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After an unconventional emergency event occurs, a reasonable and effective emergency decision should be made within a short time
period. In the emergency decision making process, decision makers’ opinions are often uncertain and imprecise, and determining the
optimal solution to respond to an emergency event is a complex group decision making problem. In this study, a novel large group
emergency decision making method, called the linguistic Z-QUALIFLEX method, is developed by extending the QUALIFLEX
method using linguistic Z-numbers. The evaluations of decision makers on the alternative solutions are first expressed as linguistic Z-
numbers, and the group decision matrix is then constructed by aggregating the evaluations of all subgroups. The QUALIFLEX
method is used to rank the alternative solutions for the unconventional emergency event. Besides, a real-life example of emergency
decision making is presented, and a comparison with existing methods is performed to validate the effectiveness and practicability of
the proposed method. The results show that the proposed linguistic Z-QUALIFLEX can accurately express the evaluations of the

decision makers and obtain a more reasonable ranking result of solutions for emergency decision making.

1. Introduction

Emergency decision making is a human activity based on
cognitive information, especially in the large group context.
How to effectively express human cognitive information and
perform cognitive computation in the large group emer-
gency decision making is a highly challenging task and issue.
Recently, a lot of studies have been carried out for cognition
information representation and computation in solving
various decision making problems, which include location
evaluation [1, 2], enterprise resource planning system se-
lection [3, 4], doctor selection [5], medical inquiry appli-
cation evaluation [6], and others [7-9]. These research
studies have proposed many effective methods and algo-
rithms for using cognitive information in practical decision
making processes. In this paper, we will pay attention to the
large group emergency decision making problem based on
human cognitive information.

Over the past several years, different unconventional
emergency events occurred frequently all over the world.

Examples include the Indian Ocean tsunami in 2004,
Hurricane Katrina in the US in 2005, the 9.0 magnitude
earthquake in Japan in 2011, and the Tianjin Port ex-
plosion in China in 2015, among others. These emergency
events are difficult to predict and often impossible to
control. They not only bring painful disasters and huge
losses of life and properties but also cause serious social
panic and potential secondary derivative hazards. When
an emergency event happens, to reduce casualties and
property losses and to eliminate various potential de-
rivative hazards, decisions of reasonable and effective
emergency relief solutions need to be made within a short
time period [10]. However, because of their complexity,
inadequate precursors, and devastating and potential
secondary derivatives, it is difficult to deal with uncon-
ventional emergency events by conventional emergency
management methods [11]. Therefore, the emergency
decision making problem has gained increasing attention
from both scholars and practitioners over recent years
[12-21].


mailto:athena_tju@sina.com
https://orcid.org/0000-0003-1076-0487
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2020/1631869

Previous works in solving emergency decision making
problems involve only a small number of decision makers.
However, such problems are usually large group emergency
decision making (LGEDM) problems. Emergency man-
agement often involves many different organizations and
departments, and the decision making team often includes a
large number of experts from various professional back-
grounds [12]. The large team, or large group, decision
making problems have the following characteristics [21, 22]:
(a) the team may have 20 or more members, and the
members cooperate but may also have conflicts; (b) the
various decision criteria may be incommensurate although
related; and (c) the opinions of the team members may
change over time. The large group decision making problem
aims to support decision makers in making the best choice
from all the alternatives or solutions while considering
multiple criteria effectively and efficiently. Therefore, it is
preferred to address emergency decision making problems
in the environment of the large group.

Owing to the uncertainty and complexity of the emer-
gency situations, it is hard for decision makers to express
their judgments with accuracy, especially under time
pressure [23]. Various theories, such as fuzzy sets, intui-
tionistic fuzzy sets, and hesitant fuzzy sets, have been
proposed to deal with imprecise decision information.
However, these theories are inefficient in expressing the
reliability of decision makers’ assessments [24]. This study
uses linguistic Z-numbers [6] to represent inaccurate
judgments of the decision makers. Compared with other
methods such as fuzzy sets, intuitionistic fuzzy sets, and
hesitant fuzzy sets, the linguistic Z-numbers can not only
describe the cognition of the decision makers better but also
consider the reliability of the cognitive information so as to
represent the evaluations of decision makers more
accurately.

The QUALIFLEX (Qualitative Flexible Multiple Criteria)
method was developed by Paelinck [25] for group decision
making using cardinal and ordinal information under un-
certainty and fuzzy circumstance. Compared with other
outranking methods such as SAW (simple additive
weighting method), WP (weighted product method), LA
(liner allocation method), TOPSIS, and ELECTRE, the
QUALIFLEX method is a more flexible sorting method. In
the QUALIFLEX method, a concordance/discordance index
is first determined for each pair of alternatives through
pairwise comparisons of the alternatives with respect to each
criterion for all possible permutations of the alternatives. A
weighted concordance/discordance index is then calculated
for each pair of alternatives in each permutation. Finally, a
comprehensive concordance/discordance index is calculated
for each possible permutation of the alternatives. The per-
mutation with the maximal value of the comprehensive
concordance/discordance index is determined to be the best
permutation, and the alternative ranked on the top of the
best permutation is identified as the optimal alternative [26].

In order to describe the decision maker’s assessment
more accurately under the emergency circumstance and
make an effective emergency decision as quickly as possible,
this study develops an extended QUALIFLEX method using
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linguistic Z-numbers, called the linguistic Z-QUALIFLEX
method, for solving LGEDM problems. Linguistic Z-num-
bers are first used to represent the decision makers’ eval-
uations of the alternative solutions over various criteria, and
the decision makers are divided into several subgroups
according to the similarities of their evaluations. A group
linguistic decision matrix is then constructed by aggregating
the evaluations of all subgroups. The QUALIFLEX method is
finally used to rank the alternative emergency solutions.
Besides, an empirical example is provided to verify the
applicability and the effectiveness of the proposed method.
The proposed linguistic Z-QUALIFLEX method can accu-
rately express the evaluations of the decision makers,
characterize the similarities of their evaluations, and can also
help decision makers get the best solution quickly and
effectively.

The remainder of this paper is organized as follows.
Previous related works are briefly reviewed in Section 2.
Section 3 briefly introduces the basic concepts of Z-numbers
and the QUALIFLEX method. Section 4 presents the lin-
guistic Z-QUALIFLEX method for LGEDM problems. In
Section 5, a numerical example is presented, and a com-
parative analysis is provided to illustrate the feasibility and
validity of the proposed method. Conclusions and sugges-
tions for future research are presented in Section 6.

2. Literature Review

Nowadays, a variety of methods have been proposed for
EDM in the literature. For example, Ding et al. [27] proposed
a new EDM approach by using picture fuzzy sets and an
axiomatic design technique for determining the optimal
rescue plan to reduce the damages of emergencies. Ding and
Liu [28] presented an integrated approach based on prospect
theory and the VIKOR (VIseKriterijumska Optimizacija I
Kompromisno Resenje) method for EDM with 2-dimension
uncertain linguistic information, and Ding and Liu [29]
solved the EDM problem by the use a combined approach of
Pythagorean fuzzy uncertain linguistic variables and zero-
sum game theory. Li and Cao [30] provided a risk decision
analysis method by extending the TODIM method with
interval numbers to solve multiattribute risk decision
making problems in emergency response. Peng et al. [31]
introduced a deviation-based method with q-rung orthopair
fuzzy number (q-ROFN) to deal with EDM problems. In
[32], a consistency-based EDM method was designed by
extending the incomplete probabilistic linguistic term set in
an incomplete probabilistic linguistic preference relation
(InPLPR). In [33], a method combining probabilistic lin-
guistic term sets (PLTSs) and the D-S evidence theory is
applied to the EDM problem.

In addition, there are a few research studies that focused
on EDM on the situation of the large group in recent years.
Song and Li [34] proposed a consensus process of the large
group EDM by using multigranular probabilistic fuzzy
linguistic preference relations (MGPFLPRs) to represent
subgroup’s preferences information. Xu et al. [35] presented
a framework for the LGEDM problem in a linguistic en-
vironment by considering decision makers’ risk appetites.
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Xu et al. [36] found a LGEDM model for determining the
severity of emergencies based on a decision paradigm ob-
tained from the analysis of similar cases. Xu et al. [37]
established a consensus model for the effective management
of opinion differences and noncooperative behaviors in
LGEDM environment. Cai et al. [16] suggested a multistage
LGEDM model based on the preference information
expressed as interval numbers and the similarity measures of
decision makers. Aiming at the lower consensus and the
urgency of LGEDM, Xu et al. [10] described a preference
consensus model by taking into account the noncooperative
behaviors and minority opinions of decision makers, and Xu
etal. [38] proposed a dynamical consensus method based on
exit-delegation mechanism considering consistency and
consensus measures simultaneously.

The above literature review shows that various theories,
such as interval numbers, 2-dimension uncertain linguistic
variables, and probabilistic linguistic term sets, have been
employed to deal with imprecise cognitive information in
the EDM process. However, these theories are inefficient in
expressing the reliability of decision makers’ cognitive as-
sessments. Moreover, no or little attention has been paid to
the large group EDM problems under the context of lin-
guistic Z-numbers. In addition, various MCDM methods
have been proposed to deal with EDM problems. To the best
of our knowledge, no previous studies have investigated
EDM problems with the QUALIFLEX method yet. There-
fore, in this paper, we fill the above gaps by developing a
novel, integrated cognitive approach based on linguistic Z-
numbers and an extended QUALIFLEX method to solve the
EDM problem within the large group environment. The
developed method in this paper can not only express the
subjective cognitive evaluation information of decision
makers more precisely but also support the rescue team in
finding the optimal response to an emergency event
effectively.

3. Preliminaries

3.1. Linguistic Z-Numbers. Combining Z-numbers [39] and
linguistic variables [40], Wang et al. [6] introduced the concept
of linguistic Z-numbers to address the reliability of information
as a significant dimension in a decision making process.

Definition 1 (see [41]). An uncertain variable is a mea-
surable function from an uncertainty space to the set of real
numbers.

Definition 2 (see [6]). Suppose that X is a finite universe of
discourses. S; = (sp,s;,...,5,-1) and S, = (SgsS15 -+ - »Sy )
are two finite and totally ordered discrete linguistic term sets,
where g and g' are the positive odd integers. Let Apx) €51
and B, € S,. A linguistic Z-number set Z in X is expressed
as

Z ={(x,A¢(x), (%) |x € X} (1)

where A, represents the fuzzy restriction on the domain
of the uncertain variables, and Bq)(x) is a measure of reli-

Normally, S; and S, represent different preference in-
formation and, hence, are not always consistent. For sim-
plicity, z = (Ag (x> By(x) is called a linguistic Z-number,

where Ay, € S, and B, € S, are the two linguistic terms.

Definition 3 (see [6]). Let z, = (A¢(u),B¢(u)) and
z, = (Ag(y)> By(y)) be two linguistic Z-numbers and f* and
g* be the possible functions of F, (6,), F,(6,), F5(6,), and
F,(6,) where F, (0,), F,(0,), F5(0,), and F, (0,) are strictly
monotonically increasing functions. Then, the operational
laws of Z-numbers are defined as follows:

(1) neg(z,) = (f* 1 (f*(A) - fF (A 9" (g*
(kal) - g* (B(p(u))))

Q) z @z, = (f* (f* (Agw) + f* (Ag)g* " (f*
(Agay) X g" (Byy) + f* (Agy) X g" (Byy)) (f*
(Apw) + 7 (Agy)))

(3) z2,9z, = (f*71 (f* (A(;S(u))f* (Aqﬁ(v)))) 9*71 (9*
(By)g™ (By())))

(4) Az, = (f*L O (Agu))s Byg)s for 120

G) (2) = (7 (Apu))r 9771 (" (By)h),  for
A=0

Definition 4 (see [6]). Suppose that S = {so,sl, S 1} isa
linguistic term set and z,, = (Ay(,), B o(u) ) is a 11ngulst1c Z-
number; then, the score function of z,, is defined as

S(Zu) f (A¢(M ) xg ( ¢ (u) ) (2)
and the accuracy function of z, is defined as
A(z,) = f*(Ap) X(1 = 9" (Byw))- (3)

Deﬁnition 5 (see [6]). Let z, = (Ag( Byw) and z, =
(A > By(v)) be two linguistic Z numbers Then, the com-
parison laws of z,, and z, are defined as follows:

(1) When Ay, > Ay, and B, >B,,, then z, is
strictly greater than z,, expressed as z, >z,

(2) When S(z,)>S(z,) and A(z,) > A(z,), then z, is
greater than z,, expressed as z,>z,

(3) When S(z,) =S(z,) and A(z,) = A(z,), then z,
equals z,, expressed as z, ~ z,

(4) When S(z,)<S(z,) and A(z,)<A(z,) , then z, is
less than z,, expressed as z,<z,
Deﬁm’tion 6 (see [6]). Let z, = (A¢ ¢(u)) and z, =

(Ag(y> By (v)) be two linguistic Z- numbers and f* and g* be
two linguistic scale functions. Then, the distance between z,,
and z, is defined as



d(z02) =5

“(Ag) * 9" (Byiw
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)= (Ag) x 9" (By)
(4)

+max{'f*(A¢(u)) - f*(A¢(v))|’ '9*(34)(14)) - g*(Bq,(V))H)‘

To aggregate the evaluations expressed by linguistic Z-
numbers, the linguistic Z-number weighted averaging
(LZNWA) operator is proposed.

Definition 7. Suppose Z = {z lj=12,. ..,n} is a col-
lection of linguistic Z-numbers zj= (A¢(J), ) and
LZNWA: Z" — Z, then the LZNWA operator 1s given
by

LZNWA (2),25,. . .»2,) = ea( w;z)), (5)

where & is the same operator defined in Definition 3, w; is
the weight of z;, satisfying 0 <w; <1, for j = 1,2,...,n, and
ZJ ywj =1 Ifw = (1/n,1/n,...,1/n), the LZNWA opera-
tor becomes the linguistic Z-number arithmetic mean

(LZAM) operator.

3.2. QUALIFLEX Method. The QUALIFLEX method,
proposed by Paelinck [25], is a useful outranking technique
for solving multiple attribute decision making problems
with exact values for the evaluations given by the decision
makers [42, 43]. The QUALIFLEX method treats cardinal
and ordinal information simultaneously in the process of
decision making. In the QUALIFLEX method, pairwise
comparisons of the alternatives with respect to each cri-
terion under all possible alternative permutations are
made, and the optimal alternative(s) can be determined by
maximizing the value of the comprehensive concordance/
discordance index [44] among all possible alternative

permutations. Let E = {E;, E,,...,E,,} be a set of alter-
natives, C = {C,,C,,...,C,} be a set of criteria, and W =
{w,w,,...,w,} be the weights of the criteria satisfying

0<w;<I1 forj=12,...,nand Z;-l:le = 1. There are m!
permutatlons of the rankings of the alternatives. The de-
cision process of the QUALIFLEX method is described step

by step as follows [25, 45]:

Step 1: list all m! permutations of the rankings of the
alternatives. Suppose P, as shown in equation (6), is
the # th permutation:

P, =(...

7 "’Eﬁ"'

.), forn=1,2,...,ml, (6)

where E,, Eﬁ € E, and the ranking of E, is higher or
equal to that of Ej.

Step 2: determine the concordance/discordance index
I”(E ,Eg) by using equation (7) for each pair of al-
ternat1ves (E,» Eﬁ)’ and measure the similarity between
E, and Ej, in each permutation P, with respect to each
criterion j:

E, ~E B@concordance exists,
I?<Ea>E/3) ={ E, ~ Egeexaequo exists, (7)

E <Eg&discordance exists.

Step 3: calculate the weighted concordance/discordance
index I" (E,, Eg) by using equation (8) for each pair of
alternatives E, and Ej in each permutation P,:

Eg) = ) I}(Eu Eg)w;. (8)

j=1

'(E,,

Step 4: determine the comprehensive concordance/
discordance index I by using equation (9) for each
permutation P, and determine the optimal alternative:

I'= ) I'(EwEp). 9)

a,p=1,2,...m

The best ranking of the alternatives is the one with the
maximum value of the comprehensive concordance/dis-
cordance index I*=max,_;, ,.{I"}. The alternative
ranked on the top of the corresponding ranking P* is the
optimal alternative.

4. The Proposed LGEDM Approach

In this section, the linguistic Z-QUALIFLEX method, an ex-
tended QUALIFLEX approach with linguistic Z-numbers, is
proposed to solve emergency decision making problems when
a large group of decision makers is involved. The evaluations of
the alternatives with respect to the criteria, represented by Z-
numbers, are given by the large group of decision makers. The
major steps of the proposed approach are shown in Figure 1.
The decision makers are first divided into several subgroups
according to the similarities of their evaluations. The evalua-
tions represented by linguistic Z-numbers given by the decision
makers in each subgroup are then aggregated into a group
linguistic Z-number decision matrix using the LZAM operator.
The best ranking of the alternatives is finally identified by using
the QUALIFLEX method.

In the QUALIFLEX method, let E = {E,,E,, ..., E,,} be
a set of emergency solutions, ie., alternatives, C = {C,,
C,,...,C,} be a set of criteria, W = {w,w,, ..., w,} be the

weights of the criteria satisfying0<w; <1,forj = 1,2,...,n,
and Y, w; = 1,and DM = {D, D,,. .., D} with1>20 be a
set of dec1s1on makers in an LGEDM problem Each decision
maker Dj. gives his/her judgment of E; with respect to C;
using linguistic Z-numbers, represented by zk. The hngulstlc
Z-number evaluation matrices Z; = [z Z]mxm with i = 1,2,
..omand j=1,2,. ..,nfork—lz A arethenob
tamed Each element zF ij of Zy is given by z* (Ak
(P(l )), where Ak ¢(ij) is the linguistic evaluation ofl alternatlve
E; with respect to crlterlon C; given by the decision maker
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Phase 1: cluster the decision makers into subgroups

Step 1.1: normalize the linguistic Z-number evaluation matrices of the decision

makers.

Step 1.2: calculate the similarity degrees between decision makers’ linguistic Z-

number evaluations.

Step 2.1: compute the subgroup linguistic Z-number evaluation vectors.

Step 2.2: construct the group linguistic evaluation matrix.

Step 3.1: list all m! permutations of the rankings of the alternatives.

Step 3.2: calculate the concordance/discordance indices.

Step 3.3: calculate the comprehensive concordance/discordance index for each permutation.

F1GURE 1: Flowchart of the proposed linguistic Z-QUALIFLEX method.

Dy using the linguistic term set S; = (s, 1, .,,4-1), and
Bk( ;) is a measure of rehabrhty of A¢( using the hngulstlc
term set S, = (sg, 5y, - - - ,sg/_l) The evaluatlons of decision
makers are assumed to be independent of each other. The
linguistic Z-QUALIFLEX method used to solve LGEDM
problems is presented step by step in three phases in the
following.

Phase 1: cluster the decision makers into subgroups

Step 1.1: normalize the linguistic Z-number evaluation
matrix Z; = [z} ]]mxn by using

. zf-‘j, for benefit criteria,
z = (10)

neg(zf-‘j), for cost criteria.

The normalized linguistic Z-number evaluation matrix
is represented by Z, = [z;

1]]m><n

Step 1.2: calculate the similarity degrees between de-
cision makers’ hngulstlc Z-number evaluations. Let
V(' (zK,25,...,ZF) denote the normalized lin-
gulstlc evaluation vector for alternative E;, for
i=1,2,...,m, by decision maker k, for k = 1,2,. l.
The 51m11ar1ty degree S(V, (), v (7) between V(’) and V
is given by

1
1+Z] ld( ZijZ )

(v vy) = (11)

Step 1.3: divide decision makers into subgroups for
each alternative. Suppose A" is the clustering threshold
of alternative E; obtained by using

: 2
1% = SMin + 3 (SMax — SMin), (12)

where

SMax = max{S(V:),Vf,i)) VO v e v s Vﬁ“},

SMin = min{S(V;i), VIN v v e P v« Vﬁ”},
(13)

and Q@ are the evaluation vectors of all decision
makers for alternative E,.

For alternative E;, if S(V @ V(’ )>/1(l then VIE‘ and
V® are put into the same subgroup Let (V' denote the
number of subgroups after clustering for alternative E;,

’) be the decision makers in subgroup h Q() be the
correspondrng assessment vectors of Ah , and k, W be
the number of decision makers in A The requ1rement
k >2 is needed. If there is a A for any &=
1 2 JHO, such that k) =1, AE' needs to be
modiﬁed. The method proposed by Cai et al. [16] is
used for modification.

Phase 2: construct the group linguistic decision matrix

Step 2.1: aggregate the linguistic Z-number evaluation
vectors of the decision makers in each subgroup into a
subgroup linguistic Z-number evaluation vector by the
LZAM operator. For each alternative E;, the hngurstrc
Z-number evaluation vectors Q, D for1<h< H ,of k, (@)
decision makers in subgroup Ah are aggregated 1nto

the subgroup linguistic evaluation vector Vh by using
the LZAM operator:



o P y I A
= LZAM(VI(’),VZ(’), LV ) =&z ),
r=1 k]:’ J

(14)
where (l/k}(li)) is the weight of 2,»(;2.
Step 2.2: construct the group linguistic evaluation
matrix Z = 2], iUsing the subgroup linguistic
evaluation vectors V", for i = 1,2,...,m, the group

linguistic evaluation vector can be obtained by using
the LZAM operator:

70 - LZAM(Vl(i), v, ,\7};{,)> -
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where w,ii) = (k;li)/ [). The m group linguistic evaluation
vectors V", for i =1,2, Cm, form the group lin-

guistic evaluation matrix Z = [Z;;] -
Phase 3: rank the alternatives by using the QUALIFLEX
method

Step 3.1: list all m! permutations of the rankings of the
alternatives:

P =(EE/;

o

.), forn=1,2,...,ml,
(16)

where P, is the yth permutation, E,, E4 € E, and E,, is
ranked higher or equal to E; in the permutation.

Step 3.2: calculate the concordance/discordance index
I (E,, Ep) of each pair of alternatives (E,, Eg) in each
permutation P, by considering every criterion using

d(za]-, zo) - d(zﬁj, ZO) >0 & concordance exists,

I;’(Ea, Eﬁ) = d(zaj, zo) - d(zﬁj, ZO) = 0 & ex aequo exists, (17)

d(za]-, zo) - d(zﬁj, ZO) <0 & discordance exists.

Step 3.3: calculate the weighted concordance/discor-
dance index I" (E,, E) of each permutation P, by using

I'"(E, Eg) = Y I'(E,, Eg)w;. (18)
j=1

Step 3.4: determine the comprehensive concordance/
discordance index I" by using

"=y Y I(EwEp)w, (19)

a,p=1,2,...m j=1

The best ranking of the alternatives is P* with the
maximum value of the comprehensive concordance/dis-
cordance index I*, i.e, I* = max,_;, ,,{I"}. The alternative
ranked on the top of P* is the optimal solution for the
LGEDM problem.

5. A Numerical Example

In China, from June to July, there are often persistent
rainstorms in the middle and lower reaches of the Yangtze
River, which are of long duration, wide area, and heavy
rainfall. July to August is the main rainstorm season in
northern provinces, and the rainstorm intensity is very high.
These torrential rains often lead to floods, which may cause
river levee breach incidents, resulting in great harm to
people and public property.

In order to reduce the huge damage to people and public
property caused by these accidents and provide scientific
support for the emergency management of such emergen-
cies, in this section, an LGEDM problem of a river levee
breach incident is used as the illustrative example to

demonstrate the effectiveness and practicability of the
proposed linguistic Z-QUALIFLEX method.

5.1. Decision Process and Results. In the morning of June 21,
2017, a severe thunderstorm watch with red color warning of
possible heavy rainfall in the next three days was issued by
the meteorological department in area C in Hubei province
of China. According to weather report, the probabilities of
moderate, heavy, and violent rainfalls are 0.30, 0.50, and
0.20, respectively. A riverbank breach will cause a wide range
flooding disaster and a large number of casualties, seriously
affecting the lives of people in the surrounding area. 20
experts from the emergency management department, the
meteorological department, the water conservancy depart-
ment, and the transportation department were invited to
choose the best emergency solution within a short period of
time. There are three emergency solutions E = {E,, E,, E5}
for the decision makers to choose from. E;: strengthen the
riverbank, keep close monitoring, and expand the emer-
gency force of inspection and rescue. E,: strengthen the
riverbank, keep close monitoring, send the villager rescue
team to the site, and transfer the villagers in low-lying areas
to safe areas. E;: strengthen the riverbank, keep close
monitoring, and send the villager rescue team and medical
team to the site, allocate a large quantity of relief supplies,
and transfer the nearby villagers to safe areas. Four criteria
C={C,,C,,C5,C,} are considered for each emergency
solution: C;—number of victims, C,—public satisfaction,
Cs—property loss, and Cy,—rescue cost. The weights of these
criteria are supposed as W =(0.30, 0.25, 0.30, and 0.15).
Suppose that all decision makers DM ={D;, D,,..., Dy}
have the same weights and are required to give their
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linguistic Z-number evaluations for the solutions over each
criterion. Note that C, is a benefit, i.e., maximization,
criterion, while C,, C;, and C, are cost, i.e., minimization,
criteria.

The evaluations given by the 20 decision makers on three
solutions by considering the four criteria are represented by
linguistic Z-numbers. The linguistic term set S; for A’(Z( i
used by the decision makers is

S, ={s, = verylow influence, s, = low influence, s, = slightly low influence,

s; = moderate influence, s, = slightly high influence, s; = high influence, (20)

se = very high influence},

k .

and the linguistic term set S, for B is

S, = {50, = very unreliable, s;, = unreliable, s, = somewhatreliable,

(21)

s3, = reliable, s,, = very reliable}.

The decision process and the results of the proposed
linguistic Z-QUALIFLEX method of selecting the best so-
lution for this example LGEDM problem are summarized as
follows:

Phase 1: divide the decision makers into subgroups

The linguistic Z-number evaluation matrices are ob-
tained first from all the decision makers. By using
equation (10), the linguistic Z-number evaluation
matrices of the decision makers are normalized. As a
result, a normalized linguistic evaluation matrix
composed of the evaluation vectors of 20 decision
makers is constructed for each alternative. Due to space
limitation, only V,il) = (Ei}),fg),...,zﬁi)), for k=
1,2,...,20, ie., the normalized linguistic evaluation
vectors by the 20 decision makers for alternative E,, are
listed, which are shown in Table 1.

The similarity degrees between the decision makers’
linguistic evaluation vectors of each alternative are
then calculated by using equation (11). The result for
alternative E, is shown in Table 2. By using equation
(12) and the steps of modification, the decision
makers for each alternative are divided into several
subgroups, and the clustering results of E, are shown
in Table 3.

Phase 2: construct the group linguistic decision matrix

For each alternative E;, for i = 1, 2, 3, the linguistic Z-
number evaluation vectors in Q,g’), for lshgj({l), of
the k.’ decision makers in subgroup A\” are ag-
gregate§(i)into the subgroup linguistic evaluation
vector V,,” by using equation (14). By aggregating the
subgroup linguistic evaluation vectors of all alter-
natives based on equation (15), the group linguistic
evaluation matrix Z = (Zij]3x4 1s Obtained as shown in
Table 4.

Phase 3: rank the alternatives using the QUALIFLEX
method

By equation (16), there are 6 (=3!) permutations of the
rankings for the three candidate emergency solutions, i.e.,

P, = (E,, Ey, Es),
P2=(E1,E3,E2 g
P3:(E2’E1»E3 >
P, = (
Ps = (

)

)
= EZ’ES’EI)’ 22

)

)

= (E5, E}, E,),
Py = (E;, Eyp, E)).

By using equation (17), the concordance/discordance
index I? (Eq Ep) of each pair of solutions (Eo Ep)s for
o, =1,2,3, in each permutation P, for n=1,2,...,6, is
calculated by considering each criterion. Because of space
limitation, only the concordance/discordance indices of
permutation P, are presented in Table 5. The weighted
concordance/discordance indices I"(E,, Eg) of each per-
mutation P, are obtained by using equation (18), and the
results of permutation P, are listed in Table 6. Finally, the
comprehensive concordance/discordance indices I" are
calculated by using equation (19), and the results are
I' = 6.268, I* = 6.63, I’ = —0.362, I* = 6.624, I’ = 0.87, and
I® = —5.754, respectively. Hence, the best ranking of the
alternatives is E,>E;>E,. Therefore, E, is the best emer-
gency solution.

5.2. Comparative Analysis. To demonstrate the effectiveness
and practicability of the proposed linguistic Z-QUALIFLEX
method, a comparative analysis is conducted. Four typical
large group decision making methods at present including
the interval type-2 fuzzy TOPSIS method [12], the prefer-
ence conflict method [16], the large group EDM method
considering experts’ hesitation preference [46], and the large
group decision making method based on expert’s consensus
[47] are used for comparison. The ranking results of the



8 Scientific Programming
TaBLE 1: The normalized linguistic evaluation matrix of the 20 decision makers for alternative E;.

DM C, C, Cs Cy

D, (A, By) (A3, B,) (A, B,) (A, By)
D, (As, B,) (A, B,) (A, By) (A4, B,)
D3 (A3>BZ) (A4’B3) (A3)Bl) (AS)BZ)
D, (Ag, B,) (A,, B;) (A, By) (A}, By)
Ds (A4, B,) (A}, B3) (As, By) (A3, B,y)
Ds (As, By) (A,, B;) (A,,B,) (A,, By)
D; (A, B,) (A}, By) (A3, B)) (A,,B))
Dy (As, By) (As, B) (As, By) (A3, B)
Dy (A4 By) (A3, B)) (Ag, By) (A}, B))
DlO (A6>B4) (AZ)BZ) (A3)B0) (AZ)B4)
Dll (A3>BO) (A3:BO) (A4>B3) (A3)Bl)
D12 (A6>B4) (Al)B3) (A2>Bl) (AZ’BZ)
D13 (A3)Bl) (A3»Bl) (As)B3) (A3:Bl)
D14 (AsaB4) (As: B3) (A3aBz) (A0>B4)
Dis (A}, By) (A}, By) (A3, By) (A,By)
D16 (A5>Bz) (A3>BO) (A4>Bl) (A3)BO)
D17 (A5>Bl) (A4)Bl) (Aﬁ)B_’)) (A3)Bl)
D18 (AsaB_’,) (A1>B3) (ASaB3) (A3:B3)
D19 (A6>B4) (Al)Bl) (A4>B2) (AZ’BI)
DZO (A3>Bz) (A3»Bz) (A4> Bz) (A4)B3)

three emergency solutions obtained by these three methods
are shown in Figure 2.

From Figure 2, it can be seen that the rankings of the
emergency solutions obtained by the proposed method are
the same as those of the interval type-2 fuzzy TOPSIS
method and the large group EDM method considering
experts’ hesitation preference, but the rankings are different
from those of the preference conflict method and the large
group decision making method based on experts’ consensus.
Compared with the interval type-2 fuzzy TOPSIS method
and the large group EDM method considering experts’
hesitation preference, the calculation process is simpler by
the proposed method.

The ranking result obtained with the proposed method
is more practical. The reasons are as follows: in this ex-
ample, first, the best solution E, selected by the proposed
method not only ensures public safety but also saves cost.
The probability of a violent rainfall causing collapse of the
riverbank in area C is 0.20, which means that the proba-
bility of collapse of the riverbank is small. The solution E;
involves sending the villager rescue team, the medical and
the health team to the site, allocating a large quantity of
relief supplies, and transferring the nearby villagers, which
requires large quantities of manpower, material, and fi-
nancial resources. If E; is taken as the emergency solution
under the situation of a relatively small probability of
collapse of the riverbank, it may not only cause wastes of
the manpower, material, and financial resources but also
lead to the discontent of the transferred villagers, which can
minimize casualties but costs the most. E, cannot minimize
casualties or improve personnel satisfaction, and it needs
more material consumption compared with E,. Therefore,
it is more reasonable for the emergency management office
to inform all kinds of emergency organizations and vil-
lagers in advance to prepare for the emergency and the
transfer, and to strengthen the riverbank, keep close

monitoring, and expand the emergency force of inspection
and rescue at the same time just as what the alternative E,
will do. Once a breach of the riverbank happens, the vil-
lagers will be transferred immediately, and less manpower,
material, and financial resources are needed. Besides, in
reality, a river levee breach occurred in Matou village in the
afternoon of June 23, 2017. The whole village was in danger
of flooding, and the lives and property of 2,600 people in
the village were threatened. The emergency solution E; is
also in agreement with the emergency measure taken in
reality by the emergency management office to the river
levee breach incident occurred in area C.

Comparing with the existing LGEDM methods, the
linguistic Z-QUALIFLEX method has the following ad-
vantages: (1) the linguistic Z-numbers can describe the in-
herent thoughts of the decision makers more precisely and
practically, ensuring the accuracy of the final results. (2) The
similarity degrees and the LZAM operator are used for
dividing the large group of decision makers into subgroups
and for aggregating subgroups, which not only takes the
conflicting nature of large group decision preferences into
account but also considers the subgroup opinions under
different preferences. (3) The QUALIFLEX method based on
preference relation similarities is used to rank the emergency
solutions. This method can handle cardinal and ordinal
information in the process of decision making at the same
time and can well express the complexity of the LGEDM
problem. (4) Many existing large group decision making
methods need to constantly recalculate expert weights or
other parameters to classify expert groups, and the initial
subgroups of experts or the value of some thresholds are
mostly set artificially, which not only increases the calcu-
lation complexity but also may cause the decision results
change due to different parameter values. The proposed
method adopts an automatic threshold determination
method to classify decision makers. The calculation is
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TaBLE 3: The subgroups for each of the alternatives.

Alternatives Subgroups

E, {Dg, D13}; {D1, Dy, Ds, Dg, D19, D1g, Dao}s {D16, D17} {D3, D7, Do, Dig, Dig, Dioks {Da, Dy, Dys}.
E2 {Dlx DZ) D4a D6a D7> Dll) D13> Dl4> D16> D17) D18a DIQ}; {D3> D8> Dl5: DZO}; { DS) D9) DlO: DIZ}'
E; {Dl) D5, Dy, Ds, D, Dyg, D13, D13, D14, D15, Dig, D17, Dy, Do, Dzo}; {D3> Ds}§ {D7» Do, Dn}-

TaBLE 4: The group linguistic evaluation matrix.

Alternatives C C, Cs Cy

E, (A3.400, B3.997) (As.119, Baias) (A4633> Bassz) (As 346 Ba2a1)
E2 (A1A118) BOASSQ) (A2A264> BIASZI) (ALOSG) BOJOS) (A1A014> B0A826)
E3 (AO.991’ BO.SSO) (A4.168> B2.636) (Al.093> B1.084) (AO.QZOa BO.622)

TaBLE 5: The concordance/discordance indices for P;.

P, 1L (E,, E,) 1L (E,, Ey) 1L (E,, Ey) 1L (E,, Ey) 1L (Es, Ey) 1L (E;, E,)
C 2.898 3.005 -2.898 0.127 -3.005 0.127
C, ~2.855 ~3.005 2.855 ~1.904 3.005 1.904
Cs 3.608 3.570 ~3.608 -0.038 -3.570 0.038
Cy 4.350 4.444 ~4.350 0.094 ~4.444 -0.094

TasLE 6: The weighted concordance/discordance indices for P;.

I} (E,, E,) I} (Ey, E5) I} (E,, E)) I} (E,, E5) I} (E5, E)) I} (E5, E,)
P, 3.312 3.391 -3.312 -0.435 -3.391 0.435
P, 3.318 2.877 -3.318 -0.435 -2.877 0.435
Ps 3.312 2.877 -3.312 0.073 -2.877 -0.073
Py 3.312 2.877 -3.312 -0.435 -2.877 0.435
Ps 3.312 2.877 -3.312 -0.435 -2.877 0.435
Pg 3.312 2.877 -3.312 -0.435 -2.877 0.435

Ranking results of different methods

The ranking of E; The ranking of E, The ranking of E;

B The proposed linguistic Z-QUALIFLEX method B The large group EDM method

® The interval type-2 fuzzy TOPSIS method considering experts’ hesitation preference

B The large group decision making

# The preference conflict method method based on expert’s consensus

FIGURE 2: Ranking results of different methods.

relatively simple and helps to reduce and eliminate the = method, to deal with the LGEDM problem. Linguistic Z-

decision making risk caused by subjectivity. numbers are first used to express the evaluations of the de-
cision makers, which can more precisely express the inherent
6. Conclusions opinions of the decision makers. The similarity degrees be-

tween the decision makers’ linguistic evaluation vectors of
This study proposed an extended QUALIFLEX method using ~ each alternative are then calculated and used to divide the
linguistic Z-numbers, called the linguistic Z-QUALIFLEX  large group of decision makers into several subgroups. The
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evaluations of the decision makers in each subgroup are
aggregated, and the group linguistic decision matrix is con-
structed by the LZAM operator. The QUALIFLEX method is
finally used to rank the emergency solutions. To demonstrate
the effectiveness and practicability of the proposed linguistic
Z-QUALIFLEX method, a real-life example of a river levee
breach incident is presented, and the obtained ranking result
is compared with those of the existing LGEDM methods.

There are some improvements to be made in future
studies. (1) The proposed method should be extended to
support LGEDM problems by considering more complex
influencing factors. (2) The complex psychological behaviors
of the decision makers in the decision making process under
uncertain or emergency circumstances should be consid-
ered. (3) More linguistic expression techniques should be
investigated for reducing the subjectivity in the decision
making process. (4) More reasonable and effective ap-
proaches for dividing a large group of decision makers into
subgroups need to be developed.
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