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ABSTRACT

With the improvement of 5G communication
service, the need for edge computing has become
more apparent. The Mobile Edge Computing
service (MEC) has become one of the best
solutions for mobile User Equipment (UE) data
processing. MEC provides more context-aware
local processing of UE's data. Meanwhile, the
MEC needs to manage the heterogeneous nature
of UEs and the type of data format they provide.
Therefore, a Heterogeneous Data Service Bus is
developed to manage different types of data
formats and organize them in efficient manner.
We propose a software architecture model to
address the management of data heterogeneity
within computing edges. The architecture
discussion showcases its applicability and proper
handling of heterogeneous data in the Edge
Computing Environment.
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INTRODUCTION

Describe A computational paradigm which makes the servers on the edge
of network to perform the computation tasks and storage of data in a place near
to the UEs is called the Edge computing [1]. It worth mentioning that, this
approach is used to extend the capability of the cloud services.

The Edge Computing, beside its benefits, brought forward different
challenges to the computing: i.e. operating systems, hardware architecture,
heterogeneity in data rate and transmission etc. These challenges have made the
5G technology difficult to adapt to edge computing environments. Additionally,
the diversity of environments and different data formats by UEs make it difficult
to build a portable solution for all of these environments. There are software-
based solutions to facilitate the execution of workloads on the edge nodes. There
should be a distributed computing systems which can provide collaborative
work between different schemes. The parallelized split of loads can help balance
the process of edge computing. There are solutions that provide better
communication between heterogeneous UEs and Edge Servers stated in [2].

With the interactive nature of future generation applications, i.e. the
virtual reality, the use of edge computing becomes necessity. Due to wireless
nature of future technologies and the need for real-time response, it is critical to
provide edge computing approaches to provide solutions to these problems [3].

The 5G communication system is different than the previous generations
in terms of its focus in IoT and machine-type communications. Therefore, the 5G
is not only extending the data rates of mobile broadband, but it also supports the
reliable communication with lowest possible latency and enables great
connectivity between IoT devices [4].

Since the UEs are having limited capabilities, the edge computing comes
forward to provide the following services: a. receiving huge amount of real-time
data and storing them, b. analyzing, computing and processing of the data, c.
local decision making. By the aforementioned services, the edge servers are
defined as mini clouds which are doing most of functionality of clouds but with
a lower scale in the place which are near to the UEs to ensure lower latency,
especially for the hard real-time application services [5].

Besides the mentioned technologies, the Mobile Edge Computing (MEC)
delivers services of the cloud and other IT environment equipment in the area
near to the end-devices, called Radio Access Network (RAN). MEC is much more
near to the proximity of mobile users to ensure efficient operations of network,
delivery of service, improving user experience and to reduce the latency in
mobile communication [6].

The 5G and Edge computing need collaborative work to provide real solution
for the real-world use cases. There are two main areas how these two
technologies can provide collaboration [8]:

1- To enable use cases such as telesurgery, or live drone controls. There is
inevitable use of 5G with edge computing to achieve low-latency and
provide processing near to the UE to make the data travel shorter.

2- For the other use cases with data heavy applications, or HD videos, or real-
time data analysis, the 5G alone cannot make a big difference, since the
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travel to the centralized cloud can lower the customer experience. The
MEC can help the data to be processed and filtered out before they get sent
to the cloud for further analysis and storage. The process of decoupling
the cloud connectivity to the edge nodes are discussed in details in .

There are some objectives of Edge computing collaboration with 5G as follows :
1- The data management improvement
2- The QoS (Quality of Service) enhancement
3- The prediction of network necessity
4- Providing context and location awareness.
5- Resource management.

Meanwhile, the Edge computing in 5G environment needs the real-time
interaction, support of high data rate and local data processing.

The rest of paper is as follows: Section 2, provides an review of the used
technologies in the model. Section 3 discusses the related works. Consequently,
Section 4 provides the details of proposed model, the last two Sections 5 and 6
discuss the model and provides conclusion respectively.

LITERATURE REVIEW

Most of research done in the field of edge computing in 5G focuses to provide
better computation, low energy consumption etc. There are very few research
available to focus how the data management happen with the heterogeneous
environments.

To fulfil energy aware offloading, there is an architecture presented by Zhang
et al.[12]. Their architecture enables the UEs to decide about the offloading of
computational operations to MEC servers. This approach helps reduce energy
consumption of MEC. There are three steps of the solution: 1. The mobile UEs are
grouped based on their energy consumption. 2. They are classified according to
the file transmission and 3. They are grouped based on the delay on transmission
between the MEC and the UEs [12].

The collaborative real-time architecture is proposed to handle different types
of resources in a context-aware manner. In this architecture, the computation
abilities of it is divided into different layers of computational platforms [13].

To provide fast composite service Ridhawi et al. [14] bring forward a context-
aware collaborative architecture. This architecture enables the collaboration of
hardware systems such as clouds, edges etc. and the respective software
capabilities.

The developed a novel event-driven architecture that is supported by a service
bus for better integration of different software systems. This software
architecture is highly scalable that gets its scalability from the staged event-
driven architecture. The input data is coming from heterogeneous resources and
the architecture process them in a unified manner.

The requirement of the modern architecture based on low-latency and high
throughput are as follows :

1- Interaction in real-time
1. To be processed locally
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2. High data rate
3. Availability

4. To support heterogeneous environment

The [9] puts forwards a distributed infrastructure to manage the
heterogeneous data in an improved way. Their architecture also provide service
in real-time and send the processed data to the users' applications. There is a
secure middleware that support this architecture.

None of the reviewed literatures had focused to address the heterogeneous
data processing channel and data exchange between MEC devices to ensure
semi-cloud capabilities near to end-devices.

THE PROPOSED ARCHITECTURE

To manage different types of data, there should be an aggregation point near
to the location of UEs that can handle heterogeneous types of data. This approach
provides low latency, more proximity with more bandwidth. Using this, we can
localize the cloud computing capabilities with better contextual information.
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Figure 1: The Heterogeneous Data Service Bus Architecture

We used the Mobile Edge Computing technique which are contextually near
to the UE mobile network called the Radio Access to provide the computation for
the data coming from heterogeneous sources.
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Our proposed model in Figure 1 consists of the following parts:

a. The User Equipment

The IoT and other smart devices and sensors are using the 5G
communication channel to reach to MEC devices. The UEs can be different in
nature especially in terms of data source types. The UE sends data to
Heterogeneous data service bus for better recognition and categorization of data
in respect to its data source type.

b. The 5G communication Channel

The 5G communication channel is one of the important features which makes
sure that there is a lowest latency possible in a data transmission. The uses of 5G
with Mobile Edge computing makes this approach even more realistic. In the
proposed architecture, the communication between the UE and MEC Devices are
maintained by the 5G technology.

c. Heterogeneous Data Service Bus

The Heterogeneous Service Bus has the responsibility of composing and
decomposing data to the required format to get processed by the MEC device.
Each request to the edge is identified by a device type identifier which will later
help in decomposing and provide faster data source recognition. We store the
UE's data source type along with the meta-data for the process of composing and
decomposing of data.

d. The MEC devices layer

This layer is used to provide local data processing and decision making
based on the input data and deployed patterns. The useful data from this stage
will be sent to the cloud servers for storage and analytic purposes.

e. The Cloud Services Layer:

As the name implies, this layer provides the analytics, business intelligence
and storage services for the useful data come from MEC devices.

The Heterogeneous Data Service Bus consists of three main parts which are
working together to provide Machine-to-Machine (M2M) communication, data
collection and management (Figure 2).

MODEL DISCUSSION

In some of applications the UEs need to have low-latency communication
between each other. The M2M module is used to provide the UEs communication
through the data service bus with lower latency.

To enable efficient M2M communication in heterogeneous environments, the
Service Bus initially gets data from multiple sources which are using different
formats of data transmission. In the filtering stage the redundant data is removed
and the data fields are stored in the corresponding metadata fields. Meanwhile
the data normalization applies on the data to adjust them into a defined range
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and if needed the filtered and normalized data is transformed into the other end
Machine’s understandable format for further processing and communication.
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Figure 2: The Heterogeneous Service Bus Internal Details

This architecture can provide better management of data through edge
computing service and can enable low-latency M2M communication.

This architecture is designed to focus on integrating different User
Equipment and their respective various data source types, hence enabling the
Heterogeneous Data Service Bus toward higher level recognition and
categorization. With low-latency communication over the 5G channel, the system
enables high responsiveness and real-time decision-making. For the main role of
the Heterogeneous Data Service Bus in data transformation, it provides increased
capability for recognition and further processing of various types of data, thanks
to device-specific identifiers, providing more optimized interactions between
UEs and MEC devices.

Furthermore, the architecture clearly defines the responsibilities across five
distinct layers from User Equipment to the Cloud Services Layer in terms of how
it contributes to a seamless workflow for the processing and analytics of local
data and its storage. The MEC devices are of a high essence in terms of the role
in localized decision-making capabilities, while the Cloud Services Layer
complements such with strong analytics and business intelligence capabilities.
The proposed structured approach further enhances efficiency, effectiveness in
data management, and strengthens overall architectural resilience by enabling
scalability in service integration and adaptability to evolving technological
demands. On the whole, the proposed model offers a comprehensive framework
that addresses the complexity of heterogeneous data processing in a 5G-enabled
edge computing environment.

CONCLUSION
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In this paper we have proposed a software architecture to enable the edge
computing to provide unified services to manage heterogeneous data coming
from different types of devices in 5G environment. The architecture model makes
the interaction of data more understandable to the edge computing layer and
other UEs, and hence, reduces the time takes for composing and decomposing of
data within the layer. The suggested model provides a thorough framework that
tackles the intricacy of processing heterogeneous data in an edge computing
environment enabled by 5G.

FURTHER STUDY

We will elaborate the possible ways of interactions within the
Heterogeneous Data Service Bus to reduce latency within the 5G environments
by simulating the architecture to further improve the heterogenous
communications.
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