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Abstract. In this paper, a new tangent similarity between single valued neutrosophic sets is given, which contain tangent
similarity [23] as a special case. A best-worst multi-criteria decision making method based on the single valued neutrosophic
sets is proposed. To achieve this goal, we design an algorithm to identify the best and worst criteria through computing the out-
degrees and in-degrees of the collective single valued neutrosophic preference relation directed network, and then calculate
the optimal weight vector of attributes. Moreover, a mathematical model corresponding to the definitions of consistent single
valued neutrosophic preference relation is contracted. Finaly, the evaluation values of all alternatives are calculated by the
proposed new tangent similarity. This approach can make the process of decision making more vivid, intuitive and dynamic
in the decision-making process. To illustrate the effectiveness of the proposed method, we used it to solve appointment

registration systems problems.
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1. Introduction

Analytic hierarchy process (AHP) was first intro-
duced by Saaty [33], it has become an important
decision making method. The AHP can help the
decision maker to describe the general decision oper-
ation by decomposing a complex problem into a
multi-level hierarchic structure of objectives, criteria,
sub-criteria and alternatives. And it has been applied
comprehensively to solve various decision making
problems, such as the the marketing investment [17],
the evaluation of information and communication
technology (ICT) business alternatives [10], and so
on. However, in some realistic situations, people find
that it can not solve the inherent uncertainty and fuzzi-
ness effectively.
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dation of China (Grant Nos.61773019 and 11701540).
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In order to deal with the inherent uncertainty and
fuzziness information of classical AHP, Lai proposed
fuzzy AHP (FAHP) [11] by combining fuzzy set
theory [26] with classical AHP. Due to the tradi-
tional fuzzy set uses one real value p4(x) € [0, 1] to
represent the grade of membership of fuzzy set A.
Sometimes it is uncertain and hard to be defined by a
crisp value.

In AHP and FAHP methods, the computational
complexity of pairwise comparison is relatively high,
it needs n(n — 1)/2 comparisons. Rezaei proposed
the Best-worst method (BWM) [21], which can be
taken as an enhancement of the traditional AHP and
FAHP methods, it needs 2n — 3 comparisons, the
computational complexity is reduced. With the Best-
worst method, the decision maker does not need to
conduct pairwise comparisons between all criteria
but only needs to identify the best criteria and the
worst criteria, and then makes pairwise comparisons
between the best/worst criteria and the other criteria.
However, it is not easy to determine which criteria
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is the best or worst one when the number of crite-
ria is very large, and the approach is improper under
uncertain circumstances. Therefore, the reference
comparisons of BWM can be executed by employ-
ing fuzzy number other than crisp value in some
practical issues, which may be more in line with the
actual situations. Guo et al. [32] proposed fuzzy best-
worst multi-criteria decision-making method, which
the reference comparisons were executed by using
the fuzzy comparing judgments.

Due to the complexity and uncertainty of decision
environment, it is sometimes difficult for decision
makers to provide exact opinions. As a novel exten-
sion of the fuzzy set, Torra [34] defined the hesitant
fuzzy set by allowing the membership degree of
an object to have a set of possible values. In the
framework of decision making based on preference
relations, Zhu and Xu [2] extended the concept
of hesitant fuzzy sets to fuzzy preference relations
and defined the hesitant fuzzy preference relation
(HFPR). Zhang el at [37-40] studied consistency
analysis, consensus reaching process, additive con-
sistency and multiplicative consistency analysis for
hesitant fuzzy preference relations.

As another extension of the fuzzy set, intuition-
istic fuzzy set [25] use intuitionistic fuzzy values
to represent membership degrees, non-membership
degrees and hesitancy degrees, it can be seen as a
particular case of type-2 fuzzy set. Xu proposed intu-
itionistic fuzzy analytic hierarchy process (IFAHP)
[36] by combining intuitionistic fuzzy sets with clas-
sical AHP. Mou et al. [29] proposed intuitionistic
fuzzy best-worst method (BWM) through extending
the Best-worst method to accommodate intuitionis-
tic fuzzy circumstances, and combine the advantages
of the directed network [19] to determine the
best/worst criteria. This approach can make the pro-
cess of decision making more intuitive than other
decision making methods. Garg et al. [15] present a
novel multi-attribute decision making method under
interval-valued intuitionistic fuzzy set environment
by integrating a technique for order preference by
similarity to ideal solution method.

Although intuitionistic fuzzy set can deal with
fuzzy information better, it is very difficult to process
indeterminate and inconsistent information. In order
to deal with this case, Smarandache [6] proposed
a neutrosophic set (NS). However, neutrosophic set
needs to be specified from a technical point of
view. To this effect, Smarandache [6] and Wang et
al. [18] proposed a case of neutrosophic set, called
the single valued neutrosophic set (SVNS). Here, the

truth-membership, indeterminacy-membership and
falsitymembership degree are real number in unit
interval [0,1]. Single valued neutrosophic set can be
considered as a generalization of classical set, fuzzy
set and intuitionistic fuzzy set, which is suitable for
solving many real-world decision-making problems,
especially decision-making problems related to the
use of incomplete and imprecise information, uncer-
tainties, predictions and so on.

Since the concept of the single valued neutro-
sophic set has been put forward, many decision
methods based on single valued intelligence set
have been studied. Peng et al. [20] developed
an outranking approach for multi-criteria decision-
making problems with simplified neutrosophic sets.
Harish et al. [12] proposes the decision making
approach for solving the multiattribute decision mak-
ing problems with SVNS information. Mariya et al.
[31] developed an aggregation method for solving
group multi-criteriadecision-making problems with
single-valued neutrosophic sets. Harish el at [13]
proposed two algorithms for possibility linguistic
single-valued neutrosophic decision-making based
on complex proportional assessment and aggrega-
tion operators with new information measures. Nancy
[27, 28] proposed an axiomatic definition of diver-
gence measure for single-valued neutrosophic sets,
and develop a novel technique for order preference
by similarity to ideal solution method for solving
single-valued neutrosophic multi-criteria decision-
making with incomplete weight information. Harish
el at [16] introduced some new linguistic priori-
tized aggregation operators which simultaneously
considers the priority among the attributes and the
uncertainty in linguistic terms under the linguistic
single-valued neutrosophic set. Mohamed et al. [1]
proposed a novel model of three-way decisions based
on neutrosophic sets, and apply AHP in neutrosophic
environment.

However, the computational complexity of Neu-
trosophic AHP is very high. In order to reduce the
computational complexity, we propose single valued
neutrosophic best-worst method through extending
the Best-worst method to accommodate single val-
ued neutrosophic sets circumstances, and combine
the advantages of the directed network to determine
the best/worst criteria.

The rest of this paper is organized as follows:
in Section 2, we review some basic definitions for
the single valued neutrosophic set related to this
paper. In Section 3, a new tangent similarity based
on single valued neutrosophic set is given. In Sec-
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tion 4, the best-worst multi-criteria decision making
method based on single valued neutrosophic sets is
constructed, while in Section 5, an example is con-
sidered with the aim to explain in detail the proposed
methodology.

2. Preliminary

Definition 2.1. ([5]) Let X be the universe of dis-
course, with a generic element in X denoted by x.
Then, the Neutrosophic Set (NS) A in X is as follows:

A = {x < Ta(x), I4(x), Fa(x) > |x € X},

where Ta(x), Ia(x) and Fa(x) are the
truth-membership function, the indeterminacy-
membership function and the falsity-membership
function, respectively,
Ta, Is, Fq: X —]170,17[  and
Ia(x) + Fa(x) < 3%

—0 < Ta(x) +

Definition 2.2. ([6, 18]) Let X be the universe of dis-
course. The Single Valued Neutrosophic Set (SVNS)
A over X is an object having the form:

A ={< Ta(x), I5(x), Fa(x) > |x € X},

where Ta(x), Ia(x) and Fa(x) are the truth-
membership function, the intermediacy-membership
function and the falsity-membership function,
respectively,

Ta,Ig, Fa: X —[0,1] and 0 < Ta(x) 4+ [a(x) +
Fa(x) = 3.

Definition 2.3. ([5]) For an SVNS A in X, the triple
A; =< T;, I;, F; > is called the single valued neutro-
sophic number (SVNN).

Definition 2.4. ([3]) Let A =< Ty, I, F1 > and
Ay =< Tp, I, F) >betwo SVNNs and A > 0; then,
the basic operations are defined as follows:

() Av+ A =<T1+ T, —T1T, L1 1h, 1 F, >.

2) Ay Apo=<T1Th, T+ L — 1L, Fi + F, —
FiF >.

() My =<1 -1 =T I}, F} >.

4 A =<TM I 1—(0—-F)>.

Definition 2.5. ([30]) A; =< T}, I;, Fj > be a col-
lection of SVNSs and W = (w;, w3, - - - , w,)! be an
associated weighting vector. Then the Single Valued
Neutrosophic Weighted Average (SVNWA) operator
of Aj is as follows:

n
SVNWA(AL, Aa, -+, Ap) = Y wjAj
j=1

=1 -=J[A=THp%, TTUH™, ]'_[ (Fj)‘”f)/, where

j=1 j=1 j=1
wj is the weight of the decision maker e, ; € [0, 1]
n
and ) ;= 1.
J=1

Definition 2.6. ([23]) Let A and B be any two SVNSs
on X ={x1,x2,---,x,}. Based on the tangent
function, define the following similarity measures

between A and B:
S1(A, B)

n
=1- % than[% max(|Ta(x;) — Tp(xj)l,
j:

[14(x;) — Ip(x)|, [Fa(xj) — Fp(x))l) (D
S2(A, B)
= 1= LS an[ Z(Tax)) — Taxpl+
=1
[1a(xj) — Ip(xj)| + | Fa(xj) — Fp(x;)])] 2

<
I

Definition 2.7. ([23]) For any two SVNSs A and B on
the X = {x1, x2, - - - , x,}, Let the weight of the ele-
mentx;jbew;(j=1,2,---,n),withw; € [0, 1]and

n
> w; =1, then weighted tangent similarity mea-
j=1
sures between SVNSs A and B :
Swi(A, B)

=1- (i wj tan[% max(|TA(xj) — TB()C]')|,
j=1
[1a(xj) — Ip(x )|, |Fa(x;) — Fp(x;)DD 3
Swa(A, B)

n
=1- (lej tan[ {5(|Ta(x;) — Tp(x;)|
j=

+la(xj) = Ip(xj)| + [Fa(xj) — Fp(xpDD (4

Especially, when ;= 1(j=1,2,---,n), ()
and (4) can reduce to (1) and (2) respectively.

Obviously, the tangent similarity measures S (k =
1,2) and the weighted tangent similarity measures
Swi(k = 1, 2) satisfy the following four properties:

(P1) 0<Sk(A,B)<1;

(P2) Sk(A, B) = 1if and only if A = B;

(P3) Sk(A, B) = Sk(B, A);

(P4) IfCisaSVNSin X and A C B C C, then
Sk(A, C) < Sk(A, B), S(A, C) < Sk(B, C).

For any two SVNSs A and B on the X = {x1, x2,

-, Xp}, some existed similarity measure for SVNSs
are as following:
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(i) The cosine similarities [24] : SC1(A, B)

- ,‘,é cos| Z max(|Ta(x;) — Ta(x)l,

[1a(xj) — Ip(xj)|, | Fa(x;) — Fp(x;)|) )
(ii)) The cosine similarity[24] : SC2(A, B)

E ;Jé cos[Z(1Ta(x)) — Ta(x )+

[1a(xj) — Ip(xj)| + |Fa(x;) — Fp(x;)])] (6)

(iii)) The vetor similarity[22] : Sc(A, B)

= LS (TaG )Ty + LaCe ) Ipx )+
=1

FAG) B0/ T3 + ) + FA))

VT3 + B + Fy)] ™)

(iv) The similarity measure [9] : S1syns(A, B)

= L S [min(Tax)), Tp(x))) + min(I4(x)),
j=1

Ip(x)) + min(Fa(x;), Fp(x;)))/(max(Ta(x;),
Tp(x;)) +max(Ia(x;), Ip(x;))
+max(Fa(x;), Fp(xj))] 3

(v) The similarity measure[9] : Sasyns(A, B)
n

= %[2} (1= 3UTa(x)) = Tl + 14 (x))—
]:

Ip(xj)| + |Fa(x;) — Fp(x;)D] )

(vi) The similarity measure[9] : S3syns(A, B)

— 1~ [ [Ta(e) — ToGepl + ;) — Ig(x)
j=1

+IFa(xj) = Fp(xpIl/ D[ Talx)) + Tplxj)l+
=

a(xj) + Ip(x )] + |Falxj) + Fp(xp[ll  (10)

(vii) The similarity measure[9] : Sasyns(A, B)

— 3" Imin(Ta(x)), To(x ) + min(La(x),
=1

15(x)) + min(Fa(x;), Fp(x)]/ 3 [max
=1

(Ta(xj), Tp(xj)) + max(1a(x;), Ip(x;)+
max(Fa(x;), Fp(x;))] (11)

3. A new tangent function similarity

In this section, we introduce a new similarty mea-
sures between two SNV Ss based on tangent function,
which contain the similarity measures (Definition 2.6
and 2.7 ) [23] as special case.

Definition 3.1. Let A and B be any two SVNSs in
X = {x1,x2, -, xp}. Based on the tangent function,
we define the following similarity measures between
A and B:

S3(A, B)
=1 (LY tan[% max(Ta(x)) — Ta(x))I”,
=1
IAGx)) — I5G 1P, | Fa(x) — FaGeplPD? (12)

S4(A, B)

=1—( S an[5(Talx)) — Te&x )P+
j:1

[Ta(xj) — Ip(xpIP + |Falx)) — FB(xj)|p)])% 13)

where 1< p <oo. Especially, when p = 1, (12) and
(13) reduce to (1) and (2) respectively.

Definition 3.2. If we consider the weight of
each element x; for x; € X = {x1,x2,---, x4} and
assume that the weight of an element x; is w;(j =
n
1,2,--- ,n)withw; € [0, 1]and ) w; = 1,thenwe
=1
can introduce the following weighted tangent similar-
ity measures between SVNNs:

Sw3(A, B)

n
=1 — (> wjtan[F max(|Ta(x;) — Tp(x;)|?,
j=1

Ha(xj) = Ip(xpIP, [ Falx)) — FB(Xj)I”)])%, (14)

Swa(A, B)

=1— () wjtan[{5(|Ta(x;) — Tr(x))|P+
=1

1
[a(xj) — Ig(x )P + | Falxj) — Fp(x)P)Dr  (15)
where 1< p <oo. Especially, when P =1, (14)
and (15) reduce to (3) and (4). When w; = %(j =

1,2,---,n), (14) and (15) can reduce to (12) and
(13) respectively.
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Proposition 3.1. For two SVNSs A and B in X =
{x1,x2, -+, xn}, the similarity measures Sy(A, B)
Swr(A, B) (k = 3, 4) satisfy the following properties,

(PI1) 0<S8(A,B)<1;

(P2) Sk(A,B)=1ifandonlyif A = B;

(P3) Sy(A, B) = Si(B, A);

(P4) If C is a SVNS in X and A C B C C, then
Sk(A, C) < Sk(A, B), Sk(A, C) < Sk(B, O).

Proof. We only prove the case Si(A, B)(k = 3, 4).
The Proof of the weighted tangent similarity mea-
sures Swr(A, B)(k = 3, 4) is similar.

(P1) Due to the value of the tangent function fan(x)
is within [0,1] in x € [0, %], the similarity measure
value based on the tangent function also is within
[0,1] according to Egs. (7) and Egs. (8). Hence, there
is0 < Sk(A,B) < 1(k=3,4.)

(P2) When A = B, there is Ta(x;) = Tp(x;),
Ia(xj) = Ip(x)), Fa(xj) = Fp(xj), j=1,2,-- ,n.
Then TA()C]') - TB(XJ') = 0, IA()C]') - IB()C]') = O,
Fa(xj)— Fp(xj))=0. So tan(0) =0, Thus
Sk(A,B) =1, (k=3,4).

When Si(A, B) =1, then tan(0)=0. This
implies Ta(x;) — Tp(x;) =0, Io(x;) — Ip(x;) =0,
FA(}C]') - FB(X]‘) =0. Then TA()C]') = TB(}CJ'),
Ia(xj) = Ip(xj), Fa(xj) = Fp(x;), So A = B.

(P3) Obviously.

(P4) If ACBCC, then Ta(x;) < Tp(xj) <
Tc(xj), 1a(xj) = Ip(x;) = Ic(xj), and Fa(x;) >
Fp(xj) > Fc(xj). Thus, we have the following
inequalities:

[Tax;) — Tp(xj)| < |Tal(xj) — Te(xj)l,

[Tp(xj) — Te(xj)| < |Talxj) — Te(x))l,

[Ha(xj) — Ip(xj)| < [alxj) — Ic(xj)l,

[p(xj) — Ic(xj)| < [Talxj) — Ic(xj)l,

[Fa(x;) — Fp(xj)| < |Fa(xj) — Fo(xj)l,

|Fp(xj) — Fe(xj)| < |Fa(xj) — Fe(x))l,

Thus  Si(A,C) < Sk(A,B) and Si(A,C) <
Si(B, C).

4. The Best-worst multi-criteria decision
making method based on single valued
neutrosophic sets

Definition 4.1. Let G = (N, O, Q) be a directed net-
work, where N is a node set, i.e., a collection of
all criteria, O is an arc set, i.e., a collection of all
arcs a;i (i, k € N), and Q is a weight set, associated
to all preference information. The weight of the arc
aix = (Tix, Lix, Fix) € Q indicates the relative prefer-
ence degree of the criterion C; to the criterion Cy.

Definition 4.2. ([19]) The out-degree of the node i is
explained as the number of all arcs whose arrow tails
are the node i (denoted as D¢"" ). The in-degree of
the node i is defined as the number of all arcs whose
arrow heads are the node i (denoted as in Df" ).

Definition 4.3. Select all arcs which meet the condi-
tion T;; > Tj;, where arrow heads points to node j,
arrow tails points to node i. Then calculate the num-
ber of out-degrees and in-degrees of each node. If
D > D?”’, or D" = D;’-”’ and Df" < Dé-", then
called C; is preferred to C;.

Definition 4.4. Let C = {Cy, C2,--- , C,} be a cri-
terion set, then an single valued neutrosophic set
preference relation is represented as A = (Qik)nxn,
where ajx = (Tix, Lix, Fir) (i, k € N) are SVNs. Ti
indicating the degree to which the alternative C;
is preferred to Cy, [jx indicating the intermediacy
degree to which the alternative C; is preferred to
Ck, Fjr indicating the degree to which the alterna-
tive C; is not preferred to Cy. Tix, Ijx and Fj satisfy
the conditions T = Fy;, Tix + Iix + Fir <3, and
0 < Ti, lik, Fir < 1.

Definition 4.5. An single valued neutrosophic
set preference relation A = (ajx)uxn With aj =
(Tik, Lik, Fix) is called multiplicatively consistent if
satisfied the following conditions:

0, ifT; =0Ty =1
orTiyj=1,Ty =0;
Tix = Tij Tk
T Ti+(1=T;)(1-Tj)>

otherwise,

foralli < j <k.

0, if;;=0I=1

OI‘]ij = l,Ijk =0

Iik = me
gtk :

/Y g gy otherwise,

foralli < j <k.

0, ifF,'jZO,E,’k=1
OI'EJ'ZO,F]']( =1

F'ik = Fij Fx
Fij Fje+(1—Fij)(1—Fj)’

otherwise,

foralli < j <k.

The Best-Worst multi criteria decision-making
method based on the single valued neutrosophic
sets:

Step 1. Determine the best and worst criteria.
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For a multi-criteria decision-making problem with
n criteria, the decision makers provide single valued
neutrosophic preference relations via pairwise com-
parisons over the criteria C;(j = 1,2, --- , n). Letan
single valued neutrosophic preference relation A be

(T11, I, F11) -+ (T, hin, Fin)

(Ta1, 121, F21) - -+ (Ton, oy, Fon)
A=

(Tnla Inla Fnl) e (Tnna Inna an)

where (Tj;, I;j, Fj;) indicates the relative preference
of the criterion C; to the criterion C; with the condi-
tions, T;j, Ijj, Fij € [0, 1].

According to Definition 4.3, We can determine the
best criterion Cp.s; and the worst criterion Coyops:-

Step 2. Calculate the optimal weight vector of
attributes (o}, @3, - -, 0}).

For convenience, we suppose that the opti-
mal weight vector is W* = (o], w5, - ,a),’;)/,
where a)j =(p7,‘57,0‘7) (j € N), ,o;‘f, t;‘ and a}k
are the truth-membership, intermediacy-membership
and falsity-membership degrees of importance
respectively.

We first consider the truth-membership function
only. An single valued neutrosophic set preference
relation is consistent when Definition 4.5 is satis-
fied. For the inconsistent cases, according the idea
of reference [29], minimize the maximum absolute
differences:

PB  Pj, , PB P
e, J)/[i s
Pj Pk Pj Pk

I G (R S QLY iy
Pj Pk

and

Pj Pk, P P 0; o

L E i Era = = E - Ty |
Pk PW Pk PW Pk Pw

for all best< j < k <worst, j, k € N. Thus, the fol-
lowing mathematical models can be established

min &
s.t.
PBP; T 1<
| BP0 PW—(Pj) = PB-PW+PB P, Bw [=§
PBPj T 1< 16
| PBo PPk~ —pp prtprp; DK I=¢§ (16)
PP T <
| PjPk+0kPw—(PK)>— P PW+Pj Ok wl=§

Sioipi=1 pp=- P = pw,s

pj>0,pr>0,forall jkeN,&>O0.

For the indeterminacy-membership function, sim-
ilar to the truth-membership function, we have

min ¢
S.t.
| rB-rj+7:j~rw—.([g‘;zj—rg-rw-i-ra-rj —Ipw|=¢
rB-rj+rj»Tk—(Tg.;j—rg-rk+13-rj —Iacl=¢ (17)
| 'L'_,'-'L’k+Tk~TW*I'JEl];.;12(*T_/‘TW+'L’j~Tk - ]jW I= ¢
Z’}zlszl’ TR> - > T> T > Ty,

7, >0, >0, forall ke N,¢>0.
By the same reason, for the falsity-membership
function, we have

min n
S.t.
UB-Uj+aj~0W—((Tzfj.;j—og-aw—i-ag-aj — Fpw [=7
UB'U]'+°'j“7k*?:;;j*58'9k+‘78"7j — Fpel=n (18
| Uj-ok+ok~0W—((7t]fl1j§—ojvow+oj~ok - F-/W S n
Z?:lgjzl, OBp=-->0;> 0k > Oy,

0j>0,0, >0, forall j, ke N,n=>0.

Solving models (x1), (*2) and (x3), we
obtain the optimal solutions (pf, 03, -, ,ofj),,
(i, 5, r;,")/, (of, 05, ,O’;)/ and &%, %,
n*(which is satisfied with all constraints in the
models, the difference between the optimal solution
&* in Model (x;), ¢* in Model (*;), n* in Model
(*3). Then, we derive the optimal weight vector of
the criteria: )

W* = (o], @3, -+, @})

= (< p], 1], 0] >, < p5, 75,05 >,
< phTt o >)

Step 3. Calculate the consistency index values
(CI1, CI2 and CI3) and the consistency ratio (CR).

The corresponding single valued neutrosophic set
preference relation is not consistent when the Defini-
tion 4.5 is not satisfied. That is to say

Tpw + Ty Tjw ,
Tpj-Tjw + (1 —Tgj)- (1 — Tjw)
or
Ipw # a1 ,
Ij - Ijw + (1 — Ipj) - (1 — Ijw)
or
Fpw # i Fw

Fpj- Fjw 4 (1 — Fg)) - (1 — Fjw)’
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According the idea of reference [29], we intro-
duce three new deviation variables §, ¢ and €, we can
transform the above inequalities into equalities and
obtain:

Tpw + 6

(T'3j—8)-(Tjw—9)
= T5=8)(Tjw =8+ —(T5;—8)-(1—(Tjw—9)

Ipw +¢

(Upj—&)-(jw—¢)
= Ug—orUw—o+1—Ug—o)-(U—(Ljw—#))

Fpw + €

(Fpj—€)-(Fjw—¢)
= Fp—o-Fjw—o+1—(Fp—0)-(I—(Fjw—e€)

To the maximum extent, there may be Tp; =
Tjw = Tpw, Ipj = Ijw = Ipw, Fgj = Fjw = Fpw.
Thus, the upper equation can be converted to

Tpw +6

_ (Tpw—98)-(Tpw —9)
= (Tw—8)-(Tpw —8)+(1—(Tpw —98))-(1—(Tpw —4))

Ipw + ¢

_ (Upw—e)-(Ipw—¢)
— (Upw—e)Upw—e)+(1—(Ipw—e))-(1-(Ipw—¢))

Fpw + €

(Fpw—€)-(Fpw—€)
= Few—o-Fw—o+(1—(Fpw—)-(U—(Fpw—©)

It is equivalent to the following equations:

283 + (1 — 2Tpw)8* + [—2(Tpw)* + 2Taw
+118 + [2(Tsw)* — 3(Tw)* + Tew] = 0
263 4 (1 — 2Igw)e? + [—2(Ipw)* + 21pw
+1le + [2(Igw)* — 3Ipw)* + Igw] = 0
263 + (1 — 2Fpw)e® + [—2(Fpw)* + 2Fpw
+1le + [2(Fpw)* — 3(Fpw)* + Fpw] =0

Solving for different values of Tpw € [0, 1],
Igw € [0, 1], Fpw € [0, 1], we can find the corre-
sponding maximum possible §, ¢ and €. We use these
maximum values as consistency index(see Tablel).
We then calculate the consistency ratio, using &,
£*, n* and the corresponding consistency index, as
follows:

Consistency Ratio (CR) = max{g—;l, C% %}
The value of CR is a measure to check if the weights
are reliable or not. The smaller CR is, the better
the consistency would be. Specially, when CR = 1,
the consistency of single valued neutrosophic prefer-
ence relation is the worst one. If the single valued
neutrosophic preference relation are unacceptable
consistency, then return the inconsistent single val-

ued neutrosophic preference relation to the decision
makers for re-evaluation or amend partly preference
information until they are acceptable.

Step 4. Calculate the evaluation values of all alter-
natives.

Let the decision matrix be D = (d;j)nxn. Based on
the optimal weights and the operational rules (1) and
(2) in Definition 2.4, we can calculate the evaluation
values of all altfr:lrnatives:

Ula;) = _Zl(wj - dij)
iz

n

= (5. 5,0 - Ty Iy, Fy)

~.
=

Z(,O] ij> Tj + 1ij —

Tjlij, 0 + Fij = 0 Fij)

(z =12,---,m.)
Step 5. Give the ranking of all alternatives.
Calculating the tangent similarity measures
between alternative U(q;) and the ideal alternative
value (1, 0, 0) by using Definition 3.1, then give the
ranking of all alternatives according to the evaluation
values S(g;).

5. A numerical illustration
5.1. Numerical example

With the quick development of science and
technology, especially in internet and tele-
communication, more and more new digital
products and electronic equipment bring many
conveniences to us and change human life. Hence, in
this digital era, hospitals can take advantage of these
information technologies to develop the diversified
appointment registration systems in order to assist
patients and increase hospital efficiency. Usually, the
adopted technologies have 6 types:

A1: Automatic Terminal Information Service;

A»s: 114 Telephone Appointment;

As: the Official Hospital Website;

Ay4: WeChat Public Platform;

As: the Bank’s Self-service Terminal Appoint-
ment;

Ag: the Registration Window at the hospital (a
traditional queuing method to register and on-site
appointments were made).

However, the hospitals have expressed no knowl-
edge of patients’ opinions regarding those novel
healthcare appointment registration systems. There-
fore, the purpose of this example is to investigate
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Table 1
Consistency index
Tw 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
CI1(max p) 0 0.0166 0.0325 0.0472 0.0599 0.0694 0.0746 0.0735 0.0633 0.0403 0
Ipw 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
CI2(max ) - 0.0403 0.0633 0.0735 0.0746 0.0694 0.0599 0.0472 0.0325 0.0166 0
Fpw 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
CI3(max o) - 0.0403 0.0633 0.0735 0.0746 0.0694 0.0599 0.0472 0.0325 0.0166 0

the effectiveness of those healthcare appointment
registration systems through exploring the factors
influencing the patients’registration system choices.

Yu et al. [35] carried out a survey study using a
questionnaire which was conducted in West China
Hospital in February 2012, and analyzed available
outpatients randomly selected from different hospi-
tal departments and the questionnaire was distributed
and collected on-site. We apply the single valued
neutrosophic best-worst method to evaluate the satis-
faction of patients’ different outpatient appointment

registration systems of six ways in an upper first-class
hospital. We invite four decision makers to determine
four criteria as follows:

C1: spend less time;

C>: easy to operation;

C3: convenient to pay;

C4: queueing time or waiting time.

The weight vector of four decision maker ex(k =
1,2,3,4) is (%, %, %, %)/. They provide their single
valued neutrosophic preference relations via pairwise
comparison among the four criteria as:

< 0.5000, 0.5000, 0.5000 > < 0.3500, 0.6000, 0.6000 >
< 0.6000, 0.3500, 0.3500 > < 0.5000, 0.5000, 0.5000 >
< 0.4000, 0.6000, 0.6000 > < 0.0500, 0.9000, 0.9000 >
< 0.5000, 0.5000, 0.5000 > < 0.3500, 0.6000, 0.6000 >

R —

AN AN A

0.9100, 0.0200, 0.0200 > < 0.8000, 0.5000, 0.5000 >
0.9000, 0.0500, 0.0500 > < 0.6000, 0.3500, 0.3500 >
0.5000, 0.5000, 0.5000 > < 0.4000, 0.6000, 0.6000 >
0.6000, 0.4000, 0.4000 > < 0.5000, 0.5000, 0.5000 >

< 0.5000, 0.5000, 0.5000 > < 0.5800, 0.3500, 0.3500 >
< 0.3500, 0.5800, 0.5800 > < 0.5000, 0.5000, 0.5000 >
< 0.0500, 0.8000, 0.8000 > < 0.4500, 0.5300, 0.5300 >
< 0.2000, 0.6000, 0.6000 > < 0.4500, 0.5300, 0.5300 >

R® —

< 0.9500, 0.0200, 0.0200 > < 0.6000, 0.2000, 0.2000 >
< 0.4100, 0.4500, 0.4500 > < 0.5300, 0.4500, 0.4500 >
< 0.5000, 0.5000, 0.5000 > < 0.4000, 0.5800, 0.5800 >
< 0.5800, 0.4000, 0.4000 > < 0.5000, 0.5000, 0.5000 >
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< 0.5000, 0.5000, 0.5000 > < 0.5300, 0.2000, 0.2000 >
< 0.2000, 0.5300, 0.5300 > < 0.5000, 0.5000, 0.5000 >
< 0.1000, 0.8000, 0.8000 > < 0.3000, 0.7000, 0.7000 >
< 0.3500, 0.6500, 0.6500 > < 0.3000, 0.5900, 0.5900 >

RO —

< 0.9000, 0.0200, 0.0200 > < 0.6500, 0.3500, 0.3500 >
< 0.7000, 0.3000, 0.3000 > < 0.5900, 0.3000, 0.3000 >
< 0.5000, 0.5000, 0.5000 > < 0.3600, 0.5400, 0.5400 >
< 0.5400, 0.3600, 0.3600 > < 0.5000, 0.5000, 0.5000 >

< 0.5000, 0.5000, 0.5000 > < 0.6000, 0.2500, 0.2500 >
< 0.2500, 0.6000, 0.6000 > < 0.5000, 0.5000, 0.5000 >
< 0.0500, 0.9500, 0.9500 > < 0.4000, 0.6000, 0.6000 >
< 0.3000, 0.6500, 0.6500 > < 0.5500, 0.4500, 0.4500 >

RY —

< 0.9700, 0.0200, 0.0200 > < 0.7900, 0.3000, 0.3000 >
< 0.6000, 0.4000, 0.4000 > < 0.4500, 0.5500, 0.5500 >
< 0.5000, 0.5000, 0.5000 > < 0.4000, 0.5900, 0.5900 >
< 0.5900, 0.4000, 0.4000 > < 0.5000, 0.5000, 0.5000 >

Step 1. Determine the best and worst criteria.

Utilizing the Definition 2.5 SVNWA operator, we
can aggregate four single valued neutrosophic pref-
erence relations into a group one:

< 0.5000, 0.5000, 0.5000 > < 0.5240, 0.3201, 0.3201 >
< 0.4267, 0.5041, 0.5041 > < 0.5000, 0.5000, 0.5000 >
< 0.1645,0.7772,0.7772 > < 0.3156, 0.6690, 0.6690 >
< 0.3468, 0.5967, 0.5967 > < 0.4201, 0.5390, 0.5390 >

< 0.9318, 0.0200, 0.0200 > < 0.7044, 0.3201, 0.3201 >
< 0.6560, 0.2280, 0.2280 > < 0.5462, 0.4015,0.4015 >
< 0.5000, 0.5000, 0.5000 > < 0.4448, 0.5770, 0.5770 >
< 0.6631, 0.3276, 0.3276 > < 0.5000, 0.5000, 0.5000 >

According to the collective single valued neutro-

sophic preference relation above, we can draw the Step 2. Calculate the optimal weight vector of four
directed network as shown in Fig.1 and Fig.2, and attributes ,
derive the ranking of the criteria. W* = (0], @3, 60>3k , @)

We select those SVNs whose membership degrees = (< pl, 1], 0f >, < 03,175,035 >,

T;; 205 (i, j=1,2,3,4). Calculating the out-
degrees of all arcs, we get the out-degrees of the
criteria as: Dy =3, D§"' =2, D" =0, D3 =
1. Thus, the ranking of criteria is D{*' > D" >
D3*" > D$"'. That is to say, the best criterion is C,
the worst one is C3. min &

<P}, 75,05 >, < p;, T4, 0% >).
In order to derive the optimal weight vector of the
ordered criterion set using the SVN-BWM, we can
constitute the following model:
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©

(0.7044,0.3201,0.3201) €0.9318,0.0200,0.0200

(0.3468,0.5967,0.5967) (0.1645,0.7772,0.7772)

(TP0S'0'TY0S0°29Zv"0)

( 0.4448,05770,0.5770 ) a

° (0.6631,0.3276,0.3276)

(0.4201,0.5390,0.5390 )
(0.3156,0.6690,0.6690 )

(0.5462,0.4015,0.4015 ) (0.6560,0:2280,0.2280)

= (T0ZE0‘TOZE'0'OPZS0)

Fig. 1. The single valued neutrosophic preference relations of four
criteria

(0.9318,0.0200,0.0200 )
(0.7044,0.3201,0.3201)

° (0.6631,0.3276,0.3276) ‘ o

(0.5462,0.4015,0.4015) (0.6560,0.2280,0.2280 )

°EIOZE'O'IOZ£'O'OVZS 0)

Fig. 2. The directed network of the preference relations of four
criteria

S.t.
| 205 - ps+ pa .p;3.f4(p4)z o Thl<é
! 201-p2+ 02 'ppl4.fz(:02)2 —p1-ps Tial=€
| 201 - 2+ P2 .p/;;fz(pz)z 1 -Tisl<& (19
| P1 - P4 Ty <

201 ps+ pa-p3— (pa)? — p1 - p3

p1+p2+p3+pa=1, p1,p2, 03, p4 >0, where
T»3 = 0.6560, T14 = 0.7044, T;3 = 0.9318. Then
we obtain the opti/mal solution of model (4),

(0T, P3. 03, P}) =
(0.5650, 0.4126, 0.0088, 0.0136) .

&* = 0.0888.

In analogous, if we consider the degrees of
indeterm-inacy-membership, the following model
can be build:

min ¢
S.t.
T Ty
—In|<
2 u+ - (W —n-n nl=e
T
— L l<
l2T|'T2+T2'T4—(T2)2—T1'T4 1w l=d
T Ty
— I |< 20
|2‘[1__[2_"_,[2_13_(1,2)2_1.1.13 13|_§ ( )
T - T4
| —I3l|=¢

21 AT — (W) -1 T

T+n+n+u=1, 1,12, 13, 74 >0, wWhere
I3 = 0.2280, I14 = 0.3201, I;3 = 0.0200. Then we
obtain the optimal solution of model (5),

(tf. 3. 7. 1) =
(0.0128, 0.0668, 0.8187, 0.1017)’

r*=0.

In analogous, if we consider the degrees of falsity-

membership, the following model can be build:

min 7
S.t.
20, - 04 + 04 .053.(_74(,,4)2 e Fsl<n
| 201-02t 02 'Gf;4.(—72(02)2 —o1-04 Fualsn
| 20102+ 02 .23.(_72(62)2 o105 Fi3l<n (@1
| — —Fi3l<n

20104+ 0403 — (04)> — 01 - 03

o1 +o0y+03+04 =1, 01,02,03,04 >0, where
Fr3 = 0.2280, F14 = 0.3201, F13 = 0.0200. Then
we obtain the optimal solution of model (6) is
(oF, 03, 0%, 0f) =(0.0128,0.0668,0.8187,0.1017) ,
n* = 0.

Combining models (4), (5) and (6), we obtain the
optimal weight of the criterion set:

< 0.5650, 0.0128, 0.0128 >
< 0.4126, 0.0668, 0.0668 >
< 0.0088, 0.8187, 0.8187 >
< 0.0136, 0.1017, 0.1017 >

W* = (0}, 0, 05, a)ff)/ =

Step 3. Calculate the consistency index and the
consistency ratio.
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For the consistency ratio, consistency ratio =

&

0.0888 0 0 }

" —
max{zr, ¢z o3} = Max{g5633 00403 0:0403
which implies a very good consistency. If the com-

parisons are not fully consistent, for problems with
more than three criteria, multiple optimal solutions

might be founded, one of
the decision-maker.

which can be selected by

D =

< 0.3500, 0.1500, 0.7000 >
< 0.8500, 0.1400, 0.1900 >
< 0.7400, 0.1500, 0.1400 >
< 0.4500, 0.2400, 0.2500 >
< 0.5000, 0.4500, 0.4500 >
< 0.8500, 0.1100, 0.1700 >

2413

Step 4. Calculate the evaluation values of six alter-

natives.

There are six choices concerning the clinical
appointment systems in a hospital. The four deci-
sion maker give their evaluations and constructs four

single valued neutrosophic decision matrix:

< 0.8000, 0.2500, 0.2900 >
< 0.6500, 0.3500, 0.5000 >
< 0.5500, 0.2500, 0.1900 >
< 0.3500, 0.7000, 0.8500 >
< 0.7500, 0.1500, 0.2100 >
< 0.1000, 0.6500, 0.6000 >

< 0.5000, 0.4300, 0.4300 > < 0.3500, 0.7000, 0.8500 >

< 0.4500, 0.2900, 0.4200 >
< 0.3500, 0.7000, 0.7100 >
< 0.8000, 0.2500, 0.2900 >
< 0.2100, 0.6000, 0.6500 >
< 0.6100, 0.2500, 0.2500 >

< 0.6500, 0.2700, 0.3500 >
< 0.5500, 0.2500, 0.3500 >
< 0.0500, 0.7500, 0.8500 >
< 0.1100, 0.5000, 0.5700 >
< 0.6100, 0.2500, 0.2500 >

DO —

< 0.1500, 0.3500, 0.8500 >
< 0.7900, 0.1500, 0.1500 >
< 0.7500, 0.1400, 0.1500 >
< 0.5500, 0.2500, 0.2400 >
< 0.8800, 0.1000, 0.1500 >
< 0.6500, 0.4300, 0.4300 >

< 0.7000, 0.2900, 0.1900 >
< 0.5000, 0.4000, 0.5800 >
< 0.6000, 0.2900, 0.2900 >
< 0.1500, 0.8500, 0.7500 >
< 0.1000, 0.7000, 0.6500 >
< 0.8400, 0.2900, 0.1300 >

< 0.6700, 0.4200, 0.2900 >
< 0.2000, 0.7100, 0.8500 >
< 0.7000, 0.2900, 0.1900 >
< 0.5000, 0.4500, 0.4500 >
< 0.2100, 0.6500, 0.5800 >
< 0.6100, 0.2500, 0.2900 >

< 0.8200, 0.2800, 0.1500 >
< 0.6500, 0.3000, 0.3500 >
< 0.0700, 0.8000, 0.8400 >
< 0.7900, 0.2500, 0.2000 >
< 0.1100, 0.5500, 0.5000 >
< 0.6100, 0.2500, 0.2900 >

DB —

< 0.2000, 0.2800, 0.7100 >
< 0.7500, 0.2100, 0.1400 >
< 0.8000, 0.1900, 0.2100 >
< 0.5000, 0.3000, 0.3000 >
< 0.8000, 0.1500, 0.1100 >
< 0.4500, 0.4300, 0.4300 >

< 0.6500, 0.2000, 0.2500 >
< 0.5700, 0.5800, 0.3500 >
< 0.6200, 0.2000, 0.2500 >
< 0.2000, 0.7100, 0.7100 >
< 0.1000, 0.5800, 0.7000 >
< 0.8400, 0.1900, 0.1300 >
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p® —

< 0.6000, 0.3200, 0.3800 >
< 0.2800, 0.7500, 0.7000 >
< 0.6500, 0.2000, 0.2500 >
< 0.5000, 0.4500, 0.4500 >
< 0.2100, 0.5800, 0.6000 >
< 0.6100, 0.2500, 0.1900 >
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< 0.7900, 0.1500, 0.2800 >
< 0.7000, 0.3500, 0.2500 >
< 0.1500, 0.8500, 0.8000 >
< 0.8000, 0.2100, 0.2500 >
< 0.1100, 0.5700, 0.5000 >
< 0.6100, 0.2500, 0.1900 >

< 0.2800, 0.2700, 0.7500 >
< 0.8300, 0.1900, 0.2100 >
< 0.8500, 0.2100, 0.1900 >
< 0.6100, 0.3000, 0.3000 >
< 0.9000, 0.1700, 0.1000 >
< 0.5700, 0.4300, 0.4300 >

< 0.6700, 0.1900, 0.2000 >
< 0.4500, 0.5000, 0.4000 >
< 0.5500, 0.1900, 0.2000 >
< 0.2800, 0.7500, 0.7000 >
< 0.1000, 0.6000, 0.5800 >
< 0.8400, 0.2000, 0.1300 >

< 0.5300, 0.3800, 0.3200 >
< 0.1500, 0.8500, 0.7500 >
< 0.6700, 0.1900, 0.2000 >
< 0.5000, 0.4500, 0.4500 >
< 0.2100, 0.7000, 0.7000 >
< 0.6100, 0.2500, 0.2000 >

Utilizing the Definition 2.4 SVNWA operator, we
can aggregate four single valued neutrosophic matrix

into a group one:

< 0.2489, 0.2510, 0.7503 >
< 0.8087,0.1701, 0.1701 >
< 0.7899, 0.1701, 0.1701 >
< 0.5313,0.2711,0.2711 >
< 0.8622,0.1294,0.1294 >
< 0.5490, 0.4300, 0.4300 >

< 0.5702, 0.3489, 0.3489 >
< 0.2489, 0.7503, 0.7503 >
< 0.7114,0.2291, 0.2291 >
< 0.5000, 0.4500, 0.4500 >
< 0.2100, 0.6308, 0.6308 >
< 0.6100, 0.2500, 0.2291 >

< 0.6000, 0.3500, 0.2700 >
< 0.4500, 0.3500, 0.3000 >
< 0.2000, 0.8400, 0.7500 >
< 0.8500, 0.2000, 0.1500 >
< 0.1100, 0.5000, 0.5500 >
< 0.6100, 0.2500, 0.2000 >

< 0.7114, 0.2291, 0.2291 >
< 0.5490, 0.4489, 0.4489 >
< 0.5811, 0.2291, 0.2291 >
< 0.2489, 0.7503, 0.7503 >
< 0.1000, 0.6308, 0.6308 >
< 0.8400, 0.2291, 0.1300 >

< 0.7303, 0.2510, 0.2510 >
< 0.5985, 0.3096, 0.3096 >
< 0.1196, 0.8090, 0.8090 >
< 0.8008, 0.1992,0.1992 >
< 0.1100, 0.5291, 0.5291 >
< 0.6100, 0.2500, 0.2291 >
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Table 2
The results of similarity measures and decision making results
Similarities Ay Ay Az Ay As Ag Best
Alternative
S1123] 0.4925 0.6614 0.6560 0.4721 0.5949 0.6359 Ay
S$>[23] 0.8200 0.8739 0.8710 0.8073 0.8445 0.8681 Ay
SC1[24] 0.5902 0.7943 0.7925 0.5642 0.7180 0.7659 Ay
SC»[24] 0.9372 0.9687 0.9673 0.9284 0.9528 0.9658 Ar
Sc[22] 0.7042 0.9970 0.9962 0.9803 0.9907 0.9973 Ay
S1svns[9] 0.3714 0.5494 0.5431 0.3442 0.4639 0.5257 Ay
S2svas[9] 0.7733 0.8402 0.8367 0.7577 0.8036 0.8330 Aj
S3svns[9] 0.5416 0.7091 0.7039 0.5121 0.6338 0.6892 Ay
Sasvns[9] 0.3714 0.5494 0.5431 0.3442 0.4639 0.5257 Aj
S3(P=2) 0.7114 0.8634 0.8622 0.6903 0.8091 0.8435 Ay
S4(P =2) 0.9050 0.9542 0.9536 0.8980 0.9357 0.9478 Ar
S3(P =3) 0.8304 0.9435 0.9427 0.8121 0.9073 0.9309 Aj
S4(P=3) 0.9439 0.9812 0.9809 0.9379 0.9691 0.9770 Ay

We get the overall values of all patients:

4
U(A) = > (w) - dij)
=1

4
= > ((pj. tj, 0)) - (T3, Ij, Fyj))

J=1
4
= Zl(PjTij, Tj + 1ij — tjlij. 0j + Fij — 0 Fij)
j:
(i=1,2,---,6)

U(Ay) = < 0.4019,0.0211, 0.0610 >,
U(Az) = < 0.5843,0.0318, 0.0318 >,
U(A3) = < 0.5824,0.0362, 0.0362 >,
U(A4) = < 0.3816, 0.0543, 0.0543 >,
U(As) = < 0.5099, 0.0496, 0.0496 >,
U(Ag) = < 0.5554, 0.0346, 0.0218 > .

Step 5. Give the ranking of six alternatives.

Take p =2, the tangent similarity measures
between alternative A; and the ideal alternative value
A = (1, 0, 0) are calculated by using the formula (13)
in Definition 3.1,

S(A1, A) = 0.9050, S(Az, A) = 0.9542,

S(A3, A) = 0.9536, S(A4, A) = 0.8980,

S(As, A) = 0.9357, S(Ag, A) = 0.9478.

Thus, the ranking order of the assessments of six
appointment registration systems: Ay > A3z > Ag >
As > A1 > Ay. Therefore, the most effective alter-
native is As.

5.2. Comparison analysis and discussion

In order to show the validity of the similarity
measure proposed in this paper, the comparison anal-
ysis for some similarity measures is summarized in
Table 2. For the data in the example, the best alter-

native is A using the proposed similarity measure
S>(p =2,3) and S3(p = 2, 3) in this paper. There-
fore, the choice of the optimal scheme is independent
of the parameter p. Meanwhile, these results are the
same A using eight exits similarity measures ([9, 23,
24]). The best alternative is A4 using the similarity
Sc([22]). Therefore, the most effective alternative is
A,. However, there is some shortcomings for the pro-
posed similarity measure in this paper. The amount
of calculation will increase when the parameter p is
large.

Most of young people would select some con-
venient and effective methods, such as the Official
Hospital Website and WeChat Public Platform.
Because they can make appointment by mobile-
phone at anywhere with the internet connection. From
this point of view, we agree with the opinion in
Ref. [35]. Their conclusions are: convenience was
a major motivation for patients’ use of appointment
registration systems. So Hospitals must improve the
design and promotion of healthcare appointment reg-
istration systems to better facilitate their use.

6. Conclusions

A new tangent similarity based on single valued
neutrosophic set is propose, which contain tangent
similarity [23] as a special case. We extend best-worst
method to single valued neutrosophic set circum-
stances and combine the advantages the directed
network, proposed the single valued neutrosophic set
best-worst method to solve multi-criteria decision-
making problems. We first aggregate the individual
single valued neutrosophic preference relation pro-
vided by the decision makers into a collective single
valued neutrosophic preference relation by the sin-



2416 M. Luo et al. / Multi-criteria decision making method based on the single valued neutrosophic sets

gle valued neutrosophic weighted average operator.
Afterwards, we draw the directed network according
to the collective single valued neutrosophic prefer-
ence relation, then design an algorithm to identify
the best and the worst criteria through computing the
out-degrees and in-degrees of the directed network.
The optimal weight vector of attributes are calculated
using some mathematical models. A consistency ratio
is proposed for the best-worst multi-criteria decision
making method based on the single valued neutro-
sophic sets to check the reliability of the comparisons.
The final score of an alternative is obtained by aggre-
gating different criteria of the alternative. The best
alternative is selected by the propose tangent simi-
larity measures between the alternative and the ideal
alternative. We used the proposed method to solve
real-word decision-making problems with indetermi-
nate and inconsistent information.

Some new methods for multi-criteria decision
making problems based on interval neutrosophic
sets and type-2 neutrosophic sets have been pro-
posed. D. Rani et al. [4] gave some modified results
of the subtraction and division operations on inter-
val neutrosophic sets. H. Garg el at [14] proposed
non-linear programming method for multi-criteria
decision making problems under interval neutro-
sophic set environment. F. Smarandache et al. [7]
proposed an approach of TOPSIS technique for
developing supplier selection with group decision
making under type-2 neutrosophic number. Nagara-
jan et al. [8] proposed a new perspective on traffic
control management using triangular interval type-
2 fuzzy sets and interval neutrosophic sets. Because
advantage of interval neutrosophic sets, we will
extending the best-worst multi-criteria decision mak-
ing method based on the single valued neutrosophic
sets to interval neutrosophic sets circumstances in our
further work.
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