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Emergency decision-making (EDM) is of paramount importance, especially when the emergency occurs. )e evolution nature of
the emergency, such as multistage, uncertainty, dynamic, and information updating, has been playing a key role in the dynamic
emergency decision-making process. However, most existing studies ignored the aforementioned nature. Our approach accounts
for the dynamics inherent to a real emergency decision-making process and presents a multistage dynamic emergency decision-
making (MSDEDM) procedure of a dynamic programming model based on decision-makers’ psychological reference satisfactory
degree. Firstly, interval-valued trapezoidal intuitionistic fuzzy numbers (IVTrIFNs) are used to depict the relevant fuzziness and
uncertainty of information. Secondly, by considering the dynamic evolution process of emergency and the decision-makers’
psychological reference expectation effect, the principle of MSDEDM approach is presented. Based on the analysis, the dynamic
model on the new psychological reference satisfactory parameter formula is presented to obtain the optimal satisfaction and
weight of each stage.)en, the value utility function based on the DMs’ risk attitude is proposed to obtain the comprehensive value
of each emergency alternative for each stage and achieve the ranking results of each stage. Furthermore, a case study involving the
transportation emergency decision-making problem demonstrates that the proposed method can achieve selection of the optimal
alternatives for each stage, as well as adjustment of the alternatives for neighbouring stages. Finally, the comparative analysis and
sensitivity analysis for the results are used to further verify the feasibility and practicability of the proposed method.

1. Introduction

Emergencies cause heavy casualties and huge economic
losses, such as the appearance and spread of COVID-19 in
2019, explosion accident in Tianjin port in 2015, Wenchuan
earthquake in 2008, and SARS in 2003. To minimize these
losses as far as possible, the effective emergency decision and
response measures must be taken immediately. However,
due to the complexity and uncertainty of the decision en-
vironment as well as the dynamic nature of the events, it is
very difficult to effectively determine the measures for re-
sponse. It is a typical emergency decision-making (EDM)
problem, which has always been a hot research topic of
modern decision science. )e general objective of EDM is to
estimate desirable alternatives on the basis of a set of
evaluation criteria by decision-makers (DMs), and its major

task is to integrally and effectively depict the decision-
making environment in some representation, assess alter-
natives on the criteria with a mathematical modeling pro-
cedure, and provide the optimal alternative to the emergency
response [1, 2]. How to determine and take the effective
emergency decision and response measures immediately
when the emergency occurs is very important [3, 4].

Over the years, considerable prominent works have been
conducted to enrich the fields. Yu and Lai proposed a
distance-based multicriteria decision-making method for
group emergency decision support [5]. Taking the EDM as a
problem of risk analysis, Liu et al. and Wang et al. presented
an EDM approach considering the DMs’ decision behaviors
based on prospect theory [6, 7].Wang et al. focused on regret
theory, which means that the DMs tend to generate an
expected regret for decision based on past experiences and
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established a decision-making method for emergency re-
sponse of rainstorm disaster [8]. Xu et al. considered DMs’
trust relations and preference risks and developed consen-
sus-based EDM approach [9]. For another solution, Ren
et al. introduced the concept of decision information quality
and firstly developed a thermodynamic method for EDM
[10]. Zhang et al. enumerated all possible situations by the
dynamic evolution information of emergency and proposed
a linear programming selection model to determine the
optimal alternative for each situation [11]. )en, Zhang et al.
researched another approach to solve the EDM problem
based on game theory, where the different situations were
regarded as the strategies between emergencies and DMs
[12]. With the emerging information technologies, data
mining method was introduced to analyse public attribute
preferences for emergency risk decision-making [13]. )ese
methods have done great work and will be useful to EDM.
However, for the emergency evolution characteristics con-
sisting of multistage, uncertainty, dynamic, and information
updating, the abovementioned decision-making method has
some limitations in practical application, such as the de-
scription of complex and uncertain decision information,
the adjustment mechanism of the alternative between two
neighbouring stages, the dynamic nature, and decision in-
formation updating. With respect to these limitations, the
key to solve the EDM problems is to design a multistage
dynamic emergency decision-making (MSDEDM) ap-
proach, considering not only comprehensively describing
and quantifying the decision environment of uncertainty but
also dynamically determining the optimal alternative for the
response in time.

)e assessment information, obtained from the emer-
gency, is the basis for scientific emergency decision-making
[14, 15]. On the one hand, it can reflect the evolution state of
the emergency. On the other hand, it can help DMs to judge
the events and form the reliable preference assessment. Due
to the decision-making environment of variable events, time
limitations, and psychological pressure, researchers have
found that it is difficult to determine the preference as-
sessment value on the alternative accurately and timely.
Furthermore, the processing of their decision is often un-
certain and indecisive. In particular, compared with the
single-stage decision-making, the complexity and uncer-
tainty of the dynamic emergency decision-making are sig-
nificantly increased. )erefore, it is necessary to develop
more powerful and flexible tools in order to handle these
limitations in real-world application. To overcome the is-
sues, fuzzy-based methods aiming at quantifying the indi-
viduals’ judgment on the alternatives in forms of fuzzy
numbers are widely applied in EDM. For example, Li et al.
developed an integrated consensus model based on the fuzzy
context to solve the EDM problems [16]. Wang et al. and
Farhadinia et al. presented an extended hesitant fuzzy de-
cision-making method based on prospect theory and applied
it to EDM studies [17, 18]. Wei developed an operator-based
model and procedures to solve decision-making problems,
in which the criteria values take the forms of intuitionistic
fuzzy numbers (IFNs) and interval-valued IFNs [19]. Liu
et al. introduced the concept of trapezoidal intuitionistic

fuzzy numbers (TrIFNs) as a special variant of the IFNs and
developed a new approach of ratio ranking TrIFNs to solve
emergency alternative assessment problems [20]. Wu and
Liu studied the multicriteria decision-making problem, in
which the given arguments are expressed with IVTrIFNs
[21]. It is worth noting that interval-valued trapezoidal
intuitionistic fuzzy numbers (IVTrIFNs), introducing in-
terval number from 0 to 1 to portray the DMs’ preference
assessment degrees, overcome the difficulty that the degrees
of membership, nonmembership, and hesitation cannot be
described with crisp numbers in reality. Compared with
others, IVTrIFNs have more representational parameters,
which can not only describe DMs’ preference judgment
information more comprehensively and exquisitely but also
make the preference judgment results closer to the realistic
decision-making environment. IVTrIFNs are advantageous
and have been applied in other fields with some success
[22–25]. However, few articles studied MSDEDM problems
where the assessment information can be depicted in forms
of IVTrIFNs.)is advantage can thus inspire us to introduce
IVTrIFNs into MSDEDM problems.

Considering the dynamic nature of the emergency, the
decision-making situation is constantly changing, where the
DMs should timely adjust the alternative in response to the
continuous development of the emergency. With respect to
DMs, the most intuitive feedback of these changing is both
the decision situation information changing in stages and
updating dynamically. Scholars focus on the dynamic nature
of both when studying MSDEDM problems. Recently, a few
researchers have involved the changing in stages in the EDM
problem. For example, Zheng et al. and Ding et al. proposed
a dynamic EDM method for alternatives selection of each
status, in which the stage of the change was determined by
specific development of events [4, 26]. Cai et al. studied
multistage EMD approach, where the stage weights were
calculated by relative entropy optimization technology [27].
Wu et al. showed that a single-stage emergency decision-
making method is unreasonable for the real application and,
on this basis, the changing of the stage weights explored by
the GM (1, 1) model [28]. In Xu et al.’s work, Markov
technology was introduced to describe the evolution state of
the emergency [29]. )ese studies determined the impor-
tance of each stage by some assumption and realized the
description of the changing in stages. However, such sub-
jective assumption ignored the real impact of the evolution
law on the alternative assessing and ranking, such as the
control effectivity of the neighbouring stage caused by the
alternative response of the previous stage, the evolution of
events, and the updating of DMs’ psychological expected
information.

Due to the dynamical updating of information, scholars
often adopt dynamic methods when studying EDM prob-
lem. For example, Hao et al. developed a dynamic weight
determination method on fuzzy Bayesian network to solve
EDM problem, considering the evolving nature of the events
[30]. Yan et al. supposed that the results of disaster infor-
mation evolution had Markov nature and studied the
emergency damage assessment problem [14]. Xu considered
DMs’ psychological preference and the development events,
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initially defined DMs’ satisfactory degree of the alternative
with TOPSIS (technique for order preference by similarity to
ideal solution) and constructed a multiobjective dynamic
optimization model based on the distance measure to adjust
the alternatives interactively [31]. Gao et al. constructed a
dynamic decision-making framework and proposed a ref-
erence point approach based on the DMs’ expectation level
of alternatives for dynamic emergency response decisions
[32]. Wang et al. applied prospect theory to EDM, which can
depict the dynamic features of events by dynamic reference
point method [33]. Although these studies adopted the
dynamic methods including the ideal reference point, the
psychological expected reference point, and the mechanism
of emotion updating and obtained some good results, more
subjective assumptions could also lead to the deviation of
decision-making results.

To sum up, in view of the emergency evolution char-
acteristics of multistage, uncertainty, dynamic, and infor-
mation updating, these existing researches still have some
limitations in the literature. (a) Researchers have found that
it is difficult to depict the emergency of uncertainty and
complexity in real applications. )ere is a gap between the
quantification of the assessment environment and reality.
)e depiction of the EDM environment uncertainty should
be closer to the reality. (b) Researchers had significant
achievements in EDM approaches of the single stage but
ignored the dynamic nature of the emergency evolution. (c)
For the dynamic nature, the adjustment mechanism of the
alternative between two contiguous stages has not been
studied particularly from aspects like information updating.

)us, the uncertainty of situation, the dynamic nature of
events, and the adjustment of alternatives should be in-
volved. Inspired by the studies of Xu [31] and Gao et al. [32],
the study focuses on the context of fuzzy decision-making
and develops an interval-valued trapezoidal intuitionistic
fuzzy approach to solve the dynamic emergency response.
Both weights of criteria and DMs are completely unknown,
and the DMs’ satisfactory degree and the dynamic nature of
emergency are considered. )e main contributions of this
paper are presented as follows. (a) We propose a novel EDM
approach to determine the optimal alternative at stages
under IVTrIFNs environment, in which we construct the
satisfactory degree index to quantify the DMs’ psychological
behaviors. (b) We construct an improved satisfaction degree
model, not only portraying the dynamic changing of DMs’
psychological behaviors but also avoiding more subjective
presupposition. (c) Due to the dynamic nature of emer-
gency, we conduct a multistage dynamic mechanism to
achieve the adjustment of the alternatives.

)e remainder of the paper is organized as follows.
Section 2 reviews the related concepts and definitions of
IVTrIFNs. In Section 3, we describe the proposed MSDEDM
approach based on the psychological reference satisfactory
degree and present its procedure. Section 4 provides a case
study on the highway emergency response to illustrate the
practicality of feasibility of the proposed MSDEDM ap-
proach. We also make a comparative analysis and sensitivity
analysis for the results in Section 4. Section 5 presents some
concluding remarks and future studies.

2. Preliminaries

In this section, the basic concepts of IVTrIFNs are briefly
reviewed, including definitions, operators, and the method
of score functions.

Let X be a fixed set, A � 〈([a, b, c, d]; [μL
A, μH

A ],

[υL
A, υH

A ])〉 denotes an interval-valued trapezoidal intui-
tionistic fuzzy number on X, and its membership function
and nonmembership function are, respectively, defined as
μA � [μL

A, μH
A ] and υA � [υL

A, υH
A ], where a, b, c, d ∈ R,

0≤ μA, υA ≤ 1， and μA + υA ≤ 1. Ding and Wang gave some
operational laws for IVTrIFNs [23, 34].

Definition 1. Let xi � ([ai, bi, ci, di]; [μL
i , μH

i ], [υL
i , υH

i ]), (i �

1, 2, . . . , n) be a collection of IVTrIFNs, and its score
function S(xi) which is used to evaluate the degree of score
of xi can be defined as follows:

S xi(  �
ai + bi + ci + di( 

8
μL

i + μH
i − υL

i − υH
i , (1)

where S(xi) ∈ [− 1, 1]. Generally, the larger the value of score
function S(xi), the more the degree of score of xi. In ad-
dition, we can define the expected value E(xi) of xi as
follows [21, 35]:

E xi(  �
1
8

ai + bi + ci + di(  1 + μi − υi( . (2)

Under the condition S(xi) � S(xj) (i, j � 1, 2, . . . , n), we
can get the following:

(a) If E(xi)>E(xj), then xi > xj

(b) If E(xi) � E(xj), then xi � xj

(c) If E(xi)<E(xj), then xi < xj

Definition 2. Let xi � ([ai, bi, ci, di]; [μL
i , μH

i ], [υL
i , υH

i ]), (i �

1, 2, . . . , n) be a collection of IVTrIFNs and IVTrIFWA
operator is a mapping: fx

ω: Ωn⟶Ω, if

IVTrIFWA x1, x2, . . . , xn(  � ⊕
n

i�1
wixi �



n

i�1
wiai, 

n

i�1
wibi,



n

i�1
wici, 

n

i�1
widi

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
;

1 − 
n

i�1
1 − μL

i 
wi

, 1 − 
n

i�1
1 − μH

i 
wi⎡⎣ ⎤⎦,



n

i�1
υL

i 
wi

, 
n

i�1
υH

i 
wi⎡⎣ ⎤⎦

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
. (3)
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)us, IVTrIFWA is referred to as interval-valued trap-
ezoidal intuitionistic fuzzy weighted averaging operator of
dimension n, where w � (w1, w2, . . . , wn)T is the weight
vector of xi (i � 1, 2, . . . , n), with wi ∈ [0, 1] and 

n
i�1 wi � 1.

Definition 3 (see [21]). Let xi � ([ai, bi, ci, di]; [μL
i , μH

i ],

[υL
i , υH

i ]), (i � 1, 2, . . . , n) be a collection of IVTrIFNs, for
any ordered pair 〈α, β〉, α, β ∈ [0, 1]，0≤ α + β≤ 1, and then
the α cut set and the β cut set can be, respectively, defined as
follows:

xiα � Lxi
(α), Rxi

(α)  � ai +
α bi − ai( 

μxi

, di −
α di − ci( 

μxi

 ,

x
β
i � Lxi

(β), Rxi
(β)  �

(1 − β)bi + β − υxi
 ai

1 − υxi

,
(1 − β)ci + β − υxi

 di

1 − υxi

⎡⎣ ⎤⎦,

(4)

where μxi
� (μL

i + μH
i /2)≥ α and υxi

� (υL
i + υH

i /2)≤ β. In
addition, we can define the expected value of the α cut set
and the β cut set, respectively:

E xiα(  � 
μxi

0
ηLxi

(α) +(1 − η)Rxi
(α) dα �

μxi

2
η ai + bi − ci − di(  + ci + di( ,

E x
β
i  � 

1

υxi

ηLxi
(β) +(1 − η)Rxi

(β) dβ �
1 − υxi

2
η ai + bi − ci − di(  + ci + di( .

(5)

)en the comprehensive risk expected score function
RES(xi) can be obtained as follows:

RES xi(  �
1
2

EV xiα(  + EV x
β
i   �

η ai + bi(  +(1 − η) ci + di( 

4
1 +

μL
i + μH

i

2
−
υL

i + υH
i

2
 , (6)

where η ∈ [0, 1] is an indicator of the DMs’ risk attitudinal
factor; when η approaches 1, the risk attitude is optimistic;
adversely, it is pessimistic. Specifically, η � 0.5 indicates that
the attitude of DMs is neutral, and equation (6) simplifies to
equation (2), which is similar to the expected value E(xi) of
xi. )erefore, we can use RES(xi) function to convert the
interval-valued trapezoidal intuitionistic fuzzy decision in-
formation into a representative crisp value and make a
sensitivity analysis for the impact of the ranking based on η,
with consideration of the DMs risk attitude.

3. A Multistage Dynamic Emergency Decision-
Making Method

Emergency activities fully reflect the emergency decision-
making characteristics of uncertainty, multistage, dynamic,
and information updating. When an emergency breaks out,
the managers should always strive to effectively control the
development of the emergency situation. )ey make a sci-
entific study and decision on the situation in the first time
and dynamically adjust the emergency plan at the necessary
stage according to the development trend of the emergency.

)erefore, the key to solve the problem is how to adjust the
response plan dynamically according to the stage of the
situation. With respect to the characteristics, we propose a
novel dynamic method to make emergency decision on their
uncertain opinions.

3.1. Problem Definition. In this section, we introduce the
investigated emergency response process. When an emer-
gency breaks out, the managers quickly obtain the limited
relevant state information through various ways, such as
casualties and property losses, traffic conditions, weather
and environment, the rescue force, and emergency supplies.
)en, they make a rough analysis of the emergency
according to the abovementioned information and give the
preference degree values of each alternative on the set of the
evaluation criteria. Finally, the comprehensive quantifica-
tion and ranking of each alternative are carried out. In
particular, the preference degree values are based on the
maximum satisfaction of each decision-maker for the se-
lected emergency alternative performance.

However, such emergency response process ignores the
question of multistage dynamic evolution of emergencies,
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which should be involved. For the first stage, the selected
emergency alternative is used to respond to the emergency
and also plays a role in the control of emergency. Meanwhile,
the emergency is also changing. )e decision-makers obtain
more and more information about the emergency, and the
expected satisfaction of the psychological reference of the
emergency alternative performance will also change ac-
cordingly. For the next stage, the emergency continues to
evolve. )e decision-makers give new preference degree
values of each alternative on the set of the evaluation criteria.
After evaluation, if the new satisfaction of the alternative at
the moment reaches the last satisfaction of the moment, the
emergency plan will not be adjusted; otherwise, the optimal
response plan will be selected by recalculation. For the
following stages of emergency development, the above-
mentioned judgment method is used to determine the new
response alternative until the emergency is effectively
controlled. )e multistage dynamic emergency decision-
making framework is illustrated in Figure 1.

With regard to the basic framework of multiattribute
decision-making problem, the relevant variable parameters
involved in the multistage dynamic emergency decision-
making method are presented in Table 1.

3.2. Dynamic Adjustment Method Based on the Satisfaction
Information Updating

Definition 4 (see [34]). Let xi � ([ai, bi, ci, di]; [μL
i , μH

i ],

[υL
i , υH

i ]), (i � 1, 2, . . . , n) be a collection of IVTrIFNs, and
the positive and negative ideal points are, respectively, as
follows:

x
+

� max ai, max bi, max ci, maxdi ; [1, 1], [0, 0]( ,

x
−

� min ai, min bi, min ci, mindi ; [0, 0], [1, 1]( .

(7)

Xu defined a decision satisfaction index based on
TOPSIS method [31]. It can be defined as

ϕ xi(  �
d xi, x

−
( 

d xi, x
+

(  + d xi, x
−

( 
, (8)

where d(xi, x+) and d(xi, x− ), respectively, indicate the
Hamming distances between xi and ideal points. On the
basis of equation (8), we introduce decision-maker’s risk
preference index θ and construct a satisfaction function,
which can be expressed by

ϕ xi(  �
θd xi, x

−
( 

θd xi, x
+

(  +(1 − θ)d xi, x
−

( 
, (9)

where θ ∈ [0, 1]. If θ> 0.5, the decision-maker’s risk pref-
erence is positive and optimistic. If θ< 0.5, the decision-
maker’s risk preference is passive and pessimistic. Also,
when θ � 0.5, it is neutral, and equation (9) can be simplified
as equation (8).

Since the satisfaction index has advantages on objectively
describing the decision-maker’s expected satisfactory degree
of psychological reference, it has been widely used in the

research of multiattribute decision-making problems.
However, in practical decision-making problems, it is dif-
ficult to determine the risk preference index of decision-
makers. Previous studies generally assume that decision-
makers’ risk appetite is neutral. In order to overcome this
shortcoming, we construct a new satisfaction index calcu-
lation method.

Definition 5. Let xi � ([ai, bi, ci, di]; [μL
i , μH

i ], [υL
i , υH

i ]), (i �

1, 2, . . . , n) be a collection of IVTrIFNs, let x be the weighted
average of xi, and let d(xi, x) be the Hamming distance
between xi and x. )e satisfaction index of xi can be cal-
culated by

ϕ xi(  �
E xi( 

1 + V xi( 
�


l
k�1 w

k
i E x

k
i 

1 + 
l
k�1 w

k
i d x

k
i , xi 

, (10)

where ϕ(xi) ∈ [0, 1], and we determine x using the
IVTrIFWA operator. E(xi) and V(xi) are the expected value
and the weighted average deviation value, respectively. )e
higher E(xi) is, the higher xi is, which means that a more
satisfactory degree on the selected alternative can be ob-
tained by DMs. )e smaller V(xi) is, the smaller the dif-
ference in preferences is, which shows that a higher
consensus degree on the selected alternative can be obtained
by DMs, as well as the higher the satisfaction is. Otherwise,
the smaller E(xi), the higher V(xi) and the lower the sat-
isfaction index. Based on the principle of maximum satis-
factory degree, we construct a programming model as
follows.

max
m

i�1
τ x

pk
ij 

s.t.

ϕ x
pk
ij w

pk
  ≥ τ x

pk
ij 



l

k�1
w

pk
� 1, 0≤w

pk ≤ 1

i � 1, 2, . . . , m; j � 1, 2, . . . , n;

k � 1, 2, ..., l; p � 1, 2, ..., q.

(11)

)en, at state Tp, the maximum satisfaction degree
τ∗(x

pk
ij ) on the selected alternative and the corresponding

weight w∗pk � (w∗p1, w∗p2, . . . , w∗pl) are calculated by
equation (11). We determine the ranking and optimal al-
ternative Ai.

Apparently, the DMs’ psychological reference satisfac-
tory degree on the performance of the selected alternative is
not completely fixed and can be influenced by the dynamic
development of the events. With the implementation of the
selected Ai, the emergency will be in control. For the coming
stage Tp+1, the DMs obtain new certain information of the
emergency and make new decision if necessary. Using
τ∗(x

pk
ij ) as a decision reference, if τ∗(x

(p+1)k
ij )≥ τ∗(x

pk
ij ),

then the current emergency alternative Ai is not adjusted
and continues to be implemented; otherwise, the new sat-
isfactory expectation degree will be recalculated, and the
optimal alternative will be dynamically selected until the

Journal of Advanced Transportation 5



emergency is effectively controlled. Considering the dy-
namic of the decision-making process, we construct a dy-
namic programming model as follows.

max
m

i�1
τ x

(p+1)k
ij 

s.t.

ϕ x
(p+1)k
ij w

(p+1)k
  ≥ τ x

(p+1)k
ij ≥ τ∗ x

pk
ij 



l

k�1
w

(p+1)k
� 1, 0≤w

(p+1)k ≤ 1

i � 1, 2, . . . , m; j � 1, 2, . . . , n;

k � 1, 2, ..., l; p � 1, 2, ..., q.

(12)

3.3. Dynamic Emergency Decision-Making Procedures. In
this section, we introduce our proposed approach of the
multistage dynamic emergency decision-making. Firstly, the
preference degree value of decision-makers is described in
the form of interval trapezoidal intuitionistic fuzzy number.
On this basis, the entropy weight method is used to calculate
the experts’ weight in each stage, and the preference degree
value on emergency alternative is aggregated to rank and
select the optimal alternation. )en, considering the dy-
namic evolution of the emergency situation, the driving
force, which causes the decision-makers to timely adjust
emergency response plan, is mainly on whether the stage of
emergency plan for emergency performance meets the
psychological expected reference satisfaction of decision-
makers. For this aspect, we construct the dynamic decision-
making model under the influence of decision-makers’
psychological reference satisfaction. Also, the experts’
weights and the optimal satisfaction of each evolutionary
stage are calculated. Finally, the comprehensive value of each
emergency decision scheme in each evolutionary stage is
calculated to obtain the ranking of alternative decision

schemes in each evolutionary stage. According to Gao et al.
[32], the detailed procedure is illustrated in Figure 2.

In summary, the steps of the multistage dynamic
emergency decision-making method can be detailed as
follows:

Step 1. Let the DMs Ek(k � 1, 2, . . . , l) assess the per-
formance of the emergency alternatives
Ai(i � 1, 2, . . . , m) on the criteria Cj(j � 1, 2, . . . , n),
and determine the normalized preference matrix of
each alternative in stage Tp, which can be expressed by
Xpk � (x

pk
ij )m×n, where x

pk
ij � ([a

pk
ij , b

pk
ij , c

pk
ij , d

pk
ij ]; [

μpkL
ij , μpkH

ij ], [υpkL
ij , υpkH

ij ]), p � 1, 2, . . . , q; k � 1, 2, . . . , l.
Step 2. Based on the normalized preference matrix Xpk,
derive the weights w

pk
j of criteria in stage

Tp(p � 1, 2, . . . , q) by the entropy method [20, 25],
which can be calculated by

w
pk
j �

1 − H
pk
j 

n − 
n
j�1 − (lnm)

− 1


m
i�1 f

pk
ij ln f

pk
ij  

. (13)

where f
pk
ij � (E(x

pk
ij )/

m
i�1 E(x

pk
ij )), and if fij � 0, then

fij ln fij � 0.
Step 3. Aggregate the DMs’ preference values by
IVTrIFWA operator, and calculate the comprehensive
preference values on each alternative of each DM at
stage Tp. )e comprehensive preference matrix can be
expressed by

Y
pk

� y
pk

i 
m×l

� IVTrIFWA x
pk

ij  � ⊕
n

j�1
w

pk
j x

pk
ij .

(14)

Moreover, calculate the expected matrix of Ypk by
equation (2) as follows:

Emergency breaks
out 

Whether the selected
alternative can effectively

control emergency

Set of emergency
alternatives

Make an evaluation
of stage p

p = 1 Keep on the last
emergency
alternative

Yes

No, p = p + 1

Figure 1: Schematic of the multistage dynamic emergency decision-making framework.

Table 1: Mathematical notations and definitions.

Symbols Definitions
Tp(p � 1, 2, . . . , q) Set of stages in the evolution of an emergency scenario
Ek(k � 1, 2, . . . , l) Set of experts involved in emergency decision-making
wpk(k � 1, 2, . . . , l) Weight of Ek, with 

l
k�1 wpk � 1 and 0≤wpk ≤ 1

Ai(i � 1, 2, . . . , m) Set of emergency response alternatives
Cj(j � 1, 2, . . . , n) Set of evaluation criteria for selection of alternatives
w

pk
j (k � 1, 2, . . . , l) Weight of corresponding criterion, with 

n
j�1 w

pk
j � 1 and w

pk
j ≥ 0

Xpk(p � 1, 2, ..., q; k � 1, 2, . . . , l) Set of preference degree values of each alternative on each criterion by each expert
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E Y
pk

  � E y
pk
i  

m×l
, (i � 1, 2, ..., m; k � 1, 2, . . . , l).

(15)

Step 4. At the current stage Tp, determine the maxi-
mum satisfactory degree τ∗(x

pk
ij ) on the alternative Ai

and the corresponding weight w∗pk � (w∗p1,

w∗p2, . . . , w∗pl) calculated by equation (11).
Step 5. Obtain the comprehensive preference values
EVp

i by IVTrIFWA operator, and determine the
ranking of alternatives according to equation (6). )us,
the optimal alternative is A

∗p

i at stage Tp.
Step 6. As the emergency evolves, for the next stage
Tp+1, let the DMs reassess the performance of the
emergency alternatives based on the criteria, and de-
termine the new preference matrix of each alternative.
)en, calculate the maximum satisfactory degree
τ∗(x

(p+1)k
ij ) on the alternative A

p+1
i by equation (12). By

comparing τ∗(x
(p+1)k
ij ) and τ∗(x

pk
ij ), we can get the

following:

(a) If τ∗(x
(p+1)k
ij )≥ τ∗(x

pk
ij ), then continue to imple-

ment the alternative Ai, and move to Step 7.
(b) If τ∗(x

(p+1)k
ij )< τ∗(x

pk
ij ), then move to Step 4.

Recalculate the new satisfactory expectation degree
τ∗(x

(p+1)k

ij ) and the optimal weight w∗(p+1)k �

(w∗(p+1)1, w∗(p+1)2, . . . , w∗(p+1)l), and determine
the new optimal alternative A

∗p+1
i at stage Tp+1.

Step 7. When p � q, it indicates that the emergency is
completely under control; namely, the emergency de-
cision-making process is over.

4. Illustrative Example

In this section, the decision-making problem of a trans-
portation emergency is introduced as a case to verify the
effectiveness and practicability of the multistage dynamic
approach.

4.1. Implementation and Results. A highway section in a
mountainous area is experiencing a sudden landslide and
mudflow caused by a heavy rainfall. )e related highway
department is responsible for the emergency alternative
decision-making and response. Shortly after the emergency,
they firstly organize the relevant experts to study and judge
the emergency and quickly launch the emergency alterna-
tive. )ere are our experts Ek(k � 1, 2, 3, 4) from related
professional fields, and three emergency alternatives Ai(i �

1, 2, 3) for the event are developed as follows:

A1: do not close lanes, and keep traffic moving in
time-phased sharing. Meanwhile, start the rescue
work immediately by small machinery and
equipment.
A2: close side road, and keep traffic moving in the
other lane. Meanwhile, start the rescue work im-
mediately by medium-sized machinery and
equipment.
A3: close all lanes, and stop the traffic except emergency
vehicles. Meanwhile, start the rescue work immediately
by heavy machinery and equipment.
Fully considering the changes in the weather, suppose
that there are three different stages of emergency
evolution, namely, Tp(p � 1, 2, 3). )ey can be de-
scribed as follows:
T1: 06 : 00–10 : 00 am, it is likely to suffer small-to-
moderate rain. )en, with the increasing unstable and
uncertain factors, the emergency is also easy to be out of
control, and the adverse trends might have a big effect
on the rescue progress.
T2: 10 : 00–14 : 00 pm, it is likely to suffer moderate-to-
heavy rain. )en, there is a high probability of wors-
ening the emergency, and the difficulty of managing
such emergency is ever increasing.
T3: 14 : 00–18 : 00 pm, extreme weather is gradually
abating and would benefit the subsequent rescue work.

Construct the
normalized
IVTrIFDMs

Xpk = (xij
pk)m×n

Calculate the
preference
matrix and
expected
matrix

Ypk

E (Ypk)

Calculate the
maximum
satisfaction
index and
optimal

weight and
determine

new ranking 

Calculate the maximum
satisfaction index and

optimal weight at stage
(P + 1)

P = P + 1, if (p = q)

No

Keep on the last
emergency
alternative

Yes

Is optimal solution
obtained? YesNo

End

Start

Figure 2: Flowchart of the proposed dynamic emergency decision-making methodology.
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For each alternative, five benefit-oriented evaluation
criteria Cj(j � 1, 2, 3, 4, 5) are considered by the experts,
including the emergency alternative of responsibility,
completeness, operability, timeliness, and economy. With
the development of emergency, experts need to determine
the optimal alternative for the emergency at each stage.
Considering the uncertainty of dynamic situation, experts
describe the cognitive preferences of each alternative using
IVTrIFNs linguistic variables. Table 2 lists the mapping of
the IVTrIFNs linguistic variables.

Step 1. Each expert assesses the performance of each al-
ternative on each evaluation criterion, as given in Table 3.

Step 2. Determine the weights w
pk

j of criteria in stage
Tp(p � 1, 2, . . . , q) by equation (13). Table 4 summarizes the
results.

Step 3. )e IVTrIFWA operator is used to aggregate the
DMs’ preference values of stage Tp and yield the compre-
hensive preference values Ypk. )en calculate the expected
preference value E(Ypk) and the weighted average deviation
value V(Ypk), as shown in Tables 5 and 6, respectively.

Step 4. According to stage Tp, construct a programming
model based on equation (11) as follows.

max 
3

k�1
τ x

1k
ij 

s.t.

0.227w
11

+ 0.492w
12

+ 0.354w
13

1 + 0.134w
11

+ 0.158w
12

+ 0.008w
13 ≥ τ x

11
ij 

0.499w
11

+ 0.521w
12

+ 0.556w
13

1 + 0.034w
11

+ 0.006w
12

+ 0.04w
13 ≥ τ x

12
ij 

0.192w
11

+ 0.202w
12

+ 0.311w
13

1 + 0.041w
11

+ 0.031w
12

+ 0.008w
13 ≥ τ x

13
ij 

w
11

+ w
12

+ w
13

� 1; w
13 ≥w

12 ≥w
11 ≥ 0.3.

(16)

Consequently, according to themodel of stageT1, we can
obtain themost satisfactory degree and the optimal weight as
follows: τ∗(x1k

ij ) � (0.326, 0.514, 0.237) and w∗1k � (0.3,

0.3, 0.4).

Step 5. Using equation (3), the comprehensive preference
values of each alternative EV1

i are calculated as

EV1
1 � ([0.447, 0.547, 0.647, 0.747]; [0.484, 0.593], [0.290, 0.407]),

EV1
2 � ([0.593, 0.693, 0.793, 0.893]; [0.605, 0.710], [0.180, 0.290]),

EV1
3 � ([0.363, 0.463, 0.563, 0.663]; [0.368, 0.469], [0.429, 0.531]).

(17)

Suppose that the experts involved in the assessment have
a neutral attitude to face uncertain risk, namely, η � 0.5.
)en, using equation (6), the comprehensive risk expected

Table 2: Mapping of IVTrIFNs linguistic variables.

Linguistic terms Linguistic values of TrIFNs
Absolutely low (AL) ([0.0, 0.0, 0.1, 0.2]; [0.0, 0.0],[1.0, 1.0])
Low (L) ([0.1, 0.2, 0.3, 0.4]; [0.1, 0.2],[0.7, 0.8])
Fairly low (FL) ([0.3, 0.4, 0.5, 0.6]; [0.3, 0.4],[0.5, 0.6])
Medium (M) ([0.4, 0.5, 0.6, 0.7]; [0.4, 0.5],[0.4, 0.5])
Fairly high (FH) ([0.5, 0.6, 0.7, 0.8]; [0.5, 0.6],[0.3, 0.4])
High (H) ([0.7, 0.8, 0.9, 1.0]; [0.7, 0.8],[0.1, 0.2])
Absolutely high (AH) ([0.8, 0.9, 1.0, 1.0]; [1.0, 1.0],[0.0, 0.0])

Table 3: Evaluating decision matrix Xpk given by expert Ek at stage
Tp.

Ek Cj

T1 T2 T3

A1 A2 A3 A1 A2 A3 A1 A2 A3

E1

C1 M FH FL M M H FH H AH
C2 L FH FL FL FH AH H H AH
C3 M FH FL M H AH FH AH AH
C4 H H M H H FH FH FH H
C5 FH H FL H FH H M FH H

E2

C1 FH H M FH H H H H AH
C2 H FH FL M FH H FH FH H
C3 M H FL H H AH M FH H
C4 FH H M M FH H H H H
C5 M FH FL FH H H H AH H

E3

C1 H FH M H FH H AH AH AH
C2 FH H FH FH H H H H H
C3 FH H M H FH H FH FH H
C4 FH FH FL M H FH M H AH
C5 L FH M FH H M H FH H

Table 4: Weights w
pk
j of criteria at stage Tp.

Cj

T1 T2 T3

E1 E2 E3 E1 E2 E3 E1 E2 E3

C1 0.088 0.169 0.138 0.221 0.258 0.220 0.235 0.017 0.081
C2 0.460 0.460 0.421 0.429 0.255 0.088 0.047 0.269 0.046
C3 0.088 0.191 0.138 0.220 0.046 0.102 0.267 0.349 0.352
C4 0.130 0.077 0.117 0.065 0.345 0.295 0.157 0.062 0.383
C5 0.234 0.103 0.186 0.065 0.096 0.295 0.294 0.303 0.138

Table 5: Expected preference value E(Ypk) at stage Tp.

Ek
T1 T2 T3

A1 A2 A3 A1 A2 A3 A1 A2 A3

E1 0.227 0.499 0.192 0.284 0.450 0.886 0.370 0.780 0.891
E2 0.492 0.521 0.202 0.334 0.510 0.853 0.463 0.749 0.851
E3 0.354 0.556 0.311 0.452 0.590 0.478 0.671 0.758 0.885

Table 6: Weighted average deviation value V(Ypk) at stage Tp.

Ek
T1 T2 T3

A1 A2 A3 A1 A2 A3 A1 A2 A3

E1 0.134 0.034 0.041 0.079 0.086 0.072 0.554 0.018 0.015
E2 0.158 0.006 0.031 0.034 0.011 0.040 0.429 0.013 0.024
E3 0.008 0.040 0.080 0.117 0.094 0.561 0.007 0.007 0.009
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score RES(xi) is obtained as follows: RES(EV1
1) � 0.355,

RES(EV1
2) � 0.528, RES(EV1

3) � 0.241, and RES(EV1
2)>

RES(EV1
1)>RES(EV1

3). )us, at the first stage T1, the op-
timal ranking of the response alternatives is A2 >A1 >A3;
namely, the emergency alternative A2 can be selected as the
most suitable response.

Step 6. In the second stage T2, on the basis of the last
satisfactory degree τ∗(x1k

ij ), a new programming model
based on equation (12) is obtained as follows.

max 

3

k�1
τ x

2k
ij 

s.t.

0.284w
21

+ 0.334w
22

+ 0.452w
23

1 + 0.079w
21

+ 0.034w
22

+ 0.117w
23 ≥ τ x

21
ij ≥ τ∗ x

11
ij  � 0.326

0.45w
21

+ 0.51w
22

+ 0.59w
23

1 + 0.086w
21

+ 0.011w
22

+ 0.094w
23 ≥ τ x

22
ij ≥ τ∗ x

12
ij  � 0.514

0.886w
21

+ 0.853w
22

+ 0.478w
23

1 + 0.072w
21

+ 0.04w
22

+ 0.561w
23 ≥ τ x

23
ij ≥ τ∗ x

13
ij  � 0.237

w
21

+ w
22

+ w
23

� 1; w
23 ≥w

22 ≥w
21 ≥ 0.3.

(18)

Clearly, the above model is unsolvable under the current
constraints, which indicates that the previous stage is no
longer suitable for managing the current emergency. )e
current emergency alternative needs to be reassessed and
adjusted; meanwhile, the new satisfactory expectation degree
can be updated. Consequently, according to equation (11), a
new programming model is obtained as follows.

max 
3

k�1
τ x

2k
ij 

s.t.

0.284w
21

+ 0.334w
22

+ 0.452w
23

1 + 0.079w
21

+ 0.034w
22

+ 0.117w
23 ≥ τ x

21
ij 

0.45w
21

+ 0.51w
22

+ 0.59w
23

1 + 0.086w
21

+ 0.011w
22

+ 0.094w
23 ≥ τ x

22
ij 

0.886w
21

+ 0.853w
22

+ 0.478w
23

1 + 0.072w
21

+ 0.04w
22

+ 0.561w
23 ≥ τ x

23
ij 

w
21

+ w
22

+ w
23

� 1; w
23 ≥w

22 ≥w
21 ≥ 0.3.

(19)

)rough solving the model, the most satisfactory degree
is τ∗(x2k

ij ) � (0.331, 0.486, 0.604), and the optimal weight is
w∗2k � (0.333, 0.333, 0.334), respectively. By equation (3),
the comprehensive preference values of each alternative EV2

i

are obtained as follows:

EV2
1 � ([0.460, 0.560, 0.660, 0.760]; [0.477, 0.583], [0.306, 0.417]),

EV2
2 � ([0.583, 0.683, 0.783, 0.883]; [0.598, 0.703], [0.186, 0.297]),

EV2
3 � ([0.670, 0.770, 0.870, 0.946]; [1.000, 1.000], [0.000, 0.000]).

(20)

Similarly, let η � 0.5, and determine the comprehensive
risk expected score RES(EV2

i ) as follows: RES(EV2
1) � 0.356,

RES(EV2
2) � 0.517, RES(EV2

3) � 0.814, and RES(EV2
3)

>RES(EV2
2)>RES(EV2

1). )us, the optimal ranking of the
response alternatives is A3 >A2 >A1, which indicates that
the emergency alternative A3 is the best for the emergency
response at present.

Step 7. For the coming stage T3, a new programming model
is constructed using equation (12) as follows.

max 
3

k�1
τ x

3k
ij 

s.t.

0.37w
31

+ 0.463w
32

+ 0.671w
33

1 + 0.554w
31

+ 0.429w
32

+ 0.007w
33 ≥ τ x

31
ij ≥ τ∗ x

21
ij  � 0.331

0.78w
31

+ 0.749w
32

+ 0.758w
33

1 + 0.018w
31

+ 0.013w
32

+ 0.007w
33 ≥ τ x

32
ij ≥ τ∗ x

22
ij  � 0.486

0.891w
31

+ 0.851w
32

+ 0.885w
33

1 + 0.015w
31

+ 0.024w
32

+ 0.009w
33 ≥ τ x

33
ij ≥ τ∗ x

23
ij  � 0.604

w
31

+ w
32

+ w
33

� 1; w
33 ≥w

32 ≥w
31 ≥ 0.3.

(21)

Obviously, the model has an optimal solution, which is
obtained as follows: w∗3k � (0.3, 0.3, 0.4) and
τ∗(x3k

ij ) � (0.399, 0.753, 0.863). )e results show that the
previous alternative has played a good role in managing the
emergency and should continue to be implemented, namely,
A3 >A2 >A1. Meanwhile, the comprehensive risk expected
score RES(EV3

i ) is calculated as follows: RES(EV3
1) � 0.665,

RES(EV3
2) � 0.762, RES(EV3

3) � 0.877, and RES(EV3
3)>

RES(EV3
2)>RES(EV3

1), which indicates the effectiveness
and reliability of the model at stage T3.

In conclusion, for the multistage dynamic emergency
decision-making problem, the ranking order of the three
stages is A2⇒A3⇒A3.

4.2. Results Analysis and Discussion. From the above-
mentioned example, we can see that the severe weather not
only is the key emergency instigator but also affects the
emergency response procedure, and thus the weather
changes should be involved in the dynamic assessment of the
alternative. )e three alternatives Ai(i � 1, 2, 3), showing a
progressive nature for emergency response, have different
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focus according to the development of the event. It is rea-
sonable for the experts to evaluate the emergency and make
multistage decisions to select optimal alternative with re-
spect to the developments. )e optimal alternative of each
stage can be obtained using the proposed method of dy-
namic multistage emergency decision-making, and the re-
sults are shown in Figures 3 and 4.

Figure 3 presents the satisfactory degree value of each
alternative at each stage, showing the preference information
updating of the DMs. Obviously, with the emergency de-
velopment and the selected alternative implementation, the
satisfactory degree index of each expert is increasing and
getting close to one until the events are effectively controlled.
It is indicated from the results, obtained by using the
proposed dynamic method based on the satisfactory degree
index, that the dynamic emergency decision-making pro-
cessing involving the changes of DMs’ psychological ref-
erence on the uncertainties is also reasonable.

Figure 4 shows the comprehensive value of each alter-
native and the optimal alternative ranking at each stage
determined using the proposed dynamic approach. In the
first state T1, the traffic emergency occurs. Although there is
limited and uncertain information for the experts from the
events, they still evaluate the situation and select the optimal
alternative A2. For the implementation of response A2, the
emergency is evolving according to the internal and external
factors and continues to change. For the coming stage T2,
more explicit information obtained through the various
information channels can influence the expectation of the
experts’ psychological reference satisfaction degree to be
continually updated. )en, the decision-making results
show that A2 is unable to control the emergency effectively,
and the alternative is adjusted to A3. Next, it happened to
stage T3, and the new satisfactory degree of A3 reaches an
acceptable level, namely, A3 plays a role in responding to the
current emergency. )ere is no need to adjust alternative A3
at this stage. )erefore, on account of the multistage, un-
certainty, dynamic, and information updating in reality, it is
practical that the emergency decision-making involves the
updating process of the DMs’ psychological reference sat-
isfaction and the dynamic adjustment mechanism of the
emergency response.

In addition, to further verify the stability of the proposed
MSDEDMmethod, we conduct the sensitivity analysis of the
DMs’ risk attitudinal factor η ∈ [0, 1]. Table 7 shows the
results of the comprehensive risk expected score function
RES(xi), indicating the influence on the choice of the
emergency alternatives. For the variable η ∈ [0, 1], we obtain
the variation features of RES(xi) at each stage, as shown in
Figures 5 to 7.

Depending on the kinds of figures, we can determine that
the risk expected score function RES(xi) decreases with the
increase in value of η. However, as the risk attitudinal
variable increases from 0 to 1, the obtained alternative
rankings at each stage are changed. )e ranking of the first
stage T1 is A2 >A1 >A3, and thus alternative A2 is always the
optimal one and is selected as the response. For the second
stage T2, the alternative ranking is A3 >A2 >A1, and A2 is
adjusted to A3. According to the coming stage T3, after
calculation by the proposed model, the obtained ranking is
A3 >A2 >A1, and alternative A3 is always the optimal one
and is selected as the response similar to the last stage T2.
)us, the sensitivity analysis shows that the alternative as-
sessment value can change as the risk attitudinal variable η
changes at each stage, which should be involved in the
decision-making problems. Meanwhile, although the com-
prehensive value of each alternative is remarkably correlated
linearly with the DMs’ risk attitudinal factor, the ranking
results are not affected by the factor, which further indicates
the strong stability of the proposed approach.

)erefore, considering the emergency situations of the
multistage, uncertainty, dynamic, and information updating
in reality, the proposed MSDEDM approach has the fol-
lowing application advantages: (a) )e study introduced
IVTrIFNs that have more parameters than others into the
multistage dynamic emergency decision-making process, to
develop a novel approach for exquisitely describing the
heterogeneous preference assessment information of the
experts with respect to the uncertainty. )is means that the
obtained assessment information by IVTrIFNs can be closer
to reality and let the results be more accurate in the situ-
ations of fuzziness and uncertainty. It is especially well suited
for the dynamic emergency decision-making with the
characteristics of uncertain information, time limitations,
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Figure 3: Satisfaction degree value of each alternative at each stage.
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and psychological pressure. )erefore, under these decision-
making characteristics, the proposed solution can be applied
to enhance the flexibility of decision-making results. (b)
Considering the evolution of the emergency, we present a
dynamic programming model based on the psychological
reference satisfactory degree, to effectively generate and
adjust the alternative of each stage. It is better for the dy-
namic emergency response and not only considers both the

dynamic nature of the events and DMs’ heterogeneous
preference but also generates the optimal adjustment al-
ternation of each evolution stage. (c) With the DMs’ risk
preference behavior, we introduced the comprehensive risk
expected score function to indicate the influence of the DMs’
risk attitude and quantify the effect of the risk preference
behavior. It can enhance the reliability of decision-making
results.
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Figure 5: RES(xi) of stage T1.
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Table 7: Results of the comprehensive risk expected score function RES(xi).

Tp Ai RES(V
p
i )

T1
A1 RES(V1

1) � − 0.119η + 0.415
A2 RES(V1

2) � − 0.142η + 0.599
A3 RES(V1

3) � − 0.094η + 0.288

T2
A1 RES(V2

1) � − 0.117η + 0.415
A2 RES(V2

2) � − 0.141η + 0.587
A3 RES(V2

3) � − 0.188η + 0.908

T3
A1 RES(V3

1) � − 0.198η + 0.764
A2 RES(V3

2) � − 0.190η + 0.857
A3 RES(V3

3) � − 0.182η + 0.968
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5. Concluding Remarks

Considering the emergency characteristic of the multistage,
uncertainty, dynamic, and information updating in reality, we
propose a novel MSDEDM approach with interval-valued
trapezoidal intuitionistic fuzzy operational laws, psycholog-
ical reference satisfaction theory, and dynamic programming
model. With the emergency developing and decision infor-
mation updating, we extend the single-stage emergency de-
cision model to the multistage dynamic emergency decision
model. Firstly, interval-valued trapezoidal intuitionistic fuzzy
theory and method are applied to construct the decision-
making framework under uncertainty environment. )en, a
dynamic programming model is obtained based on the
psychological reference satisfactory degree to effectively
generate and adjust the alternative of each stage. Based on the
programming model, the dynamic updating and adjusting
mechanism of the emergency response are proposed. Besides,
a sensitivity analysis based on the DMs’ risk preference be-
haviors is conducted to reveal the reliability and effectiveness

of the proposed MSDEDM approach. Finally, a practical
MSDEDM example of highway emergency is given to illus-
trate the effectiveness and practicability of the proposed
dynamic fuzzy approach. Remarkably, the application implies
that the fuzzy theory can well handle the uncertainty of real
world in practice and have wide application prospect in other
related fields, such as public transport [36–38], logistics
network [39–41], and trafficmanagement [42].)emethod of
the dynamic decision-making procedure would be a useful
reference to the similar decision-making researches.

In the future, the proposed MSDEDM method can be
applied to the hybrid depiction of the heterogeneous pref-
erence assessment information. DMs’ new heterogeneous
preference behaviors could be also involved, such as loss
aversion, anchoring, disappointment, regret theory, and
prospect theory. Moreover, the current emerging technol-
ogy, including big data, data mining, and deep learning,
provides a good direction for the development of EDM
methods [43]. We strongly suggest integrating the men-
tioned technology with EDM to provide better measures.
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Figure 6: RES(xi) of stage T2.
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