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1. Abstract 

Software engineering is evolving rapidly 

due to advancements in artificial 

intelligence (AI), automation, and cloud 

computing. However, the industry faces 

persistent challenges in scalability, 

maintainability, and ethical software 

development. This paper explores cutting- 

edge methodologies, including AI-assisted 

coding, self-healing software, and 

sustainable engineering practices. It 

presents a novel framework that integrates 

AI-driven software development, Green IT 

principles, and adaptive engineering 

models to enhance efficiency, reduce 

technical debt, and promote the 

development of ethical and sustainable 

software solutions. 
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2. Introduction 

Software engineering evolves at a fast pace 

as it modifies approaches for designing, 

developing, and supporting current 

applications. Our society now benefits 

from artificial intelligence (AI), automated 

operations, and cloud systems, which 

enhance the development of stronger 

software systems and intelligent scalable 

solutions. Software engineering faces 

multiple ongoing difficulties due to 

technical debt, challenges in raising 

scalability and maintaining software 

sustainability, and struggles with ethical 

 

issues.  The  ongoing accumulation  of 

poorly written code constitutes a 

significant software development issue that 

leads to prolonged maintenance 

difficulties. The growing need for Java 

language applications with high scalability 

in cloud-native systems has led to an 

increase  in   system  architecture 

complexities. DevOps and microservices 

have enhanced agility; however, AI, 

combined with automation, plays a crucial 

role in optimizing development workflows 

and boosting efficiency. 

Sustainable software engineering has 

emerged as a key priority, often referred to 

as Green IT. The environmental impact of 

software systems has become a significant 

concern due to the increasing use of cloud 

computing and the growing capabilities for 

large-scale data processing. Energy- 

efficient algorithms in conjunction with 

responsible resource management and eco- 

friendly cloud architectures form the key 

requirements for achieving lower carbon 

emissions in contemporary applications. 

This paper presents an original framework 

that unites the use of AI-driven software 

creation with Green IT elements and 

adaptive development paradigms. Through 

its AGA Framework, AI requests help from 

AI for coding tasks and employs self- 

healing repair systems and sustainability 

points of design to improve software 

operation while reducing technical issues 

and promoting responsible, maintainable 

software solutions. 

The framework achieves its smart code 

creation, future software servicing, and 

automated security assessment 

functionality   through   its   AI-based 
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automation system. The application of 

Green IT strategies leads to software 

development practices that are consistent 

with energy-efficient computing practices 

and sustainable cloud resource allocation. 

Self-evolving system architectures with 

reactive, event-based design form part of 

adaptive engineering models that respond 

to current operational requirements. The 

research explores the detailed components 

of the Artificial Intelligence (AI)-Green- 

Adapt (AGA) Framework, explaining its 

actual uses and benefits, as well as the 

challenges it presents for contemporary 

software engineering. The implementation 

of this method enables organizations to 

create software systems that combine 

performance excellence with sustainability 

and ethical responsibility alongside 

process development protection for the 

future. 

 

2.1. AI-Green-Adapt (AGA) Framework 

The  field    of   software  engineering 

undergoes rapid transformations due to 

three   main      developments:    artificial 

intelligence (AI), automation, and cloud 

computing.        Modern    development 

technology   addresses  challenges that 

include scalability issues, technical debt 

accumulation, sustainability requirements, 

and  ethical     considerations.   Software 

systems   become  increasingly  complex 

every year, making it necessary to develop 

creative  strategies    that  ensure   system 

performance    and   reliability. Artificial 

Intelligence now drives the automation of 

coding tasks, alongside testing operations 

and deployment systems, while Green IT 

practices  prioritize  the  creation  of 

sustainable  and efficient development 

processes. Self-healing mechanisms, along 

with event-driven system architecture, are 

incorporated into adaptive engineering 

models, enabling improved scalability and 

adaptability. This paper outlines the AGA 

Framework that unites the three pillars for 

enhanced software development through 

sustainability and debt mitigation. 

Software engineering development speed 

creates new problems, including system 

scalability issues, technical debt 

accumulation, sustainable software 

development challenges, and ethical 

dilemmas. Modern software development 

requirements exceed the capabilities of 

conventional development methods, 

leading to ineffective operations, increased 

power consumption, and rising support 

costs. The AGA Framework utilizes AI- 

driven automation and Green IT principles, 

along with adaptive engineering models, to 

support solutions to these development 

challenges. The AGA Framework 

demonstrates a forward-looking strategy 

that optimizes code development by 

addressing pressing issues related to code 

complexity, as well as security and 

environmental protection. 

 

TheAI-Green-Adapt (AGA) Framework 

isa novel software engineering paradigm 

that integrates: 

1. AI-Driven Software Development 
(AI) – Automating coding, testing, 

maintenance, and security with artificial 
intelligence. 

 

2. Green IT Principles (Green) – 

Implementing sustainable software 

development practices to reduce 

energy consumption and carbon 

footprint. 

 

3. AdaptiveEngineering Models (Adapt) 

– Creating self-optimizing, event- 

driven, and scalable architectures for 

resilient and future-proof software 

systems. 

The AGA framework enables solutions to 

the leading software development issues, 

spanning from scaling needs to 

maintenance aspects, sustainability 

requirements, and ethics considerations. 

Through its integration of three key 

elements – AI automation, eco-friendly 

coding, and self-adaptive systems – AGA 

provides  enhanced  efficiency,  reduces 
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technical debt, and ensures software 

durability. 

Here is a comparison table that highlights 

the differences between Traditional 

Software Development, V-Model, and AI- 

Green-Adapt (AGA) Framework across 

multiple key factors. 

 

 
 Traditional Software 

Development 

V-Model AI-Green-Adapt (AGA) 

Framework 

Approach Linear and sequential, 

lacks flexibility. 

Structured with parallel 

testing and validation. 

AI-driven, sustainable, and 

adaptive engineering 

model. 

Efficiency Time-consuming with 

frequent rework. 

More efficient than 

traditional, but still resource- 
intensive. 

Highly efficient, AI 

automates development and 
testing. 

Scalability Difficult to scale; requires 

significant manual effort. 

Moderate scalability but is 

rigid due to predefined 

stages. 

Highly scalable with AI- 

driven adaptability and 

automation. 

Sustainability High resource 

consumption, with a lack 

of focus on energy 

efficiency. 

Limited sustainability, which 

focuses on process efficiency 

but not environmental 

impact. 

Green IT principles 

optimize energy use and 

reduce the carbon 

footprint. 

Automation Minimal automation, high 

manual effort. 

Some test automation is 

implemented, but it is limited 

to specific phases. 

AI-powered automation in 

coding, testing, and 

deployment. 

Adaptability Poor adaptability and 

struggles with changing 

requirements. 

Some adaptability but 

constrained by rigid 

validation stages. 

Self-adaptive software 

architecture dynamically 

adjusts to needs. 

Development 

Speed 

Slow development cycles, 

long release times. 

Faster than traditional, but 

validation adds extra time. 

Rapid development using 

AI-driven code generation 

and automated CI/CD 

pipelines. 

Testing & 

Quality 

Manual testing, higher 

defect rates. 

Systematic validation 

improves quality but slows 

down iteration. 

AI-driven automated 

testing ensures high quality 

with real-time bug fixes. 

Technical 

Debt 

High, due to unoptimized 

and redundant code. 

Reduced technical debt but 

still prone to inefficiencies. 

AI refactoring minimizes 

technical debt and 

optimizes legacy code. 

Security Reactive approach, 

vulnerabilities often 
detected late. 

Enhanced security testing 

through structured 
verification phases. 

AI-driven proactive 

security, real-time threat 
detection, and mitigation. 

Resource 

Optimization 

High infrastructure usage 

and inefficient resource 

management. 

Improved resource utilization 

but still lacks real-time 

adjustments. 

AI-driven cloud 

optimization dynamically 

allocates resources 
efficiently. 

Environmental 

Impact 

High carbon footprint, 

energy-intensive 

processes. 

Some improvements have 

been made in process 

efficiency, but there is a lack 
of focus on sustainability. 

Implements energy-efficient 

computing, reduces 

environmental impact. 

Cost 

Effectiveness 

High cost due to manual 

processes and 

maintenance. 

Moderately cost-effective, but 

validation steps increase 

costs. 

Cost-efficient with AI 

automation, reducing 

development and 

operational costs. 

Innovation  & 

Future 

Readiness 

Lags behind technological 

advancements. 

Slightly better than 

traditional but still follows 

rigid methodologies. 

AI-powered innovation, 

continuously evolving, and 

future-ready. 

Best Use Case Suitable for small, simple 

projects. 

Works well for projects 

requiring structured 

verification. 

Ideal for large-scale, AI- 

driven, sustainable, and 

adaptable systems. 
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This table demonstrates how the AI-Green- 

Adapt (AGA) Framework surpasses both 

Traditional Development and the V-Model 

in terms of efficiency, automation, 

scalability, sustainability, and adaptability. 

 

2.2. Traditional Software Development 

vs. AI-Green-Adapt (AGA) 

Traditional Software Development serves 

as a base for examining the advancements 

that occur through the AI-Green-Adapt 

(AGA) Framework. The waterfall 

development method leads to slow manual 

operations, resulting in high 

implementationcostsandhindering 

scalability. In response to current 

limitations, the AI-Green-Adapt (AGA) 

Framework combines artificial intelligence 

automation with adaptive engineering and 

Green IT standards to overcome these 

barriers. AGA brings operational 

efficiency and environmental sustainability 

together with a flexible structure that 

adapts well to modern, flexible software 

environments. The evaluation 

demonstrates that the software industry 

requires versatility, along with 

environmental friendliness, in its 

development approaches. 

 

 

Figure 1 – Traditional Software 

development vs AGA Framework 

 

2.3.V-Model vs AI-Green-Adapt (AGA) 

Framework 

The V-Model operates differently from the 

AI-Green-Adapt (AGA) Framework 

regarding their approach to enhancing 

software development processes with 

distinct functionalities. Through its 

development from the waterfall model, the 

V-Model emphasizes parallel development 

and testing activities, which provide 

necessary software quality verification at 

 

every iteration. The V-Model exhibits 

limited adaptability, which restricts its 

ability to adjust to software requirements. 

The AI-Green-Adapt (AGA) Framework 

integrates AI-powered automation features 

with adaptive engineering models and 

sustainable practices to deliver enhanced 

efficiency alongside scalability and 

flexibility. The key features and automated 

tasks of AGA help optimize resources 

while decreasing environmental impact, 

thus making it an advanced approach for 

sustainable software development. 



Volume-3-Issue-6-June,2025 International Journal of Modern Science and Research Technology 

ISSN NO-2584-2706 

IJMSRT25JUN45                                 www.ijmsrt.com 

     DOI: https://doi.org/10.5281/zenodo.15676400  
253 

 

 

 

 
 

Figure 2 V-Model vs. AI-Green-Adapt 

(AGA) Framework 

 

2.4. Traditional vs. V-Model vs. AI- 

Green-Adapt (AGA) Framework 

Software engineering development 

practices have undergone significant 

transformations over time, progressing 

from Traditional Software Development to 

the V-Model and ultimately reaching the 

latest stage with the AI-Green-Adapt 

(AGA) Framework. Traditional software 

Development uses sequential development 

timelines, which cause projects to span 

elongated periods and restrict their 

capability to adapt to changes. The V- 

Model builds upon parallel verification 

 

and validation structures but remains rigid 

and manually operated, which reduces 

adaptability in dynamic systems. The AI- 

Green-Adapt (AGA) Framework 

represents a significant development, as it 

integrates Artificial Intelligence 

automation with Green Information 

Technology principles and adaptive 

engineering models. Existing information 

systems can benefit from this framework, 

as it enhances both operational efficiency 

and scalability and integrates sustainable 

methods with real-time flexibility to 

address the limitations of conventional 

approaches and V-models for future- 

oriented technical requirements. 

 

 

Figure 3 Traditional vs. V-Model vs. AI- 

Green-Adapt (AGA) Framework 

 

2.5. Methodology 

Implementing the AI-Green-Adapt (AGA) 

Framework in a project can be broken 

down into a series of phases, each 

 

 

addressing distinct aspects of the 

framework, including AI-driven 

development, green IT, and adaptive 

engineering models. Here's a brief 

approach to implement the AGA 

framework phase by phase: 
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Phase Objective Actions 

1. Project Planning & 

Requirement Analysis 

Understand the project scope, 

sustainability goals, and the 

requirements for AI integration. 

 Conduct workshops to gather business 

requirements, including sustainability and 

adaptability goals. 

 Define green IT principles and identify 

areas where AI-driven tools can be 

applied. 

 Set metrics for efficiency, scalability, 

adaptability, and environmental impact. 

2. Architecture & 

Design 

Design a system architecture 

integrating AI, Green IT, and 

adaptive models. 

 Create a cloud-native architecture that 

supports AI-based features. 

Design with modularization for 

scalability. 

 Integrate green IT strategies for energy- 

efficient infrastructure. 

 Implement adaptive engineering models to 

allow system evolution. 

3. Development & 

Automation Integration 

Implement AI-driven 

development tools and automate 

key processes. 

 Utilize AI-assisted coding tools (e.g., 

GitHub Copilot) to expedite development. 

 Automate testing, integration, and 

deployment with AI-driven CI/CD 

pipelines. 

 Use green IT tools for resource 

optimization. 

 Implement self-healing capabilities in the 

system. 

4. Testing & Validation Ensure high-quality software 

with a focus on sustainability and 

adaptability. 

 Automate functional, performance, and 

security testing using AI tools. 

 Focus on sustainability testing to verify 

energy efficiency. 

 Use adaptive testing models to handle 

dynamic requirements. 

 Monitor technical debt and automatically 

refactor code. 

5. Deployment & 

Continuous Monitoring 

Deploy the system with AI, 

sustainability, and adaptability 

features. 

 Use cloud-native deployment strategies for 

scalability. 

 Integrate AI-driven monitoring for 

performance tracking and anomaly 

detection. 

 Ensure green IT goals are met, monitoring 

energy consumption. 

 Establish feedback loops for continuous 

adaptation, utilizing real-time data. 

6. Post-Deployment & 

Continuous 

Improvement 

Continuously improve the system 

with real-time insights and AI- 

driven changes. 

 Utilize AI analytics to track usage and 

pinpoint areas for optimization. 

 Refactored code based on feedback and 

evolving requirements. 

 Regularly update the system to enhance 

energy efficiency and sustainability. 

 Dynamically scale the system with AI- 

driven resource management. 

7. Documentation & 

Reporting 

Ensure that AI, green IT, and 

adaptability strategies are 

documented for future use. 

 Document AI models and automation 

processes that have been implemented. 

 Create sustainability reports detailing 

carbon footprint reduction. 

 Provide adaptive engineering 

documentation for future developers. 

 Offer training and support materials for 

teams on the AGA framework. 
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This table organizes the implementation 

steps of the AI-Green-Adapt (AGA) 

Framework by phase, providing a clear 

and concise overview of the objectives and 

actions to take in each phase of the project. 

 

2.6. Data, Analysis, Research & 

Resources for AI-Green-Adapt 

(AGA) Framework 

1. "Artificial Intelligence for Software 

Engineering" by various authors in AI- 

driven development. 

2. IEEE Research Papers on Sustainable 

Computing and Green IT: Many 

publications focus on the importance of 

sustainability in software development 

and the implementation of eco-friendly 

algorithms. 

3.  Scientists perform studies to develop 

adaptive software architectures that 

adapt to scalability needs and eliminate 

human intervention requirements. 

Reports by Organizations: 

o Current market trends involving 

automation, AI, and sustainable 
programming are analyzed through 

research from Gartner and McKinsey & 
Company. 

o The development of software 

engineering relies on industry reports 

that document the impact of 

automation, particularly with adaptive 

engineering models such as 

microservices and cloud-native 

applications, in the field. 

4. Tangible implementations from Google, 

Netflix, and Amazon, as well as 

additional technological leaders, 

demonstrate that AI, cloud computing 

solutions, and sustainable practices 

make the AI-Green-Adapt (AGA) 

framework operational in real-world 

industry environments. 

2.7. Conclusion 

The La AI-Green-Adapt (AGA) 

Framework represents a significant 

advancement in software development, 

addressing contemporary issues such 

as efficiency expansion, sustainability, 

and adaptability. The framework 

utilizes AI-automated functions that 

apply Green IT principles and adaptive 

engineering models to enhance the 

development process, minimize 

technical and financial burdens, and 

optimize resource utilization while 

protecting the environment. Through 

its structure, organizations can create 

systems that are resistant to 

disruptions, scalable, and 

environmentally sustainable while 

maintaining continuous development 

in response to new issues. AGA 

implementation offers significant 

advantages over traditional models, 

thanks to its enhanced flexibility, 

improved quality, and sustained long- 

term operation, establishing it as a vital 

strategy for future software 

engineering endeavors. 
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