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Abstract. This paper introduces a refined single-valued
neutrosophic set (RSVNS) and presents a similarity
measure of RSVNSs. Then a multicriteria decision-
making method with RSVNS information is developed
based on the similarity measure of RSVNSs. By the simi-
larity measure between each alternative and the ideal so-

Iution (ideal alternative), all the alternatives can be
ranked and the best one can be selected as well. Finally,
an actual example on the selecting problems of construc-
tion projects demonstrates the application and effective-
ness of the proposed method.
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1 Introduction

To deal with indeterminate and inconsistent
information, Smarandache [1] proposed a neutrosophic set,
which is composed of the neutrosophic components of
truth, indeterminacy, and falsity denoted by T, I, F. Then,
Wang et al. 2] constrained the neutrosophic set to a single-
valued neutrosophic set (SVNS) as a subclass of the
neutrosophic set for convenient actual applications. Further,
Smarandache [3] extended the classical neutrosophic logic
to n-valued refined neutrosophic logic, in which
neutrosophic components T, |, F are refined (splitted ) into
T, Ty o, Tpand 1y, b, o, I, and Fy, Fo, ., F, respectively,
and constructed as a n-valued refined neutrosophic set. In
existing literature [4-7], neutrosophic refined sets were
studied and applied to medical diagnosis and decision
making. However, the existing neutrosophic refined set is
also a single-valued neutrosophic multiset [6] in the
concept. In this paper, we present a refined single-valued
neutrosophic set (RSVNS), then its concept is different
from the concept of single-valued neutrosophic multisets
(neutrosophic refined sets) [4-7]. In fact, RSVNSs are
scarcely studied and applied in science and engineering
fields. Therefore, it is necessary to propose a similarity
measure between RSVNSs and its decision making method
in this paper.

The rest of the paper is constructed as follows. Section
2 reviews basic concepts of a SVNS and a neutrosophic
refined set (single-valued neutrosophic multiset). Section 3
introduces a RSVNS and a similarity measure of RSVNSs.
Section 4 presents a multicriteria decision-making method
based on the similarity method under a RSVNS
environment. In section 5, an actual example is provided
for the decision-making problem of selecting construction

projects to illustrate the application of the proposed
method. Section 6 contains conclusions and future research.

2 Preliminaries

Definition 1 [2]. Let U be a universe of discourse, then a
SVNS A in U is characterized by a truth-membership
function Ta(X), an indeterminacy-membership function
Ia(X), and a falsity-membership function Fa(X), such that
Ta(X), 1a(X), Fa(x) € [0, 1] and 0 < Ta(X) + Ta(X) + Ta(x) < 3.

Thus, a SVNS A can be expressed as
A = {<X9TA(X)9 IA(X)s FA(X)> | Xe U} °
Let U = {Xy, X5, ..., Xy} be the universe of discourse,

and A and B be two (non-refined) single-valued
neutrosophic  sets, A= {(x,T,(x),1,(x), Fa(%)) | % €U}

and B = {<Xi’TB(Xi ), 1 (%), Fa (X )> X eU}. Majumdar and

Samanta’s similarity method of two (non-refined) single-
valued neutrosophic sets A and B is:

min( T, (%), Tig (X))
zin:l +min( 1, (%), Iig (%))
+min( F, (%), Fg (X))
max(Ti, (%), Tig (X))
+max (1, (%), lig (X))
+max(F, (%), Fg (X))

)

Based on n-valued refined neutrosophic sets [3], Ye
and Ye [6] introduced a single-valued neutrosophic
multisets (also called a single-valued neutrosophic refined
set (SVNRS) [4, 5, 7]) and defined it below.
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Definition 2. Let U be a universe of discourse, then a
SVNRS R in U can be defined as follows:

X7(TIR(X)ﬂTZR(X)a"'sTpR(X))a (IIR(X)’ IZR(X)’
R= |xeU b
e Lor () (Fig (%), By (%), Fip (X))

where p is a positive integer, T, (X), T,z (X),-..;T jz(X)
U010 5 LX), 1,001 () :U—=[0]]
Fr(X), For(X),...Fpr(x) :U —[0]1] , and there are
0<TRr()+1 () +Fpx)<3 forj=1,2,....p.

and

Definition 3. Let two SVNRS Rand S in U be:

X, (TIR(X)’TZR(X)a---sTpR(X))a (IIR(X)> I2R(X)s
R= [xeU >
<o L 00): (Fig (X), Fyg (%), Fi (X))

X, (T (X), Tos (X)ss Tps (X)), (115 (X), 1,5 (X),
S = [xeU ;-
ceos Lo (X)), (Fis (%), Fyg (X),...., Fs (X))

Then there are the following relations of R and S:
(1) Containment:

R c S, if and only if Tjir(X) < Tis(X), lir(X) = 1js(X), Fjr(X)
>2Fis(x) forj=1,2,...,p;

(2) Equality:

R =S, if and only if Tjr(x) = Tis(X), ljr(X) = ljs(X), Fir(X)
=Fis(x) forj=1,2,...,p;

(3) Union:

RUS =
X (T )V Tis (), Ty () V Ty (X0, T () v T s (X)), >
(Lr ) A 15 (X), g (X) A 1, (X),..., 1 pR(x) Al ps(x)), |xeU
(Fir (X) A Fig (%), F)r () A Fyg (%), F g (X) A F s (X))

(4) Intersection:

X, (Tr ) AT (X), Ty (X) AT,5(X),
s Tor () AT (X)), (g (X) v 15(X),
Lr () V 1g (X, g (X)) V 15 (X)),
(Fr() Vv Fs (%), Fr (X) v Fys(X),
o Frr() Vv F (%)

RNS = |xeU

3 Similarity Methods of RSVNSs

In this section, we introduce a RSVNS and propose a
similarity method between RSVNSs based on the
extension of Majumdar and Samanta’s similarity method
of two (non-refined) single-valued neutrosophic sets [8].

Definition 4. Let R and S in the universe of discourse U =

{X1, X2, ..., Xn} be two refined single-valued neutrosophic
sets, which are defined as

Xi 9(T1R(Xi )sTZR(Xi )s'"sTpiR(Xi ))s

R=q0 (1r(X)s Lr (X))o, T (X)), IX €U’
(FIR(Xi)B FZR(Xi)a""Fp,R(Xi))
Xi’(TlS (Xi)’TZS (Xi)"--:TpIS (Xi ))a

S= (hs (%), Los (%), 1 55 (X)), Ix €U

(Fis (%), Fys (%), FpiS (X))

where p; is a positive integer, and all Tir(Xi), ljr(Xi), Fjr(Xi)
and Tjg(Xi), IjS(Xi); Fjs(Xi) (I =1,2,..., n;j =1,2,..., p,) be-
long to [0, 1].

As an extension of Majumdar and Samanta’s similarity
method of SVNSs [8], we present a similarity method be-
tween two RSVNSs R and S as follows:

min( T (%), Tis (X))
+min( e (%), 15(%))
+min( Fir (%), Fis (%))
max(Tje (%), Tjs (X))
+max(l (%), 15(X))
+max(Fip(X), Fis (%))

ZLZL

. Q)

M(R,S) =

Zinzlz:')i:l

Obviously, the above similarity measure M(R, S) satis-
fies the following properties:

(1) 0<M(R, S) < 1;
2) M(R, S) = M(S, R)
(3) M(R, S) = 1 if and only if R =S.

In general, we usually consider the weights of criteria.
Assume that the weight of each criterion X; is w; (i = 1,

2, ..., n), with w; € [0, 1] and Zin—lwi =1. Then, we can

introduce the weighted similarity formula:
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: min(Tig (%), Tjs (X)) (max (Tyg, ), max (Tyg ..., max (T, o ),
"W ‘ in(1..(X). |.«(X * . . . 4
Zi:1W|ZJ—:1 +mm(IJR(X|);IJS(X|)) Si = (mgn(lle)’mlgn(IZRk)"”’man(llek)), B ( )
+min( Fr(X),Fs(x))] . (3 . . .
M, (R,S)= (Fr():Fis ()] - (3) (min (Fg, ), min (Fyg ),...,min (F,z )
max(Tp (%), Tjs (X))
Zin:lwizzll +max( (%), 15 (%)) which is constructed as the ideal alternative
+max(Fip (%), Fi (X)) S" ={8/,5-,5,} -

4 Decision-making method using the similarity

measure

In a decision making problem, there is a set of alterna-
, Rm}, which needs to satisfies a set of
..., N) may
be splitted into some sub-criteria Cjj (i=1, 2, ..., n; j =1,
2, ..., pi). If the decision maker provides the suitability
evaluation values of the criteria for C; (i =1,2,..., n) on the

tives R={Rj, R, ...

criteria C = {C, C,, ..., C,}, where C; (i=1, 2,

alternative Ry (k= 1, 2,..., m) by using a RSVNS:

Ci > (Tle (C| )>T2FZk (C| )""an‘Rk (C| )),
(L, (Ci) g (Ci)svis L, (C1)),
(Fir (Ci), Fog (Gt g (C))

R, = IC eC}’

Then for convenience, each basic element in the
RSVNS R is represented by the refined single-valued neu-

trosophic number (RSVNN):
(T Top, o Tom (i s Loy ool o (Fiy s Fog ovens e, )

fori=1,2,...,n;k=1,2, ..., m. Hence, we can construct
the refined single-valued neutrosophic decision matrix D,
as shown in Table 1.

When the weights of criteria are considered as the
different importance of each criterion C; (i = 1, 2, ..., n),
the weight vector of the three criteria is given by W = (wy,

W, ..., W) with wi> 0 and Zn Wo=1. Thus, the decision-
i=

making steps are described as follows:

Step 1: Based on the refined

solution (ideal RSVNN) by

single-valued
neutrosophic decision matrix D, we can determine the ideal

Step 2: The similarity measure between each
alternative Ry (K = 1, 2, ..., m) and the ideal alternative s
can be calculated according to Eq. (3) and the values of
Mw(Ry, S*) fork=1, 2, ..., m can be obtained.

Step 3: The alternatives are ranked in a descending
order according to the values of M(Ry, S*) fork=1,2,...,
m. The greater value of M(Ry, S’) means the better
alternative Ry.

Step 4: End.

5 Actual example on the selection of construction
projects

In this section, we give the application of the decision
making method for the selection of construction projects.

A construction company needs to determine the
selecting problem of construction projects. Decision
makers provide four construction projects as a set of four
alternatives R = {R;, Ry, R;, Ry4}. Then, the selection of
these construction projects is dependent on three main
criteria and seven sub-criteria: (1) Financial state (C):
budget control (C;;) and risk/return ratio (Cp); (2)
Environmental protection (C,): public relation (Cy),
geographical location (C,;), and health and safety (C,3); (3)
Technology (Cs): technical knowhow (Cs,), technological
capability (Cs,).

Experts or decision makers are required to evaluate the
four possible alternatives under the above three criteria
(seven sub-criteria) by suitability judgments, which are
represented by RSVNSs. Thus we can construct the fol-
lowing refined single-valued neutrosophic decision matrix
D, as shown in Table 2.

Table 1. The refined single-valued neutrosophic decision matrix D

C1(C,1,CpyorCiy )

C(Cpy>CraorrssCrp)

Ri (T Tag oo To s (Lo Log ool ) (Fig - Fogy e Fi))
Ry (M TomoreeTor s (limes Loy sl s (Fin s Fay e P, )

R (T Tog oo Tom ) (hia o g ool o ) (Fig s Fa oo P, )

<(TIR, ’TZR, ,...,Tanl )s(lm, > IZR‘ seees| PR, )s(FlR, > F2R, "“’Fan, )>
(T T oo T (i Loy seoos L s (Fis s Fogy e P, )

(T Tom, o Tom (i Loy voeo s ) (Fin o P s P, )

Jun Ye, Florentin Smarandache, Similarity Measure of Refined Single-Valued Neutrosophic Sets and Its Multicriteria

Decision Making Method



Neutrosophic Sets and Systems, Vol. 12, 2016

44

Table 2. Defined single-valued neutrosophic decision matrix D
for the four alternatives on three criteria (seven sub-criteria)

Ci(Ci1,Cp) G, (Cy1, Cyy, Cy3) G5 (G5, Cyy)

n <06,07).02.01).  <(09.0.7,08).(0.1,03,02),  <(0.6,08).,(0.3,02),
! (0.2,0.3)> (02,02, 0.1)> (0.3, 0.4)>

n <(0807).(01,02.  <(0.7,08,07).(02,04,03),  <(08,08),(0.1,02),
2 (0.3,0.2)> (0.1,02,0.1)> (0.1,0.2)>

. <06,08).(0.1,03),  <(08,0.6,07).(03,0.,0.1),  <(08,0.7), (0.4, 03),
3 (0.3, 0.4)> (02,0.1,02)> (0.2,0.1)>

n <(07.06).(0.1,02).  <(0.7,08,07).(02,02,0.1),  <(0.7.0.7),(0.2,03),
4 (0.2,0.3)> (0.1,02,0.2)> (0.2,0.3)>

Then, the weight vector of the three criteria is given by
W = (0.4, 0.3, 0.3). Thus, the proposed decision making
method is applied to the selecting problem of the
construction projects. Consequently, the decision-making
steps are described as follows:

Step 1: By Eq. (4), the ideal solution (ideal RSVNS)
can be determined as the following ideal alternative:

' ={<(0.8, 0.8), (0.1, 0.1), (0.2, 0.2)>, <(0.9, 0.8, 0.8),
(0.1, 0.1, 0.1), (0.1, 0.1, 0.1)>, <(0.8, 0.8), (0.1, 0.2), (0.1,
0.1)>}.

Step 2: According to Eq. (3), the weighted similarity
measure values between each alternative Ry (k =1, 2, 3, 4)
and the ideal alternative S can be obtained as follows:

Mw(Ry, V) = 0.7743, My(R,, S°) = 0.8370, My(R3, S') =
0.7595, and My(R,, ) = 0.7778.

Step 3: Since the measure values are My(R,, S*) >
Mu(Rs, S) > My(Ry, ) > My(Rs, S°), the ranking order of
the four alternatives is R, > R4 > R; > R;. Hence, the alter-
native R, is the best choice among all the construction pro-
jects.

6 Conclusion

This paper introduced RSVNSs and presented the simi-
larity measure of RSVNSs. Then, we proposed a similarity
measure-based multicriteria decision-making method un-
der a RSVNS environment. In the decision-making process,
through the similarity measure between each alternative
and the ideal alternative, the ranking order of all alterna-
tives can be determined and the best alternative can be se-
lected as well. Finally, an actual example on the selecting
problem of construction projects demonstrated the applica-
tion of the proposed method. The main advantage of the
proposed approach is easy evaluation and more suitable for
actual applications in decision-making problems with
RSVNS information. In the future, we shall extend the
proposed decision-making method to medical diagnosis
and fault diagnosis.
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