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Spring Boot Application Start In deep

Welcome to "Spring Boot Application Start In Deep", a comprehensive guide
designed to demystify the intricate sequence of events that occur from the
moment you launch your Spring Boot application to when it becomes fully
operational. Whether you're a seasoned developer looking to deepen your
understanding or a newcomer eager to grasp the fundamentals, this ebook offers

valuable insights to enhance your Spring Boot expertise.

Wwhy Understanding the Startup
Process Matters

Spring Boot is renowned for its ability to simplify the development of stand-alone,
production-grade Spring applications. One of its most powerful features is auto-
configuration, which intelligently configures your application based on the
dependencies present on the classpath. However, beneath this convenience lies
a complex startup sequence that orchestrates various components,
configurations, and services to ensure your application runs smoothly.

By delving into the startup process, you gain the ability to:

o Troubleshoot Effectively: Quickly identify and resolve startup issues.

o Optimize Performance: Enhance application startup times and resource
utilization.

o Customize Behavior: Tailor the application context and bean configurations
to meet specific requirements.

» Ensure Reliability: Build robust applications that can gracefully handle
failures and dynamic changes.
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Overview of the Startup Steps

This book meticulously breaks down the Spring Boot application startup into 18
essential steps, each pivotal to the application's initialization and readiness.
Here's a snapshot of the journey we'll embark on:

1. Start Application (@SpringBootApplication with main()):

Kickstart your Spring Boot application by understanding the role of the
@SpringBootApplication annotation and the main() method.

2. Create SpringApplication Instance:

Explore how Spring Boot creates and configures the SpringApplication
instance to bootstrap your application.

3. Prepare Environment:

Learn about setting up the application environment, including property
sources and active profiles.

4. Load Application Properties (application.properties or application.yml):

Dive into externalized configuration, managing application settings through
properties and YAML files.

5. Configure Logging:

Understand how Spring Boot configures logging frameworks and how to
customize logging behavior.

6. Create ApplicationContext:

Grasp the creation of the ApplicationContext , the core of the Spring
framework that manages beans and their lifecycles.
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7.

10.

11.

12.

Register ApplicationListeners:

Discover how to register listeners that respond to application events during
startup and runtime.

. Initialize Banner (Display Spring Boot Banner):

Customize and display the Spring Boot banner, adding a personal touch to
your application's startup.

. Trigger Refresh ApplicationContext:

Learn how the ApplicationContext is refreshed, finalizing bean initialization
and preparing the application for operation.

Scan Components and Beans:

Understand component scanning, detecting and registering beans
annotated with stereotypes like @Component, @Service , and more.

Load Bean Definitions:

Delve into how bean definitions are loaded, registered, and managed within
the application context.

Perform Auto-Configuration:

Explore Spring Boot's auto-configuration mechanism that reduces
boilerplate by automatically configuring beans based on dependencies.
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13.

14.

15.

16.

17.

18.

Instantiate Beans (Dependency Injection):

Examine how beans are instantiated and how dependencies are injected to
assemble your application's components.

Apply Post Processors:

Discover how post-processors modify bean definitions and instances,
enabling advanced customization and behavior.

Publish Application Events:

Learn about the event-driven architecture of Spring Boot, publishing and
handling events during the application lifecycle.

Prepare CommandLineRunners:

Identify and prepare beans that execute specific code after the application
context is initialized.

Run CommandLineRunners and ApplicationRunners:

Execute runners that perform tasks immediately after the application starts,
such as initialization logic or data seeding.

Application Started and Ready:

Celebrate the culmination of the startup process as your application is now
fully operational and ready to serve its purpose.

How to Use This eBook

Each chapter corresponds to one of the startup steps outlined above, providing

in-depth explanations, practical examples, and solutions to common problems

you might encounter. The structured approach ensures that you build a solid

foundation before moving on to more advanced topics, making the complex

startup sequence both understandable and manageable.
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wWho Should Read This Book

Java Developers: Seeking to enhance their Spring Boot skills and deepen
their understanding of the framework's internals.

Architects and Technical Leads: Aiming to design scalable and maintainable
Spring Boot applications with optimized startup processes.

DevOps Engineers: Interested in the deployment and monitoring aspects of
Spring Boot applications, ensuring smooth startup and operational
efficiency.

Students and Enthusiasts: Eager to learn about modern Java frameworks
and the principles of dependency injection and inversion of control.

A Journey of Discovery and
Mastery

Embark on this journey to master the Spring Boot application startup process. By

the end of this book, you'll not only comprehend each step involved but also

possess the skills to customize and optimize your applications effectively.

Harness the full potential of Spring Boot, ensuring that your applications are not

only functional but also robust, efficient, and ready to meet the demands of real-

world scenarios.

Welcome aboard, and let's begin mastering Spring Boot together!
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1. Start Application
(@SpringBootApplication with
main()

Explanation:

The @SpringBootApplication annotation marks the main class of your Spring
Boot application. It combines three crucial annotations: @Configuration ,
@EnableAutoConfiguration , and @ComponentScan , serving as the entry point of
the application.

Common Problems and Solutions:

1. Components Not Being Scanned:
Solution:

o Place the Main Class Appropriately:

Ensure your main application class is located in a root package above
other components. This allows @ComponentScan to detect all
components automatically.

o Custom Component Scan:

If your components are in different packages, specify the base
packages to scan using @ComponentScan .

Example:

@SpringBootApplication
@ComponentScan(basePackages = {"com.example.package1", "c
om.example.package2"})
public class MyApplication {
public static void main(String[] args) {
SpringApplication.run(MyApplication.class, args);
}

Spring Boot Application Start In deep
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2. Accessing Command-Line Arguments:
Solution:

o Use the args Parameter:

Access startup arguments via the args parameter in the main()
method.

Example:

public static void main(String[] args) {
SpringApplication.run(MyApplication.class, args);
}

You can pass arguments when running the application:

java -jar myapp.jar --server.port=8081

Spring Boot Application Start In deep
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« Inject ApplicationArguments:

Use @Autowired to inject ApplicationArguments into beans where you need

access to the arguments.

Example:

@Component
public class MyBean {
private final ApplicationArguments args;

@Autowired
public MyBean(ApplicationArguments args) {
this.args = args;

}

@PostConstruct
public void init() {
if (args.containsOption("debug")) {
// Perform debug initialization

}

3. Unwanted Auto-Configuration:
Solution:
Exclude Specific Auto-Configurations:

Use the exclude attribute in @SpringBootApplication to prevent certain auto-
configurations from being applied.

Example:

@SpringBootApplication(exclude = {DataSourceAutoConfiguration.class})
public class MyApplication {
public static void main(String[] args) {
SpringApplication.run(MyApplication.class, args);
}

Suggestions:
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o Customize Startup Behavior:
Use Custom Annotations:
Create a custom composite annotation to standardize configurations.

Example:

@Target(ElementType. TYPE)

@Retention(RetentionPolicy. RUNTIME)

@SpringBootApplication

@ComponentScan(basePackages = {"com.example.common", "com.ex
ample.services'"})

public @interface MyCustomApplication {

}

@MyCustomApplication
public class MyApplication {
public static void main(String[] args) {
SpringApplication.run(MyApplication.class, args);
}
}

» Enable Application Insights:
Integrate Monitoring Tools:
Set up APM tools during startup.
Example:

Follow the specific instructions provided by the APM tool to integrate it into
your application, typically by including their agent in the JVM options.

Spring Boot Application Start In deep
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2. Create SpringApplication
Instance

Explanation:

In this step, the SpringApplication class is instantiated to bootstrap your Spring
Boot application. This class sets up the initial configuration, determines the type
of application (e.g., web or non-web), processes command-line arguments, and
prepares the application to run. It provides a convenient way to customize
various aspects of the application startup, such as setting additional profiles,
customizing environment variables, or adding initializers and listeners before the
application context is created.

Common Problems and Solutions:
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1. Customizing Startup Behavior:
Solution:
Instantiate SpringApplication Manually:

To modify default settings before the application starts, create an instance
of SpringApplication instead of using the static run method.

Example:
public static void main(String[] args) {
SpringApplication app = new SpringApplication(MyApplication.class);
app.setBannerMode(Banner.Mode.OFF);

app.run(args);

}

2. Disabling the Startup Banner:
Solution:

o Set Banner Mode Programmatically:

app.setBannerMode(Banner.Mode.OFF);

o Or Disable via Properties:

spring.main.banner-mode=off

Spring Boot Application Start In deep
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3. Application Fails to Start Due to Configuration Issues:
Solution:

o Enable Debug Mode for Detailed Logs:

Run the application with the --debug flag to obtain more detailed
information during startup.

Example:
java -jar myapp.jar --debug

o Check Command-Line Arguments and Configuration Files:

Ensure that all configurations and arguments are correct and valid.
4. Adding Application Listeners Before Context Creation:
Solution:
Register Listeners Directly with SpringApplication:

If you need to listen to events that occur before the application context is
created, add listeners to the SpringApplication instance.

Example:

app.addListeners(new MyApplicationListener());

5. Setting Default Properties Programmatically:
Solution:
Use setDefaultProperties:

Set default properties directly on the SpringApplication instance to configure
default values.

Example:

Map<String, Object> defaults = new HashMap<>();
defaults.put("server.port", 8081);
app.setDefaultProperties(defaults);

Suggestions:
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o Customize Application Type if Necessary:

Set Application Type Programmatically:
If your application is not a web application, specify the application type.

Example:

app.setWebApplicationType(WebApplicationType.NONE);

Activate Additional Profiles:
Set Profiles Programmatically:
Activate specific profiles during startup.

Example:

app.setAdditionalProfiles("dev");

Understand the Role of SpringApplication:

Recognize that SpringApplication is responsible for setting up the
application and preparing it to run, but the creation and management of the
ApplicationContext happen in later steps.

Spring Boot Application Start In deep
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3. Prepare Environment

Explanation:

During this step, Spring Boot sets up the application environment before creating the application
context. It involves loading property sources, environment variables, system properties, and
command-line arguments. This preparation ensures that configuration properties are available for
use throughout the application, and active profiles are determined to control which beans and

configurations are loaded.

Common Problems and Solutions:

1. External Configuration Files Not Loaded:
Solution:
Specify Configuration Locations Explicitly:

If your external configuration files are not being picked up, specify their locations using the
spring.config.location property.

Example:

java -jar myapp.jar --spring.config.location=file:/path/to/config/,classpath:/default.propert
ies

Or setitin application.properties :

spring.config.location=classpath:/default.properties,classpath:/override.properties

Spring Boot Application Start In deep
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2. Active Profiles Not Recognized:
Solution:
o Set Active Profiles Correctly:
Ensure that the desired profiles are activated so that profile-specific
configurations are loaded.

Example:

= Via Command-Line:

java -jar myapp.jar --spring.profiles.active=dev

= In application.properties :

spring.profiles.active=dev

= Programmatically:

public static void main(String[] args) {
SpringApplication app = new SpringApplication(MyApplication.class);
app.setAdditionalProfiles("dev");
app.run(args);

}

3. Environment Variables Not Overriding Default Properties:
Solution:

o Use Correct Naming for Environment Variables:
To override properties with environment variables, replace dots ( . )
with underscores () and use uppercase letters.
Example:

» For the property spring.datasource.url, set the environment
variable as SPRING_DATASOURCE_URL .

= Ensure the environment variable is set in your system before
starting the application.

Spring Boot Application Start In deep
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4. Missing Required Environment Properties:
Solution:
Validate Properties Early:

Check for the presence of essential properties during the environment
preparation phase.

Example:
Implement an ApplicationContextlnitializer :

public class PropertyValidator implements ApplicationContextlnitializer
<ConfigurableApplicationContext> {
@Override
public void initialize(ConfigurableApplicationContext context) {
Environment env = context.getEnvironment(),
if (env.getProperty("myapp.required.property") == null) {
throw new lllegalStateException("Missing required property: my
app.required.property"),
}

Register the initializer in your main application class:

public static void main(String[] args) {
SpringApplication app = new SpringApplication(MyApplication.class);
app.addlinitializers(new PropertyValidator());
app.run(args);

}

Spring Boot Application Start In deep
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5. Incorrect Property Source Order Leading to Unexpected Values:
Solution:
Adjust Property Source Ordering:

If property values are not as expected due to the order of property sources,
you can customize the order.

Example:
Implement an EnvironmentPostProcessor :

public class CustomPropertySourceOrderProcessor implements Enviro
nmentPostProcessor {

@OQverride
public void postProcessEnvironment(ConfigurableEnvironment envir
onment, SpringApplication application) {
MutablePropertySources sources = environment.getPropertySour
ces();
PropertySource<?> myPropertySource = sources.get("myProperty
Source"),
if (myPropertySource = null) {
sources.remove("myPropertySource"),
sources.addFirst(myPropertySource);

}

Register it in META-INF/spring.factories :

org.springframework.boot.env.EnvironmentPostProcessor=\\
com.example.CustomPropertySourceOrderProcessor

Suggestions:
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» Use Profile-Specific Configuration Files:

Create files like application-dev.properties or application-prod.ym! to manage
environment-specific settings.

Example:

# application-dev.properties
server.port=8081

» Externalize Configuration for Flexibility:

Keep configuration files outside the application JAR to allow changes
without rebuilding.

Example:

Place application.properties in an external directory and specify its location:

java -jar myapp.jar --spring.config.location=file:/path/to/external/config/

e Leverage Spring Cloud Config for Centralized Management:

Use Spring Cloud Config Server to manage configurations across multiple
services.

Example:

Add the dependency:
<dependency>
<groupld>org.springframework.cloud</groupld>

<artifactld>spring-cloud-starter-config</artifactld>
</dependency>

Configure bootstrap.properties :

spring.application.name=myapp
spring.cloud.config.uri=http://config-server:8888

Spring Boot Application Start In deep
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o Implement Custom Environment Post-Processing:
Modify or add property sources before the context is refreshed.

Example:

public class CustomEnvironmentProcessor implements EnvironmentP
ostProcessor {
@Override
public void postProcessEnvironment(ConfigurableEnvironment envir
onment, SpringApplication application) {
Map<String, Object> customProps = new HashMap<>();
customProps.put("custom.property", "customValue");
environment.getPropertySources().addLast(new MapPropertySour
ce("customProps", customProps));

}

Register in META-INF/spring factories :

org.springframework.boot.env.EnvironmentPostProcessor=\\
com.example.CustomEnvironmentProcessor

Spring Boot Application Start In deep
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 Validate Configuration Properties with @ConfigurationProperties:
Use type-safe configuration to bind and validate properties.

Example:

@Component
@ConfigurationProperties(prefix = "app")
@Validated

public class AppConfig {

@NotNull
private String requiredProperty;

// getters and setters

}

Enable configuration properties in your main application class:

@SpringBootApplication
@EnableConfigurationProperties(AppConfig.class)
public class MyApplication {

/..

By carefully preparing the environment, you ensure that your application has
access to all necessary configurations and can adapt to different environments
seamlessly. Proper environment setup is crucial for a consistent and error-free
application startup.
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4. Load Application Properties

Explanation:

In this step, Spring Boot loads configuration properties that determine the application's behavior.
These properties are typically defined in application.properties or application.yml files located in
the src/main/resources directory or in external locations. The properties include settings like
server port, database credentials, logging levels, and custom application configurations. Spring
Boot follows a specific order when loading properties, allowing for overriding and flexibility across
different environments.

Common Problems and Solutions:

1. Properties Not Loaded as Expected:
Solution:

o Verify File Locations and Names:
Ensure that your application.properties or application.yml files are correctly named and
placed in the src/main/resources directory or on the classpath.
Example:
» [f using Maven, place the file in src/main/resources/application.properties .
» For external properties, specify the location using the spring.configlocation
property.
o Check for Typographical Errors:
Confirm that property keys and values are spelled correctly and match the expected
format.

Spring Boot Application Start In deep
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2. Profile-Specific Properties Not Applied:
Solution:

o Activate the Correct Profile:
Use the spring.profiles.active property to specify which profile(s) are
active so that Spring Boot loads the corresponding profile-specific

properties.

Example:

# Activate 'dev' profile via command-line argument
java -jar myapp.jar --spring.profiles.active=dev

# In application.properties
spring.profiles.active=dev

With the 'dev' profile active, Spring Boot will load application-
dev.properties or application-dev.yml in addition to the standard
application.properties.
3. External Configuration Not Loaded:
Solution:
o Specify External Configuration Locations:
If you store properties outside the application package, inform Spring

Boot of their locations using the spring.configlocation or
spring.config.additional-location properties.

Example:
# Specify external configuration file

java -jar myapp.jar --spring.config.location=file:/path/to/config/ap
plication.properties

Use spring.config.additional-location to add to the default locations
rather than override them.

Spring Boot Application Start In deep
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4. Property Values Not Overridden as Expected:
Solution:

o Understand Property Source Order:

Spring Boot loads properties in a specific order, with later sources
overriding earlier ones. The order is:

. DevTools global settings ( ~/.spring-boot-devtools.properties )
. Test properties ( @TestPropertySource )

. Command-line arguments

. Properties from SPRING_APPLICATION_JSON

. Servlet context and servlet configuration parameters

. JNDI attributes

. Java system properties ( System.getProperties() )

. OS environment variables

© 00O N O o b W N -

. A RandomValuePropertySource that only has properties in
random.
10. Profile-specific application properties files
11. Application properties outside of your packaged jar
( application.properties including YAML variants)
12. Application properties packaged inside your jar
(application.properties including YAML variants)
13. Default properties
Ensure that you place your overriding properties in a source with
higher precedence.
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5. Invalid Property Values Causing Application Errors:
Solution:

o Validate Property Values:

Check that all property values are valid and in the correct format
expected by the application.

Example:

» Forinteger properties like server.port, ensure the value is a valid
number.
» For URLs or file paths, verify that they are correctly formatted
and accessible.
o Use Type-Safe Configuration to Catch Errors Early:

Bind properties to POJOs using @ConfigurationProperties and validate
them.

6. Sensitive Information Exposed in Properties Files:
Solution:

o Externalize Sensitive Configurations:

Avoid hardcoding sensitive data like passwords or APl keys in
properties files. Use environment variables or secure vault services.

Example:

# In application.properties
db.password=${DB_PASSWORD}

Set the DB_PASSWORD environment variable in your deployment
environment.

o Use Encryption for Sensitive Properties:
Integrate with tools like Spring Cloud Vault or use encrypted values

with a decryption mechanism.

Suggestions:
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e Use YAML Files for Structured Configuration:

o Advantages of YAML:
» Supports hierarchical data structures.
= Reduces verbosity compared to properties files.
» |Improves readability for complex configurations.
Example:

server:
port: 8080
spring:
datasource:
url: jdbc:mysql://localhost:3306/mydb
username: user
password: pass
logging:
level:
org.springframework: DEBUG
com.example: INFO

Spring Boot Application Start In deep
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» Implement Type-Safe Configuration with @ConfigurationProperties :

o Benefits:
» Provides type safety for configuration properties.
= Supports validation using JSR-303 annotations.
» Simplifies access to related properties.
Example:

@Component
@ConfigurationProperties(prefix = "app")
@Validated

public class AppProperties {

@NotBlank
private String name,

@Min(1)
private int timeout;

// getters and setters

Enable Configuration Properties:

@SpringBootApplication
@EnableConfigurationProperties(AppProperties.class)
public class MyApplication {
public static void main(String[] args) {
SpringApplication.run(MyApplication.class, args);
}

Spring Boot Application Start In deep
30



Spring Boot Application Start In deep

« Utilize Profile-Specific Configuration Files:

o Purpose:
» Manage environment-specific settings without altering the main
configuration.
» Separate development, testing, and production configurations.
Example:

# application-dev.properties
server.port=8081
app.debug=true

# application-prod.properties
server.port=80
app.debug=false

» Externalize Configuration for Greater Flexibility:

o Method:
» Place configuration files outside the application's packaged
JAR.
» Allow changes to configurations without rebuilding the
application.
Example:

o Store application.properties in an external directory.
o Start the application with:

java -jar myapp.jar --spring.config.location=file:/path/to/external/c
onfig/

Spring Boot Application Start In deep
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e Leverage Spring Cloud Config for Centralized Configuration:
o Benefits:
» Centralizes configuration management for distributed systems.
= Supports dynamic property updates with @RefreshScope .
Example:

o Add Dependency:

<dependency>
<groupld>org.springframework.cloud</groupld>
<artifactld>spring-cloud-starter-config</artifactld>
</dependency>

o Configure bootstrap.properties :

spring.application.name=myapp
spring.cloud.config.uri=http://config-server:8888

o Encrypt Sensitive Properties with Jasypt or Similar Tools:
o Method:
» Encrypt property values and decrypt them at runtime.

» Keep encryption keys secure and separate from the codebase.
Example:

app.encrypted.property=ENC(encryptedValue)

o Configure Decryption:
Provide the decryption password via an environment variable or

command-line argument.

Spring Boot Application Start In deep
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e Use Placeholders and Default Values in Properties:

o Purpose:
» Allow properties to reference other properties.

» Provide default values if a property is not set.
Example:

app.name=${APP_NAME:DefaultAppName}
app.description=%{app.name} is a Spring Boot application.

o Monitor and Refresh Properties at Runtime:

o Use @RefreshScope :
Beans annotated with @RefreshScope will refresh their configuration
when a refresh event is triggered.

Example:

@RestController
@RefreshScope
public class MessageController {

@Value("${message:Default message}")
private String message;

@GetMapping("/message")
public String getMessage() {
return this.message,

}

Spring Boot Application Start In deep
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» Handle Missing or Invalid Properties Gracefully:
o Provide Default Values in Code:

@Value("${app.optionalProperty:defaultValue}")
private String optionalProperty;

o Use @ConditionalOnProperty to Control Bean Creation:

@Configuration
public class OptionalFeatureConfig {

@Bean
@ConditionalOnProperty(name = "feature.enabled", havingVal
ue = "true")
public FeatureService featureService() {
return new FeatureService();

» Document Configuration Properties:
o Use Descriptive Comments:
Add comments in properties files to explain each property's purpose.
o Generate Metadata for IDE Support:
Use the spring-boot-configuration-processor to generate metadata.
Example:
<dependency>
<groupld>org.springframework.boot</groupld>
<artifactld>spring-boot-configuration-processor</artifactld>

<optional>true</optional>
</dependency>

Spring Boot Application Start In deep
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By effectively loading and managing application properties, you ensure that your
Spring Boot application is flexible, secure, and adaptable to various environments
and configurations. Proper handling of properties allows for smoother
deployments and easier maintenance across development, testing, and
production stages.

Spring Boot Application Start In deep
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5. Configure Logging

Explanation:

In this step, Spring Boot initializes the logging system to capture log messages
from the application and the Spring framework itself. By default, Spring Boot uses
Logback as the logging framework and provides sensible defaults that can be
customized. Logging is crucial for monitoring application behavior, diagnosing
issues, and auditing. Spring Boot supports various logging configurations and
allows you to adjust logging levels, formats, and destinations (console, files, etc.)
to suit your needs.

Common Problems and Solutions:

Spring Boot Application Start In deep
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1. Logging Configuration Not Applied:
Solution:

o Provide a Custom Logging Configuration File:

If you need to customize logging beyond the defaults, create a
logback-spring.xml or log4j2-spring.xml file in the src/main/resources
directory. Spring Boot will automatically detect and apply this
configuration.

Example ( logback-spring.xml ):

<configuration>
<property name="LOG_PATTERN" value="%d{yyyy-MM-dd HH:
mm:ss} [%thread] %-5level %logger{36} - %msg%n"/>

<appender name="CONSOLE" class="ch.qos.logback.core.Con
soleAppender">
<encoder>
<pattern>${LOG_PATTERN}</pattern>
</encoder>
</appender>

<root level="INFO">
<appender-ref ref="CONSOLE"/>
</root>
</configuration>

» Ensure the file is correctly named and placed in the right
directory.

= Use the spring suffix (e.g., logback-spring.xml) to allow Spring
Boot to process springProfile and other features.

Spring Boot Application Start In deep
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2. Excessive or Insufficient Logging Output:
Solution:

o Adjust Logging Levels in application.properties:

You can set logging levels for specific packages or for the entire
application.

Example:

# Set root logging level to WARN
logging.level.root=WARN

# Set logging level for Spring framework to INFO
logging.level.org.springframework=INFO

# Set logging level for your application packages to DEBUG
logging.level.com.example.myapp=DEBUG

Valid levels are TRACE, DEBUG, INFO, WARN, ERROR, FATAL, and OFF

o Use Environment-Specific Logging Configurations:

Create profile-specific logging configurations for different

environments (development, testing, production).
Example:

= gpplication-dev.properties :

logging.level.com.example.myapp=DEBUG

= gpplication-prod.properties :

logging.level.com.example.myapp=ERROR
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3. Logging to File Not Working:
Solution:

o Enable File Logging via Properties:
Configure file logging using application.properties .

Example:

properties
Copy code
# Log file name (rotated per day)
logging file.name=logs/myapp.log

# Log file path (overrides logging.file.name if set)
# logging file.path=/var/log/myapp

# Max file size before rollover
logging.logback.rollingpolicy.max-file-size=10MB

# Total size cap for all log files
logging.logback.rollingpolicy.total-size-cap=100MB

» Ensure the application has write permissions to the specified
directory.
» Use logging.file.name for a specific file or logging file.path to
specify a directory for default filenames.
o Check for Errors in Logging Configuration:

Verify that your custom logging configuration files ( logback-spring xml,
etc.) do not have errors that could prevent file logging.
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4. Logging Framework Conflicts:
Solution:

o Exclude Conflicting Logging Dependencies:

Ensure that only one logging framework is included in your
dependencies to avoid conflicts.

Example (using Maven):

<l-- Exclude Log4j if you are using Logback -->
<dependency>
<groupld>org.springframework.boot</groupld>
<artifactld>spring-boot-starter</artifactld>
<exclusions>
<exclusion>
<groupld>org.springframework.boot</groupld>
<artifactld>spring-boot-starter-logging</artifactld>
</exclusion>
</exclusions>
</dependency>

Alternatively, include the appropriate starter for your chosen logging

framework (e.g., spring-boot-starter-log4j2 ).
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5. Sensitive Information Appearing in Logs:
Solution:

o Sanitize Logs:
Avoid logging sensitive data like passwords or personal information.

» Review your code to ensure sensitive information is not included
in log messages.
» Use logging filters to mask or exclude sensitive data.
o Use Logback's Masking Policies:

Example (logback-spring.xml):

<configuration>
<l-- Define a mask pattern to replace sensitive data -->
<turboFilter class="ch.qgos.logback.classic.turbo.MDCFilter">
<MDCKey>password</MDCKey>
<RegexFilter>
<pattern>.*</pattern>
<regex>*</regex>
</RegexFilter>
</turboFilter>
</configuration>

6. Logging Not Starting Early Enough During Application Startup:
Solution:

o Configure a Logging System Before Spring Boot Starts:

Use system properties or JVM options to configure logging as early
as possible.

Example:

java -Dlogging.config=classpath:logback-spring.xml -jar myapp.jar

This ensures that logging is initialized with your configuration before
the application context is created.

Suggestions:
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e |Implement Structured Logging:
o Use JSON or Other Structured Formats:

Structured logging allows for easier parsing and analysis of logs,

especially in distributed systems.

Example ( logback-spring.xml ):

<configuration>
<appender name="]SON_CONSOLE" class="ch.qos.logback.cor
e.ConsoleAppender">
<encoder class="net.logstash.logback.encoder.LogstashEnco
der" />
</appender>

<root level="INFO">
<appender-ref ref="]SON_CONSOLE"/>
</root>
</configuration>

Add the dependency for the Logstash encoder:

<dependency>
<groupld>net.logstash.logback</groupld>
<artifactld>logstash-logback-encoder</artifactld>
<version>6.6</version>

</dependency>
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» Use Mapped Diagnostic Context (MDC):
o Enhance Log Entries with Contextual Information:

MDC allows you to add contextual data to your logs, such as user IDs

or transaction IDs.

Example:

import org.slf4j.MDC;

public void processRequest(String userld) {
MDC.put("userld", userld);
try {
/[ Processing logic

} finally {
MDC.remove("userld");

}
}

Update your logging pattern to include MDC variables:

<pattern>%d{yyyy-MM-dd HH:mm:ss} [%thread] %-5level %logge
r{36} - [%X{userld}] %msg%n</pattern>
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o Centralize Log Management:

o Integrate with Log Aggregation Tools:

Send logs to centralized systems like ELK Stack (Elasticsearch,
Logstash, Kibana), Splunk, or Graylog for better analysis and
monitoring.

Example:

Configure a Logback appender to send logs to Logstash over TCP or
UDP.

<appender name="LOGSTASH" class="net.logstash.logback.appe
nder.LogstashTcpSocketAppender">
<destination>logstash-host:5000</destination>
<encoder class="net.logstash.logback.encoder.LogstashEncod
er' />
</appender>

<root level="INFO">
<appender-ref ref="LOGSTASH"/>
</root>
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e Use Asynchronous Logging:
Improve Application Performance:

Asynchronous logging can prevent the logging process from impacting
application performance.

Example:

<configuration>
<appender name="ASYNC_CONSOLE" class="ch.qos.logback.classic.
AsyncAppender">
<appender-ref ref="CONSOLE" />
</appender>

<root level="INFO">
<appender-ref ref="ASYNC_CONSOLE" />
</root>
</configuration>

o Define Logging Profiles for Different Environments:
o Customize Logging per Environment:
Use profile-specific logging configurations to adjust logging behavior.
Example:

» logback-spring-dev.xml for development.

» |ogback-spring-prod.xml for production.

» Activate the profile to apply the corresponding logging
configuration.
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e Monitor Logs with Actuator Endpoints:
o Access Loggers Endpoint:

Use Spring Boot Actuator to monitor and adjust logging levels at
runtime.

Example:

» Add the Actuator dependency:

<dependency>
<groupld>org.springframework.boot</groupld>
<artifactld>spring-boot-starter-actuator</artifactld>
</dependency>

= Enable the loggers endpointin application.properties :

management.endpoints.web.exposure.include=loggers

» Access the endpoint to view or change logging levels:

GET /actuator/loggers
GET /actuator/loggers/{logger.name}
POST /actuator/loggers/{logger.name}

e Avoid Logging in Tight Loops or High-Frequency Methods:
o Reduce Performance Overhead:

Excessive logging in performance-critical sections can degrade
application performance.

Log strategically and consider the logging level (e.g., use DEBUG or
TRACE levels for detailed logs that can be disabled in production).
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o Reqularly Review and Rotate Log Files:
Prevent Disk Space Issues:
Implement log rotation policies to manage log file sizes.

Example ( logback-spring.xml ):

<appender name="FILE" class="ch.qos.logback.core.rolling.RollingFileA
ppender">
<file>logs/myapp.log</file>
<rollingPolicy class="ch.qos.logback.core.rolling. TimeBasedRollingPol
icy">
<fileNamePattern>logs/myapp.%d{yyyy-MM-dd}.log</fileNamePatt
ern>
<maxHistory>30</maxHistory>
</rollingPolicy>
<encoder>
<pattern>%d{yyyy-MM-dd HH:mm:ss} [%thread] %-5level %logger
{36} - %msgln</pattern>
</encoder>
</appender>

<root level="INFO">
<appender-ref ref="FILE"/>
</root>

o Document Logging Practices:
o Establish Logging Guidelines:

Define what should and should not be logged to maintain consistency
and security.

Include guidelines on logging levels, message formats, and handling

of sensitive information.
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By properly configuring logging, you gain valuable insights into your application's
behavior and can effectively monitor, troubleshoot, and optimize your Spring
Boot application. Customizing logging levels, formats, and destinations allows
you to tailor the logging system to meet the needs of different environments and

use cases.
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6. Create Application Context

Explanation:

In this step, Spring Boot creates the ApplicationContext, which is the central container that
manages the beans and configurations for your application. The ApplicationContext is responsible
for:

» Bean Instantiation and Management: It loads bean definitions, instantiates beans, and
manages their lifecycle.

* Dependency Injection: It resolves and injects dependencies between beans.

e Resource Loading: It provides access to resources such as files and URLs.

Spring Boot determines the appropriate type of ApplicationContext based on the application type:

» AnnotationConfigApplicationContext: For standalone (non-web) applications.

« AnnotationConfigServietWebServerApplicationContext: For traditional serviet-based web
applications.

» AnnotationConfigReactiveWebServerApplicationContext: For reactive web applications.

Common Problems and Solutions:
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1. Beans Not Being Detected or Instantiated:
Solution:

o Ensure Correct Component Scanning:

By default, Spring Boot scans for components in the package where
the main application class is located and its sub-packages. If your
beans are outside these packages, they may not be detected.

Example:

@SpringBootApplication
@ComponentScan(basePackages = {"com.example.services", "co
m.example.repositories"})
public class MyApplication {
public static void main(String[] args) {
SpringApplication.run(MyApplication.class, args);
}

» Use @ComponentScan to specify additional packages to scan.
= Ensure that your beans are annotated with @Component,
@Service , @Repository , or other stereotype annotations.
o Check Bean Definitions:

If you are using XML or Java-based configuration, ensure that your
bean definitions are correct and properly loaded.
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2. Incorrect Application Context Type:
Solution:

o Specify the Application Context Class if Necessary:

If Spring Boot does not automatically select the correct context type, you
can specify it manually.

Example:

public static void main(String[] args) {
SpringApplication app = new SpringApplication(MyApplication.class);
app.setApplicationContextClass(AnnotationConfigApplicationContext.c
lass);
app.run(args);

}

This is useful for non-web applications that need a specific context type.

3. Bean Initialization Order Issues:
Solution:

o Use @DependsOn Annotation:

If the order of bean initialization matters, use @DependsOn to specify
that one bean should be initialized before another.

Example:
@Component
@DependsOn("dataSource")

public class MyRepository {
/...

This ensures that the dataSource bean is initialized before MyRepository .
o Refactor Dependencies:

Consider redesigning your beans to reduce tight coupling and
dependencies that require specific initialization orders.
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4. Circular Dependencies Between Beans:
Solution:

o Refactor Code to Eliminate Circular Dependencies:

Circular dependencies occur when two or more beans depend on
each other. Refactor your code to break the cycle.

Example:

If ServiceA depends on ServiceB, and ServiceB depends on
ServiceA, consider extracting shared functionality into a separate

bean or interface.
o Use @Lazy Injection as a Temporary Workaround:
Example:
@Service

public class ServiceA {
private final ServiceB serviceB,;

public ServiceA(@Lazy ServiceB serviceB) {
this.serviceB = serviceB;

/] ...

@Lazy tells Spring to inject a proxy that resolves the dependency
when it's first needed.

Spring Boot Application Start In deep
52



Spring Boot Application Start In deep

5. Application Context Fails to Start Due to Bean Creation Errors:
Solution:

o Check Exception Messages:

Examine the stack trace to identify which bean failed to initialize and
why.

o Enable Debug Logging:
Increase logging levels to get more detailed information.

Example:

logging.level.org.springframework=DEBUG

o Validate Bean Configurations:

Ensure that all required dependencies are provided and that there are
no misconfigurations.
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6. Resource Loading Issues:
Solution:

o Use Correct Resource Paths:

When loading resources (e.g., files), use classpath: or file: prefixes to
specify the location.

Example:

@Component
public class Resourcel.oaderBean implements Resourcel.oaderA
ware {

private Resourceloader resourcelLoader;

@OQverride
public void setResourcelLoader(ResourcelLoader resourcelLoad

er){

this.resourcelLoader = resourcelLoader;

public void loadResource() {
Resource resource = resourceloader.getResource("classpat
h:data/config.xml");
// Load and use the resource

Ensure the resource exists at the specified location.

Suggestions:
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» Understand the Role of the ApplicationContext :

o Recognize that it's the core of your Spring application, managing
beans, resources, and configurations.
o Familiarize yourself with different types of ApplicationContext if you
have specialized needs.
o |everage ApplicationContext Features:

Access Beans Programmatically:
If needed, retrieve beans directly from the context.

Example:

@Component
public class BeanFetcher {

@Autowired
private ApplicationContext applicationContext;

public void fetchBean() {
MyService myService = applicationContext.getBean(MyService.clas
S);
myService.performAction();

}
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o Customize the ApplicationContext if Needed:
Add Initializers or Post-Processors:
Modify the context before it is refreshed to add custom behavior.

Example:

public static void main(String[] args) {
SpringApplication app = new SpringApplication(MyApplication.class);
app.addinitializers(new ApplicationContextlnitializer<ConfigurableAp
plicationContext>() {

@OQverride
public void initialize(ConfigurableApplicationContext applicationCo
ntext) {
// Custom initialization logic
}
b
app.run(args);

}

 Profile-Specific Beans and Configurations:

Use @Profile to define beans that should only be loaded in certain
environments.

Example:

@Configuration
@Profile("dev")
public class DevDataSourceConfig {

@Bean
public DataSource dataSource() {
// Configure and return the development DataSource

}
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e Implement Hierarchical Application Contexts:

For complex applications, you can create parent-child contexts to isolate
configurations.

Example:

ConfigurableApplicationContext parentContext = new AnnotationConfi
gApplicationContext(ParentConfig.class);

SpringApplication app = new SpringApplication(ChildConfig.class);
app.setParent(parentContext),

app.run(args);

e Use Aliases and Imports for Bean Definitions:

Simplify configuration by importing other configuration classes or using
bean aliases.

Example:

@Configuration
@Import({SecurityConfig.class, DataConfig.class})
public class AppConfig {

/...

}
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o Understand Bean Scopes and Lifecycle:

Be aware of different bean scopes ( singleton, prototype , request, etc.)
and lifecycle callbacks ( @PostConstruct, @PreDestroy ).

Example:

@Component
@Scope("prototype")
public class PrototypeBean {

@PostConstruct
public void init() {
// Initialization logic

}

@PreDestroy
public void destroy() {
// Cleanup logic

}
}

e Use @Conditional Annotations for Conditional Bean Loading:

Control bean creation based on conditions such as the presence of a class,
property, or bean.

Example:

@Bean
@ConditionalOnMissingBean(name = "dataSource")
public DataSource defaultDataSource() {

// Configure and return the default DataSource

}
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o Test Application Contexts with @SpringBootTest:
Use Spring's testing support to load the application context in tests.

Example:

@RunWith(SpringRunner.class)
@SpringBootTest
public class MyApplicationTests {

@Autowired
private ApplicationContext applicationContext;

@Test
public void contextLoads() {
assertNotNull(applicationContext);

}

By focusing on the creation and proper configuration of the ApplicationContext,
you ensure that your Spring Boot application initializes correctly with all
necessary beans and settings. Understanding this step is crucial for
troubleshooting issues related to bean instantiation, dependency injection, and
resource management, without overlapping into the specifics of registering
application listeners, which are covered in the next step.
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1. Register Application
Listeners

Explanation:

During this step, Spring Boot registers Application Listeners that are used to
listen for application events during the startup process and throughout the
application's lifecycle. Application listeners are components that respond to
events published by the application context, such as context refreshes,
application starting or stopping, and custom events defined by your application.

By registering application listeners, you can execute code in response to specific
events, enabling tasks like initializing resources, logging application state, or
performing cleanup operations. Application listeners can be registered in two
primary ways:

o Automatically: By declaring beans that implement the ApplicationListener
interface or methods annotated with @EventListener . These beans are
detected during component scanning.

e Programmatically: By adding listeners directly to the SpringApplication
instance before the application context is created.

Common Problems and Solutions:
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1. Listeners Not Being Registered or Detected:

o Ensure Listener Beans are Properly Annotated and Located:

» For @Component and @EventListener:

Make sure that classes with methods annotated with
@EventListener are annotated with @Component (or another
stereotype annotation) and are located in a package that is
scanned by Spring.

Example:

@Component
public class MyEventListener {

@EventListener
public void handleContextRefreshedEvent(ContextRefreshedEvent event)

{
// Handle the event

}
}

For Implementing ApplicationListener:
Classes that implement ApplicationListener should also be
annotated with @Component and be in a scanned package.

Example:

@Component
public class MyApplicationListener implements ApplicationList
ener<ApplicationStartedEvent> {

@OQverride
public void onApplicationEvent(ApplicationStartedEvent eve

nt) {
// Handle the event
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e \Verify Component Scanning Configuration:

Ensure that your application's component scanning includes the packages

where your listeners are located.

Example:

@SpringBootApplication(scanBasePackages = "com.example.listeners")
public class MyApplication {
public static void main(String[] args) {
SpringApplication.run(MyApplication.class, args);
}
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2. Listeners Not Receiving Events at the Desired Time:

Solution:

o Choose the Appropriate Method of Registration:

» For Early Events (Before Context Creation):

If you need to listen to events that occur before the application
context is created (e.g., ApplicationStartingEvent ), register your
listener programmatically by adding it to the SpringApplication

instance.

Example:

public static void main(String[] args) {
SpringApplication app = new SpringApplication(MyApplication.class);
app.addListeners(new MyEarlyApplicationListener());
app.run(args);

}

public class MyEarlyApplicationListener implements ApplicationListener<
ApplicationStartingEvent> {

@Override
public void onApplicationEvent(ApplicationStartingEvent event) {
// Handle the event

}
}

= For Events After Context Creation:

For events that occur after the context is created, registering
the listener as a bean is sufficient.
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 Listen to the Correct Event Types:

Ensure that vyour listener is listening for the correct event type

corresponding to when you want it to be triggered.
Common Application Events:

o ApplicationStartingEvent : Published at the very beginning of the run

method.

(@]

ApplicationEnvironmentPreparedEvent : Published when the

environment is prepared but before the context is created.

o

ApplicationPreparedEvent : Published when the context is created but

not refreshed.

ContextRefreshedEvent : Published when the context is refreshed.

o

o

ApplicationStartedEvent : Published after the context is refreshed and

the application has started.

o

ApplicationReadyEvent : Published after any CommandLineRunner and

ApplicationRunner beans have been run.

[¢]

ApplicationFailedEvent : Published if the application fails to start.
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3. Custom Events Not Being Published or Handled:

Solution

o Publish Custom Events Correctly:
Use the ApplicationEventPublisher to publish custom events.

Example:

@Component
public class MyEventPublisher {

@Autowired
private ApplicationEventPublisher eventPublisher;

public void publishCustomEvent(String message) {
MyCustomEvent event = new MyCustomEvent(this, messag
e),
eventPublisher.publishEvent(event);

}

public class MyCustomEvent extends ApplicationEvent {
private final String message;

public MyCustomEvent(Object source, String message) {
super(source);
this.message = message;

}

public String getMessage() {
return message;

}
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e Ensure Listeners are Set Up to Handle Custom Events:

Example:

@Component
public class MyCustomEventListener {

@EventListener

public void handleMyCustomEvent(MyCustomEvent event) {
// Handle custom event
String message = event.getMessage();
// Process the message

}
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4. Listeners Causing Application Startup Delays or Failures:
Solution:

o Avoid Long-Running Operations in Listeners:

Keep listener logic lightweight, especially for events during startup, to
prevent delays.

o Handle Exceptions Within Listeners:

Catch and handle exceptions to prevent them from causing the
application to fail.

Example:

@Component
public class SafeApplicationListener {

@EventListener
public void handleApplicationReadyEvent(ApplicationReadyEve
nt event) {
try {
// Listener logic
} catch (Exception e) {
// Log and handle exception

}
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5. Multiple Listeners for the Same Event Causing Conflicts:
Solution:
Use @Order Annotation to Control Execution Order:

If the order in which listeners handle events matters, use @Order to
specify the execution order.

Example:

@Component
@Order(1)
public class FirstlListener {

@EventListener
public void handleApplicationReadyEvent(ApplicationReadyEvent eve
nt) {
// Executes first

@Component
@QOrder(2)
public class SecondLlistener {

@EventListener
public void handleApplicationReadyEvent(ApplicationReadyEvent eve

nt) {

// Executes second

Suggestions:
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o Use @EventListener Annotation for Simplicity:

The @EventListener annotation simplifies event handling compared to
implementing ApplicationListener .

Example:

@Component
public class MyEventListener {

@EventListener
public void handleApplicationEvent(ApplicationEvent event) {
// Handle event

Use Conditional Event Listening:

Use the condition attribute in @EventListener to handle events based on
specific conditions.

Example:

@Component
public class ConditionalEventListener {

@EventListener(condition = "#event.success == true")
public void handleSuccessEvents(MyCustomEvent event) {
// Handle successful events
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e Enable Asynchronous Event Handling if Necessary:
Use @Async with @Eventlistener to process events asynchronously.

Example:

@Component
public class AsyncEventListener {

@Async

@EventListener

public void handleApplicationEvent(ApplicationEvent event) {
// Process event asynchronously

}
}

Ensure that asynchronous processing is enabled:

@Configuration
@EnableAsync
public class AsyncConfig {

// Configuration if needed

}

o Reqister Early Listeners Programmatically for Early Events:
For events that occur before the application context is created, register

listeners using SpringApplication.addListeners() .

Example:

public static void main(String[] args) {
SpringApplication app = new SpringApplication(MyApplication.class);
app.addListeners(new MyEarlyApplicationListener());
app.run(args);

}

o Consider Event Hierarchies and Inheritance:
Create custom event classes that extend from existing event classes or
from a base custom event class.

e Use Events for Decoupled Communication:
Implement an event-driven architecture within your application to promote
loose coupling between components.
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o Test Event Listeners:
Write unit tests to verify that your listeners respond to events as expected.

Example:

@RunWith(SpringRunner.class)
@SpringBootTest
public class MyEventListenerTest {

@Autowired
private ApplicationEventPublisher eventPublisher;

@Test
public void testMyCustomEventListener() {
/] Arrange
String message = "Test Message";
MyCustomEvent event = new MyCustomEvent(this, message);

/1 Act
eventPublisher.publishEvent(event);

/1 Assert
// Verify that the listener handled the event

» Avoid Overusing Application Events:
While events are powerful, overusing them can make the application harder
to understand and debug. Use them judiciously for scenarios where
decoupled communication is beneficial.

By properly registering application listeners, you can effectively handle various
events during the application startup process and throughout the application's
lifecycle. This enables you to perform custom logic at specific stages, respond to
state changes, and implement a more modular and maintainable application
architecture.
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8. Initialize Banner (Display
Spring Boot Banner)

Explanation:

During this step, Spring Boot initializes and displays the application banner in the
terminal or console. By default, this banner includes the Spring Boot version and
a simple ASCII art logo. The banner is displayed just before the application
context is refreshed, serving as a visual indication that the application is starting
up. This step involves:

e Loading the Default or Custom Banner:
o Spring Boot searches for a banner in the following order:
1. Custom banner file: A file named banner.txt placed in the
src/main/resources directory or in the classpath.
2. Image banner: An image file named banner gif, bannerjpg, or
banner.png in the classpath.
3. Default banner: If no custom banner is found, the default Spring

Boot banner is used.

o Displaying the Banner:
o The banner is printed to the console or terminal using the configured
logging system.
o It caninclude placeholders for dynamic values, such as

${application.version} .

Common Problems and Solutions:
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1. Custom Banner Not Displayed:
Solution:

o Ensure Custom Banner File is Named Correctly and Located Properly:
The custom banner file should be named banner.txt and placed in
the src/main/resources directory or be accessible in the classpath.

Example:

src/main/resources/banner.txt

o Check File Encoding:
Ensure that the banner file uses the correct encoding (e.g., UTF-8) to
prevent issues with special characters or ASCI| art.

2. Banner Not Displayed at All:
Solution:

o Verify Banner Mode Configuration:
Check if the banner has been disabled in the application properties or
programmatically.

Example:

# In application.properties
spring.main.banner-mode=0off

If the banner mode is set to off orlog, it may not display in the

console as expected.

o Ensure Logging System is Configured Correctly:
The banner is printed using the logging system. Misconfiguration
might prevent the banner from displaying.
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3. Image Banner Not Displayed Correctly:
Solution:

o Use Supported Image Formats:
Spring Boot supports image banners in GIF, JPEG, or PNG formats.

Example:

src/main/resources/banner.gif

o Ensure the Image is in the Classpath:
Place the image file in src/main/resources or ensure it's accessible in
the classpath.

o Check Terminal Compatibility:
Not all terminals support displaying images. Image banners may not
display as expected in some environments.

4. Placeholders in Banner Not Resolved:
Solution:
o Use Supported Placeholder Syntax:

Spring Boot supports placeholders like ${application.version} or

${application.formatted-version} .

Example ( banner.txt ):

My Application Version: ${application.version}

o Ensure Properties are Defined:
Properties used in placeholders must be available in the environment

or application properties.
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5. Special Characters or ANSI Colors Not Displayed Correctly:
Solution:

o Enable ANSI Support in Console:
Some consoles may not support ANSI escape codes by default.

For Windows, use a console that supports ANSI codes or enable it

programmatically.

Example:

SpringApplication app = new SpringApplication(MyApplication.class);
app.setBannerMode(Banner.Mode.CONSOLE);
System.setProperty("spring.output.ansi.enabled", "ALWAYS");
app.run(args);

o Check File Encoding:
Ensure that banner.txt is saved with UTF-8 encoding to support

special characters.
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Suggestions:

» Customize the Banner to Reflect Your Application:
o Create a Custom Banner:
Design a unique banner.txt to personalize your application's startup

message.

Example ( banner txt ):

A I i D e
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Include placeholders for dynamic content.

Example:

Application: ${spring.application.name}
Version: ${application.version}

o Use ANSI Colors and Styles:
Enhance the banner's appearance using ANSI color codes.

Example ( banner.txt ):

${AnsiColor.BRIGHT_GREEN}My Application${AnsiColor.DEFAULT}

o Use Image Banners for Rich Displays:
o Include an Image Banner:
Add a banner.png , banner.jpg , or banner.gif to display animage
during startup.

Note that image banners are best suited for environments that
support image display in the console.
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o Disable the Banner if Unnecessary:
o Turn Off the Banner:
If you prefer not to display the banner, disable it via properties or
programmatically.

Example:

spring.main.banner-mode=off

Programmatically:

SpringApplication app = new SpringApplication(MyApplication.class);
app.setBannerMode(Banner.Mode.OFF);
app.run(args);

e Log the Banner Instead of Printing to Console:
o Set Banner Mode to Log:
To send the banner to the log file instead of the console, set the

banner mode to log .

Example:

spring.main.banner-mode=log
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o Implement a Custom Banner Programmatically:
o Set a Custom Banner in Code:
Implement the Banner interface and set it on the SpringApplication

instance.

Example:
public class MyApplication {

public static void main(String[] args) {
SpringApplication app = new SpringApplication(MyApplication.class);
app.setBanner(new MyCustomBanner());
app.run(args);
}
}

public class MyCustomBanner implements Banner {

@Override
public void printBanner(Environment environment, Class<?> sourceClass, Prin
tStream out) {
out.printin("Custom Banner Text"),

}
}

e Include Important Information in the Banner:
o Display Environment or Configuration Details:
Use the banner to show critical information like active profiles,
environment variables, or important notices.

Example ( banner.txt ):

Application: ${spring.application.name}
Active Profiles: ${spring.profiles.active}

o Test Banner Appearance Across Environments:
o Verify Banner Display in Different Terminals:
Ensure that the banner displays correctly in various terminals and
operating systems, especially if using special characters or colors.
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o Automate Banner Generation:
o Use Online Tools or ASCII Art Generators:
Generate ASCII art for your banner using tools like TAAG or Text to
ASCII Art Generator.

Copy the generated art into your banner.txt.
e Keep the Banner Updated:
o Reflect Application Changes:

Update the banner to reflect new versions, names, or significant
changes in the application.

Use placeholders to avoid manual updates.

Example:

Version: ${application.version}

By initializing and customizing the Spring Boot banner, you can add a personal
touch to your application's startup process. Whether for branding, displaying
critical information, or just for fun, the banner is a simple yet effective way to
enhance the developer experience when starting your application.
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9. Trigger Refresh
ApplicationContext

Explanation:

In this step, Spring Boot refreshes the ApplicationContext , completing the
initialization of the application context and making all beans ready for use. The

refresh process involves several key actions:

Loading Bean Definitions: Scanning for bean definitions and registering them
with the application context.

Initializing Beans: Instantiating singleton beans, resolving their dependencies,
and invoking lifecycle callbacks such as @PostConstruct methods.

Applying Bean Factory Post Processors: Modifying bean definitions before
beans are instantiated, allowing for customization of the bean creation process.

Starting Lifecycle Beans: Lifecycle interface, such as those managing
background tasks or message listeners.

Publishing ContextRefreshedEvent : Emitting an event to signal that the context
has been fully initialized, allowing components to perform actions upon
completion of the startup process.

This step is crucial because it finalizes the setup of the application context,
ensuring that all components are properly configured and ready to handle
requests or perform tasks.

Common Problems and Solutions:
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1. Application Context Fails to Refresh Due to Bean Initialization Errors:
Solution:

Examine Exception Messages:
Review the stack trace to identify the specific bean or configuration causing
the failure.

Example:

BeanCreationException: Error creating bean with name ‘myService': Injection
of autowired dependencies failed

Check for Missing or Misconfigured Dependencies:
Ensure that all required beans are defined and that dependency injection is
correctly configured.

Example:

@Service
public class MyService {

@Autowired

private MyRepository myRepository; // Ensure MyRepository is a defined be
an

}

Resolve Circular Dependencies:
Refactor code to eliminate circular dependencies between beans, as they
can prevent proper initialization.
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2. Bean Definitions Not Loaded Properly:

Solution:

Verify Component Scanning Configuration:
Ensure that component scanning includes all necessary packages where
beans are defined.

Example:

@SpringBootApplication(scanBasePackages = {"com.example.services", "co
m.example.repositories'})
public class MyApplication {

/...

Use Correct Annotations:
Confirm that beans are annotated with appropriate stereotypes like
@Component, @Service, Or @Repository .

Check for Bean Name Conflicts:
Avoid defining multiple beans with the same name unless intended; use
@Qualifier to resolve ambiguities.

. Custom Bean Post Processors Not Applied:

Solution:

Ensure Post Processors are Registered:
Register custom BeanPostProcessor implementations as beans so they are
applied during context refresh.

Example:

@Component
public class CustomBeanPostProcessor implements BeanPostProcessor {
// Implementation

}

Avoid Premature Bean Initialization:
Be cautious when using bean post processors that may cause beans to be
initialized before the context is fully refreshed.
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4. Lifecycle Beans Not Started:
Solution:

Implement SmartLifecycle Interface:
Use Smartlifecycle for beans that need to start automatically during
context refresh.

Example:

@Component
public class MyLifecycleBean implements SmartLifecycle {
private boolean running = false;

@Override

public void start() {
// Start logic
running = true,

}

@Override

public void stop() {
// Stop logic
running = false;

}

@OQverride
public boolean isRunning() {
return running;

}

@Override
public int getPhase() {
return O;

}

Verify Bean Registration:
Ensure that lifecycle beans are properly registered and not excluded by
profiles or conditional annotations.
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5. ContextRefreshedEvent Not Handled by Listeners:
Solution:

Register Listeners Correctly:
Listeners for the ContextRefreshedEvent should be annotated with

@Component and use @EventListener .

Example:

@Component
public class ContextRefreshedEventListener {

@EventListener
public void handleContextRefresh(ContextRefreshedEvent event) {
// Logic to execute after context refresh

}
}

Check Component Scanning:
Make sure the package containing the listener is included in component

scanning.

Suggestions:

o Keep Bean Initialization Efficient:Avoid Heavy Processing in Constructors or
@PostConstruct Methods:
Perform resource-intensive tasks after the context has refreshed to prevent

slowing down startup.

o Use Application Context Events Wisely:Leverage ContextRefreshedEvent for
Post-Initialization Logic:
Execute code that should run after all beans are initialized.

o Implement Proper Exception Handling:Handle Exceptions in Initialization
Code:
Catch and log exceptions to prevent the application from failing to start.
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o Test Application Context Initialization:Write Integration Tests to Validate
Context Loading:
Use @SpringBootTest to ensure that the context loads without errors.

Example:

@RunWith(SpringRunner.class)
@SpringBootTest
public class ApplicationContextTest {

@Test
public void contextlLoads() {
// Test passes if context loads successfully

}
}

» Monitor Bean Lifecycle with Logging:Add Logs in Initialization Methods:
Log messages in constructors or @PostConstruct methods to trace bean
initialization.

Example:

@Component
public class MyBean {

@PostConstruct
public void init() {
System.out.printin("MyBean has been initialized"),
}
}
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» Consider Lazy Initialization for Non-Critical Beans:Use @Lazy Annotation:
Delay the initialization of beans that are not immediately required.

Example:

@Component

@Lazy

public class NonCriticalBean {
// Bean implementation

}

« Profile-Specific Bean Loading:Use @Profile to Control Bean Initialization:

Load certain beans only when specific profiles are active.

Example:

@Component

@Profile("production”)

public class ProductionOnlyBean {
// Bean implementation

}

» Review Configuration Properties Binding:Validate @ConfigurationProperties
Beans:
Ensure that properties are correctly bound and validated.

Example:

@Component
@ConfigurationProperties(prefix = "app")
@Validated

public class AppProperties {

@NotNull
private String requiredProperty;

// Getters and setters
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o Use Actuator for Monitoring:Enable Actuator Endpoints:
Monitor application health and bean status using Spring Boot Actuator.

Example:

management.endpoints.web.exposure.include=health,beans

Access bean information at /actuator/beans .

By successfully refreshing the ApplicationContext , Spring Boot ensures that all
beans are fully initialized, dependencies are injected, and the application is ready
to process requests or execute tasks. Understanding this step helps in
troubleshooting startup issues and optimizing the initialization process for better
application performance.
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18. Scan Components and
Beans

Explanation:

In this step, Spring Boot scans the application classpath to identify and register

components and beans defined in your code. This process involves:

o Component Scanning:

Automatically detecting classes annotated with stereotype annotations
such as @Component , @Service , @Repository , and @Controller .

Scanning occurs in the base package and its sub-packages, typically where
your main application class is located.

Processing Custom Annotations:
Recognizing and handling custom annotations that are meta-annotated
with @Component or other stereotype annotations.

Registering Detected Beans:

The identified classes are registered as bean definitions in the application
context, making them available for dependency injection and other
container services.

This step is crucial because it brings your application-specific components into

the Spring context, enabling the framework to manage their lifecycles and

dependencies.

Common Problems and Solutions:
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1. Components Not Being Detected:
Solution:

o Verify Package Structure and Component Scanning:

Ensure your components are located in packages that are scanned by
Spring Boot. By default, it scans the package of the main application

class and its sub-packages.

Example:

@SpringBootApplication
public class MyApplication {
public static void main(String[] args) {
SpringApplication.run(MyApplication.class, args);
}

If your components are outside the default package, specify the base
packages to scan using @ComponentScan .

Example:
@ComponentScan(basePackages = {"com.example.services", "com.example.rep
ositories"})
public class MyApplication {
/...
}

Check for Correct Annotations:
Ensure your classes are annotated with appropriate stereotype

annotations.

Example:

@Component

public class MyComponent {
/...

}

@Service
public class MyService {
/...

}
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2. Custom Annotations Not Recognized:
Solution:

o Meta-Annotate Custom Annotations with Stereotypes:
If you have custom annotations, make sure they are annotated with
@Component or another stereotype.

Example:

@Target(ElementType. TYPE)
@Retention(RetentionPolicy. RUNTIME)
@Component

public @interface MyCustomAnnotation {

}

@MyCustomAnnotation
public class CustomAnnotatedClass {
/...

3. Including or Excluding Specific Components:
Solution:

o Use Include and Exclude Filters:
Customize component scanning using includeFilters and

excludeFilters in @ComponentScan .

Example:

@ComponentScan(

basePackages = "com.example",

includeFilters = @ComponentScan.Filter(type = FilterType.ANN
OTATION, classes = MyIncludeAnnotation.class),

excludeFilters = @ComponentScan.Filter(type = FilterType.REG
EX, pattern = "com\\.example\\.exclude\\..*")
)
public class MyApplication {

/...
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4. Performance Issues Due to Large Classpath Scanning:
Solution:

o Limit Scanning to Necessary Packages:
Specify only the packages that contain components to reduce

scanning overhead.

Example:

nn

@ComponentScan(basePackages = {"com.example.core", "com.e
xample.api'})
public class MyApplication {

/...

o Exclude Unnecessary Classes or Packages:
Use

excludeFilters
to prevent scanning of irrelevant packages.
5. Duplicate Bean Definitions Due to Multiple Scans:
Solution:

o Avoid Redundant Scans:
Ensure that component scanning configurations do not overlap,

causing the same classes to be scanned multiple times.

Consolidate @ComponentScan configurations if necessary.

Spring Boot Application Start In deep
91



Spring Boot Application Start In deep

6. Components Loaded in Incorrect Order:
Solution:

o Use @DependsOn Annotation:
Specify dependencies between beans to control initialization order.

Example:

@Component
@DependsOn("dependentBean")
public class MyBean {

/...

o Leverage @Order Annotation:
For components that implement Ordered or use @Order , specify the
loading order.

Example:

@Component

@Order(1)

public class FirstComponent {
/...

Suggestions:

o Use Stereotype Annotations Appropriately:
o Choose Specific Annotations for Clarity:
Use @Service, @Repository, @Controller , and @RestController to

indicate the role of a component.

Example:

@Repository
public class UserRepository {
// Data access logic

}
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o Define Base Packages Strategically:
o Organize Codebase for Effective Scanning:
Structure your project so that components are under common base
packages, simplifying scanning configurations.

Example:

com.example.myapp

— controller
F— service
— repository
L— config

o Create Custom Stereotype Annotations:
o Simplify and Standardize Annotations:
Combine multiple annotations into a custom stereotype.

Example:

@Target(ElementType.TYPE)
@Retention(RetentionPolicy. RUNTIME)
@Service

@Transactional

public @interface TransactionalService {

}

@TransactionalService
public class MyTransactionalService {
/] ..
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e Leverage @ComponentScan Filters for Fine-Grained Control:Include or Exclude
Classes Based on Annotations, Assignable Types, or Patterns:
Example:

@ComponentScan(

includeFilters = @ComponentScan.Filter(type = FilterType ASSIGNABLE_TYPE, classes = {Spec
ialService.class}),

excludefFilters = @ComponentScan.Filter(type = FilterType ANNOTATION, classes = {Deprecat
ed.class})

)
public class MyApplication {

/...
}

o Avoid Scanning External Libraries:
o Prevent Scanning of Unintended Packages:
Limit scanning to your application's packages to avoid conflicts with beans
in external libraries.

e Use @mport to Manually Include Configurations:Directly Import Specific
Configuration Classes:
Example:

@Configuration
@Import({SecurityConfig.class, DataConfig.class})
public class AppConfig {

/...
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o Test Component Scanning Configuration:Write Tests to Verify Components
are Detected:
Example:

@RunWith(SpringRunner.class)
@SpringBootTest
public class ComponentScanTest {

@Autowired
private ApplicationContext context;

@Test
public void testComponentsLoaded() {
assertTrue(context.containsBean("myService"));

}

e Use @Profile to Control Component Loading:Load Components Based on
Active Profiles:
Example:

@Component
@Profile("development")
public class DevOnlyComponent {
// Only loaded when 'development’ profile is active

}

o Document Component Scanning Strategy:
o Maintain Clear Documentation for Maintenance:
Explain scanning configurations in code comments or documentation

to assist future developers.
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e Monitor Scanned Components with Actuator:
o Use Spring Boot Actuator to List Beans:
Example:

management.endpoints.web.exposure.include=beans

Access bean information at /actuator/beans .

By effectively scanning components and beans, Spring Boot brings your
application's custom classes into the context, allowing for dependency injection,
aspect-oriented programming, and more. Understanding how component
scanning works and how to configure it ensures that all necessary components

are available and that the application behaves as expected.
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1. Load Bean Definitions

Explanation:

In this step, Spring Boot loads the bean definitions into the application context.
Bean definitions are metadata that tell the Spring container how to instantiate,
configure, and assemble the objects (beans) in your application. The process
involves:

e Scanning for Bean Definitions:
o Component Scanning: Automatically detecting classes annotated
with stereotypes like @Component, @Service, @Repository , and
@Controller .

o Importing Configuration Classes: Including beans defined in
@Configuration classes with @Bean methods.

o Loading from XML Configuration (if used): Although less common in
Spring Boot, beans can be defined in XML files and imported into the
context.

» Registering Bean Definitions:
o The detected bean definitions are registered with the application
context's bean factory, preparing them for instantiation and
dependency injection.

This step is crucial because it sets up the blueprint for all the beans that will be
managed by the Spring container, allowing for dependency injection and lifecycle
management.

Common Problems and Solutions:
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1.

2.

Beans Not Detected During Component Scanning:
Solution:

Verify Component Scanning Configuration:
Ensure that component scanning is correctly configured to include the
packages where your beans are located.

Example:

@SpringBootApplication(scanBasePackages = {"com.example.services", "co
m.example.repositories"})
public class MyApplication {

Il ...
}

o Check Bean Annotations:
Confirm that your classes are annotated with appropriate stereotypes:

@Component : Generic stereotype for any Spring-managed

component.

@Service * Indicates a service layer component.
@Repository : Indicates a data access component.
@Controller or @RestController : Indicates a web controller.

Example:

@Service
public class MyService {
// Service logic

}
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2. Conflicting Bean Names or Definitions:
Solution:

Use Unigue Bean Names:
Avoid defining multiple beans with the same name unless intentional.

Example:

@Component("customBeanName")
public class MyBean {
/] ..

Use @Qualifier to Resolve Ambiguities:
When multiple beans of the same type exist, use @Qualifier to specify

which one to inject.

Example:

@Service
public class MyService {

private final DataSource dataSource;

public MyService(@Qualifier("primaryDataSource") DataSource dataSourc

e){

this.dataSource = dataSource;

}
}

Exclude Unwanted Beans:

Use component scan filters to exclude specific classes.

Example:
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@SpringBootApplication
@ComponentScan(
basePackages = "com.example",
excludeFilters = @ComponentScan.Filter(type = FilterType.REGEX, pattern = "co
m\\.example\\.unused\\..*")
)
public class MyApplication {
/...

}

3. Beans Defined in XML Not Loaded:
Solution:

o Import XML Configuration Files:
Use @ImportResource to load beans defined in XML files.

Example:

@SpringBootApplication
@ImportResource("classpath:beans.xml")
public class MyApplication {

/...
}

Ensure that the XML file is placed in the resources directory.
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4. Custom Bean Definitions Not Registered:
Solution:

Register Beans Programmatically:
If you need to add bean definitions programmatically, implement a

BeanDefinitionRegistryPostProcessor .

Example:

@Component
public class CustomBeanRegistrar implements BeanDefinitionRegistryPostP
rocessor {

@Override
public void postProcessBeanDefinitionRegistry(BeanDefinitionRegistry re
gistry) throws BeansException {
GenericBeanDefinition beanDefinition = new GenericBeanDefinition();
beanDefinition.setBeanClass(MyCustomBean.class);
registry.registerBeanDefinition("myCustomBean", beanDefinition)

@Override
public void postProcessBeanFactory(ConfigurablelistableBeanFactory be
anFactory) throws BeansException {
// No implementation needed
}
}
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5. Conditional Beans Not Loaded as Expected:
Solution:

o Verify Conditional Annotations:
Check that the conditions specified in annotations like
@ConditionalOnProperty , @ConditionalOnClass , or @Conditional are

met.

Example:

@Configuration

@ConditionalOnProperty(name = "feature.enabled", havingValue = "tr
ue")

public class FeatureConfig {

@Bean
public FeatureService featureService() {
return new FeatureService();

Ensure that the property feature.enabled is setto true in your
configuration.

6. Bean Definition Overrides Not Working:
Solution:

Enable Bean Definition Overriding:
By default, Spring Boot prevents bean definition overriding to avoid
accidental overwrites. If intentional, enable it in your configuration.

Example:

spring.main.allow-bean-definition-overriding=true

Suggestions:
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» Organize Beans Logically:Use Package Structures:

Group related components in the same package to simplify component
scanning and maintenance.

Example:

com.example.myapp

— controller
— service
— repository

L— config

Use @Import to Modularize Configuration:Separate Configuration Classes:
Break down your configuration into multiple classes and import them as
needed.

Example:

@Configuration
@Import({SecurityConfig.class, DataSourceConfig.class})
public class AppConfig {

// General application configurations

}

Leverage @ConfigurationProperties for Externalized Configurations:Bind
Properties to POJOs:
Create beans that are configured via external properties files.

Example:
@Component
@ConfigurationProperties(prefix = "app.settings")
public class AppSettings {

private String name,
private int timeout;

// Getters and setters
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e Specify Bean Scopes Appropriately:Understand Different Scopes:
Use scopes like singleton, prototype, request, session, and application as
per your requirements.

Example:

@Component
@Scope(ConfigurableBeanFactory. SCOPE_PROTOTYPE)
public class PrototypeBean {

// Each injection results in a new instance

}

e Use @Lazy Initialization for Non-Critical Beans:Improve Startup
Performance:
Defer the initialization of beans that are not immediately required.

Example:

@Component
@Lazy
public class DelayedBean {
// Initialized only when first requested

}
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» Implement Custom Bean Factory Post Processors for Advanced

Configuration:Modify Bean Definitions Before Instantiation:
Use BeanFactoryPostProcessor to programmatically alter bean definitions.

Example:

@Component
public class PropertyOverrideProcessor implements BeanFactoryPostProce
ssor {

@Override
public void postProcessBeanFactory(ConfigurablelistableBeanFactory be
anFactory) throws BeansException {
BeanDefinition bd = beanFactory.getBeanDefinition("'someBean");

mnon

bd.getPropertyValues().add("propertyName", "newValue"),

}
}

Exclude Test or Unused Classes from Production Builds:Use Profiles or
Conditional Annotations:
Ensure that test-specific beans are not loaded in production.

Example:

@Component
@Profile("test")
public class TestOnlyBean {
// Only loaded when 'test' profile is active

}

Document Your Beans and Configurations:Maintain Clear Documentation:
Add comments and maintain documentation for complex bean
configurations or custom processing logic.
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» Avoid Bean Name Conflicts:Explicitly Name Beans When Necessary:

Use the name or value attribute in annotations to set explicit bean names.

Example:

@Bean(name = "primaryDataSource")
public DataSource dataSource() {
// Configure and return DataSource

}

Understand the Impact of Bean Definition Order:Order Matters in Some
Cases:

Be aware that the order in which beans are defined can affect initialization,
especially when using @DependsOn .

Example:

@Component
@DependsOn("dataSource")
public class Databaselnitializer {
// This bean will be initialized after 'dataSource' bean

Utilize Stereotype Annotations for Clarity:Use Specific Annotations:
Prefer @Service, @Repository, and @Controller over @Component for
better readability and tool support.
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e Implement @Conditional Annotations for Flexible Configurations:Control
Bean Creation Dynamically:
Use @Conditional annotations to create beans only when certain

conditions are met.

Example:

@Configuration
@ConditionalOnMissingBean(type = "com.example.ExternalService")
public class DefaultServiceConfig {
@Bean
public Service defaultService() {
return new DefaultService();

By properly loading and managing bean definitions, you ensure that your Spring
Boot application has all the necessary components registered and configured.
Understanding this step allows you to organize your codebase effectively,
resolve bean-related issues, and tailor the application's behavior through

configurations and conditional bean creation.
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12. Perform Ruto-Configuration

Explanation:

In this step, Spring Boot performs auto-configuration by applying its auto-
configuration classes to the application context. Auto-configuration is a core
feature of Spring Boot that automatically configures your application based on
the dependencies present on the classpath and defined properties. The process
involves:

» Loading Auto-Configuration Classes:
Spring Boot scans for auto-configuration classes specified under

META-INF/spring.factories
in the Spring Boot autoconfigure JARs.

o Applying Conditional Configurations:
Each auto-configuration class is a @Configuration class annotated with
@Conditional annotations that determine whether the configuration should
be applied based on certain conditions, such as the presence of a class,

bean, or property.

» Registering Auto-Configured Beans:
Beans defined in the auto-configuration classes are registered with the
application context if their conditions are met.

This step enhances your application by automatically configuring commonly
used components (e.g., DataSource, JPA, MVC) without requiring explicit bean
definitions, reducing boilerplate code and simplifying setup.

Common Problems and Solutions:
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1. Unexpected Beans Being Auto-Configured:
Solution:

Exclude Unwanted Auto-Configurations:
If certain auto-configurations are not desired, you can exclude them using

the @SpringBootApplication annotation orin application.properties .

Example (Exclude via Annotation):

@SpringBootApplication(exclude = {DataSourceAutoConfiguration.class})
public class MyApplication {
/..

Example (Exclude via Properties):

spring.autoconfigure.exclude=org.springframework.boot.autoconfigure.jdb
c.DataSourceAutoConfiguration
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2. Auto-Configuration Not Occurring When Expected:
Solution:

o Ensure Required Dependencies Are Present:
Auto-configuration is triggered based on the presence of specific
classes on the classpath. Verify that necessary dependencies are

included in your pom.xml or build.gradle .
Example:

To enable JPA auto-configuration, include:

<dependency>
<groupid>org.springframework.boot</groupid>
<artifactid>spring-boot-starter-data-jpa</artifactid>
</dependency>

o Check Conditional Properties and Classes:
Auto-configuration classes use @ConditionalOnProperty and similar
annotations. Ensure that required properties are set correctly.

Example:

Some configurations require specific properties to be defined, such as

spring.datasource.url for DataSource auto-configuration.
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3. Bean Definition Conflicts with Auto-Configured Beans:
Solution:

Define Your Own Beans to Override Defaults:
If you provide a bean of the same type and name, it will override the auto-
configured bean.

Example:

@Configuration
public class CustomDataSourceConfig {

@Bean

public DataSource dataSource() {
// Create and configure your custom DataSource
return new CustomDataSource();

Use @Primary to Specify the Preferred Bean:
When multiple beans of the same type exist, mark one as @Primary .

Example:

@Bean

@Primary

public DataSource primaryDataSource() {
// Primary DataSource

}

@Bean
public DataSource secondaryDataSource() {
// Secondary DataSource

}
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4. Performance Issues Due to Unnecessary Auto-Configurations:
Solution:

Review and Exclude Unused Auto-Configurations:
Exclude auto-configurations that are not needed to improve startup time.

Example:

spring.autoconfigure.exclude=\
org.springframework.boot.autoconfigure.jms.JmsAutoConfiguration,\
org.springframework.boot.autoconfigure.security.servlet.SecurityAutoConf
iguration

Enable Lazy Initialization:
Consider enabling lazy initialization for beans.

Example:

spring.main.lazy-initialization=true
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5. Debugging Auto-Configuration Issues:
Solution:

Use spring-boot-actuator to Inspect Auto-Configuration:
Enable the conditions endpoint to view the auto-configuration report.

Example:

<dependency>
<groupid>org.springframework.boot</groupid>
<artifactid>spring-boot-starter-actuator</artifactid>
</dependency>

management.endpoints.web.exposure.include=conditions

Access the report at /actuator/conditions .

Enable Debug Logging for Auto-Configuration:
Start the application with the --debug flag or set debug=true in
application.properties to log auto-configuration decisions.

Example:

java -jar myapp.jar --debug

debug=true

Suggestions:
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» Customize Auto-Configuration Behavior:Use Conditional Annotations in
Your Configurations:
Write your own configuration classes with @ConditionalOnProperty
@ConditionalOnClass , etc., to control bean creation based on conditions.

Example:

@Configuration
@ConditionalOnProperty(name = "feature.toggle", havingValue = "true")
public class FeatureConfig {
@Bean
public FeatureService featureService() {
return new FeatureService();

o Create Custom Auto-Configuration Modules:
o Develop Auto-Configurations for Shared Libraries:
If you're developing reusable components, create custom starter

modules and auto-configurations.
Example:

Create an Auto-Configuration Class:

@Configuration
public class MyLibraryAutoConfiguration {

@Bean
public MyService myService() {
return new MyService(),

}

Register in spring.factories :

org.springframework.boot.autoconfigure.EnableAutoConfiguration=\
com.example.MyLibraryAutoConfiguration
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e Use @Conditional Annotations to Control Auto-Configuration:
o Fine-Tune Auto-Configuration Conditions:
Use various @Conditional annotations to control when beans are
auto-configured.

Common Conditional Annotations:

@ConditionalOnClass @ConditionalOnMissingBean @ConditionalOnProp
erty @ConditionalOnBean @ConditionalOnWebApplication

» Understand Auto-Configuration Ordering:Use @AutoConfigureAfter and
@AutoConfigureBefore :
Control the order in which auto-configuration classes are applied.

Example:

@Configuration
@AutoConfigureAfter(SomeOtherAutoConfiguration.class)
public class MyAutoConfiguration {

/...

}

o Leverage Spring Boot Starters:
o Include Appropriate Starters for Needed Auto-Configurations:
Use Spring Boot starters to bring in necessary dependencies and
auto-configurations.

Examples:
» spring-boot-starter-web for web applications.

» spring-boot-starter-data-jpa for JPA and Hibernate.
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 Disable Specific Auto-Configured Beans:Use @ConditionalOnMissingBean to
Prevent Bean Overriding:
Ensure that auto-configuration does not create a bean if one already exists.

Example:

@Bean

@ConditionalOnMissingBean

public DataSource dataSource() {
// Auto-configured DataSource

}

o Test Auto-Configuration with @SpringBootTest :Write Tests to Verify Auto-
Configuration Behavior:
Ensure that auto-configurations are applied as expected in different
scenarios.

Example:

@RunWith(SpringRunner.class)
@SpringBootTest
public class AutoConfigurationTest {

@Autowired
private ApplicationContext context;

@Test
public void testDataSourceAutoConfiguration() {
assertTrue(context.containsBean("dataSource"));
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o Document Configuration Properties:
o Use @ConfigurationProperties and Generate Metadata:
Provide clear documentation and metadata for properties used in
auto-configuration.

Example:

@ConfigurationProperties(prefix = "myapp")
public class MyAppProperties {

private String name;

private int timeout;

// Getters and setters

Include the spring-boot-configuration-processor :

org.springframework.boot
spring-boot-configuration-processor
true

o Stay Informed About Auto-Configuration Changes:
o Keep Up with Spring Boot Updates:
New versions may introduce or deprecate auto-configurations.

Review release notes and documentation when upgrading.

o Understand the Impact of Auto-Configuration on Application Behavior:
o Be Aware of Default Configurations:
Auto-configuration may set defaults that affect security, data access,

and more.

Explicitly configure critical components as needed.
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By performing auto-configuration, Spring Boot significantly reduces the amount of
manual setup required, allowing you to focus on writing business logic.
Understanding how auto-configuration works and how to customize it enables you to

fine-tune your application and ensure that it behaves as intended.
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13. Instantiate Beans
(Dependency Injection)

Explanation:

In this step, Spring Boot instantiates the beans defined in the application context

and performs dependency injection to assemble the application's components.

This process involves:

Creating Bean Instances:

The Spring container instantiates beans based on the loaded bean
definitions, whether they are component-scanned classes, beans defined
in configuration classes, or auto-configured beans.

Resolving Dependencies:
The container identifies the dependencies required by each bean, as
specified by @Autowired , @Inject , or constructor parameters.

Injecting Dependencies:
Dependencies are injected into beans using constructor injection, setter

injection, or field injection, according to how the beans are defined.

Managing Bean Lifecycles:
The container invokes lifecycle callbacks such as @PostConstruct methods
after dependencies have been injected.

This step is crucial because it fully initializes all beans, ensuring they are ready for

use with all necessary dependencies properly injected. It brings together the

application's components, enabling them to collaborate as defined.

Common Problems and Solutions:
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1. Unsatisfied Dependency Errors:
Solution:

o Check for Missing Beans:
Ensure that a bean of the required type is defined in the application
context.

Example Error:

NoSuchBeanDefinitionException: No qualifying bean of type 'com.exa
mple.MyService' available

Action:
Define the missing bean or adjust component scanning to include it.

Example:

@Service
public class MyService {
/...

2. o Verify Dependency Types:
Ensure that the dependency type matches the bean definition. For
example, if you have multiple implementations of an interface, specify

the correct bean.

Example:

@Service
public class MyClient {

private final MyService myService;

public MyClient(@Qualifier("specificMyService") MyService myService) {
this.myService = myService;
}
}
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2. Circular Dependencies Between Beans:
Solution:

o Refactor Code to Break the Cycle:
Circular dependencies occur when two or more beans depend on
each other. Refactor the beans to remove the circular reference.

Example:
If ServiceA depends on ServiceB, and ServiceB depends on ServiceA ,
consider introducing an interface or separating concerns.
3. o Use @Llazy Injection as a Temporary Measure:
Mark one of the dependencies as @Lazy to defer its initialization.

Example:

@Service
public class ServiceA {

private final ServiceB serviceB;

public ServiceA(@Lazy ServiceB serviceB) {
this.serviceB = serviceB,;
}
}

Spring Boot Application Start In deep
121



Spring Boot Application Start In deep

3. Multiple Beans of the Same Type Causing Ambiguity:
Solution:

o Use @Qualifier to Specify the Desired Bean:
When multiple beans of the same type are available, use @Qualifier
to indicate which one to inject.

Example:

@Service
public class MyClient {

private final DataSource dataSource;

public MyClient(@Qualifier("primaryDataSource") DataSource dataS
ource) {
this.dataSource = dataSource;

o Mark One Bean as @Primary :
Designate a default bean to be injected when no qualifier is specified.

Example:

@Bean

@Primary

public DataSource primaryDataSource() {
/] ..

}
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4. Dependency Injection Not Occurring (Fields Null):
Solution:

o Avoid Using new Keyword to Instantiate Beans:
Always let Spring manage bean creation. Do not create bean
instances using new .

Incorrect:
public class MyService {

private MyRepository myRepository = new MyRepository(); // Wrong
}

Correct:

@Service
public class MyService {

private final MyRepository myRepository;

@Autowired

public MyService(MyRepository myRepository) {
this.myRepository = myRepository;

}
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5. o Ensure That Dependency Injection Annotations Are Used Correctly:
Use @Autowired, @Inject, or constructor injection properly.

Example:

@Component
public class MyComponent {

@Autowired
private MyService myService;

/1 Alternatively, use constructor injection

// public MyComponent(MyService myService) {
// this.myService = myService;

/l'}

5. NullPointerException During Bean Initialization:
Solution:

o Check the Order of Initialization:
Ensure that all dependencies are properly injected before use.

Avoid performing logic that uses dependencies in constructors; use
@PostConstruct instead.

Example:

@Component
public class MyComponent {

private final MyService myService;

public MyComponent(MyService myService) {
this.myService = myService;

}

@PostConstruct
public void init() {
myService.performAction(); // Safe to use here
}
}
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6. Field Injection Not Working in @Configuration Classes:
Solution:

o Use Constructor or Method Injection:
Field injection is not recommended in @Configuration classes. Use
constructor or method injection instead.

Example:

@Configuration
public class AppConfig {

private final Environment environment;

public AppConfig(Environment environment) {
this.environment = environment;

@Bean
public MyBean myBean() {
return new MyBean(environment.getProperty("app.name"));

}

Suggestions:
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» Prefer Constructor Injection:
o Benefits:
Makes dependencies explicit.

Easier to test (allows for immutable dependencies).
Encourages proper bean initialization.

Example:

@Service
public class MyService {

private final MyRepository myRepository;

public MyService(MyRepository myRepository) {
this.myRepository = myRepository;
}

o Use @RequiredArgsConstructor with Lombok:
o Simplify Constructor Injection:
Annotate the class with

@RequiredArgsConstructor
to generate a constructor for final fields.

Example:

@Service
@RequiredArgsConstructor
public class MyService {
private final MyRepository myRepository;
}
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» Avoid Field Injection When Possible:
o Why:
Less testable.
Can lead to issues with proxies and AOP.

Not recommended by Spring documentation.

Example (Not Recommended):

@Component
public class MyComponent {

@Autowired
private MyService myService;

}

e Use @PostConstruct for Initialization Logic:
o Ensure Dependencies Are Injected:

Place initialization code in a method annotated with

@PostConstruct
to guarantee that dependencies are ready.

Example:

@Component
public class MyComponent {

private final MyService myService;

public MyComponent(MyService myService) {
this.myService = myService;

}

@PostConstruct
public void init() {
// Initialization logic
}
}
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» Handle Optional Dependencies with @Autowired(required = false) :Inject Beans
Only If Present:
Example:

@Component
public class MyComponent {

@Autowired(required = false)
private OptionalService optionalService;

// Use optionalService if it's available

}

o Use Profiles to Manage Environment-Specific Beans:Load Beans Based on
Active Profiles:
Example:

@Service

@Profile("production”)

public class ProductionService {
/...

}
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e Leverage @Qualifier for Precise Injection:Distinguish Between Multiple

Beans of the Same Type:
Example:

@Component("fastService")
public class FastService implements MyService {
/] ...

@Component("slowService")
public class SlowService implements MyService {
/...

@Component
public class MyComponent {

private final MyService myService;

public MyComponent(@Qualifier("fastService") MyService myService) {
this.myService = myService;
}
}
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e Implement InitializingBean and DisposableBean if Needed:Manage Bean
Lifecycle Events:
Example:

@Component
public class MyComponent implements InitializingBean, DisposableBean {

@Override
public void afterPropertiesSet() throws Exception {
// Initialization logic

}

@Override

public void destroy() throws Exception {
// Cleanup logic

}

o Consider Using Provider or ObjectFactory for Prototype Beans:Inject
Prototype-Scoped Beans into Singleton Beans Safely:
Example:

@Component
public class SingletonBean {

private final Provider<PrototypeBean> prototypeBeanProvider;

public SingletonBean(Provider<PrototypeBean> prototypeBeanProvider)
{
this.prototypeBeanProvider = prototypeBeanProvider;

}

public void usePrototypeBean() {
PrototypeBean prototypeBean = prototypeBeanProvider.get();
// ' Use the prototypeBean

}
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o Test Bean Initialization Thoroughly:Write Unit Tests to Verify Dependency
Injection:
Example:
@RunWith(SpringRunner.class)

@SpringBootTest
public class MyServiceTest {

@Autowired
private MyService myService;

@Test

public void testDependencylnjection() {
assertNotNull(myService);
// Additional assertions

» Avoid Complex Logic in Bean Constructors:
o Keep Constructors Simple:
Perform complex initialization in @PostConstruct methods.

o Use @Value for Injecting Primitive Values and Properties:

Example:

@Component
public class MyComponent {

@Value("${app.timeout}")
private int timeout;

}

By instantiating beans and performing dependency injection, Spring Boot
assembles the components of your application according to the configurations
and relationships you've defined. Understanding this step helps you troubleshoot
initialization issues, design better application architectures, and leverage the full
power of Spring's dependency injection mechanism.
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14. Apply Post Processors

Explanation:

In this step, Spring Boot applies post-processors to the beans within the
application context. Post-processors are mechanisms provided by the Spring
framework that allow for custom modification of bean definitions and instances
during the container's startup process. There are two primary types of post-
processors:

1. BeanFactoryPostProcessor :
Executed after the bean definitions have been loaded but before any beans
are instantiated.

Allows modification of bean definitions, such as altering bean properties or
scopes.

2. BeanPostProcessor :
Executed after each bean is instantiated and dependency injection is
complete but before any initialization methods like @PostConstruct are

called.

Provides a way to modify or wrap bean instances, often used for
implementing proxy patterns or injecting additional behavior.

Applying post-processors enables features like:

o Custom Bean Initialization:
Modify bean properties or perform actions right before or after a bean is
initialized.

« Aspect-Oriented Programming (AOP):

Wrap beans with proxies to add cross-cutting concerns like logging,

security, or transaction management.
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o Property Placeholder Replacement:
Replace placeholders in bean property values with actual values from
external sources like properties files.

This step is crucial for customizing and enhancing the behavior of beans beyond
their standard definitions.

Common Problems and Solutions:

1. Custom Post-Processors Not Being Applied:
Solution:

o Register Post-Processors as Beans:
Ensure that your custom BeanFactoryPostProcessor or

BeanPostProcessor
implementations are registered as beans in the application context.

Example:

@Component
public class CustomBeanPostProcessor implements BeanPostProcessor {
// Implementation details

}

Verify that the package containing your post-processor is included in

component scanning.
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2. Order of Post-Processors Causing Issues:
Solution:

o Control Execution Order:
Implement the Ordered interface or use the @Order annotation to
specify the order in which post-processors are applied.

Example:

@Component

@Order(1)

public class HighPriorityPostProcessor implements BeanPostProcessor {
/] Executes before lower priority post-processors

}

@Component

@Order(2)

public class LowPriorityPostProcessor implements BeanPostProcessor {
/] Executes after high priority post-processors

}

3. Post-Processors Not Affecting Certain Beans:
Solution:

o Check Conditional Logic:
Ensure that any conditional logic within your post-processor correctly
identifies the beans you intend to process.

o Verify Bean Scope and Type:
Some post-processors may only affect singleton beans. If you're
working with prototype or other scoped beans, adjust your post-

processor accordingly.
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4. Exceptions in Post-Processors Causing Startup Failures:
Solution:

o Handle Exceptions Gracefully:
Wrap your post-processing logic in try-catch blocks to prevent
exceptions from propagating and causing application startup failures.

Example:

Component
public class SafeBeanPostProcessor implements BeanPostProcessor

{

@Override
public Object postProcessBeforelnitialization(Object bean, String b
eanName) throws BeansException {
try {
// Post-processing logic
} catch (Exception e) {
// Handle exception, possibly log it
}

return bean;
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5. AOP Proxies Not Being Applied Correctly:
Solution:

o Ensure Proper Configuration:
Verify that AOP-related post-processors, such as
AnnotationAwareAspectJAutoProxyCreator , are registered. Including the

spring-boot-starter-aop dependency typically handles this.

Example:

<l-- Maven dependency for AOP -->
<dependency>
<groupid>org.springframework.boot</groupid>
<artifactid>spring-boot-starter-aop</artifactid>
</dependency>

o Avoid Final Methods and Classes:
AOP proxies cannot be applied to final methods or classes. Ensure that

the beans you wish to proxy do not have these limitations.

Suggestions:
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e Implement Custom BeanPostProcessor for Advanced Bean Manipulation:
o Use Cases:
Modify or replace bean instances.

Inject additional behavior or dependencies.
Implement custom initialization logic.

Example:

@Component
public class CustomlnitializationPostProcessor implements BeanPostProces
sor {

@OQverride
public Object postProcessBeforelnitialization(Object bean, String beanNa
me) throws BeansException {
// Custom logic before initialization
return bean;

@Override
public Object postProcessAfterlinitialization(Object bean, String beanNam
e) throws BeansException {
// Custom logic after initialization
return bean;
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e Use BeanFactoryPostProcessor to Modify Bean Definitions:Modify Bean
Properties Before Instantiation:
Example:

@Component
public class PropertyOverridingPostProcessor implements BeanFactoryPostProcessor {

@Override
public void postProcessBeanFactory(ConfigurableListableBeanFactory beanFactory) t
hrows BeansException {
BeanDefinition beanDefinition = beanFactory.getBeanDefinition("myBean");
MutablePropertyValues propertyValues = beanDefinition.getPropertyValues();
propertyValues.add("propertyName", "newValue");

e Leverage @Order or Ordered Interface:
o Control Post-Processor Execution Order:
Ensure that post-processors that need to run first have higher priority.

o Implement Post-Processors for Custom Annotations:Process Custom
Annotations on Beans:

Example:

@Target(ElementType. TYPE)
@Retention(RetentionPolicy.RUNTIME)
public @interface Auditable {

// Custom annotation attributes

@Component
public class AuditableBeanPostProcessor implements BeanPostProcessor {

@Override
public Object postProcessAfterinitialization(Object bean, String beanName) throws B
eansException {
if (bean.getClass().isAnnotationPresent(Auditable.class)) {
// Wrap the bean with a proxy to add auditing behavior
}

return bean;

Spring Boot Application Start In deep
138



Spring Boot Application Start In deep

o Use Post-Processors for Integration with Third-Party Libraries:
o Adapt Beans to External Frameworks:
Modify beans to conform to requirements of third-party libraries.

o Test Post-Processors Independently:
o Isolate Tests:
Write unit tests for post-processors to verify their behavior without
the full application context.

o Be Cautious with Bean Modifications:
o Avoid Unintended Side Effects:
Ensure that changes to bean properties or behaviors do not

negatively impact the application.

e Understand the Lifecycle of Post-Processors:
o BeanFactoryPostProcessor:
Operates on bean definitions before any beans are created.

o BeanPostProcessor:

Operates on actual bean instances after instantiation.

o Optimize Performance:
o Keep Post-Processing Efficient:
Since post-processors run on multiple beans, avoid heavy
computations or blocking operations.

e Document Custom Post-Processors:
o Provide Clear Descriptions:
Explain what the post-processor does, why it exists, and how it
should be used.

e Use Spring's Built-in Post-Processors When Appropriate:
o Leverage Existing Functionality:
Utilize provided post-processors like

AutowiredAnnotationBeanPostProcessor

for common tasks.
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By applying post-processors effectively, you can enhance and customize the
behavior of beans beyond their standard definitions. This enables advanced
features like dynamic proxies, custom initialization, and integration with other
frameworks. Understanding how to implement and utilize post-processors allows
you to extend the capabilities of your Spring Boot application in powerful ways.
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1S. Publish Application Events

Explanation:

In this step, Spring Boot publishes application events to notify interested
components about specific stages in the application lifecycle. These events allow
different parts of the application to respond to context changes, application
readiness, and other significant occurrences without tight coupling. The events
published during this phase include:

e ApplicationStartedEvent : Published once the application context has been
refreshed but before any CommandLineRunner and ApplicationRunner

beans are called.

e ApplicationReadyEvent : Published after the application is fully started and
ready to service requests. This occurs after all CommandLineRunner and

ApplicationRunner beans have been executed.

e ApplicationFailedEvent : Published if there is an exception during the

startup process.

By listening to these events, components can perform actions such as initializing
resources, logging startup information, or triggering background tasks when the
application reaches a certain state.

Common Problems and Solutions:
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1. Listeners Not Responding to Published Events:
Solution:

o Ensure Listeners Are Correctly Defined and Registered:

Use the @EventListener annotation on methods within a Spring-
managed bean ( @Component , @Service , etc.) to listen for specific

events.

Example:

Component
public class ApplicationReadyListener {

@EventListener
public void onApplicationReady(ApplicationReadyEvent event) {
// Perform actions when the application is ready
System.out.printin("Application is ready to serve requests."),
}
}

Verify that the listener classes are included in the component scan.
Listen to the Correct Event Types:
Ensure that you are listening to the appropriate event that matches

the application phase you are interested in.
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2. Custom Events Not Being Published or Handled:
Solution:

o Publish Custom Events Correctly:
Use the ApplicationEventPublisher to publish custom events.

Example:

@Component
public class CustomEventPublisher {

private final ApplicationEventPublisher eventPublisher;

public CustomEventPublisher(ApplicationEventPublisher eventPublisher)

{

this.eventPublisher = eventPublisher;

public void publishEvent(String message) {
CustomApplicationEvent event = new CustomApplicationEvent(this, m
essage);
eventPublisher.publishEvent(event);

}

public class CustomApplicationEvent extends ApplicationEvent {
private final String message;

public CustomApplicationEvent(Object source, String message) {
super(source);
this.message = message;

}

public String getMessage() {
return message;

}
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e Define Listeners for Custom Events:

Create listener methods that handle your custom events.

Example:

@Component
public class CustomEventListener {

@EventListener
public void handleCustomEvent(CustomApplicationEvent event) {
// Handle custom event
System.out.printIn("Received custom event - " + event.getMessage());

}

3. Asynchronous Event Handling Not Working:

Solution:

o Enable Asynchronous Processing:

Ensure that asynchronous processing is enabled by annotating a

configuration class with @EnableAsync .

Example:

@Configuration
@EnableAsync
public class AsyncConfiguration {

}

// Configuration for asynchronous processing

o Annotate Listener Methods with @Async :

Mark the listener method with @Async to handle events asynchronously.

Example:

@Component
public class AsyncEventListener {

}

@Async

@EventListener

public void handleApplicationReadyEvent(ApplicationReadyEvent event) {
// Asynchronous processing

}
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4. Listeners Executing in Unexpected Order:
Solution:

o Specify Listener Order:
Use the @Order annotation or implement the Ordered interface to
control the execution order of listeners.

Example:

@Component
@Order(1)
public class FirstEventListener {

@EventListener
public void handleApplicationReadyEvent(ApplicationReadyEvent ev
ent) {
/] Executes first

@Component
@Order(2)
public class SecondEventListener {

@EventListener
public void handleApplicationReadyEvent(ApplicationReadyEvent ev
ent) {
// Executes second
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5. Exceptions in Listeners Causing Application to Fail:
Solution:

o Handle Exceptions Within Listener Methods:
Wrap listener logic in try-catch blocks to handle exceptions gracefully.

Example:

@Component
public class SafeEventListener {

@EventListener
public void handleApplicationReadyEvent(ApplicationReadyEvent ev
ent) {

try {
// Listener logic
} catch (Exception e) {
// Handle exception
System.err.printin("Error in listener: " + e.getMessage());

}
}

Suggestions:

o Use Application Events for Decoupled Communication:
o Promote Loose Coupling:
Application events allow components to communicate without direct
dependencies, enhancing modularity.

e Leverage Built-in Events:
o Understand the Lifecycle Events:
Familiarize yourself with standard events like ApplicationStartedEvent ,
ApplicationReadyEvent , and ApplicationFailedEvent

to perform actions at specific stages.

o Create Custom Events for Domain-Specific Scenarios:
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o Implement Application-Specific Events:
Define events that represent significant actions or state changes
within your application.

Example:

public class OrderPlacedEvent extends ApplicationEvent {
private final Order order;

public OrderPlacedEvent(Object source, Order order) {
super(source);
this.order = order;

}

public Order getOrder() {
return order;

@Component
public class OrderService {

private final ApplicationEventPublisher eventPublisher;

public OrderService(ApplicationEventPublisher eventPublisher) {
this.eventPublisher = eventPublisher;

}

public void placeOrder(Order order) {

// Order placement logic

eventPublisher.publishEvent(new OrderPlacedEvent(this, order));
}

@Component
public class OrderEventListener {

@EventListener
public void handleOrderPlacedEvent(OrderPlacedEvent event) {
// React to order placement

}

Spring Boot Application Start In deep
147



Spring Boot Application Start In deep

» Use Conditional Event Listening:
o Filter Events Based on Conditions:
Use the condition attribute in @EventListener to process events that

meet certain criteria.

Example:

@Component
public class ConditionalEventListener {

@EventListener(condition = "#event.order.totalAmount > 1000")
public void handleHighValueOrders(OrderPlacedEvent event) {
// Handle orders with total amount greater than 1000

}

e Implement Transactional Event Listeners:
o Respond After Transaction Completion:

Use

@TransactionalEventListener

to handle events after a transaction has committed.

Example:

Component
public class TransactionalOrderListener {

@TransactionalEventlistener(phase = TransactionPhase AFTER_COMMIT)
public void handleOrderPlacedEvent(OrderPlacedEvent event) {
// Perform actions after transaction commit

e Asynchronous Event Handling:
o Improve Performance:
Process events asynchronously to avoid blocking the main thread.

e Document Event Flows:
o Maintain Clarity:
Keep documentation of custom events and their listeners to aid in
maintenance and onboarding.
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e Test Event Publishing and Listening:
o Ensure Reliability:
Write unit tests to verify that events are correctly published and handled.

Example:

@RunWith(SpringRunner.class)
@SpringBootTest
public class EventTest {

@Autowired
private ApplicationEventPublisher eventPublisher;

@MockBean
private OrderEventListener orderEventListener;

@Test

public void testOrderPlacedEvent() {
Order order = new Order(123, 1500);
eventPublisher.publishEvent(new OrderPlacedEvent(this, order));

verify(orderEventListener, times(1)).handleOrderPlacedEvent(any(OrderPlacedE
vent.class));

}

e Monitor Events in Production:
o Use Logging or Monitoring Tools:
Track important events to gain insights into application behavior and

diagnose issues.

» Avoid Overuse of Events:
o Balance Complexity:
While events are powerful, overusing them can make the application
harder to understand and debug.

By publishing application events, Spring Boot enables a flexible and decoupled
architecture where components can respond to various stages of the application
lifecycle or custom-defined actions. Understanding how to effectively use events
allows you to build responsive, maintainable, and scalable applications.
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16. Prepare
CommandLineRunners

Explanation:

During this step, Spring Boot identifies and prepares beans that implement the
CommandLineRunner or ApplicationRunner interfaces. These special beans
contain code that you want to execute after the application context is fully
initialized but before the application is considered ready. The preparation process
involves:

e Detecting Runner Beans:
Scanning the application context for beans that implement

CommandLineRunner or ApplicationRunner .

e Ordering Runners:
Determining the execution order if multiple runners are present, using

annotations like @Order or implementing the Ordered interface.

 Preparing for Execution:
Setting up the runners to be executed after the application context refresh
and bean instantiation are complete.

It's important to note that at this stage, the runners are only identified and
prepared—they are not executed until a later step in the startup process
(specifically, in step 17, "Run CommandLineRunners and ApplicationRunners").

Common Problems and Solutions:
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1. Runners Not Being Detected:
Solution:

o Ensure Runners are Properly Annotated and Scanned:
Annotate your CommandLineRunner or ApplicationRunner
implementations with @Component or another stereotype annotation
(@Service, @Repository , etc.) so that they are detected during
component scanning.

Example:

@Component
public class MyCommandLineRunner implements CommandLineRunner {
@Override
public void run(String... args) throws Exception {
// Runner logic here

}
}

o Verify Package Scanning Configuration:
Ensure that the package containing your runner classes is included in

the component scan.

Example:

@SpringBootApplication(scanBasePackages = "com.example.runner
s')
public class MyApplication {
public static void main(String[] args) {
SpringApplication.run(MyApplication.class, args);
}
}
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2. Runners Executing in Unexpected Order:
Solution:

o Use @Order Annotation or Implement Ordered Interface:
Specify the execution order of multiple runners using @Order or by
implementing Ordered .

Example:

@Component
@Order(1)
public class FirstRunner implements CommandLineRunner {
@Override
public void run(String... args) throws Exception {
// Executes first

}

@Component
@Order(2)
public class SecondRunner implements CommandLineRunner {
@Override
public void run(String... args) throws Exception {
// Executes second

}

3. Conditional Runners Not Being Prepared:
Solution:

o Check Conditional Annotations and Profiles:
If your runner is annotated with @ConditionalOnProperty , @Profile , or other
conditional annotations, ensure that the conditions are met for the runner
to be registered.

Example:

@Component
@Profile("dev")
public class DevOnlyRunner implements CommandLineRunner {
@Override
public void run(String... args) throws Exception {
// Only prepared when 'dev' profile is active

}
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4. Exceptions in Runner Constructors Causing Startup Failures:
Solution:

o Handle Exceptions Appropriately:
Avoid throwing exceptions in the constructor of your runner beans. If
initialization logic might throw exceptions, handle them gracefully or

move the logic to the run method.

Example:

@Component
public class SafeRunner implements CommandLineRunner {
public SafeRunner() {
// Simple initialization

}

@Override
public void run(String... args) throws Exception {
try {
// Runner logic that might throw exceptions
} catch (Exception e) {
// Handle exceptions
}
}
}

Suggestions:
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o Use Runners for Application Initialization:
o Data Seeding or Setup Tasks:
Use runners to perform tasks such as loading initial data into the database,

setting up caches, or other startup logic.

Example:

@Component
public class Datalnitializer implements CommandLineRunner {

private final UserRepository userRepository;

public Datalnitializer(UserRepository userRepository) {
this.userRepository = userRepaository;

}

@Qverride
public void run(String... args) throws Exception {
if (userRepository.count() == 0) {
// Initialize default users
userRepository.save(new User("admin", "admin@example.com"));

}

e Avoid Long-Running Tasks in Runners:
o Perform Long Tasks Asynchronously:
If you need to execute long-running tasks, consider running themin a
separate thread to prevent delaying application startup.

Example:

@Component
public class AsyncRunner implements CommandLineRunner {

@Override
public void run(String... args) throws Exception {
new Thread(() > {
// Long-running task
}).start();
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e Access Command-Line Arguments:
o Use ApplicationRunner for Advanced Parsing:
Implement ApplicationRunner to access command-line arguments
with more functionality.

Example:

@Component
public class MyApplicationRunner implements ApplicationRunner {

@Override
public void run(ApplicationArguments args) throws Exception {
if (args.containsOption("debug")) {
// Enable debug mode

}
List<String> files = args.getNonOptionArgs();
// Process files

» Conditional Execution Based on Environment:
o Use Conditional Annotations:
Control the preparation and execution of runners based on properties
or profiles.

Example:

@Component
@ConditionalOnProperty(name = "app.runinitializer", havingValue = "true")
public class ConditionalRunner implements CommandLineRunner {
@Override
public void run(String... args) throws Exception {
/] Executes only if 'app.runinitializer' property is true

}
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e Order Runners When Dependencies Exist:
o Ensure Correct Execution Order:

Use @Order to define the sequence when one runner depends on

another.

Example:

@Component
@Order(1)
public class SetupRunner implements CommandLineRunner {
@Override
public void run(String... args) throws Exception {
// Perform setup tasks

}

@Component
@Order(2)
public class ProcessingRunner implements CommandLineRunner {
@Override
public void run(String... args) throws Exception {
// Perform tasks that depend on setup being complete

}

o Exclude Runners from Tests if Necessary:
o Use Profiles or Conditional Annotations:

Prevent runners from executing during tests if they interfere with test

setups.

Example:

@Component
@Profile("ltest")
public class ProductionRunner implements CommandLineRunner {
@Override
public void run(String... args) throws Exception {
/] Executes only when 'test' profile is not active
}
}
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o Leverage Dependency Injection in Runners:
o Use Constructor Injection for Dependencies:
Inject required services or repositories into your runner beans.

Example:

@Component
public class DependencylnjectionRunner implements CommandLineR
unner {

private final SomeService someService;

public DependencylnjectionRunner(SomeService someService) {
this.someService = someService;

@Qverride

public void run(String... args) throws Exception {
// Use someService
someService.performAction();

}

By preparing CommandLineRunner and ApplicationRunner beans during this
step, Spring Boot ensures that all necessary runners are identified and ready for
execution after the application context is fully initialized. This allows you to
perform startup tasks and initialization logic in a controlled and predictable

manner.
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1N. Run CommandLineRunners
and ApplicationRunners

Explanation:

In this step, after the application context has been fully initialized and all beans
have been instantiated and post-processed, Spring Boot executes all beans that
implement the CommandLineRunner and ApplicationRunner interfaces. This
allows you to run specific code immediately after the application has started but
before it is considered fully ready to accept requests (especially in web
applications). The process involves:

« |dentifying Runner Beans:
Spring Boot scans the application context for beans that implement

CommandLineRunner or ApplicationRunner .

These runners were previously prepared in an earlier step but are executed
NOW.

o Executing Runner Beans:
The runners are executed in a specific order, which can be controlled using
the @Order annotation or by implementing the Ordered interface.

o Foreach runner:
= The run() method is invoked.
» For CommandLineRunner , the method signature is run(String...

args) , receiving command-line arguments.

» For ApplicationRunner , the method signature is
run(ApplicationArguments args) , providing access to both option
and non-option arguments.
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o Completing Application Startup:
Once all runners have executed, the application is considered fully started.

The ApplicationReadyEvent is published after the runners have completed,
signaling that the application is ready to service requests.

Common Problems and Solutions:

1. Runners Not Executing:
Solution:

o Ensure Runners Are Properly Defined and Registered:
Verify that your CommandLineRunner or ApplicationRunner
implementations are annotated with @Component or another
stereotype annotation so that they are detected during component
scanning.

Example:

@Component
public class MyCommandLineRunner implements CommandLineRunner {
@Override
public void run(String... args) throws Exception {
// Runner logic here
System.out.printin("CommandLineRunner executed");
}
}

e Check Component Scanning Configuration:
Ensure that the package containing your runner classes is included in the

component scan.

Example:

@SpringBootApplication(scanBasePackages = "com.example.runners")
public class MyApplication {
public static void main(String[] args) {
SpringApplication.run(MyApplication.class, args);
}
}
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e Confirm Runners Are Not Excluded by Profiles or Conditions:

Ensure that @°Profile or @Conditional annotations are not preventing

your runners from being loaded.

2. Runners Executing in Unexpected Order:
Solution:

o Specify Execution Order:
Use the @Order annotation or implement the Ordered interface to
define the execution order of multiple runners.

Example:

@Component
@Order(1)
public class FirstRunner implements CommandLineRunner {
@Override
public void run(String... args) throws Exception {
/] Executes first
System.out.printIn("FirstRunner executed");
}
}

@Component
@Order(2)
public class SecondRunner implements CommandLineRunner {
@Override
public void run(String... args) throws Exception {
// Executes second
System.out.printIn("SecondRunner executed");
}
}

o Default Ordering:
If no order is specified, runners are executed in an undefined order,
which might vary between runs.
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3. Exceptions During Runner Execution Causing Application to Fail:
Solution:

o Handle Exceptions Appropriately:
Wrap your runner logic in try-catch blocks to handle exceptions
gracefully and prevent the application from crashing.

Example:

@Component
public class SafeRunner implements CommandLineRunner {
@Override
public void run(String... args) throws Exception {
try {
// Runner logic that might throw exceptions
} catch (Exception e) {
// Log and handle the exception
System.err.printin("Exception in runner: " + e.getMessage());
}
}
}

o Validate Dependencies and Inputs:
Ensure that all dependencies are correctly injected and that any input
data is validated before use.
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4. Long-Running Runners Delaying Application Startup:
Solution:

o Execute Long-Running Tasks Asynchronously:
Run long tasks in a separate thread or use asynchronous mechanisms
to avoid delaying the application startup.

Example:

@Component
public class AsyncTaskRunner implements CommandLineRunner {

@Override
public void run(String... args) throws Exception {
CompletableFuture.runAsync(() -> {
// Long-running task
b
}
}

o Reconsider If the Task Needs to Run at Startup:
Evaluate whether the task can be scheduled to run after the
application is fully up and running.
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5. Runners Executing During Tests When Not Desired:
Solution:

o Exclude Runners from Test Contexts:
Use @Profile annotations to prevent runners from executing during
tests.

Example:

@Component
@Profile("ltest")
public class ProductionRunner implements CommandLineRunner {
@Override
public void run(String... args) throws Exception {
// Runner logic

}
}

o Use Custom Test Configurations:
In your test classes, exclude runner beans using @TestConfiguration
or adjust the component scan.

6. Accessing Command-Line Arguments in Runners:
Solution:

o Use ApplicationRunner for Enhanced Argument Access:
Implement ApplicationRunner to gain access to both option and non-
option arguments.

Example:

@Component
public class MyApplicationRunner implements ApplicationRunner {
@Override
public void run(ApplicationArguments args) throws Exception {
if (args.containsOption("debug")) {
// Enable debug mode
}
List<String> nonOptionArgs = args.getNonOptionArgs();
// Process non-option arguments
}
}
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Suggestions:

e Use Runners for Initialization Tasks:
o Database Setup or Data Seeding:
Initialize databases, load initial data, or perform migrations.

Example:

@Component
public class Databaselnitializer implements CommandLineRunner {

private final DataSource dataSource;

public Databaselnitializer(DataSource dataSource) {
this.dataSource = dataSource;

@Override
public void run(String... args) throws Exception {
// Check and initialize database schema

o Cache Preloading:

Load frequently accessed data into caches to improve performance.

e Order Runners When Dependencies Exist:
o Ensure Correct Execution Sequence:
Use @Order to manage dependencies between runners.

e Limit Logic in Runners:
o Keep Runners Focused on Startup Tasks:
Avoid placing core business logic in runners; instead, delegate to
services.

e Document Runner Purpose:
o Maintain Clarity for Future Maintenance:
Provide comments or documentation explaining the runner's role.
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Avoid Blocking the Main Thread:
o Prevent Startup Delays:
Use asynchronous execution for tasks that may block the main
thread.

Leverage Dependency Injection:
o Inject Required Beans:
Use constructor injection to obtain necessary dependencies.

Handle Application Lifecycle Events if More Appropriate:
o Consider @Eventlistener for Lifecycle Events:
If you need to perform actions at specific lifecycle events, using event

listeners might be more appropriate.

Test Runners Separately:
o Write Unit Tests:
Ensure that the runner logic works as intended, and handle
exceptions or edge cases.

Example:

@RunWith(SpringRunner.class)
@SpringBootTest
public class MyRunnerTest {

@Autowired
private MyCommandLineRunner runner;

@Test
public void testRunner() throws Exception {
runner.run();
// Verify expected behavior
}
}

Summary:
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By executing CommandLineRunner and ApplicationRunner beans at this stage,
Spring Boot allows you to perform specific actions immediately after the
application startup. This is particularly useful for initialization tasks, data setup, or
any action that needs to occur once the application context is fully initialized but
before the application is ready to serve requests. Understanding how to
effectively implement and manage runners enhances your ability to control
application startup behavior and perform essential tasks at the right time.

By focusing on the execution of CommandLineRunner and ApplicationRunner
beans, this step ensures that any necessary post-initialization code is run before
the application is considered fully started and ready to handle requests. Proper
use of runners can significantly enhance the startup process and prepare the

application environment as needed.
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18. Application Started and
Ready

Explanation:

At this final step, the Spring Boot application is fully started and ready to handle
requests or perform its designated tasks. This means that:

» Application Context Initialization Completed:
o The ApplicationContext has been refreshed and all beans are fully
initialized, including any lazy-loaded beans that have been
instantiated.

CommandLineRunner and ApplicationRunner Execution Finished:
o All CommandLineRunner and ApplicationRunner beans have been
executed, allowing for any necessary startup logic to complete.

ApplicationReadyEvent Published:
o The ApplicationReadyEvent is published to signal that the application is
ready to service requests. Components that listen for this event can

perform actions knowing that the application is in a ready state.

Web Server Started (for Web Applications):
o If the application is a web application, the embedded web server (e.g.,
Tomcat, Jetty, or Undertow) is fully started and listening for incoming
HTTP requests.

Background Processes and Scheduled Tasks Running:
o Any background tasks, scheduled jobs, or message listeners are
active and operational.

At this point, the application is in a steady state, ready to perform its core
functionality.
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Common Problems and Solutions:

1. Application Appears to Start but Does Not Respond to Requests:
Solution:
o Verify Server Port Configuration:
Ensure that the application is listening on the expected port. Check

the server.port property in your configuration.

Example:

server.port=8080

o Check for Port Conflicts:
Confirm that no other application is using the same port. If necessary,
change the port or stop the conflicting application.

o Review Firewall and Network Settings:
Ensure that firewalls or network policies are not blocking incoming

requests to the application.
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2. ApplicationReadyEvent Listeners Not Executing:
Solution:

o Ensure Listeners Are Properly Defined and Registered:
Listeners for ApplicationReadyEvent should be annotated with

@Component and @EventListener .

Example:

@Component
public class ReadyEventListener {

@EventListener

public void onApplicationReady(ApplicationReadyEvent event) {
// Actions to perform when application is ready
System.out.printIn("Application is fully started and ready.");

}
}

o Verify Component Scanning Configuration:
Ensure that the package containing the listener is included in component

scanning.
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3. Background Tasks Not Starting as Expected:
Solution:

o Check Scheduling Configuration:
Ensure that scheduling is enabled if you're using @Scheduled tasks.

Example:

@Configuration

@EnableScheduling

public class SchedulingConfiguration {
// Scheduling configuration

}

o Verify Task Definitions:
Confirm that scheduled tasks are correctly defined and annotated.

Example:

@Component
public class ScheduledTasks {

@Scheduled(fixedRate = 5000)
public void performTask() {
// Task logic

}
}

4. Application Shuts Down Immediately After Starting:
Solution:

o Check for Non-Daemon Threads:
Ensure that there are no issues causing the application to exit, such
as all threads being daemon threads.

o Verify Spring Boot Version and Dependencies:
Ensure compatibility between Spring Boot version and dependencies.

Conflicts can cause the application to exit unexpectedly.
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5. Unexpected Exceptions After Startup:
Solution:

o Review Logs for Errors:
Examine the application logs for stack traces or error messages that
occurred after startup.

o Handle Exceptions in Background Processes:
Ensure that exceptions in background threads are properly caught
and handled to prevent them from crashing the application.

6. Application Not Registering with Service Discovery (e.g., Eureka):
Solution:

o Verify Service Discovery Configuration:
Ensure that service discovery clients are correctly configured and
enabled.

Example:

eureka.client.service-url.defaultZone=http://localhost:8761/eureka/

o Check Network Connectivity:
Confirm that the application can reach the service discovery server.

Suggestions:

o Monitor Application Health:
o Use Spring Boot Actuator:
» Enable Actuator endpoints to monitor the application's health,
metrics, and other operational information.
Example:

management.endpoints.web.exposure.include=health,info,metrics

Access health information at /actuator/health .
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e Implement Graceful Shutdown:
o Handle Shutdown Events:
Listen for ApplicationStoppedEvent or implement DisposableBean to
perform cleanup operations when the application shuts down.

Example:

@Component
public class ShutdownListener implements DisposableBean {

@Override
public void destroy() throws Exception {
// Cleanup logic
System.out.printIn("Application is shutting down.");

}
}

» Use Logging Effectively:
o Log Startup Completion:
Add a log statement when the application is ready to indicate
successful startup.

Example:

@Component
public class StartupLogger {

private static final Logger logger = LoggerFactory.getlLogger(StartuplLogg
er.class);

@EventListener
public void onApplicationReady(ApplicationReadyEvent event) {
logger.info("Application started successfully.");
}
}

Spring Boot Application Start In deep
172



Spring Boot Application Start In deep

e Implement Health Checks for Load Balancers:
o Ensure Readiness Probes Pass:
Configure health checks that external systems like load balancers or
orchestration tools (e.g., Kubernetes) can use to determine
application readiness.

Example:

management.health.livenessState.enabled=true
management.health.readinessState.enabled=true

Prepare for Traffic (Web Applications):
o Warm-Up Application:
Preload caches or perform any necessary warm-up tasks to ensure

optimal performance when handling requests.

Document Application Startup Information:
o Provide Startup Instructions:
Document any necessary steps or configurations required for the
application to start and function correctly.

Automate Startup Verification:
o |Implement Automated Tests or Scripts:
Create scripts or tests that verify the application has started correctly
and is functioning as expected.

Ensure Security Measures Are Active:
o Verify Security Configurations:
Ensure that authentication, authorization, and other security
mechanisms are active and properly configured.

Monitor Resource Usage:
o Track Memory and CPU Usage:
Use monitoring tools to observe the application's resource
consumption, adjusting configurations as necessary.
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e Plan for Scaling:
o Design for Scalability:
Ensure that the application can handle increased load and that scaling
strategies are in place.

» Handle Runtime Exceptions Gracefully:
o |Implement Global Exception Handlers:
Use @ControllerAdvice and @ExceptionHandler to manage exceptions

during runtime.

e Maintain Up-to-Date Documentation:
o Keep Configuration and Deployment Guides Current:
Ensure that any changes to the application or its environment are
reflected in the documentation.

Summary:

At this final stage, your Spring Boot application is fully operational and ready to
serve its purpose. Ensuring that all components are functioning correctly and that
the application is prepared to handle requests or tasks is critical for reliable
operation. By monitoring the application's health, logging important events, and
implementing best practices for startup and readiness, you can maintain a robust
and responsive application.

By focusing on the "Application Started and Ready" phase, this step emphasizes
the importance of verifying that the application is fully operational after the
startup process completes. Understanding this stage helps in ensuring that the
application is not only running but also ready to perform its intended functions
efficiently and reliably.

Spring Boot Application Start In deep
174



Spring Boot Application Start In deep

Final Notes

Understanding the Spring Boot application startup process is essential for

building robust, efficient, and maintainable applications. The 17 steps we've

covered provide a detailed roadmap of what happens from the moment you start

your application to when it becomes fully operational. Here are some key

takeaways and best practices derived from these steps:

1. Holistic Understanding of Startup Sequence:Grasp the Big Picture:

Knowing the complete startup process helps in diagnosing issues,

optimizing performance, and customizing behavior to suit your application's

needs.

. Effective Configuration Management:Leverage Externalized Configuration:

Utilize application.properties or application.yml files to manage
environment-specific settings.

Use Profiles Wisely: Implement profiles ( dev, test, prod) to separate
configurations and ensure that the right settings are applied in the

appropriate environments.

. Optimize Component Scanning and Bean Management:Structure Your

Codebase:
Organize packages logically to simplify component scanning and avoid
unintended bean registrations.

Customize Scanning as Needed:
Use @ComponentScan filters to include or exclude specific components.
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4. Master Dependency Injection:
o Prefer Constructor Injection:
It promotes immutability and easier testing.

o Avoid Field Injection:
It's less testable and can lead to issues with proxies and AOP.

o Handle Circular Dependencies Carefully:
Refactor code to eliminate circular references or use @Lazy as a last

resort.

5. Utilize Auto-Configuration Effectively:Embrace Convention Over
Configuration:
Let Spring Boot auto-configure components when possible to reduce
boilerplate code.

Customize or Exclude Auto-Configurations:
When necessary, exclude specific auto-configurations to prevent unwanted
behavior.

6. Leverage Application Events and Listeners:Promote Loose Coupling:
Use events to communicate between components without tight
dependencies.

Implement Custom Events:

Define and handle custom events for domain-specific actions.

7. Implement Post-Processors Judiciously:
o Enhance Bean Functionality:
Use BeanPostProcessor and BeanFactoryPostProcessor to modify
beans and bean definitions.

o Be Cautious:

Ensure that post-processors do not introduce unexpected side
effects.
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8.

10.

11.

12.

Prepare and Execute Runners Thoughtfully:

Use Runners for Initialization Tasks:

Perform tasks like data seeding or cache warming after the context is
initialized.

Control Execution Order:

Use @Order to define the sequence of runner execution.

. Monitor Application Health and Readiness:

Use Actuator Endpoints:
Monitor application health, metrics, and other vital information.

Implement Health Checks:
Ensure that the application can signal its readiness to load balancers and
orchestration tools.

Optimize Performance and Resource Usage:
Lazy Initialization:
Enable lazy initialization for non-critical beans to reduce startup time.

Exclude Unnecessary Beans:
Prevent loading of beans not required for the current profile or environment.

Ensure Robust Error Handling and Logging:
Handle Exceptions Gracefully:
Prevent unhandled exceptions from crashing the application.

Log Important Events:
Keep track of application behavior and issues through effective logging.

Secure Your Application:
Protect Sensitive Information:
Ensure that credentials and sensitive data are securely managed.

Configure Security Properly:
Use Spring Security and configure endpoints and access controls as
needed.
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13.

14.

15.

16.

Test Thoroughly:

Write Unit and Integration Tests:

Validate that components work as intended and that the application starts
up correctly.

Test in Different Environments:

Ensure that the application behaves consistently across environments.

Maintain Clear Documentation:

Document Configurations and Customizations:

Keep records of important configurations, custom components, and any
deviations from standard practices.

Explain Architectural Decisions:
Provide context for why certain approaches were taken.

Stay Up-to-Date with Best Practices:
Follow Spring Boot Releases:
Keep an eye on new versions for improvements and critical fixes.

Engage with the Community:
Participate in forums, read blogs, and collaborate with other developers to
stay informed.

Plan for Scalability and Maintenance:

Design for Growth:

Ensure that the application can handle increased load and complexity over
time.

Automate Deployments and Monitoring:
Use tools for continuous integration, deployment, and monitoring to
streamline operations.
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17. Embrace Modularity and Reusability:
Create Custom Starters and Auto-Configurations:
For shared functionality across projects, consider creating custom Spring
Boot starters.

Modularize Codebase:
Break down the application into modules or services for better
manageability.

By meticulously attending to each step of the startup process, you lay a strong
foundation for your application's success. This comprehensive understanding
empowers you to:

Troubleshoot Effectively:

Quickly identify and resolve issues during startup and runtime.

Optimize Performance:

Improve startup times and resource utilization.

Enhance Maintainability:

Write cleaner, more modular code that's easier to understand and maintain.
Improve Reliability:

Build applications that are robust and resilient to failures.

Facilitate Team Collaboration:

Clear documentation and standard practices make it easier for team members to

collaborate and onboard new developers.
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Remember that building a Spring Boot application is not just about getting it to
work but about creating a solution that's scalable, maintainable, and efficient. By
applying the knowledge from these steps, you're well on your way to achieving
those goals.

Final Encouragement:

The journey through the Spring Boot startup process reveals the framework's
depth and the power it offers developers. Embrace the principles of convention
over configuration, but don't hesitate to dive deep when customization is
needed. Keep exploring, keep learning, and leverage the rich ecosystem that
Spring Boot provides to build amazing applications.
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