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Abstract: The improved evaluation based on the distance from average solution (EDAS) of the
interval-valued intuitionistic trapezoidal fuzzy set is proposed. At first, we propose a new distance
between interval-valued intuitionistic trapezoidal fuzzy numbers according to their interval end-
points and centroid point, and its properties are also discussed. Furthermore, we apply the proposed
distance measure to calculate the expectation level of the emergency plan, and the optimal dynamic
expectation level of the emergency plan is obtained by solving the programming model. Then, we
improve the EDAS method based on the dynamic expectation level of the decision makers and apply
it to calculate the optimal emergency plan. Finally, a numerical example about flood disaster rescue
is given to verify the feasibility and effectiveness of the proposed method, which is also compared
with the existing methods.

Keywords: EDAS method; expectation level of decision makers; distance measure; interval-valued
intuitionistic trapezoidal fuzzy number

1. Introduction

In recent years, torrential rain, typhoons and other emergencies have brought great
risk to the safety of human life and property. For example, the Henan province in China
suffered a rare torrential rain in July 2021, and the disaster affected 14.786 million people,
causing an economic loss of CNY 120.06 billion [1]. Emergency management departments
carry out risk management for disaster events, which is beneficial to early scientific warning
and emergency rescue for the disaster.

The uncertainty of emergency decisions requires the decision maker to adjust the
emergency plan dynamically. Generally, the emergency plan is evaluated from the following
aspects: the representation of the emergency plan and the choice of decision-making
method. Since the fuzzy set was proposed by Zadeh L.A. [2], it has been paid much attention
and popularized by many researchers, as it provides an effective tool for dealing with the
uncertain information in emergency decision making. For example, Guo et al. [3] applied
the variable fuzzy set and set pair analysis to evaluate flood disaster risk. Wu et al. [4]
discussed the emergency rescue of flood disaster by using the linguistic intuitionistic fuzzy
set and TOPSIS method. He [5] applied Dombi hesitant fuzzy set to deal with the problem
of typhoon disaster risk. Many studies on the application of uncertain sets in emergency
decision making are summarized in Table 1. The uncertain sets mentioned in Table 1 are
all numerical sets. However, the linguistic term set or interval-valued fuzzy set are more
suitable to represent the uncertain information. For example, Peng et al. [6] applied the
interval-valued Pythagorean fuzzy set to describe the uncertain information in mineral
emergency safety. How to deal with the uncertainty in emergency decision-making has
become an important topic.
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Table 1. The existing studies of uncertain sets in emergency decision making.

The Research on Uncertainty in Emergency Decision Making

Liuetal. [7] Applied the hesitant fuzzy set to emergency decision making

Ashraf et al. [8] Applied the spherical fuzzy set to diagnose COVID-19

Ding et al. [9] Applied the picture fuzzy set to deal with emergency decision making
Lietal. [10] Applied the fuzzy expert system to deal with the Golestan flood in 2019
Ding et al. [11] Considered an optimal risk allocation in emergency decision making
Kang et al. [12] Provided the fuzzy recommendation for emergency rescue

The choice of emergency decision-making methods is also very important. Ren et al. [13]
applied the TOPSIS method and prospect theory to construct the optimal emergency plan
for explosions. The essence of the TOPSIS method is to find the alternative closest to the
optimal alternative and farthest from the worst alternative, but it does not consider the
psychological factors of decision makers. In fact, the psychological factors of decision
makers also affect the efficiency of emergency plan. For example, the TODIM method takes
into account the psychological factors of decision makers. Liang et al. [14] extended the
TODIM method into the hesitant fuzzy linguistic environment and applied it to solve the
problem of mineral emergency. Ding et al. [15] proposed the dynamic TODIM method
under the probabilistic hesitant fuzzy set and applied it to solve fire emergency rescue.
In fact, the attributes in multi-attribute decision making problems affect each other. In
order to eliminate the interaction between attributes, Keshavarz et al. [16] proposed the
EDAS (Evaluation based on distance from average solution) method to deal with the
classification of conflict criteria. Keshavarz et al. [17] continued to propose the dynamic
EDAS method in a changing emergency decision environment. In fact, EDAS applies the
average solution to appraise the alternatives, where two measures are called PDA (positive
distance from average) and NDA (Negative distance from average). In practical decision
making problems, the value of two measures is not only related to the average solution but
also related to its standard deviation.

Motivated by this, we propose a new EDAS method based on the expectation level
of decision makers and apply it to emergency decision making. The contributions and
advantages of the paper are given as follows.

(1) A new distance measure is defined based on the interval endpoints and centroid
point of interval-valued intuitionistic trapezoidal fuzzy numbers.

(2) We apply the programming model to calculate the dynamic expectation level of
decision makers, which can provide a real-time reference point for the emergency plan and
improve the efficiency of the emergency plan.

(3) An improved EDAS method is proposed based on the prospect theory; the cor-
responding PDA and NDA not only consider the distance to the average but also its
standard deviation.

The rest of the paper is organized as follows: In Section 2, some basic concepts of
interval-valued intuitionistic trapezoidal fuzzy number, prospect theory and EDAS method
are reviewed. In Section 3, we first propose a new distance measure between interval-
valued intuitionistic trapezoidal fuzzy numbers, and the dynamic expectation level of
decision makers is also obtained by solving the programming model. In Section 4, an
improved EDAS method based on the dynamic expectation level of the decision makers
is proposed. In Section 5, we apply the proposed method to the numerical example of
flood disaster rescue, which is also compared with the existing methods. In Section 6, we
summarize the paper and put forward the research direction in the future.

2. Preliminaries

In this section, we briefly review some basic concepts of interval-valued intuitionistic
trapezoidal fuzzy number, prospect theory and EDAS method.
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2.1. Interval-Valued Intuitionistic Trapezoidal Fuzzy Number

In this sub-section, the concept of interval-valued intuitionistic trapezoidal fuzzy
numbers and its weighted arithmetic average (WAA) operator are presented as follows.

Definition 1. ([18]) Let X = {x1,x2,-- - , x5} be a universe of discourse, a collection of interval-
valued intuitionistic trapezoidal fuzzy numbers H;(i = 1,2,- - - ,s) on X is defined as

H; = (lai bi ci,di); (b, w), v ),
where a;, by, c;,d; € R, w; = [uk, uR] and v; = [vk,vR] represent the membership degree and non-
membership degree, respectively, and they satisfy with 0 < p; +v; <1(0 < p; <1,0 <wv; <1).

The weighted arithmetic average operator of interval-valued intuitionistic trapezoidal
fuzzy numbers is given as follows.

Definition 2. ([19]) Let H; = ([a;, b;, c;, d;]; [uk, uR], vk, vR]) (i = 1,2,- -+ ,s) be a collection
of interval-valued intuitionistic trapezoidal fuzzy numbers, if w = (w1, ws, - -+ ,ws) is the cor-
responding weight vector of H;, satisfying with }; ; w; = 1(0 < w; < 1), then the weighted
arithmetic average operator of interval-valued intuitionistic trapezoidal fuzzy numbers is defined as

: /Hs) =w H ®wyHy ®--- D wsH;

@b, Loy e 1= T10 - b1~ TT0 - ) TTehe TTeben.

=1 i=1 i=1 i=1 i=1

2.2. Prospect Theory

The decision-making process is divided into two stages based on the prospect theory:
the first stage is the occurrence of random events; and the second stage is the evaluation of
the random events.

Suppose the evaluation information of the alternative A is x, if the reference point is
xo, then the value function of the alternative A is given as follows ([20]):

o (X - xO)'Blr X > Xxo,
Vi) = {G(xo —x)P2, x < x, @

where the parameters f1(0 < 1 < 1) and (0 < B, < 1) represent the decision makers’
attitudes in the gain and loss, respectively. 0 represents the loss-avoidance coefficient of
decision makers. For example, § > 1 indicates the decision makers are more sensitive
to loss.

2.3. Evaluation Based on Distance from Average Solution (EDAS)

The EDAS method proposed by Keshavarz [16], which is applied to rank the

alternatives. The calculation process is summarized as follows:

(1) Determine the average solution based on the evaluation information under
all attributes.

(2) Calculate the positive distance from average PDA = [PDA;j|uxm and the negative
distance from average NDA = [N DAi]-]nxm, respectively,

If the attribute j is beneficial, then PDAZ-]- = w
max(0,X;—X;) !

X

and NDA;; = 7maX(O§FXU);
j

0,X;i—X;
and NDA;; = %, where
j

If the attribute j is cost, then PDA;; =
Xj _ Ll Xij

== represents the average value under the attribute ;.

(3) Aggregate the PDA and NDA for all emergency plans, then

m m
SP;=) . wjPDA;; and SN;=} " wNDAy,
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where wj is the weight of attribute ;.

(4) Calculate the appraisal score AS; for all emergency plans, where AS; = 1(

+
1-— %I\ENI ). Furthermore, we rank the emergency plan in descending order of the value
of ASl

SP;
max SP;

3. The Dynamic Expectation Level of the Emergency Plan Based on the
Programming Model

In the process of emergency decision making, the decision makers often show different
psychological characteristics. In order to obtain the dynamic expectation level of the
emergency plan, we first propose a new distance measure between the interval-valued
intuitionistic trapezoidal fuzzy numbers.

3.1. A New Distance between Interval-Valued Intuitionistic Trapezoidal Fuzzy Numbers

Wan [19] defined the normalized Hamming distance between interval-valued intu-
itionistic trapezoidal fuzzy numbers as follows.

Definition 3. ([19]) Let H; = ([a;, b;, c;, d;]; [uk, uR], [vF, vR]) and H; = ([aj, bj,cj, djl; [y]-L, pt]R],
[V]-L,U]R
distance between H; and H; is denoted as Dyy(H;, Hj), which is given by

1) be two interval-valued intuitionistic trapezoidal fuzzy numbers, the normalized Hamming

1
D (Hi, Hj) = g < [ (u = v)ai = (uf —vajl + | (1 = vi)a; — (uf —vp)aj| + [ (uir = vi)bi = (e — v])by]

(R —vE )b — (iR = vhyl 41— vF)er — (b = vR)e |+ 1 — vE)e; — (uf — vh)e) ®
(b = vR)d; — (= V)| 4 | (uf — vy — (e —vh)d ).

The above distance measure Dyp only considered the interval endpoints of interval-
valued intuitionistic trapezoidal fuzzy numbers. Its value is not only related to the interval
endpoints but also related to the points whose two interval endpoints are symmetric. Its
irrationality can be seen from the Example 1.

Example 1. Let H; = ([0.1,0.2,0.3,0.4];[0.5,0.5], [0.4,0.4]) and H, = ([0.1,0.2,0.3,0.4];
[0.2,0.2],]0.1,0.1]) be two interval-valued intuitionistic trapezoidal fuzzy numbers, then
Dnu(Hi, H) = 0.

Although Dyy(Hj, Hy) = 0, the two interval-valued intuitionistic trapezoidal fuzzy
numbers are not equal, which is unreasonable. Considering that the distance measure
between interval-valued intuitionistic trapezoidal fuzzy numbers is not only related to
the endpoints of the interval but also related to its centroid point, we should define a new
distance. Firstly, we introduce the concept of centroid point of interval-valued intuitionistic
trapezoidal fuzzy number on the basis of the idea of symmetric interval set.

Definition 4. ([21]) Let H = ([a, b, c,d]; [u", uR], [v%, vR]) be an interval-valued intuitionistic
trapezoidal fuzzy number, the centroid point (x*,y*) of H is defined as

(x',y") & YO (o + X)) (XiYis1 — Xie1Yi) Looq (Vi + Yis1) (XiYis1—Xis1¥i) 4
3% (XiYit1 — Xis1¥i) 3% 4 (Xiyir1 — Xis1¥i)

where (x1,y1) = (a,0), (x2,12) = (b,v"), (x3,y3) = (, V), (x4,y4) = (d,0), (x5,y5) =
(c, uR), (x6,y6) = (b, uL). Furthermore, (x7,y7) = (x1,y1), then the geometric representation of
interval-valued intuitionistic trapezoidal fuzzy number H is given in Figure 1.
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Figure 1. The geometric representation of H.

Next, we propose a new distance measure between interval-valued intuitionistic
trapezoidal fuzzy numbers based on the interval endpoints and centroid point.

Definition 5. Let H; = ([a;, by, ¢;, di); [uF, uX], [vF, vR]) and H; = ([aj, bj, cj, d}); [y]-L,yf], [v]-L,v]R])
be two interval-valued intuitionistic trapezoidal fuzzy numbers, (x7,y;) and (x7,y7) are the

centroid point of H; and Hj, respectively, the distance measure D(H;, H;) is defined as

1
D(H;, Hj) = (1 — &)Dnu(Hi Hj) + a5 (157 =27+ 1yi —yi D], ©)

where a(0 < a < 1) and 1 — « represent the preference for the membership degree and the centroid
point, respectively. If & = 0, which means that we ignore the influence of centroid point, the distance
measure is reduced to the normalized Hamming distance measure.

The corresponding geometric representations of H; and H; are given in Figure 2.
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Figure 2. The geometric representations of H; and H;.
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(4) D(H;, Hy) =

(1 —a)Dnnu(H;, Hy) +«f

Theorem 1. Let Hi:([ai,bi,ci,di];[yiL,‘uF],[viL,vf])and Hj:([ ],b],c], ]] [;4] y]] [ L ]R])
be two interval-valued intuitionistic trapezoidal fuzzy numbers, the distance measureD(Hl,H )
satisfies the following properties:

(1)0<D(H;, Hj) <1,
(2) D(Hj, Hy) = D(Hj, H;);
(3) D(H;, Hj) = 0ifand only if H; = H;;

(4) Fora given interval-valued intuitionistic trapezoidal fuzzy number Hy = ([a, by, cx, dx];
[k, uf], [vF, vR1), then D(H;, Hy) < D(H;, Hj) + D(H;, Hy).

Proof. (1) If x}, x} LYY € [0,1], then

1 * * *
< s =xjl+ v —yjl) <1

Because 0 < Dny(H;, Hj) <1, then

1 *
0 < (1—a)Dnu(Hy Hy) +alz (157 — x| + |y —yi[)] < 1.
So 0 < D(H;, Hj) < 1 is obtained.
Q) If
D(H;, Hj) = (1 —a)Dyu(H;, Hj) + [i(lx = x|+ 1yi =y Dl
and

D(Hj, H;) = (1 — a)Dnp (Hj, H) + a5 (|xf — <7+ |y; — i),

I\J\P—‘

then D(H;, H;) = D(H;j, H;) is obtained.
(3) If H; = Hj, then
Dnu(Hi, Hj) =0, (x7,y7) = (x],y;)-
So we have D(H;, H;) = 0.
Furthermore, if D(H;, Hj) =0, then

(1 - ) Dy (Hy, Hy) + a2

5 (X =+ lyi — ;D] =0.

{fa # 0, Duis(Hy Hy) 2 0 and $(1x; — x| +1y; 7)) >
. Dnu(Hi, Hj) =0 and 5([x} —X*|+|y, vil)
Thus H; = H; is obtained.

0,
0.

1 *

S (% = x|+ 1y — D)
1
2

= (1 =)Dy (Hi, Hi) + a5 (167 = x5 + x5 — x|+ ly7 =y + 7 — wil)]

1 * * * 1 * * *
< (1—a) Dn(Hi, Hj)+(1—a) Du(Hj, H +als (137 =57 [+ |y; —y; a5 (17 =g +ly; —vil)]
= D(Hl‘, H]) + D(Hj, Hk)-
O

Remark 1. The difference between the distance measure and dissimilarity measure is that for
the give uncertain sets A,B and C, if A C B C C, then the distance measure satisfies the
condition D(A,C) < D(A, B) + D(B, C), but the dissimilarity measure satisfies the condition
DM(A,C) > max{DM(A, B), DM(B,C)}.

The following Example 2 can illustrate the difference between the distance measure
and the dissimilarity measure.
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Example 2. Let X = {x1,x3,x3} be a given set, P; = {(x3,0.6,0.1,0.1),(x2,0.4,0.40.1),
(x3,04,01,04)}, P, = {(x1,0.7,0.1,0.1)(x2,0.4,0.5,0.1), (x3, 0.3,0.3,02)} and P3 =
{(x1,0.7,0.1,0.2), (x2,0.1,0.1,0.6), (x3, 0.8,0.1,0.1) } are the three picture fuzzy sets, we need to
recognize whether the P3 belongs to Py or Py.

For the given picture fuzzy sets A = {(x;, pua(x;),14(x;), va(x;))|x; € X} and B =
{(xi, UB (xl-), B (xl-), 'yB(xl-)) |xl- (S X}, the dissimilaritymeasure DM(A, B) = % ?:1 HVA(xi)
—up(x)| + [na(x;) —np(x;)| + |74 (x;) —v8(x;)|], then DM(Py, P3) = %! and DM(P,, P5) =
%. According to the calculation results, we cannot decide whether P; belongs to P; or
P,. For the given distance measure D(A,B) = (X5 ((pa(xi) — up(x:))? + (na(x;) —
15(xi))2 + (7a(x:) — v8(x;))2)2, D(Py, P3) = 0.837 and D(Py, P3) = 0.9. At this time, we
know that P; belongs to P;.

Example 3. (Continued to Example 1) Let H; = ([0.1,0.2,0.3,0.4];[0.5,0.5](0.4,0.4]) and
H, = (][0.1,0.2, 0.3,0.4];[0.2,0.2],[0.1,0.1]) be two interval-valued intuitionistic trapezoidal
fuzzy numbers, the centroid points of Hy and Hy are (0.25,0.375) and (0.25,0.125), respectively.
If & = 0.5, the distance measure D(Hy, Hy) = 0.0625. The geometric representations of Hy and
H, are given in Figure 3.

-y

Hy
05F  m— I;l'l'he centroid point of H; |+
! \‘-\ o The centroid point of Hs
04 /s B 1
0.375 [ %\ i
[/ (0.25,0.375) \‘\,
\ t,\
A
\
\\
0.2r W J
AN
// "\,I‘\
0.125 2 N 1
0.1[ i /'—l N T
/ RN
) - \\ )
\}\
0 0.1 0.2 025 0.3 0.4

Figure 3. The geometric representations of H; and Hj.

3.2. The Dynamic Expectation Level of the Emergency Plan

The development of emergency decision has the characteristics of randomness and
dynamics, which requires the decision makers to adjust the emergency plan dynamically.
Actually, the decision maker has an expectation level for the emergency decision-making
plan. In order to describe the expectation level of the decision makers, we give its definition
in the following.

Definition 6. In the stage ty, an expectation level of the emergency plan A;(i = 1,2, -+ ,n) under
the attribute j is defined as
B o4 t
D(Ai]k,A ) D(Ai;f,AJr)
maxD(A}f, A~)  minD(Af, A*)’
1 1

P(A‘]‘ = (6)
where D(AZ?, A*)(D(AZ?, A7) represents the distance between the emergency plan A; and the

positive ideal plan A" under the attribute j (the distance between the emergency plan A; and the
negative ideal plan A~ under the attribute j ).

Example 4. The four emergency plans in the stage ty are represented by the interval-valued intu-
itionistic trapezoidal fuzzy numbers A1 ([0.7,0.8,0.9,1];[0.7,0.8],[0.1,0.2]), A>([0.5,0.6,0.7,0.8];
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0.5,0.6],(0.3,04]), A3 = ([0.3,0.4,0.5,0.6];[0.3,0.4],[0.5,0.6]) and A4([0.1,0.2,0.3,0.4];
[0.1,0.2],[0.7,0.8]), respectively. The corresponding positive ideal plan and negative ideal plan are
A*(]0.8,09,1,1];[1,1],[0,0]) and A—([0,0,0.1,0.2]; [0,0],[1,1]), respectively, then

max D(A¥, A~) = D(Ay,A~) = 0.5029 and min D(A%, AT) = D(A;, A") = 0.2429.
1<i<4 1<i<4

We get the expectation level of the emergency plans A;(i = 1,2,3,4) as follows: p(Ai") =

05029 _ 0.2429 _ ey _ 02629 04829 _ By _ 01442 0.6429 _
05029 ~ 02429 — 0, p(Ay) = 05025 — 02420 = — 14653, p(A3) = 45525 — 0245 — —2-3601
and p(A}) = S8 — 52228 — —22818. According to the calculation results, the best emergency

plan is A;.

In the emergency decision making, the optimal emergency plan are dynamic. In order
to obtain the optimal emergency plan in stage f;, we propose a programming model to
calculate the maximum expectation level of emergency plan under each attribute. Here, the
weights of each attribute are completely unknown.

, , pif ~minpif
Because p.* < 0, we normalize it by the formula p;;* = ———*—.
1 1] n}ax pl.]’? —rr}in pl./’F
k

For the given stage t;, assume pz}t" is the normalized expectation level of the emergency

plan A;(i = 1,2, - ,n) under the attribute C;(j = 1,2, - - ,m), a)]t-" is the weight of attribute

Cj, then Y31 w]t-" p;‘;" represents the comprehensive expectation level of emergency plan A;
in stage t;. The main idea about solving the dynamic expectation level of emergency plan
is given as follows.

(1) According to the maximum expectation level principle, we can obtain the optimal
expectation level T'r in stage #.

(2) In stage fy, the attribute weight w;k is used to aggregate the expectation level p;}tk,
which can reach the maximum expected level in the whole.

(3) In stage t, the optimal expectation level of the emergency plan under the attribute

e gl

Cj can be obtained by T_’;.tk =
So the programming model of the dynamic expectation level of the emergency plan is
defined as:

t
T = max T

]
std0< W<, @)

where Tit"‘ represents the expectation level value of the emergency plan A; in stage f, the
reason why } /% | (w;k )2 = 1 is that the weights are completely unknown.

By solving the programming model, we can obtain the optimal attribute weight
f
w.
w!* = —1__ and the optimal expectation level 7% = w ' . 'k,
] Z]'-”:l w],k ] ]

4. An Improved EDAS Method Based on the Dynamic Expectation Level of the
Emergency Plan

In this section, we propose an improved EDAS method for the emergency plan, the
dynamic expectation level of the decision maker is also included.

The EDAS is a decision-making method based on the distance from the average, its
key points are the positive distance to average (PDA) and negative distance to average
(NDA). In fact, the value is not only related to the distance from the average solution but
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also related to its standard deviation. The standard deviation of the emergency plan can
measure the degree of deviation from the average solution.

In the following, we propose an improved EDAS method based on the dynamic
expectation level of the emergency plan as follows.

In the actual decision making process, the decision makers often apply the linguistic
variables to describe the evaluation value. According to Liu [22], the linguistic variables
are transformed into interval-valued intuitionistic trapezoidal fuzzy numbers (IITrFNs),
which is given in Table 2.

Table 2. The interval-valued intuitionistic trapezoidal fuzzy numbers of linguistic variables.

Linguistic Variables The IITYFNs of Linguistic Variable
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])

In stage t;, the expert EY evaluates the emergency plan. The transformed evaluation
information of the emergency plan A; under the attribute C; can be represented as an

interval-valued intuitionistic trapezoidal fuzzy decision matrix HY = [h?]-tk}n «m, which is

expressed by
atk 749t qtk
h%tl h%% . h%%n
k k k
HI — hor hy e gy,
qt At qty
hnl hi’l2 hnm nxm
ate _ (0% ptk ate gty gL abeRy ot ghR ; .
where h;;* = ([aij bt et di; ],[yij s ],[Vij Vi |) are the interval-valued intu-

itionistic trapezoidal fuzzy numbers, the weight of decision maker E7is w7 (g = 1,2, 1)
in stage f;. The specific algorithm process is given as follows:

Step 1. Aggregate the interval-valued intuitionistic trapezoidal fuzzy decision matrix
HY, which is calculated by H* = w!H' © w?*H?> @ - - - @ w!H'.

Step 2. Normalize the expectation level pfjt" of emergency plan based on the aggrega-

tion matrix H*, we have
tk . tk
*k  _ minupk

Pij” = max pl¥ — min plt’ ®)
(X Pij — M Pij
D(h* Dkt
where pli = — 2l M) Pl (10.0,0.0,0.1,0.2]; [0.0,0.0], [1.0,1.0])
Y max D(h,uk,h*) min D(hi,k,h+)
e e

and ™ = ([0.8,0.9,1.0,1.0]; [1.0,1.0], [0.0,0.0]) .
Step 3. Calculate the dynamic expectation level of emergency plan based on the
prospect theory, the calculation process is given as follows.

Firstly, we apply the programming model (7) to calculate the optimal attribute weight

f

wif = ﬁ, and the optimal expectation level of the emergency plan is also expressed
=1

- tle,

Secondly, the value function of emergency plan in stage t; is defined as
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ol = i J )

where 0 < B; < 1(i = 1,2), (5:]" = p;;t" — T_j-tk and 0 represents the loss avoidance of
decision makers.

Step 4. According to the distance from average solution and the standard deviation of
emergency plan, we calculate the improved positive distance to average (IPDA) and the
improved negative distance to average (INDA), respectively.

If the attribute j is beneficial, the IPDA and INDA of the alternative A; in stage t; are

given by

B ot
{ %ij Y
IPDAI;( = maX(O, NT + (1 — 77:)
|U.]'|
(10)
t ﬁ-tl‘( o fk
INDA}} = max(0, t—"—— + (1 - 7)
|Z’j |
If the attribute j is cost, the IPD A and INDA of the alternative A; are given by
t o5 — o
IPDAY = max(0, ———" + (1 — )
Z)_j|
(11)
t vf’.‘ — o'k
INDAY = max(0, =2 + (1 — )
f 0%

n t
i vi/]‘(
n
attribute C]-, (0 < 7m < 1) and 1 — 7 represent the preference for the average and deviation,
respectively.

If 7 =1, the IPDA and INDA are reduced to PDA and ND A, respectively. Here, we

assume 71 = %

where 177‘ = represents the average solution of the emergency plan under the

Step 5. Aggregate | PDAZ.‘ and IN DAZ'C of the emergency plan, which are obtained
as follows: . .
PA} = ;wjtklppAfy , NAJ = z%wjfklNDAfg, (12)
= =
where w!'* is obtained in Step 3.

Step 6. Calculate the integrative appraisal score of the emergency plan A;, which is
given by

1, PAk NAk
SA = S(— 41— (13)
2" max PA} max NA*
1<i<n 1<i<n

Step 7. Rank the emergency plan A; in descending order of the value of SA:"‘ , the

larger value of SAf" is, the better emergency plan A; is.
At the end of this section, we give the importance of improving EDAS method through
a numerical example.

Example 5. In the emergency rescue of flood diaster, the expert evaluates the emergency plans
Ai(i = 1,2,3) from the attributes C;(j = 1,2,3); the evaluation information matrix is shown in
Table 3.
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Table 3. The evaluation of the emergency plans.

Attribute
Emergency Plan 1 = G
Aq 0.25 0 1
Ay 0.5 0.8 0
Az 0.75 0.4 0.2

We apply the original EDAS method and the improved EDAS method to calculate the
positive distance from average solution and the negative distance from average solution,
respectively. The calculation results are given in Tables 4 and 5.

Table 4. Positive distance from average matrix.

PDA Original EDAS Method Improved EDAS Method
C1 C (3 C1 G G
Aq 0 0 15 0 0 14
Ay 0 1 0 0.01 1.23 0
Az 0.5 0 0 1.23 0.01 0

Table 5. Negative distance from average matrix.

NDA Original EDAS Method Improved EDAS Method
C1 Cz C3 C1 CZ C3
Aq 0.5 1 0 121 1.22 0
Ay 0 0 1 0 0 0.92
Az 0 0 0.5 0 0 0.46

Furthermore, we calculate the integrative appraisal score SA;of the alternative A;, which
is given in Table 6.

Table 6. The integrative appraisal score matrix.

Original Method Improved Method
PA; NA; SA; PA; NA; SA;
Aq 0.5 0.5 0.5 0.47 1.41 0.5
Ay 0.33 0.33 0.5 0.41 0.82 0.66
Az 0.17 0.17 0.5 0.41 0.41 0.80

As can be seen from the Table 6, the value of the SA; in the original EDAS method are
all equal to 0.5, the optimal emergency plan cannot be determined at this time. However,
the improved EDAS method consider the deviation from the mean value of the emergency
plans, which can overcome the shortcomings of the original EDAS method.

5. Numerical Example

In this section, we apply the proposed method to calculate the optimal emergency
plan of the flood disaster rescue, which is also compared with the existing methods.

5.1. An Emergency Rescue of Flood Disaster

China is one of the countries that suffered the most natural disasters in the world.
In recent years, natural disasters such as floods, droughts and typhoons show a trend
of higher frequency and stronger loss; thus, emergency decision making during natural
disasters is a research hotspots. However, the uncertainty in natural disasters affect the
efficiency of emergency plans. In the following, we apply the improved EDAS method to
solve the problem of flood disaster rescue.
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In the emergency rescue during a flood disaster (adapted from Liu [22]), the description
of emergency plan A;(i = 1,2,3) is given in Table 7, and the real-time description of the
environment in different stages f(k = 1,2,3) is given in Table 8. The decision makers
E9(q = 1,2,3) evaluate the emergency plan from the following five attributes: feasibility
(Cy), integrity (Cy), operability (C3), timeliness (C4) and economy (Cs). In stage f;(k =
1,2,3), the corresponding evaluation of the emergency plan A; under the attribute C;(j =
1,2,3,4,5) is given in Table 9, and the relationship between the interval-valued intuitionistic
trapezoidal fuzzy numbers and the linguistic variables is given in Table 2 in Section 4. It is
assumed that the weight of three decision makers is (w1, wp, w3) = (0.3,0.3,0.4).

Table 7. The description of emergency plans.

Emergency Measure

Emergency Plan

Traffic Control

Rescue Measure

Ay
Ay

Aj

Do not close lanes,
Keep traffic moving in time-phased sharing
Close one side of the road,
Keep traffic moving in the other line
Close all lanes,
Stop the traffic except emergency vehicles

Large machinery

Small machinery

Medium-sized machinery

Table 8. The emergency decision-making of each stage.

Decision-Making Stage

Details

f

)

t3

00:00-08:00 a.m.: light to moderate rain; the situation is easy to out of
control; the adverse trends might have a big effect on the
rescue progress.
08:00-16:00 p.m.: moderate to heavy rain; the emergency situation is
likely to deteriorate; the management is more and more difficult.

16:00-24:00 p.m.: extreme weather is gradually weakening; benefit to
the rescue work.

Table 9. The evaluation information of the emergency plan.

E! E2 E3
tk C]' C1 C2 C3 C4 C5 C1 Cz C3 C4 C5 C1 C2 C3 C4 C5
AL, M L M H FH FH H M FH M H FH FH FH L
7 A, FH FH FH H H H FH H H FH FH H H FH FH
A FL FL FL M FL M FL FL M FL M FH M FL M
AL M FL M H H FH M H M FH H FH H M FH
t A, M FH H H FH H FH H FH H FH H FH H H
A;, H AH AH FH H H H AH H H H H H FH M
AL, FH H FH FH M H FH M H H AH H FH M H
t4,.'’ Ay H H AH FH FH H FH FH H AH AH H FH H FH
A;, AH AH AH H H AH H H H H H H H AH H

According to Table 2, the linguistic evaluation information of emergency plans are
transformed into the interval-valued intuitionistic trapezoidal fuzzy numbers, which are

obtained in Tables 10-12, respectively.
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Table 10. The evaluation information of the emergency plan by E'.

tr C]' Aq Ay Aj
G ([0.4,0.5,0.6,0.7]);[0.4,0.5],[0.4,0.5])  ([0.5,0.6,0.7,0.8];[0.5,0.6],[0.3,0.4])  ([0.3,0.4,0.5,0.6];[0.3,0.4], [0.5,0.6])
C ([0.1,0.2,0.3,0.4];[0.1,0.2],[0.7,0.8])  ([0.5,0.6,0.7,0.8];[0.5,0.6],{0.3,0.4])  ([0.3,0.4,0.5,0.6];[0.3,0.4],[0.5,0.6])
2] Cs ([0.4,0.5,0.6,0.7);[0.4,0.5],[0.4,0.5])  ([0.5,0.6,0.7,0.8];[0.5,0.6],[0.3,0.4])  ([0.3,0.4,0.5,0.6];[0.3,0.4], [0.5,0.6])
Cis  ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2])  ([0.7,0.8,0.9,1.0];]0.7,0.8],[0.1,0.2])  ([0.4,0.5,0.6,0.7];[0.4,0.5], [0.4,0.5])
Cs ([0.5,0.6,0.7,0.8];[0.5,0.6],[0.3,0.4])  ([0.7,0.8,0.9,1.0];[0.7,0.8],{0.1,0.2])  ([0.3,0.4,0.5,0.6];[0.3,0.4],[0.5,0.6])
G ([0.4,0.5,0.6,0.7);[0.4,0.5],[0.4,0.5])  ([0.4,0.5,0.6,0.7];[0.4,0.5],[0.4,0.5])  ([0.7,0.8,0.9,1.0];[0.7,0.8], [0.1,0.2])
G ([0.3,0.4,0.5,0.6];[0.3,0.4],[0.5,0.6])  ([0.5,0.6,0.7,0.8];[0.5,0.6],{0.3,0.4])  ([0.8,0.9,1.0,1.0];[1.0,1.0],[0.0,0.0])
t G ([0.4,0.5,0.6,0.7];[0.4,0.5],[0.4,0.5])  ([0.7,0.8,0.9,1.0];[0.7,0.8],{0.1,0.2])  ([0.8,0.9,1.0,1.0];[1.0,1.0],[0.0,0.0])
Cy ([0.7,0.8,0.9,1.0;[0.7,0.8],[0.1,0.2])  ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2])  ([0.5,0.6,0.7,0.8];[0.5,0.6], [0.3,0.4])
Cs ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2])  ([0.5,0.6,0.7,0.8];[0.5,0.6],(0.3,0.4])  ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2])
G ([0.5,0.6,0.7,0.8];[0.5,0.6], [0.3,0.4])  ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2]) ~ ([0.8,0.9,1.0,1.0J;[1.0,1.0], [0.0,0.0])
C ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2])  ([0.7,0.8,0.9,1.0];[0.7,0.8],{0.1,0.2])  ([0.8,0.9,1.0,1.0];[1.0,1.0],[0.0,0.0])
t3 Cs ([0.5,0.6,0.7,0.8];[0.5,0.6],[0.3,0.4])  ([0.8,0.9,1.0,1.0];[1.0,1.0],[0.0,0.0])  ([0.8,0.9,1.0,1.0];[1.0,1.0],[0.0,0.0])
Cy ([0.5,0.6,0.7,0.8];[0.5,0.6], [0.3,0.4])  ([0.5,0.6,0.7,0.8];[0.5,0.6],[0.3,0.4])  ([0.7,0.8,0.9,1.0];[0.7,0.8], [0.1,0.2])
Cs ([0.4,0.5,0.6,0.7];[0.4,0.5],[0.4,0.5])  ([0.5,0.6,0.7,0.8];[0.5,0.6],0.3,0.4])  ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2])
Table 11. The evaluation information of the emergency plan by E2.
t C]' Aq Ay Aj
C1 ([0.5,0.6,0.7,0.8]; [0.5,0.6],[0.3,0.4])  ([0.7,0.8,0.9,1.0];[0.7,0.8],{0.1,0.2])  ([0.4,0.5,0.6,0.7];[0.4,0.5],[0.4,0.5])
C ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2])  ([0.5,0.6,0.7,0.8];[0.5,0.6],{0.3,0.4])  ([0.3,0.4,0.5,0.6];[0.3,0.4],[0.5,0.6])
t Cs ([0.4,0.5,0.6,0.7]);[0.4,0.5],[0.4,0.5])  ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2]) ~ ([0.3,0.4,0.5,0.6];[0.3,0.4], [0.5,0.6])
Cy ([0.5,0.6,0.7,0.8]; [0.5,0.6],[0.3,0.4])  ([0.7,0.8,0.9,1.0];[0.7,0.8],{0.1,0.2])  ([0.4,0.5,0.6,0.7];[0.4,0.5],[0.4,0.5])
Cs ([0.4,0.5,0.6,0.7];[0.4,0.5],[0.4,0.5])  ([0.5,0.6,0.7,0.8];[0.5,0.6],{0.3,0.4])  ([0.3,0.4,0.5,0.6];[0.3,0.4],[0.5,0.6])
G ([0.5,0.6,0.7,0.8);[0.5,0.6],[0.3,0.4])  ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2])  ([0.7,0.8,0.9,1.0];[0.7,0.8], [0.1,0.2])
G ([0.4,0.5,0.6,0.7];[0.4,0.5],[0.4,0.5])  ([0.5,0.6,0.7,0.8];[0.5,0.6],{0.3,0.4])  ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2])
t Cs ([0.7,0.8,0.9,1.0;[0.7,0.8],[0.1,0.2])  ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2]) ~ ([0.8,0.9,1.0,1.0J;[1.0,1.0], [0.0,0.0])
Cy ([0.4,0.5,0.6,0.7);[0.4,0.5],[0.4,0.5])  ([0.5,0.6,0.7,0.8];[0.5,0.6],[0.3,0.4])  ([0.7,0.8,0.9,1.0];[0.7,0.8], [0.1,0.2])
Cs ([0.5,0.6,0.7,0.8];[0.5,0.6],[0.3,0.4])  ([0.7,0.8,0.9,1.0];[0.7,0.8],{0.1,0.2])  ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2])
G ([0.7,0.8,0.9,1.0;[0.7,0.8],[0.1,0.2])  ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2]) ~ ([0.8,0.9,1.0,1.0J;[1.0,1.0], [0.0,0.0])
G ([0.5,0.6,0.7,0.8]; [0.5,0.6],[0.3,0.4])  ([0.5,0.6,0.7,0.8];[0.5,0.6],{0.3,0.4])  ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2])
t3 Cs ([0.4,0.5,0.6,0.7];[0.4,0.5],[0.4,0.5])  ([0.5,0.6,0.7,0.8];[0.5,0.6],{0.3,0.4])  ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2])
Cy ([0.7,0.8,0.9,1.0;[0.7,0.8],[0.1,0.2])  ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2])  ([0.7,0.8,0.9,1.0];[0.7,0.8], [0.1,0.2])
Cs ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2])  ([0.8,0.9,1.0,1.0];[1.0,1.0],[0.0,0.0])  ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2])
Table 12. The evaluation information of the emergency plan by E3.
tr C]' Aq A Aj
Cy ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2])  ([0.5,0.6,0.7,0.8];[0.5,0.6],0.3,0.4])  ([0.4,0.5,0.6,0.7];[0.4,0.5],[0.4,0.5])
G ([0.5,0.6,0.7,0.8];[0.5,0.6],[0.3,0.4])  ([0.7,0.8,0.9,1.0];[0.7,0.8],{0.1,0.2])  ([0.5,0.6,0.7,0.8];[0.5,0.6],[0.3,0.4])
2] Cs ([0.5,0.6,0.7,0.8];[0.5,0.6], [0.3,0.4])  ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2])  ([0.4,0.5,0.6,0.7];[0.4,0.5], [0.4,0.5])
Cy ([0.5,0.6,0.7,0.8);[0.5,0.6],[0.3,0.4])  ([0.5,0.6,0.7,0.8];[0.5,0.6],[0.3,0.4])  ([0.3,0.4,0.5,0.6];[0.3,0.4], [0.5,0.6])
Cs ([0.1,0.2,0.3,0.4];[0.1,0.2],[0.7,0.8])  ([0.5,0.6,0.7,0.8];[0.5,0.6],{0.3,0.4])  ([0.4,0.5,0.6,0.7];[0.4,0.5],[0.4,0.5])
G ([0.7,0.8,0.9,1.0;[0.7,0.8],[0.1,0.2])  ([0.5,0.6,0.7,0.8];[0.5,0.6],[0.3,0.4])  ([0.7,0.8,0.9,1.0];[0.7,0.8], [0.1,0.2])
G ([0.5,0.6,0.7,0.8];[0.5,0.6],[0.3,0.4])  ([0.7,0.8,0.9,1.0];[0.7,0.8],{0.1,0.2])  ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2])
t Cs ([0.7,0.8,0.9,1.0;[0.7,0.8],[0.1,0.2])  (][0.5,0.6,0.7,0.8];[0.5,0.6],[0.3,0.4])  ([0.7,0.8,0.9,1.0];[0.7,0.8], [0.1,0.2])
Cy ([0.4,0.5,0.6,0.7]);[0.4,0.5],[0.4,0.5])  ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2])  ([0.5,0.6,0.7,0.8];[0.5,0.6], [0.3,0.4])
Cs ([0.5,0.6,0.7,0.8];[0.5,0.6],[0.3,0.4])  ([0.7,0.8,0.9,1.0];[0.7,0.8],{0.1,0.2])  ([0.4,0.5,0.6,0.7];[0.4,0.5],[0.4,0.5])
G ([0.8,0.9,1.0,1.0};[1.0,1.0], [0.0,0.0])  ([0.8,0.9,1.0,1.0];[1.0,1.0],[0.0,0.0])  ([0.7,0.8,0.9,1.0];[0.7,0.8], [0.1,0.2])
C ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2])  ([0.7,0.8,0.9,1.0];[0.7,0.8],{0.1,0.2])  ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2])
t3 G ([0.5,0.6,0.7,0.8];[0.5,0.6],[0.3,0.4])  ([0.5,0.6,0.7,0.8];[0.5,0.6],{0.3,0.4])  ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2])
Cy ([0.4,0.5,0.6,0.7);[0.4,0.5], [0.4,0.5])  ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2]) ~ ([0.8,0.9,1.0,1.0J;[1.0,1.0], [0.0,0.0])
Cs ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2])  ([0.5,0.6,0.7,0.8];[0.5,0.6],[0.3,0.4])  ([0.7,0.8,0.9,1.0];[0.7,0.8],[0.1,0.2])




Symmetry 2022, 14, 979 14 of 19

In the following, the calculation process of the numerical example is given as follows
(Here « = r = 0.5):

Step 1. Apply the Formula (1) to aggregate the evaluation information, the aggregated
result is obtained in Table 13.

Table 13. The aggregated evaluation information of the emergency plan.

tr C]' Aq Aj Az
C1  ([0.55,0.65,0.75, 0.85]; [0.57, 0.68], [0.21, 0.32])  ([0.56, 0.66, 0.76, 0.86]; [0.57, 0.68], [0.22, 0.32]) ([0.37,0.47,0.57, 0.67]; [0.37, 0.47], [0.43, 0.53])
Cy  ([0.44,0.54, 0.64, 0.74];[0.49, 0.60], [0.28,0.40])  ([0.58, 0.68, 0.78, 0.88]; [0.59, 0.69], [0.19, 0.30]) ([0.38, 0.48, 0.58, 0.68]; [0.39, 0.49], [0.41, 0.51])
t1 Cz ([0.44,0.54,0.64,0.74]; [0.44, 0.54], [0.36, 0.46])  ([0.64, 0.74, 0.74, 0.94]; [0.65, 0.75], [0.14, 0.25]) ([0.34, 0.44, 0.54, 0.64]; [0.34, 0.44], [0.46, 0.56])
Cs  ([0.56,0.66,0.76,0.86]; [0.57, 0.68], [0.22,0.32])  ([0.62,0.72,0.82, 0.92]; [0.63, 0.74], [0.16, 0.26]) ([0.36, 0.46, 0.56, 0.66]; [0.36, 0.46], [0.44, 0.54])
Cs ([0.31,0.41,0.51, 0.61]; [0.33, 0.44], [0.46, 0.56])  ([0.56, 0.66, 0.76, 0.86]; [0.57, 0.68], [0.22, 0.32]) ([0.34, 0.44, 0.54, 0.64]; [0.34, 0.44], [0.46, 0.56])
C;  ([0.55,0.65,0.75, 0.85]; [0.57, 0.68], [0.21, 0.32])  ([0.53, 0.63, 0.73, 0.83]; [0.55, 0.65], [0.24, 0.35]) ([0.70, 0.80, 0.90, 1.00]; [0.70, 0.80], [0.10, 0.20])
C, ([0.41,0.51,0.61, 0.71]; [0.42, 0.52], [0.38, 0.48])  ([0.58,0.68, 0.78, 0.88]; [0.59, 0.70], [0.19, 0.30]) ([0.73, 0.83, 0.93, 1.00]; [1.00, 1.00], [0.00, 0.00])
t Cz3 ([0.61,0.71,0.81,0.91]; [0.63, 0.74], [0.15, 0.26])  ([0.62, 0.72, 0.82, 0.92]; [0.63, 0.74], [0.16, 0.26]) ([0.76, 0.86, 0.96, 1.00]; [1.00, 1.00], [0.00, 0.00])
Cs  ([0.49,0.59,0.69,0.79];[0.51, 0.62], [0.26, 0.38])  ([0.64, 0.74, 0.84, 0.94]; [0.65, 0.75], [0.14, 0.25]) ([0.56, 0.66, 0.76, 0.86]; [0.57, 0.68], [0.22, 0.32])
Cs  ([0.56,0.66,0.76, 0.86]; [0.57, 0.68], [0.22,0.32])  ([0.64, 0.74, 0.84, 0.94]; [0.65, 0.75], [0.14, 0.25]) ([0.58, 0.68, 0.78, 0.88]; [0.60, 0.71], [0.17, 0.29])
C;  ([0.68,0.78, 0.88, 0.94]; [1.00, 1.00], [0.00, 0.00])  ([0.74, 0.84, 0.94, 1.00]; [1.00, 1.00], [0.00, 0.00]) ([0.76, 0.86, 0.96, 1.00]; [1.00, 1.00], [0.00, 0.00])
Cy  ([0.64,0.74, 0.84, 0.94]; [0.65, 0.75], [0.14, 0.25])  ([0.64, 0.74, 0.84, 1.00]; [0.65, 0.75], [0.14, 0.25]) ([0.73, 0.83, 0.93, 1.00]; [1.00, 1.00], [0.00, 0.00])
t3 C3 ([0.47,0.57,0.67,0.77]; [0.47,0.57],[0.33,0.43])  ([0.59, 0.69, 0.79, 0.86]; [1.00, 1.00], [0.00, 0.00]) ([0.73, 0.83, 0.93, 1.00]; [1.00, 1.00], [0.00, 0.00])
Cy  ([0.52,0.64,0.72,0.82]; [0.54, 0.64], [0.24, 0.36])  ([0.64, 0.74, 0.84, 0.94]; [0.65, 0.75], [0.14, 0.25]) ([0.74, 0.84, 0.94, 1.00]; [1.00, 1.00], [0.00, 0.00])
Cs ([0.61,0.71,0.81, 0.91]; [0.63, 0.74], [0.15,0.26])  ([0.59, 0.69, 0.79, 0.86]; [1.00, 1.00], [0.00, 0.00]) ([0.70, 0.80, 0.90, 1.00]; [0.70, 0.80], [0.10, 0.20])

Step 2. Apply the Formula (8) to calculate the normalized expectation level of emer-
gency plan in stage t, the results are given in Table 14.

Table 14. The normalized expectation level of the emergency plan.

51 Aq Az Az tr Aq Az Az t3 Aq Aj A3
C1 0.67 0.68 0.08 Cy 0.27 0.24 0.60 Cy 0.88 0.98 1
C 0.36 0.76 0.12 C; 0 0.33 0.96 Cy 0.41 0.41 0.96
Cs 0.25 1 0.03 Cs 0.41 0.43 1 Cs 0 0.74 0.96
Cy 0.68 0.92 0.06 Cy 0.17 0.46 0.30 Cy 0.13 0.41 0.97
Cs 0 0.68 0.03 Cs 0.29 0.46 0.36 Cs 0.35 0.74 0.55

Step 3. By solving the programming model (7), the optimal attribute weights are

*tk

given in Table 15. Furthermore, for the given stage f;, we apply the formula Tl = ot rh

to calculate the optimal expectation levels of emergency plan under each attribute, which
are obtained in Table 16.

Table 15. The optimal attribute weight.

G (6] Cs Cy Cs
t1 0.17 0.18 0.25 0.23 0.17
ty 0.18 0.30 0.31 0.10 0.11
t3 0.225 0.216 0.216 0.219 0.124

Table 16. The optimal expectation level of the emergency plan.

Cl Cz C3 C4 C'5
T.’;tl 0.31 0.35 0.45 0.42 0.31
T.’;tz 0.29 0.47 0.49 0.14 0.18
T'*<t3 0.455 0.438 0.438 0.444 0.252

According to the conclusion obtained in [23], if B1 = B2 = 0.88 and § = 2.25, the
decision results are more consistent with the empirical results. So we assume that 1 =
B2 = 0.88 and 6 = 2.25 in the paper, and the value of emergency plan in the stage t; are
obtained in Table 17.
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Table 17. The value of emergency plan in stage t.

(51 Ay Az Aj t Aq Ar Az t3 Aq Ar As
Cq 0.41 0.42 —0.60 Cq —0.07 —-0.18 0.35 G 0.47 0.56 0.59
@) 0.03 0.46 —0.60 Cy —-1.17 —-042 0.53 Cy —-0.10 -0.10 057
Cs —-0.54 059 —1.06 Cs —025 —-020 0.55 Cs —-1.09 0.35 0.57
Cy 0.31 0.55 —0.90 Cy 0.04 0.37 0.19 Cy -0.81 -0.11 057
Cs —0.80 0.42 —0.74 Cs 0.15 0.33 0.23 Cs 0.13 0.54 0.35

Step 4. Because all attributes are beneficial, we apply (10) to calculate the improved
positive distance to average solution I PDAZ? and the improved negative distance to average

solution IN DAZ.‘, respectively, which are obtained in Tables 18 and 19.

Table 18. The improved positive distance to average solution I PDAZY .

tr A; Cq Cy Cs Cy Cs
Aq 24.2453 0.9563 0 2.7844 0

2 Ay 24.9360 4.1981 2.2787 4.3841 2.0742
Az 0 0 0 0 0
A 0 0 0 0 0

tp Ay 0 0 0 0.9910 0.5979
Az 8.6946 2.4964 14.1794 0 0
A 0 0 0 0 0

t3 Ay 0.6717 0 4.4893 0.0091 1.3932
Az 1.2722 2.8638 6.8201 4.0377 0.0868

Table 19. The improved negative distance to average solution IN DA;;.

e A; G G (6] Cy Cs
Aq 0 0 0.389 0 1.6186

f1 Ay 0 0 0 0 0
Aj 36.3561 3.8506 1.9517 4.9530 1.3586
Aq 2.1436 2.2879 5.4054 1.4875 1.2860

tr Ay 4.3780 0.1950 4.4296 0 0
Az 0 0 0 0.1069 0.1013
Aq 1.1190 1.9547 10.3874 4.0583 1.3643

ts Ay 0 1.9547 0 0 0
As 0 0 0 0 0

Step 5. Apply (12) to aggregate I PDA;’? and IN DAZF of the emergency plan, which

are denoted as PA?‘ and N Af" in Table 20, respectively.

Table 20. The integrative appraisal score of the emergency plan.

tr t3
PA; NA; SA; PA; NA; SA; PA; NA; SA;
Aq 4.8988 0.3687  0.8336 0 3.0464 0 0 2.4923 0
Ay 6.9024 1 0.2789  2.2487 0.1618 09839 0.4512 0.6268
Az 0 8.6891 0 45148 0.0211 1 2.2633 0 1

Step 6. Calculate the integrative appraisal score SA;" , which is also obtained in

Table 20.
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Step 7. In stage t1, the ranking of emergency planis Ay ~ A; > A3. In stage t; and
stage t3, the ranking of emergency plans are all A3 > A > Aj. And the ranking results of
the emergency plan is shown in Figure 4.

According to the calculation results for the given stage f; the emergency plan is to close
one side of the road and keep the traffic moving, we should rescue with small machines.
In stage t, and stage t3, the emergency rescue plan is to close all traffic lanes except the
emergency vehicles, and we should rescue with large machines.

mAl A2 mA3

.

=]

3 I 3 3
ty to t3
STAGES

RANKING

Figure 4. Ranking results of the emergency plan.

5.2. Comparison with the Existing Methods

In order to verify the feasibility of the improved EDAS method, the calculation re-
sults of the proposed method are compared with the methods in Wan [19], Liu [22] and
Lietal [24]. The calculation results and the comparison results are shown in
Tables 21 and 22, respectively.

As can be seen from Table 21, the ranking result obtained by the improved EDAS
method is same as the existing methods, which illustrate the rationality of the
proposed method.

Table 21. Calculation results of the existing methods.

Stage The Method in Wan [19] The Method in Liu [22] The Method in Li et al. [24]

Plan t1 ty t3 t1 %) t3 t1 tr t3
Aq 0.11 0.13 0.73 0.33 0.33 0.40 0.50 0.00 0.00
Ap 0.21 0.24 0.79 0.51 0.49 0.75 1.00 0.09 0.61
A3 —0.03 0.71 0.88 0.24 0.60 0.86 0.00 1.00 1.00

Table 22. Comparison results of the existing methods.

Ranking Result

The Existing Method f b fs
Proposed by Wan [19] Ay = A1 = Ay  Az=Ar = A1 Az A=Ay
Proposed by Liu [22] Ay = Ay = Az Az = Ay = Ay Az = Ay = Ay
Proposed by Li et al. [24] Ay = Ay = Az Az = Ay = Ay Az = Ay = Ay

The proposed method Ay = Ay = Az Az = Ax = Ay Az = Ay = Aq
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Furthermore, in order to discuss the sensitivity of the calculation results of the pro-
posed method, we assume that the attribute weights are all equal, and the corresponding
comparison results are shown in Table 23.

Table 23. Comparison results of the proposed method with different criteria weights.

tr Method Criteria Weights Aq Aj Ajz
Changed weight 1 wi = 0.20,w;" = 0.20,w;" = 0.20,w}" =0.20,wi" =020 07226 1 0

t Changed weight 2 wi = 0.26,w;" =037, w3 = 0.08,w;" =0.20,ws" =008  0.6108 1 0
The proposed method ~ w}" = 0.17,w," = 0.18,w;" = 0.25,w," = 0.23,ws" =017  0.8336 1 0
Changed weight 1 w;? = 0.20,w;"” = 0.20,w"? = 0.20,w;" = 0.20,wi"” = 0.20 0 05475 1

tp  Changed weight 2 w? =012,w;? = 017, w3 = 0.22,w,” = 0.24, wi"? = 0.24 0 08136 1
The proposed method  w;? = 0.18, ;™ = 0.30,w;” = 031, w;" = 0.10,wz" = 0.11 0 01618 1
Changed weight 1 wi® =0.20,w;” = 0.20,w;” = 0.20,w;"” = 0.20,ws® = 0.20 0 0.8129 1

t3 Changed weight 2 w;® = 0.30,w;" = 0.12, 03" = 0.23,w;” = 0.12, wi® = 0.23 0 0.7982 1
The proposed method w;‘“ =0.23, w;t’ =0.22, w§t3 =022, wzh =022, w;t3 =0.12 0 0.6268 1

As can be seen from Table 23, although the weights of attributes are changed, the
ranking results of the emergency plan are same as the proposed method, which shows the
stability of the improved EDAS method.

In particular, the advantages of the proposed method are given as follows:

(1) Wan [19] and Liu [22] do not consider the expectation level of decision makers for
the emergency plan, the proposed method in the paper makes up for their shortcomings,
which is beneficial to improve the efficiency of the emergency plan. For example, in the
first stage of emergency decision making, the feasibility and timeliness of the emergency
plan should be given in priority. In the second stage, the emergency plan gives priority to
its feasibility and integrity. In the third stage, the dynamic adjustment of emergency plan
should be considered for all attributes. However, there is no justification for the alternatives
and attributes in Wan [19] and Liu [22].

(2) The calculation process in this paper is simpler than that in Li et al. [24]. Fur-
thermore, the proposed emergency decision-making method is dynamic, which is more
consistent with reality.

(3) The improved EDAS method not only considers the distance to average solution
but also considers its standard deviation.

6. Conclusions

An improved evaluation based on distance from average solution for the interval-
valued intuitionistic trapezoidal fuzzy numbers is proposed, the paper has made some
contributions in the following aspects.

(1) The proposed method in the paper considers the decision maker’s expectation
level of the emergency plan, which can better deal with the dynamic development of
emergency plan.

(2) The new distance measure between interval-valued intuitionistic trapezoidal fuzzy
numbers is applied to calculate the expected level of decision makers, and the emergency
plan obtained by the improved EDAS method is more consistent with the real situation.

But the paper also has some limitations, for example, it does not consider the consis-
tency of decision makers’ information. It can also consider the emergency decision-making
plan of multi-source information fusion.

In the future, we will continue to study the proposed method from the following as-
pects: the information consistency of multiple decision makers and the optimal consistency
adjustment of evaluation information in the decision-making process. Furthermore, the
EDAS method under the continuous fuzzy information and multi-source information will
also be considered. In addition, we will also apply the proposed method to investment de-



Symmetry 2022, 14, 979 18 of 19

cision making, the evaluation of engineering projects, group decision making in emergency
fields and so on.
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