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ABSTRACT: This project is a developing an Intelligent Machine Learning based system for automated bug detection
and auto fix generation in software applications. Debugging is one of the most time-consuming and challenging tasks in
software development, especially for beginners. In this system, the user provides source code or error messages as
input. The system analyzes the code using Machine Leaming and Natural Language Processing (NLP) techniques
trained on large datasets of buggy and corrected code. Based on learned patterns, the model identifies the type of bug
and generates appropriate fix suggestions. The system works similar to a chatbot, providing interactive and user-
friendly debugging assistance. This intelligent approach reduces human effort. improves coding efficiency, and helps
developers learn better programming practices. The proposed system is cost-effective, scalable, and suitable for real-
time software development environments. It provides real-time feedback, enabling immediate correction of mistakes
during development. The machine learning model continuously updates its knowledge base as new types of bugs are
encountered.

The proposed system accepts source code or error messages as input from the user. It processes this input using
advanced ML models trained on large datasets containing buggy code samples and their corresponding corrected
versions. By learning patterns, structures, and common error types from historical data, the model is capable of
identifying syntax errors, logical bugs, runtime exceptions, and semantic inconsistencies in the code. The integration of
NLP techniques enables the system to interpret error messages and understand programming context, making it more
adaptable across different programming languages and development environments.
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Language Model (LLM), Intelligent System, Code Analysis, Error Detection, Software Development, Pattern
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L. INTRODUCTION

Machine Learning is an advanced and influential domain of Artificial Intelligence that enables computer systems to
learn from data and improve their performance without being explicitly programmed for every task. It focuses on the
development of algorithms and models that can automatically identify patterns, analyze relationships, and make
intelligent decisions based on past experiences and large volumes of data. Traditional software systems follow fixed
rules defined by programmers, whereas machine learning systems adapt and evolve by learning from data inputs. This
capability allows machine learning to handle complex and dynamic problems that are difficult to solve using
conventional programming methods. Machine learning techniques are commonly classified into supervised learning,
unsupervised learning, and reinforcement learning, each designed to address specific types of problems such as
prediction, classification, clustering, and optimization. The increasing availability of big data, cloud computing, and
high-performance hardware has significantly accelerated the growth and effectiveness of machine learning systems
across various industries.

The domain of machine learning has become a key driver of innovation and automation in modern technology-driven
environments. It is widely applied in real-world scenarios such as medical diagnosis, financial forecasting, fraud
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detection, recommendation systems, image and speech recognition, customer behavior analysis, and autonomous
systems. By learning from historical data and continuously updating its models, machine learning enhances accuracy,
efficiency, and decision making capabilities over time. Organizations leverage machine learning to gain valuable
insights, reduce human effort, and improve operational performance. As data continues to grow exponentially, the
importance of machine learning in extracting meaningful knowledge and supporting intelligent systems becomes
increasingly significant. Consequently, machine learning stands as a foundational domain that supports digital
transformation and plays a crucial role in shaping the future of intelligent technologies. Even small mistakes in code
can lead to system failures, security vulnerabilities, and performance issues. Hence, there is a strong need for intelligent
systems that can automatically analyze source code, identify potential bugs, and suggest effective fixes. Detecting bugs
and fixing errors manually is a time-consuming process that requires significant developer effort and expertise.

II. LITERATURE SURVEY

Chintha Durga Ram Charan Tej proposed an automated software bug detection system using Machine Learning
techniques such as Random Forest, Support Vector Machine (SVM), and Deep Neural Networks to improve software
quality assurance. The study utilized Natural Language Processing (NLP) to analyze source code patterns and achieved
improved precision, recall, and F1-score, making it effective for automated debugging.[1]

Bahtiar Imran et al. developed a machine learning model for automatic bug detection in Python code using syntactic
analysis. Their approach used Abstract Syntax Tree (AST)-based feature extraction combined with a Random Forest
classifier, achieving an accuracy of 86.67%. The model effectively analyzed structural code features such as functions,
variables, and control statements, though it was limited to syntactic errors.[2]

Jiajun Sun and Fengjie Li conducted an empirical evaluation of Large Language Models (LLMs) in automated program
repair (APR). Their study compared LLM-based approaches with traditional repair techniques and found that LLMs
significantly improved repair success rates for syntax and semantic errors, while facing challenges in handling complex
logical bugs and generalization.[3]

Islem Bouzenia and Premkumar Devanbu introduced an autonomous LLM-based agent called Repair Agent for
program repair. This system used a finite-state machine and tool-based interaction to autonomously detect, analyze, and
fix bugs. Experimental results showed that the agent successfully fixed a large number of real-world bugs,
demonstrating the effectiveness of autonomous Al-driven software maintenance.[4]

Alike Saeed discussed the role of machine learning in automated bug detection within software quality assurance (QA).
The study highlighted how ML models analyze source code, test data, and historical bug patterns to detect defects early,
reduce manual effort, and improve software reliability and development efficiency.[5]

III. RESEARCH METHODOLOGY

3.1 PROBLEM IDENTIFICATION

Manual debugging in software development is a time-consuming and complex process. Developers often spend a
significant amount of time identifying and fixing bugs, which reduces overall productivity. Traditional debugging tools
are limited in their ability to understand the context of the code and often fail to detect logical and semantic errors.
Additionally, these tools do not provide automatic fix suggestions, increasing the manual effort required. As software
systems become more complex, the number of bugs also increases. This leads to higher development time, cost, and
reduced code quality. Therefore, there is a need for an intelligent and automated bug detection system.

3.2 PPROBLEM SOLVING

To overcome these challenges, the proposed system uses machine learning techniques to automatically detect bugs in
source code. The system analyzes code using advanced algorithms and identifies various types of errors such as syntax,
logical, and runtime issues. It also generates context-aware fix suggestions, reducing the need for manual debugging.
By learning from historical bug data, the model improves its accuracy over time. The system provides a user-friendly
interface for easy interaction. This approach significantly reduces development time and effort. Overall, it enhances
code quality, reliability, and developer productivity.

3.3 SYSTEM ARCHITECTURE
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Fig.1 System Architecture for Error Detection and Auto fix generation

The proposed system architecture for automated bug detection and fixing integrates several modules to ensure efficient
and secure operation. Initially, the user interacts with the system through the User Interface Module, where code or
queries are submitted. The Authentication and Security Module verifies user credentials and ensures data protection.
Once authenticated, the request is processed by the Auto Fix Generation Module, which analyzes the code, detects
bugs, and generates fixes using machine learning and LLM-based techniques. This module communicates with the
LLM API Module to send queries and receive intelligent responses for accurate bug identification and correction. The
results are then forwarded to the Output and Monitoring Module, which evaluates, tracks, and displays the fixes along
with performance insights. Finally, the processed output is returned to the user through the interface, completing the
workflow and improving overall software quality with minimal manual effort. This Modules shows,

1.User Interface Module
2.Authentication &Security Module
3. Auto Fix Generation Module
4.LLM API Integration Module

User Interface Module

The User Interface (UI) Module acts as the primary point of interaction between the user and the system. It provides a
secure login mechanism, allowing users to access the dashboard and utilize system features efficiently. The interface is
designed to be intuitive and user-friendly, ensuring ease of use for both beginners and experienced developers.The
module enables users to input source code through multiple options such as live code editor, copy-paste functionality,
or file upload. It also allows users to select the desired programming language and initiate real-time manual analysis.
Once the code is submitted, the Ul displays detected bugs categorized by severity levels (critical, high, medium) along
with detailed explanations and suggested fixes. Additionally, the module provides visual feedback such as alerts,
notifications, and processing status to keep the user informed throughout the analysis process. It also supports features
like applying fixes directly, clearing input, and viewing past analysis history. Overall, the Ul module ensures smooth
interaction, efficient workflow, and an enhanced user experience.

Authentication & Security Module

The Authentication and Security Module ensures that only authorized users can access the system. It verifies user
identity through a secure login mechanism using username and password credentials. To enhance security, sensitive
data such as passwords are protected using hashing and encryption techniques, preventing unauthorized access or data
breaches.The module also manages user sessions securely using tokens, ensuring safe communication between the
client and server. It implements HTTPS protocols to protect data transmission from external threats. Additionally, this
module prevents unauthorized access, detects suspicious activities, and maintains overall system integrity, making the
application reliable and secure for real-world usage. It protects sensitive data using hashing and encryption techniques,
and manages sessions securely with tokens. The module also uses HTTPS protocols to ensure safe data transmission
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and prevent unauthorized access. Overall, it maintains system integrity and provides a secure and reliable environment
for users.

Auto Fix Generation Module

The Auto Fix Generation Module is responsible for automatically generating solutions for the detected bugs. After
analyzing the uploaded code, the system identifies different types of errors such as syntax, logical, and runtime issues
using machine learning techniques. Based on these detections, the module generates appropriate and context-aware fix
suggestions.

This module leverages advanced models, including Large Language Models (LLMs), to improve the accuracy and
relevance of the fixes. It ensures that the suggested corrections follow best coding practices and enhance code quality.
The module reduces manual debugging effort by providing instant and reliable fixes, allowing developers to quickly
resolve issues and improve productivity. It then generates context-aware fix suggestions with the help of advanced
models like Large Language Models (LLMs), ensuring accuracy and adherence to coding best practices. This module
minimizes manual debugging effort by providing quick and reliable fixes, ultimately improving code quality and
developer productivity.

LLM API Integration Module

The LLM API Integration Module acts as a bridge between the system and external Large Language Model services. It
sends the user’s source code as a request to the API and receives detailed responses, including bug analysis and fix
suggestions.

The module processes the received responses and forwards them to the appropriate system components, such as the
auto-fix and output modules. It sends the user’s source code to the API and receives detailed responses including error
analysis and fix suggestions. The module then processes these responses and forwards them to relevant components
like the auto-fix and output modules. By ensuring smooth communication and efficient data flow, it improves the
overall intelligence, accuracy, and performance of the system.

VI. RESULTS

Fig.2 Home Page

This Fig.2 shows the user interface allows selecting a programming language and entering or uploading code for
analysis. Initially, no output is shown until the user submits code for bug detection
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Fig.3 Live Editor Page

This Fig.3 shows the system analyzes Python code and detects syntax errors, showing bug count and severity levels. It
also provides clear explanations and fix suggestions with high confidence.

Fig.4 Paste Code Page

This Fig.4 shows the system identifies multiple bugs in Java code, including logical, runtime, and syntax issues.It
categorizes errors by severity and allows users to apply automatic fixes directly.
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Fig.5 Upload File page

This Fig.5 shows the system generates intelligent fix suggestions for detected bugs and explains the issues.Users can
review and apply fixes instantly, improving code correctness and quality.

History

Fig. 6 History Page

This Fig.6 shows the history module stores previous code analysis results for future reference. It helps users track past
bugs, fixes, and improvements over time.

VI. CONCLUSION AND FUTURE ENHANCEMENT
In conclusion, the Intelligent ML Model for Automated Bug Detection and Auto Fix Generation offers an efficient and
modern solution for improving software development. By leveraging machine learning and advanced language models,

the system significantly reduces manual effort, minimizes debugging time, and enhances overall code quality. It ensures
accurate bug detection and provides reliable fix suggestions, making the development process faster and more efficient.
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Additionally, the system’s ability to learn from past data allows it to continuously improve its performance and adapt to
different coding environments. Its scalable architecture and user-friendly interface make it suitable for real-world
applications and integration with existing development tools. Although certain challenges like data dependency and
computational cost exist, the advantages of automation and early error detection outweigh these limitations. Overall,
the system enhances developer productivity and plays a key role in building high-quality, reliable, and error-free
software systems.

Future enhancements of the Intelligent ML Model for Automated Bug Detection and Auto Fix Generation can focus on
improving accuracy, scalability, and real-time capabilities. The system can be extended to support multiple
programming languages and handle more complex code structures. Incorporating advanced deep learning models and
larger datasets can further enhance bug detection and fix generation performance. Integration with popular development
environments and version control systems can make the tool more practical for developers. Additionally, optimizing
computational efficiency and reducing processing time will improve overall system performance. Future work can also
include enhanced security features and better handling of edge cases, making the system more robust and reliable for
real world application. Continuous learning mechanisms can also be introduced, allowing the model to improve over
time based on new data and user feedback. Overall, these enhancements will transform the system into a more
powerful, efficient, and developer-friendly solution, making it highly suitable for real-world software development and
maintenance.
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