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Abstract - Recently, the emergence for serverless edge
computing has been an attractive topic of research
community. It is a new understood in which brings
computational resources proximity to edge node network
which permits the computation of tasks which triggers the
program carry out as a reply for assigned events. The
purpose of this research is to investigate diverse methods
relevant to scheduling tasks in serverless edge computing.
Consequently, these methods are classified depending on
their objective functions, precisely, reducing execution
cost, low latency, reducing of makespan, scalability,
offloading, and intelligent scheduling. The trade-off and
dependency among the goals play a critical role in make
decision to determine the scheduling policy efficiently.
These trade-off and dependency may be led to waste of
resources. This issue can be resolved by integrating among
the above objectives. Serverless edge computing is
predicted to have a substantial influence on the process of
the scheduling. Using serverless edge computing, we can
run the fine-grained requests on serverless platform by
scheduler within coordination item. This allows in
expanding size of the resource's utilization due to the
optimal use of the scheduling process. An extension of the
constrained time limit of objectives by cloud providers will
permit the execution of the entire tasks, and get ridding of
the rescheduling issue using a serverless edge computing
mechanism.
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Serverless Edge Computing; Cloud Computing; dependency.

I. INTRODUCTION

Serverless edge computing is an advanced direction for
the internet of things (loT) and users, that aims to place
serverless platform in the edge computing just like in the
cloud computing. In short, from an edge perspective, the
devices for internet of things are in connection with fog
computing nodes, which can run their functions based on
serverless platform distributed across the network from the
cloud to the edge. From serverless perspective, it is providing
a powerful distributed event-processing platform [1]. From the
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internet of things perspective, less adjustment is required and
it merely has to apply microservices policies. From cloud
perspective, the native Serverless within the cloud platform is
aiming to combine itself with its distributed accomplice in fog
computing. [1, 2, 3,4,5,6,7,8,9].

Clients can allocate their cloud utilization demands of the
resources such as operating system, servers, storage, and IDE.
Besides, the clients can utilize from resources of the cloud
based on service level agreement that involves the required
service quality restricts [10]. With diverse resources of cloud
platforms, companies and individuals are capable to deploy
code functions, process and store data, and mange code
functions using virtual machines and containers etc. [11,12].

In cloud, serverless enables to merge between
technological evolves on business logic like containerization,
event-driven programming, microservices, containerization,
Function as a Service [13], and the concept of pure pay-as-
you-go paradigm along with effortless scalability [14].
Meanwhile, the significant developments for internet of things
applications, clients were needed to dedicate extra effort to
meet their demands such as real-time execution, low latency,
event-driven programming, and powerful deployments [15].
Cloud platform with efficient processes could be good option
to achieve 10T demands but suffering from issues like access
speed owing to being far away from users [16]. In cloud
struggle and Internet of Things demands, the edge computing
proposed as a complementary choice [17]. In fog computing,
the process is closer to edge nodes and real-time execution
will be closer to complete. The available resources of the fog
computing as known are limited, but edge nodes will leverage
from the distributed style of tasks to offer a pool of available
resources.

Serverless edge computing is the paradigm in which the
user’s functions are deployed on the edge-cloud computing.
The edge-cloud manages everything including the functions
and makes the resources available for the users. Serverless
edge computing consists of three main tiers are computation,
execution, and coordination as illustrated in figure 1[36]. The
computation layer: includes three components are computing,
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storage, monitor. The computing is responsible for creating a
new object and requested resources. The storage component
provides function’s state, the needed dependencies for running
a task in the applications.
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Figure 1: A simplified Serverless Edge Computing model [36]

The first layer is the coordination layer, the edge node
will be dispatching the task and its related data to the
controller component which works as a load balancer. In case
the request of client is valid, and the received message is
lightweight, the request of client is dispatched to the scheduler
item, which based on the triggers and rules passes the request
to matching worker relevant to a function [1]. Contrary, the
request of client is kept in the queue item for certain causes
like failure handling and in another repetition, it is dispatched
to the scheduler. The execution engine item will call a
function for having runtime environment of the client request
if the function already runs it can reuse their function instance.
Otherwise, it will ask the computing item to provision
resources again then computing would look at the monitoring
item. In case there is enough resources to provision for this
function, asks the storage item to read the data of the function
and provisioning the resource. Otherwise, it will ask the
networking component to upload the function to another edge
node, may be to the cloud depending on the implementation.

In this research, we investigate diverse methods relevant
to scheduling tasks in serverless edge computing.
Furthermore, we illustrate how the architecture of this
scheduling issue can be offered by applying serverless
platform. The reminder of the research is structured as
follows. In section 2, we investigate diverse methods that
studied the scheduling issues according to their goals. Section
3 gives a discussion of the issues and how serverless platform
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can contribute in minimizing the utilization of the resources.
Finally, section 4 concludes the major outcomes and suggests
future works.

Il. SCHEDULING METHODS

Issues of scheduling tasks have been addressed intensely
in the previous works (i.e. state-of-art). Typically, the shed
light on the reducing execution time, the reducing execution
cost, scalability, offloading, and intelligent scheduling. In this
part, we address methods that studied these challenges while
intended to emphasize the utilities of applying serverless edge
computing in the issue of scheduling. This part classifies the
scheduling methods based on their objective functions into:
(1) execution cost, latency, and execution time (2) scalability,
offloading, and revenue (3) Intelligent Scheduling.

2.1 Scheduling of Execution Time, Latency, and Execution
Cost

Many methods have studied the issues of execution time,
latency, and execution cost under the presence of budget
restrictions [18, 19, 20, 21, 22, 23] Typically, the issues of
execution time, latency, and execution cost are dominated by
the vital role in tasks scheduling.

Rausch and his colleagues [18] proposed a container
scheduling system (Skippy) that allows of serveless platforms
to efficiently leverage of edge infrastructures. Their scheduler
makes comparative between data and computation movement,
and takes into account workload-specific compute demands
like graphics processing unit acceleration. Moreover, they
proposed a technique to automatically fine-tune the parameters
of scheduling restrictions to improve high-level operational
goals like latency, cloud execution cost, or mitigating task
execution. Their findings appear enhance the quality of task
placement and help significantly in meeting operational goals.
Hassan et al. in [19] mentioned in their survey some of
scheduling methods that categorized according to reduce the
cost, makespan, and both in serverless computing.

Das et al. in [20] developed method to manipulate a
queue of events, and for each event, it sends the job to a
function in the suitable container, from among the edge
container and a group of containers in the cloud with diverse
resource customizations. Their method manipulates two
improvement issues the minimize latency and minimize cost,
where the access speed is computed in terms of the time from
the ingestion of the event to the storage of the outcomes in the
cloud. Andreades et al. in [21] proposed a high-speed control
plane design adopt on a central switch scheduler to reduce the
node-to-node latency in the fog computing.
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Aslanpour et al. in [22] implemented paradigm an
energy-aware resource scheduling issue in serverless platform,
given a network of renewable-energy and battery-operated
powered nodes. They invented priority-based and zone-
oriented techniques to enhance the operational availability of
low powered nodes. This issue running on a serverless
platform is formally formulated and priority-based manner
with characteristics like “warm scheduling” and “sticky
offloading”. Their suggested techniques seek to surge the
operational availability of edge nodes while reducing the
latency. Wang et al. in [23] suggested a job scheduling
framework, which can handle various nodes based on
priorities aiming to minimize the access speed.

The key problem in implementing time, cost, and latency
minimization methods is the budget restrictions. Budget
restrictions limit the size of resources that can be allocated,
and this obstructs the process of improvement. The scheduling
approach reflects the trade-off and dependency among the
objectives which have a main impact on the efficiency.

2.2 Scheduling of Scalability, Offloading, and Revenue

The issues of scheduling of scalability, offloading, and
revenue have been addressed in the literature [24, 25, 26, 27,
28, 29, 30, 31]. Bermbach et al. in [24] suggested an auction
method in which developers bid on resources whereas edge
nodes determine locally which functions to carry out and
which to migrate in order to maximize income
(AuctionWhisk). Their method can act in a decentralized
manner and online. This manner, over-burden edge nodes can
make local decisions about task accomplish. Therefore, also
the task placement is distributed across nodes and no longer
the scalability problemit is with centralized scheduling
policies.

Ahvar et al. [25] achieved a generic energy paradigm to
precisely assess and trade-off the power wasted by these new
cloud-related architectures. They provided a scheduling
method determining the set of virtual machines on each cloud
network and the bandwidth with another virtual machines.

Aumala et al. [26] proposed a package-aware scheduling
(PASch), a new scheduling method to allow nodes can reuse
execution platforms with preloaded packages. Furthermore,
they proposed a scheduling method that goals package affinity
during scheduling, while actively avoiding execution engine
overload.

Li etal. in[27] presented framework adopt on combined
time scheduling, resource customization, and function
executor determent for collaborative function offloading, and
suggested a real-time auction method to surge the social
welfare.
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Alameddine et al. in [28] addressed the dynamic task
offloading and scheduling issue (DTOS) in multi-access mist
computing, where tasks are sharing in execution. Additionally,
Josilo et al. in [29] suggested a processing offloading
scheduling framework to decide whether to migrate the tasks
of end-users to edge networks, in order to reduce the cost that
is an integration of energy consumption and delay.

Luo et al. in [30] presented a collaborative task data
scheduling framework in vehicle edge computing, where the
events of nodes can be not merely executed locally (i.e.,
migrated to Roadside Units), but also can be offloaded to other
nodes with inactive resources. Cao et al. In [31], the authors
proposed a programming style to determine the best task
placement computing from the costumers’ view to prevent
task offloaded, hence reducing the time cost. From the
platform’s perspective, the powerful guiding method is shown
to schedule tasks to reduce the overall cost.

Typically, the scalability, offloading, and revenue include
the service cost. The price that customers pay for the use of
resources regardless of whether they are consumed or not is
the aggregate rental time. It is predicted that the devises will
be inactive for a substantial amount of time owing to the data
dependency restrictions among the objectives. By applying
serverless edge computing, we can substantially optimize the
usage of resources.

2.3 Intelligent Scheduling Methods

Many methods have investigated the issue of optimizing
the tasks scheduling using artificial intelligence [32, 33, 34,
35]. Ning and his colleagues in [32] adopted the Deep Q-
network method for modeling an intelligent scheduling
method for Vehicle Edge Computing. One of type machine
learning that is called the federated learning model, works on
training the resource scheduling method on servers or edge
nodes that do not communicate local data samples [33].
Further, to participate customize storage, computing, and
communication resources in fog computing. Wang and his
colleagues [34] presented hybrid technique by combination
between federated learning technique and deep reinforcement
learning technique in fog computing and suggested a new
scheme, in which the weights of the learning paradigm are
exchanged between end-users and edge computing to improve
the scheduling paradigm. In addition to, Qian and his
colleagues [35] presented hybrid method from federate
learning model and a centralized greedy technique for tackling
the issue of functions placement with kept on privacy in the
fog computing.

The complexities of these issues are due to its conflicted
objectives. For example, incrementing the execution time
normally results in minimizing the cost, whereas reducing the
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execution time may result in incrementing the cost as trade-off
between them. The flexible scalability, latency, offloading,
pure pay-to-use model contribute to improve cloud services.
The artificial intelligence can be developing scheduling

methods in serverless edge computing. The tablel outlines the
diverse scheduling methods in the previous works.

Table 1: outline of scheduling methods

Reference | Vear[Titnd Cost|Latency[Scalabiliny[OffloadingEudzef AT
Rauschetal [13) [021) v | v | ¢ N
Hassam et al [19]  [2011) & |
Das et al. [10] 1010 J| o
Andreaes at sl [21] (2019 J
Aslapony etal [22] | — 4 oL
Wamzetal [B3] (2017 J
Benphach et al. [24] (2022 J il v
Amaretal 23] 2019 d J
Auslaatal [26] (2019 J J
Lietal [17] 1019 J J
Alamaddineetal [28J2008| | v | J
Josiloetal 28] (2020 J J
Luo etal. [30] 1010 J J
Cao etal. [31] 1018 J J
Mimgetal 3] 2019 J
Konefng etal [33] 2015 J
Wamzetal 4] 2019 J
Qimetal 35] 2019 J J

111. DISCUSSION

As mentioned in the above section, the trade-off and the
dependency among the objectives play critical role in
determining the powerful of the scheduling policy. These
trade-off and dependency may be lead to reduce the utilization
of resources. this challenge can be mitigated by depending on
a hybrid strategy that integrates among the goals. Serverless
edge computing has found position at the edge computing to
leverage edge node network to deploy segments of tasks as
real-world business rules, specifically events that can be
triggered within millisecond.

Serverless edge computing is predicted to have extremely
influence on the process of scheduling tasks. The task
scheduling will include various VMs and owing the
precedence restrictions, many of these VMs may stay in state
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of inactive while the scheduling. The serverless edge
computing contributes to execute the fine-grained tasks from
end-edge to cloud and highlights only on scheduling the
coarse tasks, this allows in surging the advantage of the
resources.

Integrating among the objectives lead to reduce the
expected time, cost, and latency for scheduling. The flexible
scalability, latency, offloading, pure pay-to-use model
contribute to improve cloud services. The artificial
intelligence can be developing scheduling methods in
serverless edge computing.

IV. CONCLUSION AND FUTURE WORKS

In this research, we studied methods that addressed the
issue of scheduling on serverless edge computing. we
discussed some variations of this issue hamely time executing,
latency, executing cost, offloading, revenue, and intelligent
scheduling. We studied these issues and showed that by using
serverless edge computing we can simplify this issue, thus
attain better schedules in terms time, cost, latency, scalability,
budget, and Al. Because the constrains on the executing time
cost latency in serverless edge computing, an extension for the
executing time, cost, and latency limit by cloud providers
could permit the option of totally executing the complete
scheduling by applying serverless edge computing structure
and therefore, avoid repeat process of the scheduling. In future
works, for scheduling methods in serverless edge computing
to be studied deeply, we highlight on the state-of-art research
problems and look forward to more research investment in
artificial intelligence specially using convolutional neural
network or wavelet neural network.
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