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Abstract: In the current landscape of education technology, the incorporation of Cloud Native Architecture has emerged as a
transformative force. This paper describes the meticulous design and implementation of a groundbreaking application: a Cloud
Native Platform for Collaborative Learning. Using the powerful MERN stack (MongoDB, Express.js, React.js, and Node.js), this
platform represents a paradigm shift in how modern education ecosystems are built. The application offers a seamless, user-
centric experience that promotes collaborative learning across multiple educational dimensions. The platform encapsulates the
essence of holistic and technology-driven education, featuring interactive learning paths, an integrated coding environment, rich
project repositories, academic note storage, access to past papers, and an extensive research paper database. As we delve into the
key features and developmental intricacies, it becomes clear that this Cloud Native Application for Collaborative Learning is
poised to transform the educational landscape. This paper provides a comprehensive overview of this cutting-edge application's
innovative design principles, development methodologies, and transformative potential.

Keywords: LearnSpace, Cloud Native Architecture, Collaborative Learning, Modern Learning Platform, AWS, React.js,
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L. INTRODUCTION

The advent of technology has caused a revolutionary transformation in the field of education. In this digital age, where access to
information is critical, the need for a dynamic and collaborative learning platform is greater than ever. This paper describes a
pioneering initiative: the design and implementation of a cloud-native application for collaborative learning. Education technology
has progressed beyond traditional boundaries, and the incorporation of cloud-native architecture has become a critical component in
the creation of modern learning platforms. Our goal is to use the MERN stack (MongoDB, Express.js, React.js, and Node.js) to
develop an innovative solution that not only simplifies the learning process but also fosters collaboration among students and
educators. As we delve into the complexities of this Cloud Native application, we will look at its key features, such as interactive
learning paths, an integrated coding environment, various project repositories, an academic note repository, a past papers repository,
and a research paper database. These features work together to form a comprehensive ecosystem that provides a unified space for
students and educators to learn, collaborate, and share resources. This paper aims to provide insight into the transformative potential
of this Cloud Native application for collaborative learning. Through a thorough examination, we hope to demonstrate how the
combination of Cloud Native Architecture and the MERN stack can transform the landscape of modern education.

1. LITERATURE REVIEW

The integration of Cloud Native Architecture into educational technology in recent years has attracted significant attention. There is
a growing need for collaborative platforms to enable interactive and engaging learning experiences as the digital age changes
traditional learning paradigms. This review examines the changing landscape of education technology with a focus on, among other
things, adopting cloud-native architecture and using the MERN stack to develop innovative learning solutions. In the field of
education, cloud-native architectures have been very influential as they enable educational institutions to expand their capabilities
through scalability, flexibility, and reliability. By adopting cloud-native practices, educators can go beyond the restrictions set by
traditional infrastructure and provide dynamic learning experiences that are adaptable to modern student requirements. The MERN
stack stands for MongoDB, Express.js, React.js, and Node.js, and its seamless integration has become synonymous with e-learning
platforms that are at the cutting edge, enabling developers to create feature-rich applications that value user-centric design and foster
collaboration among users.
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By bringing all resources together and promoting community-driven collaboration, Cloud Native applications enable learners to
own their educational journey. These platforms offer holistic experiences that meet the different needs of modern learners, ranging
from interactive learning paths and integrated coding environments to rich project repositories and academic note storage. By
bringing all resources together and promoting community-driven collaboration, cloud-native applications enable learners to own
their educational journey while exploring new areas for gaining knowledge. Cloud computing encourages co-working among peers,
in which members collaborate easily on tasks, share resources, and communicate effectively to foster innovation and productivity.

A proposal by A.R Sri Nandhini, Alaine Joseph, and Ajay S advocates for the adoption of cloud-native applications as replacements
for on-premise applications [1]. The paper examines the transition from traditional on-premise applications to cloud-native
architectures, offering insights into the associated benefits, challenges, and strategies to assist organizations in navigating this
evolving landscape effectively.

Vishal Paranjape and Vimmi Pandey introduce an innovative approach to education leveraging cloud computing [2]. The objective
of this paper is to explore the potential of cloud computing technology to revolutionize educational practices.

Shubham Patil, Saurav Daware, Ameya Bhagat, and Prof. Jayant Sawarkar developed a college ERP system utilizing the MERN
stack [3]. The objective of this paper is to create a comprehensive and modern solution for managing various aspects of college
operations.

Dr. Ritesh Patil, Vaishali G, Vaishnavi M, Gauri K, and Devyani Ambi collaborate on building a college website employing the
MERN Stack [4]. Creating a dynamic online application that functions as a comprehensive resource depot for students is the aim of
the college website using the MERN stack project. It will enable smooth information access and management of various academic
tasks within the college.

1. METHODOLOGY
A. Implementation of MERN Stack
Based on a three-tier architecture model and the MERN stack, LearnSpace is a cloud-native collaborative learning platform that was
developed using an organized methodology. This process makes sure that the platform is designed, developed, and deployed
efficiently, giving it a strong basis for functionality and scalability.

CLIENT SERVER DATABASE
O 9@%@&—% ’
React NodedS Express MongoDB

Fig. 1 Three-Tier Architecture

1) Presentation Layer (Client): Frontend components, including the user interface and client-side logic, are developed using
React.js to ensure a smooth user experience.

2) Application Tier (Server): Backend infrastructure, powered by Express.js and Node.js, handles business logic, data processing,
and server-side operations like user authentication and API endpoints. It collaborates with the presentation tier for user requests
and data retrieval.

3) Data Tier (Database): MongoDB serves as the database layer, managing user data, content assets, and configuration settings
efficiently with its document-oriented architecture.

B. Continuous Integration/Continuous Deployment (CI/CD) Pipeline

LearnSpace automates the building, testing, LearnSpace's CI/CD pipeline, orchestrated through GitHub, AWS CodePipeline, AWS
CodeBuild, Amazon ECR, and Amazon ECS, automates code integration, testing, and deployment. Developers collaborate on
GitHub, triggering the pipeline upon push. CodeBuild compiles code, runs tests, and packages artifacts into Docker containers sent
to ECR. ECS handles deployment, scaling, and monitoring, ensuring high availability.
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Fig. 2 AWS CI/CD Pipeline

C. Entity-Relationship Diagram (ERD)
Below is the Entity-Relationship Diagram (ERD) illustrating the database schemas used in LearnSpace, The relationships between
users, admin, assignments, problems, submissions, projects, and resources in LearnSpace are described in the Entity Relationship

Diagram (ERD).
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Fig. 3 ER Diagram
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V. IMPLEMENTATION
A. Technology Stack
1) Frontend: React.js for the user interface, styled with Tailwind CSS for adaptable design, and Redux Toolkit for effective state
management.
2) Backend: Express.js and Node.js power the server-side logic and API development, offering scalability and security.
3) Database: MongoDB Atlas serves as the cloud database solution, ensuring data security and scalability. Mongoose is used for
database operations, simplifying interaction with MongoDB schemas and models.

B. Authentication and Authorization

LearnSpace's authorization and authentication processes are essential to guaranteeing safe access to its features and resources. The
process starts with the application looking for a JWT (JSON Web Token), the authentication token, in the user's local storage. The
application uses ExpressJS, a Node.js backend framework, to validate a JWT if it is present in the local storage. The application
retrieves the user's role from MongoDB.

If the user is an administrator, for instance, they are redirected to the Admin Dashboard, where they have access to administrative
tools and features. In a similar vein, students are sent to the Student Dashboard and faculty members are sent to the Faculty
Dashboard, which is customized for their roles and permissions within LearnSpace.

The application directs the user to the relevant dashboard based on the role that was obtained from the database. LearnSpace can
safely authenticate users and shield private data from unauthorized access by utilizing JWT tokens. LearnSpace's security was
improved by this role-based authentication and authorization flow, which makes sure that users are only given access to the features

and resources that are pertinent to their roles.

FOLE BASED AUTHENTICATION.

Validate JWT
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Role
Based
Redirection
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Fig. 4 Authentication and Authorization Flow Diagram
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C. File Upload Process

LearnSpace's file upload feature is essential for encouraging different kinds of user interactions and resource sharing. Users choose
files like avatars, project cover photos, PDF notes, research papers, or past-year papers to start the process, all while interacting with
the platform's user-friendly React interface. The client-side application sends the chosen files to the server so that the server can
process them. Communication takes place between the client-side application, the server, and AWS S3 in the client-server
interaction flow.

The server-side application uses the AWS SDK to communicate with Amazon Simple Storage Service (S3), a dependable and
scalable cloud storage solution, after processing the files locally. The uploaded files are safely kept in specified buckets with AWS
S3, guaranteeing data accessibility and integrity.

The client-side application receives confirmation that the upload procedure has been completed once the files have been
successfully uploaded to S3. The file upload procedure is handled on the server side by Multer. The file upload feature helps users
learn collaboratively in a dynamic and engaging environment by facilitating the sharing of project files, research papers, and

academic notes.
—fh.
o)— f @
(RN

Server AWS SDK

Users Client AWS S3

Fig. 5 Users to AWS S3 Interaction Flow Diagram

D. Integration of AWS SES for Email Communication

LearnSpace first sets up a secure connection with the SES service on the AWS cloud platform by configuring AWS SES within its
Node.js application. This configuration guarantees smooth communication between LearnSpace and AWS SES by setting up the
required credentials and permissions to access SES securely. LearnSpace creates the parameters needed to send emails via AWS
SES after the email content is ready. These parameters contain important information like the email address of the sender (which is
usually a no-reply address), the email body, the subject line, and the email recipient. LearnSpace guarantees accurate and efficient
delivery of emails to the intended recipients by skillfully structuring these parameters. LearnSpace uses AWS SES for a number of
use cases that improve user communication and interaction on the platform.

AWS SES

®

Node.js Configure Create Email Construct Send Email Handle
Application AWS SES Content Email Responses
Parameters and Errors

Fig. 6 Email Sending Workflow with AWS SES and Node.js

E. AWS CI/CD Pipeline

LearnSpace streamlines its development, testing, and deployment processes by putting in place a strong CI/CD (Continuous
Integration/Continuous Deployment) pipeline. Throughout the development lifecycle, this pipeline guarantees efficiency and
dependability by automating different software delivery stages. GitHub for version control, AWS CodePipeline for orchestration,
AWS CodeBuild for building, Docker for containerization, and AWS CodeDeploy for automated deployment are the main
components of this pipeline. Developers push code updates to GitHub repositories to start the workflow. AWS CodePipeline
manages the CI/CD pipeline, which is started by these commits. CodePipeline starts the pipeline process when it finds changes in
the GitHub repository. After that, AWS CodeBuild downloads the LearnSpace application's source code from GitHub, compiles it,
runs automated tests, and creates Docker images with it and its dependencies. Following their creation, the Docker images are
uploaded to AWS ECR, or Elastic Container Registry, which functions as a safe location to store and manage container images.
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Subsequently, the Docker images are deployed to AWS ECS (Elastic Container Service) clusters by AWS CodeDeploy. The
seamless deployment of the LearnSpace application is ensured by the management of Docker container scaling, monitoring, and
running by AWS ECS. LearnSpace can quickly roll out updates and new features to users while upholding high standards of
scalability, security, and quality by utilizing this CI/CD pipeline.

CI CD PIPELINE

CLIENT

—~ GitHub AWS AWS AWS AWS ECS
CodePipeline CodeBuild CodeDeploy

SERVER Docker AWS ECR

® -

ExpressdS  MongoDB
Atlas

Fig.7 LearnSpace CI/CD Pipeline

F. Execution Flow

LearnSpace's execution flow begins with user management, where new users register and authenticate their accounts. Following
authentication, users access personalized learning pathways and utilize an integrated code editor for practice. Collaboration features
enable users to work on coding projects, exchange code snippets, and access shared repositories. Additionally, they can access
academic notes, research papers, and past papers for academic preparation. This streamlined flow enhances user interaction,
knowledge sharing, and collaborative learning on the platform, facilitating seamless academic and professional development.

LEARNING EXPERIENCE

5 ([@)—<>

Learning Code Editor
USER MANAGEMENT Paths
/
o +%O<§
™M)
Registration Authentication COLLABORATION AND RESOURCES
Project Academic Past Papers Research
Repositories Notes Papers

Fig. 8 Learn Space Execution Flow

V. RESULTS

A. Landing Page
The landing page of LearnSpace demonstrated high user engagement, effective conversion rates, and cohesive visual design,

facilitating intuitive navigation and encouraging user registration.
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Centralized Learning

Simplify Your Learning Journey

With LearnSpace, Simplify your academic journey. Access, organize,
and collaborate on assignments, roadmaps, projects, papers, and
notes effortlessly across devices, anytime, anywhere.

Get started Learn more

Fig. 9 LearnSpace Landing Page

B. Role-Based Authentication
The sign-in page in LearnSpace ensures role-based authentication, providing secure access tailored to each user's role and

permissions within the platform.

v @& Leamn Space x = a X
€ > C @ localhost:5173/auth/signin G w !"'a « 6 O (n -3
[ All Bookmarks
3 LearnSpace  Assignments  Projects Notes Papers Research — Roadmaps m E°3
SignIn
Don't have an account? Create a new account

Email

[ user@vvit.net J
Password Forgot password?
(®) Student () Faculty () Admin

Get started >

Fig. 10 Sign In view for the user
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C. Admin Dashboard
Admins possess the capability to manage students, faculty, resources, and more, ensuring smooth operation and oversight across the
platform. Admin adds the faculty members to the application and grants access to them. Admin approves student-uploaded content
like projects, notes, research papers, and previous papers to make it visible to other students using the learning space.

v & Learn Space x o+ = o X

€ 5 € O locahost5173/admin X% [+ 60 O

[ All Bookmarks

%3 LearnSpace Assignments  Projects Notes Papers Research Roadmaps _s-\ 30

88 Dashboard

Total Students 2 Total Faculty 2 Total Notes (b} Total Projects s |

1,234 120 3,456 234
Users +10% from last semester +20% from last year +15% from last semester +25% from last year
¥ Students
2 Faculty

2 Number of Students and Faculty °
Resources

e students e faculty

& Projects 300
#Z Notes

350
Papers
@ Assignments )00
@ Research

150

0 - -

2022 2023 2024

Fig. 11 Admin Dashboard

D. Student Dashboard
Students can upload notes, projects, previous papers, and research papers. The uploaded content is initially private and visible only
to the uploaded student. Students can also practice the assignments uploaded by the faculty.
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Fig. 12 Student Dashboard
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E. Assignment Submission
Students can conveniently practice assignments, compile code directly on the platform, and save their progress once completed.

v @ Lean Space x  + — a X

« C @ localhost:5173/assignments/65f41f142bc91913a6cf2ada/65f41f322bc91913a6¢f2a4f % & 603 O&

[ All Bookmarks

@LearnSpuce Assignments  Projects Notes Papers Research Roadmaps 33 0
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I const add = () => { : Output
2 return 1+2;

3}

p =
5 console.log(add())

> Compile and Execute © save

Status: Accepted

Memory: 7072

Time: 0.023

Fig. 13 Assignment Submission

F. Assignment Review
Faculty members can review assignments and monitor student submissions directly from their dashboard.

v & Leamn Space X + = a X
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Promise((resolve, reject) => { console.log("Async task is starting”); setTimeout(() => { resolve("Async task is
[ chandrika completed"); }, 2000); // simulating a 2-second delay }); } // Function to execute the async task and handle the o
: result async function main() { console.log("Main program is starting”); try { const result = await asyncTask();
console.log(result); } catch (error) { console.error("An error occurred:', error); } console.log("Main program is
completed”); } // Call the main function main();
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Fig. 14 Faculty Assignment Review
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G. Roadmaps
Learning roadmaps have been incorporated, offering curated and up-to-date content to guide users through their learning journey
with relevant and structured resources.

v @ Leamn Space x & - (=) e
<« C @ localhost:5173/roadmaps/frontend * B+ 6O 0@
[ All Bookmarks
%3 LearnSpace Assignments  Projects Notes Papers Research — Roadmaps L 20-
& Frontend Frontend
HTML
What is Frontend?
css Frontend development involves building the user interface of a web application.
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HTML

HTML is the standard markup language for creating web pages.
Visit the following resources to master HTML:

W3Schools: Learn HTML
freeCodeCamp.org: HTML Full Course for Beginners

Basic projects to master HTML:
Dave Gray: HTMLS Website Project for Beginners

CSss

CSS is used for styling and layout of web pages.
Visit the following resources to master CSS:

Wa3Sschools: Learn CSS
freeCodeCamp.org: CSS Full Course for Beginners

[Py e ey

Fig. 15 Roadmaps

H. Project Repository
A project repository feature has been implemented, enabling users to create and manage their project repositories, facilitating
collaboration and version control for academic and research projects.

v & Learn Space X  + = a X
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stack.
MERN  React MERN  React React  MERN

React MERN

More details More details More details
More details

-

Fig. 16 Project Repository
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The hand-written notes feature allows users to create, upload, and manage their personal collection of handwritten notes, providing a
convenient way to store and organize academic materials for easy access and reference.
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Hand Written Notes

% Leamn Space x + = a X
C @ localhost:5173/notes/CSE/1 G W [‘a « 6 O a 3
3 All Bookmarks
@LearnsPcnce Assignments  Projects Notes Papers Research Roadmaps si 30
.
Subjects

Subjects wise notes.

English Language Mathematics | Applied Physics Programming using C
Exercises and activities to enhance English Course material covering topics in Study materials for Applied Physics course. Materials for learning problem-solving
language and communication skills. Mathematics |. using C programming language.

Computer Engineering
Workshop

Workshop materials for Computer
Engineering.

Built by TechXcel. The source code is available on GitHub.

Fig. 17 Hand Written Notes

VI. CONCLUSIONS

In summary, LearnSpace offers a comprehensive solution that enables students, teachers, and institutions to succeed in the digital
age, thereby representing a paradigm shift in the way collaborative learning is approached. LearnSpace provides a comprehensive
solution that meets the changing demands of the current educational environment. This platform has the potential to revolutionize
the way educators and students teach and learn, thanks to its user-centric design, interactive features, and strong infrastructure.
Learn Space is well-positioned to influence the future of education and encourage lifetime learning journeys for future generations
thanks to its cutting-edge features, user-centric design, and dedication to excellence.
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