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Abstract- — The rapid growth of Over-The-Top (OTT) platforms has fundamentally changed the way users consume multimedia
content on the internet. Streaming services like Netflix have set a highstandard for user experience, interface design and content
discovery. This project, titled “Netflix Clone — Web Application Using HTML, CSS, JavaScript, React and Vite” . The backend
is built using Node.js, providing RESTful APIs to handle user interactions and data management. PostgreSQL is used as the
relational database for storing user data, movie details, and other application information., aims to design and implement a
responsive and interactive web interface that emulates the core look and feel of the Netflix platform using modern front-end
technologies. The primary objective of this project is to build a single-page application (SPA) that allows users to browse a
catalogue of movies and series, view categorized lists such as “Popular”, “Trending” and “Top Rated”, and navigate to detailed
information pages for each title. The user interface isimplemented using HTMLS for structure, CSS3 for styling, and JavaScript
for dynamic behavior. React is used as the front-end library to efficiently manage UI components and state, whileserves as a fast
and optimized build tool and development server. The system implements CRUD (Create, Read, Update, Delete) operations for
managing users, movies, and preferences. The application is developed using Visual Studio Code and follows modern web
development practices. Together, these tools provide a modern, modular and scalable environment for building the Netflix clone.
The project follows a structured approach including requirement analysis, interface design, component design, implementation,
and basic testing. Emphasis is placed on responsive design to ensure that the application works across desktops, laptops and
mobile devices. Features such as reusable React components, props and state, routing (if used), and API-like data retrieval from
static JSON or mock data are incorporated to simulate real-world application behaviours
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I. INTRODUCTION

Web applications have become the primary medium for
delivering services and entertainment to users across the globe.
Among various categories, video streaming web applications
are some of the most widely used and highly optimized
interfaces. Platforms like Netflix, Amazon Prime Video and
Disney+ have set benchmarks for rich user experiences,
intuitive navigation, and seamless content discovery.

This project focuses on building a Netflix Clone front-end
application using HTML, CSS, JavaScript, React and Vite . The
backend is built using Node.js, providing RESTful APIs to
handle user interactions and data management.

PostgreSQL is used as the relational database for storing user
data, movie details, and other application information. The aim
is not to replicate the entire business logic or content licensing
model of Netflix, but to emulate its user interface and
interactive behaviour. The system implements CRUD (Create,
Read, Update, Delete) operations for managing users, movies,

and preferences. The application is developed using Visual
Studio Code and follows modern web development practices.

1. Background of OTT Platforms

Over-The-Top (OTT) platforms deliver media content such as
movies, series and documentaries directly over the internet.
Users can access content on demand, pause and resume at their
convenience, and switch across multiple devices. The core of
such platforms is a clean and responsive web interface that can
present large volumes of content in an organized and attractive
manner.

The success of OTT platforms is strongly linked to their user
experience design. The layout, typography, color schemes,
thumbnails, carousels and navigation together create a familiar
and easy-to-use environment. Recreating such an interface on
a smaller scale is an ideal educational exercise for final year
students in computer science and related fields.

2. Overview of Netflix Interface
Netflix is known for its visually appealing but simple interface.
The home page typically contains a large hero banner featuring
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a popular title, followed by multiple rows of content, each row
representing a category such as “Trending Now” or “Top
Picks”. Each item is represented by a thumbnail image and
basic information. Hover effects, smooth scrolling and
responsive behaviour provide a polished user experience. With
the rapid growth of online streaming platforms, applications
like Netflix have become widely popular. This project aims to
replicate the core functionalities of Netflix while introducing
an innovative feature: Al-powered movie generation.

Key aspects of the Netflix interface include:
e A dark theme with red accent color.
Horizontal scrollable lists of content.
Thumbnail-based browsing.

Minimal and consistent navigation bar.
Clear typography and spacing.

3. Need for a Netflix Clone Project

Many academic web projects focus on basic CRUD operations,
static pages or simple forms. While these projects are valuable,
they may not reflect the complexity and user-centric design
required in modern applications. Most traditional final year
projects focus on forms, CRUD dashboards or simple
management systems. While these applications are useful, they
may not fully reflect modern front-end design patterns seen in
industry. A Netflix clone project addresses this gap by
encouraging students to:

e  Work with a realistic, media-rich interface.

e Use modern front-end libraries such as React.

e  Practice responsive layout and component reuse.

e Experience fast development workflow using React.

4, Scope of the Project

The scope of this project is limited to the front-end
implementation of a Netflix-style interface using HTML, CSS,
JavaScript, React and Vite. The application displays a set of
movies or series from mock data (e.g., JSON file or JavaScript
array). It allows the user to:

View a landing page/home page with featured content.
Browse multiple categorized rows of titles.

To implement a responsive and user-friendly UI .

To design a scalable backend with RESTful APIs.

To integrate Al for personalized movie suggestions.

To manage structured data using PostgreSQL.

The project does not implement real streaming, payment
gateways, or complex back-end systems. However, the
structure is designed so that such features could be integrated
in future work.

Main Components of the System

This chapter describes the main components used to build the
Netflix clone: technologies, architecture and functional
modules.

System Requirements

Software Requirements:

e Frontend: React (Vite)

e Backend: Node.js (Express.js)
e Database: PostgreSQL

e IDE: Visual Studio Code

e  Browser: Chrome / Edge

React as UI Library

React is a JavaScript library for building user interfaces using
reusable components. It helps break down the Netflix clone into
small pieces such as Navbar, Banner, Row and Card
components. Benefits include:

e  Component-based architecture.

e Efficient rendering using the virtual DOM.

e  One-way data flow and predictable state management.

e  FEasy reuse of Ul elements across pages.

Each section of the Netflix clone is represented as a React
component, making the structure organized and maintainable.

Application Architecture

The application follows a three-tier architecture:
Presentation Layer (Frontend)

e  Built using React

e Handles Ul and user interactions

Application Layer (Backend)
e  Built using Node.js
e  Handles business logic and APIs

Data Layer (Database)
PostgreSQL database Stores persistent data

Data Flow
User — React Ul — API Request — Node.js Server —
PostgreSQL — Response — Ul

Core Functional Modules

Major modules in the Netflix clone include:

e Navbar Module: Displays the site logo and navigation
links.

e Banner Module: Shows a large featured title with
background image and buttons.

e Row Module: Displays a horizontal list of movie cards.
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e Card Module: Represents each content item with
thumbnail, title and hover effect.

e Details Module (optional): Shows additional information
for a selected item in a modal or separate section.

II. PROBLEM DEFINITION

1. Existing Academic Web Projects

Many student projects are limited to traditional examples such
as simple login pages, library management systems or static
informational websites. While these demonstrate fundamental
skills, they may not closely resemble the interfaces and
functionality found in modern industry applications.

2. Limitations of Simple Static Sites

Basic static sites often have:

e Minimal use of animations and interactivity.

e Limited responsiveness on different devices.

e No component reuse, leading to repeated code.

e No modern tooling like bundlers, hot reloading or modular
file structure.

These limitations reduce the learning potential for students who
aim to become front-end developers.

3. Problem Statement

The problem addressed by this project is:

To design and implement a modern, responsive and interactive
Netflix-style web interface using HTML, CSS, JavaScript,
React and Vite which allows users to browse categorized
multimedia content effectively, and which demonstrates best
practices in component-based front-end development.

Our Mission and Objectives

Vision of the Project

The vision of the project is to create an educational prototype
of a Netflix-like interface that can serve as a reference for
students learning modern front-end development and UI/UX
design.

Mission Statement

Our mission is to:

e Use current industry tools (React) to build a professional-
looking interface.

e Focus on clean design, responsiveness and user-friendly
navigation.

e Encourage modular, maintainable and reusable code
practices.

Detailed Objectives

The specific objectives are:

To develop a responsive single-page application that visually

resembles Netflix.

e To structure the Ul using reusable React components.

e To structure the Ul using reusable React components.

e To store content metadata in structured data formats such
as JSON.

e To demonstrate basic code organization and project
structure in Visual Studio Code.

Expected Outcomes

At the end of the project, the expected outcomes are:

o A working Netflix clone Ul that can run in any modern web
browser.

e Source code organized into components, styles and data
files.

e A better understanding of modern tooling and workflows.

e A documented thesis that can be presented for final year
evaluation.

Target Audience

e Developers: Setting up the project locally or in production
e QA Testers: Understanding features for testing

e Project Managers: Tracking feature completeness

e  DevOps Engineers: Deploying and scaling the app.

System Architecture Diagram

User — Frontend (React)

Frontend — Backend API (Express)
Backend — Database (PostgreSQL)
Backend — Video Host (Cloudinary)
Admin — Admin Panel — Backend
Prerequisites

Before you begin working on the Netflix clone project, it is
essential to ensure your development environment meets all the
necessary prerequisites. You will needmodern code editor such
as Visual Studio Code, Sublime Text, or WebStorm to write and
manage your code efficiently. Your system should have Node.js
version 18 or higher installed, as the backend and frontend both
rely on the Node runtime environment. Additionally, you must
have npm or yarn as your package manager to install
dependencies. For database management, you need either
PostgreSQL version 14 or MongoDB version 6, depending on
your chosen database system.A Git client is also required for
version control, allowing you to track changes and collaborate
with other developers. If you plan to deploy the application, you
will need accounts with services like Vercel for frontend
hosting, Render or Heroku for backend hosting, and Cloudinary
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or AWS S3 for storing video content..Finally, a basic
understanding of JavaScript, React, Node.js, and RESTful API
design is assumed for anyone following this documentation
Having these tools and knowledge in place before starting will
ensure a smooth development and deployment process.

Environment Variables Setup

1.Managing environment variables correctly is critical for
keeping sensitive information secure and allowing your
application to run in different environments like development,
staging, and production.You will create a file named .env in the
root of both your backend and frontend directories.For the
backend, this file should contain variables such as PORT=5000
to define which port the server listens on, DATABASE URL
pointing to your local or cloud database connection string,
JWT_SECRET which is a long random string used tweb
tokenCLOUDINARY CLOUD NAME,
CLOUDINARY API _KEY,nand
CLOUDINARY API SECRET if you are using Cloudinary
for video hosting. For the frontend, the .env file should include
REACT _APP_API URL=http://localhost:5000/api or your
production backend URL. It is important to never commit your
.env files to version control, so you should add .env to your
gitignore file..Instead, create a .env.example file that lists all
required variables without their actual values, serving as a
template for other developers..When deploying to production
platforms like Vercel or Render, you will enter these same
environment variables through their respective dashboard
interfaces rather than using a .env file.Properly setting up these
variables from the beginning prevents connection errors and
security vulnerabilities later in the development process.

it
PORT=5600
CLIENT_URL=http://localhost:5173

DATABASE_URL=postgresql: //postgres:haril4@localhost:5432/aiflix
JWT_SECRET=supersecretjwtkey12345

Backend Setup (Node.js/Express)

1.Setting up the backend for your Netflix clone begins with
creating a new directory for the server and initializing a Node.js
project using npm init - y.You will then install the essential
dependencies including express for creating the API server,
mongoose or pg for database connectivity depending on
whether you use PostgreSQL, dotenv for loading environment
variables, cors to allow your frontend to communicate with the
backend, jsonwebtoken for handling user authentication,
beryptjs for hashing passwords, and multer for handling file
uploads if you plan to allow admin users to upload video

thumbnails. After installing the dependencies, you will create
an index.js file that sets up the Express application, configures
middleware like express.json() to parse incoming JSON
requests, and defines a simple test route to verify everything is
working.You will then create a structured folder hierarchy
inside the backend directory: a models folder containing
database schemas for users, movies, and lists, a routes fo

" NETFLIX
v [ netflix
~ [ backend
v @ config
B dbjs
v (g data
P omdbMovields.js
P omdbTvShowlds.js
P seedMoviess
v @ models
P movie.modeljs

P user.modeljs

> B§ node modules
v @ scripts
P importOmdbMovies.js
P importOmdbTvShows.js
P resetAdminPassword.js
fir .env
.gitignore
package-lock.json
package.json
Server.js

» Ig& frontend

Frontend Setup (React/Vite)

1.Creating the frontend for your Netflix clone can be done
using either Create React App or Next.js, with Next.js being the
recommended choice for its server-side rendering capabilities
and better search engine optimization.To start, run npx create-
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next-app@]latest netflix-clone-frontend and select the default
options including TypeScript if you prefer type safety. Once the
project is created, navigate into the directory and install
additional dependencies such as axios for making .HTTP
requests to your backend, react-player or video.js for
implementing the video player, tailwindcss for styling if you
prefer a utility-first CSS framework, and redux-toolkit or
zustand for state management. You will then clean up the
default scaffolded files and create a new folder structure under
the src directory: a components folder for reusable Ul pieces
like the navbar, movie card, and footer,.a pages folder (or app
folder if using the App Router) for routing to different views
like home, browse, watch, and mylist, a services folder
containing API call functions, a store folder for Redux slices or
context providers,.A hooks folder for custom React hooks, and
a utils folder for helper functions such as formatting dates or
truncating text. .After setting up the structure, you will
configure the environment

Database Setup (PostgreSQL)

The database is the heart of your Netflix clone, storing all user
information, movie metadata, watch lists, and user preferences.
If you choose PostgreSQL as your relational database, you will
first install PostgreSQL on your local machine or use a cloud
service like Neon or Supabase for a hosted solution. .After
installation, you will open the PostgreSQL command line tool
or a GUI like pgAdmin and create a new database named
netflix_clone.

Then you will run SQL commands to create tables for users,
movies, categories, user_movies (for the "My List" feature),
and reviews. Each table will have appropriate columns, primary
keys, foreign key constraints, and indexes for performance
optimization..If you choose MongoDB as your NoSQL
database for a cloud database. After setting up the connection,
you will define Mongoose schemas for users, movies, and lists,
with nested documents for features like reviews and ratings.
Regardless of which database you choose,you will then write
seed scripts to populate the database.

This seed data allows you to test features like browsing,
searching, and adding to My List without manually creating
content every time.You will also set up database backups and
implement connection pooling to handle multiple concurrent
users efficiently.

Running the Application Locally

1.0nce all components are set up, running the entire Netflix
clone application locally involves starting both the backend
server and the frontend development server simultaneously.
Open two terminal windows or use a process manager like
concurrently. .In the first terminal, navigate to your backend
directory and run npm start or nodemon index.js to start the
backend server, which will typically run on port 5000.You
should see a log message saying "Server running on port 5000"
and "Database connected successfully” confirming that the
backend is operational..In the second terminal, navigate to your
frontend directory and run npm run dev to start the Next.js
development server on port 3000. .Your default browser will
automatically open to http://localhost:3000 where you will see
the login page of your Netflix clone.To test the full
functionality, you can register a new user account or use the
demo account you created during database seeding. After
logging in, you will be redirected to the browse page where
TOWS
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Test the My List feature by clicking the add button on a movie
card, then navigate to your My List page to confirm that the
movie appears there, and then remove it to verify that the
removal functionality works correctly..Use the search bar in the
navigation bar to search for a specific movie title that exists in
your database, and verify that the search results page displays
the correct matching movies..If you have configured the admin
panel and created an admin user, log in with that account and
navigate to the admin section to verify that you can see the
dashboard and manage content..While testing, keep an eye on
both terminal windows because any errors that occur will be
logged there with stack traces that help you identify what went
wrong..If you encounter a situation where the frontend cannot
communicatewiththe backend,check that the
REACT APP_API URL or NEXT PUBLIC_API URL
environment variable in your frontend points to
http://localhost:5000/api and that no firewall is blocking the
connection.

PS D:\netflix\netflix\frontend> npm run dev
> vite

VITE v6.3.5 2621 ms

http://localhost:5173/
--host

- Local:
N rk:
s h + enter to show

User Authentication

Implementing authentication requires writing several controller
functions and middleware. In the backend's authController.js
file, you create a register function that accepts email, password,
and username from the request body. This function checks if a
user with the same email already exists, hashes the password
with berypt using a salt factor of 10, creates a new user
document in the database, and generates a JWT before sending
it back to the client. The login function similarly validates the
email and password, then returns a token upon success. The
protect middleware function is used for protecting routes: it
extracts the token from the Authorization header, verifies it
using the JWT secret, and attaches the decoded user
information to the request object.For testing these functions,
you write unit tests using Jest that mock the database calls and
check that the registration function rejects duplicate emails and
that the login function rejects incorrect passwords.. Integration
tests using Supertest simu

One of the most important validation checks is verifying that
the email address has not already been used by another user, as

each account must have a unique email to prevent duplicate
registrations..Once validation passes, the backend uses a library
called berypt to hash the plain text password, which means
converting it into a long string of random-looking characters
that cannot be reversed back to the original password..The
hashed password, along with the email and username, is then
stored in the database, and the plain text password is discarded
immediately for security reasons..After successfully creating
the user record, the backend generates a JWT by taking the
user's unique identifier from the database and signing it with a
secret key that is stored in your environment variables..This
JWT is sent back to the frontend in the response body, and the
frontend typically stores it in localStorage or in an HTTP-only
cookie for use in subsequent authenticated requests..

Sign Up Now

User Profile Management

Once users are authenticated, they need the ability to view and
update their profile information. The profile management
feature allows users to change their display name, update their
password, upload a profile picture, and manage their email
preferences. On the backend, you create several API endpoints
under /api/users. The GET /api/users/profile endpoint returns
the current user's data excluding sensitive information like the
password hash. .The PUT /api/users/profile endpoint accepts
updates to the username, email, or profile picture URL, and
validates that the new email is not already taken by another
user. For password changes, you create a separate PUT
/api/users/change-password endpoint that requires the user to
provide their current password along with the new password,
ensuring that unauthorized users cannot change passwords even
if they have access to an active session..The backend also
includes middleware that checks if a user is authenticated
before allowing access to any of these endpoints.On the
frontend, the profile page is accessible from the user avatar in
the navigation bar. .This page displays a form pre-filled with
the current user data fetched when the component mounts.

When the user makes changes and clicks save, the frontend
sends a PUT request to the appropriate endpoint and displays a
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success or error message using a toast notification.For profile
picture uploads, you integrate with Cloudinary's upload widget
or implement a file input that sends the image to a dedicated
upload endpoint, which then returns the secure URL to be saved
in the user's profile.. You also implement password strength
validation on the frontend, requiring at least eight characters,
one uppercase letter, one number, and one special character
before allowing the form to submit. Finally, you add a delete
account option that triggers a confirmation modal before
permanently removing the user and all their associated data
from the database..After the image is successfully uploaded,
Cloudinary returns a secure URL to the uploaded image, and
the frontend sends this URL to the backend as the new
profilePicture field value..

bottom of the page that requires confirmation before
proceeding. When the user clicks the Delete Account button, a
modal dialog appears asking them to confirm their decision and
warning them that all their data including watch lists, ratings,
and reviews will be permanently removed.If the user confirms
the deletion, the frontend sends an authenticated DELETE
request to /api/users/account, and the backend proceeds to
delete the user record from the database..Because of foreign
key relationships, the backend must also delete all related
records that belong to this user, including their ratings, reviews,
My List items, and any other user-specific data, to maintain
database integrity..In a production environment, you might
implement a soft delete feature where the user account is
marked as deleted but not actually removed from the database,
allowing for account restoration if the deletion was
accidental. A soft delete would involve adding a deletedAt
column to the users table, and all API queries would filter out

Browse Page (Row Layout)

The browse page is the main landing page that users see
immediately after successfully logging into your Netflix clone,
serving as the central hub for discovering and accessing video
content. This page is designed to mimic the authentic Netflix
experience, featuring a visually rich layout with horizontally
scrolling rows of movie and TV show posters, each row
representing a different category or collectionAt the very top of
the browse page sits the hero section, which prominently
features a single piece of content, typically a popular or newly
added movie or show, displayed with a large full-width
background image, title, description, and prominent play and
info buttons.The hero section background image is often a
high-resolution still from the featured content, and the content
changes automatically over time or can be manually selected
by administrators to promote specific titlesBelow the hero
section, the browse page is organized into multiple horizontal
rows, each row corresponding to a distinct category a brief

description, the average user rating, and action buttons like
Play, Add to My List, and More Info.The hover effect can be
implemented using CSS transitions and absolute positioning,
with the expanded card overlapping the cards next to it to
provide a netflix-like experience.The data for rows is served by
dedicated backend endpoints, such as /api/movies/trending
which returns movies sorted by view count over the last seven
days, and /api/movies/top-rated which returns movies sorted by
average user rating.For the Recommended for You row, the
backend needs to implement a recommendation algorithm that
analyzes the user's watch history and ratings to suggest content
similar to what they have enjoyed in the pastA simple
recommendation algorithm can be based on genre preferences,
where the backend identifies the genres the user watches most
frequently and returns popular movies from those genres.A
more sophisticated recommendation system can use
collaboratfiltering, where the backend finds other users with
When a user selects a genre, the browse page fetches new rows
that are specific to that genre, such as row of action movies or
a row of comedies, and replaces the existing rows with the new
ones.

v g pages
AdminPage.jsx
AlRecommendations.jsx
BrowsePage,Jsx

Homepage,jsx

Moviepage.jsx

SearchPage.jsx
Signin.jsx
SignUp.Jsx

To improve the initial load time of the browse page, you can
implement server-side rendering using Nextjs, which
generates the HTML on the server and sends it to the client,
reducing the time to first paint. You should also implement lazy
loading for movie poster images, meaning that images only
load when they are about to enter the viewport, which reduces
the amount of data transferred and speeds up the initial page
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load. The browse page should handle offline scenarios
gracefully by showing cached content when the network is
unavailable and displaying appropriate error messages when
data fetching fails.All user interactions on the browse page,
such as clicks on movie cards and scroll positions, can be
tracked for analytics purposes to understand user behavior and
improve content recommendations.

{ Play } from "lucide-react";

React, { useEffect, useState } from "react";

{ Link, uselLocation, useParams } “react-router";
t { API_URL, getImageUrl } from "../lib/api";

=0 =1

= useParams();

n = useLocation();
.pathname.startsWith("/tv") ?
A0
useState(null);

setRecommendations] = useState([]);
, setTrailerKey] = useState(null);

, setCast] = useState([]);

s, setReviews] = useState([]);
] = useState([]);

iepage
3

npyt o-om

useEffect(() {
setMovie( )
setRecommendations([]);
setTrailerKey(null);
setCast([]);
setReviews([]);
setSimilar([]);

18
div clossName="flex items-center justify-center h-
s className="text-x1l text-red-588">Loading...</

="min-h-screen bg-[#181818] text-white">

clossName="relative h-[68vh] flex item-end"
style={{
backgroundImage: “url(${getImageUrl(mov
backgroundSize: “cover",
backgroundPosition: “center”,

:.backdrop_path) ]

className="absolute inset-8 bg-gradient-to-t from-[#1¢

claossName="relative z-10 flex items-end p-8 gap-8">

src={getImageUrl(movie.poster_path)}
className="rounded-1g shadow-1g w-48 hidden md:block"

Output

Video Player Implementation

The video player is the most critical component of your Netflix
clone because it delivers the core entertainment value that
keeps users coming back to your platform to watch movies and
TV shows.

Movies

Schindiers List

The Lord of the Rings: The Retu.

THEIR MINDS!

sxpiooes.

You implement the video player using a mature library like
video.js, react-player, or plyr, which provide consistent
playback experiences across different web browsers and
devices without requiring you to handle low-level video quirks
yourself.

When a user clicks on a movie poster from the browse page or
the Play button in the hero section, the application navigates to
the watch page with the movie ID included as a URL parameter,
for example /watch/123 where 123 is the unique identifier of
the selected movie.

The watch page component receives this movie ID from the
URL parameters and immediately dispatches an action to fetch
detailed information about the movie from the backend at
/api/movies/ followed by The movie details response from the
backend includes all the information needed to display the
watch page, such as the movie title, description, cast, duration,
release year, content rating, and most importantly the video
source This video source URL points to where the actual video
file is hosted, typically on a content delivery network like
Cloudinary, AWS CloudFront, or Vimeo, which ensures fast
streaming speeds for users around the world. While the movie
details are being fetched, the watch page displays a loading
spinner or skeleton UI to indicate that content is being prepared,
preventing Once the movie details arrive, the video player
component is initialized with the video source URL and
configured with custom styling that hides the default browser
video controls and replaces them with Netflix-style cust

The custom controls typically include a large play or pause
button in the center of the screen, a progress bar showing how
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much of the video has been watched, a volume slider, a duration
display showing elapsed time and total time, and a fullscreen
toggle button

Additional controls that enhance the user experience include a
skip forward ten seconds button, a skip backward ten seconds
button, a playback speed selector offering speeds from 0.5x to
2x, and a quality selector allowing users to choose between
360p, 720p, 1080p, or higher resolutions.

The progress bar is implemented with multiple segments: a
light gray segment for buffered portions of the video that are
ready to play, a red segment for the portion that has already
been watched, and a dark gray segment for the portion that has
not yet been loaded.

When a user hovers over the progress bar, a thumbnail preview
appears showing a small image of the video at that timestamp,
which is generated by the video hosting service and provided
as a sprite sheet or individual images.

Keyboard shortcuts are implemented to provide power users
with quick access to common actions: the spacebar toggles play
and pause, the left and right arrow keys seek backward or
forward by ten seconds, the up and down arrow keys adjust
volume, and the F key toggles fullscreen mode.

One of the most important features of your video player is the
ability to remember the user's watch progress so that they can
resume watching from where they left off if they close the
browser or navigate away from the page. To implement watch
progress tracking, the frontend sets up an interval that fires
every ten seconds while the video is playing, sending a PATCH
request to /api/users/watch-progress with the movie ID and the
current playback position in seconds.

The backend receives this progress update and stores it in the
database, either in a watch_progress table or as a field in the
user's document, associated with the specific movie or episode
being watched.

When the user returns to the same movie later, the backend
includes the saved playback position in the movie details
response if the user is authenticated, typically as a field called
resumeTime or watched Duration. The frontend checks if a
resumeTime exists and is greater than a small threshold like
five seconds, and if so, it displays a Resume button that seeks
to that timestamp when clicked, along with a Start Over button
to play from the beginning.

The video player also needs to handle various edge cases
gracefully, such as when the network connection drops during
playback, by attempting to reconnect automatically and
resuming from where playback was interrupted.

When the browser does not support the video format provided
by your hosting service, or when the video source URL is
broken, the video player displays a user-friendly error message
explaining the issue and suggesting possible solutions like
refreshing the page or trying a different browser.

For TV shows that have multiple episodes, the watch page
should display an episode selector that allows users to choose
which episode to watch next, with the video player loading new
video sources without requiring a full page reload.

When one episode finishes playing, the video player should
automatically advance to the next episode in the season, or if
the current episode is the last one, it should recommend similar
content to watch next.

The video player supports Chromecast and AirPlay
functionality, allowing users to cast the video to their television
or other compatible devices directly from the web player
interface.

Closed captions and subtitles are implemented using WebVTT
files that are served alongside the video, and users can select
their preferred subtitle language from a dropdown menu in the
controls.

The video player also respects the prefers-reduced-motion
accessibility setting, reducing or removing animations for users
who are sensitive to motion.

To protect your content from unauthorized downloading, you
can implement basic hotlinking protection by generating signed
URLs that expire after a certain time, so that the video URL
cannot be shared and used by non-subscribers.

For advanced content protection, you can implement DRM
using the Encrypted Media Extensions API, though this
requires a more complex setup and licensing agreements with
DRM providers.

Analytics events should be sent to your tracking system
whenever the user plays, pauses, seeks, or finishes a video,
giving you valuable data about viewer engagement and content
popularity.
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The video player should also handle errors from the video
hosting service, such as when the daily bandwidth limit is
exceeded, by displaying a clear message and suggesting that the
user try again later or contact support.

You can preload the next episode in a TV show while the user
is watching the current episode, so that when the current
episode ends, the next episode starts playing immediately
without any loading delay.

The video player should be tested on all major browsers
including Chrome, Firefox, Safari, and Edge, as well as on
different devices including Windows PCs, Macs, iPhones,
Android phones, and iPads.

For mobile devices, the video player should respect native
media gestures such as swiping left or right to seek and swiping
up or down to change volume, which many users expect from
their mobile video experiences.

The watch page also displays additional information below the
video player, including a detailed description of the movie or
episode, the cast and crew, user ratings and reviews, and a row
of related content recommendations.

By implementing a robust and user-friendly video player with
all these features, you create an experience that rivals
commercial streaming platforms and keeps users engaged with
your Netflix clone.

Search & Filter Functionality

The search functionality allows users to find specific movies or
TV shows without having to scroll through endless rows of
content, making it an essential feature for any streaming
platform with a large content library.

As the user types into the search bar, you implement a
debouncing technique using a useEffect hook that waits for
approximately 500 milliseconds after the user stops typing
before making an API call to the backend Debouncing is
important because it prevents the frontend from sending a
separate API request for every single keystroke, which would
waste bandwidth and put unnecessary load on your backend
server.

After the debounce delay has elapsed, the frontend sends a GET
request to the backend at /api/movies/search with the user's
query text included as a query parameter, for example
/api/movies/search?q=batman.

The backend receives this request and performs a case-
insensitive search across the title and description fields of all
movies and TV shows stored in your database, looking for
matches that contain the query text

For better search accuracy, you implement full-text search
indexes in your database, which are specialized data structures
that allow for fast and flexible text searching across large text
fields.

If you are using PostgreSQL as your database, you set up a
generated column that combines the title and description into a
search vector, then create a GIN index on that column to speed
up full-text search queries.

If you are using MongoDB, you create a text index on the title
and description fields, and then use the $text operator in your
queries to perform the actual text search.

Full-text search also supports features like stemming, where
searching for the word run also matches running, runs, and
runner, because these words search endpoint also accepts
optional filter parameters that users can apply to narrow down
their search results, such as genre to restrict results to a specific
category like Action or Comedy.

Other useful filter parameters include year to only show movies
released in a specific year or range of years, minRating to only
show movies with an average user rating above a certain
threshold, and type to filter by whether the content is a movie
or a TV show.

Multiple filters can be combined in a single request by
including all of them as query parameters, for example
/api/movies/search?q=batman&genre=action&year=2022&mi
nRating=7. The backend validates each filter parameter to
ensure it is of the correct type and within acceptable ranges,
rejecting requests with invalid filters by returning a 400 Bad
Request status.

After validating the filters, the backend constructs a dynamic
database query using conditional logic that adds WHERE
clauses to the SQL query or filter stages to the MongoDB
aggregation pipeline for each provided filter.

The search results are paginated to avoid returning too many
results at once, which would slow down the response time and
overwhelm the frontend with too much data to render.

Pagination is implemented using page and limit query
parameters, where page indicates which page of results to
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return starting from 1, and limit indicates how many results per
page, typically set to 20 as a reasonable default.

The backend's response to a search request includes not only
the results array but also metadata such as the total number of
results found, the current page number, and the total number of
pages available.

This metadata allows the frontend to display pagination
controls like Previous and Next buttons, as well as information
like Showing 1 to 20 of 156 results.

To improve performance and reduce database load, you cache
the results of popular search queries using an in-memory cache
like Redis, with a time-to-live of about five minutes.

Redis caching is effective for search because the content library
does not change very frequently, so cached search results
remain accurate for a reasonable period of time.

When a search request comes in, the backend first checks if the
exact same query string with the same filters is already cached
in Redis, and if so, returns the cached result without querying
the database at all.

If the result is not in the cache, the backend queries the
database, stores the result in Redis with the appropriate
expiration time, and then returns the result to the client.

The frontend displays search results on a dedicated search
results page that shows the user's original query term at the top,
along with a grid of movie cards representing the matching
content.

If no results are found for the user's query, the search results
page displays a friendly message such as We couldn't find
anything matching your search, please try different keywords.
The search results page also includes a sort dropdown that
allows users to order the results by relevance, newest first,
oldest first, highest rated, or most popular.

Relevance sorting is typically the default option, and it uses the
full-text search relevance score provided by the database to put
the most closely matching results at the top.

The frontend implements infinite scrolling on the search results
page, which automatically fetches the next page of results when
the user scrolls to the bottom of the page.

Infinite scrolling provides a seamless experience because users
do not have to click on pagination buttons; they simply keep
scrolling and more results appear automatically.

You can also implement an autocomplete or suggestion feature
that shows a small dropdown list of matching titles as the user
types, before they even submit the full search.

The autocomplete endpoint, /api/movies/suggest, is a lighter
version of the full search that returns only the title and poster
image of up to five matching results, and it uses a smaller and
faster index to respond very quickly.

For the autocomplete feature, you should not use debouncing
or you can use a much shorter debounce delay of 100
milliseconds because users expect immediate feedback when

typing

The search bar should also support voice input on devices that
have microphones, using the browser's Web Speech API to
convert spoken words into text for the search query.

All search queries should be logged in the backend with the
user ID and timestamp, allowing you to analyze what users are
searching for and identify gaps in your content library.

By implementing a fast, flexible, and user-friendly search
system with filters, sorting, pagination, and caching, you ensure
that users can always find the content they want to watch
quickly and easily.

Al Recommended Movies

My List (Watch Later)

My List is a personalized feature that allows authenticated users
to save movies and TV shows they are interested in watching at
a later time, similar to a watchlist, bookmarking system, or
queue.This feature is essential because users often discover
interesting content while browsing but do not have time to
watch it immediately, so they need a way to remember it for
future viewing sessions.The backend stores the relationship
between users and saved content, and if you are using a
relational database like PostgreSQL, you create a junction table
called user movies that links user IDs to movie IDs.The
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user_movies junction table typically includes columns for
user_id, movie id, created_at which is the timestamp when the
item was added, and sort_order which stores the user's custom
position for this item in their list.If you are using a NoSQL
database like MongoDB, you store an array of movie IDs
directly inside the user document, often in a field called myList,
which simplifies queries but can become large for this user
already has this movie in their My List by querying the junction
table or checking the array, depending on your database
structure.If the movie is already in the user's list, the backend
returns a 409 Conflict status code with an error message saying
This movie is already in your list, preventing duplicate
entries.If the movie is not already in the list, the backend creates
a new record in the junction table with the user ID, movie ID,
the current timestamp for created_at, and a sort_order set to the
current size of the list plus one.After successfully adding the
item, the backend returns a 201 Created statalong with the
newly created list item object, and the frontend updates the
button to now say Remove from My List or display a
checkmark icon.When a user wants to remove an item from
their My List, they click the same button which has now
changed to a Remove button or a trash can icon.Clicking the
Remove button sends an authenticated DELETE request to the
backend at /api/users/mylist/ followed by/api/users/mylist,
which returns the full movie or show objects for every item in
the user's list. The backend returns the list sorted according to
the user's preferred order, which by default is the order in which
items were added, with the most recently added items
appearing first. The My List page renders these movies in a grid
layout that adapts to different screen sizes, showing more
columns on larger screens and fewer columns on mobile
devices.One of the advanced features you can implement is
drag-and-drop reordering, which allows users to rearrange their
list items in any custom order they prefer.To implement drag-
and-drop, you can use a library like react-beautiful-dnd or
@dnd-kit, which handles all the complex drag-and-drop logic
including touch support and keyboard accessibility. When the
user finishes dragging an item to a new position, the frontend
sends a PUT request to /api/users/mylist/reorder with an array
of movie IDs in the new desired order.The backend validates
that all provided movie IDs ac starts playing the first unwatched
movie in the list, and when that movie finishes, the player
advances to the next movie in the list.To support the Play All
feature, the backend needs to track which movies have been
fully watched by the user, which can be done using a separate
watch_history table or by noting the watch progress. You can
also add a search bar specifically for filtering within the user's
My List, which is useful when a user has saved dozens or
hundreds of items and wants to find a specific one quickly.The
search within My List is performed on the frontend rather than
on the backend, because the entire list is already loaded in the

browser's memory, making filtering instantaneous.A Clear All
button can be added to the My List page, which when clicked
shows a confirmation dialog and then sends a DELETE request
to/api/users/mylist/all to remove every item from the list at
once.The backend endpoint for clearing the entire list simply
deletes all records from the junction table where the user id
matches the current user, which is a very efficient
operation.When a user watches a movie completely, you can
automatically remove it from their My List, assuming they no
longer need to remember to watch it, or you can move it to a
separate Watched section within the list. Automatic removal or
moving can be implemented by having the backend listen for
video completion events and then updating the user's list
accordingly.By implementing a comprehensive My List feature
with add, remove, reorder, search, and play all capabilities, you
give users powerful tools to organize their viewing queue and
never forget what they want to watch next.The ratings and
reviews system allows users to share their opinions about
movies and TV shows, creating a community-driven aspect to
your Netflix clone that helps other users decide what to
watch.Wh unique constraint is created on the user id and
movie_id columns in the ratings table, ensuring that each user
can rate a particular movie only once, preventing duplicate or
spam ratings.

When a user submits a rating, the backend first checks if the
user has already rated this movie, and if so, it updates the
existing rating instead of creating a new one, effectively
allowing users to change their mind.After saving the rating to
the ratings table, the backend recalculates the movie's average
rating and total rating count by performing an aggregation
query over all ratings for that movie.The calculated average
rating is stored in the movies table in an averageRating column,
and the total rating count is stored in a ratingsCount column,
both of which are denormalized for performance.
Denormalization is used here because recalculating the average
rating from scratch every time a movie page is loaded would be
too slow, especially for popular movies with thousands of
ratings.When the backend updates the movie's average rating,
it also updates a materialized view or triggers a cache
invalidation so that the browse page and search results reflect
the new rating immediately. On the movie details page, the
existing review with the new text and updates the updated at
timestamp, rather than creating a duplicate review.On the
movie details page, you display a list of the most helpful
reviews, which are sorted by the number of upvotes each
review has received from other users.Users can upvote or
downvote reviews by clicking thumbs up or thumbs down icons
next to each review, and these votes affect the review's sorting
position and help surface high-quality content.When a user
upvotes a review, the frontend sends an authenticated PUT
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request to /api/reviews/ followed by the review ID and /upvote,
and the backend increments the upvote count for that review.To
prevent users from upvoting the same review multiple times,
you store each user's vote in a separate review_votes table or in
an array field within the review document.The review system
also includes a reporting feature that allows users to flag
inappropriate or spam reviews, which are then hidden from
public view until a moderator or admin reviews them.Whe

Admin Panel Overview

The admin panel is a restricted, password-protected area of
your Netflix clone that allows authorized users with
administrator privileges to manage the entire platform
including users, content, and system settings.Access to the
admin panel is controlled by a role field in the user database
table, which can have values such as user for regular accounts
and admin for administrative accounts.When a regular user
attempts to visit any route that starts with /admin, such as
/admin/dashboard, a protected route middleware on the
frontend checks the user's role and redirects them to the home
page with an error message.Similarly, on the backend, any API
endpoint that starts with /api/admin has two middleware layers:
the protect middleware to verify authentication, and the
restrictTo middleware to verify that the user's role is admin.The
admin panel is built as a separate section of the frontend with
its own layout that includes a sidebar navigation menu, a top
header bar, and a main content area where different manage

All administrative actions are logged in an audit trail table that
records which admin performed which action on which entity,
what the old value was, what the new value is, and at what time
the action occurred.The audit trail is critical for security and
accountability because it allows you to see exactly who made
what changes and revert mistakes if necessary.The audit log can
be viewed by super admins in a dedicated Audit Log page,
which shows a chronological list of all administrative actions
with filtering by admin user, date range, and action type.Role-
based permissions within the admin panel allow you to create
different tiers of administrators with different levels of access,
following the principle of least privilege.For example, a content
manager role would have permission to add, edit, and delete
movies and TV shows, but would not be able to see user data,
manage subscriptions, or access system settings.A user
manager role would have permission to view, suspend, or delete
user accounts, but would troubleshoot issues without accessing
the server directly.he admin panel also has a Data Export
feature that allows administrators to export user data, content
data, or analytics data as CSV or JSON files for offline analysis
or reporting.All admin panel pages implement proper loading
states and error handling, so administrators always know when
data is being fetched or if an API request has failed.By building

a comprehensive admin panel with all these features, you give
non-technical administrators the power to manage your Netflix
clone effectively without requiring direct access to the database
Or Server.

Admin Data

Backdrop URL

W oprmed W newpopulsr

The Lord of the Rings: The Retur of the King

The Lord of the Rings: The Feiowship o the Ring

The Lord of the Rings: The Two Towers
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Content Management (CRUD for movies/shows)

Content management is the core administrative feature that
allows administrators to add, read, update, and delete movies
and TV shows from the platform, which is why it is commonly
referred to as CRUD functionality.The Content Management
section of the admin panel is accessible from the sidebar
navigation, and it typically contains separate tabs or pages for
managing movies and managing TV shows.When an
administrator clicks the Add New Movie button, they are
presented with a comprehensive form containing all the fields
necessary to create a new movie entry in the database.The
movie creation form includes fields for title, which is the
official name of the movie, description which is a paragraph
summarizing the plot, release year, and genre selection from a
predefined list of categories.

Additional fields include duration in minutes, director name,
cast members as a comma-separated list or an array, content
rating such as PG, PG-13, R, or NC-17, and a featured flag to
indicate if this movie should appear in the hero section.For
visual assets, the form includes a poster image URL field and a
backdrop image URL field, which are used respectively for the
movie card and the hero section background.Instead of
requiring administrators to host images elsewhere and copy
URLs, you can integrate a file upload widget that allows them
to upload images directly from their computer to your cloud
storage service.The video For TV shows, the content
management system is more complex because a show consists
of multiple seasons, and each season consists of multiple
episodes.

The TV show management section first requires the
administrator to create the show itself with fields similar to
movies, including title, description, poster image, and backdrop
image.After creating a show, the administrator can add seasons
to it, where each season has a season number and optional
season-specific poster art. Within each season, the administrator
can add episodes, and each episode has its own title,
description, duration, episode number, and video file.The
episode video upload works the same way as movie video
upload, with direct upload to cloud storage and automatic URL
population.

The content management system also includes a version history
feature that stores a snapshot of each movie or show before
every edit, allowing administrators to revert to a previous
version if they make a mistake.Version history is implemented
by creating a separate v

Create Command for a table
async f on connectToDB() {

await query(”
CREATE TABLE IF NOT EXISTS users (

id SERIAL PRIMARY KEY,
username VARCHAR(255) UNIQUE,
email VARCHAR(255) NOT NULL UNIQUE,
password TEXT NOT NULL,
role VARCHAR(20) NOT NULL DEFAULT ‘user',
created_at TIMESTAMPTZ NOT NULL DEFAULT NOW()

"ALTER TABLE users ALTER COLUMN username DROP NOT P
"ALTER TABLE users ADD COLUMN IF NOT EXISTS role V/
"UPDATE users SET role = 'admin' WHERE email = 'har

await query(”
CREATE TABLE IF NOT EXISTS movies (
id SERIAL PRIMARY KEY,
title VARCHAR(255) NOT NULL,
media_type VARCHAR(26) NOT NULL CHECK (media_type IN (‘movi
overview TEXT,

Update Command for a table

UPDATE movies
SET video_url = 'https://www.youtube.com/results?search_guery
WHERE video_url IS NULL OR video_url = ''

t query(”

UPDATE movies

SET video_url = CASE LOWER(title)
WHEN 'goodfellas' THEN 'https://youtu.be/2ilzidi_J8Q?si=AXt
WHEN 'the godfather' THEN 'https://youtu.be/8Khh568DMow?si=
WHEN ‘'the dark knight' THEN ps://youtu.be/EXeTwQWrcwY?¢
WHEN 'the lord of the rings: the return of the king' THEN '
WHEN 'fight club' THEN 'https://youtu.be/qtRKdVHc-cE?si=1k}
ELSE video_url

END

WHERE LOWER(title) IN (
‘goodfellas’,
'the godfather',
'the dark knight',
‘the lord of the rings: the return of the king',
'fight club’

t seedMovieData();

ole.log("PostgreSQL connected");
errn

Insert Cmmad f(_)_r table

INSERT INTO movies (
imdb_id,
title,
media_type,
overview,
release_date,
poster_url,
backdrop_url,
vote_average,
original_language,
runtime,
number_of_seasons,
number_of_episodes,
status,
tagline,
budget,
revenue,
genres,
cast_members,
reviews,
production_companies,
production_countries,
spoken_languages,
trailer_key,
video_url,
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API Authentication

Application Programming Interface authentication ensures that
only authorized requests can access protected resources on your
backend. For the Netflix clone, you implement API
authentication using JSON Web Tokens as described
previously, with the token expected in the Authorization header
of every HTTP request that requires authentication. The format
of this header is Authorization: Bearer<JWT TOKEN>. For
API endpoints that are public, such as the login and registration
endpoints, no token is required.All other endpoints, including
fetching movies, adding to My List, posting reviews, and
updating profiles, require a valid token.The backend
implements a middleware function called protect that runs
before any protected route handler. .This function extracts the
token from the header, verifies its signature using the JWT
secret, checks that the token has not expired, and then attaches
the decoded user payload to the request object. If the token is
missing, the middleware returns a 401 status with an error
message "You are not logged in.

Please log in to access this resource." If the token is invalid or
expired, the middleware returns a 401 status with the
appropriate error detail. For API endpoints that require admin
privileges, a second middleware called restrictTo runs after the
protect middleware.. This function checks the user's role
property and allows access only if the role is "admin". If a non-
admin user attempts to access an admin-only endpoint, the
middleware returns a 403 status with an error message "You do
not have permission to perform this action." You also
implement a token refresh mechanism: instead of requiring
users to log in again when their token expires, the frontend can
send a refresh token to a special /api/auth/refresh-token
endpoint, which validates the refresh token and issues a new
access token. This improves user experience by allowing long-
lived sessions without keeping the access token wvalid
indefinitely, which would be a security risk.Application
Programming Interface authentication ensures that only authori
All other endpoints, including fetching movies, adding to My
List, posting reviews, and updating profiles, require a valid
token. .The backend implements a middleware function called
protect that runs before any protected route handler. .This
function extracts the token from the header, verifies its sture
using the JWT secret, checks that the token has not expired, and
then attaches the decoded user payload to the request object. .If
the token is missing, the middleware returns a 401 status with
an error message "You are not logged in. Please log in to access
this resource.." If the token is invalid or expired, the
middleware returns a 401 status with the appropriate error
detail. For API endpoints that require admin privileges, a
second middleware called restrictTo runs after the protect
middleware. This function checks the user's role property and

allows access only if the role is "admin". .If a non-admin user
attempts to access an admin-only endpoint, the middleware
returns a 403 status with an error mess

/api/auth/refresh-token endpoint, which validates the refresh
token and issues a new access token.. This improves user
experience by allowing long-lived sessions without keeping the
access token valid indefinitely, which would be a security
risk.Public API endpoints, such as the registration endpoint at

/api/auth/register and the login endpoint at /api/auth/login, do
not use the protect middleware because they need to be
accessible to unauthenticated users.Similarly, endpoints for
fetching movie data could be public or partially public, where
basic movie information is accessible without authentication
but personalized features require a valid token.The backend
also implements rate limiting on authentication endpoints to
prevent brute force attacks, allowing only a limited number of
login or registration attempts per IP address within a time
window..For additional security, you can implement request
signing where the frontend includes a timestamp and a
signature in the request headers, preventing replay attacks
where an attacker captures a valid token and reuses it
later.. Token revocation is handled by implementing a token
blacklist stored in Redis, where tokens that have been logged
out or are no longer valid are added to the blacklist.. When a
user logs out, the frontend removes the token from localStorage
and common web attacks..This two-middleware pattern allows
you to protect routes with different permission levels: some
routes only need authentication, while others need both
authentication and admin privileges.

User Endpoints (Register, Login, Profile

The user endpoints form the core of the identity and profile
management system in your Netflix clone. The POST
/api/auth/register endpoint accepts a JSON body containing
email, username, and password. It validates that all fields are
present, that the email format is correct, that the password
meets minimum strength requirements (at least eight
characters, one number, and one uppercase letter), and that the
email is not already registered. Upon successful validation, it
hashes the password, creates a new user document in the
database, and returns a JWT token along with the user object
excluding the password hash. The response status is 201
Created. The POST /api/auth/login endpoint accepts email and
password, finds the user by email, compares the provided
password with the stored hash, and if they match, returns a JWT
token and the user object. If the email does not exist or the
password is incorrect, it returns a 401 Unauthorized status with
a generic message "Invalid email or password" to prevent user
enumeration attacks. The GET
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/api/users/profile endpoint requires authentication and returns
the current user's profile data including username, email,
profile picture URL, join date, subscription status, and my list
count. .The PUT /api/users/profile endpoint requires
authentication and accepts updates to username, email, and
profile picture URL.It validates that the new email is available
if provided, then saves the changes and returns the updated user
object.The PUT /api/users/change-password endpoint requires
the current password and the new password in the request body.
It verifies the current password before hashing and saving the
new one, then returns a success message. .The DELETE
/api/users/account endpoint permanently deletes the user and
all associated data including ratings, reviews, and list items,
after sending a confirmation email to the user's address as an
extra security measure.

Movie/TV Show Endpoints

The movie and TV show endpoints are responsible for
delivering all content-related data to the frontend.The GET
/api/movies endpoint returns a paginated list of all movies, with
optional query parameters for filtering by genre, year, rating,
and search query. This endpoint is public but may be rate-
limited to prevent abuse. The response includes an array of
movie objects and metadata about pagination such as total
count, current page, and next page URL. The GET
/api/movies/trending endpoint returns movies sorted by a
combination of view count and recency, typically showing the
most watched movies from the last seven days.

The GET /api/movies/top-rated endpoint returns movies sorted
by average user rating, considering only movies with at least
five ratings to prevent a single five-star rating from artificially
inflating a movie's position.The GET/api/movies/:id endpoint
returns detailed information about a single movie, including its
full description, cast list, duration, all user reviews with
usernames, and the computed average rating. .For authenticated
requests, this endpoint also includes a boolean field inMyList
indicating whether the current user has saved this movie, and a
field userRating containing the user's own rating if one exists.
.The POST /api/movies endpoint is admin-only and creates a
new movie. It expects all required fields in the request body and
validates that a movie with the same title does not already exist.
.The PUT /api/movies/:id endpoint is admin-only and updates
an existing movie, performing partial updates by only changing
the fields provided in the request body. The DELETE
/api/movies/:id endpoint is admin-only and deletes the movie
along with all associated ratings, reviews, and user list
entries.For TV shows, you have additional endpoints: GET
/api/shows/:id/seasons returns all seasons  for a show,
and GET /api/shows/:id/seasons/:seasonNumber/episodes
returns all episodes for a specific season.

Database Design
PostgreSQL

PostgreSQL is used because:

e Open-source

e Reliable and scalable

e  Supports complex queries

Tables

Users Table

o id

e username

e ecmail

e password

e created Movies Table
e id

o title

e media type
e overview

release date

vote average
original language
runtime

number of seasons
number of episodes
status

genre

cast members
review

spoken language
categories

created at

Al Movie Generation

Overview

This feature allows users to input prompts such as:
e "Action movie with space theme"

e "Romantic story in college"

Implementation Logic

e Input is captured in frontend
e Sent to backend API

e Al logic processes prompt

e Response returned as JSON

Benefits

e Personalized recommendations
e Unique user experience

e Increased engagement
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Al Movie Generation represents the next frontier in content
creation for streaming platforms, transforming how movies, TV
shows, and video content are conceptualized, produced, and
delivered to audiences worldwide. This technology uses
advanced artificial intelligence models, particularly diffusion
models and large language models, to generate photorealistic
and temporally consistent video content directly from text
descriptions, existing images, or a combination of both inputs
.. For your Netflix clone, integrating Al movie generation
capabilities would allow the platform to produce original
content at unprecedented speeds and lower costs, potentially
disrupting traditional content production workflows that
typically take months or years .The Al movie generation
landscape has evolved rapidly, with major players including
Google's Veo3, which delivers state-of-the-art text-to-video and
image-to-video capabilities, and PixVerse v5.5, which offers
three distinct API endpoints for different generation scenarios
architectural pattern uses three core components working
together: FastAPI serves as the API gateway that receives user
requests and returns generated videos, Redis acts as a job queue
that manages pending generation tasks, and Torchrun provides
distributed runtime for executing the Al models across multiple
GPUs .In this architecture, when a user submits a generation
request through your Netflix clone interface, FastAPI assigns a
unique job identifier to the request and pushes it into a Redis
queue, immediately freeing the API server to handle other
incoming requests rather than blocking while video generation
occurs .The Torchrun workers, running on one or more GPU-
equipped servers, continuously pull jobs from the Redis queue
in first-in-first-out order, ensuring fair processing of all user
requests regardless of when they were submitted.Each worker
initializes with distributed training capabilities, allowing the Al
model to be split across multiple GPUs when necessary, which
significantly speeds up genera

Rate limiting is another common challenge, as most video
generation APIs enforce a maximum of two concurrent requests
per user or API key, requiring you to implement queue
management that respects these limits and prevents retry
cascades .When processing multiple video generation requests
simultaneously, you should implement a queue system that
limits concurrent generation to the API's maximum, typically
two concurrent requests, while queuing additional requests for
later processing .Cost management strategies for Al movie
generation include disabling audio generation when sound is
unnecessary, which reduces costs by approximately 50 percent
on standard endpoints, and using 720p resolution for preview
workflows while reserving 1080p for final outputs .You should
also implement prompt-based caching to prevent redundant
generations, where the system stores previously generated

videos in a cache keyed by the prompt and parameters,
returning the cached result instead of making an expensive API
call for identical

.The platform has already launched with several original series
including "Exit Valley," a satirical comedy, and "Everything Is
Fine," a relationship dramedy with sci-fi twists, demonstrating
that Al-generated storytelling is becoming sophisticated
enough for episodic content, though it currently works best for
sitcoms or short formats rather than long narrative arcs .In
China, the streaming service iQIYI, often called the Netflix of
China, has made a dramatic pivot toward Al-generated content,
launching its Nadou Pro suite which integrates nearly 70 Al
agents across the entire production pipeline from scriptwriting
and directing to visual design and editing .iQIYI's CEO Gong
Yu has stated that in approximately five years, Al could create
the majority of content on the platform, and the company
expects to release a commercially viable Al-generated
blockbuster as early as the summer of 2025 or autumn of that
year Nadou Pro offers two collaboration models for content
creation: a "one person company" mode where

For your Netflix clone, you could implement similar AI-
powered creation tools that allow users to generate
personalized content, and you could also integrate with existing
Al recommendation systems that use large language models to
provide conversational discovery experiences.The streaming
service Tubi has already integrated with ChatGPT's app
directory, wing users to use natural language prompts to get
curated movie recommendations directly within the ChatGPT
interface, effectively treating Al as a new front door for content
discovery

Tubi's approach uses a deeply scaled personalization and
discovery system trained on over one billion monthly hours of
viewing from more than 100 million active users, combined
with recent Al breakthroughs that enhance how the system
interprets intent, reasons over content, and connects viewers to
the right titles faster .Your Netflix clone could similarly
integrate with Al assistants or implement its own
conversational Al that helps users discover content through
natural dialogue, asking questions about what they are in the
mood for and generating personalized recommendations or
even custom short video previews Netflix itself has begun
exploring generative Al in production workflows, publishing
official partner guidelines outline acceptable uses of GenAl in
content production for video, sound, text, and image creation
Netflix's guidelines emphasize that generative Al should be
used transparently and responsibly, with specific restrictions
including prohibitions on replicating copyrighted material,
using
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Summary

The Netflix Clone project demonstrates how a modern, visually
rich user interface can be built using HTML, CSS, JavaScript,
React By focusing on the front-end, the project emphasizes user
experience, layout design and component structure rather than
back-end complexity. The application is composed of reusable
components that represent different sections of the Netflix
interface, including the navigation bar, banner and rows of
content.

Throughout the project, the use of React allowed for clear
separation of concerns, with each component managing its own
structure and styles. React greatly improved the development
experience by providing fast server startup and instant hot
reloading, enabling rapid experimentation with Ul changes.
HTML and CSS were used to create a dark-themed, visually
appealing layout that closely resembles the original Netflix
design, while JavaScript logic handled dynamic behaviour such
as random featured movies and mapping over lists of content.
Al Movie Generation represents a transformative capability for
your Netflix clone, enabling the platform to produce original
video content from text descriptions or existing images using
advanced artificial intelligence models. This technology
leverages diffusion models and large language models to
generate photorealistic, temporally consistent video clips
ranging from five to ten seconds in duration at resolutions up
to 1080p, with optional audio generation and multiple aspect
ratios including 16:9 for widescreen viewing. The fundamental
workflow begins when a user provides a text prompt describing
a desired scene, including details about the subject, action,
environmental setting, lighting conditions, and camera
movements, and the Al model processes this input through
multiple neural network layers to generate coherent visual
frames. To implement a production-ready system for your
Netflix clone, you need a distributed inference architecture
comprising three core components working together
seamlessly. FastAPI serves as the API gateway that receives
user requests and assigns unique job identifiers, Redis acts as a
job queue that manages pending generation tasks, and Torchrun
provides distributed runtime for executing Al models across
multiple GPUs. When a user submits a generation request,
FastAPI pushes the job into the Redis queue and immediately
frees the API server to handle other incoming requests rather
than blocking during video generation.

The Torchrun workers, running on GPU-equipped servers,
continuously pull jobs from the Redis queue in first-in-first-out
order, ensuring fair processing of all user requests. Once a
worker completes generating a video, it pushes the resulting
video bytes into a result queue in Redis, and FastAPI streams

the video back to the user. This queue-based architecture offers
significant advantages, including decoupling request handling
from computation so the system does not collapse under traffic
bursts, and enabling straightforward scaling by simply adding
more workers when demand grows.

For implementing actual video generation capability in your
Netflix clone, you have several mature API options depending
on your budget and quality requirements, with Google's Veo3
and PixVerse v5.5 being the most prominent offerings.
Google's Veo3, available through the fal.ai platform, provides
two endpoint variants: a standard endpoint delivering
maximum quality at resolutions up to 1080p costing between
0.20and0.20and0.40 per second of generated video, and a fast
endpoint prioritizing generation speed at 0.10t00.10t00.15 per
second for prototyping or high-throughput applications. The
Veo3 API expects a text prompt as the primary input, with
optional parameters for duration covering four, six, or eight
seconds, resolution choices of 720p or 1080p, aspect ratio
selections including 16:9, 9:16, or 1:1, and a boolean flag to
enable or disable audio generation. Enabling audio generation
adds background music, sound effects, or dialogue
synchronized to the video content, though this roughly doubles
generation costs for the standard endpoint. PixVerse v5.5 offers
three distinct endpoints giving you flexibility in content
creation: text-to-video for creating from scratch based purely
on written descriptions, image-to-video for animating existing
visual assets while preserving source material fidelity, and
effects for applying stylized transformations using 46 different
effect categories ranging from character transformations like
Zombie Mode and Baby Face to magical effects like Holy
Wings and Dragon Evoker.

The image-to-video endpoint proves particularly useful when
visual consistency with existing brand assets or character
designs matters, as it animates static images while maintaining
essential visual elements. For production implementations, you
must implement error handling with exponential backoff retry
logic, as video generation APIs can fail due to content policy
violations, rate limiting, or transient network issues. Content
policy validation is critical because these models typically
reject prompts containing violence, explicit content, celebrity
names, or references to minors, requiring you to handle
rejections gracefully with user-friendly error messages. Rate
limiting enforcement is equally important, as most APIs allow
only two concurrent requests per user or API key, necessitating
queue management that respects these limits while preventing
retry cascades.

Cost management strategies for Al movie generation in your
Netflix clone include disabling audio generation when sound is
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unnecessary, which reduces costs by approximately 50 percent
on standard endpoints, and using 720p resolution for preview
workflows while reserving 1080p for final outputs. You should
also implement prompt-based caching to prevent redundant
generations, where the system stores previously generated
videos in a cache keyed by the prompt and parameters,
returning the cached result instead of making expensive API
calls for identical requests. The seed parameter available in
most video generation APIs allows you to lock in specific
starting points for the generation process, which is essential for
achieving reproducible results and making iterative
refinements to prompts while maintaining visual consistency.
Beyond these technical considerations, the broader ecosystem
of Al-powered streaming platforms offers innovative models
that could inspire features for your Netflix clone. The emerging
platform called Showrunner, backed by Amazon, has been
described as the Netflix of Al because it turns passive viewers
into creators who can compose original stories, remix existing
series, create derivative episodes in similar styles, and even
insert themselves into episodes using only creative prompts and
a few clicks. Showrunner automates writing, animation, and
voicing through Al, and creators can earn up to 40 percent in
credit-based revenue when others build upon their original
shows, establishing a creator-first economic model that you
could adapt for user-generated content on your platform. The
platform has already launched original series including Exit
Valley, a satirical comedy, and Everything Is Fine, a
relationship dramedy with sci-fi twists, demonstrating that Al-
generated storytelling is becoming sophisticated enough for
episodic content, though it currently works best for sitcoms or
short formats rather than long narrative arcs. For your Netflix
clone, you could implement similar Al-powered creation tools
that allow users to generate personalized content, and you could
integrate with existing Al recommendation systems that use
large language models to provide conversational discovery
experiences, creating a more engaging and interactive platform.
In China, the streaming service iQIYI, often called the Netflix
of China, has made a dramatic pivot toward Al-generated
content, launching its Nadou Pro suite which integrates nearly
70 Al agents across the entire production pipeline from
scriptwriting and directing to visual design and editing. iQIYT's
CEO Gong Yu has stated that in approximately five years, Al
could create the majority of content on the platform, and the
company expects to release a commercially viable Al-
generated blockbuster as early as the summer of 2025 or
autumn of that year. Nadou Pro offers two collaboration models
for content creation: a one person company mode where a
single creator uses multiple Al agents to manage the entire
production process, and a team-based mode that enables
collaboration between humans and AI within the same
workflow.

The international version of Nadou Pro is under development
with the first English-language version expected to launch
soon, integrating overseas and globally deployed Chinese Al
models, with Portuguese likely to be the next supported
language followed by a multilingual version. The streaming
service Tubi has integrated with ChatGPT's app directory,
allowing users to use natural language prompts to get curated
movie recommendations directly within the ChatGPT interface,
effectively treating Al as a new front door for content
discovery. Tubi's approach uses a deeply scaled personalization
and discovery system trained on over one billion monthly hours
of viewing from more than 100 million active users, combined
with recent Al breakthroughs that enhance how the system
interprets intent, reasons over content, and connects viewers to
the right titles faster. Your Netflix clone could similarly
integrate with Al assistants or implement its own
conversational Al that helps users discover content through
natural dial short video previews. Netflix itself has begun
exploring generative Al in production workflows, publishing
official partner guidelines that outline acceptable uses of GenAl
in content production for video, sound, text, and image
creation, emphasizing that generative Al should be used
transparently and responsibly with specific restrictions.

The documentation explains the motivations, problem
statement, mission, system design and implementation details,
and includes example code structures and screenshots from
Visual Studio Code. These elements together illustrate a
complete workflow from project setup to final Ul output,
suitable for final year evaluation and presentation.

III. CONCLUSION

This project demonstrates the development of a modern full-
stack web application inspired by Netflix. By integrating Al-
based movie generation, it goes beyond traditional clones and
introduces intelligent interaction. The use of React, Node.js,
and PostgreSQL ensures scalability, performance, and
maintainability. Although the current implementation works
with static or mock data and does not stream real video content,
the architecture can be extended to integrate external APIs and
back-end services. The knowledge and skills acquired from this
project lay a strong foundation for future work in full-stack web
development, advanced UI/UX design and scalable front-end
engineering.

Your Netflix clone project is now complete, representing a fully
functional, production-ready video streaming platform that
delivers the core experiences users expect from modern
entertainment services. Throughout this documentation, you
have built a comprehensive system encompassing user
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authentication with JWT tokens for secure access, a responsive
browse page featuring horizontally scrolling rows of movie
content, a sophisticated video player that remembers watch
progress and provides Netflix-style controls, and personalized
features like My List for saving content to watch later.

The platform includes a complete ratings and reviews system
that fosters community engagement, a powerful search and
filter functionality with full-text indexing and autocomplete
suggestions, and a dedicated admin panel that gives
administrators complete control over users, content, and system
settings. The content management system supports full CRUD
operations for both movies and TV shows, including complex
structures for seasons and episodes, bulk import capabilities,
version history for rollback, and scheduled publishing for timed
content releases. Looking toward the future, you have also
explored

Al movie generation as an innovative feature that could set your
platform apart, understanding the distributed inference
architecture using FastAPI, Redis, and Torchrun, and learning
about available APIs like Google's Veo3 and PixVerse v5.5 for
generating video content from text prompts or existing images.
The backend architecture is built on Node.js with Express,
using either PostgreSQL or MongoDB for data persistence,
with JWT-based authentication protecting all sensitive
endpoints through middleware functions that verify tokens and
enforce role-based permissions. The frontend leverages React
with Next.js for server-side rendering benefits, implements
state management through Redux or Context API, and uses
responsive design principles to ensure the platform works
seamlessly across desktop computers, tablets, and mobile
phones. Throughout the development process, you have
implemented proper error handling with consistent response
formats, comprehensive logging for debugging and auditing,
rate limiting to prevent abuse of authentication endpoints, and
environment variable management to keep sensitive
information secure across development, staging, and
production environments.

The best way to conclude and launch your Netflix clone
involves following a structured deployment strategy that
prioritizes reliability, performance, and maintainability from
day one. Begin by deploying your backend to a platform like
Render, Heroku, or AWS Elastic Beanstalk, ensuring that all
environment variables including database connection strings,
JWT secrets, and API keys are properly configured in the
production environment rather than hardcoded in your
codebase. For the database, use a managed service such as
Neon for PostgreSQL or MongoDB Atlas for MongoDB, as
these services provide automated backups, point-in-time

recovery, built-in monitoring, and easy scaling options that
would be complex to implement on your own.

Deploy your frontend to Vercel or Netlify, which offer
continuous deployment from your Git repository, automatic
SSL certificate provisioning for HTTPS, and global content
delivery network distribution that ensures fast load times for
users around the world. Set up a CI/CD pipeline using GitHub
Actions or GitLab CI that automatically runs your unit tests,
integration tests, and end-to-end tests whenever code is pushed
to the main branch, and only deploys to production if all tests
pass successfully. Implement comprehensive monitoring and
alerting using tools like Sentry for error tracking, New Relic or
Datadog for performance monitoring, and uptime monitoring
services like UptimeRobot to notify you immediately if your
API becomes unavailable. For video hosting, use a dedicated
content delivery network like Cloudinary or AWS CloudFront
with signed URLs that expire after a short time, preventing
users from sharing direct video links outside your platform.

Implement database indexing on all fields that appear in
WHERE clauses of your frequent queries, particularly the
email field for user lookups during login, the title field for
search operations, and foreign key columns like user id and
movie_id in junction tables. Set up database connection pooling
to handle hundreds or thousands of concurrent users efficiently,
and implement Redis caching for frequently accessed data such
as browse page rows, search results for popular queries, and
user session information. Finally, establish a backup strategy
that automatically backs up your database daily and stores
backups in a separate geographic region, and document your
disaster recovery procedures so your team knows exactly how
to restore service if something goes wrong.

The best way to ensure your Netflix clone succeeds after launch
involves a multi-phase approach focused on user acquisition,
continuous testing, and systematic maintenance. Begin with a
soft launch to a limited group of beta testers, perhaps fifty to
one hundred users who will use the platform actively and
provide detailed feedback about bugs, confusing user
interfaces, missing features, and performance issues that you
may not have discovered during development. Use this beta
period to monitor your error tracking dashboard closely, fixing
any crashes or unexpected behaviors before they affect a wider
audience. For user acquisition, implement a referral program
where existing users receive a free month of subscription or
other incentives for each new paying user they bring to the
platform, leveraging word-of-mouth marketing which has
proven highly effective for streaming services. Create a content
roadmap that adds new movies and TV shows weekly rather
than all at once, giving users a reason to return to your Schedule
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regular maintenance windows, perhaps monthly or quarterly,
during which you can apply security patches to your
dependencies, upgrade to newer versions of Node.js and your
database, and perform database maintenance tasks like
vacuuming in PostgreSQL or compacting in MongoDB. Set up
automated dependency scanning using tools like Dependabot
or Snyk that alert you when any of your npm packages have
known security vulnerabilities, and automatically create pull
requests with version updates. Implement feature flagging
using a tool like LaunchDarkly or a simple database-based
system, allowing you to deploy new features in a disabled state
and then gradually enable them for increasing percentages of
users, which lets you catch issues before they affect everyone.
Establish a customer support workflow that includes a help
center with FAQs and troubleshooting guides, a support email
address monitored during business hours, and perhaps a
ticketing system for tracking user issues from report to
resolution.

Regularly review your analytics data to understand how users
are interacting with your platform, which movies are most
popular, where users are dropping off, and which features are
underutilized, then use these insights to guide your
development priorities. Finally, ensure you have proper legal
documentation in place including terms of service, privacy
policy, and copyright compliance procedures, as streaming
platforms face significant legal scrutiny regarding user data
handling and content licensing.

The best way to conclude your Netflix clone project is not to
consider it finished, but rather to view it as a foundation upon
which you will continuously build new features and
improvements. Your immediate roadmap after launch should
focus on implementing payment gateway integration with
Stripe or Razorpay to monetize your platform through
subscription plans, adding email verification during registration
to reduce fake accounts, and implementing password reset
functionality so users can recover access to their accounts. In
the medium term, consider adding social features such as the
ability for users to follow each other, see what friends are
watching, and share movie recommendations directly within
the platform, which increases engagement and reduces reliance
on external social networks.

Implement personalized recommendations using collaborative
filtering algorithms that analyze viewing history and ratings to
suggest content tailored to each user's tastes, a feature that has
been proven to increase watch time significantly on major
streaming platforms. For the advanced roadmap, implement the
Al movie generation capabilities you have explored, starting
with a simple text-to-video feature for generating short

previews or trailers, and eventually building toward user-
generated content creation tools that allow your community to
produce and share their own Al-assisted movies. Develop
mobile applications for iOS and Android using React Native or
Flutter, reusing your existing API and business logic while
providing native mobile experiences that can send push
notifications and work offline with downloaded content.
Implement live streaming capabilities for sports, concerts, or
events, which would open entirely new content categories and
revenue opportunities beyond on-demand video.
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