
35 

        International Journal of AI, BigData, Computational and Management Studies 

Noble Scholar Research Group | Volume 5, Issue 1, 35-40, 2024 

ISSN: 3050-9416 | https://doi.org/10.63282/3050-9416/IJAIBDCMS-V5I1P104 

 

 
 

 

Original Article 

 

AI-Powered Strategies for Modernizing Legacy Web 

Applications 
 

Vijayasekhar Duvvur, 
Software Modernization Specialist, 3i Infotech Inc, USA. 

 

Abstract: Legacy web applications continue to support critical business functions but often suffer from outdated architectures, 

security vulnerabilities, and poor user experience. This article explores how artificial intelligence (AI) and machine learning 

(ML) can be harnessed specifically for modernizing web-based systems. It presents in-depth techniques for AI-assisted front-

end refactoring, back-end service decomposition, session behavior modeling, and intelligent testing. Additionally, it outlines AI 

strategies for handling web-specific challenges such as dynamic content rendering, browser compatibility, and cross-site 

scripting. With AI-powered workflows, organizations can streamline the transformation of legacy web apps into modular, 

responsive, and cloud-ready systems while maintaining user trust and minimizing disruption. 
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1. Introduction  
 Legacy web applications often rely on outdated technologies such as JSP, ASP.NET Web Forms, or PHP monoliths, 

which are increasingly incompatible with today’s agile and responsive development standards. These applications present 

limitations in scalability, maintainability, security, and performance, preventing businesses from leveraging modern user 
experience models and cloud infrastructure. 

 

While complete rewrites are costly and disruptive, AI provides a tactical alternative. From analyzing session patterns to 

restructuring UI components, AI enables a smarter, incremental path to modernization. By automating the discovery of web 

dependencies, optimizing UI responsiveness, and generating test coverage, AI bridges the gap between legacy codebases and 

modern development practices [1]. 

 

This article offers a focused technical guide on applying AI to solve problems unique to web applications, from adaptive 

front-end enhancements to intelligent session routing [2] and secure migration of web-specific data.  

 

2. Strategies for Modernizing Legacy Web Applications  
2.1 AI-Enhanced Front-End Refactoring  

Modern web applications prioritize responsive design, accessibility, and mobile-first rendering. AI models trained on 

design patterns from modern UI libraries (like Material UI, Bootstrap, and Tailwind CSS) can analyze static HTML/CSS and 

dynamic JavaScript components in legacy systems to detect and replace outdated UI elements, suggest component-based 

restructuring using frameworks like React [12], Vue, or Angular [13], and optimize layouts for responsive breakpoints across 

various screen sizes. 

 
For instance, convolutional neural networks (CNNs) can process screen captures of legacy UIs and detect low-contrast 

color schemes or overlapping elements, recommending improved accessibility with WCAG-compliant adjustments. NLP-based 

models like BERT [10] osr CodeBERT [10] can parse inline styles and tag structures, proposing semantically correct and 

modern equivalents (e.g., converting tags to CSS-based typography systems). 

 

Generative models such as GPT-4 [16] or diffusion-based transformers can take entire HTML/CSS documents as input 

and produce upgraded equivalents using semantic HTML5 structures. For example, given a legacy table-based layout with 

inline styles, these models can output a responsive Flexbox or CSS Grid version with accessibility attributes and ARIA roles 

applied appropriately. 
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Figure 1: AI-Powered Modernization of Legacy Web Applications 

Integration with browser automation frameworks like Puppeteer or Playwright allows AI models to simulate real user 

interactions on legacy UIs, gathering behavioral data such as button visibility under different screen sizes, dropdown 

responsiveness, or modal accessibility. This data can further train reinforcement learning models to recommend layout 

improvements. 

 

A practical example involves utilizing a fine-tuned transformer-based deep learning model to automate the conversion 

of a legacy HTML page—often composed of deeply nested <div> and <table> elements—into modern, component-based 

React code using the Material UI framework. This intelligent transformation not only involves syntactic restructuring but also 

semantic understanding of the layout and user interface behavior. The model identifies and re-maps UI patterns such as forms, 

grids, buttons, and modals to their equivalent Material UI components like TextField, Grid, Button, and Dialog. In addition, the 

model auto-generates clean, reusable CSS modules or JSS (JavaScript Style Sheets), aligning with best practices for styling in 
React ecosystems. This approach significantly improves code readability, modularity, and maintainability, while reducing 

manual effort and minimizing migration errors during modernization of legacy front-end systems. 

 

Additionally, computer vision models integrated with DOM parsers can identify UI anti-patterns—such as inline 

JavaScript for event handling or absolute positioning—and suggest replacement patterns like event delegation with 

addEventListener or grid-based layout schemes. 

 

Tools such as DeepCode [11] and AI-enhanced linters can be customized to flag accessibility violations, missing ARIA 

roles, improper tab index ordering, or improper focus trap usage in modals. Combined with automated accessibility testing 

frameworks (e.g., axe-core or Lighthouse CI) [8] , these systems ensure that the modernized UI complies with WCAG 2.1 

Level AA standards. 

 
By combining layout intelligence, computer vision, and accessibility analysis, AI-driven front-end refactoring creates a 

smooth pathway from legacy web interfaces to responsive, compliant, and maintainable UI systems. 

 

3. Intelligent Decomposition of Monolithic Back-Ends  
Legacy web applications often embed business logic directly into server-side scripts or frameworks like JSP, ASP.NET 

Web Forms, or legacy PHP. These tight couplings make codebases rigid, difficult to scale, and hard to test. AI-driven 

decomposition helps transform these monoliths into service-oriented or microservice-based architectures without full rewrites. 
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Figure 2: AI-Driven Front-End Refactoring Workflow 

 

 

Code2Vec and CodeBERT models help classify code blocks by function, usage pattern, and data access behavior, 

enabling automated grouping into service candidates. With clustering algorithms such as DBSCAN or K-Means, code modules 

are grouped by functional cohesion, streamlining modularization decisions. 

 

To aid developers, AI tools can auto-generate OpenAPI specifications from inferred service boundaries, scaffolding 

modern back-end layers compatible with Node.js, Spring Boot, or .NET Core. Further, reinforcement learning agents integrated 

into IDEs (e.g., via plugins) can suggest refactorings and even predict potential side effects across the system. 

 
This AI-assisted decomposition reduces technical debt and allows progressive decoupling, letting teams migrate and 

containerize services incrementally—ensuring continuity of business logic while moving toward scalable architectures. 

 

4. Session Behavior Modeling and Adaptive User Experience 
Legacy web applications often lack personalization and adaptability, relying on static workflows that fail to meet 

modern usability expectations. Through machine learning techniques such as unsupervised clustering, sequence modeling, and 

reinforcement learning, AI can transform these rigid experiences into dynamic, user-centered flows. 
 

Using telemetry data such as session cookies, server logs, user agents, and clickstream trails, AI can extract high-dimensional 

session features—like time spent per page, interaction depth, device fingerprint, and referrer chain. These features can then be 

processed using clustering algorithms (e.g., k-means, DBSCAN, or hierarchical clustering) to segment users into behavioral 

cohorts. For instance: 

 One cluster may represent users who bounce after reaching outdated help pages. 
This cohort typically exhibits shallow interaction depth, high exit rates, and short session durations. Their behavior 

suggests frustration or unmet expectations—likely due to legacy content that no longer aligns with the modernized 

interface or updated workflows. This insight can drive decisions to either retire or rewrite those help pages, improving 

overall retention. 

 Another cluster may include power users who frequently use advanced filtering in dashboards. 
These users tend to generate dense clickstreams, revisit key analytics features, and often operate on larger screens (as 

indicated by device fingerprinting). Their behavior reflects a deep understanding of the system and a strong reliance 

on complex functionalities. This cohort is ideal for beta-testing new features or gathering usability feedback for 

advanced modules. 

 A third cluster may consist of mobile users navigating between product pages but abandoning the cart. 
This group might face usability issues tied to responsive design or encounter performance lags on specific devices. 

Their session metadata may show repeated attempts to complete a purchase but no conversion, indicating an 

opportunity for targeted UI/UX optimization or personalized re-engagement campaigns. 
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 Yet another segment could involve users driven by external referrals (e.g., from social media or newsletters). 
 

These users often land directly on promotional or landing pages and display varying engagement levels depending on 

content relevance. Their presence in the system provides valuable feedback on marketing campaign efficacy and can inform 

A/B testing strategies for conversion-oriented designs. 
 

By continuously analyzing these evolving user clusters, organizations can tailor experiences, optimize content delivery, 

and prioritize modernization efforts that align with real-world behavioral patterns—ultimately creating more adaptive, 

intelligent systems. 

 

Armed with this insight, the application can personalize user journeys by adapting navigation menus, recommending 

shortcuts, or suppressing deprecated paths. These optimizations can be deployed using conditional rendering logic in modern 

frameworks (e.g., React with useEffect() hooks or Angular with route guards). 

 

Sequence models such as LSTM (Long Short-Term Memory) networks or Transformer-based temporal models (e.g., 

Time2Vec, GPT-2 fine-tuned for click sequences) can predict the next likely user action based on past behavior. These models 

support content prefetching—loading upcoming assets (like pages, scripts, or images) in the background to reduce latency and 
enhance perceived responsiveness. 

 

For example, if a user typically visits /products -> /products/123 -> /checkout, the system can prefetch those pages as 

the user reaches /products. Libraries like Quicklink or React Lazy Load can be AI-triggered for such dynamic prefetching. 

 

In more advanced implementations, reinforcement learning (RL) algorithms like Q-Learning or Proximal Policy 

Optimization (PPO) can be trained in simulated environments (using tools like OpenAI Gym for web) to identify broken or 

inefficient navigation flows. The RL agent is rewarded when users complete successful transactions or avoid deprecated routes, 

and penalized when they encounter 404s, long load times, or abandon sessions. 

 

The trained RL model can then serve as an intelligent router that dynamically redirects users to updated content paths or 
triggers UI adjustments. For example, if analytics show that many users land on /old-dashboard and immediately exit, the RL 

agent may learn to automatically redirect them to /new-dashboard and track satisfaction signals (e.g., scroll depth, time on 

page). 

 

To maintain performance and integrity, these session-adaptive features are typically delivered via client-side decision 

engines or edge functions (e.g., using Cloudflare Workers or AWS Lambda@Edge), which can evaluate models in real time 

and cache personalized experiences per session. 

 

These AI-driven session modeling techniques not only enhance UX but also enable progressive modernization of legacy 

web flows—ensuring users experience adaptive, intuitive navigation without a complete front-end rewrite. 

 

5. Intelligent Web Testing and Compatibility Checking  
Ensuring cross-browser compatibility and preventing regressions are critical challenges in web modernization, especially when 

legacy systems were built with browser-specific hacks or deprecated HTML features. AI-driven testing platforms bring 

automation and intelligence to this process by: 

 Utilizing visual comparison models, such as convolutional neural networks (CNNs) or siamese networks, to detect 

rendering discrepancies between browser outputs. These models can analyze screenshots across different viewport 

sizes and browsers (e.g., Chrome, Firefox, Safari) and identify pixel-level or structural anomalies. 

 Leveraging behavioral data mining and clustering techniques to identify the most common user interaction flows, then 

generate intelligent test scenarios that mimic actual user sessions. This is done using sequence models (LSTMs, 

Markov chains) trained on clickstream logs to improve test coverage efficiency. 

 Employing reinforcement learning agents that explore and test the web interface autonomously. These agents, 

integrated with tools like Selenium Grid [14] or Playwright [15], learn to interact with UI elements under different 

configurations and browser engines. They can identify broken modals, misaligned elements, and JavaScript execution 

failures. 

 

https://github.com/GoogleChromeLabs/quicklink
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In practical setups, platforms like Testim.io, Percy, and Applitools Eyes integrate AI-powered visual regression tools [7]  

that compare DOM snapshots and stylesheets during CI/CD deployments. These tools notify developers when subtle visual 

bugs are introduced—even if functional tests pass. 

 

AI can also evaluate responsiveness metrics, such as Cumulative Layout Shift (CLS), Time to Interactive (TTI), and 
Largest Contentful Paint (LCP), and correlate them with real user telemetry to pinpoint bottlenecks. Models trained on 

historical performance and bug data can prioritize test cases most likely to catch regressions. 

 

This intelligent automation accelerates quality assurance, reduces manual testing overhead, and ensures the modernized 

application performs reliably across environments, devices, and browsers. 

 

6. Secure Web Data Migration with Federated AI  
Web applications often manage complex, layered data—ranging from user authentication tokens and session states 

stored in browser cookies, to encrypted data in backend databases and APIs exposed through proxies. Migrating such data 

without disrupting services or violating compliance requires a privacy-preserving and resilient approach. 

 

Federated learning addresses these challenges by allowing AI models to be trained directly within each data source 

(client, edge, server) without transmitting raw data. Instead, only encrypted gradients or model updates are shared with a 

central aggregator. This paradigm ensures: 

 Session continuity across migrated modules: Browser sessions and client-side state can be preserved during phased 

rollouts, with models learning from behavior locally and enabling seamless experiences post-migration. 

 Personalized, compliant user experiences: Web personalization models (e.g., content recommenders or smart 

notifications) trained using federated learning respect privacy laws while maintaining utility. 

 Compliance with GDPR, HIPAA, and CCPA: Since raw personal data never leaves its origin, federated learning 

inherently supports regional compliance. 

 

For example, a legacy e-commerce web application can enhance its security and privacy posture by deploying a 

federated learning model across its distributed architecture—specifically within the payment service, user profile module, and 

third-party authentication layer. 

 

In this setup, instead of centralizing all data for training a machine learning model—which poses significant risks to 

data privacy and regulatory compliance—the federated model is deployed locally at each node. Each component of the system 

(e.g., payment gateway, user account management, authentication provider) trains the model on its own sensitive datasets, such 

as transaction histories, login behavior, and authentication attempts, without ever sharing raw data externally. 
 

The payment service, for instance, can train on local data that includes purchase frequency, transaction volume, 

currency conversions, and geo-location anomalies. Simultaneously, the user profile module can learn from behavioral data such 

as profile updates, saved addresses, and device logins. The third-party authentication layer may focus on authentication logs, 

failed login attempts, and IP address patterns. 

 

Once local training is complete, only the encrypted model updates (e.g., gradients or weight adjustments) are transmitted to a 

central aggregator. This server combines the updates using secure aggregation techniques to produce a global model that 

benefits from diverse behavioral insights across all system modules—without ever having access to the underlying raw data. 

This approach delivers several key benefits: 

 Privacy Preservation: Sensitive financial or identity data never leaves the local module, aligning with privacy 

regulations like GDPR, HIPAA, and CCPA. 

 Real-Time Risk Profiling: Each node can perform localized inference and flag high-risk behaviors immediately (e.g., 

unusual login location combined with a large transaction attempt). 

 Improved Fraud Detection: The federated global model becomes increasingly effective as it learns nuanced risk 

patterns across subsystems, including indicators of identity theft, bot activity, or credit card fraud. 

 Resilience and Scalability: Since the system doesn’t rely on a centralized database for training, it’s more resilient to 

breaches and scales more efficiently across distributed environments or microservices. 

In short, federated learning transforms a fragmented legacy architecture into a privacy-aware, AI-enhanced security 

system, allowing organizations to modernize critical components without sacrificing trust or compliance. 
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Frameworks such as TensorFlow Federated [4], PySyft [17], and Flower [5] (a federated learning framework in Python) 

allow developers to implement these architectures. Encryption techniques like secure aggregation, differential privacy, and 

homomorphic encryption are integrated to ensure communication is secure and cannot be reverse-engineered. 

 

By using federated AI in web data migration, organizations can modernize storage and session management layers while 
minimizing risk and aligning with modern standards for security and trust. 

 

7. Conclusion 
Modernizing legacy web applications with AI is not simply a technological enhancement—it is a strategic enabler of 

digital transformation. As web ecosystems continue to demand seamless user experiences, mobile responsiveness, faster page 

loads, and secure, compliant data handling, legacy platforms must evolve. AI-powered strategies provide a robust pathway for 

this evolution by automating what was once manual, expensive, and error-prone. 
 

Through front-end refactoring using AI-driven pattern recognition and code generation, legacy UIs can be transformed 

into modular, responsive interfaces with accessibility baked in. Backend decomposition powered by graph learning and code 

embeddings helps safely isolate logic into scalable services. Behavioral session modeling personalizes experiences while 

preserving performance, and intelligent testing frameworks [6] automate compatibility and regression detection across multiple 

platforms. 

 

Critically, secure data migration techniques using federated learning and privacy-preserving AI make it possible to 

uphold trust and meet global compliance mandates without compromising user experience or data sovereignty. 

 

Taken together, these techniques do more than just keep legacy applications operational—they breathe new life into 
them, aligning them with modern development practices and emerging architectural paradigms. As AI capabilities advance, 

including the rise of foundation models and autonomous coding agents, the modernization process itself will become 

increasingly intelligent, further reducing time-to-delivery and improving quality. Organizations that embrace AI in their web 

modernization efforts will not only future-proof their systems but also position themselves to deliver innovative, reliable, and 

personalized digital services at scale. 
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