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Abstract

The aim of this paper is to investigate the multiple attribute decision-making (MADM) problems where both the attribute
value and attribute weight of alternatives are single-valued trapezoidal neutrosophic numbers (SVTN-numbers). Ranking of
SVTN-numbers are always a necessary step in solving the MADM problems under SVTN environment, and the literature
review reckoned the existence of six to seven ranking methods. After all the existing ranking methods of SVTN-numbers
are examined, we firstly define the concept of centroid point and examine several useful properties of the developed concept.
Then, we develop hamming ranking value and Euclidean ranking value of SVTN-numbers to compare the SVTN-numbers.
Furthermore, based on the proposed ranking values, we develop a novel defuzzification method to MADM with linguistic
information and give a real example deal with manufacturing company to illustrate the feasibility and effectiveness of the
developed approach. Finally, we present some examples to compare the proposed method with the existing ranking results
and the results verified through comparative analysis.

Keywords Neutrosophic sets - Trapezoidal neutrosophic numbers - Defuzzification - Centroid point - Hamming ranking

value - Euclidean ranking value - Decision making

1 Introduction

The multiple attribute decision making (MADM) is an impor-
tant part of decision making to choose the most desirable
alternative from a set of alternatives according to the deci-
sion information provided by a decision maker. In MADM,
since most of the decision information about attribute values
is not known precisely, Zadeh (1965) has proposed the fuzzy
set theory to model the uncertainty and vagueness that is
nature of human thinking in the process of decision making.
By added non-membership degree to fuzzy sets, Atanassov
(1999) initially proposed intuitionistic fuzzy set theory as
an extension of the concept of a fuzzy set. It is worth not-
ing that the above decision-making information is based on
fuzzy and intuitionistic fuzzy sets. To provide more flexibil-
ity to present imprecise data and uncertainty, Smarandache
(1998) defined neutrosophic sets, which independently con-
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tain truth-membership degree, indeterminacy-membership
degree and falsity-membership degree. Because of their
advantages, the theories have been studied by many authors
such as: on fuzzy sets (Kahraman and Otay 2019a; Rao and
Shankar 2011; Yager and Zadeh 1992; Ying 2000; Zadeh
2005), on intuitionistic fuzzy sets (Liu and Li 2017; Wan
etal. 2017; Wei 2010; Zhang 2017) and on neutrosophic sets
in Broumi et al. (2014a,b), Kahraman and Otay (2019b),
Peng et al. (2014, 2016) and Ye (2018).

However, due to uncertainty and complexity in some real
situations, we often only can use a single-valued neutrosophic
number that is a special neutrosophic set on the real number
R. Thus, it seems to be suitable for employing in the real
number R to estimate both the attribute value and attribute
weight of alternatives in MADM problems. Hereby, single-
valued trapezoidal neutrosophic numbers (SVTN-numbers)
were defined by Deli and Subag (2017b) and Ye (2017, 2015).
Currently, many researchers pay attention to the methods and
related properties of SVTN-numbers. For example, Basset
et al. (2018a) proposed a decision-making method by using
Analytic Hierarchy Process for SVTN-numbers. Liu and
Zhang (2018) introduced some operators on SVTN-numbers
based on Maclaurin symmetric mean. Broumi et al. (2016b)
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developed an approach for solving shortest path problem in
a network where edge weights are characterized by SVTN-
numbers. Then, same authors presented a new method for
solving shortest path problems in a network in which the
edges length are characterized by SVTN-numbers in Broumi
et al. (2016a). Biswas et al. (2016a,b) defined some opera-
tors and applied them to decision-making problems including
medical representative selection problem. Deli and Subag
(2017a) defined the values and ambiguities of the SVTN-
numbers under cut sets. Liang et al. (2017a) presented new
operations, an improved comparison method, and two aggre-
gation operators to improve the methods in SVTN-numbers.
Since the traditional arithmetic mean operator or geomet-
ric mean operator only deals with independent criteria,
Liang et al. (2017b) introduced different operators by using
entropy-weighted method. Basset et al. (2018b) developed
a novel algorithm for the group decision-making problem
with triangular neutrosophic additive reciprocal preference
relations.

Das and Guha (2013) said that “However, after ana-
lyzing the aforementioned ranking procedures it has been
observed that, for some cases, they fail to calculate the rank-
ing results correctly. Furthermore, many of them produce
different ranking outcomes for the same problem. Under
these circumstances, the decision maker may not be able to
carry out the comparison and recognition properly. This cre-
ates problem in practical applications”. In order to overcome
these problems of the existing methods, a new method for
ranking has been proposed based on centroid point of intu-
itionistic fuzzy numbers in Das and Guha (2013). Then, in
Das and Guha (2016), a new ranking method of intuition-
istic fuzzy numbers was developed by utilizing the concept
of centroid point. Varghese and Kuriakose (2012) defined
a formula for finding the centroid of an intuitionistic fuzzy
number. Arun et al. (2016) developed a new approach to
rank intuitionistic fuzzy numbers based on centroid point
of intuitionistic fuzzy numbers. Hajek and Olej (2014) gave
an intuitionistic fuzzy inference system of Takagi-Sugeno
type which is defuzzification methods. As far as we know,
however, there has been a few researches on methods of
SVTN-numbers.

Therefore, the primary goal of this paper is to define
the defuzzification methods of SVTN-numbers and hereby
develop a simplified and an effective method for computing
defuzzification methods of SVTN-numbers. The rest of this
paper is organized as follows. In Sect. 2, we briefly introduced
some concepts of SVTN-numbers. In Sect. 3, we presented
the existing ranking methods with examples. In Sect. 4, we
defined the concept of centroid point and examined several
useful properties of the developed concept. Then, we pro-
posed the hamming ranking value and Euclidean ranking
value of SVTN-numbers to compare the SVTN-numbers.
In Sect. 5, we developed a novel defuzzification method to

@ Springer

MADM with linguistic information and gave a real example
deal with manufacturing company to illustrate the feasibil-
ity and effectiveness of the developed approach. Finally, we
presented some examples to compare the proposed method
with the existing ranking results, and the results were verified
through comparative analysis.

2 Preliminary

Definition 2.1 (Wang et al. 2010) Let X be a universe.
A single-valued neutrosophic set A in X is characterized
by a truth-membership function 74 : X — [0, 1], an
indeterminacy-membership function 74 : X — [0, 1] and
a falsity-membership function F4 : X — [0, 1] as:

A={<x,(Tg(x), I4(x), FA(x)) >: x € X}.

Definition 2.2 (Subas 2015) Let wg, us, y; € [0, 1] be
any real number. A single-valued neutrosophic number
a = ((la1, by, c1,d)], wa), (a2, b2, 2, da], ug), ([az, b3,
c3,d3], yz)) is a special single-valued neutrosophic set on
the set of real numbers R, whose truth-membership function
g+ R — [0, wz], an indeterminacy-membership func-
tion v; : R — [ug, 1] and a falsity-membership function
As : R — [yz, 1] as given by;

Sui(x) (a1 <x < by)

N Jwa (b1 =x <cy1)
HaD=1 p ) (e <x <dy)
0 otherwise
fu(x) (a2 <x < by)
ooy Jua by =x <)
A= p ) (e < x < do)
1 otherwise
and
fux) (a3 <x < b3)
N ) ya (b3 <x <c3)
M=) G sx<dy)
1 otherwise

respectively, where the functions f,; : [a1, b1] — [0, wzl,
for o lea,da]l — ug, 11 fur lez, d3s] — [ya, 1]
are continuous and nondecreasing, and satisfy the con-
ditions: fyu(a1) = 0, fuu(by) = wz, fir(c)) = ug,
Sfor(d2) = 1, fir(c3) = ya, and fi,(d3) = 1; the func-
tions fur : [c1,di] — [0, wzl, fur @ laz, ba] — [ug, 1]
and fy; : [a3, b3] — [y, 1] are continuous and nonincreas-
ing, and satisfy the conditions: f,,,(c1) = wg, fur(d1) =0,
So(az) = 1, fu(b2) = ug, fulaz) = 1 and fu(b3) =
vz. [b1,c1],a1 and d; are called the mean interval and
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the lower and upper limits of the general neutrosophic
number a for the truth-membership function, respectively.
[b2, 2], ap and dp are called the mean interval and the
lower and upper limits of the general neutrosophic number
a for the indeterminacy-membership function, respectively.
[b3, c3], a3 and d3 are called the mean interval and the
lower and upper limits of the general neutrosophic number
a for the falsity-membership function, respectively. wg, ug
and y; are called the maximum truth-membership degree,
minimum indeterminacy-membership degree and minimum
falsity-membership degree, respectively.

Note that a single-valued neutrosophic number a =
((lar, b1, c1, d)], wgz), (laz, by, c2,da], uz), (las, b3, c3,
d3], yz)) for wz = 1,u; = 0, y; = 0 defined in Ye (2017)
as: a = (a1, b1, c1, d1], laz, b2, c2, d2], lasz, b3, c3, d3])

Definition 2.3 (Deli and Subag 2017a) An SVTN-number
a = ((a,b,c,d); wz,ugz, y;) on R is characterized by a
truth-membership function 7; : R — [0, 1], an indeter-
minacy-membership function I R — [0,1] and a
falsity-membership function F; : R — [0, 1] are defined
as:

< x, (T3 (x), Iz (x), F5(x)) >

<x, ((x;izlw;, , h7x+bu_,;,‘§x7a), bf.x;}fixfa)) >, a<x< b
_ ) < x, (wg, ug, ya) >, b<x=c
<X, ((d;i)cwﬁ s X_C-;ufc(d_X) s X_ct]yjf‘d_”) >, c<x=d
<x,00,1,1) >, otherwise.

Note that the set of all SVTN-number-numbers on R will
be denoted by A.
For any a = ((a1, by, c1,d1); wa, ugz, yz) and b =

((az, b2, 2, d2); wi, uj, yp)s

l.a+b= ((ay + az, b1 + ba,c1 + c2,d1 + da); wz A
Wi, Uz Vg, Ya NV Vi)
2.a—b = ((ag —dy, by —ca,c1 — by, di — az); wz A
wé, ug; v ug, yj \ yg)
3. ab
((a1a2, b1ba, c1c2, didy; wa AW, UGNV UG, yaVyg)
(d >0,d, >0)
((a1da, bica, c1ba, diaz); waAwg, ugVug, yaVyg)
(di <0,dr > 0)
((d1da, c1c2, biby, a1a2); wag AWy, ugVug, YaVyg)
(di <0,dr <0)
(yar, yb1, ycr1, yd); wg, uz, ya) (v > 0)
(ydy, yer, yb1, va1); wg, uz, ya) (v <0)
(a] . by, c].c))iwa, ua, ya) (v >0)
(e, el by, al); wa, ua, ya) (v <0)

~ (

4. ya =
vi-|!
~ (

5. av =
[
Definition 2.4 (Subas 2015) Letaj = ((aj,bj,cj,d;); W, »

ua;s ya;) € A (j € In). Then, SVTN weighted arithmetic
operator, denoted by G, is defined as:

Gao(éla&Z"--aan)=<(Zajij,zbjij',
j=1 j=1
n n
ZC]' X wj,Zdj X wj>;

j=1 j=1

where, w = (wy, wy, ..., wn)T is a weight vector associated

with the G, operator, forevery j € I, suchthat, w; € [0, 1]
n

and Y i w; = 1.

3 A brief note on existing ranking methods
of SVTN-number

As mentioned in the introduction, ranking of SVTN-number
is always a necessary step in solving the problems under
SVTN-number environment and the literature review reck-
oned the existence of six to seven ranking methods. In this
section, all the existing ranking methods of SVTN-numbers
are examined with numerical examples.

Method 1 (Deli and Subas 2017a) Let a; and a be two
SVTN-numbers and 6 € [0, 1]. Based on weighted values
and ambiguities of the SVN-numbers, the ranking order of
ap and a; is defined as:

1. If Vp(a1) > Vp(az), then a; is bigger than a;, denoted
by a1 > as;
2. If Vy(dy) = Vy(az), then
(a) If Ag(a1) > Ag(az), then ay is bigger than ao,
denoted by a; > a;
(b) If Ag(a1) = Ag(ay), then a; is equal to a>, denoted
by d) = d;

where for El/ = ((Clj, b_/! Cj, d})» w&_/ P u&_/ P y&_/) 02132)
1. the weighted value Vp(d})is calculated as:

a; +2bj +2Cj +dj
6

[ewéj + (=0 —ug)*+ 1 —0)(1 — ya~j)2i|

Vo(a;) =

2. the weighted ambiguity Ag(d;) is calculated as:

- di—a; +2c; —2b;
Ag(dy) = L4 ) J j

[Qwﬁ'f + (1= 0)(1—ug)* + (1 -6)(1 - ya;.)z]
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Table 1 Ranking for Method 1 SVTrN-numbers 0 Vo (d1) Vo (@) Ap(d) Ag () Ranking
0.0 2.6916 5.0433 0.7083 1.4833 11 <dy
0.3 2.6536 3.6833 0.6983 1.0833 i1 <dy
a1 =((3,4,5,6);0.9,0.3,0.4) 0.5 2.6283 2.7766 0.6916 0.8166 1<y
dar =((5,7,9,11); 0.3,0.5,0.2) 0.6 2.6156 2.3233 0.6883 0.6833 a\>ay
0.8 2.5903 1.4166 0.6816 0.4166 a\>a
1.0 2.5650 0.5100 0.6750 0.1500 a\>a
Table 2 Ranking for Method 2
SVTN-numbers (A, @, v) VA.;LA,v(a’Jl) V)\,u,v(dl) A)\,;J.,v(dl) Ak,;l.,v(dl) Ranking
(0.1,0.2,0.3) 234 19.8 3 3 a\>a
(0.4,0.3,0.5) 46.8 39.6 6 6 a\>a
ar =((3,4,5,6); 1.0,0.0,0.0) (0.0,0.3,1.0) 15.6 132 2 2 11>y
da =((4,5,6,7); 1.0, 0.0, 0.0 (1.0,0.3,0.9) 85.8 72.6 11 11 a\>a
(1.0,1.0,1.0) 117 99 15 15 a\>ay
(0.0,0.0,0.0) 0 0 0 0 a\=a

Example 3.1 Let a; = ((3,4,5,6);0.9,0.3,0.4) and a; =
((5,7,9,11);0.3,0.5, 0.2) be two SVTN-numbers.

Then, we can compare the SVTN-numbers a; and d> as
Table 1.

Method 2 (Biswas et al. 2016a) Let ¢ and d; be two SVTN-
numbers and 6 € [0, I]. For weighted values and ambi-
guities of the SVIN-numbers a1 = ([a11, a21, a31, a41],
[b11, D21, D31, bat], [c11, €21, c31, c41]) and a2 = ([a12, a2z,
azz, asz), [b12, b2z, b32, baz], [c12, €22, €32, c42]), the rank-
ing order of a; and d, based on A, u, v € [0, 1] is defined
as:

1. If Vs uo(a@i) > Vi uv(d2), then aj is bigger than do,
denoted by a; > ay;
2. If Vx,u,u(dl) = V)\”u,v(tfz), then

(a) If Ay uv(d1) > Ay puv(a2), then aj is bigger than
ds, denoted by a; > a,

(b) If Ay uv(d@1) = Ay uv(az), then aj is equal to aa,
denoted by a1 = a»;

where for d; = (la1j, azj, a3, aajl, [b1j, baj, b3j, bajl,
[c1j,c2j.c3j,cai)(j =1,2)

1. The value index Vj, ;. (a;)is calculated as:

N A
Viuow(@j) = E(alj +2ay;, 2a3; + asj)
n
+ g(blj +2byj + 2b3; + baj)

v
+6(C1j +2¢2j +2¢3; +ca4j)
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2. The ambiguity index Ay, ,(d;) is calculated as:

N A
Ay pv(dj) = 6(_a1j —2a2j,2a3; + a4j)

n
+ g(—bu —2byj + 2b3j + by4j)
v
+ 8(—01]' —2c2j +2¢3j + caj)
Example 3.2 Let a; = ((3,4,5,6);1.0,0.0,0.0) and ar =
(4,5,6,7);1.0,0.0, 0.0) be two SVTN-numbers.
Then, we can compare the SVTN-numbers a; and d> as
Table 2.

Method 3 (Ye 2017) Let a; = ((ai1,b1,c1,d1); wa,
Ugy s ya]) and a~2 = <(a27 bZa 2, dZ)a Wers Uy s yd'z) be two
SVTN-numbers. Then,

1. If S(a1) < S(ay), then a) is smaller than a;, denoted by
a) < dp
2. If S(ay) = S(ar);
(a) If A(a1) < A(a»),then aj is smaller than a,, denoted
by a; < ar
(b) If A(a;) = A(dp), then d; and a, are the same,
denoted by a| = a>

where for@; = ((az, by, ¢j. d;); wa, . ug,. va,)(j = 1,2)
1. The score S(d;) is calculated as:

. 1
S(aj) = E[aj +bj+cj+dj]

X(2+w&j_u&j_)’&j) (1)
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Table 3 Ranking for Method 3

Table4 Ranking for Method 4

SVTN-numbers S(ay) S(ay) A(ay) A(ay) Ranking
dy = ((1, 6, 10,12); 0.5,0.1, 0.3) 5.0750 2.7000 6.5250 5.8500 a5
d = ((0,5,7,15);0.8,0.9,0.7)

SVTN-numbers E(d) E(d) A(d) A@@) C@@) C(d) Ranking
a1 = ((5, 10, 15,20); 0.5,0.1,0.3) 87500 3 25 0.7500 62500 6 dq15d

@ = ((0,5, 10, 15); 0.8, 0.9, 0.7)

2. The accuracy A(d;) is calculated as:

N 1
A(aj) = E[aj +bj+cj+d]
x(2+wg; —ua; + Ya;)
Example 3.3 Let a; = {(1,6,10,12);0.5,0.1,0.3) and
a, = {(0,5,7,15);0.8,0.9,0.7) be two SVTN-numbers.
Then, we can compare the SVTN-numbers a; and d> as
Table 3.

Method 4 (Liang et al. 2017b) Let a; = {((ay, by, c1,d1);
wa] > Ugys y(f1> and a~2 - <(L12, va c2, dQ.)v wa~29 Ugy, )’a"2> be
two SVTN-numbers. Then,

1. If E(ay) < E(a»), then aj is bigger than a5, denoted by
d] < a~2;
2. If E(a)) = E(a»),
(a) A(d)) < A(d), then dj is bigger than a@>, denoted
by a) < dp;,
(b) If A(a1) = A(a2),
i. C(a;) < C(ap), then a; is bigger than ay,
denoted by a; < a;

where fora; = ((aj, bj, cj, dj); wa;, ua;. ya;) (=1.2)
1. The score function E(a}) is given as
(aj +2bj +2c;+dj)

6

—M&j _y[lj)
3

E(a;) =

(2 + wg;

2. Accuracy function A(a}-) is given as

(aj +2b; +2cj +dj)

Ad)) = 5

. (w&j - yﬁj)
3. Certainty function C(aj) is given as

(aj +2b; +2cj +dj) .
6

Example3.4 Let a; = {((5,10,55,20);0.5,0.1,0.3) and
a> = {(0, 5, 10, 15); 0.8, 0.9, 0.7) be two SVTN-numbers.

Then, we can compare the SVTN-numbers a; and d> as
Table 4.

Method 5 (Liangetal. 2017a) Letd; = ((ay, b1, c1, d1); wg,
ug, yaq) and dy = ((az, b2, c2,d2); Wg,, Ug,, Vi) be two
SVTN-numbers. Then,

1. If E(ay) < E(a»), then a; is bigger than a;, denoted by
d] < a~2;
2. If E(a)) = E(a»),
(a) A(d)) < A(d), then dj is bigger than a@>, denoted
by a) < dp;,
(b) If A(a1) = A(a),
i. C(a;) < C(ap), then a; is bigger than ay,
denoted by a; < a;

where fora; = ((aj, bj, cj, dj); wa;, ua;, ya;)(j = 1,2)

1. The score function E(d;) based on center of gravity is
given as

b as 24w . —ug. —Ya.)
(.. . . o djcj=bjaj \ Ctwa; —ua; —a;
3 (“.7 +bjtejtdi - g 3

E(aj) = otherwise

0. (2+wg; —:aj —Ya;)

ifa=aj=b;=cj=d;
2. Accuracy function A(a}) based on center of gravity is
given as

1 X dj.cj—bj.a;
I L R R = = DRI
A(aj) = otherwise

a-(w,;j—yaj) ifa=aj=b; =cj=d;

3. Certainty function C(a;) based on center of gravity is
given as

1 dj.cj—bj.a;
i 3 (aj +bj+ecj+dj- 7@#5}47&,) "Wz
C(dj) =

otherwise

a-wg; ifa=aj=b; =cj =d;
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Table 5 Ranking for Method 5

SVTN-numbers E(dy) E(d») A(dy) A(dy) C(ay) C(a2) Ranking

dy = ((0.5,0.10,0.15,0.20); 0.5, 0.1, 0.3) 0.0875 0.0300 0.0250 0.0075 0.0625 0.0600 a\5d>

d = ((0.0,0.5,0.10,0.15); 0.8,0.9, 0.7)

Table 6 Ranking for Method 6 SVTN-numbers s@d@) s(d) h(dy) h(dy) Ranking
dy = ((0.1,0.2,0.3,0.4); 1.0, 0.0, 0.0) 0.5833 -0.1666 0 0 aSd>

ar =((1,2,3,4);1.0,0.0,0.0)

Example 3.5 Leta; = ((0.5,0.10, 0.15, 0.20); 0.5, 0.1, 0.3)
anda = ((0.0,0.5,0.10,0.15); 0.8, 0.9, 0.7) be two SVTN-
numbers.

Then, we can compare the SVTN-numbers a; and a> as
Table 5.

Method 6 (Ye 2015) Let a; and dp be two SVTN-
numbers and 6 € [0, I]. For weighted values and ambi-
guities of the SVIN-numbers a1 = ([a11, a21, a31, a41],
[b11, D21, b31, bat], [c11, €21, ¢31, c41]) and a2 = ([a12, a2z,
az, as], [b12, b2, b3z, baz], [c12, €22, €32, ca2]), the rank-
ing order of @) and a5 is defined as:

1. If s(a1) > s(az), then a; is bigger than a;, denoted by
a) > dy;
2. If s(a)) = s(a»), then

(a) If h(ay) > h(a»), then aj is bigger than a5, denoted

by a] Sa~2,
(b) If h(ay) = h(az), then aj is equal to a>, denoted by
a) =do;
where for d; = (la1j, azj, a3, aajl, [b1j, baj, b3j, bajl,

[c1j, 25, ¢35, ca5]) (j=1,2)
1. The score degrees of d; is given by

_b1j+b2j + b3 + by
4

_cly +c2j +c3j +C4j)
4

2. The accuracy degrees of d; is given by

ayj +axj+az;+as;
4
_ajtajtajta;
4

a(d;) =
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Example 3.6 Let a; = ((0.1,0.2,0.3,0.4); 1.0, 0.0, 0.0)
andap = ((1,2,3,4); 1.0, 0.0, 0.0) be two SVTN-numbers.

Then, we can compare the SVTN-numbers a; and a> as
Table 6.

4 Centroid and distance-measure-based
approach for ranking of SVTN-number

In this subsection, we derive the centroid point of the SVTN-
number. The method of ranking SVTN-number with centroid
index uses the geometric center of an SVTN-number which
has X (a) value on the horizontal axis and Y (a) value on the
vertical axis.

Consider an SVTN-number of the forma = ((a, b, ¢, d);
wg, Uz, Ya) on R characterized by a truth-membership func-
tion Ty R — [0,1], an indeterminacy-membership
function /; : R — [0, 1] and a falsity-membership func-
tion F; : R — [0, 1] is defined as:

alx), a<x<b

ax), b<x<c
a(x) =

ZIL(x), c<x<d

aB(x), otherwise.
where

at () = (TE0, IE @), FE)

. x—a)wz b—x—+uz(x —a)
_< b—a ’ b—a ’
b—x+yilx—a)
b—a> )’

i€ = (1€ 0. 1£ @), FE W)
= (wg, Uz, ya),

it = (TR0, 1R 00, FE @)
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_ <(d—x)w;l X —c+uz(d—x) 2. T_lg(y) — 4 W= C)y, O <y <uw), I lR(y) _
d—c d—c ’ Vv (e—du N
X —c+y;(d—x) « C){+:5C~ e = y < 1) and F7'7 (y) =
— al® — (d—c)y+(c—dys)
— ) mayHeeda) (y, <y < 1),
and Definition 4.1 Let a ((a, b, c,d) ) b
~B _ B B B N efinition 4. et a = ((a,0,c,d); wz, ug,yz) be an
a"(x) = (T& 0, I7 (%), F (x)) =0, 1D, SVTN-number. Then, the centroid point of the SVTN-
- he functi number a denoted by C(a) is defined as: C(a) = (X(a)T,
ere, the functions Y(@)7). (X(@;. Y@, (X@r, Y @r)),
L L where
1. T la,b] € R — [0, wy], I3 [a,b] € R — [ugz, 1]
and FéL : [a, b] € R — [yz, 1] are surjective and injec- . JPEOY et [€ waxdt [4 T xd
1 1 1 X(G)T = b (x zz)w d (d x)w
tive 1n [a,b] - R. fa adx_;’_j‘b wadx_;’_f W=OWg 4
R C A c .
2~ Ta . [Iiv d] = R — [O’ wa]a Ia . [C, d] _R - [I.'ia.’ 1] _ fb b— x-i;tfa(x —a) dx+fb uaxdx+fdx ctug ((d X)xdx
and F;* : [c,d] € R — [y, 1] are surjective and injec- 2. X(a); = [ — ¢+u T
tive in [C, d] CR. a b—a p Uadx 4 —dx
~ fb b—x-;}éa(x a) dx+fh va xdx-i-fd xX— L-Ha((d X) rdx
. . . . 3 X((J)F = b b—x+y~(x—a) d x—c+yz(d—x)
Therefore, the inverse functions exist which are also of Ji — L ——dx+ ;) yadx+ [ —4——dx
the same nature as: Ya +M dy—f,'@ (d—14=2 c) d
4’~ Y(a)T = fofw<z +(h u));di { E (d z) ;y -
1L . ; 1L -
1. T a - [0, wz] —>L la,b] € R, I a - [ug, 11 — f ((a b)y+(b— ““a>) 1 (d— c)v+(c dug) ydy
[a,b] € Rand F~'7 : [y, 1] — [a,b] C R, 5. Y(a) =~ (aflj);&(ma) ‘]a g
2. 77150 10, wg] > le.dl € R 5 w1 - oy (7 -

(a=b)y+(b—ayz) ) (d—c)y+(c—dyz)

ydy
dy

[c, d]CRandF_ 2 ya, 1] = [c,d] € R, =y,

. Iy % Iy,
6. Y(a)F = j'(((a bl)IJr}()b ayg )) f ((d )y+(e=dyz)

Ya 1- Ya

(=)
((d C))lJrz(f- dua))d}
()

)

Then, the inverse functions can be analytically expressed
as follows: Proposition4.2 Let a = ((a,b,c,d); wz, uz, yz) be an
SVIN-number and C(a) be the centroid point of a. Then,
X(@r,Y(@r, (X(@;g, Y(@rp), (X(@)FandY(a)F aregiven
as:

wg a*d —ad® + b3c —adc — bic +d’c

1. X@)r =
@r 3 a2d — db? + b%c — a%c — be? + ac? — ad?
2 X 5 (b3 + 2ugb3 — 3ugab® — 3ba® +2a3 + uza®) + 3ugce® — 3ugh® + 7 Q2d3 — 3cd? + ugd® + ¢ — 3ugdc? + 2u;c?)
. X@) =
! ﬁ(—3b2 + 3uzb? — 6uzab) — 6ba + 3a? + 3uza?)) + 6uzc — 6uzb + ﬁ@dz — 6¢d + 3uzd? + 3c¢? — 6uzdce + 3u;c?)
3 x@) 7 (0% + 2y;b — 3yzab® — 3ba’ + 2a® + yza®) + 3yzc? — 3yab? + 7 (2d% — 3cd? + yd® + ¢* — 3yzdc® + 2y;¢%)
. X)) =
+ 3yab? — 6yzab) — 6ba + 3a2 + 3yza?)) + 6yzc — 6yzb + 71— (3d* — 6cd + 3yzd? + 3¢ — 6yzdc + 3yac?)
- a+2b—d—2c
4. Yy —wy—
D1 =W S T 3d — 3¢
5. Y@ 2a +b —3auz —2d — ¢ + 3dug + 2buz® — 3buz® + auz® — 2cuz’ + 3cuz® — dug’
. a =
1= 34+ 3b — 6aug — 3d — 3¢ + 6duz + 3buz? — 6buz + 3auz? — 3duz? — 3cuz? + 6eug
6. Y@ 2a +b —3ay; —2d — ¢ + 3dy; + 2byz> — 3byz? + ayg® — 2cya + 3cyit —dyagd
. a)p =

3a 4 3b — 6ay; — 3d — 3c + 6dy; + 3by;2 — 6by; + 3ay;? — 3dy;2 — 3cyz? + 6¢y;

_iL - -1k
L7720 =a+ B2y 0 <y < wp), 7700 =
M g <y < Doand F7I7() =

b)y+(b—ay;
%;“”(yasyd),

@ Springer



12536

i. Deli

Proof 1. Fora = {((a, b,c,d); ws, ugz, yz), the X(a)r is
computed as:

X@a)r =

fb x= “)w“xdx—i—fb wa)cdx—l—fdM dx

a b—a

fb (x— a)wa dox +fb wadx +fd (d— x)wad

a

bwﬁ fb(x2 —ax)dx + w; [, xdx 2)dx
o f (x —a)dx + wg [, dx + 7= f (d — x)dx

- 3 - 2 3
P (5 e ) b wa i+ & (d% - %)

a7z~ ) 1o + waxlj
b3

B 3_1,12 3_2712 3
bufla [Zb 3‘éb +a° ] Ale zb ] [(d 3d6c +2¢ )]

- 2_ 2 2_ 2
bufa [b 2gb+a ] ale — b] + 2o [d 21216+c ]

wg a’d —ad® +b3c — a® c—b3c+ac
3 a%d — db? + b2c — a’c — bc? + ac? — ad?

2. Fora = {(a, b, c,d); wg, ugz, yz),the X(a) is computed

as:

X(a);

@ Springer

fb b_x_HI&(x_u)de +f}, s xdx +fd x— L+ua(d X) xdx

a b—a
b b—x+uy d +ad
fa xb’isxa)dx‘*'fbuadx‘l'fxcu( x)d

ﬁ fah(b —x +uz(x —a))xdx 4+ u; fb xdx + d—c fc (x —c+uz(d—x))xdx

—x—l—u,;(x—a))dx—}—ug,fbcdx—i- dlc fd(x—c—l—u,;(d—x))dx

%f (bx—x +uzx? —ug ax)dx—l—uafbxdx—l—d Lf (x2 = cx 4+ ugdx — uzx?)dx

h f(b—x—l—ux u&a))dx-l—u;,fbdx-i—djfc(x—c—l—ug,d—ug,x)dx

2 3 2 2 3 2 2
b 1 d
b=a (b% - %+“&%—“é“%)| +“ﬁ%|i+ﬁ<% — ey tuady —ug 3)|
1 2
b—(bx— = +ua uaax)) b+ uax|§ + = C(— —cx—i—uadx—ué%)ld

(2x3 — 3cx? + ugdx? — 2ugx?)|¢

L (3bx? — 2% + 2ugx® — 3ugax?)|} + 3ug x2|b+d r

m(6bx —3x2 + 3uzx? — 6ugax))|s + 6uzx|j, + (3x% — 6¢cx + 6uzdx — 3uzx?)|¢

d—c

3+ 2uzb® — 3ugab® — 3ba® + 2a° + uza®) + 3uzc® — 3ugb® + 7 (2d® — 3cd® + uzd® + ¢ — 3uzdc? + 2uzcd)

7 (—3b2 + 3uh? — 6ugab) — 6ba + 3a® + 3uza?)) + 6uzc — 6uzb + 7 (3d* — 6cd + 3uzd?* + 3c2

— 6ugdc + 3uzc?)
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3. Fora = {((a,b,c,d); ws, uz, yz), the X(a)r is com-
puted as:
b b— x+ya(x a)xdx+ axdx—l— d x— c+),,(d X) xdx
L = by

d—c

fb b— x-;)j;x a>dx+fb yadx +fd x— C+ya(d X)dx

a

X@r =

%a fab(b —x 4+ yz(x —a))xdx + y; /b' xdx + ﬂ fc (x —c+ yz(d — x))xdx

e S (b = x + yalx — @)dx + ya fy dx + 74 [0 = c + ya(d — x))dx
ix2 — yzax)dx + y; fbc xdx + dlc fcd()c2 — ex + yzdx — yzx?)dx
f (b —x + yax — yza)dx + yz [5 dx + - fcd(x — ¢+ y;d — yzx)dx

S SAEE >|b+ya§|2;+ﬁ (%3 — X 4 yadS — ya ';)Id
ﬁ (bx e yaaX)> b+ yaxl + 7= (f — cx + yzdx — ya%) |4
5 (3bx? — 223 + 2y;x% — 3yzax?)|b + 3yzx?S + d L (2x% — 3ex? + 3yzdx? — 2y;x3)|¢
ﬁ(&)x —3x2 4+ 3yzx2 — 6yzax)) |k + 6yaxly, + 7= (3x — 6cx + 6yzdx — 3yzx2)|4
7= (0 + 2yb% — 3yzab® — 3ba® + 243 + yza®) + 3yzc? — 3yzb* + ﬁ(2d3 —3cd? + yzd3 + 2 — 3yzdc? + 2y;c)
bia (=3b% 4 3y;b% — 6yzab) — 6ba + 3a2 + 3yza?)) + 6y;c — 6y;b + 7= (3d2 6cd + 3yzd% + 3c2 — 6yzdc + 3yzc?)

N‘*

5. Fora = {(a, b, ¢, d); wg, uz, yz),the Y (a) is computed
as:

fula ((a—b)}lz-i_-l(lli—au,;)) ydy — fl. ((d—c)ﬁf;é—du;,)) ydy
ful,} ((a b)y:(ﬁ aua>) dy — f ] ((d C)yffﬁ dua>> dy
e (@? = by + by —augy)dy — [, (dy? — cy? + ¢y — dyug)dy
B fula(ay—by—f-b—aud)dy —fu]é(dy—cy+c—du&)dy
(2ay’ — 2by® + 3by? — 3auzy?)|L — (2dy? — 2¢y? + 3cy? — 3dy?uz)|}
T (3ay? — 3by2 + 6by — 6ayua~)|g,: — (3dy? = 3cy? + 6cy — bdyuz)|), ]

_ 2a+b—3auz —2d — c +3du; + 2buz’ — 3buz® + auz® — 2cuz + 3cuz? — duz’
" 3a +3b — 6au; — 3d — 3¢ + 6dug + 3buz? — 6bu; + 3auz? — 3duz? — 3cuz? + 6cu;

Y(a) =

4. Fora = {(a, b, c,d); wz, ugz, yz),the Y (a)r is computed
as:

07 (a+ Ly ) vy - fy (d - 429 y) ydy
o (a+ G0y dy = [ (d = “42y) dy
_ Jo awg + (b — @)y)ydy = [¢7 (dwz — (d = )y)ydy
Jo Hawg + (b — a)y)dy — [ (dwg — (d — ¢)y)dy
Bay*wg + 2by* — 2ay®)|g" — (3dy?wg — 2dy* + 2cy?)|"
(6aywg + 3by? — 3ay?)[g? — (6dyw — 3dy2 +3cy?)|g"
aw& +2bw& 7dw& —2c wg
3bw§ + 3aw§ — 3dw[% — 3cw§
_ . a +2b—d—2c
= Y3y 30— 3d — 3¢

Y(@r =
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6. Fora = ((a,b,c,d); wz, uz, ysz), the Y(a)g is com-
puted as:
I-yz

Ya I-yz

fl ((a—h)y+(b—aya)) ydy — fyla ((d—C)er(c—dya)

) ydy

Y(@r =

Ya I=ya Ya I-y;

1 ((a—b)y+(b—aya)>dy —fl ((d—C)er(c—dya)

o

1 1
 Jy,(ay? = by? + by —ayay)dy — [, (dy? —cy® +cy — dyyz)dy

[y (ay = by + b —aya)dy — [, (dy — ey + ¢ — dyz)dy
_ Qay? —2by* +3by? — 3ayay?)ly, — Qdy’ —2cy® +3cy® —3dy*ya)ly,

(3ay? — 3by? + 6by — 6ayyz)|}. — (3dy? — 3cy? + 6cy — 6dyya)l).
2a + b —3ay; —2d — c + 3dy; + 2by;> —3by;> + ay;® — 2cyi® + 3cyz? — dygd

= 3a +3b — 6ayz — 3d — 3¢ + 6dys + 3bya2 — 6bys + 3aya® — 3dya? — 3¢ya2 + 6¢ya

Example4.3 Leta = ((1,3,5,7);0.5,0.7,0.3) be SVIN-
numbers and C(a) be centroid point of a. Then, X(a)r,
Y(a)r, (X(a)r, Y(a)r), (X(@)F and Y(a)F are given as:

1. X(ZI)T — Wi add—ad’+b3c—a’c—b3c+ac

3 @2d—db2+b2e—ale—btact—ad® 0.0658

Clearly, C(a + b) # C(@) + C(b) and C(a - b) # C(a) -
c).

e (D3 42u5b3 —3uzab® —3ba> +2a’ +uza)+3uzc? —3ugb*+ 7 2d3 —3ed? +uzd +2 —3ugzdc +2uzc?)

2. X a = =
@i e (—=3b2+3u b2 —6uzab) —6ba-+3a%+3uza2))+6uzc—6uz b+ o (3d2—6cd+3uzd2+3c2 —6uzde+3uzc?)
9.3722
3. X@)p = g (034253 —3yzab? —3ba?+2a° +yza”)+3yac? —3yab?+ 7z (2d° —3cd?+y;d 2 =3yzd P +2y;¢Y)
: F o T (362 13y,b7—6yab)—6ba+3a2+3y32)) +6y3c—6yab+ 1= (B3d2—6cd+3yad>+3¢2—6yzdc+3yac2)
—1.6705
~ . at+2b—d—2¢c __
4. Y( @)1 = wagp3,-35-5c = 0.2083
5. Y(@); = 2a+b—3auz;—2d—c+3duz+2bug’> —3buz*+auz> —2cuz’ +3cuz? —dug?
' 4 3a+3b—6au;—3d—3c+6duz+3bug?—6buz+3auz?—3duz*—3cuz+6cu;
= 0.0355
6. Y@y = 2a+b—3ay; —2d—c+3dy; +2by;> —3byz*+ayz® —2¢yz 3 +3cyi> —dys?
’ 0 2F] 49 3a+3b—6ay; —3d—3c+6dy;+3by;2—6by;+3ay;2—3dyz2—3cyz2+6¢y;

Remark 4.4 Let @ = ((ay, by, c1,d1); wa, ug, vz) and b =
((az, b2, 2, dr); wi, ug, y;) be two SVIN-numbers. Then,
we have C(aG+b) # C(a)+C(b) and C(a.b) # C(a).C(b).

Example 4.5 Let @ = ((4,5,6,8);0.5,0.2,0.9) and b =
((2,5,6,10);1,0.2,0.1) be two SVTN-numbers. Then, we
have @ + b = ((6, 10,12, 18); 1,0.2,0.1).

Now, we compute the C (@), C(b), C(a+b), C(a)+ C(b)
and C(a.b) and C(a).C(b) as:

Definition4.6 Let a = ((a,b,c,d); w;, ugz, y;) be an
SVTN-number and ((X(a)r,Y(@)7), (X(a)r,Y(a)y),
(X(a)F, Y(a)r)) be a centroid point of the SVTN-number
a. Then,

1. Hamming ranking value of a denoted H (a) is defined by

H(a) = |X@rt —Y@r|+1X@; - Y@+ |X@r,Y@r]|

C(@) = ((0.9142, 0.2000), (0.5478, 0.1673), (0.1152, 0.0018))
C(b) = ((1.7679,0.3703), (—3.7033, 0.2604), (—2.7262, 0.3308))
C(@@+ b) = ((3.8918, 0.3809), (—0.2652, )0.2181, (0.1658, 0.2850))
C@) + C(b) = ((2.6822,0.5703), (—3.1555, 0.4278), (—2.6109, 0.3326))
C(@a - b) = ((15.3572,0.3775), (788.3783, 0.3467), (—682.4267, 0.4162))and
C(@@) - C(b) = ((1.6164, 0.0740), (—2.0288, 0.0436), (—0.3143, 0.0005))as;

@ Springer



A novel defuzzification method of SV-trapezoidal neutrosophic numbers and multi-attribute...

12539

Table 7 Ranking of & and b
based on centroid point

SVTN-numbers H(a) H(E) E@) E( 5) Ranking
a=1{1,3,5"7)0.5,0.7,0.3)
b=1{(2,3,4,5):0.3,0.7,0.6) 11.3645 1.0482 9.5262 0.6244 asb

2. Euclidean ranking value of @ denoted E (a) is defined by

E@) =IX@r —Y@rP+IX@; — Y@;1* + |X@r. Y@r?

Definition 4.7 Let a = ((ai, b1, c1,d1); wz, uz, y;) and
b = ((a2, b2, c2.d2); wy, uz. yj;) be two SVTN-numbers
and K € {H, E}. Then, an approach of ranking @ and b is
given as:

1. K(a) > K (b) if and only if &
2. K(a) < K(b) if and only if a
3. K(@) = K(b)ifandonly ifa = b

AV

b
b

Example 4.8 Let @ = ((1,3,5,7);0.5,0.7,0.3) and b =
((2,3,4,5);0.3,0.7,0.6) be two SVTN-numbers and C(a)
and C(b) be centroid point of @ and b, respectively. Then,
C(a) and C(E) are computed as:

C(a) = ((0.0658, 0.2083), (9.3722, 0.0355),
(—1.6705, 0.2149))

and

C(b) = ((0.3559, 0.125), (0.3939, 0.0216),
(0.4852, 0.0402)).

Therefore, we can compare as Table 7.

Remark 4.9 Let a = ((ay, by, c1,d1); wg, ug, y;) and b=
((aa, by, c2, dr); Wi, Uf, Vi) be two SVTN-numbers. Then,
we have

H(a+b) # H(a) + H(b)
E(a+b) # E(@) + E(b)
H(@-b) # H() - H(b)
E(@@-b) # E(@) - E(b)

Sl e

Example 4.10 Let we consider Example 4.5. Then, we com-
pute the H(a), H(b), H(a + b), H(a + b), H(a - b) and
H(@) - H(b) as: H(@) = 1.2082, H(b) = 8.4185, H(a +
b) = 4.1135, H(a)+ H (b) = 9.6267, H(a-b) = 1485.8542
and H(@) - H(b) = 10.1714

Clearly, H(a+b) # H(a)+H(b)and H(a-b) # H(a)-
H(b).

Similarly, we compute the E (a), E(b), E(a+b), E(a+b),
E(a-b) and E(a) - E(b) = as:

E(@) = 0.8172, E(b) = 5.1972, E(@ + b) = 3.5460,
E(@) + E(b) = 6.0144, E(a - b) = 1042.8291 and E(a) -
E(b) = 4.2472

Clearly, E (@ + b) # E(a)+ E(b) and E(a - b) # E(a) -
E(b)

5 Multi-attribute decision-making problem
based on centroid points of SVNT-numbers

5.1 Problem description

Regarding a multi-attribute decision-making problem, assume
X = (A, Ay, ..., A;) be a set of alternatives, U =
(w1, uz, ..., uy,) is the attribute set, and a;; = ((aij, bij, cij,
dij); T&i_/’ I&j’ F&ij) is the decision-making matrix based on
Table 8, where g;; represents the SVTN-number attribute
value of the jth attribute u; of the ith alternative A; ,1 <
i < m,1 < j < n. Moreover, the attribute weight
is given in the form of an SVTN-number, that is, the
attribute weight vector W = (i, W2, . .. Wy), where W i =
((aj,bj,cj,dj); TU?/_, 1. , F. )represents the weight of the

wj’ T wj
jth attribute u ;.

5.2 Decision-making steps

Step I Give the linguistic decision-making matrix [&;; | xn
according to the attribute value of the jth attribute u ; of
the ith alternative A; ,1 <i <m,1 <j <n.

Step 2 Convert the linguistic decision matrix [&;;lmxn

into the SVTN-number decision matrix.

Step 3 Give the linguistic weights of the attributes.

Step 4 Find the weights of the attributes.

(a) Convert the linguistic weights of the attributes. The
weight information of the attribute weight is given in
the form of an SVTN-number, that is, the attribute
weight vector is W= (wy, Wy, ... w,), where w; =
((aj, bj, Cj, dj); le_/" 1

(b) Obtain the Hamming ranking value H (W) based on
C(w;), using Definition 4.1, of the SVTN-number
w; (or Euclidean ranking value E(w;)),

(¢) The normalized weight w; of the jth attribute u ; can

be computed as:
orwi = — L)
LY E))

Step 5 Find the expected value EV(4;) = Ggo(ai1,
aj,...,a;y) (for 1 < i < m) of ith alternative A;,
according to

iy T )

o H@)
! 27:1 H(w,)

forl <j <n.

@ Springer



12540

i. Deli

Table 8 SVNT-numbers for linguistic terms of the decision matrix

Linguistic terms Linguistic values of SVNT-numbers H(a) E(a)
Very very absolutely low (VVAL) <(4, 5,6,8);0.5,0.2, 0.9) 1.2082 0.8172
Very absolutely low (VAL) <(2, 3,4,5);0.8,0.7, 0.6) 1.4331 0.8460
Absolutely low (AL) ((3,4,5,6);0.5,1,0.3) 2.1297 1.2777
Very very low (VVL) ((4, 5,6,7);0.60.2, 0.3) 3.0916 1.8525
Very low (VL) ((1, 2,3,4);0.1,0.5, 0.9) 3.1401 2.5715
Low (L) ((6, 10,12, 18); 1, 0.2, 0.1) 4.1135 3.5460
Medium (M) ((8, 9,10,11);0.9,0.7, 0.1) 5.2685 3.1347
Very medium (VM) ((5, 7,8,15);0.6,0.7, O.l) 7.2209 4.4017
Very very medium (VVM) (5,7,8,9);1,0.2, 1) 7.7674 4.7667
Absolutely medium (AM) <(2, 5,6,10);1,0.2, O.l) 8.4185 5.1972
Very absolutely medium (VAM) <(f 4,—-3,0,7);0.6,0.2, 0.3) 8.4117 5.6475
Very very absolutely medium (VVAM) <(0, 4,5,6);1,0.7, 0.6) 9.1213 6.6929
High (H) ((— 1,0, 10, 15); 0.1, 0.9, 0.3) 9.3703 6.1970
Very high (VH) ((3, 5,10, 16); 0.5, 0, 0.3) 10.7485 7.1842
Very very high (VVH) ((— 10, —4,5,6);0.4,0.7, 0.6) 19.6502 11.5976
Absolutely high (AH) ((2, 7,8,9);0.3,0.5, 0.6) 23.7577 16.6756
Very absolutely high (VAH) ((1, 5,10, 15); 0.5, 1, 0.3) 36.1111 26.9757
Very very absolutely high (VVAH) ((8, 25,36, 80); 1,0.2, 0. 1) 1485.8542 1042.8291
'Itable.9. SVNT—numbc?rs for Linguistic terms Linguistic values of SVNT-numbers H(a) E(a)
linguistic terms of attribute
weights Absolutely high (AH) (0.1,0.2,0.3,0.4); 0.1,0.2,0.1) 1.5386 1.0655
High (H) (0.3,0.5,0.8, 1); 0.60.20.3) 1.0359 0.6696
Absolutely medium (AM) (0,0.1,0.3,0.9); 0.5, 0, 0.3) 0.8592 0.5098
Medium (M) (0.4,0.5,0.8,0.9); 0.6, 0.7, 0.1) 0.6440 0.4096
Low (L) (0.5,0.6,0.7,0.8); 1, 0.2, 1) 0.5249 0.3273
Absolutely low (AL) (0.5,0.6,0.7,0.9); 0.8, 0.7, 0.6) 0.3262 0.2007

n

n n
EV(Ai)=<<Zaij>kw]', bij*wj,Zcij*wj,
=1

j=1 Jj= Jj=1
n n n n
>dyxwy ) A was VeV i)
j=1 j=1 =1 j=1

Step 6 Compute the Hamming ranking value H(EV(A;))
based on C(EV(A;)) of the SVTN-number EV(A;) for
1 <i < m; (or Euclidean ranking value E(EV(A;)),
Step 7 Rank all alternatives A; for alli, 1 < i < m by
using the H(EV(A;)) (or E(EV(A;)) and determine the
best alternative.

Now, we give an example from Chan and Kumar (2007),
Wangetal. (2012) and Zhang (2018) to illustrate the proposed
methods.

@ Springer

5.2.1 Application

Suppose that the problem discussed here is concerned with
a manufacturing company, search the best global suppliers
for one of its most critical parts used in assembling pro-
cess (adapted from Chan and Kumar 2007, Wang et al. 2012,
Zhang 2018). There are potential global suppliers to be eval-
uated with four attributes: (1)u; : quality of the product,
(2) uy : risk factor, (3) u3z: service performance of supplier
and (4) uy4 : suppliers profile. An expert uses the linguistic
terms shown in Table 8 to represent the characteristics of the
potential global suppliers A; (i = 1,2,3,4,5) with respect to
different attributes u; (i = 1,2,3,4). Also, same expert uses
the linguistic terms shown in Table 9 to represent attribute
weights.
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Table 10 The linguistic decision matrix provided by expert

ui uz us3 usg
Ay VVM VAM VVAH VVH
Ay VVL VVAL VVM AM
Az VM VAH VVAH VL
Ay VVL VVAM VVAH VVM
As VVL VVAH VH AL

Table 11 The decision matrix provided by expert

Ul uz
Ay (5,7,8,9;1,0.2,1) ((—4,-3,0,7);0.6,0.2,0.3)
Ay ((4,5,6,7):0.60.2,0.3) (4.5.6,8):0.5,0.2,0.9)
Az ((5,7,8,15);0.6,0.7,0.1)  ((1,5,10,15); 0.5,1,0.3)
Ay ((4,5.6,7):0.60.2,0.3) ((0,4.5.6):1,0.7,0.6)
As  ((4,5.6,7):0.60.2,0.3) ((8,25,36,80): 1,0.2,0.1)

us Uy

A1 ((8.25,36,80);1,0.2,0.1)  ((—10,—4,5,6);0.4,0.7,0.6)
Ay (5.7,8,9):1,02,1) (2,5,6,10);1,0.2,0.1)

Az ((8,25,36,80);1,0.2,0.1)  ((1,2,3,4);0.1,0.5,0.9)

Ay ((8,25,36,80);1,0.2,0.1)  ((5,7,8,9);1,0.2,1)

As  ((3,5,10,16);0.5,0,0.3) (3,4,5,6);0.5,1,0.3)

Table 12 The linguistic weights
of the attributes evaluated by the

expert M AL AH AM

Table 13 The weights of the attributes

uj uz

((0.4,0.5,0.8,0.9); 0.6,0.7,0.1)  ((0.5,0.6,0.7,0.9); 0.8, 0.7, 0.6)

us3 Ug

((0.1,0.2,0.3,0.4); 0.1,0.2,0.1) ((0,0.1,0.3,0.9); 0.5,0,0.3)

Step 1 We give the linguistic decision-making matrix
[aij]5x4 in Table 10.

Step 2 We converted the linguistic decision matrix
[aij]5x4 into the SVITN-number decision matrix in Table
11.

Step 3 We give the linguistic weights of the attributes in
Table 12.

Step 4 We found the weights of the attributes as:

(a) We converted the linguistic weights of the attributes
in Table 13.

(b) We obtained the Hamming ranking value H (i ;) (for
1 < j < 4) of the SVIN-number w; based on
C(w;), using Definition 4.1 as:

H (W) = 0.6440
H () = 0.3262
H(W3) = 1.5386
H(W4) = 0.8592

(c) The normalized weight w; of the jth attribute u;
based on centroid point C(w ;) of the SVTN-number
w; using Definition 4.1 can be computed as:

W = (w1, wa, w3, wa) = (0.1912, 0.0968, 0.4568, 0.2551)

Step 5 We calculated the expected value EV(A;) =
Gaolai, aia, ..., aiy) (for 1 <i < 5) of ith alternative
A; as:

EV(A)) = ((1.6718, 11.2564, 19.2504, 40.4746); 0.4,0.7, 1)
EV(Ay) = ((3.9465,5.9136, 6.9136, 8.7758); 0.5, 0.2, 0.1)
EV(A3) = ((4.9625,13.7533, 19.7089, 41.8866); 0.5, 1, 0.9)
EV(A4) = ((5.6949, 14.5496, 20.1177, 40.7607); 0.6, 0.7, 1)
EV(As) = ((3.6755, 6.6822, 10.4781, 17.9275); 0.5, 1, 0.3)

Step 6 We computed the Hamming ranking value
H(EV(A;)) based on C(EV(A;)) of the SVTN-number
EV(A;) forl <i <5 as:

H(EV(A;) = 64.9339
H(EV(Ay) = 2.4027
H(EV(A3) = 109.5658
H(EV(A4) = 183.4800
H(EV(As) = 208.0349

Step 7 We ranked all alternatives A; foralli, 1 <i <5
by using the H(EV(A;)) as:

As > Ay > A3 > A1 > Ay

Similarly, we use the Euclidean ranking value E(EV (4;),
then we have

As > Ay > A3 > A > Ay

The best alternative is As.

@ Springer
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Table 14 Comparative examples of the proposed ranking process with the existing ranking process

Methods The final ranking

The best alternative(s) The worst alternative(s)

Method 1 (Deli and Subas
2017a) (0 = 0.1)

Method 2 (Biswas et al. 2016a)
((x, w,v) =(0.5,0.5,0.5))

Method 3 (Ye 2017)

Method 4 (Liang et al. 2017b)
Method 5 (Liang et al. 2017a)
Method 6 (Ye 2015)
Proposed method

As > Ay > Ay > A1 > Az

Ay > A3 > A1 > As > Ay

Ay > Al > A3 > A5 > Ap
Ay > Al > A3 > A5 > Ap
Ay > Al > A3 > A5 > Ap
Ay > Al > A3 > A5 > Ap
As > Ay > A3 > A1 > Ay

As Al
A4 A2
Ay Az
Ayg Az
Ay Az
Ay Az
As Az

5.3 Significance of the proposed method

Here, we are using for, an SVTN-number a = ((a, b, ¢, d);
wg, Uz, Ya), a truth-membership function 7; : R — [0, 1],
an indeterminacy-membership function I; : R — [0, 1]
and a falsity-membership function Fj R — [0,1] to
obtain a single score. If we obtain a truth-membership score,
an indeterminacy-membership score and falsity-membership
for an SVTN-number ranking of an SVTN-number fail if
truth-membership score of aj, truth-membership score of
ay, indeterminacy-membership score of aj, indeterminacy-
membership score of a; and falsity-membership score
of aj, falsity-membership score of @, where a; and aj
are two SVTN-numbers. Getting a single score involv-
ing truth-membership, an indeterminacy-membership and
falsity-membership degree overcome that situation. This
new scoring method has wide applications in various fields
such as: economics, decision making, game theory,...for
extending equilibrium in the fuzzy sense to single-valued
neutrosophic sense, these notions can be used.

5.4 Comparative analysis of the proposed method
with the existing methods

In application Sect. 5.2.1, we compare the proposed method
with other existing methods in the literature and comparison
results are presented in Table 14.

As can be seen from Table 14, the ranking of the alterna-
tives found by different methods is often similar. Therefore,
the results are verified through comparative analysis.

The comparative results are given for the justification of
the proposed method with the existing ranking in Table 15.
The advantages of the proposed ranking method are:

@ Springer

1. The proposed ranking method can be applied for SVTN-
numbers, which reflects the uncertainty suitably.

2. The proposed ranking technique based on centroid point,
hamming ranking value and Euclidean ranking value is a
flexible method when compared with other existing meth-
ods.

6 Conclusion

In this paper, we gave all the existing ranking methods of
SVTN-numbers. Then, we firstly defined the concept of cen-
troid point and examined several useful properties of the
concept. Secondly, we developed hamming ranking value
and Euclidean ranking value of SVTN-numbers to compare
the SVTN-numbers. Thirdly, we proposed a novel defuzzi-
fication method to MADM with linguistic information and
gave a real example deal with manufacturing company to
illustrate the feasibility and effectiveness of the developed
approach. Finally, we presented some examples to compare
the proposed method with the existing ranking results and
the results verified through comparative analysis. With the
proposed method, many MADM and optimization problems
of uncertain nature can be solved. In spite of existing ranking
methods, no one can rank SVTN-numbers with human intu-
ition consistently in all cases. Therefore, we pointed out the
shortcoming of some recent ranking methods and introduced
a novel defuzzification method for ranking SVTN-numbers.
The developed hamming ranking value and Euclidean rank-
ing value are simple and have consistent expression on the
horizontal axis and vertical axis. In future, we will apply the
proposed ranking technique to linear programming, game
theory, medical diagnosis, and so on.
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