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ABSTRACT: This research presents a novel ML-based tool for automated code quality review and debugging using
Large Language Models (LLMs) and traditional static analysis tools. The system combines FastAPI for real-time
processing with fine-tuned transformer models (like CodeBERT/GPT) from Hugging Face. It intelligently evaluates
code, detects bugs, and offers optimization suggestions, thus reducing manual effort and enhancing software
development productivity. This approach bridges the gap between rule-based analyzers and Al-driven understanding,
providing developers with a powerful assistant for robust and maintainable code generation..

KEYWORDS: Code Review, Machine Learning, Large Language Models (LLM), Debugging, Static Analysis,
FastAPI, Hugging Face, Code Quality, Code Optimization, CodeBERT

L. INTRODUCTION

Maintaining high code quality is essential for scalable software. Traditional static analyzers like pylint or flake8 offer
rule-based checks but lack contextual understanding. Our ML-based tool addresses this by integrating transformer-
based LLMs with real-time FastAPI processing to offer intelligent insights, detect logical bugs, and suggest
improvements. The model, fine-tuned on high-quality and buggy code samples, acts as a virtual assistant during
software development, boosting productivity and reducing debugging time.

II. RELATED WORK

Previous efforts like DeepCode and GitHub Copilot use symbolic Al or pretrained LLMs for intelligent code feedback.
However, they either require significant tuning or lack support for full project analysis. Our system leverages
CodeBERT, GPT, and other Hugging Face models, combining their semantic analysis power with traditional rule-
based tools for real-time, full-repository reviews via FastAPI—resulting in better precision, recall, and developer
usability.

II1. PROPOSED ALGORITHM
The core architecture includes the following components:

3.1 Static Analysis Layer: Pylint and flake8 are used to identify code style violations, syntax errors, and rule-based
flaws. These tools act as the initial filter for surface-level issues.

3.2 Transformer-Based LLM Layer: A fine-tuned transformer (e.g., CodeBERT) processes the code to detect
logical bugs, recommend optimized code structures, and flag anti-patterns. The LLM is pre-trained on GitHub

repositories and fine-tuned using custom datasets of buggy and high-quality code samples.

3.3 FastAPI Backend: FastAPI handles user requests asynchronously and connects the frontend to static and ML-
based analyzers. It supports high-throughput and scalable execution for full repositories.
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3.4 Streamlit Frontend: A user-friendly Streamlit app allows users to input GitHub repo URLSs, view directory trees,
select files, and receive Al-generated suggestions interactively.

3.5 Data Storage and Logging: Each prediction is logged with metadata, allowing users to revisit suggestions and
track code quality improvements over time.
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IV. PSEUDO CODE
START

Input: GitHub Repo URL
1. Fetch all files using GitHub API

2. For each file:
a. Run static analysis (pylint, flakeS8)
b. Send code to LLM model (e.g., CodeBERT)
c. Aggregate suggestions from both analyzers
d. Display suggestions on Streamlit interface

3. Log user interactions and model outputs
END

V.SIMULATION RESULTS

The system was evaluated on 100+ public GitHub repositories across Python, JavaScript, and Java.
Accuracy:

e  Syntax errors detected: 98.2%

e Logical flaws detected: 87.6%

e Best practice violations: 91.3%
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Performance:
e Average time per file: 1.7 seconds
e Repo processing time (50 files): ~60 seconds

Qualitative Feedback:
e Developers found LLM suggestions more useful than static tool outputs.
e Real-time feedback allowed faster debugging and learning.

Limitations:
e Occasional false positives for rare edge-case logic errors.
e Model accuracy depends on training corpus diversity.
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Fig. 2 This figure shows the frontend of the project where we give the GitHub link.
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" python #t/usr/bin/env python

-- coding: utf-8 --

- import argparse import os import sys import json import time from dataclasses import dataclass, field
from typing import List, Dict, Optional from pathlib import Path import logging

- # Use a more descriptive name for the logger logger = logging getLogger{name)
logger.setLevel(logging. INFO) handler = logging StreamHandler() formatter = logging Formatter('[%6
{levelname}s] 9%6(message)s’) handler.setFormatter(formatter) logger.addHandler{handier)

- # Check for aiohttp availability and log appropriately. No need for a global variable. try: import asyncio
import aiohttp except iImportError: logger.waming("aiohttp is not installed, asynchronous download is

unavailable.”)
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Fig. 3 This Figure shows the Model Al suggestions for the fetched file or code.
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VI. CONCLUSION AND FUTURE WORK

The ML-Based Code Reviewer and Debugging Tool significantly improves software development workflows by
combining the power of LLMs and rule-based analyzers. It enables real-time, intelligent, and context-aware code
reviews that outperform traditional static tools.
Future work includes:

e Extending support to more languages (C++, Rust)

e IDE plugin development (VS Code, Intelli))

e CI/CD integration for DevOps pipelines

e Advanced model fine-tuning for domain-specific repositories

e Enhanced security vulnerability detection
With continued refinement, this tool has the potential to become a standard in intelligent software development.
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