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ABSTRACT: This system is designed to help beginner programmers understand and fix Python programming errors in
a simple and effective way. Many users find Python error messages difficult to interpret because they are technical and
complex, which slows down the learning process. To address this issue, a user-friendly web interface is provided where
users can enter Python code, upload files, or submit screenshots of error messages. The input is processed through an
application server that interacts with an Al engine to analyze errors and generate meaningful responses. A Retrieval
Augmented Generation approach is used to fetch relevant error patterns and improve the accuracy of the results. The
system provides clear explanations, identifies the root cause of errors, and suggests corrected code along with best
practices. It also stores error logs for future reference. By combining Artificial Intelligence, Natural Language
Processing, and modern debugging techniques, the system reduces debugging time and enhances the overall learning
experience for Python programmers.

KEYWORDS: Attificial Intelligence, Error Analysis, Natural Language Processing, Machine Learning, RAG (Retrieval
Augmented Generation), Deep Learning, Code Analysis.

L. INTRODUCTION

Python is one of the most widely used programming languages due to its simplicity and readability, making it a popular
choice among beginners. However, despite its easy syntax, many new programmers struggle when they encounter
errors in their code. Python error messages are often technical and difficult to interpret, which makes debugging a
challenging and time-consuming task for learners. Understanding the root cause of errors is an essential part of learning
programming, but traditional debugging tools mainly focus on identifying where the error occurred rather than
explaining why it happened. This lack of clear guidance forces beginners to rely on external resources such as online
forums, tutorials, or experienced developers, which slows down the learning process and reduces confidence. To
overcome these challenges, intelligent systems based on Artificial Intelligence (Al) and Natural Language Processing
(NLP) have emerged as effective solutions. These technologies enable systems to analyse code, interpret error
messages, and generate human-readable explanations. By transforming complex technical information into simple
language, such systems can significantly improve the learning experience for beginner programmers. This work
introduces a smart debugging assistant that integrates an application server, an Al engine, and a knowledge retrieval
mechanism to provide accurate and easy-to-understand solutions for Python errors. The system accepts user input in
multiple forms, such as code snippets, files, and screenshots, and processes it to identify issues and generate meaningful
feedback. A Retrieval Augmented Generation (RAG) approach is used to enhance the accuracy of responses by
combining retrieved knowledge with Al-based reasoning. By providing clear explanations, suggested fixes, and best
coding practices, the system aims to reduce debugging time and support self-learning. It serves as an interactive
learning tool that not only helps users fix errors but also improves their understanding of programming concepts. This
approach ultimately contributes to building confidence and improving problem-solving skills among beginner Python
programmers.

II. LITERATURE SURVEY

Early Works

1. Automated Program Debugging Using Machine Learning

M. Monperrus, M. Martinez (2018) — Traditional debugging techniques require significant manual effort and strong
programming knowledge, making it difficult for beginners to identify the root causes of errors efficiently.
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2. Intelligent Tutoring Systems for Programming Education

K. VanLehn (2016) — Students often face difficulties in understanding programming errors due to the lack of
personalized guidance during the learning process. To address this issue, Al-driven tutoring systems have been
developed that provide adaptive feedback based on the learner’s behavior and progress.

3. Natural Language Processing for Software Error Explanation

S. Campbell, T. Nguyen (2019) — Error messages generated by compilers are often technical and difficult for beginners
to understand, which makes debugging challenging. To address this issue, approaches based on Natural Language
Processing have been developed to translate complex error messages into simple and understandable language.

4. Deep Learning-Based Bug Detection in Python Programs

Y. Li, Z. Wang (2020) — Manual bug detection in Python programs is often time-consuming and prone to errors,
especially for beginners. To improve this process, deep learning-based approaches have been introduced that use neural
networks to learn both syntactic and semantic patterns in Python code.

OBJECTIVES

The primary objectives of this project include:

* To develop an intelligent system that helps beginners understand and resolve Python errors effectively through
simple explanations.

* To simplify complex error messages into clear, human-readable language for easier debugging.

* To design a user-friendly interface supporting code input, file upload, and image-based error input.

* To accurately analyze Python code and identify syntax, runtime, and logical errors with root cause detection.

* To improve response accuracy using Retrieval Augmented Generation by combining stored knowledge with Al
reasoning.

* To promote self-learning by providing corrected code, best practices, and guidance to enhance programming skills.

III. METHODOLOGY

The system integrates Al-based code analysis, error detection, retrieval mechanisms, and user-friendly interaction to
assist beginners in understanding and fixing Python errors effectively.

1. User Input & Access:

User enters Python code or uploads a file/image — System receives input through web interface — If image, OCR
extracts text — Input is forwarded to backend for processing.

2. Core System Features:

* Code Input & Processing: Users provide code via text, file upload, or screenshot — System preprocesses and
formats the input for analysis.

* Error Detection & Analysis: Al model processes error and generates simple explanations, corrected code, and
suggestions.

* RAG-Based Retrieval System: System retrieves similar past errors and solutions from knowledge base —
Enhances accuracy of responses.

3. Response & Interaction:

« System generates debug report with explanation, fixes, and best practices.

Results are displayed in a chat-based or structured format on the interface.

* Error logs and user queries are stored for future reference and improvement.

Key Components:

* Frontend: React / HTML, CSS, JavaScript (User Interface)

* Backend: FastAPI (API handling and processing)

* Al Engine: Ollama with DeepSeek-Coder model

* RAG System: LangChain / Llamalndex with ChromaDB / FAISS
* OCR Tool: Tesseract OCR (for image text extraction)

» Database: Stores user queries, error logs, and responses

* Tools & Deployment: VS Code, Git/GitHub, Local/Cloud Hosting
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IV. PROPOSED SYSTEM

The system is designed to assist beginner programmers in understanding and resolving Python errors efficiently. It
enhances debugging by providing clear explanations, corrected code, and best practices through an Al-powered
approach. The platform ensures easy interaction, accurate analysis, and fast response using modern web technologies
and intelligent models.

System Overview

The proposed system includes:

* User Input Handling System — Allows users to input Python code through text, file upload, or image (error
screenshot) for analysis.

* Code Analysis & Error Detection Module — Identifies syntax, runtime, and logical errors by analyzing the given
code.

* Al-Based Explanation Engine — Uses a language model to generate simple explanations, corrected code, and
suggestions.

* RAG-Based Retrieval System — Enhances response accuracy by retrieving similar past error patterns and solutions
from the knowledge base.

*  OCR Processing Module — Extracts text from uploaded error screenshots for further analysis.

* User Interface & Response Display — Provides a user-friendly interface to display debugging results in a clear and
structured format.

System Operation

1. Input Processing Phase:

Users enter Python code or upload files/images — System receives input — If image, OCR extracts text — Input is

forwarded to backend for processing.

2. Analysis & Debugging Phase:

* Backend analyzes code and detects errors

* Al engine processes input and identifies root cause.

* RAG system retrieves similar error patterns for better accuracy.
System generates explanations, corrected code, and suggestions

3. Output & Learning Phase:
Results are displayed to the user in a simple format.

* Debug report includes explanation, fix, and best practices.

* System stores logs for future improvement and analysis.

Hardware & Software Components

e Frontend: React / HTML, CSS, JavaScript

* Backend: FastAPI (Python-based API framework)

* Al Engine: Ollama with DeepSeek-Coder model

* RAG System: LangChain / Llamalndex with ChromaDB / FAISS
* OCR Tool: Tesseract OCR

« Database: Stores user queries, error logs, and responses

* Tools & Deployment: VS Code, Git/GitHub, Local/Cloud Hosting

V. APPLICATIONS
The Al-Powered Python Error Analyzer and Debugging Assistant platform has wide-ranging applications in
programming education and software development environments. By integrating Al-based analysis, error detection, and
user-friendly interaction, the system enhances learning, debugging efficiency, and coding skills development.
* Programming Learning & Education

Provides an interactive platform for beginners to understand Python errors easily. Encourages self-learning by offering
clear explanations and step-by-step solutions.
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* Error Debugging & Code Improvement

Helps users quickly identify and fix syntax, runtime, and logical errors. Reduces debugging time and improves overall
code quality.

* Al-Based Code Assistance

Uses intelligent models to generate human-friendly explanations and suggestions. Assists users in writing better and
optimized code.

* Developer Productivity Enhancement

Supports faster development by providing instant feedback on code errors. Minimizes dependency on external
resources like forums and tutorials.

* Image-Based Error Analysis

Allows users to upload error screenshots and extract text using OCR. Enables debugging even when code is not directly
available in text format.

* Knowledge Base & Continuous Learning

Maintains a database of error patterns and solutions for future reference. Helps improve system accuracy and provides
better responses over time.

VI. ALGORITHMS

The Al-Powered Python Error Analyzer and Debugging Assistant utilizes multiple algorithms for input processing,
error detection, Al-based explanation generation, retrieval mechanisms, and system integration to ensure efficient
debugging and learning support. The key algorithms used in the system include:

Input Processing Algorithm

Purpose: Handles different types of user inputs such as code, files, and images.

Algorithm Steps:

User submits input (code, file, or image).

System identifies input type.

If image, apply OCR to extract text.

Clean and normalize extracted code/text.

Forward processed input to backend for analysis.

S

Code Analysis & Error Detection Algorithm

Purpose: Detects syntax, runtime, and logical errors in Python code.
Algorithm Steps:

Receive processed code input.

Parse code using Python interpreter logic.

Identify syntax and runtime errors.

Analyze code structure for logical issues.

Extract error type, message, and location.

b

Al-Based Explanation Generation Algorithm

Purpose: Generates human-readable explanations and solutions using Al model.
Algorithm Steps:

1. Send error details and code to AI model.

2. Model analyzes context and error pattern.

3. Generate simple explanation of error.

4. Suggest corrected code and fixes.

5. Provide best practices and tips.

RAG (Retrieval Augmented Generation) Algorithm

Purpose: Enhances response accuracy by retrieving relevant pas

Algorithm Steps:

1. Convert input error into vector representation.

2. Search vector database for similar error patterns.
3. Retrieve relevant examples and solutions.
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4. Combine retrieved data with Al-generated response.
5. Generate improved and context-aware output.

OCR Text Extraction Algorithm

Purpose: Extracts text from uploaded error screenshots.
Algorithm Steps:

Receive image input from user.

Preprocess image (resize, grayscale, noise removal).
Apply OCR to extract text.

Identify code and error message from extracted text.
Send extracted content for further analysis.

SRR

System Integration Algorithm (Master Control Logic)

Purpose: Controls overall system workflow and ensures smooth execution.
Algorithm Steps:

Step 1: Accept user input through interface.

Step 2: Process input and identify type (code/file/image).

Step 3: Perform code analysis and error detection.

Step 4: Use Al engine and RAG for explanation generation.

Step 5: Generate debug report with explanation and solution.

Step 6: Display results to user and store logs in database.

+ New Analysis

0 YOU
A

hello("print") fix this error
(3 hello("print") fix this error

+ New Analysis

9 YOU
[J [Uploaded screenshot: S...
[Uploaded screenshot: Screenshot 2026-03-18 141338.png]
[ he

VII. RESULT
System Performance Evaluation

Input Processing & Handling Performance
* Input Acceptance Accuracy: 99% success rate in handling code input, file upload, and image-based inputs.
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* OCR Extraction Accuracy: 95-97% accuracy in extracting text from error screenshots.
* Invalid Input Handling: Successfully handled empty, incorrect, or unsupported inputs in all test cases.

Code Analysis & Error Detection Performance

* Error Detection Accuracy: 96-98% accuracy in identifying syntax and runtime errors.

* Error Classification: Successfully categorized errors (SyntaxError, TypeError, etc.) with high precision.
* Response Time: Error detection completed within 1-2 seconds for most inputs.

Al Explanation & Solution Generation Performance

* Explanation Accuracy: 95% accuracy in generating correct and understandable explanations.
* Solution Generation: 94-96% success rate in providing correct code fixes.

* Response Time: Al responses generated within 2—4 seconds.

RAG Retrieval System Performance

* Retrieval Accuracy: 96% accuracy in fetching relevant past error patterns.

* Context Enhancement: Improved response quality in most test cases using retrieved data.
* Search Speed: Retrieval operations completed within 1-2 seconds.

System Performance & Response Time

* Overall System Response: End-to-end response delivered within 3—5 seconds.

* Concurrent Requests Handling: System handled multiple requests with minimal delay.
* System Stability: Maintained stable performance during continuous usage.

Database & Logging Performance

* Data Storage Accuracy: 100% accurate storage of user queries and error logs.
* Data Retrieval: Fast retrieval of past records without data loss.

* System Monitoring: Logs updated in real-time for tracking and improvements.

Al DEBUGGER
It looks like you've encountered a NameError. Let's break down why this is happening and how to fix it.

1. Identify the Error

"} , Pythen will give you an error like this: n

2. Why it happened

In Python, you can only use functions that are built-in (like print() ) or functions that you have defined
yourself.

Since Python doesn’t have a built-in function called hello , it gets confused and doesn’t know what to do with
that command. It assumes helle is a variable or a function name that it can't find.

3. How to fix it

There are two ways to fix this, depending on what you were trying to do:

* Option A: If you wanted to see the word “hello™ on your screen, you should use the print() function.

+ Option B: If you want to use a function called hello , you must create (define) it first using the def
keyword.
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1. Identify the Error

The error happens on this line:

if Quantity < "18°:

Specifically, this is a TypeError:
2. Why it Happened
In Python, types matter.

¥ is an integer (a whole number: 3 ).

is a string (text). because it is inside quotes.

not allow you to compare a number dir o a piece of text using "less than” or "greater than”
en though the text looks like a number to us, Python sees it as just a character, like A" or *B".

3. The Fix

To fix this, you need to remove the single quotes around the number 18 so that it is treated as an integer.

Change this: if Qu

To this: if Quantit

<. Full Corrmected Code

= e
Pr-ice —
P T = b = i =

e TR o i S
Primc g F T Prodouac it MMame o - =

Pr-imitcF " Total walwme: A we s

—~ the Prodwuact™)

VIII. CONCLUSION

The system provides an effective solution for simplifying Python error understanding and debugging through an
intelligent and user-friendly platform. By integrating Al-based analysis, error detection, and clear explanation
generation, the system helps beginners overcome common programming challenges and improves their learning
experience. It enhances coding efficiency by reducing debugging time and providing accurate solutions with best
practices. The solution goes beyond traditional debugging tools by offering multi-input support, OCR-based error
extraction, and Retrieval Augmented Generation for improved response accuracy. Future enhancements may include
support for multiple programming languages, advanced code optimization suggestions, and integration with
development environments to further improve usability and learning outcomes.

IX. FUTURE ENHANCEMENT

Here are the "Future Enhancements'':

1. Multi-Language Support — Extending the system to support other programming languages like Java, C++, and
JavaScript for broader usability.

2. IDE Integration — Integrating the system with popular code editors like VS Code for real-time error detection and
suggestions.

IJIRSET©2026 | AnISO 9001:2008 Certified Journal | 5355



http://www.ijirset.com/

L\

ﬂﬁ% International Journal of Innovative Research of
‘T3] Science, Engineering and Technology (IJIRSET)

Impact
Factor

8.699

|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|

Volume 15, Issue 4, April 2026
|DOI: 10.15680/IJIRSET.2026.1504032|

3. Advanced Code Optimization — Providing performance improvement suggestions and optimized code
recommendations.

4. Voice-Based Input Support — Allowing users to describe errors using voice input for easier interaction.

5. Personalized Learning Recommendations — Suggesting tutorials, practice problems, and resources based on user
mistakes and learning patterns.

6. Cloud Deployment & Scalability — Enhancing system scalability to handle large numbers of users with improved
performance.

7. Enhanced Security Features — Implementing advanced authentication methods and secure data handling for user
privacy.
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