@ Journal of Advances in Developmental Research (IJAIDR)

== E-ISSN: 0976-4844 e Website: www.ijaidr.com e Email: editor@ijaidr.com

Performance Optimization in Java Applications
Using Spring and Hibernate

Anishkumar Sargunakumar

Abstract

Performance optimization is a crucial aspect of software development, particularly in enterprise
applications that handle a significant volume of transactions and data. Java, being one of the most widely
used languages for building enterprise applications, relies on frameworks like Spring and Hibernate to
enhance development efficiency. However, inefficient configurations and improper usage of these
frameworks can lead to performance bottlenecks. This paper explores various optimization techniques for
improving the performance of Java applications using Spring and Hibernate. It discusses best practices,
caching strategies, connection pooling, lazy loading, and query optimization techniques to ensure high
performance in Java-based enterprise applications.
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1. Introduction

Java applications often require robust frameworks like Spring for dependency injection and transaction
management and Hibernate for Object-Relational Mapping (ORM). While these frameworks significantly
reduce development complexity, they introduce potential performance challenges such as excessive
memory consumption, slow database interactions, and high CPU usage [1]. This paper aims to address
these challenges by proposing optimization strategies that can be applied to Spring and Hibernate-based
applications.

One of the primary issues with using Spring and Hibernate is the increased complexity of managing
resources efficiently. Developers often overlook essential configurations that lead to performance
degradation, such as inappropriate transaction handling, excessive object instantiation, and inefficient
query execution. A well-configured application not only improves response times but also reduces
infrastructure costs by optimizing resource utilization. Understanding the interplay between Spring and
Hibernate is crucial for achieving high-performance applications in enterprise environments.
Additionally, the growing need for scalable applications necessitates the use of performance enhancement
techniques. Modern cloud-based architectures, microservices, and distributed systems require Java
applications to be lightweight and responsive. Techniques like connection pooling, caching, and
asynchronous processing play a critical role in ensuring that applications remain performant under high
load conditions. This paper provides a detailed analysis of these techniques, offering practical
recommendations for developers working with Spring and Hibernate.
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I. Spring and hibernate performance: problem areas and optimization techniques

A. Inefficient Database Queries
Hibernate abstracts SQL queries, but improper configurations can lead to performance issues such as the
N+1 query problem and redundant data fetching [2]. The N+1 query problem occurs when Hibernate
executes one query to fetch the parent entities and then an additional query for each associated child entity,
leading to excessive database calls. This issue significantly increases response time and database load,
reducing the application's overall efficiency.
For example, consider the following entity relationship where a Department has many Employees:

@Entity
public class Department {
@Id

@Geeneratedvalus(strategy = GenerationType.IDENTITY)
private Long id;
private String name;

@oneToMany (mappedBy = "department”)
private List<Employee> employees;

@Entity
public class Employese |
@Id

@aensratedvalus(strategy = GenerationType.IDENTITY)
private Long id;
private String name;

EManyTolne
@loinColumn(name = "department_id")
private Department department;

Fig. 1. Entity classes

If we retrieve a list of departments along with their employees using the following query:
List<Department> departments = entityManager.createQuery("SELECT d FROM Department d",
Department.class).getResultList();
Hibernate will execute one query to fetch all departments and then an additional query for each department
to fetch its employees, leading to the N+1 problem. If there are 10 departments, this results in 11 queries
instead of an optimized single join query.
To resolve this issue, we can use the JOIN FETCH keyword to fetch the data in a single query:
List<Department> departments = entityManager.createQuery(

"SELECT d FROM Department d JOIN FETCH d.employees", Department.class).getResultList();
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This approach reduces the number of queries to just one, significantly improving database performance
and reducing latency [6].

B. High Memory Consumption

Spring's dependency injection and Hibernate's session management can lead to high memory usage if
objects are not properly managed [3].
Spring’s dependency injection creates beans as singleton or prototype-scoped objects. If too many
prototype-scoped beans are instantiated without proper management, memory consumption can increase
drastically. Similarly, Hibernate’s SessionFactory may hold a large number of persistent objects in
memory, leading to memory leaks.
For example, consider a scenario where prototype beans are injected into a service class:

@Component

@Scope("prototype”)

public class HeavyObject {

private byte[] largeData = new byte[18 * 1824 * 1@24]; // 168MB

@service

public class MemoryIntensiveService |
@Autowired
private HeavyObject heavyObject;

Fig.2. prototype bean class

Every time MemoryIntensiveService is instantiated, a new HeavyObject is created, leading to excessive
memory usage.

If objects do not require multiple instances, switching to a singleton scope significantly reduces memory
consumption:

@Component
@5cope("singleton™)
public class HeavyObject |
private byte[] largeData = new byte[18 * 1824 * 1824]; // 16MB

Fig.3. singleton scope class

Hibernate’s session objects, if not properly closed, can accumulate in memory, causing
OutOfMemoryError.

Solution can be to close sessions and use stateless sessions when necessary. Using the @Transactional
annotation ensures that Hibernate sessions are properly closed after a transaction:
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@service

public class EmployeeService |
@Persistencelontext
private EntityManager entityManager;

@Transactional
public wvoid saveEmployee(Employee employes) |
entityManager.persist{employee);

Fig.4. transactional annotation

For batch processing, a StatelessSession should be used to avoid caching large amounts of data:

SessionFactory sessionFactory = new Configuration().configure().buildSessionFactory();
StatelessSession session = sessionFactory.openStatelessSession();
session.beginTransaction();

for (Employee emp : employeses) {
session.insertiemp);

session.getTransaction().commit();
session.close();

Fig. 5. Statless session

Using a stateless session prevents Hibernate from caching entities in the session context, reducing memory
footprint [9][10].

C. Transaction Overhead
Spring’s transaction management is beneficial but can introduce latency if not configured correctly,
especially in high-throughput applications [4]. Improper use of transaction management can lead to
increased lock contention, unnecessary database rollbacks, and excessive resource utilization, negatively
impacting application performance.
Spring’s default transaction management is typically configured with @Transactional, which marks a
method as transactional. However, excessive use of this annotation at the service layer, especially for read-
only transactions, can introduce unnecessary overhead.
For example, consider the following service method:
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@Service
public c¢lass OrderService |
ETransactional
public Order getOrder(Long id) {
return entityManager.find{Order.class, id);

Fig 6. Service layer

In this case, the transaction is not necessary because a simple read operation does not modify the database.
Opening a transaction for such read operations can increase contention and impact performance.

To optimize transaction management, mark transactions as read-only when no modifications are required
as shown in figure 7.

@service
public class OrderService {
@Transactional(readOnly = true)

public Order getOrder(Long id) {

L
return entityManager.find(0Order.class, id);

Fig.7. This prevents unnecessary locking and improves performance.

Nested transactions can introduce additional performance overhead due to multiple transaction commits
and rollbacks. Consider a scenario where a parent transaction calls multiple service methods, each with its
own transaction as shown in figure 8.
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@service
public class PaymentService |
@Transactional
public wold processPayment( )
initiatePayment();
completePayment(};

ETransactional
public woid initiatePayment() {
{f Payment initiation logic

@Transactional
public woid completePayment() {
{f Payment completion logic

Fig. 8. Multiple transaction calls

Each method executes in its own transaction, which can result in unnecessary transaction overhead.

To avoid redundant transactions, adjust the propagation behavior appropriately. The
@Transactional(propagation = Propagation.REQUIRES NEW) setting ensures that the existing
transaction is suspended, reducing nested transaction overhead.

@service
public class PaymentService |
@Transactional
public woid processPayment()
initiatePayment( ),
completePayment();

@Transactional (propagation = Propagation.REQUIRES NEW)
public wvoid initiatePayment() {
// Payment initiation logic

@Transactional (propagation = Propagation.REQUIRES NEW)
public void completePayment() {
[/ Payment completion logic

Fig. 9. Propagation config
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By optimizing transaction management strategies, applications can minimize database contention and
improve throughput in high-performance environments.

D. Inefficient Connection Pooling
Database connection pooling is essential to optimize resource utilization. Misconfigured connection pools
can result in slow query execution and high contention for resources [5]. A poorly tuned connection pool
can lead to connection leaks, thread blocking, and increased latency, negatively impacting the performance
of database interactions.
If the connection pool size is too small, requests may be forced to wait for an available connection,
increasing response times. Conversely, if the pool size is too large, excessive open connections can lead
to high memory usage and unnecessary database load.
For example, in a Spring Boot application using HikariCP (the default connection pool for Spring Boot),
the default settings may not be optimal for high-throughput applications as shown below.

spring.datasource.hikari.maximum-pool-size=10
spring.datasource.hikari.minimum-idle=2

With a maximum pool size of 10, an application experiencing high concurrency might experience
connection wait times if all connections are in use.

To optimize database connection pooling, developers should fine-tune the pool size based on application
load and database capacity. A more balanced configuration could be like the one shown below.

spring.datasource.hikari.maximum-pool-size=50
spring.datasource.hikari.minimum-idle=10
spring.datasource.hikari.idle-timeout=30000
spring.datasource.hikari.max-lifetime=1800000
spring.datasource.hikari.connection-timeout=30000

e maximum-pool-size: Defines the maximum number of connections in the pool. This should be set
based on application requirements.
e minimum-idle: Ensures a minimum number of idle connections remain available to handle sudden
spikes in load.
o idle-timeout: Closes idle connections after a specified period to free up resources.
o max-lifetime: Defines the maximum lifespan of a connection to avoid stale connections.
e connection-timeout: Specifies the maximum wait time for a connection before throwing an
exception.
Connection leaks occur when database connections are not properly closed after use, leading to exhaustion
of available connections. Consider the following example shown in figure 10.
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public void fetchData() {
Connection connection = dataSource.getConnection();
Statement stmt = connection.createStatement();
ResultSet rs = stmt.executeQuery("SELECT * FROM orders");

while (rs.next()) {
// Process data

Fig. 10. Database connection
Since connection.close() is missing, the connection remains open indefinitely, leading to resource
exhaustion over time.
Using a try-with-resources block ensures that connections are properly closed as shown in figure 11.

public void fetchData() {
try (Connection connection = dataSource.getConnection();
Statement stmt = connection.createStatement();
ResultSet rs = stmi.executeQuery("SELECT * FROM orders")) {

while (rs.next()) {
// Process data
}
b catch (SQLException e) {
e.printStackTrace();

Fig. 11. Try catch block

This approach automatically closes the connection, statement, and result set once the try block is exited,
preventing connection leaks [12].

2. Case study: performance improvement in a banking application
A banking application experienced significant latency in transaction processing due to inefficient
Hibernate queries, excessive memory consumption, and poor connection pooling configurations. The
application, which processed thousands of transactions per second, suffered from slow response times and
database contention issues, leading to a poor user experience and increased operational costs.
Identified Issues
e Inefficient Database Queries: The application exhibited the N+1 query problem, where multiple
queries were executed instead of a single optimized join query, significantly slowing down data
retrieval [13].
e High Memory Consumption: Unoptimized Hibernate session management resulted in excessive
memory usage, causing frequent garbage collection and performance degradation [14].
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e Poor Connection Pooling: The default connection pool settings were insufficient for handling
concurrent requests, leading to connection exhaustion and timeouts [15].

3. Conclusion

Spring and Hibernate are powerful frameworks for Java applications, but their performance depends on
proper configurations and optimizations. This paper has outlined key strategies such as optimized query
execution, caching, connection pooling, and asynchronous processing to enhance application scalability
and responsiveness. Implementing these techniques ensures that enterprise applications remain performant
and scalable.

Moreover, organizations that rely on Java-based enterprise applications must continuously monitor
performance metrics to identify bottlenecks and refine system configurations [6]. Regular profiling,
database indexing, and load testing are essential to maintaining optimal performance as applications grow
and evolve [7].

The case study of the banking application demonstrated that targeted optimizations in query execution,
connection pooling, and caching can lead to substantial performance improvements. By adopting best
practices and leveraging efficient resource management techniques, developers can build robust
applications that handle high traffic loads with minimal latency.

Future research in performance optimization should explore machine learning-based predictive
optimizations for Hibernate query execution and dynamic scaling strategies for cloud-based Java
applications [13]. The combination of artificial intelligence-driven optimizations with traditional best
practices could further revolutionize the efficiency of Java applications in enterprise settings.
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