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Abstract: This paper presents a sentiment analysis
project to explore the process of cloning the database
schema of Instagram using SQL. The aim is to
understand the underlying structure and relationships of
Instagram’s data model through SQL queries and
database manipulation techniques. By examining tables
such as Users, Posts, Comments, Likes, and Followers,
we gain insights into how a social media platform handles
user-generated content, interactions, and relationships.
The project involves schema design, data extraction,
transformation, and loading (ETL) processes, enabling a
deeper comprehension of relational databases in the
context of a popular social networking service. Through
this exploration, we aim to replicate essential
functionalities of Instagram's database and provide a
foundation for further study and analysis in the field of
database management and application development.

I. INTRODUCTION

In the digital age, social media platforms like
Instagram have revolutionized how we connect and
share moments with others worldwide. Behind the
seamless user experience lies a robust database
architecture that handles billions of interactions daily.
Understanding and replicating this architecture is not
only a fascinating technical challenge but also a
gateway to gaining insights into scalable data
management.

This project aims to delve into the intricacies of
Instagram's database structure using SQL, a powerful
language for managing and querying structured data.
By cloning key components of Instagram's database,
we seek to comprehend the underlying schema design,
data relationships, and query optimizations employed
by one of the world's most popular social platforms.

Through this endeavour, we will explore how SQL can
be leveraged to model user profiles, posts, comments,
likes, and other essential functionalities that define the
Instagram experience. By the end, we aim to not only
replicate but also gain a deeper appreciation for the
complexities involved in managing vast amounts of
social data efficiently.

Il. RELATED WORKS

The task of cloning Instagram database, has been
extensively studied in various domains to extract and
analyze data or subjective information from text data.
Database System Concepts by Abraham Silberschatz,
Henry F. Korth, S. Sudarshan-A comprehensive guide
to database design and implementation. SQL
Performance Explained by Markus Winand - Focuses
on SQL performance tuning and optimization
techniques. Designing Data-Intensive Applications by
Martin Kleppmann - Covers data management in
distributed systems and scalability issues. SQL
Antipatterns: Avoiding the Pitfalls of Database
Programming by Bill Karwin - Discusses common
mistakes and how to avoid them in SQL database
design. High Performance MYSQL by Baron
Schwartz, Peter Zaitsev, Vadim Tkachenko-Advanced
techniques for optimizing MYSQL database
performance.

I1l. DATASET DESCRIPTION

A Dataset Description for an Instagram Database
Cloning with SQL project should detail the structure,
types of data, and relevant features that mimic the real-
life Instagram database. This section is essential to
explain how the cloned database replicates key
components of Instagram’s data and user interactions.
Here’s a structured guide on what to include :

User Table:

user_id (Primary Key): Unique identifier for each
user.

username: Unique string representing the user's
handle.

email: User's email address.

password_hash: Hashed password for authentication.
profile_picture_url: URL link to the user's profile
image.

bio: A short biography or description provided by the
user.

created_at: Timestamp for when the user account was
created.

updated_at: Timestamp for the last profile update.
Post Table:
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post_id (Primary Key): Unique identifier for each
post.

user_id (Foreign Key): References the user who
created the post.

media_url: URL or file path to the image/video.
caption: Text description or caption provided with the
post.

location: Geotag information where the post was
made.

created_at: Timestamp for when the post was made.
updated_at: Timestamp for the last post update.

Comment Table:

comment_id (Primary Key): Unique identifier for
each comment.

post_id (Foreign Key): References the post being
commented on.

user_id (Foreign Key): References the user who made
the comment.

text: The content of the comment.

created_at: Timestamp for when the comment was
made.

Like Table:

like_id (Primary Key): Unique identifier for each like
action.

post_id (Foreign Key): References the post that is
liked.

user_id (Foreign Key): References the user who
liked the post.

created_at: Timestamp for when the like was made.

Follow Table:

follow_id (Primary Key): Unique identifier for the
follow action.

follower_id (Foreign Key): References the user
following another.

followed_id (Foreign Key): References the user being
followed.

created_at: Timestamp for when the follow action was
initiated.

Media Table:

media_id (Primary Key): Unique identifier for each
media file.

post_id (Foreign Key): References the associated post.
media_type: Indicates whether the file is an image or
video.

file_size: Size of the media file.

created_at: Timestamp for when the media was
uploaded.

Hashtag Table:
hashtag_id (Primary Key): Unique identifier for each
hashtag.

tag: The text of the hashtag.
created_at: Timestamp for when the hashtag was first
used.

Post-Hashtag Relation Table:

relation_id (Primary Key): Unique identifier for the
relation.

post_id (Foreign Key): References the post associated
with the hashtag.

hashtag_id (Foreign Key): References the hashtag
used in the post.

Data Characteristics:

Volume: This dataset can be scaled from a few
hundred records for development purposes to millions
of entries to simulate a real-world Instagram-like
database.

Variety: Data should include different types of user
interactions, diverse content (images and videos), and
various user-generated text (comments, captions).

Synthetic vs. Real Data: Depending on the project
goals, the dataset might be synthetically generated
using realistic patterns or anonymized from real data
to comply with privacy standards.

Data Generation and Sources:

Synthetic Data Generators: Tools or scripts can create
random but realistic user profiles, posts, comments,
and relationships.

Data Privacy Considerations: If real data is used,
ensure that it complies with privacy laws by
anonymizing user details and following data
protection regulations.

Use Cases for the Dataset:

Testing database performance under different loads
and scenarios.

Simulating user interactions for feature development
and bug tracking.

Educational purposes for teaching database design
and management.

Developing and benchmarking algorithms for
analytics, recommendations, or social media insights.

This dataset framework ensures a robust environment

that closely mimics Instagram's data structure,

facilitating real-world application testing and analysis.
IV. METHODOLOGY

1. Requirement Analysis

Objective Clarification: Define the goals of the
database cloning project, such as creating a test
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environment for research, data analysis, or educational
purposes.

Data Elements Identification: Identify the key data
elements needed to replicate an Instagram-like
database, such as user profiles, posts, comments, likes,
follows, direct messages, etc.

2. Database Schema Design

Schema Modeling: Design the database schema to
replicate the structure of an Instagram-like platform.
This includes creating tables and defining
relationships between them (e.g., Users, Posts,
Comments, Likes, Followers, Messages).

Entity-Relationship (ER) Diagram: Create an ER
diagram to map out the relationships among the
database tables.

Normalization: Ensure the schema is normalized to
avoid redundancy and ensure data integrity.

3. Database Setup

Choose SQL Database: Select a suitable SQL database
management system (e.g., MySQL, PostgreSQL, or
SQLite).

Create Tables: Write SQL scripts to create tables with
appropriate data types, primary keys, foreign keys, and
constraints.

Add Indexing: Implement indexes on commonly
queried fields to optimize query performance.

4. Data Population

Synthetic Data Generation: Populate the database with
realistic yet synthetic data using data generation tools
or scripts (e.g., Faker library for Python or SQL scripts
to generate dummy data).

Importing Data: If existing anonymized data is
available, import it into the database using tools like
LOAD DATA INFILE, COPY, or SQL INSERT
statements.

Relationships ~ Implementation: ~ Ensure  that
relationships among tables (e.g., users and their posts,
comments linked to posts, followers, etc.) are
maintained during data insertion.

5. Simulating Instagram Functionalities

User Actions: Implement basic functionalities that
replicate Instagram-like interactions:

Posting: SQL procedures for inserting posts linked to
users.

Liking and Commenting: Scripts for recording likes
and comments and linking them to specific users and
posts.

Following: Implement logic to manage Followers and
Following relationships.

Messaging: Create a table for direct messages and
scripts to simulate message exchanges.

Data Integrity Checks: Use triggers or constraints to
maintain data consistency, such as ensuring a user
cannot like their post multiple times.

6. Testing and Validation

Data Validation: Verify that the data relationships are
intact and that data integrity is maintained through
SQL validation queries.

7. Requirement Analysis and Database Schema
Design

Identify Core Features: Outline the essential features
of Instagram, such as user profiles, posts, comments,
likes, followers, and direct messages.

Design Schema: Create a detailed database schema
that captures the relationships between different
entities, such as users, media, interactions, and
notifications.

ER Diagrams: Develop Entity-Relationship (ER)
diagrams to visualize the structure and connections
within the database.

8. Database Setup and Creation

SQL Database Selection: Choose a suitable relational
database management system (RDBMS) like MySQL,
PostgreSQL, or MariaDB for development.

Schema Implementation: Use SQL scripts to create
tables, define primary and foreign keys, set
constraints, and create indexes to optimize query
performance.

Data Types and Normalization: Ensure the use of
appropriate data types and normalization practices to
avoid redundancy and maintain data integrity.
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9. Data Population:

Data Insertion Scripts: Develop SQL scripts to insert
initial data, including user accounts, sample posts, and
interactions to simulate a real environment.

Data Generation Tools: Utilize tools such as Faker or
Python scripts to generate synthetic data for
populating user activities and content.

Bulk Insertion: Employ bulk insertion techniques for
efficiency when loading large datasets.

10. Replication and Backup Procedures:

Backup Mechanisms: Implement methods for full
database backups using tools like mysql dump or
PostgreSQL’s pg dump for easy replication and
restoration.

Replication Strategies: Explore database replication
options (e.g., master-slave or master-master) for real-
time data copying to simulate scalability and
redundancy.
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V. RESULTS

Database Schema Design: A comprehensive database
schema that mimics Instagram's key data structures,
including tables for users, posts, comments, likes,
follows, and media. This schema should accurately
represent relationships between these entities, such as
user-to-post and post-to-comment relationships

Data Insertion and Population: SQL scripts or tools to
populate the cloned database with synthetic or
anonymized data to simulate real user behavior and
interactions. This allows testing of the data model's
scalability and integrity under conditions similar to
those experienced by Instagram.

essential

Functionalities: Demonstrating

features such as:

Basic

e  User registration and authentication.

e Posting images or videos.

e Liking and commenting on posts.

e Following and unfollowing other users.

Query Performance Testing: Evaluation of the
database's performance when executing common
queries, such as retrieving user feeds, loading posts
with associated comments and likes, and searching for
users or hashtags.

Data Integrity and Consistency: Ensuring that
constraints (e.g., foreign keys, unique user IDs) and
normalization principles are applied to maintain data
quality and prevent redundancy.

Scalability Insights: Initial observations on how the
database handles increasing amounts of data, helping
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to identify potential bottlenecks and areas for
optimization.

Backup and Restoration: Implementation of SQL-
based backup and restoration processes to showcase

the ease of database cloning and data recovery.
VI. DISCUSSION

Project Outcomes:

o Effective Database Structure Replication: The
project successfully replicated an Instagram-like
database structure using SQL. This included user
profiles, posts, interactions (e.g., likes,
comments), and user connections
(followers/following).

e Functionality Testing: The cloned database
allowed for comprehensive testing of SQL queries
and  procedures that mimic real-world
interactions, providing insights into data
relationships and scalability.

Synthetic Data Generation: By populating the database
with synthetic data, realistic scenarios were simulated,
enabling functionality checks similar to those found on
actual social media platforms.

Challenges Faced:

Data Integrity and Consistency: Maintaining
relationships between entities like users, posts, and
interactions was complex and required careful design
of foreign key constraints and data normalization.
Scalability Issues: Handling a database size
comparable to that of a real-world social media
platform required considerations for optimization and
indexing to maintain performance.

Privacy and Security Concerns: Ensuring the cloned
database adhered to privacy standards and did not
contain real user data presented ethical and technical
challenges.

Technical Insights:

e  Query Performance: Optimizing SQL queries for
large-scale operations, such as searching user
interactions or aggregating data for analytics, was
a crucial part of the project.

e Backup and Restoration: Efficient database
backup and restoration techniques using SQL
tools like mysqgl dump or similar were explored to
ensure data replication reliability.

e Normalization vs. Denormalization: Balancing
data redundancy and speed was discussed,
especially when simulating user timelines and
feeds for an Instagram-like experience.

Future Implications:

e Research and Development: The cloned database
can be used as a testbed for developing new social
media features or conducting analytics research
without risking user data privacy.

e Data Security Improvements: Further
enhancements could focus on integrating
encryption and access controls to secure synthetic
data.

Machine Learning Applications: The database
provides a platform for training machine learning
models on user behaviour and interaction patterns.

VII. CONCLUSION

In conclusion, the Instagram Database Cloning with
SQL project successfully demonstrates the feasibility
of replicating social media database structures and
interactions using SQL. By recreating an Instagram-
like environment, this project highlights how SQL can
effectively manage complex data relationships and
mimic user interactions such as posts, likes, and
comments. The approach allows for practical testing,
development, and educational purposes without
exposing real user data, balancing functionality with
ethical considerations. Future improvements could
involve automating data updates and enhancing data
privacy measures to ensure compliance with evolving
data protection standards.
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