
 
 

 

170 Page 170-181 © MANTECH PUBLICATIONS 2025. All Rights Reserved 

 

Journal of Software Engineering & Software Testing 

Volume 10, Issue 3, September- December, 2025 

ISSN: 2457-0516 (Online) 

 

Tool Support and Frameworks for Enhanced Testing in Big 

Codebases and Legacy Software Systems: An Integrated Approach 

to Automation, Modularity, and Continuous Quality Improvement 

 

Dr. Ritu Sharma1, Kunal Mehra2 

Department of Computer Science and Engineering 

Maharishi Arvind Institute of Engineering & Technology 

Email ID: ritu_sharma041@rediffmail.com1 

 

ABSTRACT 

Testing large-scale and legacy software systems presents significant challenges 

due to their complexity, interdependencies, and outdated architectural 

frameworks. As enterprises continue to rely on legacy applications for critical 

operations, ensuring software reliability and maintainability becomes crucial. 

This paper explores advanced tool support and testing frameworks specifically 

designed for big codebases and legacy environments. The study discusses 

automated regression testing, dependency visualization, refactoring support 

tools, AI-based testing, and continuous integration frameworks that aid in 

maintaining quality assurance across large systems. It further analyzes the 

challenges in scalability, technical debt, and integration with modern 

development ecosystems, concluding with insights into the future scope of 

hybrid frameworks combining AI, DevOps, and model-driven testing 

paradigms. 
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INTRODUCTION 

Software systems that have evolved over decades often encompass millions of lines of code 

written in multiple programming languages, supported by outdated libraries and maintained by 
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generations of developers. These systems, commonly known as legacy systems, remain vital 

to industries such as banking, healthcare, and manufacturing. However, the testing of such big 

codebases poses substantial challenges due to lack of documentation, obsolete dependencies, 

and integration constraints. 

 

The testing of large or legacy systems requires advanced frameworks that can handle massive 

code volumes, manage dependencies intelligently, and enable test automation without 

extensive manual intervention. Traditional testing tools often fail to cope with the scale and 

complexity of such systems. Therefore, the emergence of specialized frameworks and AI-

assisted testing tools has become a cornerstone in modern software quality assurance (SQA) 

practices. 

 

This paper focuses on the evolution of tool support and frameworks in testing large and 

legacy codebases, exploring their architecture, benefits, and limitations, and proposing future 

improvements for sustainable software maintenance. 

 

LITERATURE REVIEW 

Evolution of Legacy System Testing 

Historically, legacy systems were tested using manual procedures, focusing on functional 

correctness rather than performance or scalability. As system complexity increased, automated 

regression testing and unit testing frameworks such as JUnit and NUnit emerged, enabling 

partial automation. However, these tools were not designed for large-scale interdependent 

modules or obsolete technologies. 

 

Modern Approaches and Frameworks 

Contemporary research emphasizes model-driven testing (MDT), AI-assisted analysis, and 

continuous integration/continuous testing (CI/CT) pipelines for handling extensive 

codebases. Frameworks like Selenium, Robot Framework, and Appium support GUI testing, 

while SonarQube and Coverity facilitate code quality analysis. Moreover, TestImpact and 

DiffBlue Cover leverage machine learning to prioritize test cases and detect code impacts 

automatically. 
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Hybrid and Intelligent Testing Frameworks 

Recent innovations focus on hybrid testing environments that integrate static code analysis, 

dynamic test execution, and real-time monitoring. AI-enabled platforms such as Mabl, 

Functionize, and Test.ai apply neural networks and reinforcement learning to predict potential 

failure zones, optimize regression suites, and generate adaptive test cases based on code 

evolution patterns. 

 

CHALLENGES IN TESTING BIG CODEBASES AND LEGACY SYSTEMS 

 

Table 1: Challenges and Corresponding Tool Solutions in Legacy Testing 

Challenge Description 
Suggested 

Tool/Framework 
Outcome 

Obsolete 

Technologies 

Unsupported 

environments and 

dependencies 

Wrapper APIs, 

Microservice adapters 

Improved 

compatibility 

Lack of 

Documentation 

Missing or outdated 

records 

Reverse engineering 

tools (Moose) 

Auto-generated 

architecture maps 

Technical Debt 
Excessive redundant or 

risky code 

SonarQube, CAST 

Highlight 

Quantified code 

health metrics 

Regression 

Complexity 
High test execution time TestImpact, Jenkins CI 

Selective test 

execution 

Environment 

Setup 
Complex infrastructure Delphix, Docker 

Virtualized, reusable 

test environments 

 

Complex Dependencies 

Large systems often have tightly coupled modules where minor code changes can lead to 

widespread impact. Dependency tracking is cumbersome, and lack of modularity hinders 

effective test case isolation. 
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Obsolete Technologies 

Many legacy systems rely on outdated languages (like COBOL, VB6, or FORTRAN) and 

frameworks no longer supported by modern testing tools. This complicates automation and 

integration with CI pipelines. 

 

Inadequate Documentation 

Documentation in legacy projects is often missing, outdated, or inconsistent. This limits 

understanding of code behavior and increases the risk of regression errors during updates or 

refactoring. 

 

Technical Debt and Code Decay 

Accumulated shortcuts, redundant code, and ad hoc fixes create technical debt, reducing 

maintainability and testability. Over time, such systems become resistant to modernization 

efforts. 

 

Scalability and Performance Issues 

Testing tools often struggle to manage data volumes and execution times associated with 

millions of code lines, especially in high-load enterprise environments. 

 

TOOL SUPPORT FOR TESTING BIG CODEBASES 

 

Table 2: Comparative Overview of Testing Tools for Big Codebases 

Tool Name Type Primary Function Key Features 
Supported 

Platforms 

SonarQube Static Analysis 
Detects code smells, 

vulnerabilities 

Code metrics, 

dashboards, CI 

integration 

Java, .NET, 

Python, C++ 

Jenkins 
CI/CD & Test 

Automation 

Automates build and 

regression testing 

Plugin support, 

continuous testing 
Cross-platform 

Dynatrace 
Dynamic 

Monitoring 

Performance and 

runtime analysis 

AI-assisted root cause 

detection 
Cloud, on-prem 
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Tool Name Type Primary Function Key Features 
Supported 

Platforms 

DiffBlue 

Cover 
AI Testing 

Auto-generates unit 

tests 

ML-based coverage 

enhancement 
Java 

Delphix 
Test Data 

Management 
Virtualized test data 

Data masking, fast 

provisioning 

Enterprise 

databases 

 

Static and Dynamic Analysis Tools 

Tools like SonarQube, PMD, and Fortify offer static code analysis by detecting 

vulnerabilities, code smells, and dependency issues. On the dynamic side, tools like Dynatrace 

and New Relic provide real-time monitoring and performance testing insights, identifying 

runtime bottlenecks in complex systems. 

 

Automated Regression Testing Tools 

Frameworks such as JUnit, TestNG, and Jenkins enable automated regression testing 

integrated into CI/CD pipelines. Advanced tools like TestImpact and QA Wolf analyze code 

commits to determine affected test cases dynamically. 

 

Code Refactoring and Impact Analysis Tools 

Modern IDEs supported by plugins such as Eclipse Refactoring Engine and JetBrains 

ReSharper assist in automated code restructuring, while CAST Highlight and Moose 

visualize code dependencies and architecture-level metrics. 

 

Test Data and Environment Management Tools 

Maintaining consistency in test data is crucial for large systems. Tools like Delphix and 

Informatica TDM help generate synthetic data and mask sensitive information, ensuring 

compliance and data integrity. 
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FRAMEWORKS FOR LEGACY SYSTEM TESTING 

 

 

Figure 1: Architecture of an AI-Enabled Testing Framework 

 

Wrapper-Based Testing Frameworks 

Legacy systems often require external wrappers to enable modern testing. Wrapper frameworks 

allow the encapsulation of legacy modules within APIs, facilitating their interaction with 

contemporary testing suites. 

 

Continuous Integration and Continuous Testing Frameworks 

Frameworks such as Jenkins, GitLab CI, and Azure DevOps enable automated build, test, 

and deployment cycles for large codebases. Integration with tools like SonarQube ensures 

continuous quality monitoring and defect tracking. 

 

AI-Enabled Testing Frameworks 

AI-powered frameworks like DiffBlue Cover and Testim.io automatically generate test cases, 

perform code comprehension, and optimize regression test suites. These frameworks reduce 

manual effort while increasing coverage and accuracy. 

 

Model-Driven Testing Frameworks 

Model-driven frameworks use system models to generate executable test cases automatically. 

Tools like Spec Explorer and ParTeG apply model transformation techniques to bridge the 

gap between abstract design and executable tests. 
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APPROACHES TO MODERNIZING TESTING IN LEGACY SYSTEMS 

 

 

Figure 2: Continuous Integration and Testing Workflow for Legacy Systems 

 

Modernizing testing in legacy systems is essential to ensure continuous reliability, 

maintainability, and compatibility with modern software ecosystems. Traditional testing 

approaches are often inadequate for aging architectures and outdated technologies. Therefore, 

contemporary strategies focus on progressive modernization, automation, and intelligent test 

optimization. The following sub-sections describe the key approaches used to achieve this 

transformation. 

 

Automated Code Understanding 

One of the primary obstacles in legacy system testing is the lack of clarity about the system’s 

internal structure and inter-module relationships. Automated code understanding utilizes 

artificial intelligence, machine learning (ML), and static analysis techniques to decode and 

interpret these complex systems. 

 

Advanced ML models, particularly code embedding and representation learning algorithms, 

can analyze legacy source code written in COBOL, C, or other older languages to identify 

dependencies, data flows, and control structures. These models generate semantic graphs or 

abstract syntax trees (ASTs) that visually depict the internal relationships between modules. 

Such representations help testers recognize critical pathways, dead code, and redundant logic, 

significantly improving regression test planning. Tools like Moose, CodeScene, and CAST 

Highlight provide automated visualizations and code comprehension insights, enabling testers 
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to focus on the most impact-prone areas. This approach not only aids in testing but also supports 

maintainability analysis, risk assessment, and impact prediction for modernization projects. 

 

By integrating automated code understanding into the testing workflow, organizations can 

reduce the manual effort required for documentation and ensure that testing aligns closely with 

the system’s evolving architecture. 

 

Incremental Modernization 

Legacy system modernization rarely occurs as a single large-scale rewrite; instead, it 

progresses through incremental modernization—a controlled, step-by-step transformation 

process. This approach allows organizations to update or replace outdated components 

gradually while ensuring that the system remains functional and compatible with existing 

infrastructure. 

 

The incremental strategy involves refactoring, component encapsulation, and API-based 

integration. Older modules are wrapped in microservices or accessed via middleware APIs, 

allowing them to interact with new subsystems built using modern technologies like Java, 

.NET, or Python. 

 

Testing in incremental modernization focuses on interface verification, integration consistency, 

and backward compatibility. Automated testing frameworks such as JUnit, PyTest, and 

Selenium can be configured to validate both legacy and newly integrated components. 

Continuous Integration (CI) pipelines like Jenkins or GitLab CI are used to manage and 

validate incremental updates automatically. 

 

The major benefit of this approach is risk reduction—since changes are modular and isolated, 

system-wide failures are minimized. Incremental modernization supports business continuity 

and allows organizations to adopt new technologies without disrupting ongoing operations. 

 

Regression Suite Optimization 

As legacy systems evolve, their regression test suites often become bloated with thousands of 

test cases accumulated over years of maintenance. Many of these cases may be redundant or 
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irrelevant due to code refactoring or feature deprecation. Running such large suites consumes 

significant time and computational resources. 

 

Regression Suite Optimization (RSO) addresses this issue by applying AI-driven test 

prioritization, selection, and reduction techniques. Machine learning algorithms analyze code 

changes, version histories, and past defect patterns to determine which test cases are most 

relevant to the latest modifications. For instance, reinforcement learning models can learn from 

previous regression runs to continuously refine prioritization strategies. 

 

Tools like TestImpact, DiffBlue Cover, and SmartBear TestComplete employ predictive 

analytics to select only those tests that are likely to detect new defects. This approach reduces 

execution time by up to 50–70% without compromising test coverage. 

 

Moreover, regression suite optimization integrates seamlessly with Continuous Testing (CT) 

environments, ensuring that test runs occur dynamically after every code commit or merge. 

The result is faster feedback, enhanced agility, and improved defect detection efficiency—

particularly valuable in time-critical enterprise systems such as banking or telecom 

applications. 

 

Test Virtualization 

Legacy systems often depend on complex hardware, third-party APIs, or unavailable test 

environments, making it difficult to simulate realistic scenarios during testing. Test 

virtualization solves this problem by creating virtual instances of environments, services, and 

dependencies that mimic real-world conditions. 

 

Through service virtualization, testers can emulate components such as databases, mainframes, 

or external APIs that may not be accessible during testing. Tools like Parasoft Virtualize, 

WireMock, and Delphix allow teams to build virtual environments that behave like their 

physical counterparts, enabling continuous testing even when infrastructure is constrained. 

 

Additionally, environment virtualization using platforms like Docker or Kubernetes helps 

replicate production-like setups, supporting parallel test execution across multiple 
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configurations. This enables large-scale scalability and consistency in testing outcomes, 

especially when multiple teams work concurrently on different modules. 

 

Virtualization also enhances cost efficiency by reducing dependency on physical test labs or 

hardware. It ensures that testers can reproduce defects more accurately and simulate failure 

scenarios that would otherwise be impossible in real environments. As a result, test 

virtualization has become a cornerstone in DevOps-driven modernization pipelines for legacy 

applications. 

 

CASE STUDY EXAMPLE  

A financial institution managing a 25-year-old COBOL-based transaction system 

implemented a hybrid framework integrating Jenkins, SonarQube, and AI-driven Test.ai. 

Static analysis identified vulnerable modules, while Test.ai auto-generated regression tests for 

critical transaction workflows. The organization achieved a 35% reduction in testing time 

and improved fault detection by 42%. Over six months, the framework enabled smooth CI/CD 

integration and facilitated phased migration to a Java-based microservices architecture. 

 

FUTURE SCOPE 

Integration with DevOps and MLOps 

Future testing frameworks will integrate seamlessly with DevOps pipelines, allowing real-

time feedback loops and automated anomaly detection. Integration with MLOps will ensure 

that machine learning components in legacy systems maintain accuracy and reliability over 

time. 

 

Cognitive and Self-Healing Testing Systems 

AI-driven self-healing frameworks will automatically adapt to code changes, repair test scripts, 

and update dependencies. Cognitive automation will further enhance adaptive testing through 

pattern recognition and anomaly prediction. 

 

Cross-Language Test Orchestration 

With enterprises maintaining multi-language systems, future tools will offer cross-language 

orchestration—enabling unified test management across COBOL, Java, Python, and .NET 

components. 
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Low-Code/No-Code Testing Solutions 

As testing complexity increases, low-code/no-code platforms will empower domain experts 

to create test cases visually, reducing dependency on specialized scripting skills. 

 

CONCLUSION 

Testing big codebases and legacy systems demands an intelligent blend of automation, 

scalability, and modernization. Traditional testing tools fall short in handling large-scale, 

tightly coupled systems, making advanced frameworks essential for sustainable quality 

assurance. The convergence of AI, DevOps, and model-driven paradigms promises a future 

where testing becomes adaptive, predictive, and self-optimizing. As organizations transition 

toward hybrid and cloud-based infrastructures, continuous evolution of testing frameworks will 

remain vital in ensuring reliability, performance, and long-term maintainability of enterprise 

software ecosystems. 
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