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ABSTRACT
The cross-border e-commerce supply chain network (CBESCN) has extensive geo-
graphical coverage, trade barriers and complexity of cross-border logistics issues, which
makes its construction and development face many challenges. This article focuses
on solving the operation optimisation problem of CBESCN under the background
of the Internet of Things. A genetic algorithm constructed and solved the resource
scheduling model of the supply chain of e-commerce enterprises in international
trade. In addition, the mobile edge computing (MEC) optimisation scheme based on
partial computation unloading is involved. The initial offload ratio is set and supply
chain resources are allocated, then the remaining computing resources are distributed
according to the server’s computing power. Finally, the offload is optimised according
to the resource allocation. The experimental results show that time delay and cost
adjustment strategies can improve the CBE supply chain’s comprehensive ability. The
supply chain optimisation scheme proposed in this article can effectively use supply
chain resources according to the requirements of computing tasks to reduce the total
delay of task execution and the consumption of node computing.

Subjects Algorithms and Analysis of Algorithms, Data Mining and Machine Learning, Emerging
Technologies, Mobile and Ubiquitous Computing, Social Computing
Keywords MEC, International trade, Supply chain, Resource scheduling

INTRODUCTION
Various countries have been impacted by the spread of the COVID-19 epidemic and the
measures to prevent and control the outbreak have seriously affected international trade
and investment activities, which has broken the regular operation of the existing supply
chain and industrial chain. In addition, the sudden change in the global political situation
has made the international market turbulent. In this context, China’s complete supply
chain presents significant advantages and even plays a vital role in ensuring global supply,
among which cross-border e-commerce has made essential contributions (Zhou, Wang
& Li, 2022). Cross-border e-commerce supply chain network (CBESCN) is a new supply
chain network derived from customs, countries, and regions. Albino, Izzo & Kühtz (2002)
expand it into a global supply chain with raw materials, intermediate products, finished
products and other elements, with a sales network as the link.
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With the continuous development of international trade, the supply chain and inventory
management of e-commerce enterprises have become more and more complicated.
To improve efficiency and reduce costs, many e-commerce companies are looking for
effective solutions (Wang, Jia & Schoenherr, 2020; Wang, Jia & Schoenherr, 2018). MEC
technology provides a new solution that can help enterprises optimise supply chain and
cost management, which realises real-time data processing and analysis by moving data
processing and analysis to edge devices (Zhang, Cai & Xiao, 2021; Liu, Pan & Zhang, 2021).
This benefits the supply chain and inventory management of e-commerce enterprises
because it can help enterprises monitor the supply chain operation and the inventory
changes in real time. By using MEC technology, e-commerce enterprises can control the
supply chain and inventory more flexibly, thus improving efficiency and reducing costs.
Various forms of computing-intensive data processing have emerged in large numbers, and
massive traffic has seriously burdened the backbone network (Abbas, Zhang & Taherkordi,
2018). To avoid transmitting application data to the remote cloud, MEC deploys resources
of computing, storage and other services to the network’s edge close to users, responds to
users’ requests in time, and brings users a better experience (Nguyen & Dressler, 2020; Lin,
Liao & Jin, 2019). Due to the limited computing and storage resources of mobile terminal
devices, the high-performance computing requirements of these applications cannot be
guaranteed. Computing offloading shortens the processing time by offloading some or all
computing tasks to the edge server instead of the cloud server, which is an effective means
to solve the problem of the insufficient computing power of mobile terminal devices and
prolong the use time. How to realise collaborative computing between mobile terminal
devices and edge servers is a hot issue in current research (Wangfi, Wang & Tan, 2020).
Moreover, how to survive in the turbulent market environment, maintain the stability of
the supply chain and comprehensively use CBE service capabilities and othermeans tomeet
customers’ needs, seek long-term development, and improve the operational performance
of the supply chain has become the focus of CBE supply chain enterprises.

This article discusses the role of MEC optimisation in the supply chain and costs
optimisation control of e-commerce enterprises in international trade. The main
innovations are:

(1) The time scheduling optimisation model of CBESCN with time constraints is
established, with the total cost, order completion time and CBE service provider’s
satisfaction as the optimisation objectives;

(2) Analyse the influence of MEC on the supply chain and inventory management of
e-commerce enterprises and how to optimise the node computing efficiency of the supply
chain network using MEC.

RELATED WORKS
Supply chain network optimisation
The reasonable arrangement of CBESCN can enhance its reliability. In the node scale design
of a supply chain network, Toro, Franco & Echeverri (2017) constructed a partition integer
programming model considering inventory cost, drop shipment cost and equipment
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location cost, and determined the optimal quantity and location of warehouses and
the optimal inventory strategy of warehouses and retailers. Moghaddam Kamran (2015)
proposed a mixed integer linear programming model for designing on and reverse-flow
supply chain networks. They verified the model’s feasibility through the European supply
chain case.

In putting forward the optimisation goal, fuzzy optimisation, robust optimisation,
topological network theory and system engineering are used to study some optimisation
problems of CBESCN. Liu & Li (2020) took cross-border electronic commerce as the
background. The research method discusses how to develop a set of corresponding
technologies and methods under the blockchain background to achieve the traceability
of products and transactions in supply chain management. Regarding material storage
and distribution, especially for inventory control, which still needs to be optimised
to minimise costs while maintaining high customer satisfaction, Yu, Hou & Li (2019)
applies the basic ideas of the ant colony algorithm and fuzzy model to the supply chain
inventory optimisation model. Yan, Zhou & Li (2021) pointed out that due to problems,
such as explosive growth trends and high transportation costs in cross-border electronic
commerce, it is urgent to study the supply chain from the perspectives of decision-making
and coordination.

In the existing research on the joint optimisation of resource allocation and computing
and unloading, themain consideration is the scenario of complete unloading. There are few
types of research on partial unloading and resource joint optimisation; significantly, when
the number of users increases, the number of computing increases, and the computing
capacity of edge servers is limited. How to optimise the amount of computing data for
unloading is the leading research content of this work.

MEC
Much attention has been paid to improving the overall performance of the MEC system
by offloading computation and jointly optimising various resources (Dai, Liu & Guo,
2019; Mukherjee et al., 2019; Jošilo & Dán, 2019; Eshraghi & Liang, 2019; Zhu, Chen &
Chen, 2019). Dai, Liu & Guo (2019) built a layered edge cloud computing architecture
for a scenario with a large amount of computing. Taking energy consumption of
terminal equipment and task execution delay as optimisation objectives, a centralised
computing unloading method based on the Lagrange multiplier method and an optimal
resource allocation mechanism was proposed for mobile edge nodes. The computing and
communication resources among multiple edge servers and between edge servers and
cloud servers are jointly optimised. Quadratic programming with quadratic constraints
obtains an approximate solution to ensure task delay (Mukherjee et al., 2019). Jošilo & Dán
(2019) based on the Stackelberg game model, analysed how mobile devices used operators’
communication and computing resources independently and proposed a decentralised
approximate computing unloading decision algorithm to minimise the task completion
time of mobile terminal devices. Because the computing requirements are not fully known
before the task is executed, Eshraghi & Liang (2019) proposed a method to jointly optimise
the unloading decision to minimise the weighted sum of the average cost and cost changes.
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Figure 1 CBESCN structure diagram.
Full-size DOI: 10.7717/peerjcs.1407/fig-1

Zhu, Chen & Chen (2019) proposed a joint unloading decision and resource allocation
algorithm based on deep learning, which comprehensively considered the optimisation of
unloading decision, local CPU, bandwidth and external CPUoccupancy to reduce task delay
and equipment energy consumption.Gao, Zhang & Yu (2022) proposed a system overhead
minimisation model for ultra-dense network scenarios, combining the unloading strategy,
channel allocation and power allocation. Partial unloading can upload some tasks to the
edge server for calculation under limited bandwidth and effectively use the computing
resources of mobile devices and servers in parallel (Bozorgchenani, Tarchi & Corazza,
2018). Bi & Zhang (2018) studied the maximisation of the weighted sum computing rate
in multi-user wireless edge computing networks with a binary computing offload strategy.

The scenario of complete offloading is mainly considered in the existing research on joint
optimisation of resource allocation and computing offloading. In contrast, the research on
joint optimisation of partial offloading and resources is less, especially on optimising the
offloaded computing data when the number of users increases and the computing capacity
of the edge server is limited.

RESOURCE SCHEDULING MODEL OF CBESCN IN
INTERNATIONAL TRADE
Model construction
Consider a typical CBESCN spanning two different countries or regions, in which the
network boundary is the supply chain transportation route, and the nodes are suppliers,
warehouses, cross-border checkpoints, manufacturing plants and end customers in the
logistics transportation route, as shown in Fig. 1.
Since the cross-border inspection point is located downstream of CBESCN, the

warehouse delivery process should be emphasised. If unique warehouse picking and
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distribution operations are arranged to adapt to any particular situation, the chance of delay
can be significantly reduced. Secondly, at the cross-border inspection point, the delivery
of goods requires cross-border inspection procedures, including product inspection and
verification of delivery documents. Diversifying the cross-border inspection process will
lead to longer and longer transportation time and higher transportation costs. Given this,
reducing the barrier effect of the cross-border supply chain that the delivered products
meet the inspection is a fundamental rule.

This article constructs a resource scheduling model of the supply chain of e-commerce
enterprises in international trade.

The objective function K1 represents the total cost in CBESCN. It consists of four parts:
the total cost of all services in the supply chain, including conventional and other logistics
services that are different from other logistics models. The second part is the time delay
cost caused by the delay of the previous process due to the enterprise service process. The
third part, the last process, is compressed by the enterprise service process, which leads to
the time compression cost of the next process. The fourth part is the cost of sorting and
packaging in overseas warehouses C0. In objective function K1, the delay of the previous
process due to the enterprise service process leads to the time delay cost of the next process,
which is realised in different cross-border enterprises. It can be expressed as

Total cost = Normal service cost + Delayed service cost + Compressing service cost +
C0

K1=
∑
m=1

∑
n=1

(
CmnTmn+C

′

mn

∣∣∣T ′mn

∣∣∣)+∑
m=1

(
Tmn+T

′

mn− tm
)
X
′

m

+

∑
m=1

(
tm−Tmn−T

′

mn

)
Y
′

m+C0.
(1)

The objective function K2, which consists of three parts, indicates that all logistics
service orders in CBESCN should be completed as soon as possible. This article considers
minimising the difference between expected and normal service time, extra service time
and total time. That is, the expression is:

Time = expected service time - normal service time - extra service time + T0

K2=
∑(

tm−Tmn−T
′

mn

)
+T0. (2)

The objective function K3 indicates that the weighted satisfaction of all service provider
enterprises can be maximised in the CBESCN. It consists of two parts: the first refers to
the ratio of regular service cost to all average total costs generated by all service provider
enterprises, representing satisfaction with the price. The other part is satisfied with service
time. The second one is related to time, which refers to the ratio of the average operation
time of service provider enterprises to the sum of standard time and extra time.

K3=
∑
m=1

∑
n=1

TmnCmn

TmnCmn+C
′

mn

∣∣T ′mn

∣∣
(

Tmn

Tmn+T
′

mn

)
amn. (3)

Regarding constraints, the m-th service process can sustain the upper limit of time
compression. This is a strong constraint because it is necessary to ensure a continuous
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running time link of the supply chain in the process of providing imported logistics services.

tm−Tmn−T
′

mn≤T
′

m+1. (4)

The second constraint is that CBE service integrators put forward the completion time
requirements for service orders of corresponding service provider enterprises.

Tmn+T
′

mn≤ tm+bmQtm. (5)

The third constraint is to ensure the satisfaction of each service provider enterprise,
which must be higher than their acceptable lower limit.

TmnCmn

TmnCmn+C
′

mn|T
′

mn

(
Tmn

Tmn+T
′

mn

)
≥ S

′

mn. (6)

In terms of time, cross-border e-commerce logistics service integrators tend to follow
customised time requirements and set corresponding requirements related to order
completion time for service providers. The satisfaction of each service provider will directly
determine the quality of the order and the likelihood of completion.

Model solving
This article selects the linear weighting method to solve the CBE time scheduling
optimisation model, and the above model is transformed into a single objective
programming problem. The linear weighting method can make the interaction of each
evaluation index get linear compensation and ensure the fairness of the comprehensive
evaluation index. Firstly, the data is imported, then the multiple linear regression is carried
out on the data, and the regression is carried out on all variables. The stepwise regression
can also be used for factor screening, and the model after the preferred factor can be
obtained and the objective function is finally solved.

In this article, the cost adjustment factor d is introduced into themodel, which represents
the relationship of cost increase in this case. d> 1 to express the limit of cost increase.
Because I set a new constraint, the original time scheduling optimisation model becomes
a goal-planning problem about time and satisfaction.

K1<Kmin
1 ∗d. (7)

The model constructed in this article has three objective functions and four constraints.
We combine the specific problems and make a choice analysis, which will help solve the
problems and improve efficiency. We introduce V2 and V3, and make them add up to 1.
Objective function K2 And objective function K3 respectively means that the service order
is completed on time as much as possible, and the satisfaction of the service provider is
maximised. This article needs to standardise them. Therefore, K2 and K3 Divide by the
maximum possible value and subtract from the corresponding results. t the comprehensive
objective function K can be obtained as follows:

K =V3
K3

mK3
−V2

K2

mK2
. (8)
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MEC BASED ON PARTIAL COMPUTATION UNLOADING
Problem description
MEC is used to optimise the solution process proposed in ‘Resource scheduling model of
CBESCN in international trade’ to improve the efficiency of node calculation. It is assumed
that the MEC system knows relevant information such as channel gain, calculated data
volume, calculated energy consumption, etc., to determine the amount of data unloaded
by each user and the allocated channels and computing resources, thereby reducing the
calculation delay and energy consumption of users.

Each supply chain node k contains a computation-intensive task with limited delay to
complete, and the maximum delay of the task is Tmax

k , the maximum energy consumption
is Emax

k , the data size of the task is Sk . The CPU cycle required to compute each bit on
the client side is Ck . When users k When the computing power of cannot meet the
requirements of task delay or energy consumption, all or part of the task can be unloaded
to the edge server of the base station, and the unloading ratio is λk ∈ [0,1] . Therefore, the
time that the task runs locally is t localk , expressed as

t localk = (1−λk)SkCk/f 0k (9)

where f 0k represents the computing power of user k.
The energy consumption per CPU cycle of node k is e0k . When some tasks are executed

locally, the energy consumption is

e localk = (1−λk)SkCke0k . (10)

The user unloads a part of the task to the edge server, downloads the calculation
results from the edge server, and calculates the remaining tasks at the same time. Because
the calculation result is very small, the download time of the calculation result is not
considered. Task execution time only considers unloading task upload time t offk , edge
server execution time t svvk and the local execution time of the remaining tasks t localk . Because
of the parallelism of local computing and edge server computing, the total computing time
to complete the task is t totalk , expressed as:

t totalk =m
(
t localk ,t offk + t

svv
k
)
. (11)

Multi-user partial unloading with resource allocation under time delay and energy
consumption constraints in MEC is considered as an optimisation problem, which is to
minimise the total delay of task completion. The goal of problem optimisation is expressed
as:

min
λ,δ,p

N∑
k=1

m

(
(1−λk)SkCk

f 0k
,m

(
Si,offk

r ik

)
+
λkSkC svv

f svvk

)
(12)

Partial computation unloading
The optimisation goal of the system is tominimise the total delay in task completion. As can
be seen from Formula (12), this optimisation problem mainly involves the unloading ratio
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and system resource allocation (Li, Li & Zhou, 2021). Therefore, this article decomposes
the optimisation problem into two aspects: unloading ratio setting and resource allocation.
Firstly, according to each user’s time delay and energy consumption limit, an initial
unloading ratio is given, then a low-complexity joint allocation strategy of channel and
server computing resources is proposed. Finally, the unloading ratio is updated according
to the currently available resources.

Firstly, the computing resources are initially allocated according to the following delay
constraints: on the one hand, the unloading delay of some data must not exceed the local
computing delay, that is, t offk < t localk ; On the other hand, the calculation delay of the whole
task shall not exceed the total delay limit, that is t totalk < Tmax

k . The second allocation of
computing resources is the allocation of the remaining available computing units, where
the user’s computing rate difference is defined here as the objective function σ , that is, a
computing resource is allocated to user k, and the computing rate difference before and
after the computing resource is allocated is expressed as

σ =
Sk

t localk + t offk + t
svv+1
k

−
Sk

t localk + t offk + t
svv
k

(13)

where t sv+1k is the computing time of the server after the server assigns a new cell to the user.
Comparing the calculation rate difference between each user before and after obtaining
the calculation unit, and assigning a calculation unit to the user who can gain the greatest
benefit by adding the calculation resources for the user so that k∗= argmax(σ ).

After completing the initial allocation of resources for each supply chain node, the
system determines the available computing resources of the edge server. It updates the
user’s unloading ratio so that more computing tasks of mobile users are unloaded to the
edge server for execution, and the computing delay is reduced. When the calculation time
of the local task and partial unloading calculation time is balanced, the delay reaches the
minimum. The user’s updated unloading ratio can be obtained from Eq. (13).

λk =

(
Sk
f 0k
−m

(
Si,offk

r ik

))
/Sk

(
1
f svk
+

1
f 0k

)
. (14)

Because the computing resources are dynamically changing when Eq. (14) is less than 0,
it means that the resource conditions cannotmeet the task requirements, and the unloading
ratio is 0; When Eq. (14) is greater than 1, it means that the resources are sufficient to
completely unload the task execution, and the unloading ratio is 1.

EXPERIMENT AND ANALYSIS
experimental settings
Take the optimisation of the CBESCN location of a CBE enterprise as an example to
analyse. To meet the decentralised needs of consumers and reduce the logistics cost of the
whole cross-border supply chain, the optimisation of terminal distribution path selection
from network nodes such as overseas warehouses to demanders is also a common decision
variable in the location scheme. MEC simulation scenario considers a base station and
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multiple nodes, and the base station deploys edge servers. The radius of the coverage area
of the base station is 500 m, and the supply chain nodes are randomly distributed in this
area.

Total time solution for service providers
Assuming that the recombinant inbred lines are 200 and the genetic algebra is 300 when
the time adjustment coefficient is Q= 1 and the cost adjustment coefficient is d = 1.15,
the calculation result of the objective function K is equal to 0.6612. The time parameters
of each service provider in each service process are shown in Fig. 2.

From the results of an example, in completing the CBESCN, among the 15 service
provider enterprises, six completed time-compressed orders and nine completed time-
delayed orders. It shows that when different functional service providers face service orders,
CBE service integrators will delay or compress the service time in different service processes,
although the compressed time will be more responsive to customer needs.

Figure 3 shows the range of the K value. With the cost adjustment coefficient increase, K
also increases, which is stable at 0.6710. It means that when the cost adjustment coefficient
of CBE service integrators increases, the comprehensive level of CBESCN is also improved.

The above analysis and comparison show that the time adjustment coefficient of the
CBE service integrator can be divided into two stages. When the time is compressed to the
time delay, the comprehensive level of CBESCN increases with the increase of the time
adjustment coefficient. However, after reaching a specific value, the comprehensive level of
CbesCNwill be stable, and the effect will be relatively apparent. Both the time delay strategy
and the cost adjustment strategy can somewhat improve the comprehensive capability of
CBESCN. However, the former works better.

MEC optimisation results
The proposed method is simulated by Python and compared with local computing,
complete and binary unloading (Bi & Zhang, 2018). Local computing means that all
computing tasks are performed on the mobile terminal. Full uninstall means all computing
tasks are uninstalled to the edge server for execution. Binary unloading refers to choosing
a local computing or unloading mode by comparing local computing and unloading
computing rates.

The influence of the number of nodes on the total delay is shown in Fig. 4.
Because all tasks of local computing run on user terminals, the total delay increases

linearly with the number of users. Complete unloading and unloading all tasks to the server
for calculation. The delay of the server is lower when the number of stages is small. The
computing resources allocated to each node decrease when the number of nodes increases.
The total delay increases faster than when the number of nodes is small, but it is still lower
than the local calculation. The adopted method is partial unloading. When the number
of nodes is large, the competition for supply chain resources increases and the computing
pressure of the server increases. Rational use of server resource allocation to optimise
the number of task unloading can maximise the use of server computing resources, thus
reducing the time delay of task completion.
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Figure 2 Model solution results.
Full-size DOI: 10.7717/peerjcs.1407/fig-2

Figure 3 Range ofK value.
Full-size DOI: 10.7717/peerjcs.1407/fig-3

The influence of server computing power on the average delay of nodes is shown in
Fig. 5.

Because local computing has nothing to do with the server, the average delay remains
unchanged. The time delay of the complete uninstall method is only affected by network
transmission and server computing power. With the increase in server computing power,
the average time delay of users decreases significantly. In binary unloading, with the
improvement of server computing power, the average delay of the system shows a slow
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Figure 4 The influence of the number of users on the delay of supply chain nodes.
Full-size DOI: 10.7717/peerjcs.1407/fig-4

Figure 5 The influence of server computing power on the delay of supply chain nodes.
Full-size DOI: 10.7717/peerjcs.1407/fig-5

decline trend. With the increasing capacity of the server, due to the limitation of network
resources, the time delay gradually approaches the complete unloading mode. In this
method, some tasks are transmitted to the server, and the user terminal and the server
execute in parallel. Because the allocation of server computing resources is considered, the
average delay of this method is low. When the server’s computing power reaches a certain
level, the impact on the average delay of users mainly comes from network transmission.
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DISCUSSION
Cross-border e-commerce service integrators should reasonably use time schedules to solve
optimisation problems, minimise unnecessary demand for time compression, and prevent
a sharp decline in the comprehensive level of the cross-border e-commerce logistics service
supply chain. If it is necessary to improve the complete ability of cross-border e-commerce
logistics service supply chain, cross-border e-commerce logistics service integrators should
give priority to using the delay time strategy to analyse the influential factors of the
cross-border supply chain network’s robustness, sources of uncertainty and reliability, to
form a more comprehensive and systematic cross-border supply chain network system.
This model provides theoretical support for quantitatively evaluating cross-border supply
chain networks, node location, network design and other optimisation problems. The
model is suitable for determining the separation point of customer orders under the
background of mass customisation.

CONCLUSION
Based on the study of CBESCN in many aspects, an optimisation model with CBESCN
characteristics in the corresponding mode is constructed. Through the joint allocation of
node equipment computing resources, supply chain resources and edge server computing
resources, a method of partial computation unloading node computing intensive task to
edge server is proposed. When different functional logistics service providers face service
orders, enterprises delay or compress the service time in other service processes. This result
is reflected in the increase of the cost coefficient; the objective function also increases and
finally tends to be stable at 0.6710. In addition, this method transmits some tasks to the
server, and the user terminal and the server execute them in parallel. Because the allocation
of server computing resources is considered, the average delay of this method is low.
Although it is helpful to provide new ideas for the theoretical development of CBESCN and
its service supply chain, in this experiment, the information asymmetry brought from the
perspective of service providers is not considered in the setting of the schedulingmodel, and
the common GA algorithm is only used to solve the model. Our future research direction
is how to use deep learning models further to optimise the operational efficiency of supply
chain networks.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
The authors received no funding for this work.

Competing Interests
The authors declare there are no competing interests.

Dong et al. (2023), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.1407 12/14

https://peerj.com
http://dx.doi.org/10.7717/peerj-cs.1407


Author Contributions
• Qingxia Dong conceived and designed the experiments, analyzed the data, performed
the computation work, prepared figures and/or tables, authored or reviewed drafts of
the article, and approved the final draft.
• Nana Chen conceived and designed the experiments, performed the experiments,
analyzed the data, performed the computation work, authored or reviewed drafts of the
article, and approved the final draft.
• Shuai Wang performed the experiments, prepared figures and/or tables, authored or
reviewed drafts of the article, and approved the final draft.

Data Availability
The following information was supplied regarding data availability:

The data and code are available in the Supplementary Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj-cs.1407#supplemental-information.

REFERENCES
Abbas N, Zhang Y, Taherkordi A. 2018.Mobile edge computing: a survey. IEEE Internet

of Things Journal 5(1):450–465 DOI 10.1109/JIOT.2017.2750180.
Albino V, Izzo C, Kühtz Silvana. 2002. Input–output models for the analysis of a local/-

global supply chain. International Journal of Production Economics 78(2):119–131
DOI 10.1016/S0925-5273(01)00216-X.

Bi SZ, Zhang YJ. 2018. Computation rate maximisation for wireless powered mobile-
edge computing with binary computation offloading. IEEE Transactions on Wireless
Communications 17(6):4177–4190 DOI 10.1109/TWC.2018.2821664.

Bozorgchenani A, Tarchi D, Corazza GE. 2018.Mobile edge computing partial of-
floading techniques for mobile urban scenarios. In: Proceedings of 2018 IEEE global
communications conference. Piscataway: IEEE.

Dai M, Liu Z, Guo Z. 2019. Edge computing unloading and resource allocation mecha-
nism based on minimising terminal energy consumption and system delay. Journal of
Electronics and Information 41(11):2684–2690 (in Chinese).

Eshraghi N, Liang B. 2019. Joint offloading decision and resource allocation with
uncertain task computing requirement. In: Proceedings of IEEE INFOCOM 2019 -
IEEE conference on computer communications. Piscataway: IEEE Press, 1414–1422.

Gao Y, Zhang HR, Yu F. 2022. Joint computation offloading and resource allocation for
mobile-edge computing assisted ultra-dense networks. Journal of Communications
and Information Networks 7(1):96–106 DOI 10.23919/JCIN.2022.9745485.

Jošilo S, Dán G. 2019.Wireless and computing resource allocation for selfish computa-
tion offloading in edge computing. In: Proceedings of IEEE INFOCOM 2019 - IEEE
conference on computer communications. Piscataway: IEEE Press, 2467–2475.

Dong et al. (2023), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.1407 13/14

https://peerj.com
http://dx.doi.org/10.7717/peerj-cs.1407#supplemental-information
http://dx.doi.org/10.7717/peerj-cs.1407#supplemental-information
http://dx.doi.org/10.7717/peerj-cs.1407#supplemental-information
http://dx.doi.org/10.1109/JIOT.2017.2750180
http://dx.doi.org/10.1016/S0925-5273(01)00216-X
http://dx.doi.org/10.1109/TWC.2018.2821664
http://dx.doi.org/10.23919/JCIN.2022.9745485
http://dx.doi.org/10.7717/peerj-cs.1407


Li R, Li Q, Zhou J. 2021. ADRIoT: an edge-assisted anomaly detection framework against
IoT-based network attacks. IEEE Internet of Things Journal 9(13):10576–10587.

Lin L, Liao XF, Jin H. 2019. Computation offloading toward edge computing. Proceedings
of the IEEE 107(8):1584–1607 DOI 10.1109/JPROC.2019.2922285.

Liu J, Pan B, Zhang X. 2021.Mobile E-commerce information system based on industry
cluster under edge computing.Mobile Information Systems 2021:1–11.

Liu Z, Li Z. 2020. A blockchain-based framework of cross-border e-commerce supply
chain. International Journal of Information Management 52(10):37–59.

MoghaddamKamran S. 2015. Fuzzy multi-objective model for supplier selection and
order allocation in reverse logistics systems under supply and demand uncertainty.
Expert Systems with Applications 42:6237–6254 DOI 10.1016/j.eswa.2015.02.010.

Mukherjee M, Kumar S, Shojafar M, Zhang Q, Mavromoustakis CX. 2019. Joint task
offloading and resource allocation for delay-sensitive fog networks. In: ICC 2019-
2019 IEEE international conference on communications (ICC). Piscataway: IEEE.

Nguyen QH, Dressler F. 2020. A smartphone perspective on computation offloading—a
survey. Computer Communications 159:133–154 DOI 10.1016/j.comcom.2020.05.001.

Toro EM, Franco JF, Echeverri MG. 2017. A multi-objective model for the green
capacitated location-routing problem considering environmental impact. Computers
& Industrial Engineering 110:114–125 DOI 10.1016/j.cie.2017.05.013.

Wang Y, Jia F, Schoenherr T. 2018. Supply chain-based business model innovation:
the case of a cross-border E-commerce company. Sustainability 10(12):4362
DOI 10.3390/su10124362.

Wang Y, Jia F, Schoenherr T. 2020. Cross-border e-commerce firms as supply chain
integrators: the management of three flows. Industrial Marketing Management
89:72–88 DOI 10.1016/j.indmarman.2019.09.004.

Wangfi S, WangW, Tan Y. 2020. Internet cross-border service model based on 5G
environment and cloud computing data platform.Microprocessors and Microsystems
2020:103520.

YanW, Zhou H, Li H. 2021. Decision and coordination of cross-border e-commerce
supply chain: based on four modes of cooperation. Scientific Programming
DOI 10.1155/2021/5561357.

YuW, Hou G, Li J. 2019. Supply chain joint inventory management and cost op-
timisation based on ant colony algorithm and fuzzy model. Tehnički Vjesnik
26(6):1729–1737.

Zhang X, Cai Y, Xiao L. 2021. Visitor information system of cross-border E-commerce
platform based on mobile edge computing.Mobile Information Systems 2021:1–10.

Zhou L,Wang J, Li F. 2022. Risk aversion of B2C cross-border e-commerce supply chain.
Sustainability 14(13):8088 DOI 10.3390/su14138088.

Zhu X, Chen SG, Chen SL. 2019. Energy and delay co-aware computation offloading
with deep learning in fog computing networks. In: Proceedings of 2019 IEEE 38th
international performance computing and communications conference. Piscataway:
IEEE.

Dong et al. (2023), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.1407 14/14

https://peerj.com
http://dx.doi.org/10.1109/JPROC.2019.2922285
http://dx.doi.org/10.1016/j.eswa.2015.02.010
http://dx.doi.org/10.1016/j.comcom.2020.05.001
http://dx.doi.org/10.1016/j.cie.2017.05.013
http://dx.doi.org/10.3390/su10124362
http://dx.doi.org/10.1016/j.indmarman.2019.09.004
http://dx.doi.org/10.1155/2021/5561357
http://dx.doi.org/10.3390/su14138088
http://dx.doi.org/10.7717/peerj-cs.1407

