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ABSTRACT

A new trend of advanced applications with high demands has emerged
in recent years. The integration of cloud computing, big data and e-learning
has become a critical need in the education sector. This integration makes it
more feasible when it comes to providing infrastructure in terms of location,
cost and maintenance. Moreover, cloud-computing-based e-learning
approaches have the ability to provide better response time, high computing
power, heterogeneous operating systems usage, reliable data security,
document transmission, and facilitating collaborative teamwork. Big data is
considered a remarkable aspect of developing communication and
information systems. From the other side, edge computing is a new type of
computing that brings cloud services closer to customers. In addition to that,
edge computing reduces client/server latency significantly.

In this thesis, two e-learning platforms, Django Website Platform
(DWP) and Flask Website Platform (FWP), were designed using different
frameworks, Django and Flask, respectively. Furthermore, each platform is
linked to the PostgreSQL database and the Apache-Kafka big data
framework using the Debezium connector. In addition to deploying the
platforms on the Heroku cloud service that supports website applications and
containerization. In e-learning, the choice of platform-building tools plays
an important role in having better response times. Therefore, response time
is considered one of the important factors used for evaluating e-learning
platforms' work, which is proven in this thesis.

A novel uncentralized Urgent Container Migration (UCM) algorithm
is proposed for urgent status. In case of an event occurs (i.e., resource
allocation, maintenance, and energy conservation) on one of the edge nodes,
the execution of the current task in an unstabled node is interrupted and
searching for a suitable replacement node. The algorithm is based on finding
the best/closest suitable node to the current node. Using the container live
migration technology that relies on migrating the container between two
nodes, the migration takes place from the point it was held in the parent node
and resumes execution from the same point in the host node. The principle
of migration is the pre-copy mechanism, and the tool used is Checkpoint
Restore In User Space (CRIU). Yet, choosing the appropriate node is based
on time constraints and priority. On the other hand, in another scenario, a
controller node is chosen to balance system loads between edge nodes and
the cloud. The controller node has a list of the status of each node in the
network, through which it identifies the required node upon receiving a



request for implementation through the centralized proposed algorithm
called Load Balancing in Edge and Cloud (LBEC).

The system is implemented in a virtual and realistic environment. The
response time between the edge node is compared with the two proposed e-
learning platforms DWP and FWP. In the experiments, the response time of
the FWP platform built using the Flask framework outperformed the DWP
platform built using Django. Therefore, choosing the appropriate tools for
building e-learning platforms has a significant impact on the whole
performance of the platform. In the case of benchmarking the proposed
platforms with other platforms in the literature, such as Moodle, Coursera,
and Edmodo. The bechmarking shows that the rate response time of the
proposed FWP platform is superior to the other platforms.
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