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1. ABSTRACT.

Employing modern software engineering practices requires writing clean and bug-free code in
order to maintain a reliable application. Unfortunately, code reviews are still done manually,
which makes them prone to subjective biases, inconstancy, and inefficiency. To address this
problem, we created "Bug Detection and Code Quality Analysis System", an interactive, smart,
web-based tool that analyses code automatically and flags bugs and quality issues.
Functionally, this project follows a full-stack approach. Users can register, log in, and submit
Python code for analysis through the interface built in Angular. User rights/administration,
application routing, and Al engine communication are all managed in the backend developed
in Spring Boot. Both ends of the system communicate safely through RESTful API calls.

The heart of the project is built around a Python Al engine that accepts code submissions,
executes a static PyLint analysis, and logics various problems such as missing root capital and
unused imports, improper coding styles, and logical errors. After analysis, information such as
bugs, their positions, and short explanation will be returned and shown in frontend. This is
helpful for novice programmers, students, and even advanced developers who wish to get
feedback on their code without going through a peer review process. It enables them to improve
their coding efforts on the fly, thus enhancing their skills and the quality of their crafted
programs.

Currently, the system’s version allows for code analysis in Python only, but due to its modular
design, other languages can easily be integrated in the future. Java code analysis, advanced
recommendations by Al, and tracking of edits history are some of the other features that can be
added later.

Keywords: Bug Detection, Code Quality, Static Code Analysis, Web-Based Tool, Python,
Pylint, Spring Boot, Angular, Al in Software Engineering
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2. INTRODUCTION

Typically, code reviews have been done through manual processes done by peers or senior
developers. Many issues can certainly be resolved through manual reviews; however, this is a
lengthy, time-consuming process that often relies on the experience and attention of the
reviewer. This heavy reliance on people creates a major gap for human error, overlooked bugs,
and inconsistent feedback across dev teams. These issues are even worse when combined with
the limited availability of expert reviewers in educational and beginner environments. This
makes it impossible for learners and fresh programmers to get reliable and prompt feedback
scaled to their needs. With how quickly everything moves in the world of software
development, ensuring code quality and reliability has gained new importance. The risk of
bugs, inconsistencies, and improper coding grows significantly as applications evolve in
complexity and development phases are shortened. The practice of writing clean and readable
code that is devoid of errors is not only a good practice but critical for smooth long-term
software product maintenance and success.

In the last few years, the popularity of automated code analysis and bug detection tools has
soared. These tools employ static code analysis methodologies which check the source code
for patterns that can potentially create bugs, inefficiencies, or breach coding standards. Such
tools save a considerable amount of time while maintaining consistency, improving software
quality, and enabling debugging at an early stage.

This project, “Bug Detection and Code Quality Analysis System,” seeks to fill the gap between
quality assurance and coding by providing an intuitive and smart platform for performing code
analysis in real time. It incorporates modern development tools and static analysis engines into
one application which provides immediate feedback to developers. This aids in encouraging
proper coding procedures and helps in the detection of bugs before the software is released,
thereby increasing productivity and strengthening the software.

2.1 Problem Statement

Software developers regularly struggle to keep the code quality loss due to bug identification
and demographic changes across the development cycle. Manual code reviews require a
significant expenditure of time and the reviewer's skills may lead to differing feedback through
irrelevant and varying levels of review detail, accuracy and focus, which introduces
inconsistency during feedback. Such guidance gets dwarfed due to lack of resources, enabling
overlooked bugs and poor practices to slip through undetected for solo or beginner developers.
In addition, the absence of real-time feedback dramatically postpones the feedback loop needed
for optimization, regression, and debugging processes. With increase in overall application
complexity, there lies an imminent need to maintain factors like bug free coding practices,
maintainability, clean coding standards, and performance of the application in tandem. This
project focuses on building an automated solution called in a friendly manner to detect bugs
and analyse code quality instantaneously.
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2.2 Objective

The primary objective of this project, as set forth, is the focus onto building an intelligent
system that allows access to users for pertinent information through analysis of source code
containing text and strings to identify embedded bugs with all possible semantics. The
automation of reviews is attained through application of static code analysis tools that examine
contemporary executed Python scripts for logical with embedded syntactic and structural
conflicts. Moreover, providing a feedback mechanism that is timely through screen dress via
GUI depicting errors helps the developer redeem standards put to his codebase, reduce the time
taken to debug and evade coding blunders commonly associated with programming. The
product aims to aid novice programmers by providing an intuitive framework that simplifies
access by providing well defined allowances designed to encourage clear and focused
instructions which step out of the mundane connecting code-dies with logic graphs.

2.3 Contribution

The Project helps to further develop the software ecosystem by creating an easy to use and
smart code analyser that encourages clean coding. The System allows users to submit their
code via a website and get real-time analysis reports. It helps identify bugs and other areas for
improvement which results in better code clarity. Furthermore, it helps students as an
educational assistant by pointing out mistakes and how to improve them. Because of its small
size, this application encourages learning and reduces the need for manual reviews which
enhances the accuracy of the code all within a rapid and compact application modern web
technologies have created.

3. LITERATURE REVIEW

In today’s scenario of software engineering, quality assurance and bug detection on software
systems are paramount. In an effort to improve software quality and reduce defects, many
strategies have been developed over the years. Java applications can easily make use of static
code analysis tools like Find Bugs, PMD, and Check style which aim to highlight possible
problems within the software. These tools look through the source code of a program without
running it and check if certain patterns that usually result in bugs or performance problems a
bug are present. Nonetheless, many of them are basic tools without a proper implementation
into a web interface or configuration options that allow the users to adjust the software to their
preferences. Some recent works focus on the application of Al and machine learning to code
analysis. Allamanis et al. (2018) placed an important focus on the application of neural models
for algorithmically understanding the source code semantics and predicting where bugs are
likely to occur. While great, these approaches tend to require a large number of computational
resources which may not be sustainable in some instances, particularly smaller or medium-
scale developers.

There are various web-based platforms like SonarQube or Code Climate which offer
dashboards for code quality visualization and tracking. However, these systems seem to
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concentrate on enterprise-level integrations and may not suit specific educational or research
contexts. Additionally, they sometimes do not provide sufficient support for minimalistic
customizations or extensions for ad hoc development environments. This paper presents a
research gap which provides a web-based, straightforward, and intuitive user interface for
detecting bugs and assessing code quality. This system focuses on programmers, learners, and
students without undermining accuracy with established static analysis tools. In contrast to
heavily Al-driven approaches that tend to be opaque, this model allows users greater control of
the code review process, enhancing its utility as an educational resource and a practical asset
in real-world software development.

Here are 10 articles focusing on Bug Detection and Code Quality analysis systems, providing
a comprehensive view of the technology and its system. Each article includes relevant insights
and links for reference:-

Articles from 2023-2024

1. A Web-Based Automated Bug Detection and Fix Suggestion System
This study introduces a dynamic web-based platform that detects bugs in real-time and
suggests context-aware fixes. Utilizing a Python-based automation engine, it achieved an
85% success rate in resolving common bugs and reduced debugging time by 40%.
https://www.researchgate.net/

2. Al-Powered Bug Detection in Software Development
This research presents a machine learning framework that integrates real-time bug
detection into developers’ workflows, enhancing efficiency and accuracy in identifying
software defects. https://insights2techinfo.com/

3. Automated Code Review and Bug Detection
The paper discusses the development of an automated system for code review and bug
detection, emphasizing the importance of performance prediction in application
development. https://www.researchgate.net/

4.  Enhancing Static Analysis for Practical Bug Detection
This study explores the integration of large language models (LLMs) into static analysis
tools to improve bug detection accuracy in complex codebases. https://www.cs.ucr.edu/

5. An Empirical Study on Bug Severity Estimation Using Source Code Metrics
The research provides a quantitative and qualitative analysis of bug severity estimation,
utilizing common source code metrics and datasets like Defects4] and Bugs.jar.
https://www.sciencedirect.com/

6.  Feature Transformation for Improved Software Bug Detection and Classification
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This paper reviews machine learning-based bug detection methods, focusing on feature
transformation techniques to enhance bug visualization and classification.
https://www.sciencedirect.com/

7.  Static Code Analysis in the AI Era: An In-depth Exploration of Intelligent Code
Analysis Agents
The study introduces the Intelligent Code Analysis Agent (ICAA), combining Al models
with traditional components to detect and diagnose code errors and business logic
inconsistencies. https://arxiv.org/

8. Enhanced Bug Prediction in JavaScript Programs with Hybrid Call-Graph Based
Invocation Metrics
This research proposes a function-level JavaScript bug prediction model that combines
static and dynamic code analysis metrics to improve prediction performance.
https://arxiv.org/

9. A Survey on Automated Software Vulnerability Detection Using Machine Learning
and Deep Learning
This survey characterizes various ML/DL-based approaches for software vulnerability
detection, analysing datasets, model architectures, and current challenges.
https://arxiv.org/

10.  SonarQube: Open-Source Platform for Continuous Inspection of Code Quality
SonarQube is an open-source platform that performs automatic reviews with static
analysis to detect bugs and code smells in multiple programming languages.
https://en.wikipedia.org/wiki

3.1 System Design

System design of "Web Based Bug detection and Code Quality Analyzer" has emphasis on
modular efficiency, scalability and design. The architecture consists of three main layers, the
frontend interface, backend server, Al powered code analysis engine. Integrations of the
components are achieved using REST APIs. The front end is responsible for user interactions,
receiving uploaded or pasted code, languages, and delivering the analysed results while the
backend serves as the controller that verifies the provided inputs, fulfils the requests, and
interfaces with the Al engine.
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Figure 1: System Architecture of the Web-Based Bug Detection and Code Quality Analyzer

a) Front-End Development

The front-end of this project was developed using Angular, a powerful framework for building
dynamic and responsive web applications. It provides a modern, component-based UI that
simplifies user interaction and improves usability.

Key features include:

. Code Editor Integration: A user-friendly code editor (like Monaco or Ace Editor) for
writing or pasting code directly.

. Syntax Highlighting: Dynamic syntax highlighting to differentiate language constructs.

. User Feedback Ul: Clean interface to display analysis reports, bug lists, line numbers,
and suggestions.

. Responsiveness: Fully responsive layout compatible across desktop and mobile devices.

Angular services are used to send and receive data from the backend through HTTP Client,
ensuring a smooth user experience.

b) Back-End Development

The back-end is built using Spring Boot, a Java-based framework known for its performance
and simplicity in RESTful service creation. The backend serves as the central controller of the
application.

Key responsibilities:

. Request Handling: Receives user code and processes it securely.

. Language Detection: Validates and identifies the type of code submitted.

. Integration Point: Coordinates with the AI-Engine for code analysis.

. Response Formatting: Converts raw analysis results into a structured JSON response.

. Security: Implements JWT-based authentication and CORS policies to protect
endpoints.
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¢) Pylint
The Al Engine is a Python module responsible for the core logic of code analysis. For this
version, Pylint is used to scan Python code.

How it works:
. Accepts Python code input from the backend.

. Executes Pylint via subprocess, capturing its output.
. Filters and formats linting messages, including:

. Code smells

. Style violations

. Bugs and errors

. Suggestions for better practices

3.2 Workflow of the Code Quality Analysis System

a) User Authentication & Access

. The user accesses the Web Application through a browser.

. If required, the user logs in using their credentials (optional step if user accounts are
implemented).

. After logging in, the user can access the code analysis interface.

b) Code Submission

. The user pastes or uploads code in the provided text area or file upload section.

. The Ul (Frontend) captures the code and submits it as a request to the Backend via an
API call.

¢) Code Validation

. The Backend checks if the submitted code follows the necessary format (e.g., correct
programming language).

. It validates the code based on the file extension or user input (language selector).

. If the input is invalid, the user is prompted to correct it.

d) Code Analysis Request

. The backend processes the valid code and forwards it to the Al Engine (Pylint for Python
code analysis).

. The Backend makes an API call to the Al engine and waits for the analysis results.

e) Code Analysis by pylint
. The AI Engine (Pylint) receives the code and performs a series of checks to detect errors
and improve code quality.

Pylint scans the code for:

. Syntax errors
. Coding style violations
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. Code smells

. Potential bugs

. Suggestions for improvement

. The analysis results are returned to the Backend.

f) Processing Analysis Results
The Backend processes the returned analysis results:

. It parses the results into a user-friendly format.

. Identifies the types of issues (e.g., bugs, warnings, suggestions).

. Prepares a response containing detailed feedback with file names, line numbers, and
suggestions.

g) Displaying Results to User

. The Backend sends the processed analysis data to the Frontend in a structured format
(e.g., JSON).

. The Frontend receives the response and displays the results:

. Bugs: Critical errors that need to be fixed immediately.

. Warnings: Issues that are not critical but should be addressed.

. Suggestions: Best practice recommendations to improve code quality.

. Line numbers: Showing exactly where the issues are located in the code.

. Fix Suggestions: For each bug or issue, a suggestion on how to fix it is displayed.

3.3 Novelty of the Approach

The Web-Based Bug Detection and Code Quality Analyzer offers a unique and innovative
approach to software quality assurance by integrating real-time, automated code analysis with
a user-friendly interface.

The novelty of this approach lies in several key aspects:

Seamless Integration of Al for Code Review:
Traditional static code analysis tools primarily rely on predefined rules and patterns. This
project leverages Al-driven methods to detect bugs, code smells, and provide suggestions.

Web-Based Platform:
Unlike traditional desktop-based tools, this project offers a web-based solution that is platform-
independent and easily accessible through any browser.

Real-Time Feedback and Continuous Improvement:
The system provides instantaneous feedback as soon as the user submits the code for analysis.
This real-time interaction allows developers to immediately correct issues, improving their

coding practices and overall productivity.

Enhanced Focus on Code Quality Beyond Bug Detection:
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While most existing tools focus mainly on bug detection, this system places a significant
emphasis on overall code quality improvement.

Customizable and Extensible Framework:

The system is designed to be extensible, meaning new modules or AI models can be added to
analyze different programming languages, integrate additional quality metrics, or enhance
analysis capabilities.

Data-Driven Insights for Developers:
The system logs and tracks the results of multiple code analysis sessions, enabling developers
to analyze trends in their code quality over time.

4. METHODOLOGY

The system is developed using three tiers, a frontend, backend, and an Al powered analysis
engine. The user interface captures Python code using an Angular based frontend that is
responsive to commands. Spring Boot backend services manages API calls and communicates
with the Al engine developed in Python. The engine utilizes Pylint to run bug detection and
code quality assessment on the provided code and the structured results are formatted and
returned to the user. Fast and dependable code evaluation are results from the system
components having effective communication, modular architecture, and clear design focus.

4.1 Comparison with Existing Systems

The existing bug detection tools like SonarQube and Pylint are common in use around the
software development industry for static code analysis. For example, SonarQube has robust
features for measuring code quality that encompasses code smells and security vulnerabilities.
SonarQube offers extensive features for tracking code quality, which include bugs and security
vulnerabilities. SonarQube, however, requires an overwhelming setup, and its user interface is
uncluttered but intricate to navigate for developers, especially beginners. Moreover,
SonarQube focuses more on static analysis without the inclusion of Al-based suggestions.

Pylint is a code linting and error detection tool specifically designed for Python. It does an
excellent job with Python code, but it does not scale well and is not flexible enough for a multi-
language environment. Pylint is generally less suited for heterogenous development settings.
Also, Pylint's recommendations, like many others, are not very specific and often miss the
context of the project. The Web Based Bug Detection and Code Quality Analyzer solves the
Pylint problems by presenting a more intuitive, web-based approach that can be easily
incorporated into a continuous development cycle. It is multi-lingual, has Al-powered
contextual suggestions relevant to the project, and smooth workflows. Moreover, it does not
require elaborate setup or configuration, providing simplicity for teams of any size.
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4.2 Discussion

Compared to existing code review tools, this system adds value by providing instant feedback,
Al-assisted bug identification, and suggested actionable changes. It goes beyond assisting
programmers with diagnosing bugs by also improving the developer’s knowledge of code
quality standards through robust coding education. The web-based approach increases the
accessibility of the tool to deployed teams, which widens its adoption potential and nurture
collective software engineering. Nonetheless, while the system works well for simpler projects,
it may need further refinement in scalability for larger codebases and teams.

4.3 Advantages over Existing Systems

The Web-Based Bug Detection and Code Quality Analyzer has a number of advantages over
traditional code quality tools. Firstly, its web-based interface allows access from any device
with internet, eliminating the need for complex software installations and configurations.
Unlike many existing systems which focus and prioritize bug detection, this tool offers all-
inclusive feedback that includes analysis of actionable suggestions and code quality metrics. It
empowers developers through Al-powered insights that traditional static analysis tools do not
offer, making intelligent code improvement suggestions possible. The system is also designed
to be scalable, enabling teams to implement continuous integration while keeping high
standards of code quality during development.

4.4 Challenges

Addressing bug detection for different coding languages and frameworks was perhaps the most
difficult problem to solve while developing the system. Adapting support for other languages
and frameworks beyond Python proved to be a complicated endeavor, despite the Al engine’s
proficient Python code analysis. The optimization of real-time analysis yielded another
challenge; improving response times, particularly for the larger codebases, increased the
difficulty of maintaining accuracy in results.

4.5 Comparison with Similar Systems

In contrast to existing bug and code smell detection tools such as SonarQube and Pylint, this
system features the addition of Al to automate more intelligent code quality improvement
suggestions. It also boasts a novel web interface that enhances accessibility for issue detection
and encourages interaction with the tool. Unlike the setup and configuration burden posed by
SonarQube, this system provides effortless and swift analysis, eliminating extensive interfaces
and documentation for preliminary exploration.

5. Results and Discussion

The Web-Based Bug Detection and Code Quality Analyzer has proven to be useful in bug
detection and providing insights on code quality. The system performs comprehensive code
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analysis, bug detection, and real-time suggestions for improvements. From the developers’
perspective, the time saved along with the enhanced quality of code is considerable. The users
cite the ease of using the interface along with the system’s Al integration for code review as
the reason for the system’s popularity.

6. CONCLUSION

The Web-Based Bug Detection and Code Quality Analyzer offers an imaginative improvement
of a developer's workflow by providing real-time bug detection and correction
recommendations. The developer’s productivity is maximized because no cumbersome
installation or supplementary setups are needed with the provided online interface. The system
acts as an educator by providing intelligent suggestions which go beyond mere bug
identification and address correct coding practices, helping development teams to build reliable
coding habits over time.

Because the system can analyse code quality for not just one programming language, its ability
to adapt and versatility increases in various development contexts. Additionally, it's beneficial
for projects of any size, whether by single developers or big groups, due to its scalability.
Although challenges during development still pose an obstacle, such as optimizing real-time
analysis and integrating Al components, the outcomes demonstrate remarkable improvement
of code quality, reduction of bugs, and overall streamlined code reviews. These results
eliminate excess developer workload, and save time that can now be committed to high-priority
tasks, improving productivity overall.
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