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Abstract — With the growing shift toward distributed 

software development, real-time collaborative coding 

environments have become increasingly important. However, 

many existing solutions either rely on screen sharing or lack 

integrated intelligent assistance, limiting efficiency and 

interaction at the code level. This work presents the design 

and development of a web-based collaborative coding 

platform that enables multiple users to interact with a shared 

terminal in real time. The system is built using a Flask-based 

backend with WebSocket communication to handle low-

latency, bidirectional data transfer for code synchronization. 

A session-based architecture is implemented to manage 

multiple users, where each session maintains a consistent 

code state across clients. To support direct communication, 

WebRTC is integrated for peer-to-peer voice and video 

interaction. The platform also incorporates a private AI 

assistant module for each user, designed to provide contextual 

code suggestions, debugging hints, and basic code generation 

without interfering with shared collaboration. To maintain 

consistency during concurrent edits, a lightweight 

synchronization mechanism is used to propagate incremental 

updates across connected clients. Basic testing indicates that 

the system maintains near real-time synchronization with 

minimal perceptible delay under typical usage conditions. 

The proposed platform demonstrates a unified approach to 

combining collaborative editing, communication, and 

intelligent assistance, making it suitable for educational use, 

technical interviews, and small-scale distributed 

development. 
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I. INTRODUCTION 

The increasing adoption of remote and distributed software 

development has significantly changed how developers 

collaborate. Traditional approaches such as screen sharing 

and remote desktop tools often introduce latency, limit direct 

code interaction, and fail to provide fine-grained control over 

collaborative editing. As a result, there is a growing need for 

systems that enable real-time, code-level collaboration while 

maintaining efficient communication and synchronization. 

In recent years, several platforms have attempted to 

address these challenges by offering shared coding 

environments and integrated communication tools. However, 

many existing solutions either depend heavily on centralized 

infrastructures, lack terminal-level interaction, or do not 

incorporate intelligent assistance that can support developers 

during the coding process. This creates a gap between 

collaborative interaction and productivity, especially in 

scenarios such as technical interviews, educational 

environments, and distributed team development. 

To address these limitations, this work presents the 

design and implementation of an AI-integrated collaborative 

coding platform that combines real-time terminal sharing, 

communication features, and intelligent assistance within a 

single web-based system. The platform enables multiple 

users to join a shared session using a secure key, allowing 

them to simultaneously write, edit, and execute code in a 

synchronized environment. To further enhance usability, a 

private AI assistant is integrated for each user, providing 

contextual suggestions, debugging support, and code 

generation without affecting the shared workspace. 

II. LITERATURE SURVEY 

The development of collaborative coding platforms has 

evolved significantly with advancements in real-time 

communication technologies and distributed systems. Early 

approaches primarily relied on screen sharing and remote 

desktop tools, which, although effective for visual 

collaboration, lacked fine-grained control over code-level 

interactions and often introduced latency and synchronization 

challenges. 

Recent research has focused on real-time 

collaborative development environments that enable multiple 

users to edit code simultaneously. Systems such as web-based 

collaborative IDEs utilize WebSocket-based communication 

to maintain consistency across clients while minimizing 

latency [1]. These platforms improve synchronization 

efficiency by transmitting incremental updates rather than 

full-screen data, thereby enhancing responsiveness in 

distributed environments. 

In addition to synchronization, the integration of 

communication tools has been a key area of development. 

Studies have shown that incorporating voice and video 

communication directly within coding environments 

improves collaboration efficiency and reduces context 

switching [3]. Technologies such as WebRTC have been 

widely adopted to support peer-to-peer communication with 

low latency, making them suitable for real-time collaborative 

applications. 

The role of artificial intelligence in software 

development has also gained significant attention. AI-driven 

tools for code generation, debugging, and recommendation 

systems have demonstrated improvements in developer 

productivity and code quality [5]. These systems leverage 

large language models to assist users by providing contextual 

suggestions and automated error detection. Furthermore, 

multi-agent approaches have been explored to simulate 

collaborative workflows among different roles in software 

development, enhancing the overall development process. 

Several existing platforms, including Visual Studio 

Live Share and cloud-based IDEs, offer collaborative features 

such as shared editing, debugging, and session management. 

However, many of these systems either rely on centralized 

infrastructures, lack integrated AI assistance, or do not 
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provide a unified environment combining coding, 

communication, and intelligent support [6]. 

Despite these advancements, challenges remain in 

achieving efficient synchronization, seamless 

communication, and intelligent assistance within a single 

platform. The need for a lightweight, web-based system that 

integrates real-time terminal interaction, communication 

tools, and AI support motivates the development of the 

proposed solution. 

The above studies highlight existing approaches, but 

most systems focus on either collaboration or intelligent 

assistance separately. This project focuses on integrating 

these features into a single practical platform. 

III. SYSTEM ARCHITECTURE 

The proposed system is designed as a modular, web-based 

architecture that enables real-time collaboration, 

communication, and intelligent assistance within a unified 

environment. It consists of four primary components: the 

client interface, backend server, real-time communication 

layer, and AI assistance module, as illustrated in Figure 1. 

The client-side application is developed using a 

modern web framework and provides an interactive coding 

environment through an embedded code editor. It is 

responsible for capturing user inputs, rendering code updates, 

and managing user interactions such as session joining, code 

editing, and communication controls. Each client maintains a 

local representation of the shared code state, which is 

continuously synchronized with other participants. 

The backend server, implemented using Flask, acts 

as the central coordination layer. It manages session creation, 

user authentication, and access control, ensuring that only 

authorized users can join a collaborative session. Each 

session is assigned a unique identifier, allowing multiple 

independent coding rooms to operate simultaneously. The 

server also handles the routing of messages between clients 

and maintains temporary session data for synchronization. 

Real-time communication between clients and the 

server is achieved using WebSocket protocols. Unlike 

traditional request-response models, WebSockets enable 

persistent, bidirectional communication, allowing code 

changes to be transmitted instantly as incremental updates. 

When a user modifies the code, only the relevant changes are 

sent to the server, which then propagates them to other 

connected clients. This approach reduces bandwidth usage 

and ensures faster synchronization compared to full-state 

updates. 

To support direct interaction between users, the 

system integrates WebRTC for voice and video 

communication. This enables peer-to-peer media streaming 

with minimal latency, allowing participants to discuss and 

collaborate without relying on external applications. The 

signaling process required for establishing WebRTC 

connections is coordinated through the backend server. 

An additional component of the architecture is the 

AI assistance module, which operates independently for each 

user. This module processes user queries and code context to 

generate suggestions, debugging hints, or boilerplate code. 

By keeping the AI interaction private to each user, the system 

ensures that individual workflows are not disrupted while still 

benefiting from intelligent assistance. 

 
Fig. 1: System architecture of the proposed collaborative 

coding platform 

The overall architecture is designed to balance 

responsiveness and scalability. By combining WebSocket-

based synchronization, session-based management, and peer-

to-peer communication, the system is able to maintain 

consistent state across users while minimizing latency and 

resource overhead. 

IV. METHODOLOGY  

The proposed collaborative coding platform is designed to 

enable multiple users to interact within a shared coding 

environment in real time. The methodology focuses on 

maintaining consistency across users, enabling efficient 

communication, and integrating intelligent assistance without 

disrupting the collaborative workflow. 

The system begins with session initialization, where 

a user creates a collaborative room through the client 

interface. The backend server generates a unique session 

identifier, which can be shared with other participants to join 

the same environment. Once connected, all users are linked 

to the same session, allowing synchronized interaction within 

a shared code editor. 

Real-time code synchronization is achieved through 

a WebSocket-based communication mechanism. Each client 

continuously monitors changes in the editor and transmits 

incremental updates to the server. Instead of sending the 

entire codebase, only the modified portions are 

communicated, reducing network overhead. The server then 

distributes these updates to all connected clients within the 

session, ensuring that each participant maintains a consistent 

view of the code. This approach allows near-instant 

propagation of changes while minimizing latency. 

To handle simultaneous edits, the system applies a 

lightweight update-handling strategy that processes incoming 

changes in the order they are received. This ensures that 

conflicts are minimized and the shared code state remains 

stable during active collaboration. While not as complex as 

full operational transformation systems, this approach 
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provides sufficient consistency for small to medium-sized 

collaborative sessions. 

Communication between users is facilitated through 

WebRTC, enabling real-time voice and video interaction. 

When a session is active, users can initiate peer-to-peer 

connections for audio and video streaming. The backend 

server assists in the signaling process required to establish 

these connections, after which media data flows directly 

between clients, reducing server load and improving 

performance. 

The platform also integrates an AI-based assistant as 

a separate module accessible to each user. This assistant 

processes user queries along with the current code context to 

generate suggestions, identify possible errors, and provide 

basic code snippets. Since the AI interaction is handled 

independently for each user, it does not interfere with the 

shared coding environment or other participants’ workflows. 

On the frontend, the system uses an embedded code 

editor that supports syntax highlighting and real-time 

updates. User actions such as typing, editing, or executing 

commands are captured and transmitted through the 

communication layer. The backend manages session states 

and ensures that all participants remain synchronized 

throughout the session. 

Overall, the methodology combines session 

management, real-time communication, and intelligent 

assistance into a cohesive workflow. By focusing on 

incremental updates, efficient message handling, and 

decentralized communication for media streaming, the 

system achieves a balance between performance, usability, 

and scalability 

A. Procedure 1: Code Synchronization Workflow: 

Here, Δ represents the incremental code change generated by 

a user, which is transmitted and applied across all connected 

clients. 

Input: Code updates Δ generated by multiple clients 

Output: Consistent shared code state across all connected 

clients 

1) Initialize session S with unique session ID 

2) Establish WebSocket connections for all participating 

clients 

3) While session S is active do: 

4) For each client Ci generating an update Δi: 

5)          Capture incremental change Δi from editor 

6)          Send Δi to server 

7)          Server enqueues Δi in arrival order 

8)    End For 

9)      While update queue is not empty do: 

10)         Dequeue next update Δk 

11)         Broadcast Δk to all connected clients 

12)         Each client applies Δk to local code state 

13)     End While 

14) End While 

15) Ensure all clients converge to a consistent code state 

While the system performs effectively for small-

scale collaborative sessions, it may experience temporary 

inconsistencies during simultaneous edits due to the use of a 

lightweight update-handling approach. However, such cases 

were minimal in the tested scenarios and did not significantly 

impact overall usability. 

V. WORKFLOW OF THE PROPOSED SYSTEM 

To better illustrate the overall workflow of the system, the 

sequence of operations during a typical collaborative session 

is summarized below: 

1) A user initiates a session through the client interface, and 

the backend server generates a unique session identifier.  

2) Other participants join the session using the shared 

identifier, establishing a connection with the server.  

3) The client editor captures user input and sends 

incremental code updates to the server via WebSocket 

communication.  

4) The server processes and broadcasts these updates to all 

connected clients, maintaining a consistent shared code 

state.  

5) Users communicate through integrated WebRTC-based 

voice and video channels while interacting with the 

shared environment.  

6) The AI assistant processes individual user queries and 

provides contextual suggestions without affecting the 

shared session. 

VI. RESULTS AND DISCUSSION 

The developed system was evaluated through basic testing 

involving multiple users connected within the same 

collaborative session. The objective of this evaluation was to 

observe system behavior in terms of synchronization, 

responsiveness, and usability during real-time coding. 

The platform was tested with 2–3 concurrent users 

under normal network conditions. It was observed that code 

changes made by one user were reflected on other connected 

clients with minimal perceptible delay. The use of 

WebSocket-based communication enabled efficient 

transmission of incremental updates, ensuring that only 

modified portions of the code were shared instead of the 

entire codebase. This significantly improved responsiveness 

compared to traditional screen-sharing approaches. 

The shared coding environment maintained a 

consistent state across all users during simultaneous editing. 

The update-handling mechanism ensured that changes were 

applied in sequence, reducing inconsistencies and allowing 

smooth collaboration without noticeable conflicts. 

The integration of the AI assistant was tested during 

basic coding tasks such as syntax correction and simple code 

generation. The assistant provided relevant suggestions based 

on user input and helped identify common errors, assisting 

users during debugging and improving overall coding 

efficiency. 

 
Fig. 2: Synchronization delay with increasing number of 

updates 
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As shown in Figure 2, the synchronization delay 

increases gradually as the number of updates grows. Since 

updates are processed in a queued manner and broadcast to 

all connected clients, the system experiences a slight increase 

in delay under higher update loads. However, the delay 

remains within acceptable limits for real-time collaborative 

sessions. 

The WebRTC-based communication module 

enabled real-time voice and video interaction between 

participants. Once the connection was established, 

communication remained stable, allowing users to coordinate 

effectively while working within the shared environment. 

This reduced the dependency on external communication 

tools. 

 
Fig. 3: Shared terminal interaction between users in a 

collaborative session 

 
Fig. 4: AI assistant providing debugging support within the 

coding interface 

As shown in Figure 3, multiple users are able to 

interact within the same coding session, demonstrating 

synchronized code editing and shared terminal functionality. 

Figure 3 illustrates the AI assistant providing debugging 

suggestions within the interface. 

The system demonstrated stable performance during 

continuous usage sessions without noticeable 

synchronization failures. 

VII. PERFORMANCE EVALUATION  

The performance of the proposed system was evaluated under 

basic test conditions involving multiple users connected 

within the same collaborative session. The evaluation focused 

on key aspects such as synchronization delay, responsiveness, 

and system stability during real-time coding. 

Testing was conducted in a local network 

environment using standard web browsers, with 2–3 

concurrent users participating in collaborative sessions. The 

system was observed under typical usage scenarios, including 

continuous code editing, simultaneous updates, and 

interaction through communication features. 

Synchronization performance was analyzed based 

on the delay observed between code updates generated by one 

user and their reflection on other connected clients. Under 

low update frequency, the system maintained near-instant 

synchronization with minimal delay. As the number of 

updates increased, a gradual rise in delay was observed due 

to queuing and broadcast overhead. 

 
Fig. 5: Synchronization delay at different update rates 

As shown in Figure 5, the synchronization delay 

increases gradually with the update rate. The system 

maintains low latency under normal conditions, while higher 

update frequencies introduce moderate delay due to 

sequential processing of updates. However, the delay remains 

within acceptable limits for real-time collaborative use. 

The relationship between update frequency and 

synchronization delay is illustrated in Figure 2. The results 

show that while delay increases with higher update rates, it 

remains within acceptable limits for real-time collaboration 

in small-scale environments. 

The system also demonstrated stable performance 

during continuous usage sessions, with no major 

synchronization failures or disruptions. The use of 

incremental updates contributed to efficient bandwidth 

utilization and improved responsiveness compared to 

traditional screen-sharing approaches. 

Overall, the evaluation indicates that the proposed 

system performs effectively for small-scale collaborative 

scenarios, maintaining consistency and usability without 

significant performance degradation. 

VIII. CONCLUSION 

This work presents the design and implementation of a web-

based collaborative coding platform that allows multiple 

users to work together in a shared environment in real time. 

The system brings together code synchronization, voice and 

video communication, and an AI-based assistant within a 

single interface, making collaboration more direct and 

efficient. 

Through basic testing, the platform was able to 

maintain a consistent shared code state across users with 

minimal delay. The use of WebSocket communication helped 

in handling real-time updates effectively, while WebRTC 

enabled smooth interaction between participants. The AI 

assistant provided useful support during coding by suggesting 

fixes and helping with simple tasks, which can be especially 

helpful in learning or interview scenarios. 
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Overall, the system works well for small-scale 

collaborative use cases such as academic projects, coding 

practice, and remote discussions. It shows that combining 

existing technologies in a structured way can create a 

practical and usable solution without the need for complex 

infrastructure. 

There are still areas that can be improved. Better 

handling of simultaneous edits, support for larger groups, and 

more advanced AI assistance can make the platform more 

robust. These can be explored in future development. 
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