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Abstract—Computation offloading is a critical technology for
emerging edge computing and Internet of things (IoT). It is
views as a solution of the limited resources of IoT devices
by offloading tasks to other devices or servers. It can brings
many benefits, such as prolonging battery life, reducing the
latency and improving application performance. In practice, the
effect of computation offloading is affected by many factors,
which makes many offloading unable to achieve their expected
objectives. In this paper, we present a comprehensive survey of
computation offloading in edge computing including offloading
scenarios, influence factors and offloading strategies. Particularly,
we discuss key issues through the offloading process, such as
whether, where, what to offload.

Index Terms—Computation Offloading, Edge Computing, Of-
floading Scenarios, Offloading Strategies.

I. INTRODUCTION

Nowadays, with the advent of the Iot, mangy lot appli-
cations are affecting and changing our lives, such as smart
homes, epidemic prevention and control, and telecommunica-
tion [1][2]. These applications not only consume considerable
energy, memory and computing resources, but also have strict
timeliness requirements [3]. Although IoT device is becoming
more powerful, for a single device, the battery, cpu and mem-
ory are still insufficient when running large application [4].
Computation offloading is considered as one of the solutions
to the above problems, which transfer the computation tasks
to other system for execution. On the other hand, Cloud
computing has grown rapidly and matured in the past decade.It
has strong storage and processing capabilities and provides re-
sources and services in a centralized manner. Therefore, cloud
servers were considered as the best offloading destination in
the early days, Taking Mobile Cloud Computing (MCC)[5] as
example, mobile devices could offload computing tasks to the
cloud to solve the shortage of resources. However, with the
rapid development and popularization of IoT, hundreds and
millions of Iot devices will need cloud services. According to
CISCO, there will be more than 50 billion Iot devices need to
be connected to the Internet by 2020 [6]. This will bring many
challenges to the traditional cloud computing, such as trans-
mission delay, bandwidth limitation, data privacy protection
and other issues [7][8]. In order to effectively address these
challenges, a new computing paradigm is emerging, known
as edge computing [9], which utilizes edge servers close to
users, such as Cloudlet and MEC, to provide computing and
storage services at the edge of the network. Compared with
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cloud computing mode, edge computing has features such as
low latency, high bandwidth and security.

In edge computing, the core of problem lies in how to
make offloading decision, which is affected by many factors,
such as task characteristics, network conditions and platform
differences. For example, The diversity and complexity of the
task may diminish the potential gains from offloading. Simi-
larly, the unstable network will hurt the benefits of offloading.
Moreover, if an offloading decision does not take variations
in these factors, it also will lead to poor performance. Thus,
how to make offloading decision according to various factors
and their unpredictable variations, so as to achieve the desired
objectives is still a research problem.

In this paper, we present a comprehensive survey of com-
putation offloading in edge computing including offloading
scenarios, offloading factors and offloading strategies. Par-
ticularly, we describe the computation offloading in term of
process and discuss its key issues. The contributions of this
paper are as follows:

1) We present a comprehensive survey of computation
offloading in edge computing including offloading scenarios,
offloading factors and offloading strategies, and discuss key
issues through the offloading process, such as whether, where,
what to offload.

2) We discuss how to partition program and select the
offloadable components, and classify offloading strategies.

The rest of this paper is arranged as follows: In Section II,we
lists several offloading scenarios where offloading may occur.
In Section III, we analyze the factors that affect computation
offloading. In Section IV, we discuss how to partition pro-
gram and classify the offloading strategies. Finally, this paper
conclusion in Section V.

II. OFFLOADING SCENARIOS

Computation tasks can be performed in different locations,
such as on IoT devices, edge sever or cloud. The offloading
destination depends on the trade-off between different objec-
tives and influence factors. In this section, We present some
typical offloading scenarios in edge computing. Fig.1 presents
an overview of different types of offloading scenarios. The
figure is divided into three layers according to the offloading
destination, including IoT devices layer, edge computing layer
and cloud computing layer. IoT devices layer consists of
sensors, mobile devices and nodes, which are numerous and
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wide distribution. These IoT devices generate large amount of
data when running applications. Due to the limited computing
and storage capacity of single device, data is usually offloaded
to externel servers or devices in the form of tasks. Edge
computing layer consists of edge server, intelligent gateway,
cloudlet, MEC and fog, which can provide a middle computing
capacity, enough storage space and relatively fast response
time to meet IoT application requirements. Cloud server can
provide high computing capacity and sufficient storage, but it
needs to tolerate the long latency and cost of data transmission.
In Fig.1, We use different color dotted lines to indicate the
direction of offloading. The green dotted lines represent the
data is offloaded between IoT devices, such as in the case of
a smart phone offloading tasks to nearby mobile devices. The
red dotted lines represent the data is offloaded to edge server,
which can be from IoT devices or between edge servers. The
yellow dotted lines represent the data is offloaded to cloud,
which can be from IoT devices, edge servers or between clouds
servers. In the following, we will discuss each offloading
scenario in detail and present its direction and objectives.

A. Offloading between IoT devices

Nowadays, [oT devices have become an essential part of
our daily lives. They play not only the role of data producers,
but also as data consumers. In edge computing, most of the
data generated by IoTs will be processed at the edge of the
network instead of transmitting to the cloud [10]. Mobile
devices, pads and laptops can provide a certain amount of
computing resources, and most of these computing resources
around us are idle at most time [11]. When a mobile device
encounters a complex task beyond its capability, it can choose
to divide the application into smaller tasks and offload to
nearby mobile devices with idle computing resources. This
can alleviate resource scarcity of single device and improve
overall resource utilization in edges.

B. Offloading from IoT device to edge server

Due to the limited resouorces of most IoT devices, they
cannot handle complex computation tasks. For example, Ma-
chine learning (ML) requires heavy computations, especially
for training and inference based on deep neural networks
(DNN). Single device with limited resources (e.g., smart
phone) cannot run the tasks smoothly by itself. In the case of
cloud computing, computation tasks must be uploaded to the
cloud server for execution. It is inevitable to increase the cost
of bandwidth and transmission latency, resulting in inability
to meet the real time requirements of IoT, especially in some
industrial applications with high real time requirement. In
Fig 1, IoT devices can offload computation tasks to nearby
edge servers, such as Fog nodes [12], Cloudlets [13] or MEC
servers, in which all the tasks will be further processed and
analyzed. It effectively reduces the cost and latency. Jeong, et
al. [14] employ edge computing to offload DNN computation
tasks from IoT devices to nearby generic edge servers, such
as MEC or cloudlets. This can effectively reduce the burden
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Fig. 1: Offloading Scenarios in Edge Computing

of embedded devices to execute ML algorithm, and improve
app performance further.

C. Offloading from edge server to loT device

In some applications, IoT devices need to obtain some exter-
nal information for calculation, such as temperature, humidity
and other environmental parameters [15]. This information
is difficult for an IoT device to measure and store in large
quantities duo to its limited function and resources. In cloud
computing paradigms, IoT devices need to request the cloud
to provide this information. However, frequent access to the
cloud will bring high costs and increase the burden of cloud
server. Therefore, the effective solution is to access distributed
edge servers, such as Cloudlet or MEC. Edge servers are
deployed near IoTs, which has strong computation capacity
and can collect information from multiple sources. It can ef-
fectively reduce the burden of equipment and the transmission
delay as well as the cost of connecting to cloud [16].

D. Offloading between edge servers

Tot devices can benefit from edge computing duo to its
computational capacity and fast response time. However, the
computational capacity of a single edge server is also limited,
S0 it is necessary to combine multiple edge nodes to keep the
load balance and share data to provide cooperative services,
such as collaborative edge [10]. Take the Coronavirus pre-
vention as an example. The hospital can share the information
through collaborative edge, such as infected people, symptoms
and beds. At the same time, Centers for Disease Control
(CDC) can search and monitor Coronavirus contacts based
on the collaborative edge information and timely update the
contact information. The community use collaborative Edge
to take action to isolate the Coronavirus contacts. CDC can
coordinate among hospitals, communities and pharmaceutical
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companies through collaborative edge, so as to further effec-
tively schedule resources in all aspects and improve prevention
and control efficiency.

E. Offloading from IoT device to cloud

In some cases, IoT devices need to offload tasks to remote
cloud server for data storage or processing. Earlier research
has focused on this area, such as MCC [16], MAUI [17],
ThinkAir [18], etc. Take MCC for example, Mobile devices
can offload heavy tasks to the powerful distant centralized
clouds (e.g., Amazon EC2, Microsoft Azure, and Google) and
storage large chunks of data on Cloud storage [19]. MCC
brings the benefits of extending battery lifetime, enabling
sophisticated applications and providing higher data storage
capabilities to the mobile users [20]. In mobile games, mobile
devices can completely offload computing intensive tasks to
the cloud, such as graphics rendering, and display the results
on the screen to interact with users [16]. It can enhance the
game experience and save the energy consumption in mobile
devices. Chun et al. [21] propose the CloneCloud frameworks
which can clone part of application and offload them to cloud.
When running to the clone section, application thread can be
offloaded from mobile device to its clone in the cloud, and re-
offloaded back to the mobile device at the current execution
point of program to continue execution. The CloneCloud
can reduce the overhead of the application execution. Their
experimental results show that the clone cloud can achieve up
to 20 times the speed of application execution and reduce the
energy consumption on mobile devices by 20 times.

F. Offloading between edge server and cloud

Edge servers (e.g., MEC, Cloudlet and Fog) have compu-
tational capacity and storage to fulfill most of the tasks on
the edge, but they still need the cloud services to store and
access data in many scenarios. For example, the daily patient’s
log will be offloaded from healthcare system to the cloud for
long term observation. Driver behavior monitoring logs also
will be uploaded to the cloud for storage and analysis, so as
to provide effective basis for vehicle insurance. In another
scenario, the edge server and cloud service need to work
together to accomplish a task due to the distributed deployment
of resources. For example, a fog can obtain data from real-
time monitoring by drones during snow disasters or forest fires,
and transmit it to the cloud for disaster assessment. When the
disaster causes serious damage to the scene, the original roads
and houses are no longer recognizable. Fog computing needs
the original geographic information provided by the cloud to
direct the drones to conduct on-site search and rescue work.
In this way, the fog and cloud assign tasks to each other and
work together to provide services [1].

G. Offloading from cloud to IoT devices

While it is not common for the cloud to assign tasks directly
to Tot devices, this can happen when the cloud requires the
underlying device or sensor to perform some particular task
and return the result to the cloud. In live video analytics,

response time is one of important indicators whether live
video analytics can satisfy the Quality of Service [22].Cloud
computing is no longer suitable for video analysis because
of its long data transmission latency and privacy issues. The
cloud will send the task of searching for child to all devices
in the target area. After receiving the task, each surveillance
camera will search the local data. When the information of
missing children is found, the results will be returned to the
cloud. Compared with the traditional cloud computing mode,
this method adopts edge computing and parallel mode, and has
a faster corresponding speed [10]. In addition, some tasks may
depend on the underlying equipment, such as image, sound
and signal acquisition. These tasks need to be offloaded from
cloud to the edge devices [23].

ITII. INFLUENCE FACTORS

In the offloading process, the crucial step is to determine
whether to offload. However, An offloading decision is af-
fected by many factors, some of which are transient and keep
on changing during the offloading process. In this section, we
will discuss these influence factors .

A. Device Factor

Device factor refers to device characters and states, such
as heterogeneity, location and mobility. Firstly, Edge devices
are numerous and diverse, including mobiles devices, sensors
and IoT devices. They have different hardware architectures,
process abilities, storage capacities and operating systems.
Thus, the heterogeneity of device will affect offloading effect
to some extent, such as execute time and energy consumption.
Secondly, the position of device may affect the strength of
received signal, for example, if the position of device is close
to server or signal transmitter, the received signal by device
is strong and easy to offload. On the contrast, when the
position is far away from server or signal transmitter, the
received signal is weak and difficult to offload. Moreover,
the mobility of device can also affect the performance of
offloading and cannot be ignored in some cases [24]. For
example, In vehicular Edge Computing Networks, a device
moves out of current service scope before the offloading result
back, it probably needs to find a new edge server to offload
task again. This will lead to high latency. Therefore, the device
context is an important factor that needs to be considered for
computation offloading.

B. Network Factor

For computation offloading, network condition is an impor-
tant factor that significantly impact on offloading decisions
[25]. It includes link quality, bandwidth, network interference
etc. Firstly, link quality is critical for data transmission. Edge
devices generally communicate with servers through wire-
less. Different from wired channels, wireless channels have
reflection, refraction and multipath fading[26], which make
the channels have strong time-varying characteristics and lead
to inter-symbol interference [27].When the wireless channel
is in deep attenuation, the reduced execution delay of remote
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execution may not be enough to compensate for the increased
transmission delay due to the sharp drop of transmission data
rate [15].In such case, offloading task will be delayed until the
channel gain is advantageous or switch to another wireless
channel with a better quality for offloading. Secondly, the
bandwidth between the 10T device and the server determines
the data transmit rate, and affect the data transmit time. In
some cases, the data transmit time between device and server
may dominate the latency of offloading, as a result, it will lead
latency too long to satisfy the time constraint [28]. Moreover,
network interference is another influence factor, which is
usually difficult to predict and affected by device mobility,
bandwidth variation, network congestion, and the distance
between devices and the servers. Network interference also
seriously impact offloading system to satisfy the applications
with latency constraint requirement [29].

C. Service Factor

The effect of computation offloading mainly depends on the
selection of server nodes, which provide service for processing
tasks [30]. These server nodes can be edge servers or IoT
devices in the vicinity, or cloud server [31]. Theoretically, an
application or task can be offloaded to any server node to
execute. But in practice, edge device should consider server
nodes’ computing capacity, available resources, distance and
access technologies before making the offloading decision.
The computing capacity represents the speed of processing
at server node; it is an important but not the only factor
to determine whether to offload. Lack of resources also
probably affects the response time. For example, when a
task is offloaded to server node, but the CPU is overloaded
or occupyed by other threads, the task will be suspended
and wait for CPU, so it will increase the response time and
affect offloading effects. Moreover, the location and access
technologies of server node will also affect offloading latency
and energy consumption. As we describe in offloading sce-
narios in Section II. Computation offloading can take place
at different scenarios, such as offloading between devices,
or from device to edge sever, or from device to cloud. The
distances between device and server are different in these
offloading scenarios. This will result in different transmission
latency. For example, edge server is closer to the user devices
and has less transmission latency, but its computing capacity
is relatively lower than remote cloud center, and need to
spend more time on executing latency. On the contrast, the
cloud center has high computing capacity and less executing
latency, but it must suffer from Round-trip delay and pay the
cost in using network resources. Different access technologies
also affect energy consumption of offloading. Therefore, the
selection of server node needs to be considered for offloading
system to provide better application performance.

D. User Factor

User’s preference is also an important factor in determining
whether or not to offload [32]. However, user’s preference
is sometimes elusive, which is influenced by age, gender,

experience, etc. To illustrate the effect of user preferences
on computation offloading, we list the four reference factors
that users are most concerned about: security, Monetary cost,
latency and energy consumption. Firstly, security is critical to
users, which refers to protect their private data and integrity
of computational data during the offloading process. More-
over, offloading destination must be a reliable place for task
execution. Secondly, monetary cost is also an important factor
for users to consider whether or not to offload, which mainly
consists of Network fee and Service fee. Network fee refers
to the cost of network communication and traffic, which is
charged by the user. Service fee refers to the cost of renting
service on the server, which usually depends on the number
and time of virtual server usage. Moreover, latency and energy
consumption are the concerns of users. The latency is the total
time taken by the offloading system to complete the execution
of the task, which consists of uploading time, execution
time and downloading time. Users usually compare offloading
latency with the local execution latency, and select whether to
perform task migration. As the same, the energy consumption
also needs to compare offloading energy consumption with
local execution. We will discuss them in detail in the following
section.

IV. OFFLOADING SELECTION

After analysising the influence factors, the next step is
determining what to offload. However, Offloading an entire
application may not always be beneficial [33]. The device
may spend more energy or time in the offloading process
than it does locally [34]. This is duo to select inappropriate
application to offload and the costs for transferring may not
be negligible [35]. To reduce the execution time and transfer
cost, the application should be partitioned to transfer and
parallel execution. Yang et al.[36] proved that the program
partitioning and parallel processing have a positive impact
on the transmission time and offloading efficiency, and fur-
ther reduce the execution time and energy consumption of
the application. Therefore, how to partition the program or
application and select what to offload is the important step in
offloading process.

A. Program partition and selection

A program or application can be partitioned through a
diversity of strategies. We classify these strategies as two
types. The first type is static partitioning schemes, in which
the offloadable components are predefined regardless of the
execution environment. For example, software engineers add
special static annotations on methods (such as @offloadable
or @Remote) [31], which denote those methods should be
offloaded. However, applications are always composed of
some non-offloadable component(s) which cannot be offloaded
and need to be executed locally, such as user input, face
detection and positioning, even these components are mutually
dependent and invocations. we use a Component Dependency
Graphs (CDGs) to describe their relationship. The vertices
of the CDG represent different components or tasks of the
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application and the edges of the CDG represent the invocations
among these components. An example of a CDG representa-
tion is shown in Fig.2. The red vertices represent the non-
offloadable components (such as Ist, 4th, 6th component in
Fig.2) which must be executed locally. The white vertices
represent the offloadable components (such as 2nd, 3rd, 5th
component in Fig.2) which can be offloaded. Moreover, the
edges represent the invocations among these components.

B. Offloading Strategies

From above analysis, we know that the program partitioning
and parallel processing can improve the offloading perfor-
mance. However, in some cases, Some programs are highly
integrated or relatively simple, and can not be divided into
multiple tasks for parallel execution. They must be executed
on the local device or offloaded to the server as a whole.
Therefore, the offloading strategies can be classified as full
offloading and partial offloading:

1) Full offloading: The program cannot be partitioned and
offloaded as whole to the server. Full offloading strategies can
be divided into support single user and multi-users.

Supporting for single user,You,et al.[37] proposed a noval
framework of wirelessly powered MCC to optimize the per-
formance of both local computing and offloading under the
energy harvesting and deadline constraint. The result show
that they gain substantial performance and close to optimal
performace in both static and dynamic channel. Consider
the impact of offloading on program execution time, Lin, et
al. [38] proposed Ternary Decision Maker (TDM) offloading
framework, which response to measure impact factors of
offloading and make offloading decision. The TDM offload
tasks in term of module in order to reduce the response time
and power consumption. Experimental results show that TDM
is superior to other existing methods in offloading decision-
making and achieves a reduction in execution time of 75%
and battery consumption of 56%.

Supporting for the multi-users, Zhao,et al.[39] pro-

posed a reformulation-linearization-technique-based Branch-
and-Bound(RLTBB) method, which jointly optimized offload-
ing selection, radio resource and computational resource allo-
cation, in order to minimize the energy consumption on multi
mobile devices. Simulation results demonstrated that RLTBB
could achieve 95.4% of energy saving on average. Xu, El et
al.[40] studied the multi-user computing offloading problem
for MCC in multi-channel wireless interference environment.
They proposed an offloading method based on game theory
to achieve efficient computation offloading in a distributed
manner. Numerical results show that their method has better
offloading performance and scale with the increase of user
size.

2) Partial offloading: The program can be partitioned into
tasks and offload these respective tasks to server. Partial
offloading strategies also can be divided into supporting single
user and multiple users.

Supporting for single user, Gu et al.[41] propose an adaptive
offloading system (DOS), which is consist of distributed
offloading platform and offloading inference engine. The
distributed offloading platform is responsible for monitoring
application execution, application-partitioning and resource
allocation. The offloading inference engine is responsible
for triggering offloading and selecting partitioning. Their
evaluations showed that DOS can effectively improve the
resource utilization ratio of mobile devices. Compared with
other existing methods, their method has the advantage of
lower resource consumption. Mahmoodi, et al.[42] proposed
the joint scheduling and computation offloading (JSCO) based
on mobile applications, which introduce wireless parameter
and uses CDG to optimize the task scheduling and offloading
decisions. This method makes full use of the advantages of
mobile and cloud parallel processing to reduce the execution
time. Simulation results show that the JSCO can reduce power
consumption by 54% and increase execution speed by up to
25% compared to local execution. Zhang, et al.[43] formulated
a generic energy-saving offloading scheduling problem for
real-time video applications and proposed an adaptive schedul-
ing method based on the dynamic wireless network conditions.
They verified the effectiveness of the method through tracking
drive simulation experiments.

Supporting for the multi-users, Huang, et al.[25] presented
a dynamic offloading method based on Lyapunov optimization
to realize energy saving under the requirement of ensuring the
application execution time. The experimental results show that
this method can meet the requirements of application execution
time and save more energy than other existing methods. Liu,
et al.[44] studied a power-constrained delay minimization
problem, and proposed an one-dimensional search algorithm
to find the optimal offloading policy. There is significant
reduction in the execution latency compared to the previous
works.

V. CONCLUSION

Computation offloading is a critical technology for edge
computing, which can prolong battery life, reduce the latency
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and improve application performance. In practice, the effect
of computation offloading is affected by many factors, which
makes many offloading unable to achieve their expected ob-
jectives. In this paper, we presented a comprehensive survey
of computation offloading in edge computing. we describe the
computation offloading in term of process and discuss its key
issues, such as where, whether and what to offload. Around
these issues, we respectively elaborate on the application
scenarios, influence factors and strategies of offloading.
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