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ABSTRACT

Software debugging remains one of the most time-consuming and complex tasks in software development. Traditional
debugging methods require manual analysis, which is labor-intensive, error-prone, and inefficient, especially for
large-scale systems. The rapid advancements in Artificial Intelligence (Al) and Machine Learning (ML) have enabled
automation in software debugging through self-learning mechanisms.

This paper presents a novel Al-augmented debugging framework that leverages self-learning techniques to detect,
diagnose, and autonomously fix software bugs. The approach integrates Natural Language Processing (NLP) for bug
report analysis, Deep Learning (DL) models for pattern recognition, Large Language Models (LLMs) for intelligent
code suggestions, and Reinforcement Learning (RL) for iterative improvement.

Experimental evaluations demonstrate that the proposed Al-driven debugging system significantly enhances bug
detection accuracy, reduces the time required for bug resolution, and improves software reliability. We also discuss
the challenges associated with Al-based debugging, including the quality of training datasets, ethical concerns, model
interpretability, and computational requirements. The study concludes with insights into the future of self-learning
debugging systems in the software engineering landscape.

Keywords: Al debugging, machine learning, automated bug fixing, self-learning Al, software engineering, NLP in
debugging, deep learning in software engineering

debugging impractical. Even with sophisticated

i debugging tools, developers still spend more
1. Introduction than 50% of their time identifying and fixing
bugs.

1.1 Background and Motivation
With the rise of Artificial Intelligence (Al) and

Software bugs can lead to catastrophic failures, Machine Learning (ML), there is an
financial losses, and security vulnerabllltle_s. opportunity to automate debugging through
Large-scale software projects often contain intelligent systems that can learn from previous
millions of lines of code, making manual bug patterns, predict errors, and suggest fixes

Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


https://wjftcse.org/index.php/wjftcse/index
https://wjftcse.org/
mailto:jainkratika.567@gmail.com
mailto:s24cseu0541@bennett.edu.in
http://www.wjftcse.org/

World Journal of Future Technologies in Computer Science and Engineering (WJFTCSE)

ISSN (Online): request pending
Volume-1 Issue-1 || April 2025 || PP. 01-11

https://wjftcse.org/

autonomously. Al-powered debugging is a
game-changer because it reduces human
intervention, improves accuracy, and speeds up
the debugging process.

1.2 Research Objectives
This research aims to:

1. Develop an Al-augmented debugging
system that automatically detects and
fixes software bugs.

2. Utilize self-learning techniques to
enhance  bug identification and
correction over time.

3. Integrate Al models such as deep
learning and reinforcement learning
to optimize debugging efficiency.

4. Evaluate the system’s effectiveness in
terms of accuracy, bug resolution time,
and scalability.

1.3 Structure of the Paper

The remainder of this paper is structured as
follows:

e Section 2 explores related works and
existing  approaches in  software
debugging.

e Section 3 presents the methodology and
technical implementation details.

e Section 4 discusses experimental results
and performance evaluation.

e Section 5 concludes with insights into
challenges, limitations, and future
research directions.
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Figure 1:[Source : https://relevant.software/blog/ai-
software-development/]

2. Literature Review

2.1 Traditional Software Debugging
Approaches

Traditional debugging methods include:

e Print Statements and Logging:
Developers manually insert print
statements to trace program execution.

o Static Analysis: Tools like FindBugs
and SonarQube analyze code without
executing it.

« Dynamic Analysis: Debuggers such as
GDB and Valgrind execute code to
monitor runtime behavior.

e Test-Driven Debugging: Writing unit
tests to catch potential issues before
deployment.

Although these techniques are widely used, they
rely heavily on human intervention, making
them inefficient for large-scale applications.

2.2 Al-Powered Debugging

Al-based debugging leverages machine learning
to predict, detect, and automatically correct
software errors. Key Al techniques include:

e Deep Neural Networks (DNNs): Learn
patterns in bug occurrences.
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o Natural Language Processing (NLP):
Extracts insights from bug reports and
error logs.

e Reinforcement Learning  (RL):
Improves debugging accuracy over
iterations.

e Transformer Models (e.g., GPT-4,
Gemini): Generate and refine code
suggestions.

Several studies have shown that Al-powered
debugging can reduce debugging time by
over 40% compared to traditional methods.

2.3 Challenges in Al-Based Debugging

While Al-assisted debugging has shown great
promise, key challenges include:

e Training Data Limitations: Al models
require high-quality labeled datasets for
training.

o Explainability: Al-generated fixes
must be interpretable and trustworthy.

o Computational Costs: Training deep
learning models for debugging requires
significant resources.

e Security Risks: Al-generated fixes
might introduce vulnerabilities if not
properly validated.
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Figure 2:[Source : http://adnovum.com/blog/ai-
software-development]

3. Methodology

3.1 Proposed Al-Augmented Debugging
Framework

The proposed Al-augmented debugging
framework is designed to automate the process
of bug detection, diagnosis, and correction using
self-learning capabilities. The framework
consists of three major components:

1. Bug Detection Module:

o Utilizes static code analysis to
identify syntax errors, logical
inconsistencies, and potential
runtime issues.

o Implements dynamic analysis
to execute test cases and analyze
runtime behavior for detecting
memory leaks and performance
bottlenecks.

o Incorporates Natural Language
Processing (NLP) techniques to
analyze error logs and bug
reports, identifying patterns in
recurring issues.

2. Bug Diagnosis Module:

o Leverages Machine Learning
(ML) models trained on labeled
datasets of common software
defects.

o Uses deep learning classifiers
to categorize bugs based on
severity and impact.

o Implements knowledge graphs
and reasoning engines to
understand dependencies and
predict root causes of bugs.

3. Automated Bug Fixing Module:

o Employs Large Language
Models (LLMSs) such as GPT-4
or Gemini to suggest intelligent
code fixes based on learned
patterns.

o Utilizes Reinforcement
Learning (RL) where Al
generates multiple fix
suggestions,  evaluates  their
effectiveness through testing,
and optimizes the best solution.

o Uses syntactic and semantic
analysis to ensure Al-generated
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fixes do not introduce new bugs
or alter software behavior.

The self-learning nature of the system ensures
that it continuously improves its debugging
accuracy by learning from past debugging
attempts and incorporating feedback from
developers.

3.2 Self-Learning Mechanism and
Reinforcement Learning

Self-learning is a core feature of the Al
debugging system, allowing it to adapt over
time to new bugs and software changes. The
reinforcement learning approach follows these
steps:

1. State Representation: The Al model
represents the software code, bug
reports, and error logs as feature vectors.

2. Action Selection: The Al selects
possible bug fixes based on its training
history and previous debugging
experiences.

3. Reward System: Each fix suggestion is
tested, and the Al is rewarded based on
accuracy, execution efficiency, and
software stability.

4. Policy Update: The Al refines its model
by giving higher priority to debugging
strategies that previously led to
successful fixes.

By using reinforcement learning, the Al model
iteratively improves its debugging accuracy,
becoming more efficient in fixing software
defects with minimal human intervention.

3.3 Machine Learning Models Used in
Debugging

The debugging system integrates multiple Al
models, each serving a specific purpose:

https://wijftcse.org/
Model Type | Purpose | Implementatio
n Details
Convolutiona | Feature Converts source
I Neural | extraction | code into
Networks from image-like
(CNNs) source representations
code for pattern
recognition
Recurrent Time- Analyzes logs
Neural series and error
Networks error messages to
(RNNs) predictio | detect recurring
n ISsues
Transformer- | Code Suggests
Based Models | suggestio | intelligent fixes
(GPT-4, n and | based on
Gemini, bug-fix training data
BERT) generatio
n
Reinforceme | Adaptive | Learns the most
nt Learning | debuggin | effective bug-
(Q-learning, | g fixing strategies
DQN) through  trial
and error

These models work in combination to provide
a comprehensive and self-improving Al
debugging system.

3.4 Data Collection and Preprocessing

A key challenge in Al debugging is training the
model with high-quality data. The dataset

used includes:

e Public Bug Repositories: Datasets
from GitHub, Stack Overflow, and
Bugzilla.

o Enterprise Codebases: Proprietary
software logs and bug reports from real-
world applications.

e Open-Source Projects: Software with
documented bugs and corresponding
fixes.

Preprocessing Steps:
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o Data Cleaning: Removal of irrelevant

code  snippets and  formatting
inconsistencies.

o« Feature Engineering:  Extracting
meaningful  patterns  from  error

messages and log files.

e Normalization: Converting variable
names and syntax structures into a
unified format to improve Al model
generalization.

The dataset is then used to train, validate, and
fine-tune the Al debugging models to maximize
accuracy and minimize false positives.

4. Results and Discussion

4.1 Performance Evaluation of Al
Debugging System

The Al debugging system was tested on a
diverse set of software applications, ranging
from small scripts to large enterprise systems.
Key performance metrics include:

Metric | Traditio | Al- Improve
nal Augmen | ment (%)
Debuggi | ted
ng Debuggi

ng

Bug 78% 92% +14%

Detecti

on

Accura

cy

Time 8 hours | 4 hours | -50%

Taken | (avQ) (avg)

to Fix

Bugs

False 15% 7% -8%

Positive

Rate

Scalabil | Limited | High N/A

ity

Performance Evaluation of Al
Debugging System

100%

50% I I

Bug Detection Time Takento False Positive
-50% Accuracy Fix Bugs Rate

-100%

M Traditional Debugging

Improvement (%)

Chart 1: Performance Evaluation of Al Debugging
System

These results demonstrate that Al-assisted
debugging significantly enhances efficiency
and accuracy, reducing the time needed for bug
resolution.

4.2 Comparative Case Study

The Al debugging system was deployed on an
open-source Python-based project with
10,000+ lines of code. Results from this case
study include:

e 40% reduction in debugging time.

e 70% developer satisfaction with Al-
generated fixes.

e Minimal human intervention required
for routine bug fixes.

Developers reported that Al-generated fixes
were useful but suggested improvements in
explainability and integration with existing
development tools.

Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Scalability

H Al-Augmented Debugging


https://wjftcse.org/index.php/wjftcse/index
https://wjftcse.org/

World Journal of Future Technologies in Computer Science and Engineering (WJFTCSE)

ISSN (Online): request pending
Volume-1 Issue-1 || April 2025 || PP. 01-11

https://wjftcse.org/

4.3 Challenges and Limitations

Despite the promising results, Al debugging
faces several challenges:

1. Complex Software Architectures: Al
struggles with highly modular and multi-
threaded applications.

2. Lack of High-Quality Training Data:
Some niche software bugs are not well-
represented in datasets.

3. Interpretability Issues: Developers
require better insights into why Al-
generated fixes are suggested.

4. Potential Security Risks: Al-generated
fixes must be thoroughly validated to
avoid introducing vulnerabilities.

Future research will focus on improving
interpretability, dataset diversity, and
integrating human-in-the-loop debugging
models.

5. Conclusion

This paper presents an Al-augmented self-
learning approach for automated software
debugging. The proposed system integrates
deep learning, NLP, and reinforcement
learning to:

e Automatically detect, diagnose, and
fix bugs with minimal human
intervention.

e Improve over time using a self-
learning mechanism, adapting to new
bug patterns.

« Enhance  debugging efficiency,
reducing resolution time by 50%
compared to traditional debugging
methods.

Key Findings:

e Al debugging improves accuracy
(92%) and significantly reduces false
positives.

e Reinforcement learning allows Al to
continuously refine its debugging
approach.

o Al-assisted debugging is scalable,
efficient, and effective for large-scale
software systems.

Future Directions:

1. Hybrid Al-Human Debugging
Models: Al can assist developers rather
than fully replace manual debugging.

2. Improved Explainability: Enhancing
the interpretability of Al-generated
fixes.

3. Real-World Deployment: Testing the
system in large enterprise environments
for validation.

Al-driven debugging is set to revolutionize
software development by reducing human
effort, increasing accuracy, and accelerating the
debugging  process. However, ongoing
research is necessary to address existing
limitations and ensure widespread adoption in
the software engineering industry.
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