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Energy efficiency optimization of mobile edge computing e-commerce clients and reasonable management of server computing
resources are worth further study. ,e participant of the algorithm game model proposed in this paper is mobile e-commerce
customer management. ,e decision space is a two-dimensional space composed of unloading decision and power control, and
the benefit function is the energy efficiency function and delay function. ,e existence and uniqueness of the multidimensional
game model are proved theoretically. ,e simulation results show that the proposed multidimensional game based energy
efficiency optimization algorithm of mobile edge computing can reduce the energy consumption and delay of mobile terminals
and improve the energy efficiency of unloading calculation under the same task compared with the game scheme without
considering power consumption control when the number of e-commerce customermanagement is larger.,is paper deduces the
optimal load migration decision of mobile e-commerce customer management and the optimal pricing strategy of mobile edge
cloud service providers and proves that the optimal decision and optimal pricing constitute the Starkberg equilibrium. ,e
semidistributed and decentralized task transfer decision-making mechanisms are designed, respectively, and the management
decision-making behaviors of mobile e-commerce customers in the mobile edge cloud energy trading market are studied by
numerical analysis, as well as the time efficiency of the two mechanisms.

1. Introduction

Mobile edge is defined as the technology by the European
Telecommunications Standards Institute (ETSI), providing
service environments, within wireless access networks and in
the vicinity of mobile users [1]. ETSI on mobile edge
computing is considered to be an important emerging
technology and an important part of the next generation of
networks.

,e video stream from the monitoring device is pro-
cessed and analyzed on the MEC server, and the meaningful
data is extracted from the video stream. You can transfer
valuable data that are inherently cooperative in data, edge
computing, and data transfer in the prediction link. Data
processing can be performed on a wooden MEC server
rather than a centralized server to provide a good user
experience. ,e Internet of ,ings generates additional

messages over telecommunications networks, requiring
gateways to aggregate messages and ensure low latency and
security. We introduce a new architecture for collecting
[2, 3], classifying, and analyzing IoT data flows using MEC
servers that manage various protocols, message distribution,
and analytical processing. A vibrant ecosystem creates new
opportunities for mobile operators, applications, and con-
tent providers.

With the rapid development of e-commerce in today’s
society, customers also have a great impact on the devel-
opment of e-commerce enterprises. Firstly, in the e-com-
merce environment, customers can browse, understand, and
purchase products and services through the network;
through realization, such as customer purchasing power,
and customer loyalty; then through network communication
and other ways to timely contact customers; and through
care and other marketing means to obtain more customer
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support. ,e development of e-commerce enterprises needs
the support of an e-commerce customer relationship
management system, which provides a scientific basis for
enterprises to make scientific decisions and market devel-
opment strategies.

2. Related Work

In e-commerce customer relationship management systems,
data mining technology is integrated to realize the analysis of
existing customer data, establish an analysis model for
customers, analyze customers through the data model,
classify customers, and find more potential customers [4, 5].
,e e-commerce customer relationship management system
in the domestic market system is not perfect but also made
some achievements. Earlier construction of e-commerce
customer relationship management systems includes tele-
com and mobile companies, the banking industry, and
aviation. Customer relationship management not only in-
cludes the addition, deletion, and modification of customer
information but also includes the analysis of customer data,
understanding customers’ hobbies, timely finding which
customers are easy to lose, and vigorously digging potential
customer markets. Domestic theoretical research in these
aspects has achieved initial results, such as the use of the
genetic algorithm, artificial neural network, and other
classification acquisition methods for customer data analysis
and prediction. ,e system structure of domestic e-com-
merce customer relationship management system is rela-
tively simple, the function is relatively simple, and most of
the management systems are only to achieve the manage-
ment of customer basic information data. Compared with
foreign countries, the development and research of China’s
e-commerce customer relationship management system are
still relatively backward and single [6, 7]. All in all, abroad
and at home, now the common development of the world
economy is not a good customer relationship management
system support; it is not a successful future business, helps
the customer management and analysis, and enhances the
working efficiency of the enterprise; the Lord will help
improve the position and role of enterprise in the market.

Among them, the energy efficiency optimization of
mobile edge computing e-commerce customer relationship
management system includes a well-designed task unloading
scheme, communication channel allocation, and transmis-
sion power control. In literature [8], an effective MEC
system calculationmodel is proposed to combine computing
and communication cooperation to optimize system energy
efficiency. In literature [9], dynamic voltage scaling tech-
nology is used to jointly optimize the computing speed,
transmission power, and unloading ratio of mobile devices
to improve energy efficiency. In literature [10], transmission
power control and unloading decision of MEC systems
under single user conditions are studied. As an improve-
ment, the authors of literature [11] extended the conclusions
in literature to multiuser MEC systems, and combined with
resource allocation, they optimized the energy efficiency of
multiuser MEC systems through Lyapunov. In [12], an
integrated framework for computational unloading is

proposed, which takes into account unloading decisions, to
optimize energy efficiency. However, in literature [13],
intercustomer interference of e-commerce is not taken into
account when the unloading decision of mobile users is
determined. Studies show that effective power control can
effectively suppress intercustomer interference of e-com-
merce in a small e-commerce customer network [5, 14].
,erefore, some MEC algorithms based on transmission
power control are proposed. For example, the transmission
power control algorithms proposed in the literature [15, 16]
and the algorithms proposed in the literature [17] are ef-
fective in multiuser MEC systems, but they are centralized
and not always effective in distributed systems. As the
computing resources of the MEC server are limited, more
and more terminal devices will connect to the server in the
future when the number of mobile devices is increasing
exponentially. ,erefore, how to reasonably manage com-
puting resources has become a significant research direction.
Literature [18] proposed a branch and bound algorithm
(VF-BNB) based on variable fusion to optimize computing
resources. ,e model in literature [19] is a mobile edge
computing system with a large number of low-power mobile
terminals. ,erefore, reasonable allocation of computing
resources is the key to achieving system performance. ,e
problem of computing resource allocation in the upstream
MEC system under the minimum to maximum fairness
criterion is studied. Literature [20] uses the Lagrange
multiplier method with a predetermined resource allocation
strategy to solve the problem of computing resource allo-
cation. ,e above literature conducts quantitative analysis
from the perspective of limited computing resources and
then completes resource management through carefully
designed algorithms but ignores the mobility of terminal
devices. If the user continues to move, the original request
discharge calculation of the server may not be able to timely
send the result in the user’s next position. User mobility
prediction distribution and which server to use are studied
in the literature [21]. Literature [22] studies a kind of virtual
machine migration strategy based on the Markov decision
process; in the literature [23], congestion in the network
virtual machine migration strategy is studied.

However, the commonly used assumptions in the above
algorithms for energy efficiency optimization of e-commerce
CRM systems based on MEC mobile edge computing have
certain limitations: the computing resources of MEC servers
are limited, and unloading a large number of tasks will bring
considerable queuing delay. In the scenario of ultradense
networks (UDN), interference between e-commerce cus-
tomers can significantly affect data rates and lead to un-
expected transmission delays, which can lead to low energy
efficiency and long delays. ,erefore, interference and
queuing problems cannot be ignored in reality. Although
MEC has many benefits, the energy efficiency of its mobile
terminal cannot be ignored. Game theory is a powerful
distributed mechanism design tool. In order to maintain the
balance of the system and consider the interests of each user,
it is of great significance to use game theory as a tool to study
energy efficiency in the MEC system. In the MEC system,
virtual machine migration is usually adopted for user
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movement, but for some applications with high instantness
requirements and small task volume, the migration cost is
too large. Although mobility prediction is carried out, the
model is an ideal case of uniform motion. In general, the
user’s movement has acceleration, so there is room for
further study of this scheme.

3. Mobile Edge Computing for e-Commerce
Customer Management Energy Efficiency
Optimization Framework and Key
Technology Analysis

3.1. System Architecture. Enabling MEC applications to be
realized as pure software entities running on MEC hosts,
mobile edge platforms provide the base needed to run ap-
plications. MEC applications are run as virtual machine
VMS on top of a virtualized infrastructure that includes a
data platform that enforces traffic rules received by mobile
edge platforms and routes traffic between the application
forest network and the external network. In host level
management including mobile platform edge and virtuali-
zation infrastructure, the former is responsible for the
management of electronic commerce application of life cycle
and rule requirements, including e-commerce customer
management system business license, flow rule, and the
domain name system conflict resolution, which is respon-
sible for the allocation, management, and releasing the vi-
sualization of virtualization infrastructure (computing,
storage, and network resources). ,e architecture diagram is
shown in Figure 1.

As shown in Figure 2, the framework of the e-commerce
customer management system of edge computing is divided
into mobile edge computing level, mobile edge e-commerce
customer system host level, and network-level entity. ,e
host layer of the mobile edge e-commerce customer system
is the basic part of the framework, which consists of mobile
edge host and host management. Virtualization infra-
structure can provide ME with the application with com-
puting, storage, and network resources and can provide ME
with the application with persistent storage and access to
relevant information; it includes a data forwarding plane,
used to receive from ME platform data forwarding rules, as
well as between each application, service, and network flows.
,e ME platform receives traffic forwarding rules from the
ME platform manager, ME applications, or ME services and
sends instructions to the forwarding plane based on the
forwarding rules. In addition, the ME platform supports the
configuration of local domain name system (DNS) proxy
servers to redirect data traffic to corresponding applications
and services. ,e ME platform can also communicate with
other ME platforms through Mp3 reference points, which
can serve as the basis for interconnecting different ME
platforms in the collaboration mechanism of distributed
MEC systems.

Among them, intelligent service is based on the model-
driven unified service framework, which realizes the coor-
dination of development and deployment intelligence
through the development service framework and

deployment operation service framework, and can realize
the consistency of software development and deployment
operation automation. Intelligent business orchestration
defines end-to-end business flows through business support
capabilities to achieve business agility. Connected com-
puting achieves a minimalist architecture, shielding services
from the complexity of edge intelligent distributed archi-
tecture, realizing automation and visualization of operation,
information and communication technology infrastructure
deployment and operation, and supporting intelligent col-
laboration between edge computing resource services and
industry business needs. Intelligent Edge computing node
(ECN) is compatible with a variety of heterogeneous con-
nections, supports real-time processing and response, and
provides hardware and software integration security. ,e
three-tier model is mainly for scenarios where services are
deployed to one or more scattered regions, and the business
flow in each region is small, such as smart street lamps, smart
elevators, and smart environmental protection. After the
intelligent asset is processed locally, multiple types of service
data are aggregated to the intelligent gateway along the
north-south direction. ,e intelligent gateway processes
real-time service requirements locally and aggregates non-
real-time data and sends it to the cloud for processing.

3.2. Research on Key Technology of Energy Efficiency
Optimization. An important part of calculating unload is
deciding whether to unload, whether all or part of it applies,
what to unload, and how to unload. ,e uninstall decision
depends on the application model categorized according to
three criteria. In the task execution schedule, we need to
know how to select the task execution sequence to reduce the
task execution time, and so on. For optimization problems
with equality and inequality constraints, the general form is

min h(x), fi
x

(x)≤ 0, i � 1, . . . , n. (1)

In the optimization problem-solving algorithm, the KKT
condition is the necessary and sufficient condition for the
convex optimization problem to obtain the optimal solution,
and the KKT condition is

δh(x) + 
n

i�1
uifi(x) + 

j

vj � 0. (2)

,e in-memory data grid technology is adopted, and
improvements are made in storing lightweight and high-
performance access, forming a lightweight and high-per-
formance edge service catalog. On this basis, considering the
influence of the mobile edge computing environment and
the dynamic change of directory nodes, the synchronization
and consistency guarantee technology of the edge service
directory is studied. ,e core methods to solve this problem
include the following three aspects: (1) taking into account
the synchronization modes such as upstream and down-
stream synchronization and peer synchronization, the
problem of information service sharing can be solved by
flexibly selecting suitable directory synchronization mode,
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supporting dynamic discovery, flexible networking, and
service sharing among nodes, and realizing the dynamic
collaborative operation of service catalog; (2) we adopt the
updating mechanism of active monitoring to ensure that the
service information recorded in the decentralized edge
service catalog is consistent, real-time, and effective and

improve the availability of services built on the distributed
structure; (3) a new distributed consistency algorithm based
on state machine replication is proposed. By sorting and
executing the uncoupling consensus protocol and the op-
eration commands, the operation commands can be con-
currently submitted for all backups at any time without
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Figure 2: Energy efficiency optimization architecture of mobile edge computing for e-commerce customer management.
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determining the order of the operation commands and can
be executed in the same order on all backups. ,e structure
of the service catalog can be divided into three layers,
namely, catalog summary layer, catalog middle layer, and
service instance layer. ,e aggregation layer of the service
catalog and the directory area of the middle layer have a
central service catalog sharing model, which is mainly used
in the service catalog.,e directory services use the directory
equivalent middle layer region sharing service model. ,e
mobile edge computing service catalog model architecture is
shown in Figure 3.

,e existing microservice system mainly adopts a rule-
based routing policy to realize the routing function of the
service based on the service catalog information provided by
the service registry and the service status information re-
ported by the service agent. However, the mobile edge
computing environment is complex and changeable and has
significant dynamic characteristics. If a simple and rules-
based routing strategy is directly adopted, the system per-
formance cannot be optimized. ,erefore, how to select the
service invocation path intelligently according to the service
quality, service invocation history, dynamic use of system
resources, and other information in the current application
environment, as well as the historical service routing
strategy, is the key problem of edge service routing address.

4. EnergyEfficiencyOptimizationAlgorithmfor
e-Commerce Customer Management
Based on Mobile Edge Computing

In the two-dimensional space composed of decision-mak-
ing, interference between users can be reduced through the
reasonable design of transmitting power size, the upper limit
of MEC server computing resources can be set, queuing
delay of the mobile terminal is added, optimization target is
energy consumption and delay of the mobile terminal, and
game model is established.,e core idea is to select the most
suitable unloading decision and transmitting power for each
user under the current situation through the game, so as to
reduce interference so that more users can have the op-
portunity of unloading computing and improve the energy
efficiency of the mobile terminal. ,e purpose of using the
game algorithm is to select the most suitable decision so as to
optimize the energy consumption and delay function:

min
i

fi sin, −sin( . (3)

,is algorithm is a multiuser system, which uses parallel
time slots, and each user calculates its own optimal response
decision in each time slot. During initialization, the user’s
decision is to uninstall the MEC server for calculation, and
the upload power is randomly selected. In each time slot, the
user collects energy efficiency information: other e-com-
merce customers need to uninstall the MEC server com-
puting the number of users, their choice of channel, and
according to the information transmission rate calculation,
each channel interference, and the total number of users, in
MEC server to determine whether the user needs to line up.
From these parameters, the optimal response, namely, the

unload decision (whether to unload) and the upload power
size, can be calculated. In the process of inference in
means—purpose with an online autonomous learning al-
gorithm to realize the optimal strategy of child intent, in-
tention to achieve group, and the agent need to consider its
own state—action value function updates for other agent
update value functions can be without a second thought,
thus greatly reducing the space complexity of the algorithm
and improving the learning speed. ,e algorithm flow is
shown in Figure 4.

Customer Relationship Management (CRM) system is a
business strategy of an enterprise. It divides and effectively
organizes enterprise resources according to customer con-
ditions and cultivates customer-centered operation behavior
and customer-centered business process, so as to improve
enterprise profitability, increase revenue, and improve
customer satisfaction. ,e development of e-commerce
requires enterprises to transform all internal and external
business processing mechanisms into “customer satisfac-
tion” service subjects and use new measures and technol-
ogies to reduce internal consumption and cost so that the
business processing capacity of enterprises constantly meets
the needs of Internet customers’ rapid operation. One of the
purposes of establishing a customer relationship manage-
ment system is to improve the quality of customer service,
depending on the customer service management module,
which can effectively achieve customer service and improve
customer trust in enterprises and products.

,e function module has a customer service console,
customer service event record, customer complaint man-
agement, and consultation library. ,e customer service
console provides quick inquiries for customer service per-
sonnel and provides assistance for customer service per-
sonnel. For example, customer service personnel can quickly
check the handling of complaints through this module,
timely contact customers to solve the unresolved complaints,
or carry out customer care and return visits for customers
classified as easy to lose, so as to reestablish the trust between
customers and enterprises. According to the optimal pricing
strategy of customer and demand, the mobile edge energy
efficiencymechanism is designed by semidistributedmethod
and decentralized method respectively. See Table 1.

5. Example Verification

,is part analyzes the behavior of mobile users with five user
scenarios. ,ese five users are named U1, U2, U3, U4, and
U5, respectively, and the number of CPU cycles for each user
task is set. ,e task is sorted in descending order of energy
efficiency. Figure 5 shows the trend of users’ load migration
decisions as energy efficiency pricing strategy changes.
When energy efficiency pricing is low, all users migrate their
load tasks to energy efficiency for processing. After that, as
energy efficiency pricing increases, users will gradually re-
duce the proportion of tasks migrating to energy efficiency.
When energy efficiency pricing reaches a certain level, the
lower bound of optimal energy efficiency pricing, user U5
will begin to reduce its load migration ratio. As energy
efficiency pricing increases further, other users will respond
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to the price and reduce the proportion of load transfer tasks.
When the price of energy efficiency reaches a high level, the
upper bound of optimal pricing strategy for energy effi-
ciency), no user migrates tasks to energy efficiency for
processing. Obviously, when energy efficiency pricing is
lower than or higher than the lower bound of its optimal
pricing strategy, energy efficiency cannot obtain optimal
utility benefits. At the same time, in the game of energy-
efficient computing resources among users, users with
higher energy efficiency, that is, high efficiency of task
transfer, have a stronger tendency of task transfer.

For all users, the computing power of load migration is
evenly distributed in the interval. For the decentralized al-
gorithm, its operating efficiency is related to the initial
pricing strategy set by the algorithm. When evaluating the
efficiency of the algorithm, the average number of iterations
under the two conditions is taken as the number of iterations
of the algorithm. ,e time efficiency of the two algorithms is
shown in Figure 6. ,e solid blue line represents the al-
gorithm time of this distributed algorithm, and the dotted
red line represents the number of iterations of the decen-
tralized algorithm. For the decentralized algorithm, the
number of iterations of the algorithm is independent of the
number of users participating in the game because the al-
gorithm is mainly searching the feasible region of the pricing

strategy. For the semidistributed algorithm, the relationship
between the algorithm complexity and the number of users
is superlinear, which also leads to the increase of the number
of users participating in the game; the algorithm strategy will
produce a certain amount of algorithmic calculation pres-
sure on the base station.

As shown in Figure 7, when the initial speed is
V� 60 km/h and a� 1.5m/s2, the success rate increases with
the increase in the number of MEC servers, because the
increase in the number of servers means that the number of
available servers is increasing. As the speed increases, the
user moves more distance, and the MEC server has a limited
range of connections; the success rate decreases as the
number of tasks increases. Moreover, with the expansion of
the mobile range, it can be seen that the success rate of
CRMAEKF is better than PA.

Figure 8 shows the comparison of total system energy
consumption and delay of the two algorithms, namely, the
sum of all users and the comprehensive consideration of
energy consumption and delay, so the unit is not considered.
,e higher the energy consumption and delay are, the lower
the energy efficiency is. As shown in Figure 8, as the number
of users increases, bothMQO andODPC show an increasing
trend, but MQO has lower energy consumption and delay

Table 1: Design of energy efficiency mechanism of moving edge by the decentralized method.

On each mobile user’s side
1: if Ei ≥ 0, then
2: user I sends the load migration information to the customer
3: waiting for price P

4: end if
5: each user calculates the optimal load migration policy based on the received customer demand P

6: each user loads some tasks to energy efficiency f and locally calculates the remaining tasks on the demand side
7: waiting for user information
8: arrange all user information in descending order of energy efficiency f
9: calculate P and broadcast it to all users
10: wait for the user load migration task to be executed
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than ODPC. As the number of e-commerce customers in-
creases, so does the number of users. As more and more
users choose to unload computing, the queuing delay and
interference increase significantly. Under the control of
unloading quantity, the energy consumption and delay of
MQO are lower than those of ODPC, which proves that the
optimization of energy consumption and delay of MQO is
superior to that of ODPC.

,is paper studies the energy efficiency optimization of
the mobile terminal using a game in a multiuser system and
proposes an energy efficiency optimization algorithm of

mobile edge computing based on multidimensional game.
,e decision of the game model is a two-dimensional space,
which consists of an unloading decision and power control.
MEC server computing resources are limited. If the MEC
server is overloaded, queuing delay will be introduced. ,e
existence and uniqueness of Nash equilibrium are proved by
theoretical deduction. According to this algorithm, the
energy consumption and delay of the mobile terminal can be
reduced, and the smaller the energy consumption is, the
higher the energy efficiency is. And because transmitting
power is considered jointly in the decision space, the number
of users in unloading calculation can be increased by
controlling transmitting power to reduce interference.

6. Conclusion

,is paper proposes an energy efficiency optimization al-
gorithm of mobile edge computing based on multidimen-
sional game. Aiming at the energy efficiency optimization
problem of the mobile terminal in the multiuser system, this
paper aims to improve the energy efficiency of the mobile
terminal, establish a communication model and calculation
model, set upper limit for MEC server computing resources,
and add queuing delay.,emultidimensional gamemodel is
constructed based on game theory, in which the game de-
cision is a two-dimensional space composed of an unloading
decision and power control. It is proved that the Nash
equilibrium of this multidimensional game model exists and
is unique through theoretical deduction, and the Nash
equilibrium solution is finally obtained. ,e simulation
experiment proves that the proposed energy efficiency op-
timization algorithm of mobile edge computing based on
multidimensional game can improve the energy efficiency of
mobile terminal compared with the one-dimensional game
scheme without power control and reduce interference by
controlling transmission power so that more users can
unload tasks to MEC server for computing processing. ,e
development of e-commerce and the management of cus-
tomer relationships should be rationally and effectively
combined. ,e development of e-commerce has promoted
the research of customer management and improved the
importance of customer relationships. ,e improvement of
customer relationships is helpful for e-commerce enterprises
to seize the high-end market, expand business development,
and make scientific development strategies. ,e two com-
plement each other.
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