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Abstract. Mobile edge computing (MEC) reduces network operation and service de-
livery delay by providing IT service environment and cloud computing capability at the
edge of mobile network. However, in mobile edge computing environment, resource con-
strained mobile servers may not be able to achieve efficient computing requirements, and
thus cannot guarantee the quality of service execution. Therefore, it is necessary to select
the adjacent MEC servers to get computing power support. This paper focuses on service
migration in mobile edge computing environment. Considering factors such as mobile
server monitoring cost, service execution cost and data transmission cost, a threshold-
based edge server selection strategy is designed and an efficient service migration model
related to communication distance, network bandwidth and other factors is constructed.
A genetic algorithm incorporating back learning and Levy flight mechanism is adopted to
solve the service migration model. Experiment results show that the edge server selection
strategy and service migration model proposed in this paper have obvious advantages in
convergence speed, convergence accuracy, energy consumption and accuracy.
Keywords: Mobile service, Edge server, Service migration, Server selection, Genetic
algorithm

1. Introduction. With the development of mobile devices, the number of wireless ter-
minals and the energy consumption of mobile networks have increased dramatically. How-
ever, mobile devices have limits of battery power, computing resources and continuous
supply capacity, especially in the case of few network facilities or mobile devices, which
greatly affects the user experience. Therefore, making full use of the surrounding com-
puting resources and reducing the energy consumption and delay of service execution
have become inevitable requirements to improve the user experience [1]. Meanwhile, the
development of new mobile applications such as augmented reality and gesture recogni-
tion is also underway. These applications are not only computation-intensive, but also
sensitive to latency. However, mobile servers (MS) are limited in terms of resources and
computing power [2,3]. Mobile edge computing (MEC) will provide a powerful platform
to solve the problems of network delay, congestion and capacity in the future and realize
various visions of the next generation Internet [4]. It breaks the boundary between the
unprecedented increase in computing demand and the ever-increasing computing quality
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required by user services [5]. By deploying rich computing and storage resources on the
edge server, people can migrate the services on the mobile server to the edge server for
calculation by means of wireless communication, which enlarges the computing power of
the mobile server [6].
One of the major challenges for MEC service migration is computing migration. Run-

ning computation-intensive mobile services on resource-constrained MS consumes a lot of
resources and energy. To solve this problem, the concept of computing migration emerged.
Calculating to determine whether the service is executed on MS or on the edge server, so
the computing power of MS is further enhanced and the energy consumption of MS is also
reduced when executing the service. In order to design an efficient and reliable computing
migration scheme, it is necessary to comprehensively consider the dynamic changes of the
load, service attributes and network status of the MS [7].
In the process of service migration, energy consumption and time delay are important

factors. Gao et al. [8] studied the choice of optimal dynamic computing migration mode
in the mechanical low-delay Internet of Things, and constructed all feasible patterns of ar-
rangement by the social connection structure among mobile intelligent device users. Wei
et al. [9] studied the segmentation of services uploading to the edge server, and proposed
a maximum energy-saving service priority algorithm to solve the problem of minimum en-
ergy consumption. However, types of services are different, and the demands for resources
are naturally different. Therefore, it is necessary to combine the energy consumption and
delay. It is feasible to assign dynamic weights according to the different types of services.
In addition, the mobility of mobile servers is an important factor that cannot be ignored.

In order to ensure the quality of services and improve the resource utilization of edge
servers, it is essential to develop a good dynamic MEC server selection strategy for mobile
server mobility [10]. For example, Fan et al. [11] proposed a novel scheme of joint WiFi
and cellular offloading is proposed to optimally reduce the latency and energy consumption
of MTs in task processing. Based on the statistical characteristics of MTs’ task generation,
the scheme serves as strategic guidance for computation offloading without frequent execu-
tion of the optimization algorithm. Li and Jiang [12] proposed a distributed task unloading
strategy to low load base station group under MEC environment. Firstly, the communi-
cation resource, computing resource and task queue of low load base station group are
modeled to quantify the energy cost in the process of task unloading. Then, the potential
game model is used to solve the problem of distributed task unloading. The target function
of energy optimization based on delay limitation is transformed into the potential game
equation, and the mobile device selects MEC nodes according to the game results to
calculate the unloading. The mobile device migrates all services to the edge server for
processing.
In this paper, the service migration in the mobile edge computing environment is stud-

ied. The energy consumption and delay in the service migration are considered compre-
hensively, and the dynamic selection and service migration of the edge server are realized
according to the mobility of the mobile server.
The rest of this paper is organized as follows. Section 2 is related research. Section

3 presents the service migration model. Section 4 introduces the solution algorithm and
server selection strategy. Section 5 shows experiments and result analysis. Section 6 sum-
marizes the research of this paper.

2. Related Research. When MEC technology was not mature, many similar concepts
appeared, such as mobile micro cloud (MMC), and small cellular cloud (SCC). In the
current MEC technology, Jiang et al. [13] proposed a user interest community evolu-
tion model based on subgraph matching for social networking in mobile edge computing
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environments. Mashhadi et al. [14] proposed an optimal auction for delay and energy
constrained task offloading. Fan et al. [11] proposed a novel scheme of joint WiFi and
cellular offloading in order to optimally reduce the latency and energy consumption of
MTs in task processing.

The above methods accurately locate or predict the location of the server, but they
only consider the location relationship between the servers and ignore the impact of the
data transmission delay or transmission energy consumption of each server on subsequent
service migration.

Regarding the minimum energy consumption as the optimization goal of service mi-
gration, the migration problem was transformed into a joint optimization problem of
computing and communication by Sardellitti et al. [15]. Precoding matrix information
was transmitted by edge server through Ethernet, and its own computing resources were
allocated to each migrated service according to the CPU cycle for calculation. The time
problem of optimization service calculation was transformed into a non-convexity prob-
lem, and an iterative algorithm was proposed to converge to the local optimal solution of
the non-convex problem. However, this migration strategy is only applicable to services
with a small amount of data and CPU cycles for processing.

Labidi et al. [16] proposed a deterministic online strategy based on a co-location deci-
sion learning framework. This strategy is suitable for the migration decision of all service
migrations in a multi-user scenario. The dynamic environment of time-varying channels
is considered to ensure user mobile terminal experience quality and latency constraints.
Although this method considers the dynamic change of channel, interference of multiple
devices is ignored in the multi-user scenario in this paper.

According to the extreme value theory, Liu et al. [17] modeled the real-time and reli-
ability constraints by the length of the user’s task queue. Task transfer consists of com-
munication and calculation. However, these efforts rarely take computational reliability
into account.

Regarding the minimum delay as the optimization goal, Meng et al. [18] studied the
problem of delayed optimal computing migration for computationally constrained MEC
systems, considering the computational task queues on MEC servers. Chen and Hao [19]
proposed a solution to meet the requirements of minimum delay in ultra-dense network
scenarios, which represented the migration problem as a mixed integer nonlinear calcula-
tion process and divided it into two problems of the migrated service placement and the
resource allocation. Ding et al. [20] applied game theory to designing a service migration
scheme, in which the game theory is used to solve the problem of computing offload, based
on the proposed beneficial task offload theory.

In summary, there are still various problems with the current mainstream service migra-
tion methods. However, regarding the service migration strategy with the optimization
goal of minimum delay, no consideration is given on whether the mobile device can bear
the energy consumption of service execution, which may cause the migration strategy
to fail to be used normally due to insufficient mobile device hardware conditions during
the service migration process. Algorithm with the optimization goal of minimum energy
consumption can meet the mobile device’s delay limit. The efficiency of such a strategy
depends on the mobile device’s transmit power and channel quality. Since the currently
studied strategies are verified through simulation experiments, they cannot be restored in
real migration conditions, and the time variability of channel quality can be ignored.

In the context of studying edge computing, some migration algorithms have low exe-
cution efficiency and often fall into the situation of local optimal solutions, so the desired
target value cannot be guaranteed to be optimal.
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3. Service Migration Mobile Construction.

3.1. Scene description. In the mobile edge computing environment, mobile servers can
perform computing intensive or delay sensitive services. When the amount of compu-
tation of services is large, the resource constrained mobile servers may not be able to
achieve efficient computing requirements, and thus cannot guarantee the quality of ser-
vice execution. Therefore, it is necessary to select the adjacent MEC servers to provide
computing power support. However, MEC servers which have limitation of coverage and
the contradiction between the mobility of mobile servers may lead to high transmission
delay and even interrupt the running mobile services. It makes it difficult to guarantee
the continuity of services. Therefore, when selecting MEC servers, it is necessary to select
MEC servers according to the communication distance between mobile servers and edge
servers, network bandwidth and other dynamic factors.
This paper shows that each service can be divided into several independent and series

executed sub services, in which the CPU operation (data size) is carried by these sub
services. Some sub services can be migrated from the mobile server to the edge server for
calculation. With the computing power of the edge server, the service integrity can be
improved execution performance. The mobile service migration scenario is shown in Figure
1.

Figure 1. Simple scenario diagram of service migration

The mobile service migration scenario in Figure 1 is described as follows.
1) Clients (mobile users) carry mobile servers (MS) between edge servers. A series of

services is deployed on mobile servers.
2) There are m+ 1 MEC servers around the mobile server, namely MEC 0,MEC 1, . . . ,

MECm. In the m+1 mobile service migration scenario, the following edge servers are also
deployed with the same services as the mobile server.
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3) The user requests a service S on the mobile server. S includes N sub services, which
are recorded as S1, S2, . . . , Sn. There are antecedent and successor dependencies between
two adjacent sub services.

4) After the mobile server receives the user’s request, it starts from the first sub service
S1. We need to use the edge server selection algorithm based on energy consumption
threshold to select an edge server with the best communication distance and execution
status among the m+ 1 MEC servers adjacent to the mobile server.

5) In order to alleviate the computing pressure of mobile server and ensure the execution
quality of each sub service, it is necessary to obtain the resource information of the server
and judge the current sub service Sn (n ∈ {1, . . . , N}) on the mobile server, or to migrate
to the sub service Sn (n ∈ {1, . . . , N}) on the corresponding edge server.

6) For N sub services, mobile server and edge server conduct interactive calculation,
and finally respond the execution result of service request to the client.

This paper considers that the execution position of each sub service in the service stor-
age queue of mobile server is uncertain. It is executed on the mobile server side or on the
MEC side. No matter which end is executed, there will be execution energy consumption,
upload energy consumption, receiving energy consumption, execution delay, upload delay
and receiving delay. The dependency relationship of sub services is shown in Figure 2.

Figure 2. Sub service execution flowchart

According to [21], the partition granularity of migration can be divided into methods,
objects and classes of services. In this paper, services are divided into N sub services
according to methods and objects and stored in the computing service queue, so that N
sub services can be executed on different servers to expand computing resources.

The execution energy consumption, upload energy consumption, receiving energy con-
sumption, execution delay, upload delay and receiving delay are all expressed in the vertex
and directed edge of the digraph, and a sub service execution process and dependency
relationship based on digraph is established. D is the set of directed edges, and it al-
so represents the dependency relationship among sub services. In the directed graph, the
vertex represents each sub service Sn (n ∈ {1, . . . , N}). On the mobile server side, the two
values on each vertex are execution energy consumption En (n ∈ {1, . . . , N}) and execu-
tion delay Tn (n ∈ {1, . . . , N}). The sub service is on the edge server side, and the vertex
represents the energy consumption saved by the mobile server E(save)n (n ∈ {1, . . . , N})
and execution delay Tn (n ∈ {1, . . . , N}). Each edge represents two values, which are
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the upload energy consumption Eup(n, n + 1) and upload delay Tup(n, n + 1) or down
transmission energy consumption Edown(n, n+ 1) and downlink delay Tdown(n, n+ 1).

3.2. Mobile server monitoring costs. Mobile server is always moving. This paper
makes the mobile server into two kinds of performance when the service is migrated. One
is getting distance information for edge servers, which is the moving distance between the
mobile user and the edge server. The other is getting the status information of the edge
server.
About the cost calculation of total delay when mobile server monitoring, the total

delay during monitoring Td is equal to the sum of the delay required to obtain the distance
information of the edge servers Tdis and the delay required to obtain the status information
of the surrounding edge servers Tstu.

Td = Tdis + Tstu (1)

About cost calculation of total energy consumption during mobile server monitoring,
the total energy consumption during monitoring Ed is equal to the sum of the energy
consumption Edis required to obtain the distance information of the edge servers and the
energy consumption Estu required to obtain the status information of the surrounding
edge servers.

Ed = Edis + Estu (2)

3.3. Service execution costs. When the service migration strategy decides to execute
the sub service on the mobile server, the mobile server does not need to upload the sub
service data. It calculates in the mobile server processing unit. The execution time of
each sub service is TMS , the energy consumption of execution is EMS , the CPU operation
number (data size) of the sub service is CMS , the CPU clock frequency of mobile server is
FMS , and mobile server execution power is PMS . This paper assumes that the execution
of the sub service is in a good network environment and sufficient mobile server resources.
Cost of time spent executing sub services on the mobile servers TMS is equal to the

number of CPU operations (data size) of the sub service CMS divided by the CPU clock
frequency of the mobile server FMS .

TMS =
CMS

FMS

(3)

Calculation of energy consumption of sub services when executed on mobile servers
EMS is equal to the time consumed by the sub service execution TMS and the product of
the power of mobile server PMS .

EMS = TMSPMS =
CMS

FMS

PMS (4)

When the service migration strategy decides to migrate the sub service to the MEC
server for execution, the mobile server needs to upload the sub service data and calculate
the service in the edge server processing unit.
Cost calculation of time spent when sub services execute on edge servers TMEC is equal

to the number of CPU operations (data size) of the sub service CMEC divided by the CPU
clock frequency of the edge server FMEC .

TMEC =
CMEC

FMEC

(5)

Cost calculation of energy consumption when sub services are executed on edge servers
is also discussed. The energy saved on its mobile server (MS) Esave is equal to the product
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of the time consumed by the sub services at the edge server execution TMEC and the power
of the mobile server when the edge server is executing Pslp.

Esave = TMECPslp =
CMEC

FMEC

Pslp (6)

The execution location of each sub service is uncertain. This paper defines a service
migration decision variable Vn (n ∈ {1, . . . , N}), which is used to indicate the execution
location of each sub service. The formula for the decision variable is as follows:

Vn =

{
0 Sub services execute on the edge server
1 Sub services execute on the mobile server

(7)

Total service execution time TEX is equal to the execution time of the sub service on
the MEC server TMEC and execution time on mobile server TMS . The formula of total
time consumed during execution is as follows:

TEX = (1− Vn)TMEC + VnTMS = (1− Vn)
CMEC

FMEC

+ Vn
CMS

FMS

(8)

Total execution energy consumption of service EEX is equal to the energy consumption
saved on the mobile server when the sub service is executed on the MEC server Esave and
executing energy consumption on mobile EMS . The formula of total energy consumption
execution is as follows:

EEX = (1− Vn)Esave + VnEMS (9)

3.4. Data transmission costs. This paper assumes that the execution location of each
sub service is different. When the execution location of the current sub service is MEC
server, and the execution location of the post sub service is the mobile server, the transmis-
sion delay and energy consumption of the downlink data should be calculated. Downlink
data transmission time is T down

r . The energy consumption of downlink data transmission
is Edown

r . Data transmission is Ctrs. Downlink broadband is Br. Power received by mobile
server is P down

r . This paper assumes that the sub service is in a good network environment.
Cost calculation of sub service downlink transmission time T down

r is equal to the data
transmission amount Ctrs divided by the downlink broadband Br.

T down
r =

Ctrs

Br

(10)

Calculation of mobile server received power accords to Shannon’s formula. The formula
is as follows:

Rr = Br log2(1 + SNR) (11)

As shown in Shannon’s formula, the data migration rate Rr is determined by channel
bandwidth Br and signal to noise ratio (SNR). The data migration rate Rr is set to a fixed
value in the migration model of this article. The signal to noise ratio (SNR) is derived as
follows:

SNR = 2Rr/Br − 1 (12)

There is a mathematical relationship between the signal to noise ratio (SNR). The
formula of received power P down

r of the device and the noise power σ is as follows:

SNR =
P down
r

σ
(13)

Therefore, combining Formulas (12) and (13) can obtain the received power of the
device P down

r . The formula is as follows:

P down
r = σSNR = σ

(
2Rr/Br − 1

)
(14)
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Cost calculation of sub service downlink transmission energy consumption Edown
r is

equal to the product of the downlink transmission time T down
r and the received power of

the mobile server P down
r .

Edown
r = T down

r P down
r =

Ctrs

Br

[
σ
(
2Rr/Br − 1

)]
(15)

When the execution location of the current set sub service is the mobile server, and the
execution location of the post sub service is the MEC server, the transmission delay and
energy consumption of the uplink data should be calculated. Uplink data transmission
time is T up

s . The energy consumption of uplink data transmission is Eup
s . Data transmission

is Ctrs. Uplink broadband is Bs. Power sent by mobile server is P up
s . This paper assumes

that the sub service is in a good network environment.
Cost calculation of uplink transmission time for sub services T up

s is equal to the data
transmission amount Ctrs divided by the uplink broadband Bs.

T up
s =

Ctrs

Bs

(16)

According to the relationship between the transmitted power of the signal and the
received power, the transmit power P up

s can be obtained as follows:

P up
s =

√
P down
r

g
=

P down
r

g2
=

σ
(
2Rr/Br − 1

)
g2

(17)

Since the channel attenuation factor g depends on the communication distance d and
the coefficient γ and satisfies g = γ/d, the expression of g is taken into Formula (17) to
obtain the following:

P up
s =

σ
(
2Rr/Br − 1

)
d2

γ2
(18)

Cost calculation of uplink transmission energy consumption of sub service Eup
s is equal

to the uplink transmission time T up
s and sending power of mobile server P up

s . The energy
consumption formula of uplink transmission is as follows:

Eup
s = T up

s P up
s =

Ctrs

Bs

σ
(
2Rr/Br − 1

)
d2

γ2
(19)

Transmission time of sub service TTrs is equal to the uplink transmission time of end
sub service computation T up

s(n), downlink transmission time of front sub service execution

results T down
r(n) and the upstream transmission time of post sub service computation T up

s(n+1).

TTrs = T up
s(n) + T down

r(n) + T up
s(n+1) =

Ctrs(n)

Bs

+
Cres(n)

Br

+
Ctrs(n+1)

Bs

(20)

In the above formula, the subscript n is the front sub service. The subscript n+1 is the
post sub service. Ctrs(n) denotes the computation amount of front sub service. Ctrs(n+1)

denotes the computation amount of post sub service. Bs is the uplink bandwidth. Cres(n)

represents the data amount of the front sub service execution result. Br is the uplink
bandwidth.
Transmission energy consumption of sub service ETrs is equal to the calculation amount

of front sub service Eup
s(n), downstream transmission energy consumption of end sub service

execution results Edown
r(n) and the calculation of post sub service Eup

s(n+1).

ETrs = Eup
s(n) + Edown

r(n) + Eup
s(n+1) =

Ctrs(n)

Bs

P up
s +

Cres(n)

Br

P down
r +

Ctrs(n+1)

Bs

P up
s (21)



AN EFFICIENT SERVICE MIGRATION MODEL 1409

The total consumption time formula is as follows:

TTrs = 0, Vn+1 = Vn = 1;

TTrs =
Cres(n)

Bs

+
Ctrs(n+1)

Bs

, Vn = 1 and Vn+1 = 0;

TTrs = 0, Vn+1 = Vn = 0 and in the same execution location;

TTrs =
Ctrs(n)

Bs

+
Ctrs(n+1)

Bs

, n = 1 and Vn+1 = Vn = 0

and in different execution locations;

TTrs =
Ctrs(n)

Bs

+
Cres(n)

Br

+
Ctrs(n+1)

Bs

, Vn+1 = Vn = 0

and in different execution locations;

TTrs =
Ctrs(n)

Bs

+
Cres(n)

Br

, n = 1 and Vn = 0 and Vn+1 = 1;

TTrs =
Cres(n)

Br

, Vn = 0 and Vn+1 = 1 (22)

The total energy consumption formula for data transmission is as follows:

ETrs = 0, Vn+1 = Vn = 1;

ETrs =
Cres(n)

Bs

P up
s +

Ctrs(n+1)

Bs

P up
s , Vn = 1 and Vn+1 = 0;

ETrs = 0, Vn+1 = Vn = 0 and in the same execution location;

ETrs =
Ctrs(n)

Bs

P up
s +

Ctrs(n+1)

Bs

P up
s , n = 1 and Vn+1 = Vn = 0

and in the same execution location;

ETrs =
Ctrs(n)

Bs

P up
s +

Cres(n)

Br

P down
r +

Ctrs(n+1)

Bs

P up
s , Vn+1 = Vn = 0

and in different execution locations;

ETrs =
Ctrs(n)

Bs

P up
s +

Cres(n)

Br

P down
r , n = 1 and Vn = 0 and Vn+1 = 1;

ETrs =
Cres(n)

Br

P down
r , Vn = 0 and Vn+1 = 1 (23)

3.5. Edge server selection strategy.

3.5.1. Limited selection conditions.
1) Communication distance
The distance between MEC servers which are distributed randomly around mobile

servers and mobile servers will be different. If the distance is too far, the signals will be
unstable during communication. It will directly affect the data interaction, and even lead
to data loss and communication interruption. Therefore, this paper sets the communica-
tion safety distance safeDis, d ≤ safeDis. Based on the experimental data value of [22],
this paper sets the communication safety distance of mobile server receiving signals to be
750m when the mobile server is accessible.

2) Execution status of the edge server
When selecting the surrounding MEC server, it is necessary to obtain the current

execution status of the server. According to the CPU computing power and memory
utilization rate of the server, we can judge whether the server is in a busy state.

3) Communication signal to noise ratio
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This paper specifies that the following SNR should be met during data transmission:

SNR ≥ UMS MECP
up
s

g
∑M

m=1 UMS MECP
up
s(m) + σ

(24)

g is the attenuation factor of wireless channel, which conforms to the uniform distribu-
tion of [0, 1]. UMS MEC represents the channel power gain from the mobile server to the
surrounding MEC server. P up

s is the transmitting power. σ is the noise power. SNR is
affected by the above variables.

3.5.2. Energy consumption threshold calculation. In this paper, a cost function is designed
to calculate the threshold. It assumes that M + 1 MEC servers are randomly distributed
around the mobile server. The calculation formula of cost and energy consumption is as
follows:

Vm =
(
Eup

s(m−1) + Esave(m−1) + Edown
r(m−1)

)
−
(
Eup

s(m) + Esave(m) + Edown
r(m)

)
(25)

Energy efficiency ϑ is defined as the average energy consumption of data transmission
function. The formula is as follows:

ϑ =

∑M
m=1 Vm

M
(26)

The threshold when selecting a new MEC server and the corresponding migration path
can be described as follows:

V ∗ = sup
m∈M

{E[Vm]} (27)

3.6. Service migration model. In this paper, there are three factors that determine
the time required for the service to complete, time required for mobile server monitoring,
service execution time, and data transmission time. The formula about them is as follows:

Ttotal =
N∑

n=1

(
Td(n) + TEX (n) + TTrs(n)

)
(28)

The factor that determines the energy consumption for service completion Etotal is the
same as above. The formula is as follows:

Etotal =
N∑

n=1

(
Ed(n) + EEX (n) + ETrs(n)

)
(29)

In this paper, different weights are given to the delay and energy consumption indica-
tors. The sum of the two values has the minimum, which is the migration strategy of
maximum revenue. The delay weight of the sub service is ωt. Energy consumption weight
of sub services ωe depends on the specific needs of the current sub service. The formula
of the migration model in this paper is as follows:

Qn = Min(ωtTtotal + ωeEtotal) (30)

3.7. Normalized calculation. As mentioned above, service migration is optimized for
both energy consumption and execution delay. The paper uses the method of vector
normalization to obtain the value of the objective function. The normalization formula
is as follows:

yij =
xij√∑n
i=1 x

2
ij

(31)
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In the above formula, xij refers to the attribute value of the jth attribute of the migra-
tion decision strategy of the ith group. j only takes two values “1” and “2” to represent
energy consumption and time delay respectively.

4. Model Solving.

4.1. Service migration model implementation. The implementation process of edge
server selection algorithm is as follows.

1) Initialization parameters are obtained. Calculation amount of service is C. The num-
ber of optional MEC servers ism+1. Wireless channel attenuation factor is g. Noise power
is σ. Communication coefficient is γ. Network bandwidth is B.

2) The model gets the location information of the mobile server and the kth MEC
server. The model calculates the distance d between the edge server and the mobile server,
and obtains the CPU clock frequency of the edge server.

3) The SNR is calculated by Formula (12). Then the data transmission power between
MEC server and MS P up

s is calculated by SNR. Finally, the initialization parameters and
P up
s are used to calculate the comparison condition of SNR.
4) Whether the limited selection conditions are met is determined. If the conditions

are met, continue to execute step 5). Otherwise continue to monitor the next edge server
and return to step 2).

5) The mobile server obtains the running status of MEC. When the running status is
not busy and the performance is good, execute step 6). Otherwise continue to monitor
the next MEC and return to step 2).

6) According to Formula (19) and Formula (15), the energy consumption of uplink
transmission Eup

s and downlink transmission energy consumption Edown
r are calculated.

According to Formula (6), the energy consumption of the mobile server Esave is calculated
when the sub service is executed on the current edge server. Finally, the above parameters
are substituted into Formula (25) to calculate the cost energy consumption value VM .

7) Number of the current edge servers, Eup
s , Edown

r , Edown
r , path length corresponding

to current edge server d and cost energy consumption value VM are saved.
8) The cost and energy consumption value VM of all edge servers are calculated. The

optimal expected value V ∗ is calculated according to Formula (27), energy consumption
threshold.

9) The sum of transmission energy consumption and energy saving of each edge server
is compared with the energy consumption threshold V ∗. When the sum of the first energy
consumption is less than the threshold V ∗, the edge server corresponding to the sum of
current energy consumption is selected as the target migration server of the current sub
service.

10) If there is no energy consumption less than V ∗ between all edge servers and mobile
servers, the MEC server that meets the constraints and is closest to the mobile server is
selected as the target migration server of the current sub service.

4.2. Solution of mobile service migration model based on improved genetic
algorithm.

4.2.1. Improvements to genetic algorithms.
1) Initial population construction based on reverse learning mechanism
Aiming at the problem of low convergence accuracy and slow convergence speed, the

traditional method of generating initial population of genetic algorithm is to generate
solutions randomly in the solution space and combine them as the initial population.
This paper adopts the initial population construction strategy based on reverse learning
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mechanism. In the algorithm, the positive solution and the reverse solution corresponding
to each positive solution are searched at the same time. The fitness function is successively
substituted to select the solution with better fitness value as the initial population. In
this way, the probability of finding the best individual is improved and the performance
of the algorithm is improved.
2) Using Levy flight mechanism to solve local optimal problem
It is easy to get into the local optimal solution. In order to ensure the robustness of

the algorithm and prevent premature convergence, this paper embeds Levy flight mecha-
nism into the crossover process of the algorithm. When the traditional genetic algorithm
performs crossover operation, the individuals of the population are crossed in order. And
the search space is slightly small. While Levy flight core is a random step according to
normal distribution. The step size is small. There are both short-distance local walk and
occasional large step jump. In other words, it has not only the ability of local fine search,
but also the ability to jump out of local optimum.
In order to reflect the advantages of Levy flight, the motion laws of Levy flight and

Brownian motion are compared for 50 and 100 times respectively. The motion laws of
Levy flight and Brownian motion are shown in Figure 3.

Figure 3. Levy flight and Brownian movement
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4.2.2. Solution process of mobile service migration model based on improved genetic algo-
rithm. Genetic algorithm has been widely used in the field of computer. Santoso et al.
[23] have applied genetic algorithm to neural network modelling for time series. Genetic
algorithm has been improved in this paper, in which the main purpose is to find the
optimal DNA individual. It can be named the optimal service migration strategy.

1) Construction of fitness function
Generally, the fitness function is constructed based on the objective function. The

objective function set in this paper should take the minimum value. The solution with high
fitness value should be selected in the algorithm. Therefore, this paper needs to construct
the fitness function into the form that the smaller the objective function value is, the
higher the fitness function value is. The fitness function is shown below.

Fitness = 1− Qn∑N
n=1Qn

(32)

In the above formula, Qn is the value of the objective function.
∑N

n=1 Qn is the sum of
all individual objective functions in the population. In this paper, the minimum sum of
energy consumption and delay weights is taken as the optimization objective. Thus, the
higher the fitness value of DNA individuals in the algorithm is, the smaller the corre-
sponding objective function value is.

2) The edge selection algorithm
It is necessary to call the edge server selection algorithm based on energy consumption

threshold to select the corresponding target migration server for each sub service. The
server number is kn. The resource information of the mobile server and the selected edge
server is obtained. The resource information of the server and the value of each gene bit
are substituted into the objective function for calculation.

3) Initial population generation process
In this paper, the time complexity of the algorithm is reduced. Firstly, 2N/2 (N is the

number of labeled sub services) initial solutions xi (i ∈ 2N/2) generated randomly in the
solution space [a, b] form a positive solution space, such as Formula (2). And then Formula
(1) is used to find the corresponding inverse solution x for each initial solution x∗

i (i ∈ 2N/2)
forms the reverse solution space, such as Formula (5). The values of the two solution spaces
are converted into binary form and substituted into Formula (32). Through comparison,
2N/2 solutions with the best fitness value are selected as the final initial population. ‘0’
and ‘1’ forms of each body in the population represent the service migration strategy
variable Vn. ‘0’ is migrated to the edge server for calculation. And ‘1’ is for calculation
on the mobile server.

4) Selection operation
The selection operator in this paper adopts the best selection algorithm which is

preserved. The concept of “elite retention strategy” is to copy the best individuals (elite
individuals) in the process of population evolution directly to the next generation without
pairing, crossover and mutation.

5) Cross operation
In this paper, a single point crossover algorithm based on Levy flight mechanism is

adopted. The crossover operator in traditional genetic algorithm is to cross two chromo-
somes as a pair of individuals in the population, which is easy to cause the problem of too
small search space and far away from the optimal individual. The Levy flight mechanism
is a Markov process. It can increase the search step size, expand the search range, and
increase the diversity of the population. It ensures that the search will not fall into local
optimum.
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The walking step length of Levy flight satisfies a heavy tail Levy distribution, such as

Formula (9), L(step) ∼ βτ(β) sin(πβ/2)
π|step|1+β , 0 < β ≤ 2, step → ∞. Using the step size obtained,

such as Formula (12), step = µ
|φ|1/β , 1 < β ≤ 2, the random chromosome number ‘index’

in the algorithm is replaced.
After the cross chromosome is obtained by searching, the gene crossover point of a

chromosome is generated randomly. So the gene sites after the crossover point in a pair
of chromosomes are crossed and exchanged, and the gene before the gene position can
be copied. Two new chromosomes were obtained and combined into a new group of new
species, as shown in Figure 4.

Figure 4. Cross process

6) Mutation operation
The mutation operator used in this paper is the basic bit mutation algorithm. The

population size generated in this paper is 2N/2. The number of genes in each chromosome
is N . So the total number of genes in the population is 2(N/2) ∗N . Then, the number of
mutation genes is calculated by using the probability of variation. Finally, the mutation
loci are randomly generated, and the genes of gene loci are mutated to generate the next
generation of new species group, as shown in Figure 5.

Figure 5. Mutation process

7) Adjust crossover probability and mutation probability
The values of crossover probability and mutation probability in this paper vary with

the individual fitness of the population. In the crossover operation, if the fitness value of
the two chromosomes to be crossed is higher than the average fitness value of the current
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population, the crossover probability should be reduced to maintain a better individual,
which can accelerate the convergence of the algorithm. Cross probability Pc and selection
probability Pm are as follows.

Pc =


Pc1, f > favg

Pc1 −
(Pc1 − Pc2)(favg − f)

(favg − fmin)
, f ≤ favg

(33)

Pm =


Pm1, f ∗ > favg

Pm1 −
(Pm1 − Pm2)(favg − f ∗)

(favg − fmin)
, f ∗ ≤ favg

(34)

In Formula (33) and Formula (34), Pc1, Pc2 (0.0 < Pc1 < Pc2 < 1.0) denote the minimum
and maximum values of the crossover probability, in which the specific value range has
been given in the initialization stage.

5. Results and Analysis.

5.1. Experimental environment. The network environment of this experiment is a
laboratory local area network. 3G and 4G cellular networks are not supported at this
time. Model parameter table is shown in Table 1.

Table 1. Model parameter table

Variable Meaning Value
FMS MS’s CPU clock frequency real-time acquisition
PMS MS’s execution power 0.6W
Pslp MS’s sleep power 0.02W
FMEC MEC’s CPU clock frequency real-time acquisition
Bs Uplink broadband real-time acquisition
Br Downlink broadband real-time acquisition

CMEC Service calculation (1 ∼ 20) ∗ 2 ∗ 104bit
CMS Service calculation (1 ∼ 20) ∗ 2 ∗ 104bit
Ctrs Data transfer volume (1 ∼ 20) ∗ 2 ∗ 104bit
Rr Data migration rate (1 ∼ 20) ∗ 2 ∗ 103bps
Ed Monitoring energy consumption {0.1, 1}J
dx Communication distance between MS and MEC real-time acquisition
σ Signal noise power 3

UMS MEC Channel power gain 0 ∼ 4
ωt/ωe Delay/Energy Weight {0.3, 0.5, 0.7}

5.2. Comparison of algorithm results. In this section, in order to test the advantages
and disadvantages of the algorithm, it is compared with other selection algorithms. The
comparison algorithm is as follows.

1) It is compared with the strategy based on the Shortest Node Distance (SMSND)
in [24]. The idea of the algorithm is to select the migration MEC which is closest to the
mobile server as the migration node.

2) It is compared with the Dynamic Service Migration Strategy based on Immediate
Execution (DAMIE) in [25]. The idea of this algorithm is that when the mobile server
monitors the distance between the mobile server and the mobile server, d < K (k is
the maximum distance of the mobile server to receive signals), the current mobile server
immediately migrates the service with the execution state to the monitored MEC.
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Secondly, it evaluates the astringency of integrate reverse backward learning and Levy
flight genetic algorithm (BL-LFGA) which this work proposed. By comparing with other
algorithms, the performance of this algorithm is verified.
1) It is compared with the hierarchical genetic particle (HGP) swarm optimization

algorithm in [26]. Firstly, the genetic algorithm is used to generate a group of better
individuals, and then the group of individuals is used as the initial population of particle
swarm optimization algorithm for optimization.
2) It is compared with the integer particle swarm optimization (IPSO) in [27]. The idea

is to express the position of the particle as a vector in the integer space, and the velocity
as a vector in the real space. The position of the particle is obtained by rounding the
actual position value to the nearest integer value.
This paper compares and analyzes the strategies from two aspects, data transmission

energy consumption and selection time.
The first is data transmission energy consumption. As shown in Figure 6, assuming that

there are 10-18 edge servers randomly distributed around the mobile server, this paper
compares the energy consumption of the edge servers selected by the three strategies for
different number of edge servers to determine the advantages and disadvantages of the
strategies.

Figure 6. Comparison of the consumption of data transmission energy of
different strategies

The second is selection time. The size of selection time is a good indicator to measure
the performance of selection strategy. For mobile applications, the timeliness requirement
is very high. If the selection efficiency is low, it will cause stuck or data loss, which will
seriously affect the user experience. Therefore, the lower the delay of the selection, the
higher the timeliness of the service, as shown in Figure 7.
And then we first show the performance of BL-LFGA. Figure 8 and Figure 9 show the

comparison of average response time and objective function values of the three algorithms
under different number of sub services. It can be seen from the figure that the average
response time of IPSO and BL-LFGA is slightly faster and the time complexity is lower
when the number of sub services is large. HGP mainly combines genetic algorithm and
particle swarm optimization algorithm, and the time complexity is relatively higher. And
the value of the optimized objective function is indeed of reference value. It combines
the advantages of global search of genetic algorithm and local search of particle swarm
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Figure 7. Comparison of different strategy selection time

Figure 8. Comparison of algorithm response time

Figure 9. Comparison of algorithm target values
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optimization; it can be seen from Figure 9 that the value of this algorithm is slightly close
to that of HGP. It highlights the superiority of the algorithm.
Secondly, the migration strategy of this paper, one of the purposes is to reduce energy

consumption during the execution of compute-intensive services. Comparison of energy
consumption of different strategies is shown in Figure 10.

Figure 10. Comparison of energy consumption of different strategies

6. Conclusions. In this paper, we construct a service migration model with joint energy
consumption and delay for mobile service migration, and transform the problem into a
nonlinear 0-1 programming problem. We design an improved genetic algorithm with re-
verse learning and Levy flight mechanism and a threshold-based edge server selection
strategy. The convergence and performance of the improved genetic algorithm are ana-
lyzed by comparing with the algorithms involved in the research status. The migration
strategy obtained by the algorithm reduces the energy consumption and communication
delay of the mobile server. The advantages and disadvantages of the proposed strategy
are compared with other two strategies. Experiments show that the proposed strategy
improves the service migration efficiency.
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