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Abstract

Distance education systems have evolved beyond being merely pedagogical tools and have become complex
information infrastructures that require high availability, scalability, and long-term institutional sustainability.
Recent global disruptions have further highlighted the vulnerability of inadequately designed distance
education platforms under sudden and unpredictable increases in user demand. In this study, an architectural
approach is proposed for designing open-source, scalable, and continuity-oriented distance education
systems. The proposed architecture is built on a multi-layered structure consisting of web and application
layers, a learning management system, a live virtual classroom infrastructure, database and storage layers, and
an operational monitoring component. Horizontal scaling, elimination of single points of failure in critical
service components, and intentional architectural simplicity are adopted as core design principles. In addition,
auxiliary components such as system monitoring are designed with context-aware trade-offs to limit
architectural complexity without compromising service continuity. Rather than treating distance education as
a temporary solution, this study conceptualizes it as a sustainable, long-term component of institutional
education ecosystems and presents a generalizable architectural framework applicable under both normal and
extraordinary operating conditions.

Keywords: distance education, open-source systems, scalability, service continuity, system architecture,
learning management systems

Acik Kaynakli ve Olgeklenebilir Uzaktan Egitim Sistemleri igin Kesintisiz

Hizmet Odakli Bir Mimari Yaklasim
0z

Uzaktan egitim sistemleri, giinimiizde yalnizca pedagojik gereksinimleri karsilayan araglar olmanin 6tesine
gecerek, yiksek erisilebilirlik, Olgeklenebilirlik ve kurumsal sirdirdlebilirlik gerektiren karmasik bilisim
altyapilari haline gelmistir. Ozellikle son vyillarda yasanan kiiresel krizler, uzaktan egitim altyapilarinin ani
kullanici artislar karsisindaki dayanikliligini ve hizmet sirekliligini sorgulanir hale getirmistir. Bu c¢alismada,
tamamen acgik kaynakl yazilimlar kullanilarak tasarlanmis, olceklenebilir ve kesintisiz hizmet sunmayi
hedefleyen bir uzaktan egitim sistemi mimarisi &nerilmektedir. Onerilen mimari; web ve uygulama katmani,
O0grenme yonetim sistemi, canli ders altyapisi, veritabani, dosya depolama ve izleme bilesenlerinden olusan
¢ok katmanl bir yapi Gzerine insa edilmistir. Mimari tasarimda yatay dlgekleme, tekil hata noktalarinin ortadan
kaldirilmasi ve bilingli mimari sadelik temel ilkeler olarak benimsenmistir. Ayrica, izleme altyapisi gibi yardimci
bilesenlerde baglama duyarli tasarim tercihleri yapilarak sistem karmasikliginin kontrol altinda tutulmasi
hedeflenmistir. Calisma, uzaktan egitimi gecici bir ¢6ziim olarak degil, uzun vadeli ve kurumsal olcekte
surdirulebilir bir egitim modeli olarak ele almakta; 6nerilen mimarinin hem olagan hem de olaganisti
kosullarda uygulanabilir, genellenebilir ve esnek bir gergeve sundugunu ortaya koymaktadir.

Anahtar Kelimeler: uzaktan egitim, acik kaynak yazilimlar, élgeklenebilirlik, kesintisiz hizmet, sistem mimarisi,
6grenme yonetim sistemleri
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Introduction

The advent of rapid developments in information and communication technologies has rendered
distance learning a fundamental component of education across a wide range of fields, from higher
education to vocational training. The advent of Learning Management Systems (LMS) and online live
lecture platforms has not only engendered spatial flexibility; it has also engendered significant gains
in terms of the traceability of educational processes, the diversification of measurement and
evaluation activities, and the maintenance of learner interaction. However, the effectiveness of these
systems is contingent upon the scalability, accessibility, and service continuity of the technical
infrastructure.

The recent global pandemic of the Coronavirus (SARS-CoV-2) has demonstrated the extent to which
educational systems can demonstrate resilience in the face of unexpected and sudden increases in
demand. In this process, as delineated in the extant literature as "emergency remote teaching", a
significant number of institutions found themselves compelled to transition to online education
within a relatively brief timeframe. However, the limited scalability of extant infrastructures,
licensing costs, single points of failure, and performance issues arising from high numbers of
concurrent users created significant challenges (Bozkurt & Sharma, 2020; Hodges et al., 2020). This
situation clearly demonstrated that distance education is not only a pedagogical issue, but also a
socio-technical system requiring a robust IT architecture.

A recurrent challenge in the conceptualisation of distance learning infrastructures pertains to the
inadequate fulfilment of scalability and uninterrupted service criteria by these systems. It is
submitted that commercial and closed-source solutions may not be sustainable in the long term due
to licensing costs and vendor lock-in; moreover, such solutions can also make it difficult for
institutions to maintain full control over their own data and systems. Conversely, open-source
software provides a significant alternative for educational institutions, offering advantages such as
transparency, customizability, and cost-effectiveness. However, the question of how open-source
components can be integrated within an architecture capable of providing large-scale and
uninterrupted service remains a topic that requires careful attention.

Recent research has demonstrated that the sustainability of distance education depends not only on
pedagogical design but also on the robustness of the underlying information technology
infrastructure. Open-source learning management systems, particularly Moodle, have become
widely adopted in higher education due to their flexibility, extensibility, and cost advantages (Costa
et al., 2012; Dougiamas & Taylor, 2003). However, the growing number of online learners and the
increasing dependence on synchronous learning activities have exposed significant challenges related
to scalability, system availability, and operational continuity.

Several studies have investigated cloud-based and distributed educational environments as potential
solutions to these challenges. Alario-Hoyos et al. (2014) emphasized the importance of scalable
architectures capable of supporting large numbers of users and learning interactions, while
Aljawarneh (2020) highlighted the role of modern infrastructure approaches in ensuring the
reliability and sustainability of digital learning environments. The rapid transition to online education
during the COVID-19 pandemic further demonstrated that conventional single-server deployments
are often insufficient to support sudden and large-scale increases in user demand (Bozkurt & Sharma,
2020; Dhawan, 2020).

From a technical perspective, previous studies on large-scale web applications and distributed
systems have shown that horizontal scaling, load balancing, redundancy, and failover mechanisms
are essential design principles for maintaining service continuity under variable workloads (Barroso
et al.,, 2018; Kleppmann, 2017). Similarly, research on cloud-native architectures emphasizes the
elimination of single points of failure and the use of distributed storage and database replication
mechanisms to improve system resilience and availability (Burns et al., 2016). These principles are
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particularly important for distance education systems where service interruptions may directly affect
teaching activities, examinations, and institutional operations.

Despite these developments, much of the existing literature focuses either on pedagogical aspects of
online learning or on individual software platforms and technologies. Relatively few studies present a
holistic architectural framework that integrates open-source learning management systems, virtual
classroom infrastructures, database services, storage systems, and operational monitoring
components within a continuity-oriented design philosophy. Furthermore, limited attention has been
given to the balance between high availability, architectural simplicity, institutional independence,
and long-term sustainability.

Therefore, this study proposes a continuity-oriented architectural framework for distance education
systems based entirely on open-source technologies. The proposed approach integrates Moodle,
BigBlueButton, distributed storage, database replication, load balancing, and operational monitoring
components into a scalable and resilient architecture. Unlike many technology-specific
implementations reported in the literature, the proposed framework focuses on architectural
principles that can be adapted by institutions of different sizes and technical capacities while
maintaining institutional control, data sovereignty, and service continuity.

In this context, it is imperative that distance learning systems are capable of providing services not
only during standard academic periods but also in the event of exceptional circumstances, such as a
sudden and unpredictable surge in user numbers over a short period of time. Architectures that
provide uninterrupted service (i.e. high availability) and do not contain single points of failure aim to
prevent failures that may occur in any component of the system from interrupting the continuity of
education. In such architectures, scale-out, load balancing, and high availability mechanisms are
considered fundamental design principles.

The objective of this study is to propose a scalable, service-oriented remote education system
architecture that has been designed using entirely open-source software and to demonstrate the
operation of this architecture under heavy user load in a real-world usage scenario. The proposed
architecture is predicated on the configuration of the learning management system, live class
infrastructure, database layer, and file storage components in a manner that circumvents the
occurrence of single points of failure. The approach delineated in this study aspires to proffer a
solution that is applicable not only in extraordinary circumstances, such as a pandemic, but also for
educational institutions seeking to establish sustainable, enterprise-scale distance learning
infrastructures in the long term.

Requirements for Distance Learning Systems in Emergency/Normal Conditions

Distance learning systems should be regarded not solely as software that supports pedagogical goals,
but also as complex IT infrastructures that require high accessibility, scalability, and operational
sustainability. While these systems operate within the bounds of planned user numbers and
predictable usage scenarios in normal conditions, they may encounter unexpected and intense user
spikes within a short time during pandemics, natural disasters, or similar extraordinary situations.
Consequently, when designing distance learning infrastructures, it is imperative to define a
comprehensive set of requirements by evaluating both normal and emergency conditions in tandem.

Scalability and Flexible Capacity Management

A prerequisite for distance learning systems is a scalable architecture that is able to adapt to sudden
and unpredictable increases in user numbers. Systems that serve a specific group of students and
teaching staff during normal periods may be required to support much larger user groups in a short
time during emergencies. The experience of the pandemic has demonstrated that vertical scaling
approaches are inadequate in such scenarios; in contrast, horizontal scaling-based architectures offer
more flexible and sustainable solutions (Dhawan, 2020; Rapanta et al., 2020). In this context, it is



Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2026, 16

imperative that system components are designed to facilitate the augmentation of capacity through
the incorporation of additional servers as required.

Uninterrupted Service and Elimination of Single Points of Failure

The continuity of educational processes is of paramount importance, both in terms of the user
experience and the reliability of academic calendars and assessment processes. In the context of
distance learning infrastructures, the presence of single points of failure has the potential to
compromise the operational integrity of the entire system in the event of a failure of a constituent
component. Such interruptions pose a significant threat to the sustainability of education,
particularly during protracted periods of crisis. Consequently, distance education systems must be
designed with an architecture focused on high availability, incorporating load balancing, redundancy,
and automatic failover mechanisms. This approach has been demonstrated to enhance system
reliability under normal conditions, while ensuring the continuity of education in emergency
situations.

Open Source, Cost Efficiency and Corporate Independence

The necessity for a swift transition to remote education in extraordinary circumstances has brought
to light the licensing and financial constraints of commercial software-based solutions. The utilisation
of licensing models predicated on the number of users has the potential to engender financial
burdens of an unpredictable and unsustainable nature for institutions during periods of crisis.
Moreover, the utilisation of closed-source solutions imposes considerable constraints on system
customisation and adaptation to corporate requirements. Conversely, open source software proffers
a compelling alternative for both ordinary and emergency scenarios, a position bolstered by its
merits including the absence of licensing costs, transparency, and customizability (Weller, 2014).
However, effective utilisation of open-source components necessitates their integration within an
architectural framework, thereby ensuring scalability and uninterrupted service.

Data Security, Privacy, and Corporate Governance

Distance learning systems contain sensitive data, including student identity information, academic
performance data, and assessment results. Failure to comply with data security and privacy
requirements, particularly in systems that are expeditiously implemented in emergency situations,
has the potential to result in significant legal and ethical challenges in the long term. Distance
learning infrastructures operated within the institution and based on open-source components have
been shown to strengthen corporate data sovereignty by allowing data to be kept outside the control
of third-party service providers. This approach is instrumental in establishing a secure and
sustainable learning environment, both in ordinary circumstances and during periods of crisis.

Operational Traceability and System Visibility

In scalable distance learning infrastructures consisting of numerous servers and application
components, continuous monitoring of the system's operational status is an important requirement.
The capacity to procure real-time and historical data on server resource utilisation, application
performance, and service health facilitates the early identification of potential issues and the
implementation of remedial measures. In this study, the traceability requirement is addressed to
include metric collection, visualisation, and real-time monitoring functions.

However, it should be noted that the monitoring infrastructure does not necessarily require the
same high availability requirements as the educational service itself. It is considered acceptable to
experience a temporary interruption in the monitoring layer, provided that such an interruption does
not directly impact the continuity of the educational service. In this regard, the system monitoring
components have been positioned in such a way that they may contain a single point of failure. This
choice was made with the conscious aim of reducing architectural complexity and operational load.
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In accordance with the architectural proposal, the operational visibility of the system has been
ensured by employing open-source monitoring tools such as Prometheus, Grafana, and Netdata.

Maintaining Continuity in Pedagogy and Technical Infrastructure

The evaluation of technical requirements for distance learning systems is inextricably linked to the
establishment of pedagogical objectives. The effective continuation of pedagogical components such
as live classes, asynchronous learning content, assessment processes, and learner interaction
depends on the infrastructure supporting these components seamlessly and consistently. Systems
that are expeditiously implemented in emergency situations, yet are technically deficient, have the
potential to adversely impact pedagogical quality and diminish perceptions of distance education
(Bozkurt & Sharma, 2020). It is therefore vital that a balance be established between pedagogical
requirements and technical capacity throughout the architectural design process.

Proposed System Architecture

The distance learning system architecture proposed in this study has been designed using entirely
open-source software and structured in accordance with the principles of scalability, uninterrupted
service, and operational sustainability. The fundamental approach in architectural design is to
eliminate single points of failure in components that directly deliver the education service, while
consciously limiting architectural complexity in auxiliary and supporting services. The system is
composed of layers that are autonomous yet function collectively. The architectural structure of the
system, which has been designed in accordance with the principles of scalability and uninterrupted
service, is demonstrated in Figure 1, along with the interactions between the layers.
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Figurel. Principle Diagram of the Proposed Open-Source, Scalable, and Service-Oriented Remote
Education System Architecture

General Architectural Structure

The general architectural structure is comprised of the following layers: the client layer, the web and
application layer, the learning management system (LMS), the live class infrastructure, the database
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and file storage layers, and the monitoring components. All components are positioned to be
horizontally scalable, and critical services are configured redundantly.

Web and Application Layer

The web layer is constructed using the open-source Apache HTTP Server software. Multiple Apache
servers have been positioned to serve through a virtual IP address pool with the help of DNS Round
Robin response mechanism without health-check systems with 5 minute TTL value. This
configuration guarantees that in the event of a failure in any server within the web layer, client
requests can be seamlessly handled by alternative servers.

It is important to note that session information and user states are not stored on the web servers;
this approach enables the application layer to scale horizontally and allows new servers to be added
to the system quickly when needed.
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Learning Management System (LMS) Layer

The open-source Moodle platform was utilised as the learning management system. Moodle was
configured to run on multiple application servers and was made available to users through load
balancing mechanisms in the web layer. It is evident that user session information is stored in the
central database layer as opposed to being stored on the application servers. This choice enables
session continuity to be maintained without reliance on an additional in-memory cache system.

Moodle's file-based content (assignments, course materials, backups, etc.) is stored on a shared and
distributed file system, allowing all Moodle application servers to access the same data space
simultaneously. This approach has been shown to prevent single points of failure in the LMS layer.

Live Class Infrastructure

The open-source BigBlueButton platform has been selected to meet the requirements for live classes
and real-time interaction. The BigBlueButton infrastructure is configured as a server pool consisting
of multiple independent servers. Each live class session is directed to a BigBlueButton server by
ScalelLite software according to current load of the servers with adequate capacity, with media traffic
being handled directly through the relevant server.

In this approach, the live class infrastructure is not scaled vertically; instead, horizontal scaling is
achieved by adding new BigBlueButton servers. This enables the system to accommodate increases
in the number of concurrent users without negatively impacting its overall performance. It is
important to note that the live class infrastructure functions independently of the LMS layer.
Consequently, any issues that arise on a BigBlueButton server do not impact other sessions.
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Database Layer

The database layer is constructed utilising the open-source MySQL database management system.
MySQL has been configured with a multi-node architecture with the purpose of providing high
availability. It is evident that write operations are performed through the primary database node,
while read operations are distributed through replicas. This configuration is designed to distribute
the database load evenly and mitigate the risk of single points of failure.

Moodle session information and critical application data are stored directly in the database, thereby
ensuring that the application layer remains completely stateless. The design implemented in the
database layer ensures scalability even in scenarios where additional dependencies, such as Redis,
are not utilised.

File Storage Layer

The file storage layer is constructed on the basis of a distributed and redundant file system. This layer
is responsible for the storage of substantial data, including that which is held on Moodle and
recorded live. The distributed file system approach ensures that in the event of a failure in any
storage node, there will be no data loss or service interruption. This layer is of critical importance in
ensuring the long-term sustainability of the system.
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Monitoring and Operational Visibility

An open-source monitoring infrastructure consisting of Prometheus, Grafana, and Netdata
components is utilised to monitor the operational status of the system. It is evident that Prometheus
periodically collects metrics from system components. Furthermore, it is understood that Grafana
provides visualisation and long-term analysis of these metrics. Netdata provides detailed operational
visibility through its server-based real-time performance monitoring function.

The monitoring infrastructure is positioned independently of the components that directly deliver
the training service and is designed to contain a single point of failure. This approach is predicated on
the principle that any potential disruptions to the monitoring system should have no impact on the
uninterrupted delivery of training services.

General Assessment of Architectural Design

The proposed system architecture is configured to respond to large-scale distance learning scenarios
using open-source components. The system is able to provide uninterrupted service during both
normal education periods and periods of extraordinary conditions, such as sudden increases in users,
by virtue of the principles of horizontal scaling, load balancing, and redundancy. This architectural
approach offers a generalizable solution not only for short-term crisis scenarios but also for
institutions seeking to establish sustainable, enterprise-scale distance learning infrastructures in the
long term.

Security, Performance, and Operational Configuration Principles

In the recommended system architecture, it is acknowledged that scalability and uninterrupted
service objectives must be supported not only by increasing the number of components, but also by
appropriate security and performance configurations. Consequently, mechanisms for traffic control
and request limitation have been implemented at the application level. These mechanisms are
intended to prevent high concurrent requests and potential misuse scenarios from exerting a
negative impact on system performance. In the context of the Apache web server, the
implementation of additional modules has been instrumental in mitigating the occurrence of sudden
spikes in requests and basic denial-of-service attempts. At the network layer, fundamental packet
filtering mechanisms and access restriction rules have been integrated, thereby enhancing the
server's security and operational resilience.

At the web layer, Apache HTTP Server is configured to provide secure communication and protection
against common network-based attacks. Secure client-server communication is enforced through
Transport Layer Security (TLS), utilizing a centrally managed SSL/TLS certificate obtained from Let's
Encrypt. To simplify certificate management in a multi-server environment, certificate issuance and
renewal operations are performed on a designated management node. Certificates are automatically
renewed every three months and subsequently synchronized across all web servers, ensuring
consistent security policies and uninterrupted encrypted communication throughout the
infrastructure.

To improve resilience against denial-of-service attacks, Apache's mod_evasive module is employed to
detect and mitigate excessive request patterns originating from individual clients. The module
automatically applies temporary access restrictions when predefined request thresholds are
exceeded, thereby reducing the impact of both basic Denial-of-Service (DoS) and low-to-medium
scale Distributed Denial-of-Service (DDoS) attacks. These mechanisms contribute to maintaining
service availability while minimizing the operational complexity associated with dedicated network-
level mitigation solutions.

In addition, all administrative interfaces are restricted through network-level access control policies,
and security-related events are recorded for operational auditing and incident analysis purposes.
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In the context of database architecture, performance-oriented configurations have been recognised
as a pivotal element, primarily due to the direct storage of user sessions and application state
information within the database itself. In this context, memory management, connection count, and
qguery execution behaviour have been configured with the aim of ensuring the system is able to cope
with high levels of concurrent access. In the live class infrastructure, resource planning has been
carried out with consideration for concurrent session numbers and media traffic; limitations have
been defined to prevent system components from becoming overloaded.

These configurations are not regarded as fixed settings specific to a particular hardware or software
version, but rather as general principles that can be adapted according to the scale and usage profile
of the system. It is therefore posited that the proposed architecture will retain its applicability in
different institutions and usage scenarios, whilst offering a sustainable operating model in terms of
security and performance.

Discussion

The architectural approach proposed in this study treats distance education systems not merely as a
set of functional software applications, but as socio-technical systems that require continuity,
scalability, and institutional sustainability. This perspective is based on the assumption that the
pedagogical dimension of distance education can only be effectively sustained when supported by a
robust and consciously designed IT infrastructure. The proposed architecture is based on a set of
principles that aim to embody this assumption.

The Conceptual Contribution of the Open Source-Based Architectural Approach

The preference for open source components in distance learning infrastructures is often justified
solely on the basis of cost-effectiveness. However, the architectural approach proposed in this study
relates open source software to a broader framework, linking it to the concepts of organisational
independence, transparency, and long-term sustainability. The utilisation of proprietary and license-
dependent solutions has the potential to constrain the technical and managerial flexibility of
institutions, particularly in scenarios necessitating the provision of services to substantial user
groups. Conversely, the open-source architectural approach empowers institutions to configure
systems in accordance with their specific requirements, thereby ensuring a high degree of autonomy
in system management (Weller, 2014).

The Relationship Between Scalability and Uninterrupted Service

In this study, scalability is considered from two perspectives. Firstly, it is regarded as the capacity to
respond to an increasing number of users. Secondly, it is regarded as a fundamental architectural
principle that supports service continuity. A horizontal scaling-based approach facilitates the
independent replication of system components and ensures the even distribution of load across
these components. This is directly related to the elimination of single points of failure. The proposed
architecture is to be characterised by redundancy in critical service components, thus ensuring that
the system can operate without being dependent on specific hardware or software components.
Consequently, the notion of uninterrupted service has evolved from a mere technical objective to a
fundamental prerequisite for ensuring the reliability and continuity of educational processes.

The Philosophy of Conscious Simplicity and the Aesthetics of Limiting Architectural Complexity

A distinguishing feature of the proposed architecture is its lack of ambition to achieve the same level
of high availability for each component. A deliberate design decision has been made to accept single
points of failure, particularly at the system monitoring and operational visibility layer. This approach
is predicated on the principle of ensuring that architectural complexity is kept under control and that
limited resources are focused on components that directly impact educational services. The
temporary deactivation of the monitoring infrastructure has been assessed as an acceptable risk, on
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the condition that it does not halt the system's core functions. This situation demonstrates the
necessity to approach the concept of high availability in a context-sensitive manner.

Session Management and Performance-Oriented Design Choices

A further significant decision that must be made during the architectural design process pertains to
the configuration of the application layer as stateless, with the resultant user session information
being stored in the central database layer. This choice reduces dependency on additional caching
systems while facilitating horizontal scaling of application servers. Nevertheless, it must be noted
that this approach has the potential to place an augmented burden upon the database layer. The
study acknowledges this as a limitation; however, it is assumed that this load can be managed with
appropriate database configurations and scaling strategies. This approach demonstrates that
architectural decisions should be shaped by contextual evaluations rather than absolute truths.

Generalisability for Ordinary and Extraordinary Conditions

Whilst the proposed architectural approach was inspired by the needs that arose during
extraordinary conditions, such as the pandemic, it was not designed solely as a solution specific to
times of crisis. Conversely, the objective was to devise a structure that offers benefits in terms of
performance, reliability, and institutional control during ordinary educational periods as well. In this
respect, the architecture reflects an understanding that treats distance learning not as a temporary
solution, but as a permanent component of higher education and corporate training processes. This
finding indicates that the proposed approach provides a generalizable framework for educational
institutions of various scales and contexts.

Conclusions and Suggestions

The following conclusions and recommendations are posited by the study: firstly, that a distance
learning system architecture should be designed based on open-source software; secondly, that this
will provide scalable and uninterrupted services. The proposed approach treats distance learning not
merely as a pedagogical tool or a temporary solution, but as a comprehensive information system
that must be planned, operated, and maintained at the institutional level. This standpoint is
predicated on the premise that distance education will constitute a permanent component of the
education ecosystem, both in the present and in the future.

The primary contribution of the proposed architecture is that it demonstrates the capacity for open
source components to be structured according to conscious architectural principles, as opposed to
their haphazard assembly. Requirements such as scalability, uninterrupted service, and corporate
control have been addressed at the architectural design level, independent of specific software or
hardware preferences. This approach provides a framework that can be generalised and applied in a
variety of organisational contexts and at different scales.

The proposed architectural framework in this study is intended to address the sudden scaling
requirements that may arise in extraordinary circumstances, such as a pandemic, while also
establishing a sustainable, flexible, and reliable distance learning infrastructure during regular
educational periods. In this respect, the architecture reflects a long-term digital transformation
perspective rather than a crisis-focused solution. In consideration of the future integration of
distance education with hybrid and blended learning models, the significance of such architectural
approaches will continue to increase.

Nevertheless, it should be noted that the proposed approach is not without its limitations.
Specifically, the deliberate exclusion of components such as caching and in-memory data
management from the architecture can create additional load on the database layer in certain
scenarios. This observation underscores the notion that the architectural design process entails a
process of contextual balancing. It is evident that each institution possesses the capacity to adapt
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analogous architectural principles in divergent ways, contingent on its technical capacity, human
resources, and established priorities.

Subsequent endeavours may seek to appraise the proposed architecture through quantitative
performance analyses at varying scales, integrate automatic scaling mechanisms, and augment it
with advanced components such as learning analytics. In addition, a more thorough examination of
security, privacy, and data governance issues, particularly within the context of large-scale distance
learning environments, will contribute to the development and refinement of this architectural
approach.

In conclusion, the present study demonstrates that open-source, scalable, and uninterrupted
distance education systems are not only technically feasible but also offer a sustainable future vision
from an institutional and pedagogical perspective. The proposed architectural approach is expected
to serve as a guiding reference framework for educational institutions across different disciplines and
contribute to the long-term development of distance education.
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