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Bi-level Optimal Scheduling of Emergency
Materials Considering Multimodal Transport

Zhiwei Zhang, Changfeng Zhu, Kangru Liu and Qingrong Wang

Abstract—In order to ensure that emergency materials can be
transported to the material demand points in the shortest time
within the golden rescue time after emergencies, and to ensure
the fairness of material distribution, a bi-level optimal
scheduling model of emergency materials considering
multimodal transport is constructed in this paper. The upper
model takes the shortest transportation time as the objective
function by considering multimodal transport. The lower model
takes the minimum variance of emergency material distribution
at each material demand point as the objective function by
considering the fairness of emergency material distribution.
The improved genetic algorithm is used to solve the bi-level
optimal model. Compared with the classical genetic algorithm,
the improved genetic algorithm is found to be effective. Finally,
a case study is conducted to verify the rationality of the model.
The results show that the emergency materials can be
transported to the material demand points in the shortest
possible time according to the requirements of decision-makers
through this model. Besides, the fairness of emergency material
distribution can be guaranteed and can provide further
emergency decision-making reference for decision-makers.

Index Terms—bi-level programming; emergency materials;
multimodal transport; triangular fuzzy number;

I. INTRODUCTION

Recently, frequent emergencies have caused great losses
to people's lives and property. Therefore, the
government departments must take emergency measures to
minimize the adverse impact of the emergency on the society.
However, emergency material scheduling is inseparable from
the emergency measures taken by government departments
after emergencies. If the scheduling scheme of emergency
material is unreasonable, the rescue effect will be reduced,
and even greater disasters will be caused. Therefore, a
reasonable scheduling scheme of emergency material should
be formulated to reduce the losses caused by emergencies.
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Domestic and foreign researchers have conducted several
studies on the emergency material scheduling problem. Most
scholars mainly construct single-objective and multi-objective
programming model to solve emergency material scheduling
problem. A few scholars construct bi-level programming model
to solve emergency material scheduling problem.

In terms of single-objective programming, an optimization
model of emergency route is built in [1][2][3][4]. Aiming at
the multi-stage emergency material scheduling problem, [5]
takes the shortest transportation time as the objective
function to construct mixed-integer programming model. [6]
designs a particle swarm optimization algorithm based on
single-objective model to solve the materials distribution
problem. Aiming at the emergency material scheduling
problem after earthquake, an optimization model of
emergency material scheduling is constructed by considering
timeliness in [7]. However, the disadvantage is that these
studies only consider one mode of transportation and cannot
guarantee emergency materials are transported within an
acceptable time. Therefore, the emergency material
scheduling problem considering multimodal transport has
attracted scholars' attention. [8][9][10]11] take the shortest
transportation time as the objective function to construct path
optimization model of emergency materials by
considering multimodal transport. Although timeliness is
crucial factor in emergency material scheduling, it can not
comprehensively  describe the emergency material
scheduling problem without considering other influencing
factors. In view of the above shortcomings, some scholars
have studied the multi-objective programming model of
emergency material scheduling.

In terms of multi-objective programming, [12] designs a
heuristic algorithm based on multi-objective optimization
model to solve the problem of emergency material
scheduling. Aiming at the emergency material scheduling
problem after emergencies, a multi-objective optimization
model is constructed by considering the timeliness, costs and
path environment in [13][14]15]. Considering the
psychological perception of the victims, a multi-objective
optimization model of emergency material scheduling is
constructed by considering timeliness and satisfaction in
[16][17]18]. In terms of multimodal transport of emergency
materials, [19][20][21] design an intelligent bionic algorithm
that is based on multi-objective optimization model of
emergency material scheduling by considering multimodal
transport. The disadvantage is that the above scholars don’t
not consider the fairness of emergency materials scheduling.
However, some scholars have studied it, a multi-objective
optimization model of emergency material scheduling is
constructed by considering fairness of emergency material
distribution in [22][23][24][25]. Considering the complex
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characteristics of road network after emergencies, [26][27]
established a multi-objective optimization model of
emergency materials scheduling based on robust theory.
However, these studies did not consider the uncertainty of
material demand at the disaster site. It is worth mentioning
that [28] used trapezoidal fuzzy number simulation method to
study the uncertainty of emergency materials demand.
Considering the demand uncertainty of emergency materials,
a multi-objective programming model is constructed to study
the emergency material scheduling problem in [29]. Aiming
at the emergency material scheduling problem after
emergencies, the existing studies have considered several
goals, such as timeliness, costs and fairness, but have not
considered the master-slave game relationship among them,
which is often considered when making a decision of
emergency material scheduling. Therefore, some scholars
have studied the bi-level programming model of emergency
material scheduling.

Regarding bi-level programming model, [30] constructs a
bi-level programming model of emergency material
scheduling with disaster-stricken countries as the leader and
international emergency organizations as the followers, and
designs a fuzzy optimization algorithm to solve the model.
Besides, a improved intelligent bionic algorithm is designed
in [31][32] to solve bi-level optimization model of
emergency material scheduling. Considering people's limited
rational behavior, [33] constructs a bi-level programming
model by introducing prospect theory and non-cooperative
game theory. A bi-level integer programming model is
constructed by considering uncertainty of demand and
hierarchical  decision-making  complexity in  [34].
Considering the complexity of road network after
emergencies, a bi-level programming model of emergency
material scheduling is constructed by considering the
reparability of road network in [35][36]. Considering the
uncertainty of emergency information, [37] constructs a
bi-level mixed-integer grey nonlinear programming model by
considering uncertainty of materials demand and transport
time.

As a matter of fact, the emergency material scheduling
problem should focus on timeliness after emergencies. Only
by transporting emergency materials timely and accurately to
the material demand points can we minimize the loss caused
by emergencies. In addition, the fairness of emergency
material distribution should be attached more importance. If
the distribution of emergency material is not reasonable, it
will lead to a surplus of emergency materials in some
material demand points, while materials will still not be
satisfied in other material demand points. This will increase
the severity of the disaster. However, most existing studies
have only considered timeliness when studying the
emergency material scheduling problem, but the fairness of
emergency material distribution is ignored. Moreover, they
have only considered one transport mode, the multimodal
transport of emergency materials is ignored, and they have
only considered demand of material while ignoring the
uncertainty of materials demand. Besides, most studies
ignore the impact of secondary disasters on the transportation
time of emergency materials

In view of this, this paper mainly makes the following
contributions based on the existing research: (1) A bi-level

optimization model of emergency materials scheduling is
constructed by considering multimodal transport. The upper
model takes the shortest transportation time of emergency
materials as the objective function; the lower model takes the
maximum fairness of emergency materials distribution as the
objective function. For example, multi-modal transport is not
considered in the bi-level optimization model of emergency
materials scheduling in [33][34][35], so it can not guarantee
that emergency materials can be transported to the material
demand point in the shortest time. (2) In the emergency
rescue multimodal transport network, the accessibility of
each road section and the influence of secondary disasters are
considered, and the road section transportation time is
modified to make the model more accurately reflect the
timeliness of the emergency rescue process. Conversely, the
transportation time of road section is not be modified in
[11][12][13], but viewed the road section transportation time
under normal conditions as a reference. (3) The triangular
fuzzy number is introduced to quantify the demand of
emergency materials in the disaster points. For example, the
demand uncertainty of emergency materials is not considered
in [28][29][30], so the model could not accurately reflect
fairness of emergency material distribution when materials
are in short supply. (4) The improved genetic algorithm is
used to solve the bi-level optimization model of emergency
materials scheduling considering multimodal transportation,
and the results are analyzed from different perspectives to
verify the effectiveness of the model and algorithm.

The reminder of this paper is summarized as follows:
Section II presents the problem description, and a bi-level
optimization model of emergency materials scheduling is
constructed. Section III designs an improved genetic
algorithm to solve the emergency materials scheduling
problem. Section IV verifies the rationality of the model
through a case study, and the influence of parameter on the
results is also analyzed in this section. Section V concludes
the paper, and gives future research directions.

II. MODEL CONSTRUCTION

A. Problem Description

Suppose there is an emergency in some place, there are p
material supply points. The set of material supply points O
={0j| i=1,2,...,p}, and there are q material demand points, the
set of material demand points D={Di| i=1,2,..q}. the
multimodal transport networks G=(N,E), as shown in Fig.1.
M= {a, h, r} is the set of transport modes, B= {1,2,3,...b} is
the set of emergency material class. Where N is the node set
of multimodal transport network, E is the set of edges in the
networks, a represents aviation transportation, h represents
highway transportation, r represents railway transportation, i

and j represent network nodes, i,j€N, 1 is the transport time

ij
from node i to j by transport mode m. d'is the transport
distance from node i to j by transport mode m; t{""is the

transfer time from transport mode m to n at node j. X{'is the

0-1 variable, the transportation route is selected by transport
mode m from node i to j is equal to 1, otherwise equal to 0.

y["is the 0-1 variable, the transport mode is changed from m
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to n is equal to 1 at node j, otherwise equal to 0. S™ is the
maximum transportation distance of the emergency materials
by transport mode m. c(bi,j) represents the quantity of class b

materials transported from material supply points i to
material demand points j. o is the penalty coefficient of
secondary disasters in the emergency rescue process,
o0 €(0,1).6,, is the 0-1 variable, transporting material from
material supply points i to material demand points j is equal
to 1, otherwise equal 0. C; represents the fuzzy demand for
class b materials at material demand points d. w; represents
the amount that supplies class b materials at the material
demand points d. g, is the amount of class b material in
material supply points o. &, is the accessible coefficient of
road section (i, j) through the transportation mode m after
emergencies, 0 <&, <1. y" is the speed of transport mode

-»Aviation line —»Tr?gige

— —»Highway line —» Railway line
@ Transfer node C} Demand Points |

@ Supply Points

Fig.1. Layered network diagram of multimodal transport

In order to alleviate the disaster and reduce the loss, it is
necessary to transport emergency materials to the material
demand points in time. The emergency materials scheduling
problem is divided into bi-level. From the perspective of
government, the upper layer selects the shortest path to
deliver emergency materials to the material demand points
and completes the transportation task of emergency materials.
From the perspective of victims, the lower layer distributes
emergency materials to material demand points and
completes the task of emergency materials distribution.

Obviously, this is a bi-level emergency material
scheduling problem, and it is suitable to adopt the bi-level
programming method to solve this problem. The upper level
decision-maker is in the dominant position, the goal is to
reasonably program the multi-modal transport path, and
transport the emergency materials to the material demand
points. The lower level decision-maker is in the following
position, but it also has some degree of freedom. The goal is
to reasonably distribute emergency materials according to the
transportation path of emergency materials selected by the
upper level, and ensure the maximum fairness of the
emergency material distribution.

According to the characteristics of the problem, the
following assumptions are put forward:

(1) The mode of transport can be changed only once at the
nodes of the multimodal transport network, and only one
transport model can be selected for each road section.

(2) Emergency materials are in short supply.

(3) Limited emergency vehicles.

The transfer of transportation modes is shown in Figure. 2.

Fig.2. Multimodal transport node transformation diagram

As can be seen from Fig. 2, there are three kinds of
transport modes when emergency materials arrives to node A ,
S0 node A is split into three new nodes &,, @, anda,, which
represent ending point of highway, railway and aviation
transportation from O-A respectively. When need to transfer
transport mode at node A, there are three kinds of transport
modes from node A starting, and then A is split into three new
nodes a,,a;and a,,which represent starting point of highway,
railway and aviation transportation from A-D respectively.

B. Upper Model of Path Selection

In this paper, the road section accessible coefficient &, is

introduced to modify the road section transportation time
after emergencies, as shown in Figure. 3. Therefore, in the
multimodal transport of emergency materials, the
transportation time by transport model m at road section (i,j)
is expressed by following:

m
m ij

Ve i )
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Where, ti" is the transportation time from node i to j by

transport mode m under normal circumstances. The
calculation formula is expressed by following:
m
mo_ )
L v 2
t
[
=]
e
—
[}
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e
]
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]
~
t"
0 1 &i
Fig.3. Relation between road section transportation time and &;
Build the 0-1 variables.
b
Z};C(i,j)
o & ieO,jeD
@)

-
min{Zc(ﬁ,j),ﬂ}

acA

Where , is the equilibrium constant, Takes 5000 t.

B.1 Upper Objective Function

The upper model is minimizing transportation time of
emergency materials, so upper objective function can be
expressed as:

min f, = 1+0) (XY >t Xy,

meM ieN jeN
DR PR @
meM neM jeN
The objective function (4) represents the shortest
transportation time of emergency materials, where the first
part is the road transportation time; the second part is the
transfer time of transport mode.

B.2 Upper Constraints

ZXiT:l,Vi,jeN (5)
Z ZXiT =1VjeD (6)
ieN ,igD meM
1 Vi=0
ZZX?—ZZxTi: 0 VieN,igQ (M)
meM j=s, j=i meM j=d,j=i -l VI _ D
Xi +Xj, =2y (8)
ZZyjm'" <lVjeN 9)
meM neM
;;dﬁ X <S" (10)
2.2 %21 jeb (11)
%;Xiijl,iEO (12)
X' €{0,1},vme M;Vi,jeN (13)
y" €{0,1},vm,neM;VjeN (14)

Constraint (5) is only one transport mode can be selected in
two adjacent nodes. Constraint (6) ensures emergency
materials can be transported through one path from the
material supply points to the material demand points.
Constraint (7) indicates the flow balance of multimodal
transport network. Constraint (8) means that transport
vehicles arrives j by transport mode m and leaves j through
transport mode n, when the transport mode is changed from m
to n at node j. Constraint (9) means that transport mode can
only change once at the node. The constraint (10) represents
the maximum limit of transport vehicles. Constraint (11)
ensures that rescue is carried out at material demand points.
Constraint (12) ensures that material supply points participate
in the rescue. Constraint (13) and (14) are 0 -1 variables.

C. Lower Model of Emergency Materials Distribution

C.1 Triangular Fuzzy Number

The material demand is fuzzy in material demand points
after emergencies. So this paper introduces the triangular
fuzzy number to quantify the material demand, which is

expressed by triangular fuzzy number C; = (C}',C}", C}"),
0<C;' <C;"<C;".C;" is called the principal value of
triangular fuzzy numbersC; , where C}' and C}* are called

the lower and upper bounds of C; respectively. Its
membership function is shown in formula (15):

0 . Cl<c

(€1 -CiH/(Cm~C) Ci' <€l <Cy

(1" ~CH/(C €27, C" < € <
0 . c'>c

Membership function graph of triangular fuzzy number is
shown in Fig. 4.

C)= (15)

degree of membership _

0 cm ¢ cy
Material demand

Fig.4. Membership function graph of triangular fuzzy number

E(C;) is the fuzzy average of the triangular fuzzy number

C,, The balance between decision-maker's risk preference

and the possibility degree of attribute value is considered
comprehensively, the average weight method is adopted to
calculate the fuzzy average value, namely:
E(C))=0,-C}'+w,-C)" +w,-C* (16)
Where: w1, w2, and ws respectively represents the weight
of decision-maker to fuzzy lower bound, principal value and
upper bound. The principal value of triangular fuzzy numbers
is usually the most important attributes, so higher weight
should be given. While lower and upper bounds are marginal
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constraints, they are given a weight that is not too pessimistic
and not too optimistic. Based on this, w1=w3=1/6, w,=4/6.

The satisfaction degree of material demand points d to
class b materials can be expressed as:

b
Z%m 'g(om

b 0e0

"TEC)
The average satisfaction degree of class b materials at all
material demand points can be expressed as:

>

—=b __ deD

q

C.2 Lower Objective Function

The lower model is maximum fairness of emergency
material distribution, which is minimizing the variance of
emergency materials distribution at all material demand
points. So lower objective function can be expressed as:

, deD (7)

(18)

min f ;(775 R (19)
C.3 Lower Constraints
W, = ;C(bo,d) (20)
;%m >1,deD 1)
;e(m ct, <C:, deD 22)
Cos) 0009, 0€0,deD (23)

Constraint (20) indicates that the quantity of class b
materials supplied at material demand points d is the sum of
all material supply points. Constraint (21) ensures that each
material demand point has at least one material supply points
to provide rescue. Constraint (22) indicates that emergency
materials are in short supply. Constraint (23) is reaction
function of upper and lower-level connection, for any class b
materials, the total amount supplied by supply points o to all
demand points d does not exceed its storage capacity.

I11. ALGORITHM DESIGN

A. Improved Genetic Algorithm

Bi-level programming is a kind of NP-Hard problem,
which requires high differentiability and convexity of
solution set, so it is difficult to find the exact solution.
Combined with the characteristics of the model, the upper
model is 0-1 integer variable, because the node through the
shortest path cannot be known in advance, the path has a
variable length, so the coding method of variable length path
is adopted. In view of the multi-modal transport network
nodes have characteristics of multimodal transport,
Chromosomes are encoded sectionally. The lower level is
real number variable, so the improved genetic algorithm of
real number coding is adopted.

Chromosome coding is determined according to the
characteristics of the upper model. The coding example is
shown in Figure 5. The chromosome represents a path of
transporting emergency materials from material supply point
O to material demand point Ds.

Chromosome|”1‘]_‘0‘0‘l“”h‘a‘h‘r“

. Intermediate . Transportation
Supply point point Demand point modes
Transport highway aviation highway railway
Program O > O » C » C »

Fig.5. Chromosome coding pattern

In the lower model, real-value encoding operations are
used in this paper. Chromosome X =[x’ |i=1,2,...n], where

n is the number of material demand points, and x; represents
the quantity of class b materials to be distributed to material
demand point i. The value range of X’ is determined jointly

by the C;', C;*and C;™ of the material demand points.
The improvement of genetic algorithm is mainly reflected in
the intersection and variation.

(1) Crossover: X =[x’|i=12,..n] is coded with real
values in this section. In order to protect some information of
the paternal chromosomes, analog binary crossover® is used
in this paper, namely:

X =05[1-7)- X ++D- X, ] (24)
X2 =05[1+7) - X; +(1-D-X;] (25)
Where, X and X; represent new individuals after

crossing, X;and X, represent random individuals selected

by roulette wheel method, and 7 is shown in formula (26):
1

[2-a]* 0<a<05
T= (26)

-1
[2-1-a)" 05<a<l

Where, @ is random number between 0 and 1, and 7 is
the distribution index, in this paper, 7 =9.

The specific process of crossover is shown in Figure. 6. All
the gene sites will be crossed and the corresponding crossed
genes will be combined to obtain the new two chromosomes
after crossing.

Parent 1 || 16.5 17.4 23.6 21.8 25.0 20.7

Parent 2 || 19.3 145 20.7 24.9 28.2 24.7

Calculate according to formula 24, 25 and 26

Children 1 || 19.1 17.4| | 236 | 218 250 | 20.7

Children 2 || 16.7 14.5 20.7 24.9 28.2 24.7

Fig.6. Schematic diagram of crossover operation

(2) Mutation: In order to avoid falling into local
optimization, real value variation is selected, as shown in
formula (27) to (28):

X) =X, +nx 27)

(2-p) 0<p<05
K= 3 (28)
1-[2-1-8)]* 05<p8<1
Where, 7 is the step size, it is set according to the size of
the problem, S €(0,1) is the random number, A represents
the distribution index, and A =5 in this section.

Volume 30, Issue 2: June 2022



Engineering Letters, 30:2, EL._ 30 2 13

The specific process of variation is shown in Figure. 7. All
gene sites are mutated. New chromosomes can be obtained
by combining the mutated corresponding genes.
r==71
Parent 1 | 19.1 ||| 14.7 20.9 24.7 28.0 24.4
! |

Calculate according to formula 27 and 28
r— = —

Childrenl} 107 | |147| | 209 | | 247 | | 280 | 24.4

Fig.7. Schematic tﬁa&aﬁ of variation operation

B. Algorithm Steps
The algorithm flow is shown in Figure.8.

]
Initialize the upper
and lower population

Set the upper and
lower parameters

The upper populations
are selected, crossed |
and mutated

e _,/Lower results transmit
to the upper level

The fitness value of
Y, is calculated

Upper level fitness is
N calculated

Renewal of lower
chromosome

T

~ >R End

Fig.8. Algorithm flow

Step5: returning each solution y in Y, back toF,, so as to
obtain the fitness function value corresponding to the upper
solution X, .

Step6: The roulette wheel method is used to select the
offspring satisfying the upper feasible solution X, to
accomplish crossover mutation operation. and then the new
offspring are brought into the lower level to solve the lower
level optimal solution set Y, , and return to the F, to obtain
the corresponding fitness function value, then X, is updated
according to the principle of survival of the fittest, and k = k
+1 was set at the same time.

Step7: Judge whether upper K>G, the algorithm terminates,
otherwise, repeat Step 6.

IV. CASE STUDY

A. Case Background

Suppose a major emergency occurred in an area, the
transportation network diagram is shown in Figure.9,
material demand points are D in the affected area, numbered
as =6, the government sets up a material supply point O. The
intermediate node n between the material supply points and
the material demand points is numbered 1 to 5. In order not to
lose generality, it is assumed that the transfer time between
different transport models is shown in Table I, the distance of

AP Outhut result nodes is shown in Table II. The fuzzy demands for
.~ Y Utput resutts emergency materials are shown in Table III. &, =0.9,

o=0.1.

Dl
Stepl: Parameters of upper and lower level genetic D
algorithm are set. The upper fitness evaluation function F, is 2
determined as shown in formula (29): D3
= — N
AV W e D,
Step2: The upper feasible solution X, is initialized, the I’r}'/"» =S D
. o . N ————
materials are distributed according to the fuzzy demand of }“\“ s
emergency materials and the result of upper route selection. n «r[ D,
- . . 2
Step3: The fitness evaluation function F, of the lower %
model is determined as shown in formula (30): Fig.9. Transportation network diagram
F =f 30
ror (30) TABLE I
Step4: Let the number of upper Iterations k=0, for each TRANSIT TIME OF DIFFERENT TRANSPORT MODES (UNIT: H)
solution x in the upper feasible solution set X, , the optimal transport mode highway railway  aviation
solution setY, of the lower level is solved according to the highway 0 1 13
. . . . railway 1 0 15
iterative rules of the lower level genetic algorithm. aviation 13 15 0
TABLEII
MINIMUM TRANSPORT DISTANCE OF EMERGENCY MATERIALS BETWEEN TRANSPORT NETWORK NODES (UNIT: KM)
o destination
origination o n, n, n, n, n D, D, D, D, D, D,
0 0 50 62 69 74 80 1000 1000 1000 1000 1000 1000
n, 50 0 57 63 67 75 95 900 900 900 900 900
n, 62 57 0 57 61 73 91 700 700 700 700 700
n, 69 63 57 0 54 68 86 150 151 190 153 180
n, 74 67 61 54 0 59 74 90 150 167 171 178
n 80 75 73 68 59 0 70 77 75 74 57 89

o1
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TABLEIII
Fuzzy DEMAND FOR EMERGENCY MATERIALS (UNIT: T)

2 3

b Db D D D |D D D D D D
78 70 69 86 7 65 68 60 59 76 67
23 19 17 26 22 15 13 9 7 16 13

Material Class 1

demand point D, D, D, D, D, D D,
Upper bound 45 48 40 39 56 47 75
Lower bound 5 8 10 7 21 9 25
Class Material 4

demand point D, D, D, D, D; D, D,
Upper bound 95 98 90 89 99 97 85
Lower bound 20 18 14 12 21 18 35

bb Db, D D D |D D D D D D
88 80 79 9 87 |55 58 50 49 66 57
38 29 27 36 32 30 33 24 22 31 27

B. Results Analysis

B.1 Algorithm Analysis

The upper population size is set as 40, crossover
probability is set as 0.75, and mutation probability is set as
0.2. The lower population size is set as 40, crossover
probability is set as 0.8, and mutation probability is set as 0.1.
In this paper, the algorithm is implemented based on

VisualStudio2017  development  environment  C++
programming language and MATLAB language. The
algorithm iteration process is shown in Fig. 10 and 11.
1500 ‘ : . : . : . : . 0.05
—Transportation Time of Emergency Materials
1450 - - The Fairness of Emergency Materials Distribution 10.045
14004 .., 0.04
3 8
21350 10.035 2
> >
2 1300 | L 0.03 2
o | v T Q
g g
Z12s0r | teee-- 40.025 &
5 5
212001 0.02
N N et |
1150 F : 40.015
1100 - : 10.01
1050 s . . T 0.005
0 100 200 300 400 500 600 700 800 900 1000
Iterations
Fig.10. Genetic algorithm iteration
1500 . . . " . : : 0.04
— Transportation Time of Emergency Materials
1450 | |- - The Fairness of Emergency Materials Distribution 10.035
., 1400 F -2 -
o 1003 2
=} =
= 1350 =
S s
21300 - 10025 2
o Q
g g
i 1250 10.02 i
- —
2.1200 g
5 ! 10.015 &
1150 | .
1100 f TR, 1001
1050 - - . - . e 0.005
0 100 200 300 400 500 600 700 800 900 1000
Iterations
Fig.11. Improved genetic algorithm iteration
TABLEIV
RESULTS COMPARING OF DIFFERENT GENETIC ALGORITHM
f.(xy) f,(x,y) iterations
GA 1068.512 0.00562 750
I-GA 1068.512 0.00562 600

Notes: GA represents genetic algorithm, 1-GA is improved genetic
algorithm.

It can be seen from the iteration results in Table IV that
there are f, =1068.512 and f, =0.00562 , which shows that
the algorithm is convergent. Moreover, the time complexity

of the improved genetic algorithm is affected by the iterations
number and the size of the solution set, the entire algorithm of
the bi-level optimization model converges within 6 minutes.
By comparing Table IV, it can be found that the improved
genetic  algorithm converges overall when the number of
iterations reaches about 600 generations. While the
unimproved genetic algorithm converges when the number of
iterations is about 750 generations, this indicates that the
improved algorithm is effective.

Because the convergence performance of genetic
algorithm is mainly affected by algorithm parameters such as
population size®®. Therefore, this paper conducts 10
simulation experiments with different population sizes to
analyze the effects of population size on the convergence
performance of the bi-level optimal scheduling scheme of
emergency materials. The simulation results are summarized
in Table V.

TABLEV
CONVERGENCE PERFORMANCE OF THE IMPROVED GENETIC ALGORITHM
UNDER DIFFERENT POPULATION SIZES

No Pop size -30 Pop size -40 Pop size - 50
' iterate T/min iterate  T/min iterate  T/min
1 760 8.43 627 12.62 491 19.32
2 787 6.68 594 12.15 517 19.15
3 765 9.98 627 13.07 484 18.63
4 845 7.88 587 10.68 450 17.32
5 836 6.72 625 10.42 519 19.42
6 810 6.08 567 10.18 474 19.45
7 828 6.73 570 11.98 528 16.68
8 759 7.10 629 13.37 508 19.35
9 801 6.90 587 12.57 512 16.57
10 835 6.15 646 11.98 514 17.28
Avg 803 7.27 606 11.90 500 18.32

Notes: Avg represents average of iteration.

By observing the speed of algorithm convergence and
running time of program under different population sizes
listed in Table V, it can be concluded that as the population
size becomes larger, the algorithm has a faster convergence
speed, but the program running time becomes more longer.
The scheme of emergency materials scheduling must be
made in a very short time after emergencies, the population
size cannot be increased infinitely due to the limitation of the
program running time. In other words, when the program
running time can adapt to it, the size of the population can be
increased to improve the convergence speed of the scheme.

B.2 Analysis of Path Selection Results

The results of upper path selection and transportation
mode are shown in Table VI and VII. The transportation route
and time is shown in Table VIII.
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TABLE VI
RESULTS OF UPPER PATH SELECTION
material selection result of path node
demand
points 0 n, n, n, n, Ng D, D, D, 4 D,
D, 1 1 1 1 0 0 1 0 0 0
D, 1 0 0 0 0 1 0 1 0 0
D, 1 0 0 0 1 0 0 0 1 0
D, 1 0 0 0 0 1 0 0 0 0
D; 1 0 1 1 0 0 0 0 0 0
Ds 1 0 0 0 0 1 0 0 0 1
Note: 0 means not passing through the node, and 1 means passing through the node, n, e N .
TABLE VII
CALCULATION RESULTS OF UPPER PATH TRANSPORTATION MODE
destination
origination
(] n, n, n, n, ng D, D, D, D D,
6} h t t t a a t h t h
n a a a a a t t h h
n, t a a a t a h h t h
N, t a a a a t a t g h
n, t a t t a a t h a t
N a a a a a h h a h h
TABLE VIIL
TRANSPORTATION PATH AND TIME OF EMERGENCY MATERIALS
material
demand Optimal path Transportation time/min
points
1 O — railway — n, — aviation — n, — aviation — n, — aviation — D,
212.675
2 O —aviation —n, —aviation — D,
74.849
3 O — aviation —n, —aviation — D,
86.371
4 O — aviation — n, — aviation — D,
67.147
5 O —railway —n, — aviation — n, — highway — D,
y—n, : ghway ° 427.826
6 O —aviation —n, — highway — D,
° ghway i 199.644

The transportation path and the transport mode of
emergency materials in each material demand point can be
seen from Table VIIL It is not difficult to find that the
aviation transportation mode plays a dominant role, g ;
followed by the railway and highway. Therefore, in order 5 - L
to transport emergency materials to material demand i
points during golden rescue time, decision-makers should
pay attention to aviation transportation. At the same time,
the material demand point 5 takes the longest transportation
time, this is because the material demand points 5 is in high
demand for emergency materials. Besides, its disaster degree e, )
is also the most serious among all the material demand points. a”dp%
Therefore, material demand points 5 should be taken “

RS
S

RIS
XS
%

1

3
Ma&eﬂa

4
\ Class

seriously by decision-makers.

B.3 Analysis of Materials Distribution Results

The results of emergency material distribution are shown
in Fig. 12, 13, 14and Table IX.

Fig.12. Fuzzy average demands of emergency materials

Figure.12 shows the fuzzy demand for various emergency
materials at each material demand point. It can be found that
the first material has the lowest demand, which is in the
bottom of the surface. While the fifth class material has the
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largest demand, which is in the top of the surface. From the
perspective of material demand points, it can be found that
material demand point 4 has the lowest total material demand,
which is in the bottom of the surface. While material demand
point 5 has the largest total material demand, which is in the
top of the surface.

TABLEIX
DISTRIBUTION RESULTS OF MATERIALS (UNIT: T)

Materials Demand Points

MC Sum
D, D, D, D, D; D,
1 25.0 28.0 25.0 23.0 38.5 23.0 162.5
2 25.7 24.6 23.0 215 26.4 23.6 144.7
3 15.7 14.6 13.0 115 16.4 14.2 85.3
4 28.2 26.5 19.4 19.6 27.3 27.2 148.1
5 35.7 38.7 39.0 315 36.4 33.6 214.8
6 42.5 42.0 37.0 35.5 48.5 42.0 2475
Sum 172.8 1743 1563 1425 1935 163.6 1003

Note: MC means materials class

Table IX shows the distribution results of emergency
materials. It can be found that emergency materials is
provided at every material demand point, and all kinds of
materials are distributed to materials demand points, this
effectively avoids the lack of a certain class of emergency
materials in one disaster stricken points while other
disaster-stricken points are over-distributed the materials.
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Fig.13. results analysis of emergency material distribution

In Figure.13, from the perspective of the materials demand,
it can be found that the third class materials by distributed are
the lowest and all of them are at the bottom. While the sixth
class material by distributed is the largest and all of them are
at the top. From the perspective of material demand points, it
can be found that the quantity of material distribution in
material demand points 4 is the lowest, which is in the bottom.
While the quantity of material distribution in material
demand points 6 is the largest, it is in the top of the surface.
By comparing Figure.12 and 13, it can be found that the
material demands of each material demand point is less than
its average fuzzy demand, this is mainly because of the
shortage of the emergency materials. So the emergency
materials cannot fully meet the demands of the material
demand points.

The satisfaction degree of emergency materials
distribution can reflects the fairness of material distribution
and the emergency situation of all kinds of materials at
material demand points, which can provide decision-makers
with reference in the next step of material preparation.

Figure.14 shows the satisfaction degree of emergency
materials distribution in three-dimensional space.
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Fig.14. Satisfaction degree of emergency material distribution

As can be seen from Figure.14, the average satisfaction
degree of material distribution for each material demand
points is basically the same, with the average value ranging
from 0.56 to 0.61, which indicates that the fairness of
emergency material distribution is high. For each material
demand points, the satisfaction degree of the first and sixth
class materials is relatively high, but the satisfaction degree
of other materials is not so high. The main reason is that the
emergency materials are in short, and the material demand
points can’t be satisfied on a large extent. Therefore,
decision-makers should pay attention to the preparation of
the second, third, fourth and fifth class materials to ensure the
secondary emergency material scheduling can maximize the
satisfaction degree.

B.4 Analysis of Crucial Parameters

In this paper, since the road section accessibility ( &;) and

the impact of secondary disasters (o ) are in an open
environment and have a great impact on the transportation
time of materials. Therefore, the sensitivity of them is further
analyzed. The results are shown in Figures.15, 16 and 17.
As can be seen from the trend of Figure.15 and 16,
secondary disasters and road section accessibility has a great
impact on the transportation time of materials. The lower
road accessibility and the impact of secondary disasters will
lead to the longer transportation time of emergency materials.

* . 2

0 . \ !
0 0.1 02 03 04 05 06 07 08 09 1

Road Section Accessibility

Transportation time of Emergency Materials

Fig.15. Influence of road section accessibility on transport time
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Fig.16. Influence of secondary disasters on transport time

As can be seen from the overall trend of Fig. 17, it is found
that the influence of road section accessibility is far greater
secondary disasters on the transportation time of emergency
materials. Therefore, it may be difficult for emergency
materials to be transported to the material demand points
within the golden rescue time after emergencies. This will
become the leading cause of emergency rescue failure.
Therefore, the decision-makers should attach more
importance on it.

I

RO‘K(‘ Sec fion ACCQSS“) ALY
.

Transportation Time of Emergency Materials

Fig.17. Comprehensive influence of road section accessibility and secondary
disasters on transport time

B.6 Model simulation analysis under different perspectives

In order to verify the rationality of the model, the
emergency material scheduling problem is considered from
three different perspectives. The first is to consider the
emergency material scheduling problem from the
government’s perspective, it is to minimize the transportation
time of emergency materials without considering the
subjective feelings of the victims. The second is to consider
the emergency material scheduling problem from the
perspective of victims; it is to maximize the satisfaction of
victims with the fairness of material distribution. It can be
found that the first two perspectives consider the emergency
material scheduling problem from the perspective of different
dominant players, while ignore the extreme situations that
may occur in the case of a single perspective. The third is to
consider the emergency material scheduling problem from
the perspective of the government and the victims, which is

defined as a bi-level optimal scheduling model. To avoid
extreme situations from a single perspective, the two
decision-makers (government and victims) are taken into
account to determine the best solution in the proposed model.
The simulation results of emergency material scheduling
considering three different perspectives are shown in Table X.
The objective functions of the upper and lower models are

expressed by f,(x,y) and f,(X,y) respectively.

TABLE X
MODEL SIMULATION ANALYSIS UNDER DIFFERENT PERSPECTIVE
perspective f,(X,y) f,(%,y)
Government 819 0.01098
Victims 1837.520 0.00261
Bi-level 1068.512 0.00562

In Fig. 18, a graphical representation of the optimal point
for the bi-level solution appears.

x107°
14+ B Government-Victims 1
12 ® Victims E
10 ,‘ 4 Goverment J
=
X8t 1
6 - J
4| |
2+ * g
0 1 1 1 1 1
800 1000 1200 1400 1600 1800 2000
f.(xy)

Fig. 18 Graphical illustration of the bi-level equilibrium

As can be seen from the simulation results in Table IX,
flgoverment < flbi—level < flvictlms , fzgoverment < f2b|—level < fzwctlms The

results show that (1) under the government’s perspective we
can obtain the path scheme that is the shortest transportation
time, but the variance of the material satisfaction degree is
large at the material demand points. So the victims’
satisfaction of the fairness is the lowest. This may lead to bad
public opinion. (2) Under the victim’s perspective we can
improve the satisfaction of the fairness, but the transport time
of the emergency materials is longer. This may make the
emergency materials can’t reach the material demand points
within the golden rescue time. Obviously, both of these
solutions are extreme situation, (3) from the perspective of
the government and the victims, the solution obtained
through the bi-level optimal model of emergency materials
scheduling is obviously neutral. Therefore, it can provide the
decision-maker with further reference on emergency material
scheduling problem.

In order to verify the advantages of the bi-level optimal
model of emergency materials scheduling in this paper, the
growth rate formula of reference [39] is introduced to
calculate the growth rate of two schemes relative to the
optimal scheme. The calculation results are shown in Table
XI. Xll and Fig. 19. The growth rate formula is as follows:
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(current value) —(best value)
(best value)

Figure 19 shows the comparative results of material
transportation time at each material demand points. From the
comparison results, we can see that the bi-level optimization
model slightly increases the material transportation time
compared with the single-objective model. This is mainly
because the fairness of emergency materials distribution is
not considered in the single-objective model.

%increase =

(31)

450 16
#33% Bi-level optimize model 5
= r ingle-Object optimize model % 1
iR T
£300 % -wg
250 | A \___. -s;:
;"200 R i O -
i AR IR UK 4K iR Dk
1 2 3 4 5 6

Materials demand points

Fig. 19 Comparative analysis of the transport time in material demand points

On the one hand, the transportation time of emergency
materials from the perspective of government is the smallest.
The transport time of emergency materials from the
perspective of government is compared with that from the
other two perspectives. On the other hand, the variance of
emergency materials distribution from the perspective of
victims is the smallest. The variance of emergency supplies
distribution from the perspective of victims is compared with
that from the other two perspectives. The comparison results
are shown in Table XI.

TABLE XI
The Increase Ration of Solutions under Different Perspectives to the Optimal
Solution

Increase in time (%) Increase in variance (%)

government —_— 320.69
Victims 124.36 —_—
Bi-level 30.47 115.33

TABLE XII

PERCENTAGE OF DECREASE PROVIDED BY THE BI-LEVEL MODEL

Decrease in time (%) Decrease in variance (%)

government -23.35 95.37
Victims 71.97 -53.56
Bi-level e —_—

As shown in Table XIl, when we comprehensively
consider the bi-level optimal scheme of emergency
materials scheduling from the perspective of the government
and the victims, instead of choosing the optimal scheme from
the single perspective of the victims, the emergency materials
transportation time is reduced by 71.97%. Besides, when we
comprehensively consider the bi-level optimal scheme of
emergency material scheduling from the perspective of the
government and the disaster victims instead of choosing the
optimal scheme from the government's single perspective,
the emergency material distribution variance at the material

demand points is reduced by 95.37%. In both cases, the
reduction is more significant than the expected increase
shown in TableXI. The negative values respectively represent
the increase in the total transportation time and distribution
variance of emergency materials in Table XII.

/. CONCLUSION

This paper mainly studies the emergency material
scheduling problem after emergencies. Aiming at the
timeliness and fairness of emergency material scheduling, we
constructs a bi-level optimization model of emergency
materials scheduling considering multimodal transport.

Firstly, the simulation results show that the scheduling
scheme of emergency material proposed in this paper
considers both accessibility of road section and influence of
secondary disaster, the transportation time of emergency
materials is positively correlated with the accessibility of
road sections, and negatively correlated with the impact of
secondary disasters. Besides the scheme has satisfactory
convergence performance, it can be applied to emergency
material scheduling problems in different scales.

In addition, the comparative results of algorithms show
that the improved genetic algorithm designed in this paper is
feasible to solve the bi-level optimal problem of emergency
material scheduling after emergencies. At the same time, it
also proves the rationality of the model and algorithm
designed in this paper.

Finally, the bi-level optimization model of emergency
material scheduling is compared with the other two models
considering extreme cases, the results are shown in Figure 18.
The comparative results of model under different
perspectives show the neutral solution obtained by the
bi-level optimal model of emergency material scheduling
effectively avoids extreme situations, it makes the scheme of
emergency materials scheduling not only consider the
transportation time of emergency materials, but also take into
account the fairness of emergency materials distribution, and
has great reference value for decision makers.

Future work will focus on considering the dynamic change
of materials demand on the impact of emergency material
scheduling scheme.

REFERENCES

[1] H.Y. Wen, Y.F. Lin and J.B. Wu, “Co-Evolutionary Optimization
Algorithm Based on the Future Traffic Environment for Emergency
Rescue Path Planning,” IEEE Access, vol. 8, pp. 148125-148135,
2020.

[2] H. Chi, J.L. Li, X.Y. Shao and M.G. Gao, “Timeliness evaluation of
emergency resource scheduling,” European journal of operational
research, vol. 258, no. 3, pp. 1022-1032, 2017.

[3] Fatemeh Sabouhi, AliBozorgi-Amiri, Mohammad Moshref-Javadi and
Mehdi Heydari, “An integrated routing and scheduling model for
evacuation and commodity distribution in large-scale disaster relief
operations: a case study,” Annals of Operations Research, vol. 283, no.
1, pp. 643-677, 2019.

[4] X.Z.Meng, H. Zhou and X. B. Hu, “Many-to-Many Path Planning for
Emergency Material Transportation in Dynamic Environment,” 2020
IEEE Symposium Series on Computational Intelligence (SSCI), 2020.
DOI: https://doi.org/10.1109/SSCI47803.2020.9308496

[5] Ghaffari Zahra, Nasiri Mohammad Mahdi, Bozorgi Amiri Ali and
Rahbari Ali, “Emergency supply chain scheduling problem with
multiple resources in disaster relief operations,” Transportmetrica A:
Transport Science, vol. 16, no.3, pp. 930-956, 2020.

[6] S.Y.Li, H.Liu, Y.F. Du, and C.G. E, “An Optimal Resource Allocation

Volume 30, Issue 2: June 2022


https://doi.org/10.1109/SSCI47803.2020.9308496

Engineering Letters, 30:2, EL._ 30 2 13

(7]

Scheme for Elastic Applications in Multipath Networks via Particle
Swarm Optimization,” IAENG International Journal of Computer
Science, vol. 47, no.2, pp. 278-283, 2020.

Z.Q. Tang, H. Hu, G. Y. Yang and R. D. Wu, “Dynamic Scheduling of
Post-Earthquake Emergency Material Based on the Baseline
Perspective,” CICTP 2020, 2020. DOI: https://ascelibrary.org/doi/abs/
10.1061/9780784483053.413

[8] J. H. Ruan, X. P. Wang, F. T. S. Chan and Y. Shi, “Optimizing the

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

intermodal transportation of emergency medical supplies using
balanced fuzzy clustering,” International Journal of Production
Research, vol. 54, no.14, pp. 4368-4386, (2016):.

S. Liu, Y.M. Shao, Y. Peng and Y. P. Xiao, “Multi-modal transport
route optimization of emergency relief materials,” China Safety
Science Journal, vol. 29, no.12, pp. 152-157, 2019.

Felix Wex, Guido Schryenb, Stefan Feuerriegela and Dirk Neumanna,
“Emergency response in natural disaster management: Allocation and
scheduling of rescue units.” European Journal of Operational
Research, vol. 235, no. 3, pp. 697-708, 2014.

Fereiduni, Meysam, and Kamran Shahanaghi, “A robust optimization
model for distribution and evacuation in the disaster response
phase,” Journal of Industrial Engineering International, vol. 13, no. 1,
pp. 117-141, 2017.

S.Y. Li, J. Lin, Y. Zhang, Y. Wang, and W. Sun, “A Scheme of
Resource Allocation for Heterogeneous Services in Peer-to-peer
Networks using Particle Swarm Optimization,” IAENG International
Journal of Computer Science, vol. 44, no. 4, pp. 482-488, 2017.
Maghfiroh, Meilinda FN and Shinya Hanaoka, “Multi-modal relief
distribution model for disaster response operations,” Progress in
Disaster Science, vol. 6, Article 1D. 10095, 2020.

Huali Sun, Yang Wang, and Yaofeng Xue, “A bi-objective robust
optimization model for disaster response planning under
uncertainties,” Computers & Industrial Engineering, vol.155, Article
ID. 107213, 2021.

J. Zhao and X. Long, “A Regional Multi-objective Linear
Programming Model for Initial Post-earthquake and Comparison of
Three Meta-heuristic Algorithms,” 2020 IEEE 6th International
Conference on Control Science and Systems Engineering (ICCSSE),
2020. DOI: https://doi.org/10.1109/ICCSSE50399.2020.9171983
D.Q. Chen, F. Ding, Y. Huang and D.Z. Sun, “Multi-objective
optimisation model of emergency material allocation in emergency
logistics: a view of utility, priority and economic
principles,” International Journal of Emergency Management, vol. 14,
no. 3, pp. 233-253, 2018.

H.C. Wang, X.Y. Ma and Neale.R. Smith, “Research on Multiobjective
Location of Urban Emergency Logistics under Major Emergencies,”
Mathematical Problems in Engineering, vol. 2021, Article ID.
5577797, 2021.

Y. Yan and X. X. Di and Y. Y. Zhang, “Optimization-driven
distribution of relief materials in emergency disasters.” Complex &
Intelligent Systems, 2021. DOI: https://doi.org/10.1007/ s40747-021-
00290-4

Y. K. Liu, Y. C. Li and D. Huang, “A Multiobjective Optimization
Model for Continuous Allocation of Emergency Rescue Materials,”
Mathematical Problems in Engineering, vol. 2020, Article ID.
5693182, 2020.

Hafize Yilmaz and Ozgiir Kabak, “A Multiple Objective Mathematical
Program to Determine Locations of Disaster Response Distribution
Centers,” IFAC PapersOnLine, vol. 49, no. 12, pp. 520-525, 2016.

M. X. Zhao, P. Wang, Q. F. Zhao, X. M. Mao, J. Nieand Y.L. Huang,
“Research on the route selection of emergency rescue materials based
on fairness and timeliness in the early post earthquake period,” 2020
International  Conference on  Computer, Information and
Telecommunication Systems (CITS), 2020. DOI: https://doi.org
/10.1109/C1TS49457.2020.9232594

Maliheh Khorsi, Seyed Kamal Chaharsooghi, Ali Bozorgi-Amiri and
Ali Husseinzadeh Kashan, “A Multi-Objective Multi-Period Model for
Humanitarian Relief Logistics with Split Delivery and Multiple Uses
of Vehicles,” Journal of Systems Science and Systems Engineering,
vol. 29, pp. 360-378, 2020.

Y. Z. Chen and Q. H. Zhao, “The model and algorithm for emergency
supplies distribution based on fairness,” Systems Engineering-Theory
& Practice, vol. 35, no. 12, pp. 3065-3073, 2015.

G. F. Guan, Z. J. Lin, Y. Gong, Z. J. Jiang and Alessio Ishizaka,
“Modeling and Simulation of Collaborative Dispatching of Disaster
Relief Materials Based on Urgency,” Mathematical Problems in
Engineering, vol. 2020, Article 1D. 4274106, 2020.

Z. Han, P. Wang, X. Yao and Y. Chen, “The Dispatch Model of
Material Supply Based on Emergency Missions,” 2019 IEEE 8th Joint
International Information Technology and Artificial Intelligence
Conference (ITAIC), 2019. DOI: https://doi.org/10.1109/ITAIC.

2019.8785777

[26] M. L. Li, X. F. Wang, Q. X. Sun and Z. N. Yang, “Research on

[27]

[28]

Allocation Strategies of Multimodal Transportation for Emergency
Resources Based on Robust Optimization,” Journal of the Railway
Society, vol. 39, no.07,pp. 1-9, 2017.

Behnam Vahdani, D. Veysmoradi, N. Shekari andS. Meysam
Mousavi, “Multi-objective, multi-period location-routing model to
distribute relief after earthquake by considering emergency roadway
repair,” Neural Computing and Applications, vol. 30, no. 3, pp.
835-854, 2018.

G.Q. Xiong and H. Wang, “Emergency scheduling model of
multi-objective-to-resource under uncertain requirements,” ICLEM
2014: System Planning, Supply Chain Management, and Safety, 2014.
DOI: https://doi.org/10.1061/9780784413753.067

[29] J. Q. Fang, H.P. Hou, C.X. Lu, H.Y.Pang, Q.S. Deng, Y.Yeand L. L.

Pan, “A new scheduling method based on sequential time windows
developed to distribute first-aid medicine for emergency logistics
following an earthquake,” PloS one, vol. 16, no. 2, Article ID. 0247566,
2021.

[30] Abdorrrahman Haeri, Seyyed-Mahdi Hosseini-Motlagh, Mohammad

[31] X. H. Gao,

[32]

[33]

[34]

[35]

Reza Ghatreh Samani and Marziehsadat Rezaei, “A bi-level
programming approach for improving relief logistics operations: A real
case in Kermanshah earthquake,” Computers & Industrial Engineering,
vol. 145, Article 1D.106532, 2020.

“A  bi-level stochastic optimization model for
multi-commodity rebalancing under uncertainty in disaster
response.” Annals of Operations Research, 2019. DOI: https:/
doi.org/10.1007/s10479-019-03506-6

Y.X. Chen, Pandu.R. Tadikamalla, Jennifer. Shang and Y. Song.
“Supply allocation: bi-level programming and differential evolution
algorithm for Natural Disaster Relief,” Cluster Computing, vol. 23, no.
1, pp. 203-217, 2020.

Y.H. Zheng, C.F. Zhu and X. Wang, “Research on Emergency Material
Distribution Based on Bi-level Planning,” Journal of Safety Science
and Technology, vol. 16, no. 4, pp. 25-31, 2020.

CJ. Cao, Y. Liu, O. Tang and X.H. Gao, “A fuzzy bi-level
optimization model for multi-period post-disaster relief distribution in
sustainable humanitarian supply chains,” International Journal of
Production Economics, vol. 235, Article ID. 108081, 2021.

S.L. Li, K.L. Teo, “Post-disaster multi-period road network repair:
work scheduling and relief logistics optimization,” Annals of
Operations Research, vol. 283, no. 1, pp. 1345-1385, 2019.

[36] T. G. Chen, S. W. Wu, J. J. Yang, G. D. Cong, G. F. Li and Hassan

[37]

[38]

Zargarzadeh, “Modeling of Emergency Supply Scheduling Problem
Based on Reliability and Its Solution Algorithm under Variable Road
Network after Sudden-Onset Disasters,” Complexity, vol. 2020.Article
ID. 7501891, 2020.

Y. F. Zhou, B. Zheng, J. F. Su and Y. F. Li, “The joint
location-transportation model based on grey bi-level programming for
early post-earthquake relief,” Journal of Industrial & Management
Optimization, vol. 18, no.1, pp. 45-73, 2022.

L. Q. Pan, W. T. Xu, L. H. Li, C. He and R. Cheng, “Adaptive
simulated binary crossover for rotated multi-objective optimization.”
Swarm and Evolutionary Computation, vol. 60, Article ID 100759,
2021.

[39] S. N. Liu, C. F. Zhu, Y. H. Zheng and Q. R. Wang, "Research on

Bi-level Game Scheduling for Emergency Rescue Workers under the
Condition of Limited Rationality," Engineering Letters, vol. 28, no.4,
pp. 1338-1347, 2020.

Zhiwei Zhang was born in Gansu, China, in
1997. He obtained his Bachelor degree in Traffic
and Transportation from Lanzhou Jiaotong
University, Gansu, China, in the year 2020. he is
currently pursuing his master degree in Traffic
and  Transportation  (the Planning and
Management of Traffic and Transportation) in
Lanzhou Jiaotong University. His research
interests include the optimization of emergency
logistics network and the planning and
management of traffic and transportation.

Volume 30, Issue 2: June 2022


https://ascelibrary.org/doi/abs/%2010.1061/9780784483053.413
https://ascelibrary.org/doi/abs/%2010.1061/9780784483053.413
https://www.sciencedirect.com/science/article/abs/pii/S0377221713008527#!
https://www.sciencedirect.com/science/article/abs/pii/S0377221713008527#!
https://www.sciencedirect.com/science/article/abs/pii/S0377221713008527#!
https://www.sciencedirect.com/science/article/abs/pii/S0377221713008527#!
https://doi.org/10.1109/ICCSSE50399.2020.9171983
https://doi.org/10.1007/%20s40747-021-%2000290-4
https://doi.org/10.1007/%20s40747-021-%2000290-4
https://doi.org/10.1109/ITAIC.%202019.8785777
https://doi.org/10.1109/ITAIC.%202019.8785777
https://link.springer.com/article/10.1007/s00521-016-2696-7#auth-Behnam-Vahdani
https://link.springer.com/article/10.1007/s00521-016-2696-7#auth-D_-Veysmoradi
https://link.springer.com/article/10.1007/s00521-016-2696-7#auth-N_-Shekari
https://link.springer.com/article/10.1007/s00521-016-2696-7#auth-S__Meysam-Mousavi
https://link.springer.com/article/10.1007/s00521-016-2696-7#auth-S__Meysam-Mousavi



