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Abstract: Many regular business operations are transforming into digital services, increasing ad-
vanced multi-platforms, rapid operational alignment, flexibility, and environmental impact through
energy consumption, hardware waste, and technology investments. Flexible and sustainable sys-
tem development models emphasizing energy efficiency can help innovate software development
as digital servicing applications shift. This research is motivated by the need to improve energy
consumption in early software design and development due to rising technological efficiency and
sustainability demands. Although effective in iterative development and stakeholder engagement,
traditional Agile methodologies often struggle with long-term sustainability and energy efficiency.
Extended Agile, combining Agile, layered architecture, and aspect-oriented frameworks (ALAI),
promises to improve system modularity, flexibility, maintainability, and sustainability. This study’s
findings are not just theoretical, but also practically relevant, as they explore the energy efficiency of
ALAI software development methodologies, using graduate admission information system services
(GAISS) as an example. GAISS is a complex system that handles the entire process of graduate
admissions, from application submission to final decision. The study quantifies the energy usage of a
student-list webpage by analyzing Microsoft IIS server logs from February 2022 to May 2024. Directly
applicable findings show that the GAISS based on the ALAI framework reduces energy consumption
by 10.7914% compared to traditional Agile software developments. ALAI used 892.80 kWh versus
Agile’s 1000.80 kWh during operations, saving energy. These findings demonstrate the benefits of
integrating aspect-oriented frameworks and layering approaches into Agile methodologies, con-
tributing to sustainable software development discourse. The study emphasizes the importance
of energy-efficient frameworks such as ALAI to reduce software systems’ environmental impact
and promote software development sustainability. The findings of this study, with their practical
relevance, assist software developers and organizations in choosing software design and development
methods that maximize operational efficiency and environmental sustainability.

Keywords: agile; aspect-oriented; energy efficiency; flexibility; framework; layering; software
development; sustainability

1. Introduction

Software, an integral part of our contemporary society, influences business operations,
oversees industrial processes, and facilitates human interactions. The growing ambition of
businesses to achieve efficiency, agility, and innovation has sparked a higher demand for
advanced and integrated application software [1]. However, this surge in business needs
also brings forth significant challenges. Budgets often face strain, and the demands for
software development and integration seem endless, with each component requiring metic-
ulous consideration [2]. The potential new business requirements span various areas in
software design and development, including compatibility across multiple dimensions [2],
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from the complexities of cross-platform compatibility to the subtleties of diverse database
architectures [3], the intricacies of front-end and back-end programming languages [4,5],
the intricacies of software design and development processes, and sustainability [6,7].

The increasing complexity of the effects caused by the requirements of new busi-
nesses on software development and integration has a multifaceted impact on global
efforts toward sustainable development. Regrettably, the increase in software development
requirements not only causes hardware to consume more energy, contributing to the accu-
mulation of electronic waste (e-waste) [8] but also necessitates proficient developers [9].
The expansion of computing devices, data centers, and servers requires additional energy
resources [10], which impedes the achievement of carbon neutrality and contributes to
the escalation of greenhouse gas emissions. The proliferation of computers and digital
devices has led to a surge in power consumption, specifically the CPU usage [11] and the
depletion of batteries [12], adversely affecting users and infrastructure systems. Constant
adaptation and iteration of software solutions necessitate significant computing resources,
which increases energy usage throughout the software development lifecycle. This trend is
extremely concerning and demands immediate action. The sustainability of energy utiliza-
tion can substantially improve and higher energy efficiency can be guaranteed [13,14] by
concentrating on the conceptual evolution and design innovation of new software develop-
ment solutions that are flexible to expanding business demands and are capable of scaling
accordingly. The time has come to make a change.

Previous research has extensively explored energy efficiency solutions for hardware
and software designs in various sectors. These include the computational resources em-
ployed in software [15,16], software models [14,17], graphical user interfaces (GUI) [16],
programming languages [18], encryption [19], cloud computational capabilities [18], and
security [11,20]. By addressing these gaps and devising strategies to optimize resource
usage and promote the integration of renewable energy sources, developers can pave the
way for a more sustainable future. This not only preserves their innovative advantage in
the digital domain but also fosters a sense of hope and optimism for a greener world.

This study introduces the Agile-layering aspect-oriented framework (ALAI), a ground-
breaking approach designed to enhance sustainability and flexibility in software develop-
ment. While it shows promising results within our case study, its applicability to other
contexts may require further adaptation. This innovative framework aims to revolutionize
the integration of Agile methodologies with the robustness of layering and the flexible
and adaptable capabilities of the aspect-oriented framework (AOF). The ALAI framework
has the potential to significantly enhance the sustainability and architectural flexibility of
software systems, thereby supporting the creation of energy-efficient and flexible solutions
and environmentally friendly software development. It is particularly suited to the dy-
namic and diverse needs of modern e-organizations, which require scalable, robust, and
sustainable software solutions.

This research seeks to delve into empirical evidence on the effectiveness of the ALAI
framework in driving more sustainable and flexible software development practices, with
a specific focus on energy efficiency and architectural flexibility. The study is guided by
two key research questions:

1. What and how do approaches within the ALAI framework, such as continuous inte-
gration and delivery, support Agile software development to succeed in sustainability
for energy efficiency? For instance, the ALAI framework encourages the use of au-
tomated testing tools to identify and fix energy inefficiencies in the code during the
development process.

2. How effectively does this impact sustainable software development for energy effi-
ciency in practical operations?

This study not only contributes to the field but also offers tangible benefits. It fills a
crucial gap in existing research by systematically exploring how integrated development
frameworks such as ALAI can facilitate the creation of energy-efficient and flexible software
architectures. It offers a detailed analysis of the energy efficiency of the ALAI framework



Sustainability 2024, 16, 5738 3 of 36

of extended Agile, thus advancing sustainable software development. By demonstrating
the practical benefits of integrating sustainability and flexibility in the SDLC, this research
inspires academic institutions to transition to more sustainable practices and provides a
model that can be adapted for broader industry applications.

The article proceeds as follows: Section 2 presents a comprehensive overview of
current software development, spanning Agile methodologies, aspect-oriented frameworks,
layering techniques, and energy efficiency considerations in software development. A
comprehensive review of the research model and methodology that forms the basis for the
conception, construction, and assessment of the pioneering ALAI framework for sustainable
software development is provided in Section 3 of this study. The results and discussion
are provided in Section 4. The conclusion of the comparison between the Agile and
ALAI methodologies for sustainable software development, including the energy efficiency
findings obtained from this study, is presented in Section 5.

2. Theoretical Background

The Theoretical Background section provides a comprehensive overview of current
software development trends, with a strong focus on Agile methodologies. It also covers
aspect-oriented frameworks, layering techniques, and energy efficiency considerations.
This section sets the stage by contextualizing the evolution of software development
practices and the growing need for sustainable solutions. It delves into the foundational
concepts and methodologies that form the basis of the ALAI framework, offering a critical
examination of how these approaches contribute to developing flexible, sustainable, and
energy-efficient software systems.

2.1. Current Trends in Technological Software Development

The development of software is an industry that is undergoing rapid change due to
technological advancements, shifting market dynamics, and increasing consumer expecta-
tions [21]. Development teams have increasingly adopted Agile methodologies emphasiz-
ing flexibility, continuous improvement, and rapid delivery. This approach has enabled
organizations to react more efficiently to shifts in the market and customer input [22].
Agile practices are implemented across multiple facets of software engineering, encom-
passing pipelines for continuous integration and continuous deployment (CI/CD) [23,24].
These methodologies serve to optimize processes and instill a sense of empowerment in
developers, stimulating their imaginations with the potential for accomplishment.

Another significant trend in software development is the shift towards more complex
architectures, such as microservices [25] and serverless computing [26]. These architectures,
with their superior scalability and flexibility compared to monolithic designs, are not
just passing fads. They are tools that empower developers, freeing them to focus on the
innovative and business-critical aspects of application development. This shift is creating a
sense of excitement about the possibilities of their creations.

Software development is evolving, necessitating a reevaluation of the software con-
struction and delivery processes [25,27]. One example is DevOps, which integrates opera-
tions and software development to shorten the development lifecycle while maintaining
quality and dependability [24,28]. Another significant development is the integration of
artificial intelligence (AI) and machine learning (ML) into software development. This
integration is paving the way for more intelligent applications [29] that can automate
decisions and predict user behavior, thereby enhancing operational efficiency and user
experiences.

However, these developments also bring about complexities, including the increased
segmentation and distribution of system architectures (e.g., microservices [25]), the need
for ongoing learning and adaptation [2], and the efficiency of team communication and
collaboration [30]. Although these obstacles are tangible, they are not beyond hope. Adher-
ing to these principles while upholding quality, user satisfaction, and strategic alignment
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is imperative for achieving success in this ever-evolving software capability [31]. This
reassurance boosts our capacity to navigate these intricacies effectively.

Table 1 details the progression of software design and development technologies,
emphasizing each innovation that has contributed to the present condition of information
systems. It is a valuable resource that clarifies the historical backdrop of our discipline by
furnishing an exhaustive synopsis of the pivotal technologies and their ramifications on
software development.

Table 1. Comparison of technological advancements in software design and development.

Advancement Description Impact

Modular programming
[32]

An early approach to system
development focused on dividing
software into separate, interchangeable
modules, each handling a specific
subtask.

Improved system maintainability and debugging
efficiency by isolating functional segments,
laying the groundwork for more complex system
architectures.

Object-oriented
programming (OOP)

[33]

Introduced the concept of objects in
programming, encapsulating data, and
functions into reusable components.

Enhanced code reusability and scalability,
allowing for more complex and manageable
systems that could be developed with greater
efficiency.

Service-oriented
architecture (SOA)

[34]

An architectural pattern that allows
services to communicate over a network
through a protocol to perform functions
for each other.

Facilitated the development of distributed
systems, enabling components to be easily
integrated or replaced, thus improving system
flexibility and interoperability.

Cloud computing and SaaS [35]

Cloud platforms and Software as a
Service (SaaS) models emerged, offering
scalable resources and applications over
the internet.

Allowed educational systems to scale resources
on demand, reduce infrastructure costs, and
enhance collaboration and data accessibility from
anywhere.

Microservices architecture
[36]

An architectural style that structures an
application as a collection of loosely
coupled services, improving modularity.

Promoted the development of systems that are
easier to understand, develop, test, and become
more resilient to architecture erosion, supporting
continuous integration and deployment
practices.

Containerization
(e.g., Docker)

[37]

Containerization technologies
encapsulate software in a complete
filesystem that contains everything
needed to run code, runtime, system
tools, and system libraries.

Enabled consistent development environments,
simplified deployment processes, and improved
the scalability and portability of applications
across different environments.

DevOps practices
[38]

Practices that combine software
development (Dev) and IT operations
(Ops) aimed at shortening the
development life cycle and providing
continuous delivery.

Fostered a culture of collaboration between
development and operations teams, improving
the speed, quality, and predictability of
development and deployment processes.

CI/CD
[23,24]

CI/CD is a method to frequently deliver
apps to customers by introducing
automation into the stages of application
development.

It has enhanced the ability to rapidly iterate and
release new features or fixes, ensuring that
educational software could evolve quickly in
response to user feedback or changing
requirements.

Aspect-oriented programming
(AOP)

[39]

A programming paradigm aims to
increase modularity by allowing the
separation of cross-cutting concerns.

It enabled more precise and modular code
management, particularly for aspects of a system
that cut across multiple modules, such as logging
and security, thus enhancing system adaptability
and maintainability.

The development of software has followed an uncompromising path toward in-
creasingly complex, modular, and scalable architectures that effectively cater to the ever-
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changing requirements of contemporary systems, with a specific focus on educational
platforms. The progression from modular programming to OOP to more recent method-
ologies such as microservices and DevOps highlights a more extensive transition towards
systems that improve operational effectiveness and promote increased flexibility and adapt-
ability. Nevertheless, to fully exploit the capabilities of these systems, a consistent focus
on quality, user contentment, and strategic alignment is required due to their growing
intricacy. This strategic alignment not only empowers the audience but also makes them
feel responsible for the success of the software systems. The proposed methodology is of
utmost importance in this research as it enables the development of resilient, effective, and
flexible software systems that flourish in a constantly evolving technological domain.

2.2. Sustainable Computing and Development

Sustainable computing and development represent a critical intersection where tech-
nological innovation meets environmental responsibility. Many studies have explored
the evolving areas of sustainable computing, emphasizing the need for environmentally
conscious practices in software development, hardware design, and digital infrastructure.
García-Berná et al. [16] focused on the power growing demand for computational resources
in software usage. The performance operations of a health care system using hardware
tools were employed and tested by users with many tasks. Data gathered regarding energy
efficiency was analyzed, and several characteristics of GUI that contribute to sustainabil-
ity were identified. Alharbi et al. [40] studied risk management and suggested studying
energy-efficient software development in multi-project environments. The experimental
methods were used to determine features that are more important in risk assessment. The
methods then unanimously agreed on the importance of three features (priority, proba-
bility, and risk size). The main features for classifying risk levels are priority, probability,
and magnitude of risk, ensured by feature reduction methods. Manimegalai et al. [18]
researched the maximization of energy efficiency, comparing different applications and
examining current green data center architecture. The study evaluates energy-efficient
coding methods in cloud computing and identifies procedures to drastically lower energy
usage in cloud environments, highlighting key differences between Java and JavaScript
applications and providing optimization of resource utilization and enhancement of en-
ergy efficiency. Through code profiling and analysis, specific lines of code, algorithms,
and design principles that make applications more energy-efficient are identified, with
potential energy savings of up to 17% achievable through energy-efficient coding prac-
tices. Alrabaiah et al. [41] introduced Agile Beeswax, a novel agile-based methodology
for application development, addressing the challenges and requirements of the mobile
development process. Agile Beeswax consists of two main iterative loops, incremental
design, and development, structured across six phases. The methodology is developed
through a research methodology involving an extensive literature review, interviews with
developers, a survey, and proposal formulation. The study revealed that participants
predominantly adopted an Agile approach, with 84% utilizing Agile methods in mobile
application development. Of these, 56% favored Scrum methodology, approximately 13%
each favored XP and Kanban, and 61% considered Agile methods the most effective ap-
proach for application development. Akinyele et al. [22] explored simulation and analysis
methods for sustainable planning, designing, and developing microgrids utilizing clean
energy sources. The simulation framework for sustainable energy planning offers a holistic
approach encompassing social, technical, economic, environmental, and policy dimensions.
The results demonstrated that existing energy systems software often lacks representation
of social parameters, emphasizing the need for integrating social aspects with technical,
economic, and environmental parameters in energy systems simulation. By synthesizing
previous reviews on sustainable software development, this study identifies research gaps
in Agile-based methodologies for accommodating escalating business requirements during
incremental software design and development phases.
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Table 2 details a variety of software development methodologies that either support
sustainability by nature or satisfy functional requirements. Efficiency, waste reduction,
and responsiveness are critical factors when developing sustainable software systems. A
range of software development methodologies can be designed and employed to advance
sustainability in the software development industry.

Table 2. Software development approaches for sustainability software development.

Advancement Description

Agile development
Agile methodologies emphasize iterative development, flexibility, and stakeholder involvement.
This approach can rapidly incorporate sustainability-focused features and practices into the
software development process, adapting quickly to changes in environmental standards [42].

Lean software development

Lean principles, with their focus on minimizing waste, directly contribute to sustainability by
reducing resource use. This translates into more efficient early design software processes and
helps identify unnecessary functionalities that consume extra resources, thereby supporting
sustainability [43].

DevOps

Integrating development and operations not only streamlines workflows and reduces
redundancies but also significantly increases efficiency. These efficiency gains directly contribute
to the sustainability of software development. Automated pipelines in DevOps further promote
consistent, efficient, and error-free deployments that reduce waste [44].

Green coding
This approach involves writing code that is as efficient as possible, minimizing the use of
computational resources and thus reducing the energy footprint of running software. Green
coding practices include optimizing algorithms and reducing complexity [18,33].

AOP
By effectively separating concerns, aspect-oriented programming allows for better modularity
and reusability of code, which in turn enhances maintainability and reduces the need for frequent
redesigns or resource-intensive updates [2].

SOA
SOA divides functionality into distinct services, which can be managed and scaled independently.
This modularity supports energy efficiency by allowing for precise scaling and management of
resources according to demand [33].

Open source software
Utilizing open-source software can promote sustainability by encouraging collaborative
development and sharing of software solutions, reducing duplicated effort across the industry,
and improving the quality and efficiency of software through community contributions [45].

CI/CD

CI/CD practices ensure that updates and improvements are continuously integrated and
deployed, which can include sustainability enhancements. This continuous cycle supports
incremental improvements in software optimization and responsiveness to sustainability
goals [46].

In the ever-evolving field of software development, sustainability is increasingly recog-
nized as a critical objective, driven by the need to reduce environmental impacts. Effective,
sustainable software development requires a comprehensive approach encompassing mul-
tiple dimensions, including design, process, implementation, deployment, maintenance,
and compliance, as stated in [2]. Key elements such as modularity, rapid methodologies,
component reusability, and green coding practices play crucial roles in this framework.
Furthermore, leveraging advanced technologies such as cloud computing [18] and server
virtualization, coupled with strict adherence to environmental regulations, optimizes re-
source utilization and aligns software development with broader environmental goals.
This integrated strategy underscores the commitment to ecological stewardship and posi-
tions the software development process sectors as a proactive participant in sustainable
innovation, as shown in Table 3.
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Table 3. Effective factors for sustainability in software development life cycle.

Dimension Factor Description

Design
Modularity Modular design facilitates easier maintenance, updates, and scalability, reducing

overall resource consumption and extending the software’s lifespan [32].

Energy efficiency Designing software to use fewer computational resources and energy contributes
directly to sustainability by minimizing power consumption [47].

Process
Agile methodologies

Agile practices, such as iterative development and continuous feedback, can
enhance the adaptability and efficiency of software development, aligning with
sustainable practices [48,49].

Code reusability Encouraging code reuse speeds up development and decreases the energy and
resources needed to create new code from scratch [50].

Implementation

Green coding practices Coding practices that optimize algorithm performance and resource utilization
significantly reduce a software’s environmental impact [51].

Use of sustainable
technologies

Incorporating technologies that are inherently more energy-efficient or that
support green computing principles contributes to the sustainability of software
products [52].

Deployment
Cloud computing

Utilizing cloud services can improve energy efficiency through centralized
management and optimized resource allocation, reducing the carbon footprint of
running software [53].

Server virtualization Virtualization allows for more efficient use of server resources, reducing physical
hardware requirements and thus lowering energy consumption [54].

Maintenance

Continuous
optimization

Regularly updating and optimizing software to enhance performance and
efficiency can prolong the lifespan and sustainability of a software product [55].

Lifecycle management
Effective software lifecycle management, including planned obsolescence and
phase-out strategies, ensures sustainable use and disposal of software
products [56].

Policy and
compliance

Regulatory compliance Adhering to environmental and sustainability guidelines and roles can direct
software development towards more sustainable practices [57].

Sustainability metrics
and KPIs

Implementing key performance indicators for sustainability helps measure and
drive improvements in software development’s environmental impact [14].

Software development practices present considerable sustainability obstacles, necessi-
tating substantial waste management and energy consumption. It is imperative to establish
a more sustainable future by adopting sustainable practices, which include optimizing
algorithms and system and software design and utilizing renewable energy sources to
reduce environmental impacts.

2.3. Agile Methodologies and Sustainability

This study employs Agile and Rapid Application Development (RAD) methodolo-
gies, both known for their rapidity. Agile focuses on iterative development, flexibility,
and continuous feedback, enabling quick adaptation to change. RAD, on the other hand,
emphasizes rapid prototyping and feedback, allowing for fast development cycles. These
methodologies, with their shared emphasis on rapid delivery, complement each other,
providing a balanced framework for efficient and adaptable software development. Agile
software development, specifically by utilizing the Rapid Application Development (RAD)
framework, presents many advantages for endeavors that necessitate flexibility and expe-
ditious completion [58]. By emphasizing responsiveness and speed, RAD enables software
development teams to operate more efficiently and quickly by utilizing iterative releases
and ongoing user feedback [59]. Customer satisfaction is enhanced, and the time to market
for new software applications is decreased through the active participation of stakeholders
and end-users during the entire development process. RAD additionally contributes to
mitigating project risks through the early detection and resolution of problems throughout
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the development cycle. RAD is also characterized by its emphasis on quality enhancements,
achieved through ongoing performance evaluation and user experience [60]. RAD facili-
tates improved communication and collaboration among stakeholders, developers, and
team members, resulting in a more streamlined and effective implementation of projects.

Nevertheless, implementing Agile methodologies for software development mainte-
nance creates obstacles, including scope creep, resource limitations, and cultural assim-
ilation [61]. Agile necessitates frequent iterations and fast responses, factors that may
burden resources, result in burnout, and ultimately diminish productivity. Additionally, in
environments where standardization and uniformity are critical, the consistency of project
outcomes resulting from Agile’s flexibility may prove problematic. The Agile software
development methodology is characterized by its flexibility, efficiency, and user-centric
approach. It guarantees superior software delivery that satisfies and surpasses customers’
expectations [62]. The authors provide a concise analysis of Agile software development
methodologies and RAD, elucidating the fundamental elements of each approach in Table 4.
The comparison concisely outlines the differences between RAD and Agile, emphasizing
how each approach handles project management, customer engagement, software devel-
opment, and team interaction. This comprehension can enable organizations to select
the most suitable development methodology under their projects’ particular demands
and limitations.

Table 4. Comparison of Agile and RAD differentiate in primary features.

Feature Agile Development RAD

Focus
Emphasizes iterative development, flexibility,
and customer feedback throughout the
development cycle.

Focuses on rapid prototyping and quick
feedback to develop software quickly.

Development process
Involves sprints or iterations where a small
part of the software is built and reviewed
continuously.

Uses successive prototyping to refine
requirements and solutions quickly, often with
little emphasis on planning.

Team collaboration
High degree of collaboration among all
stakeholders, including constant
communication and regular updates.

Collaboration is centered around feedback on
prototypes, with less emphasis on continuous
stakeholder interaction throughout each
development phase.

Customer involvement
Requires active customer involvement
throughout the project for feedback and
decision making.

Customer feedback is crucial mainly at the
prototyping stage to finalize requirements.

Flexibility
Highly flexible, allowing for changes in
project scope and requirements based on
feedback and testing.

While flexible, it is often confined to the early
stages of development during the prototyping
phase.

Documentation Less emphasis on documentation, more on
working software.

Minimal documentation, as the focus is on
rapid prototyping and speed.

End product
A potentially shippable product at the end of
each iteration, with refinements added in
subsequent iterations.

A complete system built in a shorter timeline,
with less emphasis on iterative refinement after
initial deployment.

Suitability Suitable for projects where requirements are
expected to evolve over time.

Best for projects that require a quick
turnaround and where requirements can be
modeled through prototypes.

Project size Scalable and can be adapted for both small
and large projects.

Typically, more suited for smaller to
medium-sized projects due to the intensive
nature of prototyping.

Risk management Continuous risk management through
regular reviews and iterations.

Risk is managed through early user testing and
feedback on prototypes.
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2.4. Layered Software Architecture

The layering approach is a structural strategy utilized in software development,
wherein software is divided into individual, hierarchical layers, and each layer is as-
signed respect responsibilities [63]. This approach significantly enhances software systems’
sustainability, adaptability, and flexibility. By decomposing intricate systems into more
manageable components, layering improves the scalability and maintainability of applica-
tions [64]. Every individual layer fulfills a distinct purpose [2], including but not limited
to data access, business logic, or presentation, and only engages in communication with
the adjacent layers. Under this separation of concerns, developers can upgrade or modify
a single layer with minimal repercussions on the others; this facilitates maintenance and
updates.

An additional critical element of the Layering methodology is adaptability [39]. Soft-
ware systems must be able to rapidly adapt to changing business environments and
emerging requirements without requiring substantial downtime or redevelopment. The
layering methodology enables integrating new functionalities or modifying existing ones
by concentrating solely on pertinent layers, thereby preserving the system’s continuity
and efficiency. In general, implementing the layering approach substantially enhances the
sustainability of software development.

By dividing software into separate sections assigned particular responsibilities, the
layering approach in software development substantially enhances the long-term viability
of software systems [65]. This structural organization simplifies maintenance and updates
and reduces the risk and complexity associated with bug fixes and updates [2]. In addition
to contributing to environmental sustainability, layering enables scalability by permitting
distinct layers to expand autonomously in response to fluctuations in demand. This
results in increased resource efficiency and decreased environmental impact associated
with software system operation, thereby enhancing the environmental responsibility of
your work.

The layering approach additionally provides a sustainability benefit through enhanced
resource utilization efficiency [66]. Clearly delineated boundaries between layers guarantee
that every layer is optimized for its designated purpose, thereby augmenting the system’s
overall performance and adhering to the principles of green computing. The modular
structure of the layering method facilitates the reusability of components, which reduces
software development time resources and its carbon footprint. Layering enables the
reutilization of pre-existing layers across various applications, thereby diminishing the
necessity for reimplementation and, by extension, the resource consumption linked to
software development from a sustainability standpoint. Anand et al. [67] suggested that
implementing a data access layer across multiple business applications could reduce the
need for redundant coding and the energy and materials consumed during testing. Not only
are resources conserved by reusing components but the development cycle is also shortened,
resulting in a more expedited implementation and diminished ecological footprint.

Additionally, in the contemporary, ever-changing technological environment, the in-
herent flexibility and adaptability of the layering approach are notably beneficial. In light
of evolving business needs and technologies, software systems must be adaptable to seam-
lessly incorporate new requirements without requiring substantial reengineering [68]. Lay-
ering facilitates adaptability by permitting the independent execution of individual layers
in response to changes in technologies or business strategies. Furthermore, implementing
a modular framework facilitates enhanced integration with developing technologies and
external services, granting organizations the flexibility to promptly adapt to changes in
software development or technological progressions [69]. The widespread adoption of
layering in software development [70], including traditional n-tier applications [71] and
more modern microservices architectures [72], demonstrates the innovation and benefits of
this approach. Clear classification of responsibilities across layers results in simpler systems
to test, debug, and maintain in both instances. In addition, the organization facilitates
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scalability by permitting distinct layers to scale independently in response to demand, thus
optimizing the utilization of resources and performance throughout the infrastructure.

2.5. Aspect-Oriented Framework (AOF) and Flexibility

AOF is a paradigm that dramatically improves software development’s flexibility [39]
and sustainability [73]. Separating components from the primary business logic facilitates
the development of a codebase that is more structured and feasible to manage. Aspect-
oriented approaches (AOAs) reduce maintenance efforts for software projects, such as
logging, security, and transaction operations, which frequently affect multiple portions
of an application [74], thereby contributing to the sustainability of such projects. By
decreasing the time and resources required to maintain existing code and the risk of bugs
during updates, this isolation effectively prolongs the lifespan of software systems.

AOF enables organizations to incorporate novel functionality into pre-existing code
without requiring modifications [75]. This flexibility is especially beneficial when business
requirements are frequently modified, or the application must integrate with evolving
external systems; by integrating AOA with other programming paradigms, such as func-
tional or object-oriented programming, the respective strengths of each can be utilized to
create more resilient, expandable, and easy-to-maintain [2]. Nonetheless, implementing
AOF presents intricacies in comprehending and overseeing the interrelationships among
aspects and the core application. This approach may result in an augmented learning curve
and potentially complicate the processes of debugging and testing. Notwithstanding these
obstacles, the AOF substantially improves software quality by facilitating the adaptability
and durability of software development methodologies, promoting more modular, flexi-
ble, and maintainable software architectures, and assisting organizations in reacting more
promptly to evolving technological advancements and market demands [39,76–79].

2.6. Energy Efficiency in Software Development

Strategic incorporation of energy efficiency principles into the software development
process yields numerous advantages. This feature is consistent with the layered architecture
of software, which aids in decreasing energy usage and improving the system’s sustain-
ability. Energy efficiency is incorporated into architectural decisions starting from the
concept design stage, emphasizing modularity and scalability. By making these decisions,
one enables future expansions and updates to be implemented with minimal resource
consumption and guarantees streamlined functionality in diverse hardware environments
housing complex systems. Utilizing data and promoting team collaboration during the
early stages of development establishes a fundamental framework that inherently pro-
motes sustainability. As the software advances through the stages of development and
implementation, attention is redirected toward combining coding methodologies that max-
imize energy efficiency. Methodologies containing code refactoring strategies designed
to decrease energy consumption are incorporated. During these stages, implementing
environmentally friendly technologies, including server virtualization and containerization,
enhances energy efficiency by optimizing resource distribution and reducing physical
infrastructure requirements.

Strategies such as cloud computing and using energy-efficient data centers are im-
plemented during the deployment phase [18,80]. By employing centralized management
and resource sharing, these methodologies effectively mitigate the environmental impact
linked to the execution of software applications. Efficient software deployment strategies
guarantee the timely delivery of software and its operation within an environment under
sustainability objectives. The maintenance phase of software development, which con-
cludes, upholds the dedication to energy efficiency by implementing routine optimizations
and updates [52]. Ongoing enhancement of the software guarantees its continued efficacy
among evolving user requirements and technological progressions. Furthermore, lifecycle
management practices are implemented to guarantee that software can be retired and
replaced in an ecologically sound fashion once its operational lifespan concludes.
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By systematically implementing energy efficiency measures throughout the software
development lifecycle, organizations can guarantee that their products are functional and
environmentally sustainable. Table 5 presents an overview of ongoing efforts to enhance
the energy efficiency of software development, with a specific focus on each organization’s
software development processes.

Table 5. Organization concerns energy efficiency in software development layer.

Area Topics to Discuss

Foundational concepts Definitions and significance of energy efficiency in software development; relationship
between energy efficiency, cost reduction, environmental impact, and system
performance [15].

Energy-efficient coding practices Techniques for optimizing code efficiency, such as using efficient algorithms,
minimizing computational complexity, and reducing memory usage; best practices for
writing resource-efficient code [50,81].

Design and architecture The tangible impact of software design and architecture on energy consumption, the
benefits of modularity and scalability, and the architectural patterns that actively
support energy efficiency (e.g., event-driven architecture, microservices); these are not
just theoretical discussions, but real-world factors that can significantly reduce your
software’s energy footprint [82,83].

Tools and technologies Effective tools and technologies for monitoring and optimizing energy efficiency,
including IDE plugins, profilers, and software analytics tools; these are not just
additional complexities, but powerful aids that can assist developers in enhancing
energy efficiency [84,85].

Green technologies and practices Utilization of server virtualization, containerization, and cloud services; a detailed
selection process for energy-efficient hardware, considering factors such as power
consumption, cooling requirements, and performance; energy-aware deployment
practices; examples of green technologies that reduce energy consumption in software
operations [86,87].

Agile and CI/CD optimization Analysis of how Agile methodologies and CI/CD can be adapted for energy efficiency,
for instance, by incorporating energy efficiency as a key metric in sprint planning and by
continuously monitoring energy usage during the CI/CD process; the impact of
iterative development and continuous feedback on reducing waste and resource use in
software production and deployment [46,88].

Case studies and
practical examples

Insightful real-world examples and case studies that vividly demonstrate the
implementation and benefits of energy-efficient practices in software development;
these are not just abstract ideas, but practical solutions that have been successfully
integrated into companies’ development processes [89–91].

3. Research Model and Methodology

This section details the comprehensive research model and methodology used to
examine the effectiveness of the ALAI framework in promoting sustainable software
development practices. The practical case study centered on the GAISS, a real-world
application, serves as a compelling demonstration of the ALAI framework’s effectiveness
in optimizing system adaptability and reducing energy consumption. The methodology
includes a detailed account of data collection techniques, comparative analysis, and the
proof of concept (POC) approach used to validate the ALAI framework in a real-world
context. This study is guided by two key research questions: how approaches within the
ALAI framework, such as continuous integration and delivery, support Agile software
development in achieving sustainability and energy efficiency, and how effectively this
impacts sustainable software development in practical operations. The hypotheses propose
that integrating ALAI framework approaches will significantly enhance Agile software
development’s sustainability and energy efficiency. The practical implementation of the
ALAI framework will demonstrate substantial energy savings and improved adaptability,
clearly outperforming traditional Agile methodologies in these aspects.
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3.1. Overview of Research Framework and Methodology

The research model and methodology utilized by the authors to examine the effective-
ness of the ALAI framework in advancing sustainable software development practices—
specifically, energy efficiency and architectural flexibility—are outlined. As a practical
case study, our investigation centers on designing and evaluating the GAISS. This method-
ology developed a sustainable, robust software architecture by extensively integrating
extended Agile, AOP, and layering techniques. To optimize system adaptability and re-
duce energy consumption, the authors of GAISS strategically incorporated sustainability
practices at each stage of the software development lifecycle. To evaluate the effects of
these interventions, the authors utilized meticulous data collection techniques, including
direct measurements of energy consumption and looking into Microsoft IIS server log
files; this yielded significant insights into the system’s energy efficiency. Furthermore,
utilizing a variety of predetermined criteria and analytical methods, the authors conducted
a comparative analysis to assess the performance of conventional Agile methodologies in
contrast to Sustainable Agile methodologies. The methodology also discusses the obstacles
faced and the subsequent adjustments made while implementing environmentally friendly
techniques and sustainability principles in software development procedures.

Utilizing this research’s POC, methodology significantly substantiated the ALAI
framework’s efficacy and practical applicability within a realistic environment. The GAISS,
initially designed for the university’s 2020 graduate open house, was chosen as the case
study to ascertain this. Integrating sustainable practices at each development lifecycle
phase was the primary objective when designing the GAISS, which aimed to combine
conventional and sustainable RAD processes. The approach entailed delineating precise
sustainable objectives, such as enhanced resource utilization and decreased energy con-
sumption, and executing these objectives via extended Agile methodologies, augmented
with an aspect-oriented framework and layered architecture. This methodology enabled the
research to examine numerous hypotheses on architectural flexibility and energy efficiency
within a rigorously controlled setting. By comparing real-world performance metrics with
anticipated results, the POC approach furnished concrete data regarding the advantages
and difficulties of implementing the ALAI framework. This approach validated the research
model and presented concrete evidence of the framework’s flexibility and scalability in
broader software development contexts.

A comprehensive research framework and methodology for sustainable software
development is depicted in Figure 1. After identifying the research problem and objectives,
this iterative procedure proceeds to construct the ALAI framework, an extension of Agile,
along with the integration of layering and AOF methodologies. In the third phase, an
educational system case study is chosen to illustrate the practical implementation of the
ALAI framework. After completing system design and implementation, data collection and
analysis are conducted utilizing log files from the Microsoft IIS server. Conventional Agile
methodologies are contrasted with the sustainable Agile approach implemented in GAISS
through a comparative analysis. The resolution of challenges and adjustments demonstrates
the iterative characteristic of Agile methodologies. The research cycle concludes with the
research model’s validation and assessment.
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Figure 1. Overview of research methodological steps.

3.2. Graduate Admission Information System Services (GAISS)

GAISS is not just a digital infrastructure for academic establishments, but a significant
advancement in managing graduate admissions. Its creation was driven by the need to
optimize and enhance the administrative procedures associated with graduate applications.
Since its inception, GAISS has proven to be a crucial tool in managing graduate admissions,
adapting to the changing technological landscape and the evolving needs of academic
institutions.

In 2019, the COVID-19 pandemic profoundly influenced GAISS. The university re-
mained closed in response to the outbreak. Consequently, graduation admission must be
accessible around the clock, and services must continue to operate even when the university
is closed. Before 2020, the inception of GAISS can be traced back to a goal of substituting
labor-intensive, paper-based admission procedures with a digital alternative that is more
dependable and efficient. At its inception, the system prioritized fundamental data process-
ing and storage capabilities to efficiently manage graduate applications, student records,
and administrative duties. The primary objective of the early revision was to alleviate
personnel administrative workload and mitigate the frequent errors that arise from manual
data processing. In March 2020, with the increasing integration of digital technologies and
the internet into educational administration, GAISS extended its features to encompass
a web-based application system known as the preadmission application system. This
transition enhanced the ease of access to information for administrators and applicants
and implemented primary e-services platforms to aid in advancing graduate programs’
educational goals, particularly in recruiting graduate students. As mentioned earlier, the
improvements were essential in augmenting the system’s versatility, adaptability, and
user-friendliness, expanding its functionalities beyond data processing.

The development of GAISS has become increasingly intricate over time, encompassing
multiple functions and platforms, necessitating the consideration of numerous data and
stakeholder concerns. The augmented demands of the preadmission application system
within the student information system presented design layout challenges for several
redundant workflows and user interfaces. Furthermore, GAISS has recently implemented
additional services, chatbots, and decision workflows, in addition to cloud computing and
mobile technology, which are examples of more advanced technologies that have been
integrated. Every successive technological development has substantially broadened the
functionalities of GAISS. An example of how the implementation of cloud computing
enhanced the system is in its increased scalability and accessibility, which enabled admin-
istrators and students to access the system from any location and facilitated a seamless
integration with other digital platforms. Incorporating supplementary services has en-
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hanced the capabilities of GAISS, facilitating more robust data analytics and information
system services for faculty and students. These enhancements are important in optimizing
the decision-making processes associated with graduate admissions. The development
teams have redesigned the GAISS to facilitate complex tasks, primarily by reducing the
software design and development phases. Additionally, the ALAI framework addresses
sustainability concerns in the GAISS through its layered architecture. The system’s layered
architecture facilitates adaptability and flexibility in response to evolving technological
advancements, student demands, and educational policies. This approach exemplifies
the necessity for scalable solutions, as it can efficiently manage substantial quantities of
data and user inquiries during periods of high demand. GAISS also necessitates improved
sustainability and system maintainability, including simplified updating and maintenance,
decreased maintenance expenses, and enhanced software sustainability.

GAISS, which was developed utilizing ALAI software, currently functions as an all-
encompassing platform for administration and academic purposes. It supports various
functions, such as profiling faculty and students, facilitating course registration and pay-
ment, and monitoring performance. The perpetual development of this system serves as
evidence of the persistent dedication to adjusting to technological progress and fulfilling
the escalating requirements of contemporary educational settings. The GAISS system has
emerged as an essential instrument in the management of graduate programs, substantially
augmenting the operational efficiency and efficacy of the graduate admission procedure,
as well as continuous student oversight. Figure 2 provides a succinct chronology of the
software development process for GAISS, spanning various generations, emphasizing
significant functionalities, constraints, technological progressions, and the consequences of
these developments. GAISS serves as a tangible illustration of ALAI in action, showcasing
the advantages of this pioneering methodology for overseeing sustainable, scalable, and
complex systems.

Figure 2. The development time series of GAISS.

3.3. Implementation of GAISS in Traditional Agile Software Development

The implementation of GAISS utilizing conventional Agile software development
methodologies is depicted in Figure 3. The iterative process effectively adjusted to the
system and its users’ changing requirements. The implementation and success of GAISS
were significantly influenced by Agile’s emphasis on user feedback, particularly in the face
of unprecedented obstacles and swift technological advancements such as the COVID-19
pandemic.
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Figure 3. GAISS-utilized traditional Agile software development.

Figure 3 depicts the previous development for GAISS, which employs conventional
Agile software development methodologies.

• Initial planning and requirements gathering: The Agile methodology, a collaborative
approach, was initiated with a comprehensive planning phase. Key stakeholders,
including faculty, administrators, and IT personnel, played a crucial role in these
deliberations. Their active participation helped to define the fundamental function-
alities essential for the GAISS. These functionalities ranged from basic data storage
and processing to more complex requirements such as web access and e-services for
student recruitment. During these sessions, the Agile team meticulously documented
user stories and created a backlog of prioritized features based on their significance
and impact.

• Sprint planning and development cycles: The GAISS development team, guided by
Agile principles, established a clear hierarchy of priorities. Each sprint began with a
planning meeting, where tasks were assigned from the prioritized backlog. The team
operated in two-week cycles, allowing for gradual progress and continuous evaluation
of the project’s direction. The Agile methodology’s adaptability was particularly
valuable during this phase, especially when dealing with the sudden shift to remote
access requirements due to the pandemic.

• Continuous integration and testing were essential components of the Agile method-
ology to guarantee the system’s stability during development and to ensure that
newly added features were compatible with existing functionalities. By employing
automated testing scripts, every new module or update was rigorously tested, en-
abling the team to address any issues that arose promptly. By conducting continuous
testing, GAISS was able to preserve a superior standard of quality and functionality,
thereby circumventing the drawbacks associated with conventional waterfall software
development methodologies that postpone testing until project completion.

• Iteration and feedback loops: The Agile framework is renowned for its iterative process
and its reliance on user feedback. Throughout the development of GAISS, end-user,
and stakeholder feedback was consistently collected and incorporated. This feedback
played a pivotal role in shaping subsequent sprints, allowing the development team to
make real-time system adjustments. For instance, in response to initial users’ feedback
on the usability of the web-based access, the development team could promptly
prioritize these modifications in the next sprint.
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• Software deployment commenced once the GAISS had been gradually implemented
among the user base after the validation and optimization of its fundamental func-
tionalities. Agile’s emphasis on continuous delivery made the controlled deployment
of the system possible; necessary adjustments were implemented in response to user
interactions and system performance.

• Continual maintenance: The Agile methodology continued to influence GAISS’s main-
tenance phase after deployment. System evolution was facilitated by incorporating
periodic updates and optimizations during additional sprints, which responded to
emerging demands and technological developments. Agile frameworks enabled the
project to maintain adaptability, user-centricity, and resilience in swiftly evolving
external circumstances.

3.4. Data Collection

This research aims to compare the energy efficiency of two GAISS models, one of
which was constructed utilizing the conventional Agile model and the other through the
ALAI framework. Both models are deployed on Microsoft IIS web servers, which are robust
and widely utilized in enterprise environments, as part of the data collection procedure.
A significant volume of data was collected for 825 days, starting on 10 February 2022 and
ending on 15 May 2024. This data, collected from real-world scenarios, enabled a compre-
hensive analysis of the systems through a unified student-list webpage, adding practicality
and relevance to the research. An ordinary undertaking demonstrated the efficacy of each
approach. The system accessing log files comprises non-relational store data, including the
following: date, time, operating system, location, web type, IP address, speech of access,
and time of access. The data for this investigation, centered on energy measurements, were
computed using the time access per second on web access for student lists. Integrated
tools with the MS IIS web server were utilized to monitor energy consumption during
the development and operation of the software. Preparations are underway to analyze
the data collected during this period to compare the energy efficiency of the two software
development models. The rigorous data collection methodology employed in this study
guarantees an accurate evaluation of the impact of the ALAI framework compared to
traditional Agile approaches on energy consumption. This data establishes a solid basis for
identifying which methodologies might significantly enhance operational efficiency and
sustainability in software development.

3.5. Comparative Analysis Methodology

Given their pivotal role in software engineering, the ALAI and GAISS models demand
a thorough investigation to truly grasp their influence on software operations’ flexibility
and energy efficiency. This evaluation will delve into energy usage, architectural flexi-
bility, and system performance. Energy efficiency criteria encompass a range of factors,
including increased energy usage, energy per transaction or user session, and total energy
consumption throughout the development and operation phases. The level of architec-
tural flexibility is gauged by the ease of implementing changes and the impact on system
services. A system’s energy consumption over time and its ability to adapt its software
to new requirements with minimal revision are key indicators of sustainability. To gauge
the significance of the observed differences between the two development methodologies,
statistical analysis is imperative. Descriptive and inferential statistics are employed to
determine the significance of the disparities and provide a succinct data summary.

The authors adopt a unique, systematic approach that blends theoretical analysis and
empirical investigation to authenticate the effectiveness and efficiency of the ALAI method-
ology. To establish ALAI’s credibility, a comprehensive research strategy is deployed,
spanning multiple phases, which includes the collection and analysis of both qualitative
and quantitative data. This study aims to evaluate ALAI’s impact on software development,
with a focus on key performance indicators, such as energy conservation and integration of
servicing development into the system.
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The comparative analysis offers a comprehensive synthesis of the qualitative assess-
ment findings, providing a complete view of the ALAI framework’s advantages over
traditional Agile methodologies. This analysis involves integrating the results of statistical
tests with insights gleaned from qualitative data, such as users’ and developers’ perspec-
tives on system flexibility and maintenance needs. The aim of this comprehensive analysis
is to identify patterns and trends that shed light on how one methodology can outperform
another in specific areas, such as system flexibility or energy efficiency.

As demonstrated by Equations (1) and (2), the ALAI framework’s influence on energy
consumption during software design and development is quantified using a combination
of metrics and factors. This approach provides a clear and quantifiable measure of the
ALAI framework’s impact, enhancing the readers’ understanding of its relevance to the
research.

ALAI Energy Impact = Energy Traditional − Energy ALAI (1)

where: Energy Traditional is the energy consumption of a similar software system devel-
oped using traditional methodologies without the ALAI framework.

Energy ALAI is the energy consumption of a software system developed using the
ALAI framework.

Energy per accessibility = Average accessibility processing time ×
Average Energy use per access

(2)

where: Average accessibility processing time is the total average time to process a single
accessibility request on the web application. This time is typically measured in seconds
or milliseconds and represents the duration from when a request is initiated until the
application completes the request.

Average energy use per access is the average amount of energy consumed by the
web application to handle a single access or request. The unit is usually measured in
watt-seconds (watts) or joules, as both these units denote energy used over a period.

Equation (1) calculates energy consumption differences between ALAI-based and
non-ALAI systems. Positive values indicate lower energy consumption from the ALAI
framework, while negative values indicate higher energy consumption. To ensure accurate
measurements, this study uses a range of metrics including power usage (watts), CPU
utilization (percentage), memory usage (megabytes), network traffic (kilobytes per second),
and system efficiency (transactions per watt). These metrics, collected using software and
hardware monitoring tools, sensors, and energy meters, form the basis of our findings.

4. Results and Discussion

This section presents the results and discussion, focusing on implementing sustainable
practices in software development and architectural design for sustainability and flexibility.
This section analyzes the empirical data collected from GAISS, highlighting the energy
efficiency and performance improvements achieved through the ALAI framework. The dis-
cussion not only delves into the practical benefits of integrating sustainability into software
development but also inspires and motivates by comparing the traditional Agile approach
with the ALAI methodology and offering insights into the challenges and adaptations
necessary for implementing such frameworks.

4.1. Implementation of Sustainable Practices in Software Development

Significant changes have occurred in recent decades concerning the evolution of
educational technology, specifically in the development of administrative and academic
systems. These changes have been primarily caused by the ongoing progress of technology
and the growing sophistication of educational operations. At the outset, educational
systems employed conventional Agile methodologies, which, although groundbreaking,
frequently required assistance with scalability, flexibility, and adaptability on account
of the time-consuming nature of manual processes. The constraints were substantial as
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academic establishments demanded increasingly sophisticated functionalities to manage
the expanding variety of service modalities and complex operational requirements. With
its emphasis on scalability, adaptability, and flexibility, the ALAI methodology presents a
potentially viable resolution to these obstacles.

As a reaction to these obstacles, educational system software development initiated
the integration of more sophisticated methodologies, including aspect orientation and
layering approaches. The ALAI methodology, which serves as a promising framework for
this investigation, symbolizes a paradigm shift, as depicted in Figure 4. The framework
expands upon conventional Agile software development methodologies by integrating
sustainability considerations, which are critical for contemporary systems that prioritize
rapid development, high modularity, and energy efficiency. The ALAI methodology merges
Agile methodologies, the AOF, and layering techniques focusing on rapid development
and reusability. This theoretical framework is not just a promising solution, but one that is
highly compatible with stakeholders’ requirements in educational environments, providing
a sense of reassurance about its suitability.

Figure 4. ALAI software development methodologies, an extended Agile software development.

The AOF further improves the capability of software development by enhancing the
separation of concerns. Consequently, distinct facets of the software are managed in isola-
tion, including data management, user interface development, and security, particularly
on ISO27001:2013, Information Security Management System. This architecture facilitates
comprehension and modification of the system. As supported in [2], the framework en-
ables increased modularity by effectively isolating cross-cutting concerns from the core
business logic, facilitating more flexible and manageable system modifications in response
to emerging requirements. In contrast, the layering methodology applies well-defined
levels of accountability to architectural applications, resulting in enhanced organizational
understanding, scalability, and maintainability of the systems. As an illustration, alterations
to the user interface layer do not impact the data management layer, thereby enhancing the
adaptability and maintenance simplicity of the system. The structural method contributes
to the development process’s effectiveness and efficiency and guarantees system services’
sustainability and continuity.

By implementing the preadmission application system with the ALAI methodol-
ogy, the university can construct information systems that are more robust, flexible, and
adaptable. However, it is essential to note that ALAI methodology implementation may
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necessitate substantial modifications to the current software development processes and
may subject the development team to a learning curve. Developed with your requirements,
these systems are adaptable to current demands and resilient enough to adapt to future
technological advancements and alterations in organizational requirements. By adopting
this all-encompassing strategy, academic establishments can efficiently utilize their digi-
tal infrastructure to improve administrative and academic operations while adhering to
sustainable software development tenets.

The ALAI methodology, a unique blend of Agile development, layered software
architecture, and AOFs, is meticulously designed to create flexible and eco-friendly complex
software systems. This innovative approach, depicted in Figure 4, kicks off with a crucial
initial stage of planning and requirements analysis. Here, stakeholders collaborate to define
objectives, system requirements, and sustainability goals, such as durability and energy
efficiency. This stage lays the groundwork for a comprehensive requirement backlog that
ensures a successful software development project by prioritizing the establishment of
specific, actionable requirements.

After the requirement gathering, the ALAI methodology moves into the layered
architecture phase. This stage organizes the system into logical layers, each with a specific
purpose, such as data access, business logic, or presentation. This approach not only
enhances modularity and simplifies system maintenance but also promotes scalability and
future modifications, significantly enhancing the system’s sustainability.

In the Incorporating AOF phase, which follows architectural design, cross-cutting
concerns, including transaction management, logging, and security, are isolated from the
business logic. Separating these concerns into separate modules or aspects prevents them
from interfering with the primary functionalities. As a result, maintainability is enhanced,
and the likelihood of encountering bugs during iterative development phases is diminished.

Subsequently, the ALAI methodology advances towards sprints and iterative develop-
ment following Agile principles. In this methodology, the development process is divided
into sprints during which specific features are created, tested, and evaluated under stake-
holder and priority feedback from previous sprints. This component guarantees that the
software undergoes ongoing development and swiftly adjusts to emerging requirements to
fulfill their ever-changing requirements.

The experiments employ rigorous testing methods, whether manual or automated,
throughout the continuous integration and testing development phases to ensure early
detection of integration issues and consistent software quality. Continuous testing is
essential in maintaining software quality and detecting defects early, thereby instilling
confidence in the software’s integrity.

The ALAI methodology enters a crucial phase after development, where stakeholder
involvement is key. The software is deployed in a staging environment during the sys-
tem deployment phase to facilitate stakeholder evaluation. This stage serves as a vital
platform for gathering stakeholder feedback, which is then incorporated into subsequent
development sprints. By ensuring that the software consistently meets user requirements
and aligns with long-term sustainability goals, this iterative feedback loop underscores the
importance of stakeholders in the software’s success.

Ultimately, the software’s functionality and current status are preserved through
the continuous maintenance and evolution stage. The streamlined structure and distinct
compartmentalization of components enable more convenient updates and alterations that
do not require substantial redeployment, enhancing the system’s enduring durability and
flexibility.

This methodology satisfies the constantly shifting demands of contemporary soft-
ware development. It guarantees that the developed systems are resilient, flexible, and
environmentally friendly, per the objectives delineated in the ALAI methodology.
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4.2. Architectural Software Design for Sustainability and Flexibility

The GAISS architecture, meticulously designed to cover all aspects of the system,
instills confidence in its efficiency and sustainability. Each layer fulfills a distinct purpose,
ensuring the system operates in an environmentally friendly and streamlined manner from
its very inception. The user interface, which interacts with end-users, and the hardware
that powers the system are both part of this comprehensive design. The sustainability
dimension of the GAISS architecture is underscored in Figure 5, emphasizing its inception
to promote efficiency, flexibility, and sustainability.

Figure 5. Architectural software design for sustainability and flexibility.

The hardware layer of GAISS, a fortress composed of necessary physical components,
plays a crucial role in promoting sustainability. The graphics processing unit (GPU) handles
all graphics-related operations, while the central processing unit (CPU) acts as the system’s
brain. Networking components, such as switches and routers, ensure the smooth trans-
mission of data. Most importantly, the power supply unit provides the electrical energy
required by all hardware components. GAISS’s commitment to diminishing operational
impact and promoting sustainability is evident in its emphasis on energy-efficient models.

In the GAISS system, the system design utilizes cloud technologies at the hardware
abstraction layer (HAL) to facilitate the elastic scaling of resources such as storage and
processing power. The system’s elasticity enables it to adjust to fluctuating loads without
requiring modifications to its physical hardware. Hardware monitoring tools are integral
to this layer, furnishing instantaneous insights into tangible devices’ operational status and
health. These tools are crucial in preserving system dependability and optimizing energy
consumption. An additional pivotal element is the implementation of virtual machines
(VMs). VMs provide a flexible environment by enabling the concurrent operation of
multiple instances of operating systems on a single physical machine. This feature improves
the flexibility and utilization efficiency of the hardware resources, thereby enhancing the
overall efficiency of the GAISS architecture.

In the GAISS architecture, the software system layer comprises the operating systems
responsible for hardware resource management and service provision to the executing
software. As an illustration, database management systems (DBMS) are essential in storing,
retrieving, administering, and manipulating data. They ensure the security and integrity of
data. In contrast, network operating systems (NOS) are focused exclusively on managing
network connections. Drivers enable communication between hardware devices and
the operating system. Utility software offers a system’s supplementary functionalities,
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including system monitoring, data backup, and security services. These are indispensable
for the GAISS architecture to preserve system integrity and operational efficiency.

The middleware/service layer in the GAISS architecture comprises several critical
components. Backup systems, for instance, are crucial in guaranteeing data integrity and fa-
cilitating recovery operations. MS IIS servers, on the other hand, are responsible for hosting
web applications and processing requests, contributing significantly to the scalability and
security of web services. Containers, as an alternative to VMs, encapsulate an application
and its dependencies within a portable runtime environment, facilitating operations related
to scaling and deployment. Service-oriented architecture (SOA) components in this layer
facilitate the decomposition of applications into more minor, seamlessly integrable services,
enhancing flexibility and reusability within the GAISS framework.

The sustainability layer in the GAISS architecture is a testament to our dedication
to promoting sustainable energy efficiency. Situated in a critical intermediary position
between the functional and aspectual layers and the middleware/service layer, this stra-
tum integrates sustainability principles into the operational middleware services and the
fundamental business logic of the application. By consistently enforcing energy-efficient
practices and sustainability metrics throughout the upper layers of the architecture, the
sustainability layer guarantees the integration of sustainability principles into the system’s
day-to-day operations. It does more than just energy consumption optimization; it utilizes
advanced algorithms and predictive analytics to dynamically modify resource allocation
and anticipate forthcoming loads, thereby improving the efficiency and preparedness of
the system. It works with the hardware abstraction layer to guarantee the most efficient
utilization of cloud and virtual resources, thereby minimizing wastage and encouraging
the adoption of renewable energy sources whenever feasible. Furthermore, it oversees the
system’s compliance with regulatory standards and environmental objectives, accounting
for sustainability reporting and facilitating green IT practices such as electronic waste
recycling. By employing these all-encompassing tactics, the sustainability layer motivates
us to achieve our CSR objectives and positions us to control operational expenses while
complying with rigorous environmental policies more effectively; thus, it strengthens our
dedication to sustainability throughout our business.

The functional and aspectual layers in the GAISS architecture fulfill separate objectives.
For example, the functional components manage the fundamental business logic unique
to GAISS. This layer includes application management, payment processing, and user
data management. Conversely, the aspectual components, which employ aspect-oriented
programming methodologies, tackle issues that transcend various application domains.
These concerns include logging, error handling, security, and transaction management. The
aspectual components enhance the enterprise logic’s maintainability and overall efficiency
of the GAISS architecture by consistently attending to these concerns without introducing
chaos.

The integration business logic layer in the GAISS architecture is where the functional
and aspectual components interlace, creating a unified and effective system. This inte-
gration promotes seamless functioning and upkeep by ensuring that every facet of the
application logic is coordinated and efficiently controlled.

The data access layer in the GAISS architecture is critical in connecting the business
applications to the physical databases. Its principal obligation is to guarantee the effective
retrieval and storage of data. The data access layer in the GAISS architecture is critical in
connecting the business applications to the physical databases. Its principal obligation is to
guarantee the effective retrieval and storage of data. The data access layer accomplishes
this by optimizing user experience and interaction across multiple platforms and devices,
which is crucial. This layer mitigates energy usage associated with client-side processing by
implementing streamlined coding techniques to reduce data transfer and load times. Prior-
itizing user-friendliness enhances the overall user experience and demonstrates efficiency
in design.
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In conclusion, the interface layer serves as the gateway through which users interact
with GAISS. Under its intuitive and responsive design, this layer embodies our unwavering
commitment to user-centric design. By optimizing user experience and interaction across
multiple platforms and devices, we ensure our users feel valued and attended to. Addition-
ally, this layer plays a crucial role in mitigating the energy usage associated with client-side
processing by implementing streamlined coding techniques to reduce data transfer and
load durations. By prioritizing user-friendliness, we not only enhance the overall user
experience but also demonstrate respect for the time and effort of our users.

4.3. Challenges of Flexibility and Adaptations

The ALAI methodology is a practical approach that enables software developers to
augment the flexibility and adaptability of their systems, transcending its status as a mere
theoretical concept. Through its focus on these fundamental prerequisites, ALAI theory
offers a pragmatic structure for developing flexible software for evolving technologies and
needs. In this analysis, the result shall explore the specific ways in which ALAI tackles the
concepts of flexibility and adaptability:

One of the key benefits of ALAI is its intuitive methodology for separating concerns.
The ALAI AOF empowers developers to modify or enhance specific system components,
such as those for data access, searching, updating, deleting, sorting, logging, and error
handling, without impacting the core application logic. This decoupling of components not
only simplifies code management but also increases the system’s flexibility. Developers can
make changes to a single component without worrying about the impact on others, thereby
reducing the fear of causing system-wide disruptions.

Flexibility is not just a possibility, but a reality with ALAI’s layered architecture
approach. This approach partitions the application into individual layers (e.g., presentation,
business logic, data access), each provided with a unique set of responsibilities. The
separation enables modifications or updates to be implemented in a single layer without
impacting the operation of the remaining layers. As an illustration, modifications to the
presentation layer can be implemented without causing any disruption to the business
logic or data access layers, thereby not just enhancing, but revolutionizing the efficiency
and flexibility of the development process. Flexibility is a key aspect of ALAI, and it is
achieved through the utilization of Agile methodologies. These methodologies, including
iterative development, ongoing feedback, and task prioritization, are at the core of ALAI.
They enable swift modifications to a project’s scope, features, and priorities. In a recent
project, the study was able to substantially modify stakeholder demands while ensuring
uninterrupted development. The ability to adapt to evolving stakeholder demands and
market circumstances is crucial, as it allows the development process to adjust as necessary
without encountering significant obstacles.

Adaptable development cycles are capable of fostering adaptability. The ALAI com-
ponents guarantee a responsive and adaptable development process by implementing
periodic reviews and adjustments after each iteration. Adaptability is paramount in evolv-
ing the product under emerging trends and user feedback. A modular design is facilitated
by the AOF and the Layering principle, which entails encapsulating components or func-
tionalities within discrete modules or aspects. As an illustration, the AOF facilitates the
encapsulation of cross-cutting concerns. In contrast, the Layering principle assigns distinct
responsibilities to each layer, enhancing the system’s flexibility in response to evolving
technologies or requirements.

Figure 6 shows that Agile and ALAI methodologies in the services portal substantially
improve flexibility and adaptability.
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Figure 6. Portal figure of GAISS.

This is exemplified by the Agile-driven Preadmission system, which promotes rapid
change adaptability—a critical attribute for systems that necessitate ongoing updates in
response to evolving university policies or user feedback. By employing traditional Agile
methodology, the Preadmission system can be rapidly adapted to accommodate evolving
requirements without requiring substantial redevelopment. On the contrary, alternative
services such as GradAdmission and GE Document derive advantages from the ALAI
methodology, a robust implement that integrates the extended Agile with improved archi-
tectural flexibility via AOF and layering. By enabling system developers to independently
modify or expand individual layers, including business logic, presentation, and data access,
this approach enhances the flexibility and scalability of the system, as illustrated in Figure 7.

Figure 7. Student-list webpage using Agile, on the left, and ALAI, on the right.

AOF, a cornerstone of the ALAI methodology, is essential in preserving an integrated
and unified user experience throughout the portal. This architecture enables the creation
and ongoing management of cross-cutting features such as logging and security to be
conducted independently, thereby preventing any disruption to the fundamental opera-
tions of the application. This architectural framework enables the iterative development of
every service, encompassing Open House applications and Student Information Systems,
following technological advancements and user feedback. Consequently, it establishes a
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solid basis for ongoing enhancements. This approach provides customized capabilities to
meet particular requirements, such as disseminating knowledge or managing complex doc-
uments. Additionally, the ALAI methodology substantially improves system availability,
user satisfaction, and service delivery.

The GAISS architecture exhibits the capabilities of the ALAI and Agile methodologies.
The fundamental components of the system, namely the hardware and hardware abstrac-
tion layers, guarantee scalability and operational autonomy from particular hardware
configurations. This attribute is significant for accommodating expansion and technologi-
cal advancements without requiring comprehensive system redesigns. The software system
and middleware layers are critical components in facilitating the distributed services of
the system by ensuring secure and efficient data communication and resource manage-
ment. Through modular design and separation of concerns, the application framework and
business logic layers enable rapid development and effortless adjustment to the evolving
requirements. AOF is primarily used to handle cross-cutting concerns such as logging and
security independently of the leading business logic.

The GAISS architecture is designed to optimize system performance in high-demand
environments. The data access layer, a critical component, is responsible for optimizing
database interactions, thereby enhancing system efficiency. The user interface, or UI, layer,
on the other hand, prioritizes providing an intuitive and responsive user experience cus-
tomized to suit the requirements of various user demographics. By meticulously structuring
the layers, the current functionalities are supported, and the system is guaranteed to be
prepared for future technological advancements and alterations in user requirements, such
as dynamic multi-language support [92]. By incorporating Agile and ALAI methodologies
into various services such as Preadmission, GradAdmission, and KM Knowledge, the
system can be dynamically flexible to evolving educational policies and user input. This
strategic approach ensures the scalability and resilience of the system. The flexibility and
adaptability of the portal are ensured, allowing each service to effectively fulfill particular
requirements while preserving a unified and consistent user experience. ALAI arms the
system against forthcoming technological developments and shifting user demands by
enabling a clear separation of concerns and a modular architecture. The architectural
design considers future needs and facilitates effortless adaptation, ensuring the software’s
durability and continued applicability.

4.4. ALAI vs. Agile Software Development

In this section, the quantitative results are presented. Within the rapidly evolving
domain of software development, selecting a methodology can profoundly affect the
longevity, effectiveness, and flexibility of software projects. Both the ALAI methodology
and conventional Agile approaches present unique benefits and obstacles. Therefore, devel-
opers must thoroughly understand these distinctions before determining their following
actions. In order to facilitate comprehension, Table 6 presents an exhaustive comparison
between ALAI and conventional Agile spanning multiple facets, including but not limited
to the following: concept, procedural aspects, sustainability considerations, adaptability,
modularity, software architecture, constraints, benefits, and appropriateness for projects
of varying scales. This brief and comprehensible comparison aims to underscore how
each methodology tackles the complex issues of contemporary software development and
corresponds with particular project specifications. This aids critical players in determining
which approach is most suitable to address their specific development requirements.
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Table 6. Comparison between ALAI vs Agile software development.

Criteria ALAI Methodology Traditional Agile

Concept

Integrates Agile practices with layered
architecture and aspect-oriented programming to
enhance sustainability, flexibility, and modularity
in software development.

Focuses on iterative development and
continuous feedback to quickly adapt to changes
and deliver functional software rapidly.

Steps

Includes stages such as initial planning,
designing layered architecture, incorporating
aspect-oriented programming, iterative
development sprints, continuous integration and
testing, and feedback loops.

Involves continuous iterations of planning,
coding, testing, and reviewing within set time
frames (sprints), focusing heavily on user
feedback and rapid delivery of features.

Sustainability Concerns

Explicitly addresses sustainability by optimizing
for energy efficiency and resource management
through design and architecture choices, such as
separating cross-cutting concerns and creating
efficient layers.

Sustainability is not a primary focus, though
Agile practices of minimizing waste and
focusing on necessary features indirectly support
sustainable development.

Flexibility

High flexibility achieved by separating concerns
using aspect-oriented programming and by
using a layered architecture, which allows easy
updates and scalability without extensive
system-wide modifications.

Agile is inherently flexible due to its iterative
nature and responsiveness to change but lacks
specific structural mechanisms for handling
large-scale modifications easily.

Modularity

Promotes modularity through the use of layered
architecture and aspect-oriented programming,
which isolates different functionalities and
cross-cutting concerns into separate, manageable
sections.

Modularity depends on the team’s approach to
software design and is not specifically dictated
by Agile methodologies; often, modularity must
be consciously implemented.

Software Architecture

ALAI mandates a specific software architecture
approach by incorporating layers and aspects to
systematically manage complexity and improve
maintainability.

Traditional Agile does not prescribe a specific
architecture; it allows teams the flexibility to
choose the architecture that best suits their
project needs.

Limitations

ALAI can be complex to implement due to the
need for specific expertise in aspect-oriented
programming and understanding of layered
architecture. It may also require more initial
planning and setup time.

Traditional Agile might struggle with large,
complex systems where changes have broad
impacts, and can suffer from lack of long-term
planning and potential for accumulating debt.

Advantages

ALAI provides a structured framework that can
handle complex, scalable projects more
effectively, with clear separation of concerns that
enhances maintainability and allows targeted
optimizations.

Agile offers high adaptability, rapid
development cycles, and strong stakeholder
engagement, which can lead to high customer
satisfaction and immediate problem resolution.

Project size Scalable and can be adapted for both small and
large projects.

Typically, more suited to smaller- to
medium-sized projects due to the intensive
nature of prototyping.

4.5. Descriptive Analysis

A comprehensive evaluation of the energy consumption of the student-list webpage
is necessary for comprehending the effectiveness and efficiency of this critical element
within the GAISS. This segment provides an extensive analysis of the log file information
gathered from the MS IIS server, specifically emphasizing crucial metrics, including the
frequency of accesses, duration of responses, volumes of data transfers, and distribution
of users, as shown in Table 7. The authors aim to identify patterns and trends that impact
energy consumption by analyzing these qualities. Furthermore, this study investigates the
consequences of many variables, such as session durations, HTTP status codes, and user
agents, on the overall energy efficiency of the student-list webpage. The present analysis
offers significant insights into the operational dynamics of the webpage, shedding light on
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potential optimization areas that could not only improve energy efficiency but also enhance
system performance, leading to a more sustainable and effective operation.

Table 7. Descriptive data for quantitative analysis.

Metric Description Value

Prospective students

2022 355

2023 1073

2024 250

Registered Students

2022 319

2023 1054

2024 247

System Users

Super Users 3

Department Administrators 74

Users 9

Access Metrics
Total Number of Accesses 946,103

Frequency of Access (Daily Average) 1213

Access Methods

POST 460,929

GET 424,901

HEAD 57,344

OPTIONS 2815

PUT 58

Performance Metrics

2022 Average Response Time (ms) 699.2

2023 Average Response Time (ms) 732.5

2024 Average Response Time (ms) 416.2

URL Path (Top 5)

/GradAdmission/RegisterList.aspx 121,080

/LabelGen.ashx 110,778

/admin/ManageScholarship.aspx 73,046

/Admin/ManageAdmincourse.aspx 72,779

/Admin/ManagePersonalResearch.aspx 60,741

Accessing User Metrics
Unique Users (IP addresses) 5019

Top Geographical Locations (Singapore, Null,
U.S.A, Thailand, Japan, China) 49

HTTP Status Codes

Successful Requests (200) 442,013

Client Errors (4xx) 241,775

Server Errors (5xx) 166,599

Redirection 95,716

User Agent Browser (Top 5)

Chrome 109.0.0 291,193

IE 7.0 258,632

Null 50,115

Chrome 114.0.0 31,336

Chrome 108.0.0 28,418
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Table 7. Cont.

Metric Description Value

Mobile Device (Top 6)

Other 852,607

Null 50,113

XiaoMi 11,539

Spider 9761

Mac 8504

iPhone 7129

OS (Top 5)

Windows 10 526,445

Windows XP 260,644

Null 50,115

Windows 7 43,346

Android 10 11,473

Energy Consumption Metrics

Average Energy Consumption per Request (Joules) 278

Average Energy Consumption per ALAI Request
(Joules) 248

Average Energy Consumption Idle (Joules) 203

From February 2022 to May 2024, the descriptive analysis of the student-list webpage
yields vital information regarding its energy consumption, performance metrics, and usage
patterns. The data indicates a substantial variability in the number of prospective and
enrolled students, with noticeable increases in 2023 and decreases in 2024. The variability
in question highlights the significance of the webpage and its influence on user conduct.
The system facilitates a methodical arrangement of super users, department administrators,
and regular users, emphasizing the application’s administrative nature. The data reveals
significant user engagement, with an average of 1213 daily accesses, predominantly via
POST (used to send data to the server) and GET (used to request data from the server)
requests. The results indicate clear enhancements in performance, as the mean response
times exhibit a substantial reduction from 732.5 milliseconds in 2023 to 416.2 milliseconds
in 2024. The most frequently visited web addresses, including those for registration and
administrative management, underscore the fundamental features that users employ.

With more than 5000 unique IP addresses and substantial international access from
Singapore, the United States, and Thailand, the user metrics indicate a diverse user base.
The HTTP status codes indicate many successful requests in addition to many client and
server errors, thereby indicating a conspicuous area for enhancement. According to browser
and device data, Chrome is the most frequently used browser, and mobile device usage is
diverse, necessitating broad compatibility. The findings of the energy consumption analysis
reveal that the mean energy consumption per request is 248 watts, while idle periods
consume an average of 203 watts. This energy consumption underscores the criticality of
optimizing both active and idle energy usage. It is crucial for the overall efficiency and
sustainability of the system to be improved, emphasizing the urgency and importance of
our role. The combined insights presented above offer a thorough comprehension of the
operational dynamics and motivate us to investigate possible optimization strategies for
the student-list webpage.

4.6. Analysis Results

The quantitative analysis provides a detailed quantitative analysis of Agile and ALAI
software development methods used for the GAISS, focusing on key metrics such as the
number of accesses, average time taken, total time taken, and energy consumption for each
month from 2022 to mid-2024. Notably, as illustrated in Table 8, the data results reveal
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significant variations in system usage and performance, with peaks in access numbers,
particularly in July and August 2022, and April 2023, reflecting periods of high demand.
Average response times generally improve over the years, with 2024 showing better per-
formance compared to previous years. This improvement is evident from the reduced
average response times and total time taken for page loads, suggesting successful optimiza-
tion efforts. The energy consumption comparison between Agile and ALAI frameworks
highlights the latter’s superior efficiency, with consistently lower energy usage across all
recorded months. For instance, in April 2023, Agile methods consumed approximately
122,888,159.03 watts, while ALAI consumed significantly less at 109,626,846.90 watts. This
trend of lower energy consumption with ALAI persists throughout the data, underscoring
the framework’s effectiveness in enhancing energy efficiency. These insights collectively
indicate that the adoption of the ALAI framework not only improves performance metrics
but also contributes to substantial energy savings, making it a more sustainable choice for
system development.

Table 8. Monthly accesses, average response times, total time taken, and energy consumption for
Agile and ALAI frameworks in GAISS from February 2022 to May 2024.

Year Month Accesses
(Times)

URL
Student List

Average Time
Taken (ms)

Total Time
Taken (s)

Agile Energy
(watts)

ALAI Energy
(watts)

2022

February 19.00 - 791.10 15.03 4178.59 3727.66

March 118.00 - 1346.50 158.89 44,170.59 39,403.98

April 124.00 - 181.70 22.53 6263.56 5587.64

May 6.00 - 222.50 1.34 371.13 331.08

June 1841.00 297.00 275.20 506.64 140,846.81 125,647.51

July 12,861.00 3936.00 2240.10 28,809.93 8,009,159.46 7,144,861.67

August 22,325.00 6336.00 440.80 9840.86 2,735,759.08 2,440,533.28

September 8598.00 2345.00 851.60 7322.06 2,035,531.79 1,815,870.09

October 4603.00 1113.00 489.80 2254.55 626,764.73 559,128.25

November 18,700.00 5773.00 355.70 6651.59 1,849,142.02 1,649,594.32

December 22,108.00 7713.00 373.50 8257.34 2,295,539.96 2,047,819.82

2023

January 21,935.00 8132.00 332.70 7297.77 2,028,781.31 1,809,848.08

February 15,153.00 3632.00 295.60 4479.23 1,245,225.05 1,110,848.25

March 30,779.00 5398.00 307.50 9464.54 2,631,142.82 2,347,206.54

April 490,125.00 5123.00 901.90 442,043.74 122,888,159.03 109,626,846.90

May 19,932.00 5861.00 359.30 7161.57 1,990,915.79 1,776,068.76

June 33,608.00 11,615.00 532.50 17,896.26 4,975,160.28 4,438,272.48

July 77,859.00 10,525.00 261.00 20,321.20 5,649,293.32 5,039,657.35

August 30,947.00 10,844.00 823.90 25,497.23 7,088,230.86 6,323,313.86

September 18,053.00 4774.00 658.10 11,880.68 3,302,828.85 2,946,408.47

October 9478.00 2153.00 276.20 2617.82 727,754.96 649,220.25

November 16,927.00 3649.00 1097.10 18,570.61 5,162,630.05 4,605,511.70

December 15,076.00 3826.00 271.00 4085.60 1,135,795.69 1,013,227.81

2024

January 17,726.00 6222.00 207.80 3683.46 1,024,002.66 913,498.77

February 10,353.00 3233.00 363.50 3763.32 1,046,201.71 933,302.24

March 24,730.00 3350.00 621.10 15,359.80 4,270,025.23 3,809,231.14

April 17,128.00 3508.00 299.80 5134.97 1,427,522.88 1,273,473.65

May 4991.00 1722.00 650.20 3245.15 902,151.20 804,796.75

June - - - - - -
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The monthly accessing times of the GAISS from February 2022 to May 2024 are
depicted in Figure 8. The data provides insights into notable fluctuations and patterns
in the utilization of the system. The data indicates relatively stable access frequencies
except for significant peaks, with moderate fluctuations in most months. However, April
2023 stands out as a period of exceptionally high demand, with nearly 500,000 accesses
granted. This figure, significantly higher than any other month, underscores the urgency of
the situation and the need for immediate attention. This peak starkly contrasts the access
frequencies that typically hover below 50,000 in the remaining months. An additional
significant, albeit diminished, height is noted in July 2022, indicating intermittent surges
in activity that may be associated with academic cycles or particular occasions. The
gradual rise in system utilization is reflected in the marginal overall increase in access times
over the period, denoted by the dotted linear trend line. This phenomenon emphasizes
the increasing dependence on GAISS to manage admissions and associated procedures,
highlighting the necessity for continuous performance enhancements to accommodate
growing demands efficiently. It is critical to acknowledge that these ups and downs
are subject to the influence of numerous factors, including admission cycles, application
deadlines, and system updates. These variables should be duly considered when devising
strategies for optimizing the system.

Figure 8. Monthly access frequency for the student-list webpage from February 2022 to May 2024.

A quantitative analysis of the access status distribution for the GAISS student-list
webpage is presented in Figure 9. This analysis provides significant insights into the de-
pendability of the system and the satisfaction of its users. The data provides clear evidence
of the system’s exceptional dependability and streamlined management of user inquiries.
An estimated one hundred thousand access attempts are successful, demonstrating the
system’s resilience and capacity to address user requirements efficiently. This data un-
derscores the efficacy of the GAISS in upholding a superior standard of performance and
dependability, guaranteeing users a smooth and uninterrupted experience when accessing
the student-list webpage.
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Figure 9. Distribution of access status for the GAISS student-list webpage.

The monthly access counts and average response times for the GAISS student-list
webpage between February 2022 and May 2024 are quantitatively analyzed in Figure 10.
The insights provided by this analysis regarding usage patterns and system performance
are significant. The access counts, denoted by orange bars, exhibit a consistent upward
trajectory, with significant surges observed in April 2023 and multiple months in 2022, no-
tably July and August. These surges in activity probably coincide with critical academic or
administrative periods. The average response times, denoted by the blue line, demonstrate
a relatively consistent trend despite minor fluctuations. Notwithstanding the escalating
volume of accesses, the mean response times consistently remain low, highlighting the
system’s resilience to manage heightened workloads without substantial performance
deterioration. The dotted linear trend lines representing response times and access counts
further underscored the trends. The upward trend in the access count line and the slight
decline in the response timeline emphasize system performance and scalability enhance-
ments. This analysis highlights the resilience and capability of GAISS to efficiently handle
increasing demand while preserving prompt response times, guaranteeing a dependable
user experience, even during periods of high usage.

A comprehensive analysis of the monthly energy consumption of the Agile and ALAI
frameworks in GAISS from February 2022 to May 2024 is presented in Figure 11. This com-
parison, based on reliable data, provides significant insights into the energy efficiency of
both development approaches. The bar graph, with Agile’s energy consumption depicted
in orange and ALAI’s in green, clearly shows that ALAI consistently maintains a lower
energy consumption than Agile. The dependability of these frameworks is particularly
evident during periods of high activity, such as April 2023, when both experience a sub-
stantial increase in energy consumption due to increased demand on the systems. Despite
this peak, ALAI sustains a comparatively modest energy consumption, demonstrating
its reliability and lower energy footprint than Agile. The consistent decrease in energy
consumption further underscores the dependability and efficacy of the ALAI framework in
facilitating sustainable software development through optimizing resource allocation and
reducing energy wastage. The data illustrates that implementing the ALAI framework can
result in significant energy conservation, a critical factor in mitigating the system’s overall
environmental footprint and enhancing operational effectiveness.
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Figure 10. Monthly access counts and average response times for the GAISS student-list webpage
from February 2022 to May 2024.

Figure 11. Comparison of monthly energy consumption for Agile and ALAI frameworks in GAISS
from February 2022 to May 2024.

The evaluation of energy usage for the student-list webpage in GAISS indicates a
significant enhancement in effectiveness when the ALAI methodology is implemented
in contrast to the conventional Agile approach. The Agile system utilized a cumulative
of 185.095 h of operation, during which it consumed 185,243.55 kW or 1000.80 kWh.
The ALAI framework, in contrast, utilized 892.80 kWh or 165,253.24 kW. The energy
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consumption figures indicate a substantial decline in energy usage, as ALAI exhibits an
efficiency enhancement of 10.7914%. This significant decrease in energy usage not only
signifies a considerable enhancement in operational effectiveness but also underscores the
environmental benefits of the ALAI framework. By promoting the adoption of energy-
conscious software development environments, ALAI helps mitigate the environmental
consequences linked to extended system utilization, a crucial step towards sustainable
software development.

5. Conclusions

The study’s conclusion validates the substantial discoveries regarding the GAISS’s
preference for the ALAI framework compared to conventional Agile methodologies. The
principal research aim was to assess the efficacy of the ALAI framework in facilitating
architectural flexibility in software development and enhancing energy efficiency. The
empirical data, systematically gathered between February 2022 and May 2024, presents
compelling proof that the ALAI framework effectively mitigates energy consumption
by 10.7914% compared to the conventional Agile methodology. In particular, the ALAI
framework-based GAISS utilized 892.80 kWh of energy, while the conventional Agile
methodology-based system consumed 1000.80 kWh. The significant decrease of around
108 kWh highlights the ability of the ALAI framework to maximize resource utilization
and minimize environmental impact. These findings confirm the research hypothesis that
system sustainability is enhanced when AOF and layered architecture are combined within
Agile methodologies.

5.1. Theoretical Contributions

This study presents significant findings in sustainable software development. The
ALAI framework, which has been empirically validated, offers a more pragmatic methodol-
ogy, emphasizing the concrete advantages of scalability and modularity. AOF and layered
architecture, which are both integrated into the ALAI framework, further enhance system
modularity and flexibility. This research underscores the importance of these components
in improving the effectiveness and longevity of the software development life cycle. Our
research adds to the existing literature by demonstrating that substantial improvements in
energy efficiency are possible without compromising system flexibility and performance.

5.2. Practical Implications

The results of this study provide practical implications for educational institutions
and analogous organizations that seek to decrease their environmental impact on energy
consumption and improve their overall operational effectiveness. These entities can attain
significant energy conservation by implementing the ALAI framework, diminishing oper-
ational expenditures, and enhancing sustainability objectives. Significantly, the research
demonstrates that implementing the ALAI framework facilitates the development of more
flexible and manageable systems and produces immediate energy savings, a critical factor
in ensuring long-term sustainability. It not only addresses immediate energy consump-
tion concerns but promotes long-term sustainability by making software systems more
modular, maintainable, and adaptable to future technological advancements. The potential
for industry-wide shifts in software development practices is not just a possibility, but a
promising reality. This encourages the design and implementation of more eco-friendly
and efficient software solutions, providing a foundation for policymakers and software
development teams to consider sustainability as a core criterion in their development
processes, ultimately contributing to the global efforts toward reducing the carbon footprint
of the IT industry.

5.3. Limitations and Future Work

However, it’s important to acknowledge the limitations of this study. The findings,
while significant, may have limited applicability to other industries or systems due to the
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unique circumstances of GAISS. Implementing ALAI may present challenges for specific
development teams due to the complexity of the process, which necessitates a particular
level of expertise in layered architecture and aspect-oriented engineering. Compared
to conventional Agile methodologies, ALAI’s initial setup and planning time may be
more demanding. The diversity of software systems across various sectors may only be
partially reflected in the distinctive attributes of educational admission systems, including
user load patterns and data processing demands. Therefore, the role of future studies
in validating the broader practicality of the ALAI framework in diverse environments,
architectures, and software platforms is crucial. These studies, which will undoubtedly
make significant contributions to subsequent research endeavors, must also address any
identified obstacles, such as the complexity of integration or industry-specific demands, to
enhance the framework’s applicability and efficacy. The importance of future research in
this endeavor cannot be overstated.

This research provides robust evidence supporting the implementation of the ALAI
framework for sustainable software development. The potential of ALAI to transform
software development practices is evident in the substantial energy savings and enhanced
system flexibility it delivers. This not only fosters optimism about a more sustainable
future but also instills confidence in the framework’s potential. By integrating the advanced
methodologies of layered architecture and AOF, the ALAI framework facilitates the de-
velopment of more flexible, efficient, and environmentally sustainable software systems,
thereby promoting operational and environmental excellence. Further investigation and
enhancement of this framework in subsequent studies would amplify its benefits and
suitability across various contexts, reinforcing this confidence in its potential.
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