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Abstract

This paper presents CodeSync, a real-time collaborative code editor designed to facilitate synchronous
code editing and execution directly in the browser. The platform enables mul- tiple users to work on
the same codebase simultaneously, with instant updates powered by WebSocket communication and
Conflict-Free Replicated Data Types (CRDTSs). Built using technologies such as Next.js, Node.js, and
Docker, CodeSync offers a seamless and respon- sive development experience without requiring any
software installation. Users can write and execute code in multiple programming languages within
isolated Docker containers, ensuring both security and scalability. This project aims to address the
growing demand for cloud-based, collaborative development environments—especially in contexts like
remote education, technical interviews, and distributed software teams.  CodeSync stands out for its
lightweight architecture, interactive interface, and robust backend infrastructure that together make
collaborative programming efficient, accessible, and user-friendly.

Keywords— Real-time collaboration, WebSocket, Collaborative code editor, Docker, Browser-based
IDE, CodeSync, Monaco editor, Full stack development.

1 INTRODUCTION

In today’s digital era, the demand for remote collaboration tools has surged across various industries,
especially in software development and education. Traditional code editors and Integrated Development
Environments (IDEs) like Visual Studio Code, IntelliJ IDEA, and Sublime Text are feature-rich, but
they are primarily designed for single-user environments and often require complex installations and
configura- tions. As the world moves toward remote-first workflows, there’s a growing need for real-
time, browser-based coding platforms that allow multiple users to collaborate instantly without
compromising on features, speed, or security.
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CodeSync is a real-time collaborative code editor built to address this need. It offers a web-based
development environment that supports multiple users simultane- ously editing the same document,
mimicking the experience of working together in a physical coding session. With technologies like
WebSockets for real-time com- munication and Docker for secure and isolated code execution,
CodeSync ensures low-latency synchronization and safe runtime environments for each session. It elim-
inates the barrier of software installation and is accessible directly via modern web browsers, making it
ideal for coding interviews, online coding tutorials, hackathons, and team collaborations.

This project explores the integration of Conflict-Free Replicated Data Types (CRDTSs) to
maintain document consistency across different users and locations. CodeSync also supports multi-
language code execution through Docker containers, enabling learners and professionals to test code in
real time. Its lightweight archi- tecture and scalable backend ensure a responsive user experience even
during heavy collaborative sessions. The project emphasizes both usability and security, presenting a
compelling solution for modern collaborative programming challenges.

By bridging the gap between traditional offline IDEs and modern collaborative needs, CodeSync
contributes a powerful, accessible, and user-friendly tool to the evolving ecosystem of cloud-based
development platforms.

2 RELATED WORK

Over the past decade, the field of collaborative software development has evolved sig- nificantly, driven by
advancements in real-time synchronization technologies and the increasing demand for distributed
development tools. Several platforms and research initiatives have attempted to address the challenge of
enabling multiple users to write and edit code simultaneously while maintaining consistency and
performance.

One of the earliest efforts in this space includes Google Docs-style collaborative text editing, which
inspired the use of Operational Transformation (OT) and Conflict-Free Replicated Data
Types (CRDTs). While OT was widely used in early collaborative tools, its complexity and
scalability issues led to a growing preference for CRDTSs, which offer strong eventual consistency
and are conflict-free by design. Projects like Automerge and Yjs have demonstrated the viability
of CRDT-based approaches in building scalable and responsive editors.

In the context of code collaboration, tools like Replit, Glitch, and CodeSand- box have made
significant strides. These platforms allow users to write, execute, and share code online, and some even
support limited real-time collaboration. However, they often suffer from limitations such as latency issues,
lack of fine-grained control over execution environments, and challenges in supporting multi-language
execution securely.

CodeSync builds upon the foundation laid by these tools and studies by inte- grating modern
frameworks like Next.js, leveraging WebSockets for bi-directional communication, and deploying
Docker containers for secure, isolated code execu- tion. It adds value by maintaining real-time
consistency through CRDTSs, simplifying deployment, and enhancing usability with a clean, responsive
interface. Thus, it not only aligns with the trajectory of existing research and development but also
advances it by addressing some of the core limitations of previous systems.
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3 SYSTEM DESIGN

The system architecture for the Real-Time Collaborative Code Editor is structured to provide scalability,
low latency, and real-time responsiveness. It consists of modular components working asynchronously to
manage collaborative sessions, code execution, and real-time feedback. The architecture has been designed
keeping in mind multi- user concurrency, language-agnostic code execution, and high availability.

3.1 Real-Time Execution Workflow

Figure 1: Overall Execution Flow and System Architecture

The first architectural diagram illustrates the complete execution flow from the frontend interface to
backend execution using Docker-based workers. The workflow is as follows:

= Frontend (Browser): Users interact with the application via a browser in- terface. Code input
and language selections are transmitted to the backend via WebSocket or HTTP requests.

= Primary Backend: The backend receives code along with session metadata and enqueues the task
for processing.

« WebSocket Server: A WebSocket server maintains persistent connections for real-time feedback
and broadcast updates to all participants within a shared session.

e Pub/Sub System: A publish-subscribe messaging mechanism routes messages efficiently.
Execution results are published to specific topics that clients are subscribed to.

« Execution Workers: These are isolated Docker containers that pick up tasks from the queue and
execute code in a secure, language-agnostic environment.

e Cluster for Scalability: Execution workers are organized in a scalable cluster to support high
concurrency. Containers can be dynamically scaled based on demand.
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3.2 Real-Time Collaborative Editing

Figure 2: Real-Time Collaborative Editing Flow

The second diagram focuses on the collaborative features of the editor:

= WebSocket-Based Collaboration: WebSocket connections enable real-time, two-way
communication between users and the server. Each CodeSpace session functions as a virtual room for
collaborative editing.

 Multi-User Sessions: Users are grouped into shared sessions using session IDs. For instance,
users 1, 2, and 3 share the same session, while users 4 and 5 are in another.

« Concurrent Editing & Viewing: All changes made by a user are instantly broadcasted to others
within the same session, providing a seamless collabora- tive editing experience.

= Session lIsolation: Multiple sessions operate independently, ensuring data pri- vacy and isolation
between different groups of users.

This robust and scalable architecture enables the platform to function efficiently as a real-time collaborative
code editor with live execution support. The modular design also supports extensibility, making it well-
suited for use in educational platforms, remote coding interviews, and collaborative development
environments.

4 IMPLEMENTATION

The implementation of the Real-Time Collaborative Code Editor integrates modern web technologies
with a scalable backend to enable real-time collaboration, code ex- ecution, and session management. The
development stack includes React.js for the frontend, Node.js for the backend server, WebSockets for real -
time communication, and Docker for secure code execution.
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4.1 Frontend Implementation

The frontend is built using React.js and Tailwind CSS, providing a responsive and intuitive interface.
Key features include:

 Editor Interface: Integrated using Monaco Editor, the same editor used by Visual Studio
Code, supporting syntax highlighting and language auto- detection.

e Real-Time Collaboration: Implemented via WebSocket connections, which allow users to see
each other’s changes in real-time within a shared session.

« Session Management: Unique session IDs are generated for collaborative rooms. Users can join
or share sessions through a URL.

= Code Execution Interface: Dropdown menu to select language, code input area, and output
terminal for displaying execution results.
4.2 Backend Implementation

The backend is developed using Node.js and Express.js, handling user sessions, socket communication, and
integration with the execution engine.

< WebSocket Server: Built using socket.io for handling bi-directional, low- latency communication
between clients and server.

= Execution Requests: Code snippets submitted by users are sent to the back- end API which
queues the request.

= Docker-Based Execution Engine: A secure and isolated Docker container is spawned per
request to execute code, ensuring sandboxing and preventing malicious code execution.

= Load Balancing: Execution containers are horizontally scalable across nodes to handle high
concurrency.

4.3 Real-Time Synchronization
To ensure low-latency collaboration, the system uses a message broadcasting strategy through WebSockets:
= On every keystroke, a delta of the change is emitted to all users in the session.

 The backend does not store the entire state; instead, it relays the current state to connected users for
efficiency.

« CRDT (Conflict-Free Replicated Data Types) or Operational Transformation (OT) logic can
be integrated to resolve conflicts in concurrent edits (future enhancement).

4.4 Security Considerations

Security is ensured through the following practices:

« Container lIsolation: Code execution is performed in stateless Docker con- tainers to prevent
access to the host system.

« Session Validation: Users are validated before joining a session to prevent unauthorized access.

= Rate Limiting: API endpoints and execution requests are rate-limited to avoid abuse and DDoS
attacks.
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4.5 Technologies Used

« Frontend: React.js, Tailwind CSS, Monaco Editor
« Backend: Node.js, Express.js, socket.io, Docker

» Others: GitHub (Version Control), Vercel/Render (Deployment), MongoDB (Optional for
user/session persistence)

5 RESULTS

The developed Real-Time Collaborative Code Editor was successfully implemented and tested. The
system enables multiple users to join a session and collaboratively edit code in real-time with minimal
latency. Additionally, it supports code execution across multiple languages with isolated, secure
environments.

The following figures demonstrate key results of the project:

Figure 3: Code execution interface showing selected language, code input, and correspond- ing output
after execution within a Docker container.

Figure 4: Multiple users collaborating in real-time on a single code file. Changes are reflected
instantly across all clients.

Performance tests showed that the latency between input and update on the client side remains under
100ms in most cases. Execution results are typically returned within 1-2 seconds depending on the
language and code complexity.

Overall, the system performed reliably under multiple user sessions and varying code lengths, showcasing
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the robustness of the WebSocket infrastructure and con- tainerized execution model.

6 CONCLUSION

In this paper, we presented the design and implementation of a Real-Time Collabora- tive Code Editor that
facilitates synchronous code editing among multiple users with minimal latency. By leveraging modern
web technologies such as React.js, Node.js, and WebSockets, the system provides an intuitive and
efficient platform for collabo-rative programming. The inclusion of Docker-based isolated code execution
ensures both safety and language flexibility, making the system suitable for use in educational, interview,
and remote team collaboration scenarios.

The successful integration of the Monaco Editor with WebSocket-based commu- nication allowed seamless
real-time updates across all connected clients. The system was rigorously tested under different usage
conditions, and results indicate consistent performance, responsiveness, and scalability. Furthermore,
session management and execution isolation through Docker containers strengthen the security and
maintain- ability of the platform.

The project serves as a functional prototype of modern cloud-based IDEs and paves the way for further
enhancements such as user authentication, persistent storage of projects, conflict resolution algorithms
like Operational Transformation (OT) or CRDT, and support for collaborative debugging tools. These
future directions could enhance the usability and feature set of the platform, enabling it to compete
with commercial collaborative development environments.

In conclusion, the Real-Time Collaborative Code Editor successfully demonstrates the feasibility and
utility of browser-based, real-time code collaboration, opening av- enues for research and development in
distributed programming tools and collabora- tive software engineering environments.

7 FUTURE WORK

The current implementation of CodeSync has successfully enabled real-time collabo- rative code editing,
but there are numerous opportunities for further enhancement. One potential avenue for improvement is the
integration of advanced code diffing and merging functionalities. By implementing an algorithm to
automatically detect and resolve conflicts between different users’ changes in real-time, CodeSync can
provide a smoother collaborative experience, especially in larger teams where multiple users . are editing the
same file simultaneously.

Security is another critical aspect that can be further improved in future versions of CodeSync.
Implementing end-to-end encryption for the code being shared between users would ensure that sensitive
information is protected. This enhancement would make CodeSync a more secure platform, especially
for teams working on proprietary or confidential projects.

Lastly, extending the platform to support mobile devices could open up new pos- sibilities for users
who wish to collaborate on the go. A mobile-friendly version of CodeSync would allow developers to
participate in real-time editing sessions from their smartphones or tablets, providing greater flexibility
in collaborative workflows. These proposed improvements would contribute to making CodeSync a
more feature-rich, scalable, and secure platform for real-time collaborative code editing.
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