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This paper examines the performance of popular object-relational mapping (ORM) technologies such as
Hibernate for Java, Entity Framework for .NET, Django ORM for Python, and Sequelize for Node.js, focusing
on their interaction with the MySQL database management system. The analysis covers key aspects including
data management, query complexity and scalability, providing valuable insights into the advantages and
disadvantages of each technology in different usage scenarios. The article details the process of configuring
and using each ORM, offering practical tips for optimizing performance and improving data management.
Special attention is given to migration automation capabilities, performance tuning, and integration with other
technologies. Through a discussion of testing ORMs using standard benchmarks and customizable test
databases, the article offers guidance on testing methods to help developers evaluate the right ORM
technology for their projects. The final section emphasizes the importance of proper selection and a thorough
understanding of ORM to improve the development process and application performance.

Node.js. These tools provide powerful data

1 INTRODUCTION

In today's world of software development, where
efficiency and speed of development are critical
factors,  Object-Relational ~ Mapping  (ORM)
techniques play an important role. ORM is a
programming technique used to transform data
between incompatible types of systems, typically
between object-oriented programming languages and
relational databases. It allows developers to work
with data at a higher level of abstraction, focusing on
business logic rather than database-level details.
CymectByer MHOXecTBO TexHosoruii ORM,
Each of them has its own features and is designed to
work with specific programming languages. The best
known are Hibernate for Java, Entity Framework for
.NET, Django ORM for Python, and Sequelize for
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manipulation and database schema management
capabilities, including automatic table creation,
CRUD (create, read, update and delete) operations,
and complex queries and transactions.

For the purposes of this research, of particular
interest is the interaction of these ORM technologies
with the relational database management system
MySQL, which is one of the most popular and widely
used database management systems in the world.
MySQL offers high performance, reliability and
flexibility, making it the preferred choice for many
web applications and enterprise systems.

This paper will analyze the performance of
popular ORM technologies in the context of their
interaction with MySQL. The purpose of the study is
to identify how different aspects of ORMs affect



performance when performing typical database
operations, as well as to identify best practices and
recommendations for developers seeking to optimize
the interaction between object models and relational
databases.

2 MYSQL

MySQL is an open source relational database
management software (RDBMS) that uses structured
query language (SQL) to manage data. Created in
1995 by Swedish developers Mikael Widenius and
David Axmark, MySQL has become one of the most
popular database management systems in the world,
widely used in Internet applications, especially when
combined with the PHP and Perl programming
languages.

Main features of MySQL:
1) Performance and scalability: MySQL is known for
its high performance. The system is capable of
handling large amounts of data and supporting a
significant number of concurrent queries, making it
suitable for large websites and applications. MySQL's
scalability allows you to manage both small and large
workloads efficiently.
2) Reliability and resilience: MySQL offers various
mechanisms to ensure data integrity, including
support for transactions with ACID properties
(atomicity, consistency, isolation, and durability)
through the use of InnoDB and other similar storage
engines.
3) Flexibility and accessibility: MySQL supports a
variety of operating systems, including Linux,
Windows and MacOS, making it accessible to a wide
range of users and applications. In addition, the
system  offers flexible  customization and
configuration options, allowing you to customize the
server to meet specific application requirements.
4) Security: MySQL includes powerful security
features such as data encryption, user authentication,
host-level access restriction, and SSL support to
protect data in transit.
5) Open Source: As an open source program, MySQL
provides developers with the ability to explore and
modify the code to create customized solutions or
improve functionality.
6) Ecosystem and Community: MySQL has a large
and active developer and user community that
provides significant resources, support, and
documentation.  This  facilitates  continuous
improvement of the product and makes it easier to
find solutions to issues that arise.

7) Integration with other technologies: MySQL easily
integrates with many web technologies and
programming languages, making it the preferred
choice for web application development.

Because of these features, MySQL is used in a
wide variety of applications, from websites and e-
commerce to enterprise applications and data
management systems.

3 HIBERNATE USAGE

Hibernate is a popular object-relational mapping
(ORM) library designed for the Java programming
language. It is a powerful tool that allows developers
to interact with a database in terms of object-oriented
models, minimizing the need to write SQL code. In
the context of using MySQL, Hibernate provides a
convenient and efficient way to manage data.

To get started with Hibernate and MySQL, there
are a few configuration steps to follow:
1) Adding dependencies: Hibernate and MySQL
driver dependencies should be added to a Java
project. This can be done via Maven or Gradle by
adding the corresponding libraries to the “pom.xml’
or “build.gradle” file.

Example of a Computer Program in Pascal:

T Uxml
<!-- Il;ma Maven -->
<dependency>

<groupId>org.hibernate</groupId>
<artifactId>hibernate-
core</artifactId>
<version>5.4.12.Final</version>
</dependency>
<dependency>
<groupId>mysqgl</groupId>
<artifactId>mysgl-connector-
java</artifactId>
<version>8.0.19</version>
</dependency>

2) Hibernate session configuration: configuring the
“hibernate.cfg.xml™ file to connect to MySQL,
specifying the database dialect, connection
parameters, and other properties such as transaction
management and caching.

T oxml
<hibernate-configuration>
<session-factory>
<property
name="hibernate.connection.driver class
">com.mysqgl.cj.jdbc.Driver</property>



<property
name="hibernate.connection.url">jdbc:my
sgl://localhost:3306/yourdatabase</prop
erty>

<property
name="hibernate.connection.username">us
ername</property>

<property
name="hibernate.connection.password">pa
ssword</property>

<property
name="dialect">org.hibernate.dialect.My
SQL5Dialect</property>

<property
name="hibernate.hbm2ddl.auto">update</p
roperty>

<property
name="show_ sqgl">true</property>

</session-factory>
</hibernate-configuration>

3) Creating entities: defining Java classes that will
represent database tables. These classes are annotated
with “@Entity” and their fields are annotated with
‘@Column’, "@Id” to indicate the relationships
between the class and the table.

‘T java
@Entity
public class User {
@Id
@GeneratedValue (strategy =
GenerationType.IDENTITY)
private Long id;

@Column (name = "username")
private String username;
QColumn (name = "email")

private String email;
// getters and setters

4) Database interaction: using “SessionFactory™ and
“Session’ to create, read, update and delete data in the
database.

‘T java
SessionFactory sessionFactory = new
Configuration() .configure () .buildSessio
nFactory () ;
Session session =

sessionFactory.openSession();
session.beginTransaction () ;
User user = new User();
user.setUsername ("example") ;
user.setEmail ("example@example.com")

session.save (user) ;
session.getTransaction () .commit () ;

session.close();

Using Hibernate with MySQL provides several

key benefits:
= Database abstraction: Hibernate reduces
dependency on a particular database

implementation, allowing you to more easily
switch to another database if needed.

= Managing complex relationships: Hibernate
simplifies the management of complex
relationships between data and provides
automatic linking between tables.

= Performance: caching, lazy loading, and batch
operations  help  optimize  application
performance.

= Transactions and Data Integrity: Hibernate
supports transaction management and ensures
data consistency.

Using Hibernate with MySQL makes the
development process simpler and less error-prone,
allowing developers to focus on the business logic of
the application rather than the details of database
interaction.

4 ENTITY FRAMEWORK

Entity Framework (EF) is an object-relational
mapping tool from Microsoft designed for .NET
developers. It allows you to work with data in the
form of objects and properties, minimizing the need
to write SQL code. EF supports multiple databases,
including MySQL, making it a powerful tool for
developers working in the Microsoft ecosystem.

To get started with Entity Framework and
MySQL, you need to perform the following steps:
1) Installing the required NuGet packages: To
connect to MySQL via the Entity Framework, you
will need to install the
"MySql.Data.EntityFrameworkCore’ or
“Pomelo.EntityFrameworkCore.MySgl™  packages,
depending on your preference. Pomelo is a popular
third-party provider that supports the latest Entity
Framework Core features.

" "bash
Install-Package
Pomelo.EntityFrameworkCore.MySqgl

2) Data Context Configuration: create a data context
class that inherits from "DbContext’. In this class, you
define properties that represent tables in the database.



" “csharp
public class ApplicationDbContext
DbContext
{
public DbSet<User> Users { get;
set; }
protected override void
OnConfiguring (DbContextOptionsBuilder
optionsBuilder)

{

optionsBuilder.UseMySql ("server=localho
st;database=mydatabase;user=myuser;pass
word=mypassword",
new MySqglServerVersion (new
Version(8, 0, 21)));
}
}

3) Define models: define model classes that map to
tables in your database. These classes are annotated
to specify relationships and keys.

" “csharp
public class User

{
public int UserId { get; set; }
public string Username { get; set;

public string Email { get; set; }

4) Migrations: Entity Framework supports migrations
to automatically manage database schema changes.
You can create and apply migrations to synchronize
your data model with the database.

" "bash
Add-Migration InitialCreate
Update-Database

5) Database interaction: use data context to perform
CRUD operations on your data. Entity Framework
supports lazy loading, explicit loading, and greedy
loading of linked data.

" “csharp
using (var context = new
ApplicationDbContext ())
{
var user = new User { Username =
"newuser", Email = "user@example.com" };
context.Users.Add (user) ;
context.SaveChanges () ;
var users =
context.Users.ToList () ;

}

Advantages of using Entity Framework with
MySQL.:

=  Code Reduction: Entity Framework automates
much of the data access code, which reduces
errors and speeds up the development process.

= _.NET integration: full integration with the
.NET Framework and .NET Core makes EF an
ideal choice for developers working in this
ecosystem.

= Powerful query capabilities: EF provides rich
query capabilities using LINQ, making code
more readable and simplifying complex
queries.

= Migration support: Automatic database schema
management through migrations simplifies
application  maintenance and  upgrades.
Migrations allow you to incrementally modify
the database schema while maintaining
synchronization with the data models in your
code. This is especially useful in team
development and when deploying applications
in different environments (development,
testing, production).

Using Entity Framework to interact with MySQL
in .NET projects provides not only convenience and
speed of development, but also high reliability and
scalability of applications.

5 DJANGO USAGE

Django ORM is an integral part of the Django
framework for developing Python web applications.
This system allows developers to use Python code to
define data structures, which are then automatically
translated into SQL queries. This allows you to work
with a database such as MySQL without directly
writing SQL code.

Configuring Django ORM to work with MySQL.:
1) Installing the necessary packages: to connect
Django to MySQL, the “mysglclient™ library must be
installed. This can be done using pip:

" "bash
pip install mysglclient

2) Database configuration: in the settings file of your
Django project ("settings.py’) you need to configure
database access using MySQL connection data.

" “python
DATABASES = {



'default': {

'"ENGINE':
'django.db.backends.mysql’,

'NAME': 'mydatabase',

'USER': 'myuser',

'"PASSWORD': 'mypassword',

'"HOST': 'localhost', # Or 1IP

address of MySQL server
'PORT': '3306',
}

3) Creating models: in Django, data models are
created by defining classes in the “models.py” file.
These classes represent database tables. Each
attribute of a model class represents a field in the
table.

" “python
from django.db import models
class User (models.Model) :
username =
models.CharField(max length=100)
email = models.EmailField()
def  str (self) :

return self.username

4) Migrations: after creating or modifying models,
you need to create migrations that apply the changes
to the database. Django manages this with a migration
system similar to the one used in the Entity
Framework.

" "bash
python manage.py makemigrations
python manage.py migrate

5) Database interaction: Django ORM allows you to
interact with the database using Python code. You can
create, retrieve, update and delete records without
writing SQL queries.

" “python
# Adding a new user
User.objects.create (username="newuse
r', email='user@example.com')
# Getting all users

users = User.objects.all ()
# Getting one user by condition
user =

User.objects.get (username="'newuser"')
# Updating user data
user.email = 'newemail@example.com'
user.save ()
# Deleting a user
user.delete ()

Advantages of using Django ORM with MySQL.:
- High level of abstraction: Django ORM provides a
high level of abstraction, allowing developers to
focus on the logic of the application rather than the
details of database interaction.
= Automatic migration management: Django
manages migrations automatically, which
simplifies  database =~ maintenance  and
development.
= Security: Django ORM helps prevent SQL
injection and other security vulnerabilities by
automatically escaping database queries.
= Integration with Django framework: ORM is
deeply integrated with other Django
components such as forms and admin panel to
ensure efficient and consistent development.
Using Django ORM to interact with MySQL
facilitates many aspects of web application
development, reducing code complexity and
increasing development productivity.

6 USE SEQUELIZE

Sequelize is an ORM for Node.js that supports
multiple databases, including MySQL. It provides a
powerful and flexible tool for managing data in
Node.js applications through simple and expressive
object-relational mapping APIs.
Configuring Sequelize to work with MySQL.:

1) nstalling the necessary packages: to start working
with Sequelize and MySQL you need to install the
Sequelize library itself, as well as the corresponding
package for connecting to MySQL - “mysql2°.

" "bash
npm install sequelize mysqgl2

2) Configure the database connection: create an
instance of Sequelize and configure it to connect to
your MySQL database. This is usually done in a
separate configuration file.

" “javascript

const { Sequelize } =
require ('sequelize');
const sequelize = new

Sequelize ('mydatabase’',
'password', {

host: 'localhost',
dialect: 'mysqgl'
}) i

'username’',



3) Defining models: in Sequelize, models are defined
by calling the “define® method on a Sequelize
instance. Models in Sequelize correspond to tables in
your database.

" “javascript
const User = sequelize.define('User’',

username: {
type: Sequelize.STRING,
allowNull: false

b

email: {
type: Sequelize.STRING,
unique: true,
allowNull: false

}

1)

4) Synchronize models with your database: Sequelize
can automatically create tables in your database
corresponding to specific models, if they do not
already exist.

' “javascript

sequelize.sync ({ force: false
}) .then(() => {
console.log("The database and
tables have been created!");

1)

5) Database Interaction: Sequelize provides methods
for creating, reading, updating, and deleting records.

" “javascript
// Creating a new user
User.create ({
username: 'newuser',
email: 'user@example.com'
1)
// User Search
User.findOne ({ where: {
'newuser' } }).then(user => {
console.log(user);
1)
// User update
User.update ({
'updated@example.com' }, {
where: { username: 'newuser' }
1)
// Deleting a user
User.destroy ({
where: { username: 'newuser' }

1)

username:

email:

Benefits of using Sequelize with MySQL.:

= User-friendly and expressive: Sequelize
provides an expressive, almost natural data API
that makes code easy to understand and
maintain.

= Promice support (a promis is a construct in
JavaScript designed to control asynchronous
operations): all asynchronous operations in
Sequelize return promises, making them usable
with  modern JavaScript features like
async/await.

= Automatic schema synchronization: Sequelize
can automatically create and update table
schemas in the database, making it easy to
manage migrations.

= Security: Sequelize provides protection against
SQL injection by automatically escaping input
data.

Using Sequelize to interact with MySQL in
Node.js applications makes data management easier,
increases development speed, and helps reduce
database errors.

7 ORM PERFORMANCE

Comparing the performance of different object-
relational mappings such as Hibernate for Java, Entity
Framework for .NET, Django ORM for Python, and
Sequelize for Node.js can be challenging due to the
many factors that affect performance in different
usage scenarios. All these technologies have been
developed for different purposes and for different
platforms, which also brings diversity in their
performance and optimization. Here is a detailed
performance comparison of these ORMs taking into
account a few key aspects:

1) Data Operations: Hibernate (Java): One of the most
mature and powerful ORM tools, Hibernate boasts a
wide range of functionality for query optimization
such as lazy loading, second-level caching, and batch
processing  operations. These features can
significantly improve performance when properly
tuned. Entity Framework for .NET: EF also supports
lazy loading, caching, and batch updates. However, it
is known that EF can suffer from performance issues
when dealing with large amounts of data or complex
queries if specialized query optimizations are not
applied. Django ORM (Python): Django ORM offers
fewer performance fine-tuning options compared to
Hibernate and EF, although it supports features such
as selective and prefetching of linked data. Django
ORM is best suited for applications where simplicity
of development and code cleanliness are more
important than the highest performance. Sequelize



(Node.js):  Sequelize  provides  support  for
asynchronous Node.js operations and can perform
well in high-load applications if its connection
pooling and transaction capabilities are properly
utilized. However, performance can suffer if large
amounts of data are not properly handled or if
complex queries are used.

2) Query complexity: Hibernate and Entity
Framework both offer advanced capabilities to
generate complex queries via criteria or LINQ
(Language Integrated Query), respectively, which
can lead to less optimized SQL queries. That said, the
role of the developer in optimizing these queries is
important. Django ORM provides less flexibility in
complex queries compared to Hibernate or EF, but its
approach provides more predictability and ease of
understanding the SQL it generates. Sequelize
supports flexible queries using raw SQL and provides
fairly good performance, but can be prone to issues
related to query optimization in Node.js, especially in
relational-intensive operations.

3) Scalability: Hibernate and Entity Framework both
scale well in large applications, especially when their
advanced caching and session management features
are utilized. Django ORM can suffer in very large or
highly loaded systems without additional caching and
database optimization tweaks. Sequelize performs
well in scalable Node.js applications, especially due
to the non-blocking nature of Node.js, but may
require additional optimization to maintain high
performance.

The choice of ORM should be based on the
requirements of a particular project, development
preferences, and the specifics of the target platform
and programming language. No one tool is perfect for
all scenarios, and each has advantages and
disadvantages in different aspects of performance.

ORM testing requires a comprehensive approach
that includes the use of standardized tests,
customization of scenarios, and active community
participation to achieve the best results.

For Hibernate and Java Persistence APIs, official
benchmarks such as Hibernate's Benchmark Suite or
Jakarta Persistence Performance Benchmark can be
used to evaluate the performance of various JPA
providers, including Hibernate. Entity Framework for
.NET can be tested using TechEmpower Framework
Benchmarks, as well as using specialized tools such
as ORM Profiler, which helps analyze performance.

Django ORM for Python, although it does not
have widely known benchmarks, can be evaluated
through community benchmarking projects and
testing using real applications or publicly available
datasets, such as MaxMind's GeoL.ite data. Sequelize

for Node.js can be tested through community projects
on GitHub or by creating your own benchmarks,
including test databases with large amounts of data.

In addition, sample databases are available, such
as Northwind and AdventureWorks from Microsoft,
which can be adapted to different database
management systems. These databases can be found
on GitHub or used as a basis for creating your own
test databases.

You can use traffic generation tools such as
Apache JMeter or Locust, as well as real-time
performance profiling and monitoring tools to create
representative test scenarios. This allows you to
identify bottlenecks and optimize performance,
including testing data creation, reading, updating, and
deletion operations, queries of varying complexity,
and transactional operations.

8 CONCLUSION

In conclusion, this study on object-relational mapping
in various technology stacks, including Hibernate for
Java, Entity Framework for .NET, Django ORM for
Python, and Sequelize for Node.js, highlights the
importance of selecting the appropriate ORM tool
depending on specific project requirements and
development preferences. Each of the technologies
reviewed offers unique features and optimizations
aimed at improving application performance,
development usability, and scalability.

ORM performance can vary significantly
depending on how it is used, customizations, and data
scenarios. Hibernate and Entity Framework offer
advanced capabilities for managing complex
operations and optimizing queries, making them
suitable for large enterprise systems. Django ORM,
through its integration with the Django framework,
provides superior development speed and usability,
which is ideal for projects requiring rapid web
application  development.  Sequelize,  taking
advantage of Node.js, offers an efficient solution for
working with databases in an asynchronous manner,
which is especially valuable in applications requiring
high real-time performance.

Testing the performance of these ORMs through
standardized benchmarks and real-world use cases
allows developers to better understand their potential
impact on projects. In addition, using open data and
resources for testing can help optimize and customize

these  technologies for specific application
requirements.
In general, the right choice and deep

understanding of the capabilities of the ORM



technology used can significantly improve the
efficiency of application development and
performance. Sharing knowledge and experience in
the development community also plays a key role in
improving data handling practices and software
quality.
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