACT:

In medical field, the diagnosis of any disease involves several levels of uncertainty and imprecision and it is
inherent to medicine. A single disease may manifest itself quite divergently, depending on the patient and with
different intensities. On the other hand, several diseases present in a patient may interact and interfere with the
usual description of any of the disease. In these situations one can use Intuitionistic Fuzzy Soft Sets techniques
for multi- criteria decision-making because it has a prominent characteristic that it assigns membership degree
and non-membership degree with certain amount of hesitation margin which gives it, an additional possibility to
represent imperfect knowledge which leads to describe many real world problems in a more adequate way. This
paper studies a real-life case study related to Leukemia diagnosis which demonstrates an effective algorithm based
on dual concept of distances and similarity measurements of Intuitionistic Fuzzy Soft Sets.

Keywords:Hamming distances; Intuitionistic fuzzy set (IF-Set); Intuitionistic fuzzy soft set (IFS-Set); Similarity
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I. INTRODUCTION

It is well known that the real world is full of uncertainty, imprecision and vagueness, so researches on
these areas are of great importance. The concept of the intuitionistic fuzzy Set (IF-Set) was introduced
as an extension of fuzzy set. This concept is capable of capturing the information that includes some
degree of hesitation and applicable in various fields of research and more popular than fuzzy sets
technigues in recent years[1,2].Soft set theory is another important concept that addresses uncertain
information, free from the parameterization inadequacy syndrome of classical mathematical tools like
fuzzy set theory, rough set theory, probability theory etc [3, 4]. In recent times, researchers have
contributed a lot towards fuzzi-fication of soft set theory. Intuitionistic Fuzzy Soft Set (IFS-Set) is one
such important model, which is a hybrid structure based on a combination of the intuitionistic fuzzy sets
and soft set models, can handle vagueness and uncertainty in a much broader perspective[5,6]. A
similarity measure is an important tool of determining the degree of similarity between two objects.
There are different techniques for measuring similarity measure between two soft sets, two fuzzy soft
sets or intuitionistic fuzzy soft sets. Some of them are based on distances and others are based on set-
theoretic approach or on matching function [7, 8, 9]. It is well known that the similarity measure and
distance measure are dual concept i.e. the larger the distance is, the smaller the similarity measure is.
Since similarity measures of IFS- sets consider membership and non-membership values both, so more
accurate results can be obtained. In this paper, preliminaries, Hamming distances of Soft-sets and IFS-
Sets with similarity measures are defined. A decision making algorithm using similarity measures based
on IFS-Sets is presented. This approach is illustrated using a real-life case study concerned with
leukemia diagnosis. Finally conclusion is presented.
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Il. RELATED WORK

In the recent year medical diagnosis has becoming more popular in identifying the disease from the
affected people. the diagnosis of disease involves several levels of uncertainty and imprecision. The
best and most precise description of disease entities uses linguistic terms that are also imprecise and
vague[10].For vague data also one can identify the disease by using fuzzification technique and by
defining some algorithms in fuzziness. Cagman[9]applied similarity measure of intuitionistic fuzzy soft
for detection of brain cancer.Manoj Bora et al. made an attempt to introduce the basic concept of
intuitionistic fuzzy soft matrix theory [11]. Also the author applied fuzzy soft matrix product to solve a
problem in medical diagnosis.Anjan Mukherjee et al. introduced the concept of similarity measure for
interval valued intuitionistic fuzzy sets based on a set theoretic approach and applied those concepts in
medical diagnosis problem[12].

P.Muthukumaraproposed a new similarity measure and a weighted similarity measure on intuitionistic
fuzzy soft sets (IFSSs) and medical diagnosis problems have been exhibited by using this proposed
similarity measure [13].

111 OVERVIEW OF SOFT SETS, INTUITIONISTIC FUZZY SETS AND INTUITIONISTIC FUZZY SOFT SETS
In the current section we will briefly recall the notions of soft sets, intuitionistic fuzzy sets and
intuitionistic fuzzy soft sets [3, 4, 1, 2, 5, 6].

For all definition, Let U is an initial universe of objects and E the set of parameters in relation to
objects in U. Let [1(U) denote the power set of U and A < E. Parameters are often attributes,
characteristics, or properties of objects.

Definition2.1: A pair (F, is called a soft set over U, where F is a mapping givenby F: A — (1. The
soft set is not a kind of ordinary set, but a parameterized family of subsets of the set U.

Definition2.2: Let a set E be fixed. An intuitionistic fuzzy set denoted by IF&{ in E is an object
having the form A = { {xu,(, +a(:l x E}, where the functions :E [0, 1]and :E [0, 1]
define degree of membership and degree of non-membership suchthat 0 < p,(+ +4(<1, for all
X E. For any intuitionistic fuzzy set A, the intuitionistic index of the element X in the set A is defined
by mi(=1- p,(— =wal,x E where :E [0, 1], indicates the degree of uncertainty known as
hesitation function.

Definition2.3: A pair {F,= 1is called intuitionistic fuzzy soft set over U where F is a mapping
suchthat F: A — 13(V).

For any parameter e A, F(e) is an intuitionistic fuzzy subset of U and it is called intuitionistic fuzzy
value set of parameter e such that F(e) = { {XUg; !, vera(lx U}, where pgfand  vgqi be
the membership and non-membership functions respectively.

IV DISTANCES AND SIMILARITY MEASURES OF SOFT SETS & IFS-SETS
In this section, we present the definitions of Hamming distances between two soft sets and two
intuitionistic fuzzy soft sets [7, 9].

Definition3.1: LetU={ , , ,.. 1} beauniverse, E={ , , ,.. 1} be asetof
parameters, and A, B € Eand , 1be two soft sets on U with their approximate functions and

respectively. Then Distance of and  Care defined as,
1. Hamming distance; ( Iy, )= i B B 1)) — Galxd(uy)]

2. Normalized Hamming distance; ( Fy, )= ﬁ’fﬂ?’élﬂle[lfﬁ(ﬂ:i}(uﬂ — Gp(x)(w;)]

Definition 3.2: LetU={ , ,.., 1tbeauniverseand E={ , ,.., 1}beasetof parameters,
and AB<S Eand and be two IFS-sets on U with their intuitionistic fuzzy approximate functions
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x) ={<u, X) (X)>ueUland x) ={<u (X), (X)>ueU}forall x eE,
respectively.
Hamming distance:
B( )= oo TR Bl Mg (xD(y) — my(euy)] ~ |valed (uy) —va(6) ()

Normalized Hamming distance:

P( oea)= BRIl () — u 0e)(up)]) + aled(uy) = va(m)(u;)
- Imn E +1 £ F=3 4 o J

Similarity Measures of Soft sets and IFS-Sets

Definition 3.3[7]: Let and ibe two soft sets over a universe U. Then similarity measure of
1

1+dsiFa.t

Definition 3.4: Let and  be two IFS-sets on a universe U. Using the Hamming distance, similarity

and ¢ using the Hamming distance is defined as ( £, H=

measure of =, and s defined as, S5( z4,) = 5—1 . These two IFS-sets =z, and to be
* -_+L|;rp-|;|_2._ﬁﬂ

called significantly similar if ~ §( z,,)> .

Example 3.5: Assume that U = { 4, }isauniversal setand E=A=B={ , , }isasetof

parameters. IF two IFS-sets and over U are constructed as follows

=[C {( ,0306),( ,0505}, ( {( ,0504),( ,0404}, ( {( ,0.20.7),
( ,04,0.6)}]

=[ ,{C ,05/04),( ,07,02},( ,{( ,04,05),( ,08,00)}, ( .,{( ,0.2,0.8),
( ,02,07}]

The Hamming distance 1, ( &,.) can be computed as
i ( £a ) =
:ia [{103—-05 +|0.6— 0.4} +{/05-07 + |0.5—0.2]}+{[0.5—04] = |0.4— 03]} +
{n4-08+ 04-011}+ {|02—-02|+|C7—08/}+{]04—02]}+1056-07]}]
= [2.2] =0.366.
Normalized Hamming distance I ( z4,) can be computed as

q

B( 2a)= ;z[22]= [22]=0.183.

V ALGORITHM FOR DECISION MAKING
In this section, we present an algorithm for intuitionistic fuzzy soft sets using similarity measures
technigue to detect whether an ill person is suffering from a certain disease or not [9].

Stepl.Construct a standard IFS-set for the illness based on opinion of expert,

Step2.Constructs IFS-sets  for each ill person  based on opinion of expert for the same criteria of
the problem,

Step3. Calculate the distances between and

Step4. Calculate the similarity measures between and |,

Step5. Make decision by using the similarity value. If it is significant, then we conclude that the
person is possibly suffering from leukemia.

Now, we use above algorithm in a case-study to detect Leukemia.

VI CASE STUDY

Leukemia is one of the leading causes of deaths, all over the world. In 2010 globally, approximately
281,500 people died of leukemia. In 2015, it is estimated that there will be 54,270 new cases of
leukemia and an estimated 24,450 people will die of this disease. Leukemia is the eleventh most
common cancer occurs most often in adults older than 55 years and children younger than 15 years [14,
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15]. Around a third of all cancers diagnosed in children are leukemia. In the UK in 2012, around 4,800
people died from leukemia [16].

Leukemia which means 'white blood' is cancer of the blood cells. It is a group of cancers, begin in and
damage the bone-marrow by displacing the normal bone marrow cells with higher numbers of
immature& abnormal white blood cells, called blasts or leukemia cells, results in a lack of
blood platelets important in the blood clotting process and hence people with leukemia may easily
become bruised, bleed excess or develop pinprick bleeds (petechial). Leukemia makes the normal
white blood cells suppressed or dysfunctional hence the patient's immune system could be unable to
fight off a simple infection and start attacking other body cells cause frequent infection, ranging from
infected tonsils, sores in the mouth or diarrhea or opportunistic infections. The red blood cell deficiency
leads to anemia and other symptoms like feeling-sick, having fevers, chills, night sweats, feeling
fatigued and other flu-like symptoms. Some patients experience nausea, feeling of fullness due to an
enlarged liver and spleen, swollen in the liver or in the lymph-nodes and unintentional weight loss
[14].1f the leukemic cells invade the central nervous system, then neurological symptoms
(notably headaches) can occur. Leukemia is either acute or chronic. Acute leukemia is a fast-growing
cancer gets worse quickly while chronic leukemia is a slower-growing cancer gets worse slowly over
time. Prompt and accurate diagnosis followed by proper treatment is necessary for life saving. For
preliminary diagnosis of the person to treat, we listed all the common symptoms and sorted them by
their importance, determined by literature and how often the symptoms are observed from a patient
(possibly) suffering from Leukemia [15].

A set of 12 common symptoms would be considered as a rules base[14]. Let our universal set U =

{ wuy Leukemia, = not Leukemia} contains two elements. Let P = { , , , } be the set of
suspected patients of leukemia whose are suffering from the above twelve symptom s.t. E=A={ ,

v v s s 4w w & a1} where = Mild fever or flu-like symptoms, = Feeling
weak or tired, = Pale complexion from anemia, = Frequent infections, = loss of appetite and
weight , = swollen or tender lymph nodes heal , = Prolonged bleeding from minor cuts, =
Pin-head sized red spots under the skin, = swollen or bleeding gums , x= Sweating especially at
night ,  i= Slow healing of cuts,  x= pain in the bones and joints . Suppose that an expert is

monitoring the symptoms as per his/her knowledgebase to reach a decision for a particular patient.
Steps 1: Let the standard IFS-set (sample matrix) for the Leukemia over U based on opinion of
expert.

Table 1 Reference values of each of the symptoms for the Leukemia

Symptoms/ Leukemia --i
(Mild fever or flu-like symptoms) E f)f; gé))
(Feeling weak and tired) E :(())98 %2))
(Pale complexion from anemia) E ;%i 22))
(Frequent infections) E ((3)6; ((JJ?é))
(loss of appetite and weight) E (())2 (()Ji))
(swollen or tender lymph nodes) E 288 %21))
(Prolonged bleeding from minor cuts) E f)i g;))
(Pin-head sized red spots under the skin) E :())i %;))
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. ( 103,0.7)
(swollen or bleeding gums) ( 108.0.1)
_ . e . ( 0.8,02)
1(Sweating and difficult breathing) ( 108.0.1)
1(Slow healing of cuts) ( 0.2,0.7)
( 10.7,0.2)
i . ( ,020.7)
: (pain in the bones and joints) ( .07,02)
Table 1 shows the reference values of each of the symptoms for the Leukemia.
Steps 2: Let the IFS-sets  for each ill person  (Matrix for each patient).
Table 2 Observations of the expert for the susceptible patients {t=1, 2, 3, 4}
Symptoms/Patients et & 2 &
. ( 20.3,0.6) 10.2,0.8) ( 20.5,0.4) ( 10.7,0.3)
: ( 10.3,0.6) 10.8,0.2) ( 120.5,0.4) ( 10.4,0.6)
) ( 10.4,0.5) 10.2, 0.8) ( 10.2,0.7) ( 10.6,0.3)
? ( 20.4,05) 20.2,0.7) ( 20.4,05) ( 20.5,0.4)
( 10.4,0.5) 10.6, 0.2) ( 20.3,0.6) ( 10.5,0.4)
Xy
: ( 10.5,0.4) 10.2, 0.8) ( 20.4,0.6) ( 10.3,0.7)
. ( 20.4,05) 0.2, 0.8) ( 20.5,05) ( 20.4,05)
4 ( :0.4,0.5) 10.2, 0.8) ( 20.4,0.4) ( 10.5,0.4)
( 10.4,0.5) 10.1, 0.9) ( 10.6,0.3) ( 10.8,0.1)
x
: ( 20.3,0.6) 10.8,0.1) ( 20.3,0.5) ( 0.2,0.7)
P ( 20.4,05) 20.2,0.7) ( 20.3,0.7) ( :0.8,0.2)
£ ( 10.4,0.5) 10.2, 0.8) ( 10.3,0.6) ( 10.7,0.2)
( 10.4,0.5) 10.7,0.2) ( 20.3,0.7) ( 10.4,0.5)
o ( 10.3,0.6) 10.1, 0.8) ( 20.3,0.6) ( 10.3,0.6)
B} ( 20.2,0.7) 10.8, 0.1) ( 20.3,0.6) ( 10.2,0.8)
£ ( 10.4,0.6) 10.2,0.8) ( 0.2,0.7) ( 10.3,0.6)
. ( 0.4,0.6) 20.8, 0.1) ( 205,0.3) ( 0.3,0.7)
: ( 10.4,0.5) 10.2, 0.8) ( 10.4,0.5) ( 10.6,0.4)
. ( 10.5,0.4) 10.2,0.7) ( 20.5,0.4) ( 10.6,0.3)
1 ( 10.4,0.6) 10.2, 0.8) ( 10.5,0.3) ( 10.7,0.2)
. ( 10.3,0.6) 10.7,0.2) ( 20.3,0.6) ( 10.4,0.6)
u ( 20.3,0.6) 0.2, 0.8) ( 20.4,05) ( :0.6,0.3)
( 0.6,0.3) 10.2,0.7) ( 0.6,0.3) ( 10.7,0.2)
-
- ( 10.3,0.6) 10.2, 0.8) ( 10.3,0.6) ( 10.7,0.2)

Table 2shows the observed values of each of the symptoms {i=1, 2,

{t=1, 2, 3, 4} as per the expert.
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Steps 3 and 4: These steps calculate Hamming distance and Similarity Values between sample matrix
and patient Matrix,for each patient for the common set of symptoms. Similarity measures of two IFS-
sets can be applied to detect whether an ill person is suffering from a certain disease or not.

Table 3Hamming distances and similarity measures of 2 and.(illness and ill person  {t=1, 2, 3, 4}

Distance between  and  — 5 £ 3 Py
Hamming Distance 0.5541 1.1333 0.5750 0.3167
Similarity Value = l_Hgmm;gnm 0.64 0.46 0.63 0.75
Similarity Value is Significant YES NO YES YES

Table 3 shows the Similarity values of each of the patient for the Leukemia.lf the Similarity Value is >

i.e. significant then we conclude that the person is possibly suffering from leukemia.
Step 5: From Table 3, one can see that the patient , and are (possibly)suffering from Leukemia
and hence proper testing for Leukemia is necessary for them.

VIl CONCLUSION

Medical diagnosis problem can be modeled through IFS-Set in a better way because a similarity
measure between IFS-Sets provides more accurate results. The case study demonstrated the successful
application of proposed IFS-technique which may increase awareness towards preliminary
identification of the Leukemia so that proactive measures can be taken. It may help in increasing rate of
survival and span of life of leukemia patients. This approach may also be useful in several other
decision making problems containing uncertainties like social environment, selection process, pattern
recognitions etc.
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