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Abstract. Similarity measures play an important role in data
mining, pattern recognition, decision making, machine learning,
image process etc. Then, single valued neutrosophic sets
(SVNSs) can describe and handle the indeterminate and
inconsistent information, which fuzzy sets and intuitionistic
fuzzy sets cannot describe and deal with. Therefore, the paper
proposes new similarity meas-ures between SVNSs based on the
minimum and maxi-mum operators. Then a multiple attribute
decision-making method based on the weighted similarity
measure of SVNSs is established in which attribute values for al-
ternatives are represented by the form of single valued
neutrosophic values (SVNVs) and the attribute weights and the

weights of the three independent elements (i.e., truth-
membership  degree, indeterminacy-membership
degree, and falsity-membership degree) in a SVNV are
considered in the decision-making method. In the
decision making, we utilize the single-valued
neutrosophic weighted similarity measure between the
ideal alternative and an alternative to rank the
alternatives corresponding to the measure values and to
select the most desirable one(s). Finally, two practical
examples are provided to demonstrate the applications
and effectiveness of the single valued neutrosophic
multiple attribute decision-making method.
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1 Introduction

Since fuzzy sets [1], intuitionistic fuzzy sets (IFSs)
[2], interval-valued intuitionistic fuzzy sets (IVIFSs) [3]
were introduced, they have been widely applied in data
mining, pattern recognition, information retrieval,
decision making, machine learning, image process and so
on. Although they are very successful in their respective
domains, fuzzy sets, IFSs, and IVIFSs cannot describe and
deal with the indeterminate and inconsistent information
that exists in real world. To handle uncertainty, imprecise,
incomplete, and inconsistent information, Smarandache
[4] proposed the concept of a neutrosophic set. The
neutrosophic set is a powerful general formal framework
which generalizes the concepts of the classic set, fuzzy
set, IFS, IVIFS etc. [4]. In the neutrosophic set, truth-
membership, indeterminacy-membership, and falsity-
membership are represented independently. However, the
neutrosophic set generalizes the above mentioned sets
from philosophical point of view and its functions TA(X),
IA(x) and FA(x) are real standard or nonstandard subsets
of -0, 1+, i.e., TA(X): X — -0, 1+, IA(x): X — ]-0,
1+[, and FA(x): X — ]-0, 1+[. Thus, it is difficult to apply
in real scientific and engineering areas. Therefore, Wang
et al. [5, 6] introduced a single valued neutrosophic set
(SVNS) and an interval neutrosophic set (INS), which are
the subclass of a neutrosophic set. They can describe and

handle indeterminate information and inconsistent
information, which fuzzy sets, IFSs, and IVIFSs
cannot describe and deal with. Recently, Ye [7-9]
proposed the correlation coefficients of SVNSs
and the cross-entropy measure of SVNSs and
applied them to single valued neutrosophic
decision-making problems. Then, Ye [10]
introduced similarity measures based on the
distances between INSs and applied them to
multicriteria  decision-making problems with
interval neutrosophic information. Chi and Liu
[11] proposed an extended TOPSIS method for
the multiple attribute decision making problems
with  interval  neutrosophic  information.
Furthermore, Ye [12] introduced the concept of
simplified neutrosophic sets and presented
simplified neutrosophic weighted aggregation
operators, and then he applied them to
multicriteria  decision-making problems with
simplified neutrosophic information. Majumdar
and Samanta [13] introduced several similarity
measures between SVNSs based on distances, a
matching function, membership grades, and then
proposed an entropy measure for a SVNS.
Broumi and Smarandache [14] defined the
distance between neutrosophic sets on the basis of
the Hausdorff distance and some similarity
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measures based on the distances, set theoretic approach,
and matching function to calculate the similarity degree
between neutrosophic sets.

Because the concept of similarity is fundamentally
important in almost every scientific field and SVNSs can
describe and handle the indeterminate and inconsistent
information, this paper proposes new similarity measures
between SVNSs based on the minimum and maximum
operators and establishes a multiple attribute decision-
making method based on the weighted similarity measure
of SVNSs under single valued neutrosophic environment.
To do so, the rest of the article is organized as follows.
Section 2 introduces some basic concepts of SVNSs.
Section 3 proposes new similarity measures between
SVNSs based on the minimum and maximum operators
and investigates their properties. In Section 4, a single
valued neutrosophic decision-making approach is
proposed based on the weighted similarity measure of
SVNSs. In Section 5, two practical examples are given to
demonstrate the applications and the effectiveness of the
proposed decision-making approach. Conclusions and
further research are contained in Section 6.

2 Some basic concepts of SVNSs

Smarandache [4] originally introduced the concept of
a neutrosophic set from philosophical point of view,
which generalizes that of fuzzy set, IFS, and IVIFS etc..

Definition 1 [4]. Let X be a space of points (objects), with
a generic element in X denoted by x. A neutrosophic set A
in X is characterized by a truth-membership function
Ta(x), an indeterminacy-membership function Ia(x) and a
falsity-membership function Fa(x). The functions Ta(x),
Ia(x) and Fa(x) are real standard or nonstandard subsets of
170, 1*[. That is Ta(x): X — 170, 1*[, 1a(x): X — 170, 17,
and Fa(x): X — 170, 1*[. Thus, there is no restriction on
the sum of Ta(x), 1a(x) and Fa(x), so "0 < sup Ta(x) + sup
[a(x) + sup Fa(x) <3".

Obviously, it is difficult to apply in real scientific and
engineering areas. Hence, Wang et al. [6] introduced the
definition of a SVNS.

Definition 2 [6]. Let X be a universal set. A SVNS A in X
is characterized by a truth-membership function Ta(x), an
indeterminacy-membership function Ia(x), and a falsity-
membership function Fa(x). Then, a SVNS A can be
denoted by

A={x T, (), 1,0, Fa ()| xe X |,

where Ta(x), 1a(X), Fa(x) € [0, 1] for each point x in X.
Therefore, the sum of Ta(x), 1a(X) and Fa(x) satisfies the
condition 0 < Ta(x) + 1a(X) + Fa(x) < 3.

Definition 3 [6]. The complement of a SVNS A is
denoted by A°® and is defined as Ta%(x) = Fa(X),
1:8(X) = 1 — 1a(X), Fa%(X) = Ta(x) for any x in X.
Then, it can be denoted by

A° =%, F, (041,00, T, 00) [ xe X .
Definition 4 [6]. A SVNS A is contained in the

other SVNS B, A € B, if and only if Ta(x) < Tg(X),
1A(x) >15(X), Fa(x) > Fg(x) for any x in X.

Definition 5 [6]. Two SVNSs A and B are equal,
i.e,A=B,ifandonlyif AcBandB c A.

3 Similarity measures of SVNSs

This section proposes several similarity
measures of SVNSs based on the minimum and
maximum operators and investigates their
properties.

In general, a similarity measure between two
SVNSs A and B is a function defined as S: N(X)?
— [0, 1] which satisfies the following properties:

(SP1) 0 <S(A, B) < 1;
(SP2) S(A, B) = 1if A=B;
(SP3) S(A, B) = S(B, A);

(SP4) S(A, C) < S(A, B) and S(A, C) < S(B, C)
if Ac B < C foraSVNS C.

Let two SVNSs A and B in a universe of
discourse X = {X, X2 ..., X} be
A={(%,TA(6) (%), Fa(x)) [ x e X} and
B ={(%.To(4). 15 (%), Fs (x)) | x € X}, Where
Ta(xi), 1a(xi), Fa(xi), Ta(xi), ls(x), Fe(xi) € [0, 1]
for every xi € X. Based on the minimum and

maximum operators, we present the following
similarity measure between A and B:

_ 13 min(T, (%), Te(x))
SAB=5, ;[max(TA(xi),TB(xo) T
min(1,(%),15(x)) , min(F,(x), FB(xi))J

max(1,(x), 1g(x))  max(F,(%),Fs(x))

The similarity measure has the following
proposition.

Proposition 1. Let A and B be two SVNSs in a
universe of discourse X = {1, X2, ..., Xn}. The
single valued neutrosophic similarity measure
S1(A, B) should satisfy the following properties:
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(SP1) 0 < Sy(A, B) < 1;
(SP2) Sy(A,B) = 1if A=B;
(SP3) S1(A, B) = Sy(B, A);

(SP4) Si(A, C) < Si(A, B) and S1(A, C) < Si(B, C) if A
cBc CforaSVNSC.

Proof. It is easy to remark that Si(A, B) satisfies the
properties (SP1)-(SP3). Thus, we must prove the property
(SP4).

Let A = B < C, then, Ta(xi) < Te(Xi) < Te(Xi), 1a(xi) =
Is(Xi) = lc(Xi), and Fa(xi) > Fa(Xi) > Fc(x;) for every x; € X.
According to these inequalities, we have the following
similarity measures:

S,(A,B) zli[TA(Xi) L) | FB(xi)j,

3T\ Te(x)  Ta(x)  Fa(x)
(T Ll Ra(x)
(AC)= 3n§(n BERON amj

C1E(T0) L 1) Fe(),
(B.C)= 3n§[n(xi> RO FB(xi)j

Since there are 108 > Ta(%) 1506) 5 IC(Xi),
TB(Xi) Tc(Xi) IA(Xi) IA(Xi)

Fa(x) 5 Fo(x) , We can obtain that S;(A, C) < Si(A, B).

2

and Fa%) — Fa(x)

Tox) | Ta(0) 1)
() Te(d) T5(x)

Similarly, there are

I () Fe(x)  Fe(x)
(%) Fo(x)  Fa(x)
that Sy(A, C) < Sy(B, C).

Then, we can obtain

Thus S1(A, B) satisfies the property (SP4).
Therefore, we finish the proof. ]

If the important differences are considered in the three
independent elements (ie., truth-membership,
indeterminacy-membership, and falsity-membership) in a
SVNS, we need to take the weights of the three
independent terms in Eq.(1) into account. Therefore, we
develop another similarity measure between SVNSs:

max(TA(Xi),TB (Xi))

min(F,(x), F (X))
max(FA(Xi ), Fa (%, ))

S,(A B):%Zn:[a

i=1

, (2)

min(1,(x), 15(x))
ﬂmax(IA(xi),lg(Xi))+

where «, f, y are the weights of the three
independent elements (i.e., truth-membership,
indeterminacy-membership, and falsity-
membership) in a SVNS and o + f + y = 1.
Especially, when o = = y= 1/3, Eq. (2) reduces
to Eq. (1).

Then, the similarity measure of S;(A, B) also
has the following proposition:

Proposition 2. Let A and B be two SVNSs in a
universe of discourse X = {1, Xz, ..., Xn}. The
single valued neutrosophic similarity measure
S2(A, B) should satisfy the following properties:

(SP1) 0 <Sy(A, B) < 1;
(SP2) Sy(A, B) = 1 if A = B;
(SP3) Sa(A, B) = Sy(B, A);

(SP4) Sx(A, C) < Sa(A, B) and Sz(A, C) < Sa(B,
C)if Ac B c C fora SVNS C.

By the similar proof method in Proposition 1,
we can prove that the similarity measure of Sy(A,
B) also satisfies the properties (SP1)-(SP4)
(omitted).

Furthermore, if the important differences are
considered in the elements in a universe of
discourse X = {xi, Xz, ..., Xn}, We need to take the
weight of each element x; (i = 1, 2,..., n) into
account. Therefore, we develop a weighted
similarity measure between SVNSs.

Let w; be the weight for each element x; (i = 1,
2,...,n), w; € [0, 1], and Zi”:lwi =1, and then we
have the following weighted similarity measure:
mi”(TA(Xi),TB(Xi))Jr
maX(TA(Xi)7TB (Xi)) -(3)

min(F, (%), Fa (%))
max (F, (%), Fs (%))

S,(A, B)—Zn:wi[a

i=1
min (1, (x), 15 (%)) ,
P mex(1, (%), 15 (1))
Similarly, the weighted similarity measure of
S3(A, B) also has the following proposition:
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Proposition 3. Let A and B be two SVNSs in a universe of
discourse X = {X1, X2, ..., Xn}. Then, the single valued
neutrosophic similarity measure S3(A, B) should satisfy
the following properties:

(SP1) 0 < Ss(A, B) < 1;
(SP2) Ss(A, B) = 1 if A=B;
(SP3) S3(A, B) = S3(B, A);

(SP4) S3(A, C) < S3(A, B) and S3(A, C) < S3(B, C) if A
cBc CforaSVNSC.

Similar to the proof method in Proposition 1, we can
prove that the weighted similarity measure of S3(A, B) also
satisfies the properties (SP1)—(SP4) (omitted).

Ifw=(1n, 1n,..., 1/n)7, then Eq. (3) reduces to Eq. (2).

For Example, Assume that we have the following
three SVNSs in a universe of discourse X = {x, x2}:

A ={<x1,0.3,0.6,0.7>, <xz, 0.4, 0.4, 0.6>},

B = {<x1, 0.5, 0.4, 0.5>, <x,, 0.5, 0.3, 0.4>},

C ={<xy,0.7,0.2,0.3>, <x, 0.8, 0.2, 0.2>}.

Then, there are A < B < C, with Ta(x) < Ta(xi) <
Te(Xi), 1a(xi) = Is(Xi) = lc(Xi), and Fa(Xi) = Fe(xi) = Fc(x)
for each x; in X = {1, X2}

By using Eqg. (1), the similarity measures between the
SVNSs are as follows:

Si(A, B) = 0.6996, Si(B, C) = 0.601, and Si(A, C) =
0.4206.

Thus, there are Si(A, C) < Si(A, B) and Si(A, C) <
S1(B, C).

If the weight values of the three independent elements
(i.e., truth-membership degree, indeterminacy-
membership degree, and falsity-membership degree) in a
SVNS are o =0.25, #=0.35, and y= 0.4, by applying Eq.
(2) the similarity measures between the SVNSs are as
follows:

S2(A, B) = 0.6991, Sy(B, C) = 0.5916, and Sy(A, C) =
0.4143.

Then, there are Sy(A, C) < Sy(A, B) and Sy(A, C) <
S2(B, C).

Assume that the weight vector of the two attributes is
w = (0.4, 0.6)" and the weight values of the three
independent elements (i.e., truth-membership degree,
indeterminacy-membership ~ degree, and  falsity-
membership degree) in a SVNS are « = 0.25, = 0.35,
and y = 0.4. By applying Eq. (3), the weighted similarity
measures between the SVNSs are as follows:

Ss(A, B) = 0.7051, Ss(B, C) = 0.4181, and Ss(A, C) =
0.5912.

Hence, there are S3(A, C) < S3(A, B) and S3(A,
C) < S3(B, C).

4 Decisions making method using the weighted
similarity measure of SVNSs

In this section, we propose a multiple attribute
decision-making method based on the weighted
similarity measures between SVNSs under single
valued neutrosophic environment.

Let A= {A4, Ao,..., An} be a set of alternatives
and C = {Cy, Cy,,..., Cy} be a set of attributes.
Assume that the weight of the attribute C; (j = 1,
2,..., n) is w; with w; € [0, 1], ZLXJ —1 and the

weights of the three independent elements (i.e.,
truth-membership,  indeterminacy-membership,
and falsity-membership) in a SVNS are «, g, and
yand a + f+ y =1, which are entered by the
decision-maker. In this case, the characteristic of
the alternative A; (i =1, 2,..., m) on an attribute C;
(i=1,2,...,n)is represented by a SVNS form:

A ={(C;.T,(C)).1,(C)).F,(C))IC; eC}

where F, (C;). 1,(C;), F,(C;)<[0,1]and 0
STL(C)) * 1,(C)) * Fy(C;) <3forCjeC,]
=1,2,..,nandi=1,2,...,m.

For convenience, the three elements T, (C,-):
Iy (C)): F, () in the SVNS are denoted by a

single valued neutrosophic value (SVNV) ajj = (tj;,
i, fi) i=1,2, ..., m; j=1, 2,..., n), which is
usually derived from the evaluation of an
alternative A; with respect to an attribute C; by the
expert or decision maker. Hence, we can establish
a single valued neutrosophic decision matrix D =

(@j)men:

a; , - A,
D= a.21 alzz , |*
aml amZ amn
In multiple attribute decision making

environments, the concept of ideal point has been
used to help identify the best alternative in the
decision set [7, 8]. Generally, the evaluation
attributes can be categorized into two Kkinds:
benefit attributes and cost attributes. Let H be a
collection of benefit attributes and L be a
collection of cost attributes. In the presented
decision-making method, an ideal alternative can
be identified by using a maximum operator for the
benefit attributes and a minimum operator for the
cost attributes to determine the best value of each

Jun Ye, Qiansheng Zhang, Single Valued Neutrosophic Similarity Measures for Multiple Attribute Decision-Making



52

Neutrosophic Sets and Systems, Vol. 2, 2014

attribute among all alternatives. Therefore, we define an
ideal SVNV for a benefit attribute in the ideal alternative
A" as

a; = 157, 17) = (max(i ) minG, ), min(f, ) for it
while for a cost attribute, we define an ideal SVNV in the
ideal alternative A" as

a; =(t].i}, f

LT >: <m.in(tij)l maX(iij), maX(fij)> for jelL.

Thus, by applying Eq. (3), the weighted similarity
measure between an alternative A; and the ideal alternative
A" are written as

S4(A,A*):;Wj max tijvt; i @)
mini, (7)) min(fij,f,-*))]

ma‘x(iij'i;) max(fij’ fj*)

which provides the global evaluation for each alternative
regarding all attributes. According to the weighted
similarity measure between each alternative and the ideal
alternative, the bigger the measure value Sa(Ai, A") (i = 1,
2, 3, 4), the better the alternative Ai. Hence, the ranking
order of all alternatives can be determined and the best
one can be easily selected as well.

o)

B

5 Practical examples

This section provides two practical examples for
multiple attribute decision-making problems with single
valued neutrosophic information to demonstrate the
applications and effectiveness of the proposed decision-
making method.

Example 1. Let us consider the decision-making problem

adapted from [7, 8]. There is an investment company,
which wants to invest a sum of money in the best option.
There is a panel with four possible alternatives to invest
the money: (1) A: is a car company; (2) A; is a food
company; (3) As is a computer company; (4) A4 is an arms
company. The investment company must take a decision
according to the three attributes: (1) Cs is the risk; (2) C;
is the growth; (3) Cjs is the environmental impact, where
Ci and C; are benefit attributes and Cs is a cost attribute.
The weight vector of the three attributes is given by w =
(0.35, 0.25, 0.4)". The four possible alternatives are to be
evaluated under the above three attributes by the form of
SVNVs,

For the evaluation of an alternative Ai (i =1, 2, 3, 4)
with respect to an attribute C; (j =1, 2, 3), it is obtained
from the questionnaire of a domain expert. For example,
when we ask the opinion of an expert about an alternative

Az with respect to an attribute C4, he/she may say
that the possibility in which the statement is good
is 0.4 and the statement is poor is 0.3 and the
degree in which he/she is not sure is 0.2. For the
neutrosophic notation, it can be expressed as ai; =
(0.4, 0.2, 0.3). Thus, when the four possible
alternatives with respect to the above three
attributes are evaluated by the expert, we can
obtain the following single valued neutrosophic
decision matrix D:

(0.4,0.20.3) (0.40.203) (0.8020.5)
(06,0.10.2) (0.60.10.2) (050.2,0.8)|-
71(0.30.203) (050203) (050.30.8)
(0.7,000.1) (0.60.10.2) (0.6,0.30.8)

Without loss of generality, let the weight
values of the three independent elements (i.e.,
truth-membership degree, indeterminacy-
membership degree, and falsity-membership
degree) in a SVNV be o = f= y=1/3. Then we
utilize the developed approach to obtain the most
desirable alternative(s).

Firstly, from the single valued neutrosophic
decision matrix we can yield the following ideal
alternative:

A" ={(C,,0.7,0.0,0.1),(C,,0.6,0.1,0.2),{C,,0.5,0.3,0.8)} -

Then, by using Eq. (4) we can obtain the
values of the weighted similarity measure S4(A;,
A" (i=1,2,3,4):

Sa(A1, A") = 0.6595, Sa(Az, A") = 0.9805,

S4(A3, A*) = 0.7944, and S4(A4, A*) =0.9828.

Thus, the ranking order of the four
alternatives is As > A, > Az > A;. Therefore, the
alternative A4 is the best choice among the four
alternatives.

From the above results we can see that the
ranking order of the alternatives and best choice
are in agreement with the results (i.e., the ranking
order is As > A2 > As > A; and the best choice is
As) in Ye’s method [8], but not in agreement with
the results (i.e., the ranking order is Az > As > As
> A; and the best choice is Az.) in Ye’s method
[7]- The reason is that different measure methods
may vyield different ranking orders of the
alternatives in the decision-making process.
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Example 2. A multi-criteria decision making problem
adopted from Ye [9] is concerned with a manufacturing
company which wants to select the best global supplier
according to the core competencies of suppliers. Now
suppose that there are a set of four suppliers A = {A;, A,,
Az, A4} whose core competencies are evaluated by means
of the four attributes (C;, C,, Cs, Cy): (1) the level of
technology innovation (C,), (2) the control ability of flow
(Cy), (3) the ability of management (Cs), (4) the level of
service (C,), which are all benefit attributes. Then, the
weigrht vector for the _four attribut(_es isw = (0.3, 0.25, 0.25,
0.2) . The four possible alternatives are to be evaluated
under the above four attributes by the form of SVNVs.

For the evaluation of an alternative A; (i =1, 2, 3, 4)
with respect to an attribute C; (j =1, 2, 3, 4), by the similar
evaluation method in Example 1 it is obtained from the
questionnaire of a domain expert. For example, when we
ask the opinion of an expert about an alternative A; with
respect to an attribute C,, he/she may say that the
possibility in which the statement is good is 0.5 and the
statement is poor is 0.3 and the degree in which he/she is
not sure is 0.1. For the neutrosophic notation, it can be
expressed as aj; = (0.5, 0.1, 0.3). Thus, when the four
possible alternatives with respect to the above four
attributes are evaluated by the similar method from the
expert, we can establish the following single valued
neutrosophic decision matrix D:

(050.103) (050.1,0.4) (0.7,0.10.2)
(0.4020.3) (0.30.20.4) (0.9,0.00.1)
) (050.1,0.3) (0.50.0,0.4)
(0.4,0.30.2)

(0.3,0.2,0.1)
(05030.2) |
(0.6,0.2,0.2)
(0.7,02,0.1)

(04,0301
(0.60.10.2) (0.2,0.2,0.5)

Without loss of generality, let the weight values of the
three independent elements (i.e., truth-membership
degree, indeterminacy-membership degree, and falsity-
membership degree) in a SVNV be o= = y=1/3. Then
the proposed decision-making method is applied to solve
this problem for selecting suppliers.

From the single valued neutrosophic decision matrix,
we can yield the following ideal alternative:

A" ={(C,,0.60.10.1),(C,,050.1,0.3),
(C,,0.9,0.0,0.1),(C,,0.7,0.2,0.1)}

By applying Eq. (4), the weighted similarity measure
values between an alternative A; (i = 1, 2, 3, 4) and the
ideal alternative A" are as follows:

S4(A1, A) = 0.7491, S4(A,, A") = 0.7433,

S4(As, A) = 0.7605, and S,(As, A*) = 0.6871.

According to the measure values, the ranking order of
the four suppliers is Az > A; >~ A, > A4. Hence, the best
supplier is As. From the results we can see that the ranking
order of the alternatives and best choice are in agreement
with the results in Ye’s method [9].

From the above two examples, we can see
that the proposed single valued neutrosophic
multiple attribute decision-making method is
more suitable for real scientific and engineering
applications because it can handle not only
incomplete information but also the indeterminate
information and inconsistent information which
exist commonly in real situations. Especially, in
the proposed decision-making method we
consider the important differences in the three
independent elements (i.e., truth-membership
degree, indeterminacy-membership degree, and
falsity-membership degree) in a SVNV and can
adjust the weight values of the three independent
elements. Thus, the proposed single valued
neutrosophic decision-making method is more
flexible and practical than the existing decision-
making methods [7-9]. The technique proposed in
this paper extends the existing decision-making
methods and provides a new way for decision-
makers.

6 Conclusion

This paper has developed three similarity
measures between SVNSs based on the minimum
and maximum operators and investigated their
properties. Then the proposed weighted similarity
measure of SVNSs has been applied to multiple
attribute decision-making problems under single
valued neutrosophic environment. The proposed
method differs from previous approaches for
single valued neutrosophic multiple attribute
decision making not only due to the fact that the
proposed method use the weighted similarity
measure of SVNSs, but also due to considering
the weights of the truth-membership, indeter-
minacy-membership, and falsity-membership in
SVNSs, which makes it have more flexible and
practical than existing decision making methods
[7-9] in real decision making problems. Through
the weighted similarity measure between each
alternative and the ideal alternative, we can obtain
the ranking order of all alternatives and the best
alternative. Finally, two practical examples
demonstrated the applications and effectiveness
of the decision-making approach under single
valued neutrosophic environments. The proposed
decision-making method can effectively deal with
decision-making problems with the incomplete,
indeterminate, and inconsistent information which
exist commonly in real situations. Furthermore,
by the similar method we can easily extend the
proposed weighted similarity measure of SVNSs
and its decision-making method to that of INSs.
In the future, we shall investigate similarity
measures between SVNSs and between INSs in
the applications of other domains, such as pattern
recognition, clustering analysis, image process,
and medical diagnosis.

Jun Ye, Qiansheng Zhang, Single Valued Neutrosophic Similarity Measures for Multiple Attribute Decision-Making



54

Neutrosophic Sets and Systems, Vol. 2, 2014

ACKNOWLEDGEMENTS

This work was supported by the National Social
Science Fund of China (13CGL130), the Guangdong
Province Natural Science Foundation (52013010013050),
the Humanities and Social Sciences Research Youth
Foundation of Ministry of Education of China
(12YJCZH281), and the National Statistical Science
Research Planning Project (2012LY159).

References

[1] L.A. Zadeh. Fuzzy Sets. Information and Control, 8 (1965),
338-353.

[2] K. Atanassov. Intuitionistic fuzzy sets. Fuzzy Sets and
Systems, 20 (1986), 87-96.

[3] K. Atanassov and G. Gargov. Interval valued intuitionistic
fuzzy sets. Fuzzy Sets and Systems, 31 (1989), 343-349.

[4] F. Smarandache. A unifying field in logics. neutrosophy:

Neutrosophic probability, set and logic. Rehoboth:
American Research Press, 1999
[5]H. Wang, F. Smarandache, Y. Q. Zhang, and R.

Sunderraman. Interval neutrosophic sets and logic: Theory
and applications in computing, Hexis, Phoenix, AZ, 2005

[6] H. Wang, F. Smarandache, Y. Q. Zhang, and R.
Sunderraman. Single valued neutrosophic sets. Multispace
and Multistructure, 4 (2010), 410-413.

[7] J. Ye. Multicriteria decision-making method using the
correlation coefficient under single-valued neutrosophic
environment. International Journal of General Systems
42(4) (2013), 386-394.

[8] J. Ye. Another form of correlation coefficient

9]

[10]

[11]

[12]

[13]

[14]

between single valued neutrosophic sets and its
multiple attribute  decision-making  method.
Neutrosophic Sets and Systems, 1(1) (2013), 8-12.

J. Ye. Single valued neutrosophic cross-entropy
for multicriteria decision making problems.
Applied Mathematical Modelling, 38 (2014),
1170-1175.

J. Ye. Similarity measures between interval
neutrosophic sets and their applications in
multicriteria  decision-making.  Journal  of
Intelligent and Fuzzy Systems, 26 (2014), 165-
172.

P. P. Chi and P.D. Liu. An extended TOPSIS
method for the multiple attribute decision making
problems based on interval neutrosophic sets.
Neutrosophic Sets and Systems, 1(1) (2013), 63-
70.

J. Ye. A multicriteria decision-making method
using aggregation operators for simplified
neutrosophic sets. Journal of Intelligent and Fuzzy
Systems, (2013), doi: 10.3233/IFS-130916.

P. Majumdar and S.K. Samanta. On similarity and
entropy of neutrosophic sets. Journal of Intelligent
and Fuzzy Systems, (2013), doi: 10.3233/IFS-
130810.

B. Said and F. Smarandache. Several Similarity
Measures of Neutrosophic Sets. Neutrosophic
Sets and Systems, 1 (2013), 54-62.

Received: February 20th, 2014. Accepted: March 3rd, 2014.

Jun Ye, Qiansheng Zhang, Single Valued Neutrosophic Similarity Measures for Multiple Attribute Decision-Making





