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Abstract — The growing demand for platform-independent,
collaborative software development tools has accelerated the
adoption of cloud-hosted Integrated Development
Environments (IDEs). This paper presents the design and
implementation of a cloud-based Software-as-a-Service
(SaaS) code editor modelled on Visual Studio Code
(VSCode), utilising the Monaco Editor, Next.js, Node.js,
WebSockets via Socket.IO, MongoDB, and GitHub APIs to
deliver a fully functional, browser-based programming
environment. The proposed system obviates the requirement
for local software installation while enabling real-time
collaborative code editing across geographically distributed
teams. Core features include multi-language syntax
highlighting, intelligent auto-completion, secure JWT-based
user authentication, GitHub repository integration, and cloud-
persistent project storage deployed on Vercel. The system
architecture adopts a modular four-layer model comprising
the client presentation layer, application service layer, real-
time collaboration layer, and cloud data infrastructure layer.
Experimental evaluation confirms seamless multi-user

synchronisation with low-latency WebSocket
communication, stable cross-device accessibility, and
successful cloud deployment. Comparative analysis

demonstrates that the proposed system surpasses existing
solutions in terms of customisability, open-source flexibility,
and self-deployment independence.
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I. INTRODUCTION

The rapid evolution of distributed software development has
fundamentally transformed the manner in which engineers
write, test, and deploy code. Traditional Integrated
Development Environments (IDEs), while feature-rich,
impose significant constraints including platform-specific
installation, hardware dependencies, and an absence of native
real-time collaboration capabilities. These limitations
become particularly pronounced in the context of cloud-
native, agile development teams that demand portability,
accessibility, and synchronised workflows.

Software-as-a-Service (SaaS) paradigms have
emerged as a compelling alternative, enabling functionality
to be delivered through web browsers without client-side
installation. The confluence of modern JavaScript
frameworks, persistent cloud storage, and bidirectional
communication protocols has rendered it feasible to construct
full-fledged IDEs that operate entirely within the browser.
Notable examples include Replit, GitHub Codespaces,
CodeSandbox, and StackBlitz; however, each exhibits
limitations in customisability, backend flexibility, or
subscription economics.

This paper describes the development of an Online
SaaS Code Editor that replicates the core functionality of
Visual Studio Code (VSCode) within a web-hosted
environment. The system leverages the Monaco Editor—the
foundational text-editing engine of VSCode—to deliver a
familiar and productive development experience. Real-time
multi-user collaboration is facilitated through WebSocket
connections managed by Socket.1O, while cloud persistence
is achieved using MongoDB and Vercel hosting. The
proposed architecture is modular, scalable, and intentionally
designed to accommodate future extensions such as
containerised code execution and Al-assisted coding
assistance.

The remainder of this paper is organised as follows:
Section II reviews related literature; Section III characterises
existing systems and their limitations; Section IV describes
the proposed system; SectionV details the system
architecture; Section VI elaborates on the implementation;
Section VII presents results; Sections VIII-X address
advantages, future work, and conclusions, respectively.

II. LITERATURE SURVEY

Early browser-based code editors such as JSFiddle, CodePen,
and JSBin popularised the concept of in-browser code
execution; however, these platforms were fundamentally
limited to front-end languages (HTML, CSS, JavaScript) and
offered minimal project management capabilities [1]. Their
architecture was primarily document-centric rather than
project-centric, lacking persistent workspaces and multi-file
editing.

The introduction of Replit marked a significant
advancement, providing support for over 50 programming
languages, containerised execution environments, and
rudimentary real-time collaboration. Harrington et al. [2]
noted that Replit's architecture relies on Docker containers to
provide language runtimes, enabling a broad programming
language matrix. Nevertheless, performance degradation is
observed when managing large codebases due to shared
compute resources.

GitHub Codespaces, backed by Microsoft Azure
infrastructure, integrates VSCode directly into the browser by
tunnelling to a cloud-hosted development container [3]. This
approach delivers near-native IDE performance but incurs
substantial operational costs and mandates GitHub account
provisioning, creating barriers for independent developers
and educational institutions.

Microsoft's Monaco Editor—the text-editing kernel
of VSCode—is distributed as an open-source npm package
and exposes an extensive API for language services, syntax
highlighting, and IntelliSense [4]. Its adoption in web-based
IDEs has been studied by several researchers. Goyal and
Mehta [5] demonstrated that Monaco's tokenisation engine
supports over 90 language grammars via TextMate grammar
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definitions, making it a viable foundation for a polyglot SaaS
editor.

StackBlitz leverages WebAssembly and the
WebContainers API to execute Node.js directly within the
browser sandbox, significantly reducing latency by
eliminating network round-trips to remote servers [6]. While
performant, WebContainers impose compatibility constraints
on native binary modules and custom backend frameworks.

WebSocket-based  collaboration  frameworks,
particularly Operational Transformation (OT) and Conflict-
free Replicated Data Types (CRDTs), have been studied
extensively for resolving concurrent edit conflicts in
collaborative editors [7]. The proposed system employs a
server-authoritative broadcast model via Socket.IO, which
provides sufficient consistency guarantees for collaborative
sessions without the complexity of OT/CRDT algorithms at
the initial deployment stage.

Synthesising these observations, it is evident that
combining the Monaco Editor with a Node.js backend,
WebSocket real-time collaboration, MongoDB cloud storage,
and a Nextjs frontend framework can yield a scalable,
feature-complete SaaS IDE with low infrastructure cost and
high extensibility.

III. EXISTING SYSTEM

Several cloud-based IDEs are currently available in the
market. A comparative analysis is presented to identify
functional gaps that motivate the proposed system.

A. Replit

Replit provides a browser-accessible coding environment
with support for over 50 languages, real-time multiplayer
editing, and an integrated package manager. Its containerised
execution model offers isolated runtimes per project.
However, Replit exhibits performance degradation with
larger codebases, restricts custom backend configuration in
free-tier plans, and applies strict compute limits that impede
sustained development workflows.

B. GitHub Codespaces

GitHub Codespaces renders a full VSCode instance within
the browser by connecting to a cloud-hosted development
container provisioned on Microsoft Azure. While offering
near-native fidelity, the service requires an active GitHub
subscription, incurs usage-based billing, and necessitates
repository-level setup. The dependency on proprietary Azure
infrastructure limits self-hosting flexibility.

C. CodeSandbox

CodeSandbox is optimised for rapid front-end prototyping,
offering deep integration with popular frameworks such as
React and Vue. Its architecture is not designed for full-stack
or backend-heavy development, and the collaborative
features are limited in the free tier. Large projects frequently
encounter timeout and memory limitations.

D. StackBlitz

StackBlitz employs WebContainers to execute Node.js
locally within the browser, achieving fast startup times.
However, its compatibility with native binary modules and

custom database connections is constrained, and advanced
collaboration features are not available in the free plan.

. GH
Feature Replit Codespaces CodeSandbox | Proposed
Multi- Yes Yes Limited Yes
language
Real-
time Yes Limited No Yes
Collab
Free / Limited Paid Freemium Yes
Open
Custom ..
Backend No Limited No Yes
GitHub | o fial Full Partial Full
Integ.
Self- No No No Yes
Deploy

Table I: Comparison Of Existing and Proposed Systems
Source: Authors' comparative analysis, 2025-26.

IV. PROPOSED SYSTEM

The proposed system is a cloud-hosted SaaS platform that
delivers the essential capabilities of a professional code editor
entirely through the web browser. The system is designed to
address the specific limitations identified in existing solutions
by providing an open, customisable, and self-deployable
environment built on well-established open-source
components.

The platform supports authenticated user
registration and login, real-time collaborative editing with
multi-cursor visibility and user-presence indicators, multi-
language syntax highlighting and auto-completion powered
by the Monaco Editor, structured file management with a
hierarchical project explorer, integrated Git/GitHub version
control supporting commit, push, and pull operations, and
secure cloud persistence of project files and session data in
MongoDB.

The frontend is implemented in Next.js and React.js,
providing server-side rendering for improved initial load
performance and a component-driven Ul architecture. The
Monaco Editor is embedded within the workspace
component, configured to support 30+ programming
languages. The backend comprises a Node.js/Express.js
REST API that handles authentication, project management,
and GitHub API integration. A dedicated Socket.IO server
manages all real-time collaborative events, broadcasting code
deltas and cursor positions to connected session participants.

Deployment is managed through Vercel, which
provides native Next.js support, automatic HTTPS, global
Content Delivery Network (CDN) distribution, and
continuous deployment pipelines linked to the GitHub
repository. This architecture ensures high availability and
scalable  performance  without  bespoke  DevOps
infrastructure.

V. SYSTEM ARCHITECTURE

The architecture of the proposed system is modular,
organised into four well-defined layers that separate concerns
and facilitate independent scalability.
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A. Client Layer (Browser)

Users interact with the system through a web browser. The
client layer renders the Monaco Editor workspace, file
explorer, console output panel, authentication screens, and
the collaboration presence indicator. Communication with
the server is conducted over HTTPS for RESTful API calls
and over Secure WebSocket (WSS) for real-time
collaboration events. The Next.js framework handles routing
and server-side rendering, reducing time-to-interactive for
authenticated users.

B. Application Service Layer (Backend)

The backend server, built on Node.js and Express.js, acts as
the central coordinator for all application logic. It exposes
REST endpoints for user registration and authentication
(JWT-based), project creation and retrieval, file read/write
operations, and GitHub repository integration via the GitHub
REST API v3. JWT tokens are validated on each protected
route, and rate limiting is applied at the API gateway level to
mitigate abuse.

C. Real-Time Collaboration Layer

Socket.IO  provides the bidirectional,
communication  channel that underlies real-time
collaboration. Upon opening a shared project, each
authenticated client establishes a persistent WebSocket
connection to the Socket.IO server. Code change events
(comprising - file-identifiers, -delta payloads, and author
metadata) are emitted by editing clients and broadcast to all
other session participants. Cursor movement events are
similarly propagated, rendering live cursors within the
Monaco Editor via its decoration API. The server maintains
in-memory session state mapping project identifiers to their
respective connected socket sets.

event-driven

D. Data and Cloud Infrastructure Layer

MongoDB stores user account documents, project metadata,
file content trees, and collaboration session records. Its
document-oriented schema accommodates nested file-system
structures naturally, avoiding the impedance mismatch that
would arise with relational schemas. Vercel hosts and serves
the Next.js application frontend and serverless API routes,
providing automatic vertical and horizontal scaling, CDN-
served static assets, and zero-downtime continuous
deployment. Environment variables are managed through
Vercel's encrypted configuration store, keeping credentials
secure.

VI. IMPLEMENTATION

A. Frontend Implementation

The frontend application is bootstrapped using the create-
next-app utility and structured with reusable React
components. The primary workspace layout is divided into
three panels: (i) a hierarchical file explorer that renders the
project tree stored in MongoDB; (ii) the Monaco Editor pane,
configured with language auto-detection, dark-theme
activation, and IntelliSense token providers; and (iii) an
output/console panel that streams execution logs from the
backend. Authentication screens are implemented as
protected Next.js route pages; unauthenticated navigation

attempts are intercepted by middleware and redirected to the
login page.

Monaco Editor is integrated via the @monaco-
editor/react npm package. Language grammars are loaded on
demand to minimise initial bundle size. Theme customisation
applies a VSCode Dark+ compatible token colour map. The
editor's onDidChangeModelContent event listener captures
every keystroke-level delta and emits it to the Socket.IO
server with a debounce of 50 ms to balance responsiveness
against network overhead.

B. Backend and WebSocket Implementation

The Express.js server exposes the following principal
endpoint groups: /api/auth (registration, login, token refresh),
/api/projects (CRUD operations on project documents),
/api/files (file content read/write within a project), and
/api/github (OAuth token exchange, repository listing, clone,
commit, and push). All endpoints are protected by the
verifyJWT middleware, except public auth routes.

The Socket.IO server is co-located with the Express
instance and listens on the same port. On client connection,
the server associates the socket with a room identified by the
project's MongoDB Objectld. Incoming code-change events
are validated for project membership before being broadcast.
On client disconnection, session presence records are updated
and a user-departure event is emitted to remaining
participants.

C. Database Implementation

MongoDB collections are structured as follows: users
(credentials, profile, project references), projects (metadata,
owner reference, collaborator list, creation timestamp), files
(projectld reference, path, content, last-modified), and
sessions  (projectld, connected wuser list, last-active
timestamp). Mongoose ODM is employed for schema
validation and query construction. File content is stored as
UTF-8 encoded strings; binary assets are stored using a
reference to MongoDB GridFS.

D. Deployment

The repository is linked to a Vercel project via the Vercel
CLI. On each commit to the main branch, Vercel
automatically rebuilds the Next.js application and promotes it
to production with zero downtime. Environment variables
including the MongoDB Atlas connection string, JWT secret,
and GitHub OAuth credentials are configured in Vercel's
dashboard and injected at build and runtime. The deployment
domain is served over HTTPS with a Vercel-managed TLS
certificate and fronted by Vercel's globally distributed edge
network.

VII. RESULTS AND DISCUSSION

The implemented system was evaluated through functional
testing, concurrent-user stress testing, and usability
assessment. The principal outcomes are summarised below.
Real-time collaborative editing was validated by
simultaneously connecting three distinct browser clients to a
shared project session. Code changes authored on any client
were reflected on all other clients within an average observed
latency of 120 ms over a standard broadband connection,
demonstrating the efficacy of the Socket.IO event-broadcast
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architecture. Cursor positions were synchronised with
corresponding latency, and no data loss was observed during
concurrent edit events.

The Monaco Editor provided complete syntax
highlighting and auto-completion for JavaScript, TypeScript,
Python, Java, C, C++, HTML, and CSS without requiring
additional server-side language-server processes. Error
underlines and diagnostic messages were rendered inline
within the editor pane, replicating the developer experience
of the desktop VSCode application.

User authentication, project creation, file
management, and GitHub repository linking were all
exercised without errors in a staged integration test across
multiple user accounts. JWT token expiry and refresh cycles
operated correctly, maintaining session continuity across
browser reloads. GitHub push and pull operations were
confirmed functional with both public and private
repositories through OAuth token exchange.

The Vercel deployment demonstrated stable
availability with measured Lighthouse performance scores of
87 (Performance), 95 (Accessibility), and 100 (Best
Practices) on the landing page. Cold-start latency for
serverless API routes averaged 280 ms, acceptable for the
non-latency-critical REST  endpoints.  Cross-browser
compatibility was verified on Google Chrome 124, Mozilla
Firefox 126, and Microsoft Edge 124.

Cross-device accessibility was confirmed on
Windows, macOS, and Linux operating systems, as well as
on tablet devices (Android and iPadOS), validating the
platform-independence objective of the proposed system.

VIII. ADVANTAGES

The proposed Online SaaS Code Editor offers the following
distinguishing advantages over conventional desktop IDEs
and existing cloud-based alternatives:

1) Platform Independence: The system operates entirely
within a standard web browser, requiring no OS-specific
installation or configuration, enabling access from
Windows, macOS, Linux, and tablet devices without
modification.

2) Zero-Setup Onboarding: New users can register and
commence coding within seconds; no SDK, runtime, or
dependency installation is required on the -client
machine.

3) Real-Time Collaboration: WebSocket-based live
synchronisation enables multiple developers to edit the
same codebase concurrently, with multi-cursor visibility
and instant change propagation.

4) Scalable Cloud Architecture: Vercel's edge network and
MongoDB Atlas auto-scaling accommodate growing
user loads without manual infrastructure provisioning.

5) Open and Customisable: Built entirely on open-source
components, the system permits unrestricted
customisation of editor behaviours, language support,
and deployment targets, unlike proprietary platforms.

6) GitHub Integration: Native Git operations (clone,
commit, push, pull) directly within the editor streamline
the development-to-deployment workflow.

7) Secure Execution: JWT-based authentication, HTTPS
transport, and role-based project access controls ensure
that user code and credentials remain protected.

IX. FUTURE ENHANCEMENTS

Several extensions to the current system are identified for

future development:

1) Al-Assisted Coding: Integration of large language model
APIs to provide context-aware code suggestions,
automated documentation generation, and intelligent bug
explanations within the editor pane.

2) Containerised Code Execution: Embedding Docker-
based sandboxed execution environments to enable
secure, language-agnostic server-side code execution
with isolated file-system and network namespaces,
mitigating the security risks of untrusted code evaluation.

3) Offline Editing Mode: Implementation of a Progressive
Web Application (PWA) layer with IndexedDB-backed
local caching and background synchronisation to permit
continued editing during network interruptions, with
automated conflict resolution on reconnection.

4) Advanced Collaborative Conflict Resolution: Replacing
the current server-broadcast model with an Operational
Transformation or CRDT-based algorithm to handle
complex concurrent edit scenarios more robustly in high-
latency network conditions.

5) Voice-Assisted Navigation: Integration of Web Speech
API to enable voice-command-driven file navigation,
code search, and terminal operations, improving
accessibility for users with motor impairments.

6) Integrated Debugging: Incorporation of the Debug
Adapter Protocol (DAP) to provide breakpoint
management,  step-through  execution,  variable
inspection, and watch expressions within the browser-
based IDE.

X. CONCLUSION

This paper has presented the design, architecture, and
implementation of a cloud-based SaaS Code Editor that
replicates the core functionality of Visual Studio Code within
a web browser. By integrating the Monaco Editor, Next.js,
Node.js, Socket.I0, MongoDB, and Vercel, the system
successfully delivers a feature-complete, platform-
independent development environment that supports real-
time multi-user collaboration, multi-language editing,
GitHub version control integration, and secure cloud-
persistent project management.

Experimental evaluation confirmed that the system
achieves low-latency WebSocket collaboration, accurate
syntax highlighting across eight programming languages,
stable JWT-secured authentication, and reliable Vercel-
hosted deployment with strong cross-browser compatibility.
Comparative analysis established that the proposed system
surpasses existing solutions in customisability, self-
deployment flexibility, and open-source accessibility.

The modular architecture positions the platform as a
foundation for progressive enhancement, with Al-assisted
coding, containerised execution, offline capabilities, and
advanced debugging identified as high-priority future
extensions. The project demonstrates that modern web

All rights reserved by www.ijsrd.com 4



Cloud-Based SaaS Code Editor Inspired by VSCode for Real-Time Collaborative Programming
(IJSRD/Vol. 14/Issue 4/2026/001)

technologies are sufficiently mature to support professional-
grade, collaborative development environments entirely
within the browser, representing a meaningful step toward the
democratisation of software development tooling.
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