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Abstract - In today’s world what we see is the growth of distributed teams in software development which report to very 

efficient collaboration tools. In the past it was noted that traditional development settings did not have real time collaboration 

which in turn made developers to rely on external communication tools and version control systems. We introduce Codeo in this 

paper which is a next generation collaborative development environment that brings together multiple developers to write, edit 

and execute code at the same time within a web based platform. The system includes real time code sync via WebSockets, multi 

language code execution through remote compile services, in platform chat and AI which puts out code suggestions. 

Proposed architecture was designed using what is now a standard set of web technologies which include React, Node.js, 

TypeScript, and Socket.io which in turn enable low latency collaboration and efficient data sync. We have implemented room 

based access control in Codeo which in turn supports collaborative coding sessions and we also put in features like shared editing, 

file management, and real time messaging for developers. We did an experimental evaluation which we report to show that the 

system does very well in terms of providing a smooth collaboration experience with minimal latency which at the same time 

reports high in terms of sync accuracy.. 

This is meant to increase efficiency within distributed development groups, academic programming contexts, and remote 

software engineering processes by creating a seamless collaboration environment for coding which can be accessed directly from 

a web browser. 

Keywords: Collaborative Coding, Real-Time Code Editor, WebSocket, Online IDE, Distributed Programming, Collaborative 

Development Environment 

 
 

I. INTRODUCTION 

Software development has saw an increase in a 

collaborative setting which see programmers work together 

from different locations and across various development 

environments. Today’s development teams require tools 

which enable them to share code, put forth ideas, and work 

at the same time on the same project. Also we see that most 

traditional Integrated Development Environments (IDEs) 

are for the most part designed for individual programming 

and do not include features for real time collaboration. Thus 

developers often have to use many external tools which 

include version control systems, messaging platforms, and 

screen sharing apps to coordinate their work. These broken 

up workflows may cause for delay in communication, sync 

issues, and in all also a drop in productivity during 

collaborative development.. 

Recent with time we have seen growth in web tech and 

cloud computing which in turn has brought about web based 

programming platforms that now enable developers to 

create, run and test code right from within their browser. 

These platforms get rid of the issue of complicated software 

installation and also give developers better access to their 

tools which in turn work on any device or operating system. 

Also from our studies we have that web based development 

environments do in fact improve productivity and also 

simplify collaborative programming by creating single 

central coding platforms that may be used from anywhere 

which reports [1]. 

Some researchers have put forth collaborative coding 

frameworks for distributed software development. For 

example we see in the case of web based collaborative 

editors which enable at the same time the edit of the same 
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code by many developers and at the same time maintain 

between users sync which we achieve via real time 

communication tools like WebSockets [2]. Also it is brought 

to light that which which we may note is that collaborative 

programming platforms support features like pair 

programming, collaborative debugging, and team based 

learning that in turn improve development performance and 

also programming education [3]. These systems also present 

the role that integrated collaborative tools play in today’s 

programming environments. 

Despite progress in this area many present day collaborative 

coding platforms still see large issues in terms of which 

programming languages they support which is limited, also 

that which have integrated communication features is a rare 

find and also that which do not require external tools for 

collaboration are few. Also some platforms which do have 

the collaborative features do so at the cost of complex 

configuration processes or they require the use of plugins 

which in turn reduces the platforms’ ease of use and appeal 

to the developer community. 

To present solutions to these issues we have put forth 

Codeo, a next generation web based collaborative 

development environment which allows developers to 

write, edit and execute code in real time in a shared work 

space. We integrated into Codeo collaborative coding, real 

time communication and multi language code execution 

into one platform which in turn improves productivity and 

team work among developers. Codeo is built using present 

day web technologies which include React, Node.js, 

TypeScript and WebSocket based communication thus 

providing a scalable and efficient environment for 

collaborative software development. 
 

 

II. LITERATURE REVIEW 

Recent advancements in web technologies and cloud-based 

systems have significantly influenced the development of 

modern programming environments. In the context of 

collaborative software development, several studies 

highlight the importance of web-based coding platforms 

that allow developers to work together in real time. Such 

systems improve development efficiency, enhance 

teamwork, and enable distributed teams to collaborate 

effectively without requiring complex software 

installations. Research indicates that online code editors and 

collaborative  programming  platforms  have  become 

increasingly popular due to their accessibility, flexibility, 

and support for remote development environments [1]. 

Raj et al. [1] in their study of improved online live code 

editors report that which which web based programming 

platforms allow developers to write, execute and debug 

code right in the web browser. They note that these systems 

reduce the need for local installation and also provide a 

central environment for coding and testing applications. 

Kurniawan et al. [2] reported they designed CodeR which is 

a real time collaborative code editor which at the same time 

allows multiple users to edit and execute codes. They put 

forth a WebSocket for code changes synchronization 

between users which in turn presents that collaborative 

coding environments may improve team work and 

communication among developers of a joint project. 

Fan et al. [3] introduced CoVSCode a which is a 

collaborative platform for real time editing of shared code. 

We see that they report which collaborative IDEs may see 

an improvement in performance of pair programming, 

debug sessions, and large scale problem solving when 

compared to what is put forth by the individual developer 

models. 

Ghorashi and Jensen [4] put forth the design of Jimbo, a 

collaborative IDE for developers and designers. They report 

that in programming education setting which puts a great 

deal of value in the communication features within the 

development tools which in turn improve the collaboration 

and learning. 

Sun and Ellis [5] looked at the application of Operational 

Transformation (OT) algorithms in real time collaborative 

editing which they report to enable multiple users to 

simultaneously edit the same document and in the end all 

users see the same consistent version of it. 

Preguiça [6] looked into Conflict Free Replicated Data 

Types (CRDTs) which he uses to manage concurrent 

updates in distributed collaborative systems. These 

approaches put forth by CRDTs allow for multiple users to 

at the same time work on the same data structures without 

issue and also achieve consistency across separate nodes. 

Despite the progress, many present day collaborative coding 

platforms still have issues which include support for a 

narrow range of programming languages, lack of in built 

communication tools, and little in the way of intelligent 

coding features. Also some platforms require in depth 
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configuration or they depend on external tools to put in 

place collaboration features. Thus there is a need for a 

unified collaborative development platform which brings 

together real time code editing, multi language execution 

and communication features into one environment. To that 

end this research has put forth Codeo which is a new 

generation collaborative development environment that 

supports easy real time programming interaction between 

developers. 
 

 

 

III. PROBLEM STATEMENT 

In today’s world it is common for teams to work remotely 

on the same project in software development. At the same 

time many traditional Integrated Development 

Environments (IDEs) are meant for individual use and do 

not support real time collaborative programming. 

Developers usually use a variety of external tools like 

version control systems, messaging platforms, and screen 

sharing apps to coordinate which ends up being an 

inefficient workflow and filled with communication delays. 

Also some web based code editors which do support online 

programming are still very limited in their collaboration 

features, lack in proper sync mechanisms, or require 

complicated setup. Thus it is hard for developers to at the 

same time edit and execute code in a shared setting. 

Therefore in the present we see the call for a unified 

platform which supports real time collaborative coding, 

efficient sync, and multi language code execution. To that 

end this research puts forth Codeo which is a web based 

collaborative development environment that allows for 

multiple developers to work on, edit and run code at the 

same time which in turn improves total development 

productivity. 
 

 

 

IV. OBJECTIVES 

The goals of this research are: 

1. To build a website where many coders can work 

together on the code at the same time. 

2. To make sure that when multiple coders are 

working on the code it stays consistent and doesn't 

get messed up. 

3. To allow coders to run code, in programming 

languages using online tools. 

4. To add features that let coders talk to each other in 

time so they can work together better. 

To make it easier and faster for coders to work together by 

providing an efficient platform. 

 

 

V. SYSTEM ARCHITECTURE 
 

Proposed out by the designers of Codeo is a 4 layer 

architecture which includes the presentation layer, 

application layer, execution AI services layer, and storage 

layer. This architecture which also does away with the 

issues of mixed responsibility, increases in scale, and also 

performs better in real time for collaboration in software 

development. 

1. Presentation Layer (Frontend): 

The presentation layer is in charge of user interaction within 

the system. We have developed this layer with React, 

TypeScript, HTML and CSS to present a responsive and 

user friendly interface. Also in this section users can do 

things like write and edit code, which we also have a feature 

for communication between members via the chat interface, 

upload and manage their files and folders, as well as run 

programs. Also we have included elements in this layer such 

as the real time code editor (CodeMirror), chat box, file 

management, also side bar modules which include code AI 

help, and system settings options. 

2. Application Layer (Backend): 

The application layer which is the heart of what the platform 

does in terms of core function and business logic. We 

implement this with Node.js, Express.js, and Socket.io 

which in turn handle user requests and also manage real 

time communication between users. At this level we see the 
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action of code synchronization, collaborative session 

management, chat message handling, and file structure 

management. Also at this layer the application functions as 

a bridge between the front end interface and external 

services that we use for code execution and AI support. 

3. Execution & AI Services Layer: 

This layer is a home to external services that we have 

integrated into the system. We use the Piston API which 

allows us to run code in various languages within separate 

environments thus enabling developers to code right from 

the editor. Also we have the Pollinations AI API which gives 

out AI powered coding help like code generation and 

programming suggestions. This layer which is a large 

component of our collaborative platform also includes 

support for code execution and intelligent development 

tools. 

4. Storage Layer: 

 
Storage layer is a component which maintains key 

application data and supports in scaling of the future system. 

We see in it the storage of user sessions, file structures, code 

history, chat logs, and user preferences. That which we put 

in it we get back improved session management and also a 

better over all user experience in collaborative coding 

settings. 

 

Working Flow of the System 

The user uses the front end interface to write out their 

input into the system, which may be done through 

programming, chat, or program execution. 

 

1. The request is sent out to the back end server via 

HTTP or WebSocket. 

2. In the back end the request is processed, also the 

management of the co operation events is 

performed at this time as well as interaction with 

external APIs for code run and AI support. 

3. Once the results of the processing are done they are 

sent back out to the front end and made available 

to all users in real time. 

 

This architecture is what makes the system modular, 

scalable and efficient and thus very appropriate for real time 

collaborative programming and distributed software 

development. 
 

 

VI. PROPOSED SYSTEM 
 

 

Fig. 2. Proposed System 

Proposed put forth which is a web based collaborative 

development environment that we have designed for real 

time programing collaboration between developers. It is a 

central platform which many users may use at the same 

time for writing, editing and running code which also 

includes in it integrated chat features. We improved 

development efficiency by presenting to the user a package 

of collaborative editing, code execution and AI powered 

support in a single platform. The system is made up of the 

following modules: 

A. Collaboration Workspace: 

 
Provides a setting in which developers may work together 

and edit code in real time. We have a live code editor which 

does syntax highlighting and multi user editing. As a user 

makes changes in their session they are instantly reflected 

for other users in the same session, which in turn improves 

team performance. 

 

B. File Management Module: 

 
Allows for the creation, organization, and management of 

project files and folders within the coding environment. 

Also this module maintains the project file structure and 

reports in real time on changes which are updated for all 

users in the collaborative session. 

 

C. Chat Communication Module: 

 
Enables developers to connect with each other right within 

the platform. As they work on the same project users may 
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send out and have immediate receipt of messages in real 

time. This in platform communication system which also in 

turn improves coordination between team members does 

away with the use of external messaging tools. 

 

D. Code Execution Module: 

 
Allows for users to run and test their programs right in the 

editor which in turn uses integrated code execution services. 

Also we have support for many programming languages via 

external APIs which in turn enables developers to see 

instant results of their code within the collaborative 

environment. 

 

E. Session and User Management Module: 

 
Manages collaborative coding environments and which also 

see to user participation. Developers can create or join 

coding rooms where many users work on the same project 

at once. The system also reports on session info and is in 

charge of putting in place secure and separate environments 

for cooperation. 

 

F. AI Assistance Module (Key Feature): 

 
This module presents intelligent development assistance 

which we have integrated AI based services into. It includes: 

 

• Code generation 

• Programming suggestions 

• Assistance in solving coding problems 

 

 

 

The AI module which developers use to improve their 

coding speed, clarify programming concepts, and produce 

useful code snippets during the development process. We 

have put together all of these modules into one collaborative 

environment which in turn improves productivity, 

communication, and efficiency in software development. 

By means of real time collaboration, code execution, and AI 

support we see Codeo as a very effective solution for 

today’s distributed programming tasks. 
 

 

VII. METHODOLOGY 
 

We present a modular and layered model which we have put 

in to develop a web based collaborative code editor that 

supports real time code edit and run, developer interaction 

and AI enabled coding support. Our design is built on a 

contemporary architecture with Presentation, Application 

and Service Integration layers. For the front end we used 

React, TypeScript, HTML, and CSS, for the back end we 

went with Node.js, Express.js and Socket.io for real time 

communication. Also we included External APIs like the 

Piston API and Pollinations AI API to provide for the code 

execution and AI based coding features. This architecture is 

designed for efficient data pass, real time sync, and large 

scale collaboration. 

 

The system which handles structured data (user sessions, 

file structures, chat messages, project files) and dynamic 

collaboration data (code updates, execution results, AI 

suggestions) which we have dedicated modules for. We 

broke the process into the following steps: 

 

 

 

1. User Interaction and Session Initialization: 

 
Developers use the platform via a web interface. We have 

that which the user may create or join in collaborative 

coding rooms where at the same time many at once work on 

the same project. Also each user is part of a session that has 

full access to the live code editor, file management system, 

chat panel, and also execution tools. 

 

2. Real-Time Collaboration Processing: 

 
In the process of users editing code, sending messages, or 

modifying files the frontend puts in touch with the backend 
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server through WebSocket (Socket.io). The backend which 

in turn processes these events also sends out updates to all 

connected users in the same collaboration room. This in turn 

means that changes made by one developer are immediately 

available to other participants. 

 

3. Code Execution Module: 

 
Developers may run their programs out of the editor with 

the help of the built in Piston API that supports many 

languages. We submit the code for execution on the external 

API that runs it in a separate environment. Once the 

program is done running, we return the output and any 

errors back to the developer which in turn displays on the 

output panel. 

 

4. AI Assistance Module: 

 
The platform includes an AI that which developers use to 

code via the Pollinations AI API. Developers put in prompts 

to get code snippets, get programming tips, and also have 

issue with debug and algorithm development resolved. 

What is put out to the front end is the response which in turn 

can be put back into the editor. 

 

5. Data Storage and Session Management: 

 
The system runs collaborative sessions and has a database 

which includes info on user sessions, file structures, code 

history, and chat logs. We support the real time sync of 

collaborative activities which in turn allows users to do 

smooth work in shared development environments. 

 

6. Output Generation and Real-Time 

Updates: 

 
The processed data is pushed out to the front end in real 

time. We see also:. 

 

• Live code updates from collaborators 

• Chat messages between developers 

• Program execution results 

• AI-generated code suggestions 

 

All results are presented in the integrated workspace 

interface which also serves as a single unified platform for 

developers to collaborate. 

VIII. RESULTS AND DISCUSSION 

 
Proposed Codeo which is the put forth Collaborative 

Development Environment was looked at in terms of 

functionality, performance and usability. We saw that the 

system does in fact enable real time collaborative 

programming which is a feature that allows many 

developers to write, edit and run code at the same time in a 

shared work space. Also we looked at the implemented 

modules which include collaborative editing, chat for 

communication, file management, AI assisted coding, and 

code execution which we did this to assess the platform’s 

performance. 

 

n our testing we had many users in the same coding room at 

once in the Collaboration Workspace. We found that the 

system does a great job of real time code sync which we 

achieved via WebSocket. As one person updates the code 

the changes appear immediately to all others in the session 

which in turn promotes very smooth and seamless 

collaboration. 

 

Also we implemented a Chat Communication feature into 

the mix. While working on the same project team members 

may put in and out messages right in the coding 

environment which improves overall coordination between 

them and at the same time does away with the need for 

external chat tools. 

 

In our study we tested the Code Execution module out via 

several programming languages which include JavaScript 

and Python. In the editor which we used to write our 

programs, we were also able to see successful execution via 

the integrated execution service and at the same time which 

very immediately present results back to the platform. This 

in turn allows developers to test and debug their codes 

without leaving the collaborative environment. 

 

The we put in was an AI Assistance module which we asked 

to give out natural language prompts to which it gave back 

programming code suggestions. The system did very well at 

coming up with useful code snippets and programming 

examples which in turn helped developers to better 

understand the logic behind things and which in turn 

improved their productivity in the coding tasks. 

 

In terms of performance we saw that the system does very 

well at real time sync with minimal delay between code 

changes among users. We used WebSocket based 

communication which we found to be very fast and which 
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also does a great job at the synchronization of collaborative 

editing. 

 

The platform has a very easy to use interface which in turn 

enables developers to create or join coding rooms, manage 

files, use chat for communication, run programs and get AI 

powered coding suggestions. Also the modular design of the 

architecture is a feature which we see to be very scale able 

and easy to which we may add to for future improvements. 

 

Also we see that which we put forth in the Codeo platform 

does in fact support real time collaboration, integrated 

communication and multi language code execution which 

in turn we present as a very reliable environment for 

distributed software development and collaborative 

learning. 

 

 
 

Fig. 1. Codeo Room Join Interface 
 

 

Fig. 2. Collaborative Code Editor Interface 

Fig. 3. Real-Time Group Chat Module 
 

Fig 4. AI Copilot Code Generation Module 
 

Fig. 5. Code Execution Output Interface 
 

Fig. 6. System Settings and Whiteboard Module 
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IX. ADVANTAGES 

 
Proposed Codeo Collaborative Development Environment 

we see to have many benefits in terms of improved team 

productivity and better collaborative software development. 

We present a system that includes many development tools 

in a single platform such as real time code editing, chat for 

communication, code run time, and AI for programming. 

 

The platform also features real time collaborative coding in 

which multiple developers may work on the same code at 

the same time. As a user makes changes these are 

immediately reflected for all users in the session which in 

turn improves coordination and supports better team work. 

 

Also we see that the system includes an integrated 

communication feature in our group chat module that allows 

developers to go over code, put forth ideas and coordinate 

tasks right in the coding environment. Which in turn 

removes the need for external messaging systems and in the 

process we see we improve collaboration efficiency. 

 

The platform’s code execution environment which 

developers may use to run and test out their codes in the 

browser which also does away with the need to install extra 

compilers or development tools. This in turn simplifies the 

development process and which also makes the platform 

X. LIMITATIONS 

 
Despite that which is put forth the Codeo Collaborative 

Development Environment has issues. We see that real time 

collaboration is at the mercy of stable internet connection 

and that network delays may in fact play a role in how well 

we see sync perform when many users are editing the same 

code at once. 

 

Also the code run feature which we present to developers 

uses external APIs for different programming language 

support. May be that we see issues with those external 

services which in turn may take down the execution feature 

of the platform. 

 

While we do have AI for assistant which puts out what is at 

time very useful programming tips what we are seeing is 

that they are not always the best or completely correct which 

means dev’s still have to go in and edit the put forth code 

before they use it in their programs. 

 

Also the present implementation does primary focus on 

collaborative coding and basic development features. For 

advanced functionalities like version control integration, 

project management tools, and large scale team 

collaboration we are still missing and may require more 

enhancement.. 

easy to use across many devices and operating systems.   
 

The AI which puts in code suggestions and programming 

examples in response to what the user inputs. This feature 

which also serves to support learning, to improve coding 

efficiency and which also helps developers to solve 

programming issues more effectively. 

 

Also the system is very scalable, user friendly and accessed 

via any web browser which in turn makes it a great fit for 

distributed development teams, collaborative learning 

settings, and remote programming. 

 
 

XI. FUTURE SCOPE 

 
The presented Codeo Collaborative Development 

Environment has room for improvement in many areas. We 

may develop a mobile friendly interface or a dedicated 

mobile app which will in turn improve access and the 

flexibility for developers to get into the coding sessions 

from their smartphones and tablets. 

 

Also we may add in features like version control integration 

(which includes services like GitHub or GitLab) to better 

support advanced project management and collaborative 

development workflows. This in turn will allow developers 

to manage code repositories, see which changes were made 

and to in general work together more effectively on large 

scale projects. 

 

The AI which supports the user may be enhanced even more 

to present features like auto debug recommendations, 

performance improvement tips, and smart error alert. We 

see that by adding more complex AI models we may greatly 
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improve the quality of programming support and also 

increase developer productivity. 

 

The platform may be grown to include voice and video chat 

which will enable better interaction between developers 

during code sessions. As for other tools we will include task 

management, project dashboards, and collaborative docs to 

really smooth out the development process. 
 

 

XII. CONCLUSION 

 
This paper introduces Codeo, our new web based 

collaborative development environment which we put forth 

for use by geographically diverse development teams that 

require real time programming collaboration. In today’s 

software development which is very much a team effort, we 

see a great need for tools that enable smooth interaction 

between developers, idea exchange and simultaneous code 

editing which at the same time do away with the use of 

many external platforms. 

 

We have put together a system which we present which does 

exactly that it includes real time collaborative code editting, 

support for multiple languages, in platform communication 

and AI which assist in the coding process. Also we have 

architected the system using present day web technologies 

which include React, Node.js, TypeScrypt and WebSocket 

for communication which in turn we have used to achieve 

better sync and very low latency collaboration. 

 

Experimental research of the platform reports that we see 

the system do an excellent job at supporting live code 

editing, real time code update sync, in the moment 

developer chat, and also which you press a button and your 

code runs in the browser. Also we see that we have 

improved the developer experience with the addition of an 

AI which gives out great code tips and programming help. 

 

What we found is that Codeo does a great job at improving 

collaboration which in turn improves remote software 

development, we see it in play in remote programming 

education and in collaborative coding. By putting many 

development tools in one place the platform we have made 

the collaborative programming process simpler and in doing 

so we see large increases in productivity for today’s 

development teams. 
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