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In today’s technology-driven world, competitive programming platforms such as LeetCode, HackerRank, and Codeforces have
become essential for improving algorithmic thinking, interview readiness, and coding proficiency. This work presents the design and
development of two simplified yet scalable web-based platforms — Coding Practice Website and CodeMaster — both of which replicate the
core functionalities of established systems while remaining adaptable for educational and institutional use. The platforms enable secure user
registration, categorized problem listings, submission tracking, and real-time leaderboards that evaluate user performance based on efficiency
and accuracy. Implemented with a full-stack architecture integrating HTML, CSS, JavaScript/React on the frontend, PHP/Node.js/Flask on the
backend, and MySQL for database management, the systems demonstrate effective use of modern web technologies in educational software
development. Designed with extensibility in mind, both platforms support advanced features such as integrated code editors, real-time execution
using APIs like Judge0, and gamification elements such as badges, levels, and contests. By combining structured practice, performance
analytics, and user engagement strategies, these projects highlight the potential of lightweight, scalable platforms to foster computational
thinking and enhance coding education in both individual and collaborative settings.

Competitive Programming; Online Coding Practice; CodeMaster; Leaderboard System; Problem-Solving; Full-Stack
Development; Web-Based Learning Platform; Real-Time Code Execution; Gamification.

Programming has become a cornerstone of innovation in the digital era, driving advancements in software engineering,
artificial intelligence, and problem-solving across industries. To cultivate strong computational thinking and algorithmic reasoning,
competitive programming has emerged as a vital practice. Online platforms such as LeetCode, HackerRank, and Codeforces
provide structured environments where learners can attempt coding challenges, receive instant feedback, and track their progress
through leaderboards. These platforms not only prepare individuals for technical interviews but also foster continuous learning,
logical reasoning, and collaboration within global developer communities.

Despite their effectiveness, many of these existing platforms are resource-intensive, feature-heavy, and sometimes
inaccessible for beginners or small institutions seeking lightweight alternatives. This gap motivates the development of simplified,
scalable systems that replicate the core functionalities of competitive programming environments while remaining adaptable for
academic use and institutional deployment.

The projects Coding Practice Website and CodeMaster were conceptualized to address this need. Both platforms share
common objectives: enabling secure user registration and login, providing categorized problem listings, recording and evaluating
user submissions, and maintaining dynamic leaderboards that reflect performance metrics such as efficiency, time taken, and
accuracy. Together, they highlight how streamlined design principles can recreate the essential functionality of popular coding
practice tools while maintaining extensibility for future upgrades.

The technical architecture of these systems combines widely adopted web development technologies. Frontend
components are implemented with HTML, CSS, and JavaScript (or React for more advanced interfaces), while backend
functionalities are powered by Node.js, PHP, or Flask. A MySQL-based relational database supports structured data management,
including user information, problem sets, and submission records. This modular design ensures ease of deployment on local or
cloud-based servers, allowing the platforms to be scaled and customized as required.

Beyond basic functionality, the projects are designed with future enhancements in mind. Proposed extensions include the
integration of syntax-aware code editors, real-time code execution using external APIs such as Judge0, gamification features like
badges and contests, and advanced user analytics for monitoring learning progression. These features ensure that the platforms
remain relevant, engaging, and adaptable to evolving educational needs.

In summary, the development of Coding Practice Website and CodeMaster demonstrates how lightweight yet robust
competitive programming ecosystems can be built to promote programming excellence. By offering accessible, secure, and
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engaging platforms for structured coding practice, these projects provide meaningful learning opportunities for students, individual
learners, and institutions alike, contributing to the broader goal of enhancing computational skills in the digital age.

Study Design

The proposed systems, Coding Practice Website and Code Master, were designed as lightweight yet extensible web-based
platforms replicating the fundamental features of established competitive programming environments. The study followed a
structured software development lifecycle (SDLC) approach, emphasizing modular design, database normalization, and scalable
architecture. Both platforms were conceptualized to provide a balance between functionality and simplicity, ensuring accessibility
for beginners while maintaining extensibility for advanced users and institutions.

The methodology focused on three dimensions:

1. Core Functionalities — secure user registration and login, categorized coding problems, submission recording, and real-time
leaderboards.

2. System Architecture — a three-tier model comprising the frontend, backend, and database layers.

3. Scalability and Extensibility — support for advanced features such as integrated code editors, real-time execution APIs, and
gamification mechanisms.

System Architecture

The overall design adheres to a modular client-server architecture that ensures flexibility and maintainability.

e Frontend: Implemented using HTML, CSS, and JavaScript for basic interfaces, with optional React.js integration for dynamic
user interaction. Features include a problem dashboard, submission forms, and leaderboard visualization.

e Backend: Powered by Node.js, PHP, or Flask frameworks, the backend handles authentication, session management, problem
storage, and submission evaluation.

e Database Layer: A relational schema using MySQL ensures normalized storage of user profiles, problem sets, test cases, and
submission histories. Tables include Users, Problems, and Submissions, interconnected through foreign key relationships.

e Server and Deployment: The system can be hosted on local environments (XAMPP/WAMP) or cloud servers, with Docker
containers suggested for scalable deployment.

This modular setup ensures that additional features, such as API integration for real-time execution, can be incorporated
with minimal disruption to the existing architecture.

Key Modules
1. User Authentication Module
Implements secure registration and login with encrypted passwords and session handling. Ensures data privacy and
integrity for user accounts.
2. Problem Management Module
Stores and categorizes problems based on difficulty levels (Easy, Medium, Hard). Each problem includes constraints, test
cases, and solution templates.
3. Submission Tracking Module
Records each submission with problem ID, time taken, number of attempts, and final verdict. Facilitates user progress
tracking and analytics.
4. Leaderboard Module
Dynamically ranks users based on problem-solving efficiency, accuracy, and speed. The leaderboard updates in real time
as new submissions are recorded.
5. Administration Module
Provides an interface for administrators to add, update, or remove problems, ensuring continuous expansion of the problem
repository.

Tools and Technologies

e Frontend: HTML, CSS, JavaScript, React.js (optional)

e Backend: Node.js, PHP, Flask

e Database: MySQL/MariaDB

e Server: XAMPP, WAMP, or Docker containers

e Version Control: Git/GitHub for collaborative development and versioning

e APIs for Future Enhancements: JudgeO API for real-time code execution, Docker for sandboxed environments

Procedure Methodology

1.Data Modeling and Database Design — Relational schemas were designed to capture user credentials, problem sets, and
submission data in a normalized form.

2.Frontend Development — User-friendly dashboards and forms were built with responsive design for accessibility across
devices.
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3.Backend Implementation — RESTful APIs were developed to manage authentication, problem retrieval, and submission
evaluation.

4. Integration — Frontend and backend components were connected via HTTP requests, ensuring seamless communication
between the client and server.

5.Testing and Validation — Each module was tested independently and integrated through end-to-end system validation.
Functional testing confirmed proper registration, submission logging, and leaderboard ranking.

This Materials and Methods section highlights how both Coding Practice Website and CodeMaster follow a structured,
extensible design framework, ensuring they are adaptable for real-world deployment in both individual learning and institutional
contexts.

1. User Authentication and Security

The authentication module is one of the most critical components of both Coding Practice Website and Code-Master.
During evaluation, different scenarios such as new user registration, valid login attempts, and invalid login attempts were tested
under simulated workloads. The system showed near-perfect success rates, with login failures correctly identified and blocked.

Table 1 shows that the success rate for new registrations was 98.9%, with an average response time of 210 ms, which is
acceptable for web-based applications. The login module successfully handled both valid and invalid credentials, with a 100%
accuracy in detecting incorrect attempts. These results demonstrate the robustness of the security layer, ensuring both reliability
and data protection.

Table 1. Authentication Performance

Test Scenario Success Rate (%) | Avg. Response Time (ms) Error Margin (%)
New User Registration 98.9 210 1.1
Login with Valid 99.3 180 0.7
Credentials
Login with Invalid 100 200 0.0
Credentials

2. Problem Management Accuracy

Problem categorization and retrieval were benchmarked to assess how efficiently the platform could deliver coding
challenges based on difficulty levels. Table 2 highlights that accuracy remained consistently above 95% across Easy, Medium, and
Hard categories. The average retrieval time was lowest for Easy problems (160 ms) and increased slightly for Hard problems (190
ms), which can be attributed to larger datasets and more complex test cases. This indicates that the system is capable of managing
a large repository of problems without compromising on performance.

Table 2. Problem Management Evaluation

Difficulty Level Accuracy (%) Avg. Retrieval Time (ms) Error Margin (%)
Easy 97.5 160 25
Medium 96.8 170 3.2
Hard 95.9 190 4.1

3. Submission Tracking Efficiency
Submission tracking forms the backbone of the system’s performance assessment capability. It records not only whether a
solution is correct but also the time taken and number of attempts. Table 3 illustrates that correctness checks achieved an accuracy
of 95.8%, while attempt logging was even higher at 97.1%. Precision, recall, and F1-scores confirm that the module was highly
consistent in evaluating solutions. These outcomes ensure fairness in ranking and reliability in recording each user’s performance
history.
Table 3. Submission Tracking Results

Metric Accuracy (%) Precision (%0) Recall (%) F1-Score (%)
Correctness Check 95.8 95.0 94.7 94.8
Time Recording 96.2 95.9 96.0 95.9
Attempt Logging 97.1 96.7 96.8 96.7

4. Leaderboard Performance

Leaderboards are critical for user engagement and motivation. They must update dynamically without noticeable delay

even under heavy loads. Table 4 shows that for 50 concurrent users, update latency averaged 220 ms, while even at 200 users the

latency was only 270 ms. Ranking accuracy remained above 96%, meaning that users were ranked in near-perfect order based on

efficiency and accuracy. This validates the scalability of the leaderboard system, which can be extended for contests and large-
scale competitions.
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Table 4. Leaderboard System Accuracy

Load (Users) Update Latency (ms) Ranking Accuracy (%) Success Rate (%)
50 220 98.2 97.9
100 240 97.6 97.3
200 270 96.9 96.5

5. Overall System Evaluation

The comparative evaluation of all modules provides a holistic view of system performance. Figure 1 demonstrates that
authentication achieved the highest accuracy (98.9%), while submission tracking was slightly lower (95.8%) due to real-time
verification demands. Figure 2 shows a clear latency trend: as the number of concurrent users increased from 50 to 200, latency
grew moderately but remained under 300 ms, which is still acceptable for web-based applications. Collectively, these results
confirm that the system performs consistently well under varying workloads.

6. User Feedback Validation

In addition to quantitative metrics, qualitative user feedback was gathered from 30 pilot users. Table 5 shows that 89% of
participants rated the system as user-friendly, emphasizing the intuitive design of the interface. 85% acknowledged improvements
in problem-solving ability after practice sessions, validating the educational impact. The leaderboard received 83% positive
feedback as a motivational tool, with several users highlighting its role in promoting continuous practice. The feedback highlights
that the platforms not only performed well technically but also met educational and motivational goals.

Accuracy (%)

Accuracy Comparison Across Modules
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Authentication Problems
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Figure 1. Accuracy Comparison Across Modules

Latency Trends Under Increasing Load

2701

2601

2501

Latency (ms)

2301

2201

60 80

100

120 140 160 180 200

Number of Users

Figure 2. Latency Trends

Table 5. User Feedback Ratings
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Parameter Positive Feedback (%0) Neutral (%) Negative (%)
Ease of Use 89 8 3
Learning Improvement 85 10 5
Motivation via Leaderboard 83 12 5
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The evaluation of Coding Practice Website and CodeMaster reveals that lightweight web-based platforms can achieve
competitive levels of functionality compared to established systems while remaining accessible and adaptable for smaller
institutions. The authentication module demonstrated high reliability (success rates above 98%), confirming that even simplified
systems can ensure secure user management and data integrity. This is particularly important in educational contexts, where
protecting student records is paramount.

Problem management accuracy remained consistently above 95%, validating the platform’s ability to deliver categorized
challenges without latency issues. In contrast, commercial platforms such as LeetCode and HackerRank rely on complex cloud-
based infrastructures, which may not always be affordable or feasible for institutional use. The results here show that streamlined
implementations can replicate these essential functionalities with acceptable performance metrics.

The submission tracking module achieved high levels of accuracy, precision, and recall, ensuring fair evaluation of
problem-solving attempts. This reliability provides users with confidence in their progress tracking, which is vital for long-term
learning. Compared to larger systems, which often include advanced features like language support and runtime optimization, the
proposed platforms provide a balanced trade-off between simplicity and functionality.

Leaderboards, which are a core motivational feature in competitive programming, also performed effectively. Real-time
updates with minimal latency under concurrent load confirm that the systems are scalable to handle small-to-medium user groups.
Although large-scale competitions involving thousands of participants may still require cloud-optimized architectures, the
platforms as designed are sufficient for academic and training settings.

User feedback results strongly support the technical findings. With nearly 90% of participants rating the platforms as user-
friendly and over 80% acknowledging improvement in problem-solving skills, the platforms have demonstrated significant
educational impact. The leaderboard’s positive reception further emphasizes its role in motivating continuous engagement,
aligning with pedagogical goals of fostering persistence and skill mastery.

Nonetheless, certain limitations were identified. While the current architecture efficiently handles hundreds of users,
further scalability tests with thousands of concurrent users are necessary to establish robustness for global competitions.
Additionally, advanced features like integrated compilers, support for multiple programming languages, and adaptive
recommendation systems were beyond the scope of this iteration but represent valuable enhancements for future development.

In summary, the discussion highlights that Coding Practice Website and CodeMaster successfully balance simplicity,
accessibility, and performance. They provide an effective foundation for competitive programming practice and can evolve into
comprehensive learning environments with incremental enhancements. By bridging the gap between complex commercial
platforms and lightweight academic systems, these platforms underscore the potential of scalable, open-source-inspired solutions
for modern programming education.

The development and evaluation of Coding Practice Website and CodeMaster illustrate how lightweight, scalable, and
educationally effective platforms can be designed to support competitive programming practice. By combining essential
functionalities such as secure authentication, categorized problem management, submission tracking, and real-time leaderboards,
the platforms replicate the core features of industry-standard systems while maintaining accessibility for academic and small-scale
deployment.

The results validated the robustness of each module, with accuracy consistently above 95% and system latencies remaining
within acceptable limits. User studies further emphasized the educational impact, with participants reporting improvements in
problem-solving skills, motivation, and engagement. These outcomes confirm that simplified platforms can serve as meaningful
alternatives or complements to larger systems like LeetCode and HackerRank, especially in contexts where resource efficiency
and ease of use are prioritized.

The discussion also highlighted areas for further enhancement, including scalability for large-scale competitions,
integration of multi-language compilers, and adaptive recommendation systems for personalized learning. Incorporating these
features would allow the platforms to evolve into more comprehensive learning ecosystems while maintaining their lightweight,
modular design.

In conclusion, Coding Practice Website and CodeMaster demonstrate that effective competitive programming ecosystems
can be built with modest resources while still achieving strong educational outcomes. They provide not only a foundation for
structured practice but also a framework for future innovation in online learning platforms. By bridging the gap between
complexity and accessibility, these projects contribute to the broader goal of making computational skill development more
inclusive, scalable, and engaging in the digital age.
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