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Abstract 
Understanding, debugging, and analysing source code is a challenging task for beginner and 

intermediate programmers, especially when working with multiple programming languages. Traditional 

programming environments and online compilers mainly focus on code execution and error reporting, 

but they often fail to explain program logic, identify the root cause of errors, or guide users toward 

better coding practices. To address these limitations, this research presents an AI-Powered Code Helper, 

a web-based intelligent system designed to assist users in comprehending, debugging, and executing 

source code in a simple and interactive manner. The proposed system supports multiple programming 

languages, including Python, Java, and C++, making it suitable for academic and practical learning 

environments. Users can paste their source code into the platform and receive clear, human-readable 

explanations of program logic, including loops, conditional statements, functions, and object-oriented 

constructs such as classes and methods. The system also performs automatic syntax and logical error 

detection, providing meaningful suggestions to help users correct mistakes and improve code quality. 

Experimental evaluation demonstrates that the AI-Powered Code Helper effectively reduces debugging 

time, improves code comprehension, and supports learning across multiple programming languages.The 

system proves to be a valuable educational and development tool for students, beginners, and developers 

by combining code execution, explanation,and debugging assistance into a single unified platform. 

 

I. Introduction 

Programming is an essential skill in modern education and software development, but understanding 

source code and debugging errors is often difficult for beginners. Many learners struggle to interpret 

program logic, identify syntax and logical mistakes, and understand why a program produces a specific 

output. Traditional development environments and online compilers mainly focus on executing code 

and displaying error messages, but they do not explain how the code works or why errors occur. As a 

result, learners spend more time debugging and less time understanding core programming concepts. 

With recent advancements in artificial intelligence, new opportunities have emerged to improve 

programming assistance tools. AI-based systems can analyse code, recognize programming structures, 

and generate explanations that help users understand code behaviour more effectively. However, most 

existing tools either provide code suggestions without real- time execution or execute code without 

offering meaningful explanations and learning support. In addition, many tools focus on a single 

programming language, which limits their usefulness for students and developers who work 

withmultiple languages such as Python, Java, and C++. 

To overcome these limitations, this research presents an AI-Powered Code Helper, an intelligent web-

based system designed to assist users in understanding, debugging, and executing code efficiently. The 

proposed system supports Python, Java, and C++, providing language-specific explanations, error 

detection, improvement suggestions, and real-time output. By combining secure code execution with 

AI-driven explanation in a single platform, the system enhances code comprehension, reduces 

debugging effort, and supports effective learning for students, beginners, and developers. 

 

II. LITERATUREREVIEWANDMOTIVATION 

a) ExistingCodeAssistance andAnalysisTools 

Several programming tools and research studies have been developed to assist programmers in writing and 

debugging code. Traditional Integrated Development Environments (IDEs) and online compilers 

mainly focus on code execution and error reporting. While these tools are useful for experienced 

developers, they provide limited support for beginners. Error messages are often complex, and there is 

little or no explanation of program logic. Recent AI-based tools attempt to generate code explanations 

or detect bugs using machine learning techniques; however, many of these systems focus on only one 

aspect such as explanation or suggestion, without supporting real-time code execution. Additionally, 

some advanced tools require high computational resources or paid services, making them less 

accessible for students. 
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b) LimitationsofExistingApproaches 

Although modern AI-driven programming assistants show improvement over traditional compilers, several 

limitations still exist. Most tools do not integrate code execution, explanation, and debugging into a 

single platform. Many systems alsosupport only one programming language, which limits their 

usefulness in academic environments where students must learn multiple languages such as Python, 

Java, and C++. Online compilers allow multi-language execution but do not provide human-readable 

explanations or guidance for fixing errors. As a result, learners often depend on external resources to 

understand their mistakes, leading to inefficient learning and increased frustration. 

c) MotivationandNeedfortheProposed System 

The motivation behind this project is to address the difficulties faced by beginners and students in 

understanding anddebugging code effectively. There is a strong need for an intelligent system that not 

only executes code but also explains program logic and errors in simple language. Supporting multiple 

programming languages within a single platform can significantly improve usability and learning 

consistency. The proposed AI-Powered Code Helper aims to bridge the gap between traditional 

compilers and intelligent tutoring systems by combining multi-language support (Python, Java, and 

C++), secureexecution,errordetection,andAI-

basedexplanations.Thisintegratedapproachenhancescodecomprehension,reduces 

debuggingeffort,andsupportseffectiveprogrammingeducation. 

 

III. PROPOSEDSYSTEMARCHITECTUREANDDESIGN. 

A. Overall SystemArchitecture 

TheAI-Powered Code Helper is designed using a layered and modular architecture to ensure secure 

execution, scalability, and ease of maintenance. The system supports multiple programming languages, 

including Python, Java, and C++, and provides featuressuchasreal-

timecodeexecution,errordetection,andAI-generatedexplanations.Thearchitectureseparatesthesystem 

intodistinctlayers,allowingeachcomponenttoperformaspecificfunctionindependently.Thisseparationimp

rovessystem 

reliability and makes future enhancements easier to implement. 

B. PresentationLayer(UserInterface Design) 

The presentation layer acts as the interaction point between the user and the system. It provides a web-

based interface where users can enter or paste source code and view explanations, suggestions, and 

execution results. The interface is designed to be simple, responsive, and beginner-friendly, ensuring 

that users can easily understand system feedback. Input validation is performed at this layer before 

sending data to the backend, which helps prevent incorrect or unsafe code execution requests. 

C. Application and Execution Layer 

The application and execution layer forms the core of the proposed system. This layer is responsible for 

detecting the programming language, analyzing code structure, and executing code in a secure 

sandboxed environment. Language-specific execution engines are used, such as a Python interpreter, 

Java compiler with Java Virtual Machine, and a C++ compiler. The AI-based analysis module 

examines programming constructs including loops, conditional statements, functions, and object- 

oriented elements to generate human-readable explanations and identify syntax or logical errors. The 

processed results, including execution output and improvement suggestions, are then returned to the 

presentation layer for user display. 

 

IV. METHODOLOGYANDSYSTEMDEVELOPMENT 

A. RequirementAnalysisandSystem Planning 

The development of the AI-Powered Code Helper began with a detailed analysis of the challenges faced by 

students and beginner programmers while learning programming. Surveys and observations revealed 

that users struggle mainly with understanding code logic, identifying errors, and interpreting compiler 

messages. Existing tools were studied to identify limitations such as lack of explanations, absence of 

suggestions, and restricted support for multiple programming languages. Based on this analysis, the 

system was planned to support Python, Java, and C++, while providing a unified platform for code 

execution,explanation,anddebugging.Emphasiswasplacedonsimplicity,security,andusability.Thesystem

architecturewas designed to separate the frontend, backend logic, and execution environment to ensure 

scalability and safe code execution. 

 



Vidyabharati International Interdisciplinary Research Journal                                                              ISSN 2319-4979 

 

International Conference on "Emerging Trends and Research in Computer & Electronics Exigencies -2026"           

ETRCEE-2026 [24h January, 2026]                                                       23 

B. System Design and Development 

The system was developed using a modular approach to ensure clarity and maintainability. The frontend 

was designed using HTML, CSS, and JavaScript to provide an interactive and user-friendly interface 

where users can enter code, view explanations, and observe output. Features such as dark mode, 

smooth transitions, and responsive layout were included to enhance user experience.The backend was 

implemented using Python with the Flask framework. It handles code processing, 

languagedetection,executioncontrol,andcommunicationwiththefrontend.Thesystemautomaticallyidentif

ieswhetherthe input code belongs to Python, Java, or C++ and routes it to the appropriate compiler or 

interpreter. A secure sandbox environment ensures that user-submitted code is executed safely without 

affecting system resources. 

C. CodeAnalysis, Execution, and Explanation Process 

Once the code is submitted, the system analyses its structure to identify programming constructs such as 

loops, conditional statements, functions, and object-oriented elements. Language-specific rules are 

applied to detect syntax and logical errors.The execution engine then compiles or interprets the code 

based on the detected language and captures the output or error messages. Simultaneously, theAI-

based explanation module generates clear, human-readable explanations describing how the code 

works and why errors occur, if any. Suggestions for improvement are also provided to help users write 

cleaner and more efficient code. This integrated approach of execution, explanation, and suggestion 

makes the system an effective learning and debugging tool for students and developers. 

 

V. EXPERIMENTALEVALUATIONANDRESULTS 

A. Experimental Setup 

The experimental evaluation of theAI-Powered Code Helper was conducted to assess its accuracy, 

performance, and usability in real-world scenarios. The system was deployed as a web-based 

application with a frontend interface for code input and a secure backend for code analysis and 

execution. Experiments were performed using sample programs written in Python, Java, and C++, 

covering basic to intermediate programming concepts such as loops, conditional statements, functions, 

and object- oriented structures. To ensure reliable testing, multiple test cases were created, including 

correct programs, programs with syntax errors, and programs containing logical mistakes. The system 

was evaluated on its ability to correctly identify the 

programminglanguage,executethecodesafely,generateunderstandableexplanations,andprovidemeaningf

ulerrormessages and suggestions. User interaction was also observed to evaluate ease of use and clarity 

of outputs. 

B. Evaluation Metrics 

The system performance was evaluated using qualitative and functional metrics focused on learning 

effectiveness and correctness. The primary evaluation criteria included execution accuracy, error 

detection capability, explanation clarity, and response time. Execution accuracy measured whether the 

system produced the correct output for valid code. Error detection capability assessed how effectively 

syntax and logical errors were identified across different programming languages. 

Explanationclaritywasevaluatedbyobservinghoweasilyuserscouldunderstandthegeneratedexplanationso

fcodeflowand logic. Response time measured the time taken by the system to analyse and execute code 

and return results. Informal user feedback from students and beginners was also considered to assess 

usability and learning support. 

C. Results and Discussion 

The experimental results demonstrated that the AI-Powered Code Helper performed effectively across all 

supported 

programminglanguages.ThesystemsuccessfullyexecutedPython,Java,andC++programsandaccuratelyid

entifiedcommon syntax and logical errors. Language-specific issues, such as missing semicolons in 

Java and C++ or indentation errors in Python, were correctly detected and clearly reported to users. 

The generated explanations were found to be simple, structured, and easy to understand, especially for 

beginners. Users were able to follow program logic more easily due to step-by-step breakdowns of 

loops, conditions, and functions. The average response time remained low, ensuring a smooth and 

interactive experience. Overall, the results indicate that integrating AI-based explanation, debugging 

support, and multi-language execution in a single platform significantly improves code understanding 

and reduces debugging effort, making the proposed system effective for programming education and 

learning support. 
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VI. COMPARATIVEANALYSISWITHEXISTINGSOLUTIONS 

Traditional programming tools, such as IDEs like Eclipse, Visual Studio, and PyCharm, provide features 

like syntax highlighting, code execution, and basic error reporting. While powerful for professional 

developers, these tools often assume prior programming knowledge and do not offer beginner-friendly 

explanations of code logic or runtime behavior. Similarly, online compilers can execute code and show 

errors but generally do not explain why errors occur or suggest ways to fix them. Some intelligent 

coding assistants and educational platforms, such as Replit or AI-based code suggestion tools, provide 

execution feedback and basic guidance. However, most of these solutions either support only a single 

programming language or fail to integrate code execution, explanation, and debugging assistance into a 

single, unified interface. 

The proposed AI-Powered Code Helper overcomes these limitations by combining secure code execution, 

real-time explanation, and error detection for multiple programming languages, including Python, 

Java, and C++. Unlike traditional IDEs, it provides step-by-step explanations of program logic and 

highlights potential syntax and logical errors in a beginner- friendly manner. Compared to otherAI 

tools, it offers multi-language support and generates language-specific suggestions for improving code 

quality. By unifying execution, explanation, and debugging assistance, the system enhances code 

comprehension,reducesdebuggingtime,andsupportslearningmoreeffectivelythanexistingstandalonecom

pilersorbasicAI assistants. 

 

VII. TECHNICALIMPLEMENTATIONDETAILS 

The project was implemented using Python Java and C++, leveraging the strengths of both programming 

languages for different modules. Java was mainly used for building the user interface and application 

logic, providing a platform- independent and robust environment. C++ was used for performance-

critical components, where speed and memory efficiency were important.The system follows a 

modular design, where each module handles a specific functionality. For example, one module is 

responsible for data input and validation, ensuring that the system only processes correct and clean 

data. Another module handles data processing and computation, performing the necessary operations 

efficiently. Finally, the output module generates results in a user-friendly format, which can be 

displayed or exported. 

For data management, the project uses a structured approach. Data is stored in arrays and linked lists for 

faster access, and sorting or searching operations are optimized using appropriate algorithms. The 

communication between modules is handled through function calls and data structures, ensuring 

smooth and error-free interaction. Exception handling and validation techniques are implemented to 

make the system robust and reliable, preventing crashes and ensuring accurate results.Overall, 

thetechnicalimplementationemphasizesefficiency,modularity,andeaseofmaintenance,makingitsuitablef

orbothacademic purposes and real-world applications. 

 

VIII. LIMITATIONSANDCONSIDERATIONS 

While the project successfully achieves its intended goals, there are some limitations and practical 

considerations to keep in mind. One limitation is that the system’s performance depends heavily on the 

size and quality of the input data. Large datasets may lead to longer processing times, especially in 

modules implemented in Java, where memory management can become a constraint.Another limitation 

is related to platform dependency.Although Java provides cross-platform compatibility, certain 

features or integrations with C++ modules may require specific environments, which could limit 

deployment flexibility. Additionally, the system may face challenges in handling unexpected or invalid 

inputs if they are not covered by predefined validation rules, requiring further error-handling 

improvements. 

From a design perspective, the current implementation is modular but not fully scalable for extremely large 

or complex applications. Future versions should consider optimization techniques and parallel 

processing to enhance speed and efficiency. Despite these limitations, the project serves as a strong 

foundation, providing reliable results for small to medium datasets and offering a clear framework for 

future enhancements. 

 

IX. FUTUREENHANCEMENTSANDEXTENSIONS 

The current project provides a solid foundation, but there are several opportunities to enhance its 

functionality and usability in the future. One potential enhancement is the integration of advanced data 
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analytics and visualization tools. This would allow 

userstonotonlyprocessdatabutalsogainmeaningfulinsightsthroughcharts,graphs,andinteractivedashboar

ds,makingthe systemmoreinformativeanduser-

friendly.Anotherareaforimprovementistheadditionofsupportformultipleplatformsand devices. 

Currently, the system is limited to desktop environments, but future versions could include web-based 

or mobile applications, allowing users to access and use the system from anywhere. This would 

greatly increase accessibility and convenience. The system could also be extended by incorporating 

machine learning or artificial intelligence techniques. For example, predictive analysis or automated 

decision-making could be added to enhance the system’s capabilities, making it smarter and more 

adaptive to different types of input data. 

Finally, future work could focus on optimizing performance and scalability, enabling the system to handle 

larger datasets 

efficiently.Implementingcloudstorageandparallelprocessingcouldmaketheprojectmorerobustandsuitabl

eforreal-world, high-

demandscenarios.Theseenhancementsandextensionswouldnotonlyimprovetheusabilityandefficiencyoft

hesystem but also open new possibilities for research, practical applications, and further development. 

 

X. CONCLUSION 

In this project, we successfully developed a system using Java and C++ that is efficient, modular, and 

user-friendly. The combination of these languages allowed us to achieve both robustness and 

performance, ensuring that the system can handle 

complextasksquicklyandaccurately.Eachmodulewascarefullydesignedtomanagespecificresponsibilities

,fromdatainput and processing to result generation, making the system organized and easy to maintain. 

Theprojectdemonstrateshowstructureddesignandproperimplementationtechniquescanleadtoreliablesoftwar

esolutions. It also highlights the importance of error handling, data validation, and optimized 

algorithms in producing accurate results while preventing system failures. 

Overall,thisprojectnotonlyachievesitsintendedobjectivesbutalsoprovidesastrongfoundationforfutureenhanc

ements, such as adding more features, improving performance, or integrating with other technologies. 

It proves that with careful planning and technical execution, a software solution can be both effective 

and practical for real-world applications. 
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