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Abstract

In today’s world, environmental problems are becoming increasingly serious, and countries and regions are attaching great
importance to them. Low-carbon and circular economy have become a strategic choice for China’s sustainable economic
development. As the public’s awareness of environmental protection becomes stronger and stronger, the managers of
companies ought to consider the maximum economic benefits. Meanwhile, they are supposed to focus on the green image
of enterprises, so as to win in the market competition. The probabilistic linguistic term sets (PLTSs) are useful for
expressing uncertain and fuzzy cognitions of the DMs over attributes. In this paper, we extend the Evaluation based on
Distance from Average Solution (EDAS) method to the multiple attribute group decision making (MAGDM) with PLTSs.
Firstly, concept, comparative formula, and distances of PLTSs are introduced in a nutshell. Then, the extended EDAS
method is used to cope with the problems of MAGDM in PLTSs. In addition, for the sake of verifying the applicability of
the expanding method, a calculation example about the sorting of green supplier is utilized. Consequently, the example
shows that the method is easy to understand and operate. This method can be employed to choose the appropriate solution
in other problems of selecting.

Keywords Multiple attribute group decision making (MAGDM) - Probabilistic linguistic term sets (PLTSs) -
Information entropy - EDAS method - Green supplier selection

1 Introduction

In real life, the social and economic environment is com-
plex, and human thinking habits are fuzzy. Therefore, the
decision makers (DMs) may have their preferences to
evaluate the objects by taking advantage of the linguistic
terms instead of utilizing the accurate numbers (Feylizadeh
et al. 2018; Wei et al., 2020a, 2020b; Yu et al. 2017, 2018;
Zhang et al. 2020). For instance, the DMs might utilize
“poor”, “moderate” and “good” when describing satis-
faction with a car. To facilitate the description of
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qualitative evaluation information, Herrera and Martinez
(2000) gave a definition of the 2-tuple linguistic terms sets
(2TLTSs) for tackling the language evaluation information.
Herrera and Martinez (2001) extended the language 2-tuple
to multi-granular hierarchical language environment for
handling MAGDM. Especially, the hesitant fuzzy linguistic
term sets (HFLTSs) are came up with by Rodriguez et al.
(2012) on the foundation of HFSs (Torra 2010) and LTSs
(Zadeh 1975) used to allow DMs to give a couple of
possible linguistic variable. After the HFLTSs were
defined, Wei et al. (2014) raised some operations for this
fuzzy environment, and also possibility degree formulas
are applied to compare the size of two HFLTSs. Liao et al.
(2015) came up with the VIKOR method of HFLTSs for
the study of qualitative decision-making problems by tak-
ing advantage of the calculation model of VIKOR. Inspired
by the previous scholar, Wang et al. (2016) proposed a
probabilistic multi-hesitation fuzzy language information
to evaluate logistics outsourcing based on the calculation
model of TODIM. The entropy and cross-entropy of
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HFLTSs are calculated by Gou et al. (2017a). Zhang et al.
(2018) developed a novel consistency construction process
for MAGDM using HFLTSs. Wu et al. (2019) defined
compromise solutions for MAGDM using HFLTSs. Liao
et al. (2018a, b) did a careful research about the ELECTRE
II technique under the context of HFLTS and exploited two
newfangled methods: ELECTRE II model on the basis of
fractional deviation and ELECTRE II model by calculating
positive and negative ideal. Wei (2019) used HFLTSs
information to explore MADM’s generalized dice simi-
larity measurement.

However, the majority of the existing studies on
HFLTSs focus on all possible values offered by the DMs
with weight or significance which are equal (Chakraborty
and Zavadskas 2014; Rikhtegar et al. 2014; Zavadskas
2013). Obviously, this does not jibe with reality. These
possible values may distribute differently in both inde-
pendent and group decisions. Thus, Pang et al. (2016)
raised the PLTSs to get over this limitation and defined a
computational model for sorting PLTSN with score degree
or deviation degree. By applying two equivalent transfor-
mation functions, Gou and Xu (2016) proposed some laws
of operation for HFLEs as well as PLTSs. On the foun-
dation of geometric Bonferroni mean, Liang et al. (2018)
came up with the probabilistic linguistic grey relational
analysis (PL-GRA) to solve MAGDM. Lin et al. (2019)
extended the ELECTRE 1II technique into PLTSs to edge
calculation. Liao et al. (2019) researched the newfangled
operations of PLTSs in combinations of ELECTRE III
method. Chen et al. (2019) used PLTSs-MULTIMOORA
to do with the selection of cloud-based ERP system. Cheng
et al. (2018) studied multi-attribute decision problems of
interactive venture capital group in probabilistic language
context. Zhai et al. (2016) came up with the PLVTSs to
expand the applied range of multi-granular linguistic
information. Lu et al. (2019) used TOPSIS method for
probabilistic linguistic MAGDM with entropy weight, and
they applied it in selecting supplier of new agricultural
machinery products.

Keshavarz Ghorabaee et al. (2015) defined the EDAS to
solve the MCIC problems which can also be used for
MADM or MAGDM problems. The EDAS method has
high efficiency and a small amount of computation in
contrast to other decision-making methods. Keshavarz
Ghorabaee et al. (2016) extended the EDAS method to
work out the MADM problems and applied it in selecting
supplier. Stevic, Vasiljevic, Zavadskas, Sremac, as well as
Turskis (2018), adopted the fuzzy EDAS method to con-
firm the wood manufacturer. Liang (2020) designed an
EDAS method for MAGDM under intuitionistic fuzzy
environment. Keshavarz Ghorabaee et al. (2017a) proposed
an extended EDAS technique which was utilized to tackle
MAGDM and ITFSs in multi-criteria subcontractor
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evaluation problems. On the basis of normally distributed
data, a random EDAS method was came up with by
Keshavarz Ghorabaee et al. (2017b). Zhang et al. (2019a)
united the EDAS method with the P2TL information, then
they applied it to a practical problem. The RR phenomenon
in EDAS method and conducted simulation analysis with
TOPSIS method was broken down by Keshavarz-Ghor-
abaee et al. (2018) analyzed. Zhang et al. (2019b) designed
the EDAS method for MCGDM, which uses the fuzzy
information of picture to select green suppliers. Under
g-rung orthopair fuzzy environment, Li et al. (2020) took
advantage of the EDAS method for MAGDM.

However, there is no currently any research on the
application of EDAS method in the combination of
MAGDM and PLTSs. Therefore, it is needful to keep a
watchful eye on this issue. This paper’s purpose is to
expand the EDAS technique under the PLTSs context and
the ultimate goal is to solve the MAGDM. The planning of
the manuscript is able to generalized as below: (1) the
EDAS technique is expanded by PLTSs; (2) the PL-EDAS
technique is put forward to cope with the decision-making
problems which have the characteristics of PLTSs; (3) a
calculational example about the selection of green supplier
is carried out to test the designed approach; (4) some
contrast studies are given with the PLWA operator, PL-
TOPSIS technique and PL-GRA technique to check the
rationality of PL-EDAS technique.

The remaining chapter of this manuscript is planned as
shown below. Section 2 presents some fundamental prin-
ciple related to PLTSs. In Sect. 3, the EDAS technique
with PLTSs is derived. In Sect. 4, taking green supplier
selection as an example, a comparative analysis is made. In
Sect. 5, there are some primary conclusions of this
manuscript.

2 Preliminaries

Firstly, Xu (2005) raised the additive linguistic scale.
Meanwhile, the transformation function between the lin-
guistic terms and [0, 1] was raised Gou et al. (2017b).

Definition 1 (Gou et al. 2017b; Xu 2005). Let L =
{lylo =-0,...,-2,-1,0,1,2,...0} be an LTS Xu
2005), the linguistic terms [, can depict the equivalent
information to f which is derived through the transfor-
mation function g(Gou et al. 2017b):

o+ 0
==y 1)

8" [l,(),lo] - [07 1]7 g(lot)
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Additionally, 8 can depict the equivalent information to
the linguistic terms /, which is derived through the trans-
formation function g~!

1[0, 1] — [1-g, o],

Definition 2 (Pang et al.

g (B) =lap-1y0 =1L (2)
2016). For a given LTS

L={lj=-0,---,-2,-1,0,1,2,---0}, a PLTS is
defined:
L(p)
L(p)—{z<">>(p“/’>) 9 Lp® 20, 6= 1,2 40P, S P <1 }
(/):
3)

What 1) (p(?)) means is the probability value p(®) of the
$th linguistic term [(?), and #L(p) is the length of lin-
guistic terms in L(p). Accordingly, I'#) in L(p) is ranked in
ascending order.

For the sake of calculation, the PLTS is normalized by

Pang et al. (2016) L(p) as L(p {z (P [1#)
#Lp

L7ﬁ<¢)205 ¢: 17277#14(]7) Z p - 1}’ Where

#L(p
plo) = pl#) 3 p\®) forall ¢ =1,2,.. L F#L(p).

=1

Definition 3 (Pang et al. 2016). Given L=
{ll‘d:—0,...,—1,0,1,...0} be an LTS’ El(ﬁ):
{I0(37) ¢ =12, #L (B}  and L) =

{l(zd’> (ﬁé(b))’ ¢=1,2,---, #I:z(ﬁ)} be two PLTSs, where

#L,(p) and #L,(p) are the numbers of L;(p) and Ly (p),
respectively. If #L,(p) > #L,(p), then L,(p) should be
added to #L,(p) — #L,(p) linguistic terms to L (p). Fur-
thermore, the linguistic terms which added newly should be

the smallest linguistic term in L, (p), also, the probabilities
of these should be zero.

Definition 4 (Pang et al. 2016). Regarding a PLTS L(p) =
{19) (¢ )’ ¢ =1,2,...,4L(p)}, the scoring s(L(p)) and
deviation degree o (L(p)) of L(p) are recorded as:

#L(p) #L(p)
s(L) = >_ slL > 7 4)
¢=1
N #LE) , JHW
a(L(p)) = (¢(L(p)) ) — s(L(p))) / S 5
g1 poi

Using Egs. (4)—(5), the size relation between the two
PLTSs is displayed as: (1) if s(L;(p)) > s(L>(p)), then

Li(p) > Ly(p): @ if s(Li(p)) =s(L2(p)). then if

(Ll (ﬁ)) o f, 2(p )) then Li(p) = L(p); if
a(Li(p)) <o (La(p)), then, Ly (p) > Ly (p).
Definition 5. Let L = {l,Jo = —6,---,—1,0,1,---6} be

an LTS. And let L}(ﬁ):{lg"’)(pﬁ))m:l,z,...,

#0(p)-yand () = {87 (5) | ¢ = 1,2, #12(p))
be two PLTSs with #L, (p) = #L,(p), then the distance of
Hamming d(L;(p),L»(p)) between L(p) and L(p) is
depicted as below:

#LW’ @\ _ A0 (1)
d(Li(p),L2(p)) = 24 ( (l[) 12 g(z2 ))

#L1(p)

(6)

3 EDAS method for probabilistic linguistic
MAGDM problems

In this subsection, an extending PL-EDAS method will be
brought in. The following is a description of how to solve
the problem of probabilistic language MAGDM. Let A =

{A1,Az,...,Ay,} be a group of alternatives, and G =
{G1,Gs,...,G,} be attributes with the weight vector
w= (w;,wy,...,w,),  where efo,1]j=1,2,...

n,y_wj=1, and dz{dhdz,...,dq} be a bunch of
=1

experts. Assume that there are n qualitative attributes
G ={G1,G,,...,G,}, furthermore, each expert gives
assessment to the values and describes these as linguistic
expressions lf;

Then, PL-EDAS technique’ calculation steps are as
below:

Step I Transform the linguistic evaluation information li;
into PL decision matrix L = (Ly(p)) . L(p) = {lfj@

mxn
()
| =1,2,.. . #L;(p)}i=1,2,...,mj=1,2,...,n).

Step 2 The standard probabilistic linguistic decision
matrix L = (ljy (ﬁ)) is determined.

mxn

Step 3 Determine the attributes’ weight.

Entropy is a traditional term in informative theory which
known as the average (expected) amount of information
including each attribute (Ding and Shi 2005). If a given
attribute has higher entropy, the smaller the score differ-
ence between the alternative and the attribute. This means
that such attributes provide less information and have less
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weight. Firstly, the standard decision matrix Nl:ij (p) can be "
obtained as below: PLSN; = Z w;iPLNDA;, (20)

iy = o o))
’ Zz#h(ﬁ) ( (l ¢)))

Thereafter, the vector of entropy E; is computed:
1 mo o~ ~
Zizl NL;(p) InNL;(p) (8)

Inm
and NL; () InNL;, ;(P) is regarded as 0, if NLU(p) =0.
Finally, the Welght w = (wy,wa,...,w,) is computed:
1-E .
= Jj=1,2,..,
Zj:l (1 - EJ)

Step 4 Obtain the probabilistic linguistic AV in accor-
dance with all attributes:

, Jj=1,2,...n,

(7)

E =—

n. 9)

Wi =

PLAV = (PLAV;), (10)

PLAV, = { 2 ( )| p=12,.. ,#Lz:f(p)} (11)
mo ) gm0 (9)

IJ@) (pj@)) _ Zl;;l ij <er1npy ) (12)

Step 5 The PLPDA and PLNDA matrix can be got by
Egs. (13-18) in view of attribute type (benefit or cost).

PLPDA = [PLPDA;] (13)
PLNDA = [PLNDAy]|, (14)
If jth attribute is beneficial type,

max (o, d(i,.j(ﬁ), PLAVj))

PLPDA; = S(PLAV) (15)

PLNDA. _ Max (0,d(PLAV; — L;(p))) (16)
Y s(PLAV))

If jth attribute is cost type,

o (0 d(PLAV,, U(p))) -
i s(PLAV))

PLNDA. max (O, d (I:U (/28 PLAV_,-) ) s
v s(PLAV)) (18)

Step 6 The weighted sum of PLPDA and PLNDA can be
obtained by Eqgs. (19) and (20), accordingly:

PLSP; = Y w/PLPDA;, (19)
=1
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Step 7 The value of PLSP and PLSN for each alternative
can be normalized by Egs. (21) and (22):

PLSP;
PLNSP, — _ TSP (21)
max(PLSP),
PLSN;
PLNSN; =1 ————— 22
max (PLSN;) (22)

Step 8 The PLAS can be determined by Eq. (23)

PLNSP; + PLNSN;
PLAS; = ’ ; 3 (23)
where 0 <PLAS; <1.
Step 9 Sort the alternatives by decreasing values of

PLAS; and the highest value is, the best alternative is.

4 A numerical example and comparative
analysis

4.1 A numerical example

Since China’s joined the WTO, its economy has main-
tained a rapid development and a relatively high growth
rate. Meanwhile, economic situation is confronted with
dire challenges: for one thing, due to the constantly
changing international economic situation, international
green product production standards will restrict the devel-
opment of many Chinese enterprises. For another, progress
in its economic will also cause the shortage of environment
and natural resources, which will in turn restrict the social
and economic development. Therefore, more and more
enterprises begin to realize the dialectical relationship
between environmental protection and green development.
The selection of green supplier could be regarded as the
classical MAGDM issues (Lei et al. 2020; Liao et al.
2018a; Si et al. 2018; Wang et al. 2020; Zhai et al. 2018).
Accordingly, in this part, we do a calculation example
regarding the selection of green supplier to clarify the
technique involved in this manuscript. There are five
potential green suppliers A;(i = 1,2,3,4,5) to be evalu-
ated. Four beneficial attributes are selected by the experts
to assess the five optional suppliers: @G; is to improve the
environmental quality; @G, is the price capability of sup-
pliers; ®Ggs is the green image, human resources and
financial status; @Gy is the ability of the environment. The
linguistic term set is utilized to assess the five potential
green suppliers A;(i = 1,2,3,4,5).



EDAS method for probabilistic linguistic multiple attribute group decision making... 9049
Table 1 Linguistic decision matrix by the first DM Table 4 Linguistic decision matrix by the fourth DM

Alternatives G, G, Gs Gy Alternatives G, G, Gs Gy
A EG VG VP VP A EG EG VP VP
Ay P VG G EG A, VP VG G VG
As VG G P EG As EG G P EG
Ay VG VP VG EG A, VG VP EG VG
As EG EG P P As G EG P VP
Table 2 Linguistic decision matrix by the second DM Table 5 Linguistic decision matrix by the fifth DM

Alternatives G G, Gs Gy Alternatives G G, G Gy
A G EG VP EP A G EG VP EP
A, VP VG EG EG A, P VG G VG
A EG VG P EG A EG G P EG
Ay VG P EG G Ay VG P EG VG
As G EG P P As G. EG P VP

Table 3 Linguistic decision matrix by the third DM

Table 6 PL decision matrix

Alternatives G, G, Gs Gy Alternatives G, G,
A EG VG VP P A (1,(0.4),15(0.6)) (1:(0.4),15(0.6)}
As VP VG EG G As {1.5(0.6),1_1(0.4)} {L(1)}
As EG G M EG A, {1(0.2),15(0.8)} {11(0.8),1,(0.2)}
™ VG VP \e! VG A {L(1)} {1.5(0.6),1_,(0.4)}
As G EG p VP A5 {6(0.8),53(0.2)} {61}
Alternatives G3 Gy
Ay {I2(1)} {1-3(0.4),1-2(0.4),1-,(0.2)}
S = {s_3 = extremely poor(EP),s_, = very poor(VP), 22 }5'((2'()6;’)131((2';)2})} gl E(l)')z})’b(o'zt)’ L04)
. 3 -1(0.8), (0. 3
s—1 = poor(P), sy = medium(M), A4 (b(04),55(06)}  {1,(0.2),(0.6),15(0.2)}
s1 = good(G), s, = very good(VG), As {1_1(1)} {1.5(0.6),1_,(0.4)}

s3 = extremely good(EG)}

by the five DMs about the four attributes which recorded
in Table 1, 2, 3, 4 and 5.

Next steps, the PL-EDAS technique is developed for
green supplier selection.

Step I The linguistic variables are transformed into PL
decision matrix (Table 6).

Step 2 Calculate the standard PL decision matrix
(Table 7).

Step 3 Compute the weight of each attribute from
Egs. (7)-(9):
wy = 0.1489, w, = 0.1587, w3 = 0.3108, w4 = 0.3816.

Step 4 Obtain the PLAV;(i = 1,2,3,4,5) (Table 8).

Step 5 Compute the PLPDA and PLNDA matrix by
Eq. (13-14), which are listed in Tables 9 and 10.

Step 6 Calculate the PLSP;, PLSN;(i = 1,2,3,4,5) by
Eq. (19-20) (Tables 11).

Step 7 Obtain the PLNSP;, PLNSN;(i = 1,2,3,4,5) by
Egs. (21-22) (Tables 12).

Step 8 Calculate the PLAS;(i = 1,2,3,4,5) by Eq. (23)
(Table 13).

Step 9 On the basis of the PLAS;, evidently, the order
is:Aqy > Ay > A3 > As > A and the best green supplier is
Ag.
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Table 7 Standard PL decision

. Alternatives G, G,
matrix
Ay {11(0),1,(0.4),15(0.6)} {k(0),1,(0.4),15(0.6)}
A, {1-2(0),12(0.6),1-1(0.4)} {L(0),(0), (1)}
Aj {5(0),1:(0.2),1:(0.8)} {6:(0),1,(0.8),12(0.2)}
A, {£(0),5(0), (1)} {1-2(0),12(0.6),1_1(0.4)}
As {61(0),1:(0.8),15(0.2)} {5:(0),13(0),55(1)}
Alternatives Gs Gy
A, (1-2(0), 15(0), 1_5(1)} {1-5(0.4),1_5(0.4),1_1(0.2)}
A, {6(0),11(0.6),15(0.4)} {61(0.2),12(0.4),13(0.4)}
A; {1-1(0),1-1(0.8),10(0.2)} {5(0),13(0), (1)}
Ay {1(0),1(0.4),13(0.6)} {5(0.2),1,(0.6),1,(0.2)}
As {1-1(0),1-4(0), 14 (1)} {1-2(0),12(0.6),7-1(0.4)}
Table 8 PLAV in accordance G
with all attributes !
PLAV {1050(0), I 50(0.4), 5(0.6)} {1120(0), 11 20(0.36), [ 50(0.64)}
PLAV {1-020(0),1-0.20(0.36), lo.60(0.64)} {l0.40(0.16), l.60(0.4), 11.00(0.44) }
Table 9 PLPDA matrix Table 11 PLSP and PLSN values
Alternatives G, G, G Gy Alternatives A A, As Ay As
A, 0.0501 0.0739 0.0000 0.0000 PLSP 0.0192 0.1008 0.0907 0.1195 0.0163
A, 0.0000 0.0303 0.1498 0.1296 PLSN 0.1023 0.0258 0.0226 0.0281 0.0733
Az 0.0944 0.0000 0.0000 0.2009
Ay 0.0354 0.0000 0.2303 0.1118
As 0.0000 0.1030 0.0000 0.0000
Table 12 PLNSP and PLNSN values
Alternatives A A, Aj Ay As
PLNSP 0.1606 0.8435 0.7590 1.0000 0.1367
Table 10 PLNDA matrix PLNSN 0.0000 0.7477 0.7793 0.7257 0.2833
Alternatives G, G, Gs Gy
A, 0.0000 0.0000 0.1284 0.1636
A, 0.1733 0.0000 0.0000 0.0000
Table 13 PLAS value
Az 0.0000 0.0213 0.0618 0.0000
A, 0.0000 0.1769 0.0000 0.0000  Alternatives A, Ay As Ay As
As 0.0067 0.0000 0.0729 0.1302  ppag 00803 07956 07692  0.8629  0.2100

4.2 Comparative analysis

Further on, a comparative analysis between method which
proposed by us with PLWA operator (Pang et al. 2016)
(Tables 14), probabilistic linguistic TOPSIS method (Pang
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et al. 2016) as well as probabilistic linguistic GRA method

(Liang et al. 2018) (let p = 0.5) is carried out as below:
The following conclusions can be drawn from the above

ranking results, the optimal green supplier for the four



EDAS method for probabilistic linguistic multiple attribute group decision making...

9051

Table 14 Ordering from different methods

Methods

Computing results

Ordering

PL- TOPSIS method(Pang et al. 2016)

PL- GRA method ( Liang et al. 2018)

PLWA operator (Pang et al. 2016)

PL-EDAS method

CI(A;) = —3.3081, CI(A;) = 0.0000,
CI(A3) = —1.5576,CI(A4) = —0.2801,
CI(As) = —2.6348.

& = 0.6690,¢&5 = 0.7626, &5 = 0.7477,
&f = 07402, &8 = 0.7008.

E(Zi1(w)) = s —0.4964 , E(Za(W)) = S05055 ,
E(Z3(w)) = s0.0275, E(Z4(W)) = 5 0.4409 »

E(Zs(w)) = 5 —0.2804 -

PLAS; = 0.0342, PLAS; = 0.9209,
PLAS; = 0.4160, PLAS, = 0.8602,
PLASs = 0.2127

Ay > A4 > A3 > A5 > A

Ay > A3 > A4 > A5 > A

Ay > Ay > A3 > A5 > Ay

Ay > Ay > A3 > A5 > Ay

methods is A,, although their respective ranking results are
slightly different. The rationality and validity of the pro-
posed technique are verified. Each of the four methods has
its own merits: (1) PL-TOPSIS method features in con-
sidering the distance proximity between positive and neg-
ative ideal solutions; (2) PL-GRA method only takes the
shape similarity degree into consideration from the positive
ideal solution; (3) PLWA operator only considers group
influences degree; (4) PL-EDAS method proposed by us,
on the one hand, uses probability language to describe the
evaluation information, which conforms to human deci-
sion-making habits; on the other hands, it calculates the
distance between all attributes and the average value,
which is more scientific and accurate.

5 Conclusion

In this manuscript, by combining with PLNs, we expand
the scope of the EDAS method’s application in the
MAGDM. In the first place, the fundamental definition and
distance formula of PLNs are recommended in brief. Next,
inspired by the classical EDAS technique under the real
environment, the amplified EDAS method is brought in the
PLTSs to come up with MAGDM problems and its
prominent feature is that it emphasizes the distance prox-
imity between all attributes and the average solution.
Finally, a calculation example about the selection of green
supplier is given to show the validity of developed tech-
nique, and some contrast analyses are also carried out to
verify the feasibility in real-world MAGDM problems. The
presented method will be regarded as an efficient tool to
develop new decision software or decision support system
with PLNSs. In this research, the EDAS method is designed
to come up with the problem of independent decision or
group decision under uncertain environment. In the future,

the uses of the proposed model will be explored in other
MAGDM and many other dubious and fuzzy contexts.
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