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Abstract. Main objective of this paper is to introduce th@ogpt of similarity measures
between two neutrosophic soft sets based on saretieapproach and based on distance
between two neutrosophic soft sets and to studyesbasic properties. A decision
making method is established based on similaritpsuee between two neutrosophic
sets. A decision making method is developed basesirilarity measure between two
neutrosophic soft sets and lastly an example isrgie illustrate the proposed decision
making method in a medical diagnosis problem.
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1. Introduction
In 1965 Zadeh introduced the concept of fuzzy setrth¢b0]. After then several
researchers have extended this concept in mangtidine. The traditional fuzzy sets is
characterized by the membership value or the gohdgeembership value. In some real
life problems in expert system, belief system, infation fusion and so on, we must
consider the truth-membership as well as the faisigmbership for proper description of
an object in uncertain, ambiguous environment.itiohistic fuzzy set [1] is appropriate
for such a situation. The intuitionistic fuzzy setan only handle the incomplete
information considering both the truth-membership §imply membership) and falsity-
membership (or non-membership) values. But it dumshandle the indeterminate and
inconsistent information which exists in belief tgyn. Smarandache in 2005 introduced
the concept of neutrosophic set [8] which is a matitical tool for handling problems
involving imprecise, indeterminacy and inconsistelata. Soft set theory [4,6] has
enriched its potentiality since its introduction Mplodtsov in 1999. Using the concept of
soft set theory Maji in 2013 introduced neutrosoptoft set [7]. Neutrosophic sets and
neutrosophic soft sets now become the most usedthematical tools to deal with the
problems which involves the indeterminate and iscstent informations.

Similarity measure is an importanpitoin the fuzzy set theory. Similarity
measure of fuzzy sets is now being extensivelyiagph many research fields such as
fuzzy clustering, image processing, fuzzy reasaqnifugzy neural network, pattern
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recognition, medical diagnosis , game theory, apdheory and several problems that
contain uncertainties. Similarity measure of sofitss[5], similarity measure of
intuitionistic fuzzy soft sets [3], similarity maa® of several fuzzy sets and soft sets
have been studied by many researchers. Recentld Babumi and Florentin
Smarandache introduced the concept of severalasityilmeasures of neutrosophic sets
[2]. In this paper the Hamming distances and Eeelid distances between two
neutrosophic soft sets (NSSs) are defined and agiityilmeasures between two NSSs
based on distances are proposed. Similarity meadgtveen two NSSs based on set
theoretic approach also proposed. A decision makiathod is established based on the
proposed similarity measures. An illustrative exiemgemonstrates the application of
proposed decision making method in a real life fgnmb(medical diagnosis).

The rest of the paper is organizedsastion 2: some preliminary basic
definitions are given in this section. In sectiorHamming and Euclidean distances
between two NSSs are defined and similarity meashesed on distances are defined
with example. In section 4 similarity measures ket two NSS sets based on set
theoretic approach is defined with example. Inisach a decision making method is
established with an with an example in a real fifeblem. Finally in section 6 some
remarks of the similarity measures between NSSsthadproposed decision making
method are given.

2. Preliminaries
Definition 2.1. [10] Let X be a non empty collection of objects denoted bfhen a
fuzzy set (FS for short) o in X is a set of ordered pairs having the form

a ={(x.u, (x)):x0X},

where the functiony, : X — [O:I] is called the membership function or grade of
membership (also degree of compatibility or degretuth) of x ina .The interval M =
[O,]] is called membership space.

Definition 2.2. [4,6] LetU be an initial universe anlE be a set of parameters. Let
P(U) denotes the power setdf and AL E. Then the pai(F, A) is called asoft set

overU , whereF is a mapping given by : A~ P(U).

Definition 2.3. [8] A neutrosophic set A on the universe of discoursis Xefined as

A={(x TR, 1 (X, F5(¥), xO X} whereT, I,F: X - ]170,I'[ and
0ST,(X)+1,(X)+F,(x)<3" .

From philosophical point of view, the neutrosopbit takes the value from real standard

or non-standard subsets $f0,1'[ . But in real life application in scientific and

engineering problems it is difficult to use neutmelic set with value from real standard

or non-standard subset bf0,1'[. Hence we consider the neutrosophic set whichstake
the value from the subset of [0,1] that is
0<T,(X)+1,(X)+F,(x)< 3.
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Definition 2.4. [7] Let U be the universe set and E be the set of pateam Also let AS
E and NS(U) be the set of all neutrosophic setd.dfFhen the collection (F, A) is called
neutrosophic soft set(NSS) over U, where F is apimgpgiven by F: A— NS(U).

Definition 2.5. [9] Let U be a space of points (objects), with a genelément in U. An
interval value neutrosophic sdiVN-set) A in U is characterized by truth membership
function T,, a indeterminacy-membership functipnand a falsity- membership function
Fa. For each point@U; Ta, lnand F5 € [0,1] .
Thus alVN-set A over U is represented as

A={(T(W), 1 (1), F(w): ubU}

WhereO< sup{, ¢+ sup, § ¥ sup, u( 3 and(T,(u),l,(u),F,()) is called
interval value neutrosophic number for ak .

3. Similarity measur e between two NSSs based on distances
In this section we define Hamming and Euclideanadises between two neutrosophic
soft sets(NSS) and proposed similarity measurescbas theses distances.

Definition 3.1 Let U={X,%,X;.....X,} be an initial universe and

E={el,e2,es, ....... )gﬂ} be a set of parameters. Let NS(U) denotes theofetll

neutrosophic sets over the universe U. Also lgtENand (N,E) be two neutrosophic
soft sets over U, where;ldnd N, are mappings given by;M,: E — NS(U). We define
the following distances between(NE) and (N, E) as follows:

1. Hamming Distance:
1 n m
Ly (N N) =3 D [T, (6)8)=Ty, ()8 +
i=l j=1
2. Normalized Hamming distance:

LN N = S T, (0)60) T ()6

i=1 j=1

3. Euclidean distance:

1 (5)(€) =1y, )8 )] +]F, (X)(€) ~Fu, 05 )}

1, (&)1, 0@ +|F, 0)&) ~Fy,(x)(e)]

1

L (N, N»{%ii((ml(qu)—mz 0)6)) +(1,6)€)-1,,606@) +{Fo0)e)-F.0)e)’)

4. Normalized Euclidean distance:

1

1&E 2
Le(N, NZ){mgzl((mm)@)—m(m@ ) 41,6001, 00@)) +(F0)6)-F0e))

i=l = -
Definition 3.2. Let U be universe and E be the set of parametaet{MrE) , (NL,E) be
two neutrosophic soft sets over U. Then based erdistances defined in definition 3.1
similarity measure between {J&) and (N,E) is defined as

S\A(Nl,Nz) = ; .......................................... (31)

1+L(N.,N,)
Another similarity measure of (NE) and (N,E) can also be defined as
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SM(N,,N,) = 70N (3.2)
whereL(N1,N,) is the distance between the interval valued nsophic soft sets ()\E)
and (N,E) anda is a positive real number, called steepness measur
Example 3.3. Let U={x;x2,%s} be the universal set and Es{e, &} be the set of
parameters. Let (\NE) and (N,E) be two neutrosophic soft sets over U such tthait
tabular representations are as follows:

(NI:E) €1 ) €3
X (0.2,0.4,0.7 (0.5,0.1,0.c (0.4,0.2,0.2
Xo (0.7,0.0,0.4 (0.0,0.4,0.€ (0.5,0.7,0.2
X3 (0.3,0.4,0.c (0.6,0.5,0.2 (0.5,0.7,0.1

Table 1. Tabular representation of {J§)

(N2,E) € € €3
Xy (0.3,0.5,0.4 (0.4,0.3,0.4 (0.5,0.1,0.2
X (0.7,0.1,0.5 (0.2,0.4,0.7 (0.5,0.6,0.2
X3 (0.3,0.3,0.4 (0.7,0.5,0.2 (0.6,0.6,0.2

Table 2: Tabular representation of )

Now by definition3.1 the Hamming distance between, /) and (N,E) is given by
L, (N,,N,) =0.40. Therefore by equatioB.1 similarity measure betwegiN;,E) and

(N,E) is SM(N,,N,)=0.71,

4. Similarity measur e between two NSSs based on setheor etic appr oach
Definition 41  Let S={X,X,,Xy.....X} be the universe and

E:{el,ez,es, ....... )gﬂ} be a set of parameters. Let NS(U) denotes theofetl

neutrosophic subsets of S. Also let,@® and (N,E) be two neutrosophic soft sets over
S, where Nand N are mappings given by;NN,: E — NS(U). We define similarity
measureSM(N1,N,) between (NE) and (N,E) based on set theoretic approach as
follows:

33 (7, 06)(6) T, 04)(@)) + 1, 05)(6) 1, 09)@)) +{ o, (6)(6) TR (6)®))
M(N, N, = 2L

n m

> (T 0606 T, 06)(€)) +(1,09)(6) 01, 0)(@)) +( R 9)(8) LR, ()(e) )}

Example 4.1. Here we consider examp83. Then by definitiomd.1 similarity measure
measure between (M) and (N,E) is given bySM(N;,N,)= 0.798 .

Theorem 4.2. If SM(N1,N,) be the similarity measure between two NSSgHENand
(N2,E) then

(i) SM(N1,N2) = SM(N2,Ny)

(i)  0<SM(Nj,N,) <1
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(i) SM(N.N,) =1 if and only if (N,E) = (N, E)

5. Application of similarity measure of NSSsin a medical diagnosis problem

In this section we have developed an algorithmgisimilarity measure between two
neutrosophic soft sets to determine whether goeilson having some visible symptoms
suffering from a certain diseases or not. In thighad we first construct an ideal NSS for
a certain diseases and a NSS for the ill persormanédlso assume that if the similarity
measure between these two NSSs is greater thaquad & 0.6 then the ill person
possibly suffering from the diseases. The algoriths follows:

Step 1: construct an ideal NSS for illness, which can beedwith the help of a medical
expert person.
Step 2: construct NSS for ill person(s).
Step 3: calculate distance between the ideal NSS forslrend the NSS for ill person.
Step 4: calculate similarity measure between the ideal kB 8Iness and the NSS for ill
person.
Step 5: if similarity measurés greater than or equal @6 then the ill person is possibly
suffering from the diseases and if similarity measa less tha0.6 then the ill person is
possibly not suffering from the diseases.
Example 5.1. Here we are giving a fictitious example based oovaldecision making
method to illustrate the possible application ahikrity measure of NSS in a medical
diagnosis problem. In this example our proposedatets applied to determine whether
an ill person having some visible symptoms is sifte from cancer or not suffering
from cancer.

Let U be the universal set, which contains only elements; = severe ang, =
mild i.e. U={xy,x>}. Here the set of parameters E is a set of cesisible symptoms. Let
E = {e,&,65,64,6}, Where @ = headache,,& fatigue, = nausea and vomiting 5= skin
changes, &= weakness.
Step 1: construct an ideal NSS (N,E) for illness (canedrich can be done with the help
of an medical expert.

(N,E) € € €3 €4 €5

x. | (0.6,0.2,0.2 | (0.7,0.3,04 | (0.4,0.30.€ | (0.80.2,0.Z | (0.50.3,0.2

x. | (0.4,0.1,0.2 | (0.3,0.1,02 | (0.2,0.2,04 | (0.3,0.1,0.4 | (0.2,0.1,0.2

Table 3: Tabular representation of NSS (N,E) for cancer.

Step 2: construct NSSs for ill persons (patients) X and Y.

(Ny,E) € € €3 €4 €s

x. | (0.7,0.3,04 | (0.8,0.2,0E | (0.4,0.20E | (0.8,0.1,0.Z | (0.5,0.3,0.2

x. | (0.3,0.2,0.2 | (0.2,0.2,0.2 | (0.3,0.1,0.Z | (0.3,0.2,0.2 | (0.1,0.2,0.2

Table 4: Tabular representation of NSS;(N) for patient X.

(N2,E) € € € €4 €s

x. | (0.2,0.5,0.€ | (0.1,0.0,0. | (0.8,0.6,0.1 | (0.1,0.5,0.6 | (0.9,0.6,0.€

x. | (0.9,0.6,0.7 | (0.7,050.€ | (0.7,0.60.1 | (0.8,0.7,0.5 | (0.8,0.7,0.7

Table 5: Tabular representation of NSS,(N) for patient Y.
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Step 3. Now by definition 3.1 The Hamming distance betw@grE) and (N,E) is given
by L, (N,N,)=0.45and Hamming distance between (N,E) and,ENis given by

L, (N,N,)=2.267.
Step 4: By equation 3.1 similarity measure between (N,EYl 4N.,E) is given by
SM(N,N,)=0.69 and similarity measure between (N,E) and;,B) is given by

SM(N,N,)=0.31.
Also by set theoretic approach we ¢& (N, N,;) =0.75and SM(N,N,)=0.33.
Step 5: Since SM (N, N;) =0.69> 0.6 therefore patient X possibly suffering from

cancer. Again sinc&M (N, N,) = 0.30< 0.6 therefore patient Y possibly not suffering
from cancer.

6. Conclusion

In this paper, we have defined several distancesdesm two neutrosophoic soft sets and
based on these distances we proposed similaritgunedetween two neutrosophic soft
sets. We also proposed similarity measure betweemeutrosophic soft sets based on
set theoretic approach. A decision making methosgedbaon similarity measure is

developed and a numerical example is illustrateghitow the possible application of

similarity measures between two neutrosophic setft 81 a medical diagnosis problem.
Thus we can use the method to solve the problemis dbntain uncertainty such as
problem in social, economic system, medical diagnamme theory, coding theory and
SO on.
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