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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 Znumbers, 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 emergency 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 selection [3, 4], doctor selection [5], medical inquiry application evaluation [6], and others [7–9]. These research
studies have proposed many eﬀective methods and algorithms 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 explosion 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 derivative 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 unconventional 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].
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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 management often involves many diﬀerent organizations and
departments, and the decision making team often includes a
large number of experts from various professional backgrounds [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 emergency situations, it is hard for decision makers to express
their judgments with accuracy, especially under time
pressure [23]. Various theories, such as fuzzy sets, intuitionistic 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 uncertainty 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 permutation 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-numbers are ﬁrst used to represent the decision makers’ evaluations 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 accurately 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 linguistic Z-QUALIFLEX method for LGEDM problems. In
Section 5, a numerical example is presented, and a comparative analysis is provided to illustrate the feasibility and
validity of the proposed method. Conclusions and suggestions 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 zerosum 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 linguistic 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 environment 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 obtained 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
et al. [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 assessments. Moreover, no or little attention has been paid to
the large group EDM problems under the context of linguistic 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. Therefore, in this paper, we ﬁll the above gaps by developing a
novel, integrated cognitive approach based on linguistic Znumbers 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.
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where Aϕ(x) represents the fuzzy restriction on the domain
of the uncertain variables, and Bφ(x) is a measure of reliability of Aϕ(x) .
Normally, S1 and S2 represent diﬀerent preference information and, hence, are not always consistent. For simplicity, z � (Aϕ(x) , Bφ(x) ) is called a linguistic Z-number,
where Aϕ(x) ∈ S1 and Bφ(x) ∈ S2 are the two linguistic terms.
Deﬁnition 3 (see [6]). Let zu � (Aϕ(u) , Bφ(u) ) and
zv � (Aϕ(v) , Bφ(v) ) be two linguistic Z-numbers and f∗ and
g∗ be the possible functions of F1 (θu ), F2 (θu ), F3 (θu ), and
F4 (θu ) where F1 (θu ), F2 (θu ), F3 (θu ), and F4 (θu ) are strictly
monotonically increasing functions. Then, the operational
laws of Z-numbers are deﬁned as follows:
(1) neg(zu ) � (f∗−1 (f∗ (Al−1 ) − f∗ (Aϕ(u) )), g∗−1 (g∗
(Bk−1 ) − g∗ (Bφ(u) )))
(2) zu ⊕ zv � (f∗−1 (f∗ (Aϕ(u) ) + f∗ (Aϕ(v) ))g∗−1 ((f∗
(Aϕ(u) ) × g∗ (Bφ(u) ) + f∗ (Aϕ(v) ) × g∗ (Bφ(v) ))/(f∗
(Aϕ(u) ) + f∗ (Aϕ(v) ))))
(3) zu ⊗zv � (f∗−1 (f∗ (Aϕ(u) )f∗ (Aϕ(v) )), g∗−1 (g∗
(Bφ(u) )g∗ (Bφ(v) )))
(4) λzu � (f∗−1 (λf∗ (Aϕ(u) )), Bφ(u) ), for λ ≥ 0
(5) (zu )λ � (f∗−1 (f∗ (Aϕ(u) )λ ), g∗−1 (g∗ (Bφ(u) )λ )), for
λ≥0
Deﬁnition 4 (see [6]). Suppose that S � s0 , s1 , . . . , sg−1  is a
linguistic term set and zu � (Aϕ(u) , Bφ(u) ) is a linguistic Znumber; then, the score function of zu is deﬁned as
S zu  � f∗ Aϕ(u)  × g∗ Bφ(u) ,

(2)

and the accuracy function of zu is deﬁned as
A zu  � f∗ Aϕ(u)  × 1 − g∗ Bφ(u) .

(3)

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 measurable function from an uncertainty space to the set of real
numbers.
Deﬁnition 2 (see [6]). Suppose that X is a ﬁnite universe of
discourses. S1 � (s0 , s1 , . . . , sg−1 ) and S2 � (s0′, s1′, . . . , sg′−1′)
are two ﬁnite and totally ordered discrete linguistic term sets,
where g and g′ are the positive odd integers. Let Aϕ(x) ∈ S1
and Bφ(x) ∈ S2 . A linguistic Z-number set Z in X is expressed
as

Z � x, Aϕ(x) , Bφ(x)   x ∈ X,
(1)

Deﬁnition 5 (see [6]). Let zu � (Aϕ(u) , Bφ(u) ) and zv �
(Aϕ(v) , Bφ(v) ) be two linguistic Z-numbers. Then, the comparison laws of zu and zv are deﬁned as follows:
(1) When Aϕ(u) > Aϕ(v) and Bφ(u) > Bφ(v) , then zu is
strictly greater than zv , expressed as zu > zv
(2) When S(zu ) ≥ S(zv ) and A(zu ) > A(zv ), then zu is
greater than zv , expressed as zu ≻zv
(3) When S(zu ) � S(zv ) and A(zu ) � A(zv ), then zu
equals zv , expressed as zu ∼ zv
(4) When S(zu ) ≤ S(zv ) and A(zu ) < A(zv ) , then zu is
less than zv , expressed as zu ≺zv
Deﬁnition 6 (see [6]). Let zu � (Aϕ(u) , Bφ(u) ) and zv �
(Aϕ(v) , Bφ(v) ) be two linguistic Z-numbers and f∗ and g∗ be
two linguistic scale functions. Then, the distance between zu
and zv is deﬁned as
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1 
d zu , zv  � f∗ Aϕ(u)  × g∗ Bφ(u)  − f∗ Aϕ(v)  × g∗ Bφ(v) 
2
 


+maxf∗ Aϕ(u)  − f∗ Aϕ(v) , g∗ Bφ(u)  − g∗ Bφ(v) .

To aggregate the evaluations expressed by linguistic Znumbers, the linguistic Z-number weighted averaging
(LZNWA) operator is proposed.
Deﬁnition 7. Suppose Z � zj | j � 1, 2, . . . , n is a collection of linguistic Z-numbers zj � (Aϕ(j) , Bφ(j) ), and
LZNWA: Zn ⟶ Z, then the LZNWA operator is given
by

η
Ij Eα , Eβ 

Eα ≻Eβ ⇔concordance exists,
⎧
⎪
⎪
⎪
⎨
� ⎪ Eα ∼ Eβ ⇔ex aequo exists,
⎪
⎪
⎩ E ≺E ⇔discordance exists.
α
β

j�1

n

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 criterion 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 � E1 , E2 , . . . , Em } be a set of alternatives, C � C1 , C2 , . . . , Cn  be a set of criteria, and W �
w1 , w2 , . . . , wn  be the weights of the criteria satisfying
0 ≤ wj ≤ 1, for j � 1, 2, . . . , n, and nj�1 wj � 1. There are m!
permutations of the rankings of the alternatives. The decision 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 Pη , as shown in equation (6), is
the η th permutation:
Pη � . . . , Eα , . . . , Eβ , . . .,

for η � 1, 2, . . . , m!, (6)

where Eα , Eβ ∈ E, and the ranking of Eα is higher or
equal to that of Eβ .
Step 2: determine the concordance/discordance index
η
Ij (Eα , Eβ ) by using equation (7) for each pair of alternatives (Eα , Eβ ), and measure the similarity between
Eα and Eβ , in each permutation Pη with respect to each
criterion j:

η

Iη Eα , Eβ  �  Ij Eα , Eβ wj .

(8)

j�1

(5)

where ⊕ is the same operator deﬁned in Deﬁnition 3, wj is
the weight of zj , satisfying 0 ≤ wj ≤ 1, for j � 1, 2, . . . , n, and
nj�1 wj � 1. If w � (1/n, 1/n, . . . , 1/n), the LZNWA operator becomes the linguistic Z-number arithmetic mean
(LZAM) operator.

(7)

Step 3: calculate the weighted concordance/discordance
index Iη (Eα , Eβ ) by using equation (8) for each pair of
alternatives Eα and Eβ in each permutation Pη :

n

LZNWA z1 , z2 , . . . , zn  � ⊕ wj zj ,

(4)

Step 4: determine the comprehensive concordance/
discordance index Iη by using equation (9) for each
permutation Pη and determine the optimal alternative:
Iη �



Iη Eα , Eβ .

α,β�1,2,...,m

(9)

The best ranking of the alternatives is the one with the
maximum value of the comprehensive concordance/discordance index I∗ � maxη�1,2,...,m! {Iη }. 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 extended 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 Znumbers, 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 evaluations 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 � E1 , E2 , . . . , Em  be
a set of emergency solutions, i.e., alternatives, C � C1 ,
C2 , . . . , Cn } be a set of criteria, W � w1 , w2 , . . . , wn  be the
weights of the criteria satisfying 0 ≤ wj ≤ 1, for j � 1, 2, . . . , n,
and nj�1 wj � 1, and DM � D1 , D2 , . . . , Dl  with l ≥ 20 be a
set of decision makers in an LGEDM problem. Each decision
maker Dk gives his/her judgment of Ei with respect to Cj
using linguistic Z-numbers, represented by zkij . The linguistic
Z-number evaluation matrices Zk � [zkij ]m×n , with i � 1, 2,
. . . , m and j � 1, 2, . . . , n for k � 1, 2, . . . , l, are then obtained. Each element zkij of Zk is given by zkij � (Akϕ(ij) ,
Bkφ(ij) ), where Akϕ(ij) is the linguistic evaluation of alternative
Ei with respect to criterion Cj 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 Znumber evaluations.

Phase 2: construct the group linguistic decision matrix
Step 2.1: compute the subgroup linguistic Z-number evaluation vectors.
Step 2.2: construct the group linguistic evaluation matrix.

Phase 3: determine the rankings of the alternatives
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.

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

Dk using the linguistic term set S1 � (s0 , s1 , . . . , sg−1 ), and
Bkφ(ij) is a measure of reliability of Akϕ(ij) using the linguistic
term set S2 � (s0′, s1′, . . . , sg′−1′). The evaluations 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 Zk � [zkij ]m×n by using
k
⎪
⎧
for benefit criteria,
⎨ zij ,
zkij � ⎪
⎩ negzk , for cost criteria.
ij

(10)

The normalized linguistic Z-number evaluation matrix
is represented by Zk � [zkij ]m×n .
Step 1.2: calculate the similarity degrees between decision makers’ linguistic Z-number evaluations. Let
k
k
k
V(i)
k � (zi1 , zi2 , . . . , zin ) denote the normalized linguistic evaluation vector for alternative Ei , for
i � 1, 2, . . . , m, by decision maker k, for k � 1, 2, . . . , l.
(i)
(i)
(i)
The similarity degree S(V(i)
μ , V] ) between Vμ and V]
is given by
(i)
SV(i)
μ , V]  �

1+

nj�1

1
.
μ
dzij , z]ij 

(11)

Step 1.3: divide decision makers into subgroups for
each alternative. Suppose λ(i) is the clustering threshold
of alternative Ei obtained by using

2
λ(i) � SMin + (SMax − SMin),
3

(12)

where


(i)  (i)
(i)
(i)
(i)
(i)

SMax � maxSV(i)
μ , V]   Vμ , V] ∈ Ω , Vμ ≠ V] ,

(i)  (i)
(i)
(i)
(i)
(i)

SMin � minSV(i)
μ , V]   Vμ , V] ∈ Ω , Vμ ≠ V] ,

(13)
and Ω(i) are the evaluation vectors of all decision
makers for alternative Ei .
(i)
(i)
(i)
For alternative Ei , if S(V(i)
μ , V] ) ≥ λ , then Vμ and
(i)
(i)
V] are put into the same subgroup. Let H denote the
number of subgroups after clustering for alternative Ei ,
(i)
Λ(i)
h be the decision makers in subgroup h, Ωh be the
(i)
corresponding assessment vectors of Λh , and k(i)
h be
the number of decision makers in Λ(i)
.
The
requirement
h
(i)
k(i)
h ≥ 2 is needed. If there is a Λξ , for any ξ �
(i)
(i)
1, 2, . . . , H , such that kξ � 1, Λ(i)
needs to be
ξ
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 Ei , the linguistic
(i)
(i)
Z-number evaluation vectors Ω(i)
h , for 1 ≤ h ≤ H , of kh
(i)
decision makers in subgroup Λh are aggregated into
 (i)
the subgroup linguistic evaluation vector V
h by using
the LZAM operator:

6
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 (i)
V
h

�

(i)
(i)
(i)
LZAMV1 , V2 , . . . , Vk(i) 
h

k(i)
h

⎠
⎛ 1 z(i) ⎞
� ⊕⎝
ijr ,
r�1 k(i)
h
(14)

(1/k(i)
h )

z(i)
ijr .

where
is the weight of
Step 2.2: construct the group linguistic evaluation
 � [zij ]m×n. Using the subgroup linguistic
matrix Z
 (i)
evaluation vectors V
h , for i � 1, 2, . . . , m, the group
linguistic evaluation vector can be obtained by using
the LZAM operator:
k(i)

h
(i) (i)
 (i) � LZAMV
 (i)
 (i)
 (i)
V
1 , V2 , . . . , VH(i)  � ⊕ wh zijr ,

r�1

(15)

η
I j  Eα , Eβ 

η

Iη Eα , Eβ  �  Ij Eα , Eβ wj .

Step 3.4: determine the comprehensive concordance/
discordance index Iη by using
n



η

Step 3.1: list all m! permutations of the rankings of the
alternatives:
Pη � . . . , Eα , . . . , Eβ , . . .,

 Ij Eα , Eβ wj .

for η � 1, 2, . . . , m!,
(16)

where Pη is the ηth permutation, Eα , Eβ ∈ E, and Eα is
ranked higher or equal to Eβ in the permutation.
Step 3.2: calculate the concordance/discordance index
η
Ij (Eα , Eβ ) of each pair of alternatives (Eα , Eβ ) in each
permutation Pη by considering every criterion using

(17)

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

(18)

j�1

Iη �

Phase 3: rank the alternatives by using the QUALIFLEX
method

⎪
⎧
dzαj , z0  − dzβj , z0  > 0 ⇔ concordance exists,
⎪
⎪
⎪
⎨
� ⎪ dzαj , z0  − dzβj , z0  � 0 ⇔ ex aequo exists,
⎪
⎪
⎪
⎩ dz , z  − dz , z  < 0 ⇔ discordance exists.
αj 0
βj 0

Step 3.3: calculate the weighted concordance/discordance index Iη (Eα , Eβ ) of each permutation Pη by using
n

(i)
where w(i)
h (i)� (kh /l). The m group linguistic evaluation
 , for i � 1, 2, . . . , m, form the group linvectors V
 � [zij ]m×n.
guistic evaluation matrix Z

(19)

α,β�1,2,...,m j�1

The best ranking of the alternatives is P∗ with the
maximum value of the comprehensive concordance/discordance index I∗ , i.e., I∗ � maxη�1,2,...,m! {Iη }. 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 emergencies, in this section, an LGEDM problem of a river levee
breach incident is used as the illustrative example to

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 department, and the transportation department were invited to
choose the best emergency solution within a short period of
time. There are three emergency solutions E � E1 , E2 , E3 
for the decision makers to choose from. E1 : strengthen the
riverbank, keep close monitoring, and expand the emergency force of inspection and rescue. E2 : 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. E3 : 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 � C1 , C2 , C3 , C4  are considered for each emergency
solution: C1—number of victims, C2—public satisfaction,
C3—property loss, and C4—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 � {D1, D2,. . ., D20}
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 C2 is a beneﬁt, i.e., maximization,
criterion, while C1 , C3 , and C4 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 S1 for Akϕ(ij)
used by the decision makers is

S1 � s0 � very low influence, s1 � low influence, s2 � slightly low influence,
s3 � moderate influence, s4 � slightly high influence, s5 � high influence,

(20)

s6 � very high influence,
and the linguistic term set S2 for Bkφ(ij) is

S2 � s0 � very unreliable, s1 � unreliable, s2 � somewhat reliable,
′

′

′

(21)

s3 � reliable, s4 � very reliable.
′

′

The decision process and the results of the proposed
linguistic Z-QUALIFLEX method of selecting the best solution for this example LGEDM problem are summarized as
follows:
Phase 1: divide the decision makers into subgroups
The linguistic Z-number evaluation matrices are obtained 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
(1) (1)
(1)
limitation, only V(1)
k � (zk1 , zk2 , . . . , zk4 ), for k �
1, 2, . . . , 20, i.e., the normalized linguistic evaluation
vectors by the 20 decision makers for alternative E1 , 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 E1 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 E1 are shown
in Table 3.
Phase 2: construct the group linguistic decision matrix
For each alternative Ei , for i � 1, 2, 3, the linguistic Z(i)
number evaluation vectors in Ω(i)
h , for 1 ≤ h ≤ H , of
(i)
(i)
the kh decision makers in subgroup Λh are aggregated into the subgroup linguistic evaluation
 (i)
vector V
h by using equation (14). By aggregating the
subgroup linguistic evaluation vectors of all alternatives based on equation (15), the group linguistic
 � [zij ]3×4 is obtained as shown in
evaluation matrix Z
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.,
P1 � E1 , E2 , E3 ,
P2 � E1 , E3 , E2 ,
P3 � E2 , E1 , E3 ,
P4 � E2 , E3 , E1 ,

(22)

P5 � E3 , E1 , E2 ,
P6 � E3 , E2 , E1 .
By using equation (17), the concordance/discordance
η
index Ij (Eα , Eβ ) of each pair of solutions (Eα , Eβ ), for
α, β � 1, 2, 3, in each permutation Pη , for η � 1, 2, . . . , 6, is
calculated by considering each criterion. Because of space
limitation, only the concordance/discordance indices of
permutation P1 are presented in Table 5. The weighted
concordance/discordance indices Iη (Eα , Eβ ) of each permutation Pη are obtained by using equation (18), and the
results of permutation P1 are listed in Table 6. Finally, the
comprehensive concordance/discordance indices Iη are
calculated by using equation (19), and the results are
I1 � 6.268, I2 � 6.63, I3 � −0.362, I4 � 6.624, I5 � 0.87, and
I6 � −5.754, respectively. Hence, the best ranking of the
alternatives is E1 ≻E3 ≻E2 . Therefore, E1 is the best emergency 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 preference 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
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Table 1: The normalized linguistic evaluation matrix of the 20 decision makers for alternative E1 .

DM
D1
D2
D3
D4
D5
D6
D7
D8
D9
D10
D11
D12
D13
D14
D15
D16
D17
D18
D19
D20

C1
(A4 , B3 )
(A5 , B2 )
(A3 , B2 )
(A6 , B2 )
(A6 , B2 )
(A5 , B4 )
(A1 , B2 )
(A3 , B1 )
(A4 , B1 )
(A6 , B4 )
(A3 , B0 )
(A6 , B4 )
(A3 , B1 )
(A6 , B4 )
(A1 , B2 )
(A5 , B2 )
(A5 , B1 )
(A6 , B3 )
(A6 , B4 )
(A3 , B2 )

C2
(A3 , B2 )
(A4 , B2 )
(A4 , B3 )
(A2 , B3 )
(A1 , B3 )
(A2 , B3 )
(A1 , B1 )
(A3 , B1 )
(A3 , B1 )
(A2 , B2 )
(A3 , B0 )
(A1 , B3 )
(A3 , B1 )
(A6 , B3 )
(A1 , B2 )
(A3 , B0 )
(A4 , B1 )
(A1 , B3 )
(A1 , B1 )
(A3 , B2 )

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 example, ﬁrst, the best solution E1 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 probability of collapse of the riverbank is small. The solution E3
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 ﬁnancial resources. If E3 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. E2 cannot minimize
casualties or improve personnel satisfaction, and it needs
more material consumption compared with E1 . Therefore,
it is more reasonable for the emergency management oﬃce
to inform all kinds of emergency organizations and villagers in advance to prepare for the emergency and the
transfer, and to strengthen the riverbank, keep close

C3
(A4 , B2 )
(A4 , B2 )
(A3 , B1 )
(A4 , B4 )
(A5 , B3 )
(A2 , B2 )
(A3 , B1 )
(A3 , B1 )
(A6 , B4 )
(A3 , B0 )
(A4 , B3 )
(A2 , B1 )
(A6 , B3 )
(A3 , B2 )
(A3 , B0 )
(A4 , B1 )
(A6 , B3 )
(A5 , B3 )
(A4 , B2 )
(A4 , B2 )

C4
(A1 , B4 )
(A4 , B2 )
(A3 , B2 )
(A1 , B4 )
(A3 , B2 )
(A2 , B4 )
(A2 , B1 )
(A3 , B1 )
(A1 , B1 )
(A2 , B4 )
(A3 , B1 )
(A2 , B2 )
(A3 , B1 )
(A0 , B4 )
(A1 , B2 )
(A3 , B0 )
(A3 , B1 )
(A3 , B3 )
(A2 , B1 )
(A4 , B3 )

monitoring, and expand the emergency force of inspection
and rescue at the same time just as what the alternative E1
will do. Once a breach of the riverbank happens, the villagers 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 E1 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 advantages: (1) the linguistic Z-numbers can describe the inherent 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 calculation 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

DM
D1
D2
D3
D4
D5
D6
D7
D8
D9
D10
D11
D12
D13
D14
D15
D16
D17
D18
D19
D20

D1
1.000
0.572
0.239
0.646
0.288
0.517
0.186
0.227
0.233
0.413
0.161
0.296
0.206
0.342
0.237
0.402
0.277
0.289
0.252
0.643

D2
0.572
1.000
0.296
0.301
0.333
0.313
0.182
0.233
0.228
0.271
0.182
0.296
0.212
0.232
0.210
0.484
0.301
0.338
0.250
0.513

D3
0.239
0.296
1.000
0.181
0.373
0.192
0.274
0.455
0.494
0.173
0.246
0.227
0.288
0.177
0.242
0.271
0.280
0.200
0.174
0.439

D4
0.646
0.301
0.181
1.000
0.508
0.667
0.156
0.179
0.182
0.517
0.138
0.350
0.172
0.444
0.187
0.265
0.232
0.446
0.335
0.346

D5
0.288
0.333
0.373
0.508
1.000
0.508
0.210
0.286
0.255
0.425
0.206
0.600
0.275
0.318
0.272
0.322
0.281
0.625
0.514
0.272

D6
0.517
0.313
0.192
0.667
0.508
1.000
0.158
0.185
0.184
0.642
0.140
0.417
0.174
0.444
0.194
0.258
0.213
0.458
0.502
0.383

D7
0.186
0.182
0.274
0.156
0.210
0.158
1.000
0.392
0.347
0.178
0.329
0.234
0.338
0.115
0.575
0.265
0.256
0.187
0.571
0.236

D8
0.227
0.233
0.455
0.179
0.286
0.185
0.392
1.000
0.633
0.232
0.500
0.331
0.833
0.132
0.383
0.504
0.508
0.246
0.244
0.275

D9
0.233
0.228
0.494
0.182
0.255
0.184
0.347
0.633
1.000
0.231
0.272
0.266
0.467
0.131
0.301
0.330
0.342
0.242
0.254
0.340

D10
0.413
0.271
0.173
0.517
0.425
0.642
0.178
0.232
0.231
1.000
0.154
0.438
0.224
0.567
0.211
0.290
0.251
0.542
0.488
0.291

D11
0.161
0.182
0.246
0.138
0.206
0.140
0.329
0.500
0.272
0.154
1.000
0.249
0.583
0.115
0.317
0.403
0.527
0.171
0.201
0.187

D12
0.296
0.296
0.227
0.350
0.600
0.417
0.234
0.331
0.266
0.438
0.249
1.000
0.321
0.398
0.326
0.354
0.307
0.563
0.530
0.267

D13
0.206
0.212
0.288
0.172
0.275
0.174
0.338
0.833
0.467
0.224
0.583
0.321
1.000
0.124
0.356
0.470
0.675
0.238
0.234
0.254

D14
0.342
0.232
0.177
0.444
0.318
0.444
0.115
0.132
0.131
0.567
0.115
0.398
0.124
1.000
0.132
0.197
0.154
0.502
0.425
0.200

Table 2: The similarity degrees between decision makers for alternative E1 .
D15
0.237
0.210
0.242
0.187
0.272
0.194
0.575
0.383
0.301
0.211
0.317
0.326
0.356
0.132
1.000
0.374
0.265
0.245
0.310
0.263

D16
0.402
0.484
0.271
0.265
0.322
0.258
0.265
0.504
0.330
0.290
0.403
0.354
0.470
0.197
0.374
1.000
0.675
0.283
0.285
0.308

D17
0.277
0.301
0.280
0.232
0.281
0.213
0.256
0.508
0.342
0.251
0.527
0.307
0.675
0.154
0.265
0.675
1.000
0.233
0.240
0.259

D18
0.289
0.338
0.200
0.446
0.625
0.458
0.187
0.246
0.242
0.542
0.171
0.563
0.238
0.502
0.245
0.283
0.233
1.000
0.413
0.304

D19
0.252
0.250
0.174
0.335
0.514
0.502
0.571
0.244
0.254
0.488
0.201
0.530
0.234
0.425
0.310
0.285
0.240
0.413
1.000
0.220

D20
0.643
0.513
0.439
0.346
0.272
0.383
0.236
0.275
0.340
0.291
0.187
0.267
0.254
0.200
0.263
0.308
0.259
0.304
0.220
1.000
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Table 3: The subgroups for each of the alternatives.

Alternatives
E1
E2
E3

Subgroups
{D8, D13}; {D1, D4, D5, D6, D10, D18, D20}; {D16, D17}; {D3, D7, D9, D12, D14, D19}; {D2, D11, D15}.
{D1, D2, D4, D6, D7, D11, D13, D14, D16, D17, D18, D19}; {D3, D8, D15, D20}; { D5, D9, D10, D12}.
{D1, D2, D4, D5, D6, D10, D12, D13, D14, D15, D16, D17, D18, D19, D20}; {D3, D8}; {D7, D9, D11}.
Table 4: The group linguistic evaluation matrix.

Alternatives
E1
E2
E3

C1
(A3.400, B3.997)
(A1.118, B0.889)
(A0.991, B0.880)

C2
(A5.119, B2.145)
(A2.264, B1.521)
(A4.168, B2.636)

C3
(A4.633, B4.337)
(A1.056, B0.708)
(A1.093, B1.084)

C4
(A5.346, B4.221)
(A1.014, B0.826)
(A0.920, B0.622)

Table 5: The concordance/discordance indices for P1.
P1

I1j (E1 , E2 )

I1j (E1 , E3 )

I1j (E2 , E1 )

I1j (E2 , E3 )

I1j (E3 , E1 )

I1j (E3 , E2 )

C1
C2
C3
C4

2.898
–2.855
3.608
4.350

3.005
–3.005
3.570
4.444

–2.898
2.855
–3.608
–4.350

0.127
–1.904
–0.038
0.094

–3.005
3.005
–3.570
–4.444

0.127
1.904
0.038
–0.094

Table 6: The weighted concordance/discordance indices for P1.
P1
P2
P3
P4
P5
P6

I1j (E1 , E2 )

I1j (E1 , E3 )

I1j (E2 , E1 )

I1j (E2 , E3 )

I1j (E3 , E1 )

I1j (E3 , E2 )

3.312
3.318
3.312
3.312
3.312
3.312

3.391
2.877
2.877
2.877
2.877
2.877

–3.312
–3.318
–3.312
–3.312
–3.312
–3.312

–0.435
–0.435
0.073
–0.435
–0.435
–0.435

–3.391
–2.877
–2.877
–2.877
–2.877
–2.877

0.435
0.435
–0.073
0.435
0.435
0.435

Ranking results of different methods
3.5
3
2.5
2
1.5
1
0.5
0
The ranking of E1

The ranking of E2

The proposed linguistic Z-QUALIFLEX method
The interval type-2 fuzzy TOPSIS method
The preference conflict method

The ranking of E3

The large group EDM method
considering experts’ hesitation preference
The large group decision making
method based on expert’s consensus

Figure 2: Ranking results of diﬀerent methods.

relatively simple and helps to reduce and eliminate the
decision making risk caused by subjectivity.

6. Conclusions
This study proposed an extended QUALIFLEX method using
linguistic Z-numbers, called the linguistic Z-QUALIFLEX

method, to deal with the LGEDM problem. Linguistic Znumbers are ﬁrst used to express the evaluations of the decision makers, which can more precisely express the inherent
opinions of the decision makers. The similarity degrees between the decision makers’ linguistic evaluation vectors of
each alternative are then calculated and used to divide the
large group of decision makers into several subgroups. The

Scientiﬁc Programming
evaluations of the decision makers in each subgroup are
aggregated, and the group linguistic decision matrix is constructed 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 considered. (3) More linguistic expression techniques should be
investigated for reducing the subjectivity in the decision
making process. (4) More reasonable and eﬀective approaches for dividing a large group of decision makers into
subgroups need to be developed.
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