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Welcome to "Spring Boot High-Level Application Architecture", a detailed
exploration of the structural design and request flow of Spring Boot applications.
This guide provides a comprehensive understanding of the layers, components,
and request handling mechanisms, ensuring your projects are scalable,
maintainable, and efficient. Whether you're an experienced architect or a
developer new to Spring Boot, this book equips you with the knowledge to
master its high-level architecture.

why Understanding Spring
Boot Architecture Matters

Spring Boot simplifies development with its conventions and auto-configuration,
but beneath the surface lies a well-orchestrated architecture critical for
application robustness and performance. By exploring this architecture, you gain
the ability to:

» Design Modular Systems: Create applications with well-defined
responsibilities and maintainable codebases.

o Optimize Request Flow: Understand the lifecycle of an HTTP request,
enhancing application performance and troubleshooting efficiency.

o Enhance Extensibility: Build systems that adapt to evolving business needs
with minimal refactoring.

o Foster Collaboration: Create an architecture that aligns with team

workflows and best practices.

Spring Boot High-Level Application Architecture.
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Overview of Architectural
Components

This ebook breaks down the Spring Boot architecture into 9 key components:

1.

Start Application (@SpringBootApplication): Understand how this meta-
annotation serves as the entry point for bootstrapping a Spring Boot
application.

. Initialize Spring Application Context: Explore the lifecycle of the

ApplicationContext, which manages bean creation and dependency
injection.

. Load Configurations (application.properties or application.yml): Discover

how Spring Boot manages application settings and resolves environment-
specific configurations.

. Perform Auto-Configuration: Learn how Spring Boot dynamically configures

beans based on classpath dependencies.

. Component Scanning: Examine how Spring Boot detects and registers

beans annotated with @Component, @Service, and others.

. Create and Wire Beans: Dive into dependency injection, bean scopes, and

wiring application components.

. Initialize DispatcherServlet: Understand the DispatcherServlet's role as the

front controller in handling HTTP requests and responses.

. Setup Embedded Server (Tomcat, Jetty, or Undertow): Gain insights into

the embedded server configuration and its integration with Spring Boot.

. HTTP Request Handling Sequence: Walk through the sequence of events

triggered by an HTTP request, detailing the interactions between
controllers, services, and repositories.

Spring Boot High-Level Application Architecture.
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HTTP Request Handling Sequence

1.

Listen on Configured Port (e.g., 8080): The embedded server (Tomcat, Jetty, or
Undertow) starts and listens for incoming HTTP requests on the configured port,

typically specified in the application.properties or application.yml.

. Receive HTTP Request: A client (e.g., browser, mobile app) sends an HTTP

request, which the embedded server captures and processes, parsing key details
like the HTTP method, headers, query parameters, and body.

. DispatcherServlet Receives Request: The server forwards the request to the

DispatcherServlet, the central front controller in Spring MVC, which coordinates
further request handling.

. HandlerMapping Determines Controller: The DispatcherServiet uses

HandlerMapping to identify the appropriate controller or handler method for
processing the request, based on mappings such as path, method, or headers.

. Invoke Controller Method: The selected controller method is invoked to execute

the business logic for the request. This might involve processing input parameters
or calling service layers.

. Service Layer Executes Logic: The service layer handles core business logic and

interacts with repositories or other components as needed.

. Prepare Response: The controller assembles the response data, sets HT TP status

codes, and prepares headers. This includes serializing data into the desired format
(e.g., JSON or XML).

. Send Response to Client: The DispatcherServlet returns the response to the client

via the embedded server. The response includes status codes, headers, and the
body containing the requested data.

. Client Processes Response: The client application processes the received HTTP

response, parsing data and handling status codes to update the Ul or trigger
further actions.

Spring Boot High-Level Application Architecture.
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How to Use This eBook

Each chapter corresponds to one of the architectural components or request
sequence steps, providing in-depth explanations, practical examples, and
solutions to common challenges. This structure ensures a gradual understanding

of Spring Boot's high-level architecture and HTTP request flow.

Who Should Read This Book

o Software Architects: Seeking a clear understanding of Spring Boot's
architectural patterns.

o Backend Developers: Aspiring to design and implement maintainable

application layers.

o DevOps Engineers: Interested in optimizing deployments and runtime

performance.

e Students and Learners: Aiming to grasp the internal workings of Spring
Boot and its request handling.

Embark on a Journey to Master
Spring Boot Architecture

By the end of this ebook, you will have a complete understanding of Spring
Boot's architecture and HTTP request handling flow. Armed with this knowledge,
you'll be equipped to build applications that are robust, efficient, and ready to
handle real-world demands. Let's dive into the architecture and unlock the full
potential of Spring Boot!

Spring Boot High-Level Application Architecture.



Spring Boot High-Level Application Architecture.

1. Start Application
@SpringBootApplication

Explanation:

The @SpringBootApplication annotation is a convenience annotation that
combines three core Spring annotations:

1. @Configuration: Indicates that the class can be used as a source of bean
definitions.

2. @EnableAutoConfiguration: Enables Spring Boot's auto-configuration
mechanism, configuring beans based on the application’s classpath and
properties.

3. @ComponentScan: Automatically scans for components, configurations,
and services in the specified package (or sub-packages).

When your application starts, Spring Boot uses @SpringBootApplication to
bootstrap the application, load the application context, and initialize all required
configurations.

Spring Boot High-Level Application Architecture.
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Common Problems and Solutions:

1. Application Does Not Start (No Main Method Found):
Solution:

Ensure the class annotated with @SpringBootApplication includes a main
method to start the application.

Example:

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

2. Incorrect Package Scanning:
Solution:

Verify that your @SpringBootApplication annotated class is located at the
root of the package structure. This ensures @ComponentScan includes all
sub-packages.

Example:

com.example
— Application java (@SpringBootApplication)
L— service
L— MyService java (@Service)

If the structure differs, use @ComponentScan explicitly to define the base
package(s):

@SpringBootApplication

@ComponentScan(basePackages = "com.example.service")
public class MyApplication {

}

Spring Boot High-Level Application Architecture.
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3. Conflicting Bean Definitions:
Solution:

Check for multiple beans with the same name or type. Use @Primary or
@Qualifier to resolve conflicts.

Example:

@Bean

@Primary

public DataSource primaryDataSource() {
return new HikariDataSource();

}

4. Auto-Configuration Issues:

Solution:

o Ensure the necessary dependencies are included in the pom.xml or
build.gradle.

o Use spring-boot-starter dependencies to simplify configurations.
Example:

<l-- Maven Dependency -->

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

</dependency>

5. Startup Failure Due to Missing Properties:

Solution:

o Check application.properties or application.yml for required
configuration values.

o Use default properties or profiles for different environments.
Example:

server.port=8080
spring.datasource.url=jdbc:mysql://localhost:3306/mydb

Spring Boot High-Level Application Architecture.
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Suggestions:

o Centralized Application Entry Point:

Keep the @SpringBootApplication annotated class lightweight and
focused on bootstrapping.

» Profile Management:

Use Spring Profiles to manage configurations for different environments
(e.qg., dev, prod).

 Explicit Configuration:
Use @EnableAutoConfiguration(exclude = {SomeClass.class}) if you

need to disable specific auto-configuration.

By adhering to these best practices, you can ensure a smooth start-up process

for your Spring Boot application.

Spring Boot High-Level Application Architecture.
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2. Initialize Spring Application
Context

Explanation:

The Spring Application Context is the core of the Spring Framework, responsible for
managing the lifecycle and configuration of application beans. During initialization,
Spring scans for components, reads configurations, resolves dependencies, and
prepares beans for use.

In a Spring Boot application, the application context is initialized automatically when
SpringApplication.run() is called. The context acts as a container, holding all the

beans and their dependencies, enabling dependency injection, and managing
application resources.

Common Problems and Solutions:

1. Application Context Initialization Fails (BeanDefinitionStoreException):
Solution:

Ensure all component classes are properly annotated (e.g., @Component,
@Service, @Repository, @Controller) and included in the component scan.

Example:

@Service
public class MyService {
// Business logic here

}

Spring Boot High-Level Application Architecture.
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2. Circular Dependency Error:
Solution:

If two or more beans depend on each other, Spring cannot resolve the
dependencies. Break the cycle by refactoring, using @Lazy, or employing
setter injection.

Example:

@Service
public class BeanA {
private final BeanB beanB;

public BeanA(@Lazy BeanB beanB) {
this.beanB = beanB;
}

@Service
public class BeanB {
private final BeanA beanA;

public BeanB(BeanA beanA) {
this.beanA = beanA;

Spring Boot High-Level Application Architecture.
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3. Missing Configuration Property:

Solution:

o Ensure all required properties are defined in application.properties or
application.yml.

o Use @Value or @ConfigurationProperties to inject property values.
Example:

@Component

public class MyComponent {
@Value("${app.name}")
private String appName;

public String getAppName() {
return appName;

}
}

4. NoSuchBeanDefinitionException:
Solution:

Verify that the bean is defined and scanned. For custom configurations, explicitly
declare the bean with @Bean.

Example:

@Configuration
public class AppConfig {
@Bean
public MyService myService() {
return new MyService(),

}

Spring Boot High-Level Application Architecture.
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5. Classpath Scanning Issues:
Solution:

Ensure the @SpringBootApplication or @ComponentScan base package
includes all necessary sub-packages.

Example:

@SpringBootApplication(scanBasePackages = "com.example.app")
public class MyApplication {
}

Suggestions:

 Explicit Bean Management:

Use @Configuration classes for complex or custom bean configurations to
maintain clarity and control.

« Profiles for Environment-Specific Beans:
Use @Profile to define beans for specific environments (e.g., dev, prod).

Example:

@Configuration
@Profile("dev")
public class DevConfig {
@Bean
public DataSource dataSource() {
return new HikariDataSource(); // Development database configur
ation

}

Spring Boot High-Level Application Architecture.
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» Logging Application Context Events:

Use listeners to log or act on application context events such as
ContextRefreshedEvent.

Example:

@Component
public class ContextListener {
@EventListener
public void handleContextRefresh(ContextRefreshedEvent event) {
System.out.printin("Application Context Initialized!"),

}

By understanding and addressing common issues, and adopting best practices,
you can ensure a smooth and robust initialization of the Spring Application

Context.

Spring Boot High-Level Application Architecture.
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3. Load Configurations (Load
application.properties, etc.)

Explanation:

Spring Boot simplifies configuration management by loading settings from external configuration
files such as application.properties or application.yml. These files are located in the
src/main/resources directory by default. The configuration values in these files define application-
specific properties, such as server ports, database settings, and logging levels.

The configuration properties can be overridden in different environments, and Spring Boot
supports property resolution from multiple sources, including environment variables, system
properties, command-line arguments, and profiles.

Common Problems and Solutions:

1. Configuration Value Not Found:
Solution:

Ensure the property is correctly defined in the configuration file and matches the expected
key.

Example:

server.port=8080
spring.datasource.url=jdbc:mysqgl://localhost:3306/mydb

If a required property is missing, use @Value with a default value or
@ConfigurationProperties to handle it gracefully:

@Value("${app.name:DefaultAppName}")
private String appName;

Spring Boot High-Level Application Architecture.
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2. Cannot Read Profile-Specific Configurations:

Solution:

o Use application-{profile}.properties or application-{profile}.ymifor
profile-specific configurations.

o Activate the profile using the spring.profiles.active property.
Example:

# application-dev.properties
spring.datasource.url=jdbc:mysql://localhost:3306/devdb

Activate the profile:
java -Dspring.profiles.active=dev -jar myapp.jar

3. Incorrect Syntax in YAML Files:
Solution:

Verify the indentation and structure of the YAML file. Ensure the format is
consistent and matches the expected hierarchy.

Example:

server:
port: 8080
spring:
datasource:
url: jdbc:mysql://localhost:3306/mydb
username: root
password: secret

Spring Boot High-Level Application Architecture.
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4. Unable to Resolve Environment Variables:

Solution:

o Use placeholders (${}) to reference environment variables or system
properties.

o Ensure the environment variable is set in the system.
Example:

spring.datasource.password=${DB_PASSWORD}
Set the environment variable:
export DB_PASSWORD=secret

5. Overlapping Configurations:
Solution:

Understand Spring Boot's property resolution order. Command-line arguments
override properties in application.properties, which override environment
variables, and so on.

Example: If server.port is set both in the application.properties file and as a
command-line argument:

java -jar myapp.jar --server.port=9090

The command-line argument takes precedence.

Spring Boot High-Level Application Architecture.
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Suggestions:

o Use @ConfigurationProperties for Type-Safe Binding:

Define a POJO to map configuration properties, making it easier to access and

validate them.

Example:

@ConfigurationProperties(prefix = "app")
@Component
public class AppConfig {

private String name;

private String version;

// Getters and setters

« Profiles for Environment-Specific Configurations:

Define separate configurations for environments like dev, test, and prod, and
activate them using profiles.

o Default Configuration Management:

Use sensible defaults in application.properties to ensure the application runs
smoothly if no overrides are provided.

o Encrypt Sensitive Data:

Use tools like Spring Cloud Config or Jasypt to encrypt sensitive configuration
data such as passwords.

Example:

spring.datasource.password=ENC(encryptedPassword)

By properly managing and loading configurations, you can build flexible and
environment-independent applications, simplifying deployment and maintenance.

Spring Boot High-Level Application Architecture.
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4. Perform Auto-Configuration:
Configure Beans Based on
Classpath

Explanation:

Spring Boot's auto-configuration feature automatically configures beans based on the
libraries present in the classpath. This behavior is enabled by the
@EnableAutoConfiguration annotation, which is part of the @SpringBootApplication
annotation.

For example, if spring-boot-starter-web is in the classpath, Spring Boot configures a
DispatcherServlet, DefaultErrorViewResolver, and other web-related beans
automatically. Similarly, if spring-boot-starter-data-jpa is in the classpath, it configures
a DataSource, an EntityManagerFactory, and TransactionManager.

Auto-configuration simplifies development by reducing boilerplate code but allows

customization through property files and conditional annotations.

Common Problems and Solutions:

1. Unwanted Auto-Configured Beans:
Solution:

Exclude specific auto-configurations using @EnableAutoConfiguration or
spring.autoconfigure.exclude in the configuration.

Example:

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

}

Alternatively, in application.properties:

spring.autoconfigure.exclude=org.springframework.boot.autoconfigure.jdb
c.DataSourceAutoConfiguration

Spring Boot High-Level Application Architecture.
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2. Missing Required Libraries in Classpath:

Solution:

Ensure all necessary dependencies are included in your pom.xml or
build.gradle.

Example:

<l-- Maven Dependency for Spring Boot Starter Web -->
<dependency>
<groupld>org.springframework.boot</groupld>
<artifactld>spring-boot-starter-web</artifactld>
</dependency>

. Conflicting Auto-Configurations:

Solution:

Use @ConditionalOnClass, @ConditionalOnProperty, or
@ConditionalOnMissingBean in custom configurations to control which
beans are created.

Example:

@Configuration
@ConditionalOnClass(SomelLibraryClass.class)
public class CustomAutoConfig {

@Bean

public MyService myService() {

return new MyService(),

}

}

Spring Boot High-Level Application Architecture.
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4. Auto-Configuration Does Not Apply:

Solution:

Check for conditions specified in the META-INF/spring.factories file of the
library. Ensure the necessary conditions (e.g., class presence, properties) are
met.

Example:

@ConditionalOnProperty(name = "custom.feature.enabled", havingValue
= "true")
public class CustomFeatureConfig {

// Beans are configured only if the property is set

}

. Debugging Auto-Configuration Issues:

Solution:

Enable debugging for auto-configuration using the debug property to inspect
which configurations are applied or excluded.

Example:
debug=true

Look for AUTO-CONFIGURATION REPORT in the logs for insights.

Spring Boot High-Level Application Architecture.
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Suggestions:

o Customize Auto-Configuration:

Override beans provided by auto-configuration by defining your own beans
with the same name or type.

» Enable/Disable Features via Properties:
Use configuration properties to control auto-configuration behavior.

Example:

spring.datasource.url=jdbc:mysql://localhost:3306/mydb
spring.jpa.hibernate.ddl-auto=update

¢ Understand Conditional Annotations:

Study annotations like @ConditionalOnClass, @ConditionalOnMissingBean,
and @ConditionalOnProperty to fine-tune auto-configuration.

o Use @ImportAutoConfiguration for Custom Modules:
Import specific auto-configuration classes for modular applications.

Example:

@ImportAutoConfiguration(classes = {MyCustomAutoConfig.class})
public class MyApplication {

}

e Check for Unnecessary Starters:

Audit your dependencies to ensure no unneeded starters are included,
which might add unused auto-configurations.

By leveraging Spring Boot's auto-configuration effectively, you can speed up
development while maintaining the flexibility to override or fine-tune
configurations as needed.

Spring Boot High-Level Application Architecture.
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5. Component Scanning: Scan
For Beans and Components

Explanation:

Component scanning in Spring Boot is a process where the framework
automatically detects and registers beans, components, and configurations
within the application context. It identifies classes annotated with @Component,
@Service, @Repository, and @Controller.

The default behavior of component scanning is limited to the package containing
the class annotated with @SpringBootApplication and its sub-packages. For
applications with a broader or different structure, the @ComponentScan

annotation can specify custom base packages.

Common Problems and Solutions:

1. Components Not Detected:

Solution:

o Ensure that the components are located in the package or sub-
packages scanned by Spring Boot.

o Use @ComponentScan to include additional packages if necessary.
Example:

@SpringBootApplication

@ComponentScan(basePackages = {"com.example.app", "com.exampl
e.lib"})

public class MyApplication {

}

Spring Boot High-Level Application Architecture.
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2. Duplicate Bean Definitions:
Solution:

Ensure unique bean definitions by reviewing annotations. Use @Primary or
@Qualifier for resolving conflicts if necessary.

Example:

@Service
@Primary
public class MyPrimaryService implements MyService {

}

@Service
public class MySecondaryService implements MyService {

}

3. Excluded Classes Still Registered:
Solution:

Use @ComponentScan.Filter to exclude specific classes or packages from
scanning.

Example:

@ComponentScan(
basePackages = "com.example",
excludeFilters = @ComponentScan.Filter(type = FilterType ASSIGNAB
LE_TYPE, classes = UnwantedComponent.class)
)
public class MyApplication {

}

Spring Boot High-Level Application Architecture.
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4. Class Not Annotated Properly:
Solution:

Verify that custom components or services are annotated with the
appropriate Spring stereotype annotations like @Component, @Service,
etc.

Example:

@Component
public class MyCustomComponent {
// Custom logic here

}

5. Performance Issues in Large Applications:
Solution:

Restrict the scope of component scanning by specifying only necessary
packages. This reduces the scanning overhead.

Example:

@ComponentScan(basePackages = "com.example.core")
public class MyApplication {
}

Spring Boot High-Level Application Architecture.
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Suggestions:

o Use Explicit Scopes When Needed:

For larger applications, clearly define the scope of your @ComponentScan
to limit scanning to relevant packages and improve clarity.

e Combine with Profiles:

Use Spring Profiles to conditionally register beans, ensuring environment-
specific configurations.

Example:

@Component
@Profile("dev")
public class DevComponent {

}

e Leverage Meta-Annotations:

Create custom annotations that include @Component or other stereotype
annotations to standardize and simplify the scanning process.

Example:

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

public @interface CustomComponent {

}

Spring Boot High-Level Application Architecture.
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» Enable Logging for Debugging:

Use logging to verify which beans are registered and ensure all necessary
components are picked up.

Example:

logging.level.org.springframework.context.annotation=DEBUG

By properly utilizing component scanning and understanding its scope, you can
effectively manage beans and components, ensuring the correct functionality

and structure of your Spring Boot application.

Spring Boot High-Level Application Architecture.
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6. Create and Wire Beans:
Dependency Injection

Explanation:

Spring uses Dependency Injection (DI) to manage the creation and lifecycle of beans and resolve
dependencies between them. Beans are objects managed by the Spring container, created and
injected at runtime. Spring Boot automates this process using annotations such as @Component,
@Service, @Repository, and @Controller for bean creation and @Autowired or constructor-based

injection for wiring dependencies.

Dependency injection ensures modularity, testability, and reduces boilerplate code.
Common Problems and Solutions:

1. Bean Creation Fails (NoSuchBeanDefinitionException):
Solution:

Ensure that the required bean is annotated correctly (@Component, @Service, etc.) and
located within the component scan scope.

Example:

@Service
public class MyService {
public String sayHello() {
return "Hello, World!";

@RestController
public class MyController {
private final MyService myService;

public MyController(MyService myService) {
this.myService = myService;
}
}

Spring Boot High-Level Application Architecture.
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2. Circular Dependency Error:
Solution:

Refactor the code to break the dependency cycle or use @Lazy to delay
the creation of one of the beans.

Example:

@Service
public class BeanA {
private final BeanB beanB;

public BeanA(@Lazy BeanB beanB) {
this.beanB = beanB;

@Service
public class BeanB {
private final BeanA beanA,

public BeanB(BeanA beanA) {
this.beanA = beanA;

Spring Boot High-Level Application Architecture.
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3. Ambiguous Bean Definition (Multiple Beans of the Same Type):
Solution:

Use @Primary to specify the default bean or @Qualifier to select a
specific bean.

Example:

@Service
@Primary
public class PrimaryService implements MyService {

}

@Service
public class SecondaryService implements MyService {

}

@RestController
public class MyController {
private final MyService myService;

public MyController(@Qualifier("secondaryService") MyService mySe
rvice) {
this.myService = myService;
}
}

Spring Boot High-Level Application Architecture.
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4. Injection via Field Does Not Work:
Solution:

Prefer constructor-based injection as it is recommended for immutability
and testing purposes. If using field injection, ensure @Autowired is present.

Example:

@Service
public class MyService {

}

@RestController

public class MyController {
@Autowired
private MyService myService,

}

5. Custom Bean Not Registered:
Solution:

Define custom beans explicitly using the @Bean annotation in a
@Configuration class.

Example:

@Configuration
public class AppConfig {
@Bean
public MyService myService() {
return new MyService(),

}

Spring Boot High-Level Application Architecture.
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Suggestions:

e Use Constructor Injection:

Always prefer constructor injection over field injection for mandatory
dependencies. It makes testing easier and aligns with modern development
practices.

e Define Scope Carefully:

Use the appropriate bean scope (singleton, prototype, etc.) based on your
requirements.

Example:

@Component
@Scope("prototype")

public class PrototypeBean {
}

e Use Optional Dependencies Thoughtfully:

For optional dependencies, use @Autowired(required = false) or
Optional<T>.

Example:

public class MyService {
private final Optional<Dependency> dependency;

public MyService(Optional<Dependency> dependency) {
this.dependency = dependency;
}
}

Spring Boot High-Level Application Architecture.
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» Leverage Profiles for Environment-Specific Beans:
Define beans specific to a profile using the @Profile annotation.

Example:

@Configuration
@Profile("dev")
public class DevConfig {
@Bean
public MyService myService() {
return new MyDevService(),

}

By understanding and utilizing Spring Boot's dependency injection mechanisms
effectively, you can achieve a clean, modular, and easily testable codebase. This
approach reduces boilerplate and ensures the correct beans are created and

wired at runtime.

Spring Boot High-Level Application Architecture.
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1. Initialize DispatcherServiet: Setup
Front Controller

Explanation:

The DispatcherServlet is the central front controller in Spring MVC. It is automatically configured in
a Spring Boot application when spring-boot-starter-web is included in the dependencies. The
DispatcherServiet handles incoming HTTP requests, dispatches them to the appropriate handlers
(controllers), and prepares the HTTP response.

Upon initialization, the DispatcherServlet is registered with the application context and listens to
incoming requests on the defined context path.

Common Problems and Solutions:

1. DispatcherServiet Not Registered:
Solution:
Ensure the spring-boot-starter-web dependency is included in your pom.xml or build.gradle.

Example:

<l-- Maven Dependency -->

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

</dependency>

Spring Boot High-Level Application Architecture.
35



Spring Boot High-Level Application Architecture.

2. 404 Error for Requests:

Solution:

o Verify that the controller mapping matches the request path.
o Ensure @RequestMapping or similar annotations are correctly

defined.
Example:

@RestController
@RequestMapping("/api")
public class MyController {
@GetMapping("/hello")
public String sayHello() {
return "Hello, World!";

}

3. Custom DispatcherServilet Configuration Fails:
Solution:

Customize the DispatcherServlet using a ServletRegistrationBean or
override default properties.

Example:

@Configuration
public class DispatcherServletConfig {
@Bean
public ServletRegistrationBean<DispatcherServlet> dispatcherServie
tRegistration(DispatcherServlet dispatcherServlet) {
ServletRegistrationBean<DispatcherServlet> registration = new Se
rvletRegistrationBean<>(dispatcherServlet, "/custom/*");
registration.setName("customDispatcherServlet");
return registration;
}
}

Spring Boot High-Level Application Architecture.
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4. Incorrect Request Mapping Behavior:
Solution:

Check for overlapping or conflicting mappings in controllers. Use explicit
paths and ensure unique mappings.

Example:

@RestController
@RequestMapping("/api/users")
public class UserController {
@GetMapping("/id}")
public String getUser(@PathVariable String id) {
return "User ID: " +id;

}

5. Unsupported HTTP Methods:
Solution:

Ensure the correct HTTP method annotations (@GetMapping,
@PostMapping, etc.) are used in the controllers.

Example:

@RestController
@RequestMapping("/api")
public class MyController {
@PostMapping("/submit")
public String submitData(@RequestBody String data) {
return "Data submitted: " + data;
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Suggestions:

o Customize DispatcherServlet Properties:

Modify properties like spring.mvc.servlet.path in application.properties to
adjust the default behavior.

Example:
spring.mvc.servlet.path=/api

o Enable Advanced Request Handling:

Use interceptors or filters to preprocess or post-process HTTP requests and
responses.

Example:

@Configuration
public class WebConfig implements WebMvcConfigurer {
@Override
public void addInterceptors(InterceptorRegistry registry) {
registry.addinterceptor(new Customlinterceptor());

}
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o Log DispatcherServlet Activity:
Enable detailed logging to debug request processing.

Example:
logging.level.org.springframework.web.servlet.DispatcherServlet=DEBUG

o Use Exception Handlers:

Implement @ControllerAdvice to handle exceptions globally and provide
meaningful error responses.

Example:

@ControllerAdvice
public class GlobalExceptionHandler {
@ExceptionHandler(Exception.class)
public Responsekntity<String> handleException(Exception e) {
return ResponseEntity.status(HttpStatus.INTERNAL_SERVER_ERRO
R).body("Error: " + e.getMessage());

}

By properly understanding and configuring the DispatcherServlet, you ensure
efficient handling of incoming HTTP requests and responses while maintaining

flexibility for customizations as required by your application.
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8. Setup Embedded Server
(Tomcat/Jdetty)

Explanation:

Spring Boot applications come with an embedded web server, such as Tomcat, Jetty, or Undertow,
allowing them to run independently without requiring external server installations. By default,
Spring Boot uses Tomcat as the embedded server, but you can switch to Jetty or Undertow by
including the respective dependencies.

The embedded server listens on a configured port (default is 8080) and handles incoming HTTP
requests, passing them to the DispatcherServlet for processing.

Common Problems and Solutions:

1. Embedded Server Fails to Start (Port Already in Use):

Solution:

Change the port in application.properties or resolve the conflict by stopping the process
using the port.

Example:
server.port=9090
To find the conflicting process:

|sof -i :8080
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2. Switching to a Different Embedded Server:
Solution:

Exclude the default Tomcat dependency and add the desired server
dependency in pom.xml or build.gradle.

Example (Switch to Jetty):

<I-- Exclude Tomcat -->
<dependency>
<groupld>org.springframework.boot</groupld>
<artifactld>spring-boot-starter-web</artifactld>
<exclusions>
<exclusion>
<groupld>org.springframework.boot</groupld>
<artifactld>spring-boot-starter-tomcat</artifactld>
</exclusion>
</exclusions>
</dependency>

<l-- Include Jetty -->

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

</dependency>

3. Customizing Server Configuration:

Solution:

Modify application.properties to customize server settings like connection
timeout, SSL, or max threads.

Example:

server.port=8080

server.ssl.enabled=true
server.ssl.key-store=classpath:keystore.p12
server.ssl.key-store-password=password
server.ssl.key-store-type=PKCS12
server.tomcat.threads.max=200
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4. Deploying WAR File Instead of JAR:
Solution:

Switch the packaging type to war and configure your
SpringBootServletinitializer class for external server deployments.

Example:

@SpringBootApplication
public class MyApplication extends SpringBootServletinitializer {
@Override
protected SpringApplicationBuilder configure(SpringApplicationBuild
er builder) {
return builder.sources(MyApplication.class);

}
}

Update pom.xml:
<packaging>war</packaging>

5. Enable HTTP/2 Support:
Solution:

Enable HTTP/2 by configuring the server settings and ensuring the required
dependencies are included.

Example:
server.http2.enabled=true
Add required dependencies:

<dependency>
<groupld>org.apache.tomcat.embed</groupld>
<artifactld>tomcat-embed-core</artifactld>
<version>9.0.50</version>

</dependency>
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Suggestions:
o Choose the Right Embedded Server:
Use Jetty for lightweight applications and Undertow for high-performance
environments. Stick with Tomcat for general-purpose use.
e Secure the Embedded Server:
Configure HTTPS and ensure strong cipher suites for production environments.
Example:
server.ssl.enabled=true
server.ssl.key-store=classpath:keystore.jks

server.ssl.key-store-password=secret
server.ssl.key-store-type=JKS

e Enable Graceful Shutdown:

Configure server shutdown behavior to ensure pending tasks complete before
termination.

Example:

server.shutdown=graceful
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o Enable Detailed Logs:
Use logging to debug server start-up issues or monitor server activity.

Example:

logging.level.org.apache.catalina=DEBUG
logging.level.org.eclipse.jetty=DEBUG

o Set Context Path for Multi-Applications:

Define a context path for your application if multiple applications run on the

Same server.

Example:

server.servlet.context-path=/myapp

By leveraging the embedded server, you can simplify deployment and testing
while maintaining flexibility to configure or switch servers to meet specific project
requirements.
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9. Start Embedded Server: Begin
Listening for Requests

Explanation:

Once the embedded server (e.g., Tomcat, Jetty, or Undertow) is set up and initialized, it begins
listening for incoming HTTP requests on the configured port (default: 8080). This step finalizes the
server's readiness to handle client requests, routing them to the appropriate endpoints via the

DispatcherServlet.

Spring Boot manages the server lifecycle automatically, so developers can focus on building
application logic rather than server configuration. The server starts when SpringApplication.run() is

executed.
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Common Problems and Solutions:

1. Server Fails to Start (Port Already in Use):
Solution:
Change the server port in application.properties or free the port being used
by another process.

Example:
server.port=9090
To identify the process using the port:

Isof -i :8080
kill -9 <PID>

2. Server Starts but Does Not Accept Requests:

Solution:

o Verify the firewall settings to ensure the server port is not blocked.

o Ensure the server is bound to the correct host (server.address).
Example:

server.address=0.0.0.0

3. HTTP/HTTPS Mismatch:
Solution:

Ensure the server is configured correctly for HTTP or HTTPS. For HTTPS,
verify the SSL certificate configuration.

Example:

server.ssl.enabled=true
server.ssl.key-store=classpath:keystore.p12
server.ssl.key-store-password=password
server.ssl.key-store-type=PKCS12
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4. Application Does Not Respond After Deployment:

Solution:

Ensure the @RestController or @Controller annotations are used in the
endpoint classes and that the endpoints are mapped correctly.

Example:

@RestController

@RequestMapping("/api")

public class MyController {
@GetMapping("/status")
public String getStatus() {

return "Server is running";

}

}

. Server Stops Unexpectedly After Startup:

Solution:

Check the application logs for exceptions or errors during startup. Handle
misconfigurations or dependency issues as indicated in the logs.

Example:
Caused by: java.net.BindException: Address already in use

Resolution: Change the port or resolve the conflict.
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Suggestions:
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» Verify Startup Success:

Check the console logs for a message indicating the server has started and
is listening on a port.

Example:
Tomcat started on port(s): 8080 (http) with context path "

Graceful Shutdown and Restart:

Use Spring Boot's actuator endpoints to manage server lifecycle during
development and operations.

Example:
curl -X POST <http://localhost:8080/actuator/shutdown>

Enable Monitoring:
Use tools like Spring Boot Actuator to monitor server health and metrics.

Example:

management.endpoints.web.exposure.include=health,info
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 Bind to Specific Network Interfaces:

For multi-host environments, bind the server to a specific network interface
using server.address.

Example:
server.address=192.168.1.100

e Enable HTTP/2 for Improved Performance:

Configure the server to support HTTP/2 for better client-server

communication.

Example:

server.http2.enabled=true

By properly configuring and starting the embedded server, you ensure that your
application is ready to accept and process incoming requests efficiently,
providing a robust foundation for your Spring Boot application.
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1. Listen on Configured Port (e.q.,
80B80)

Explanation:

When the embedded server (e.g., Tomcat, Jetty, or Undertow) starts in a Spring Boot application, it
listens for incoming HTTP requests on a configured port. By default, this port is 8080, but it can be

customized through the application configuration (application.properties or application.yml) or via
command-line arguments.

Listening on a specific port is essential for the application to accept client requests. This port acts

as the entry point for communication between clients and the server.

Common Problems and Solutions:

1. Port Already in Use Error (BindException):
Solution:
Change the server port in the configuration file to a free port.

Example:
server.port=9090

Alternatively, identify and stop the process using the port.

Command:

|sof -i :8080
kill -9 <PID>
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2. Server Listens on the Wrong Port:

Solution:

Ensure the server.port property is set correctly in application.properties or
overridden appropriately in your deployment environment.

Example:
server.port=8081
To override via the command line:

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

. Server Binds to an Incorrect Network Address:

Solution:

Configure the server.address property to bind the server to the desired
network interface or use 0.0.0.0 to allow all addresses.

Example:

server.address=127.0.0.1

. Firewall Blocking the Port:

Solution:
Ensure the server's listening port is open and allowed by the firewall.

Command (Linux):

sudo ufw allow 8080

. Server Starts but Does Not Accept HTTPS Connections:

Solution:
Configure SSL properties for HTTPS communication.

Example:

server.port=8443

server.ssl.enabled=true
server.ssl.key-store=classpath:keystore.p12
server.ssl.key-store-password=changeit
server.ssl.key-store-type=PKCS12
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» Use Environment-Specific Configurations:

Use Spring profiles to define different ports for dey, test, and prod
environments.

Example:

# application-dev.properties
server.port=8081

# application-prod.properties
server.port=80

Monitor Port Usage:
Enable Spring Actuator endpoints to monitor server status and port activity.

Example:
management.endpoints.web.exposure.include=info,health
Access:

curl <http://localhost:8080/actuator/health>
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e Log the Listening Port:

Verify the logs during application startup for confirmation of the port being
used.

Example Log:
Tomcat started on port(s): 8080 (http) with context path "

e Ensure Security for Exposed Ports:

If running on public-facing servers, secure the application with firewalls,

reverse proxies, or SSL configurations.
» Dynamic Port Binding for Testing:

Use server.port=0 to let the server choose a random port during testing
and retrieve it programmatically.

Example:

@Autowired
private Environment environment;

public int getServerPort() {

return Integer.parselnt(environment.getProperty("local.server.por
)
}

By ensuring the correct configuration and monitoring of the server's listening
port, you enable reliable and secure communication for your Spring Boot
application.
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2. Receive HTTP Request: Client
Sends Request

Explanation:

When a client (such as a web browser, mobile app, or API client) sends an HTTP request, the Spring
Boot embedded server (e.g., Tomcat, Jetty, or Undertow) receives the request on the configured
port. The server processes the request and forwards it to the DispatcherServlet, which acts as the

front controller in Spring MVC.

The server parses the HTTP request to identify details such as the HTTP method (e.g., GET, POST),
headers, query parameters, and body, ensuring the application can handle the request

appropriately.

Common Problems and Solutions:

1. Request Not Reaching the Application:
Solution:

Verify the client is sending the request to the correct URL, including protocol (http or https),
hostname, port, and path.

Example:
curl <http://localhost:8080/api/hello>
Ensure the server is running and listening on the configured port:

netstat -tuln | grep 8080
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2. Unsupported HTTP Method:
Solution:

Ensure the correct HTTP method is used in the client request and that the
Spring Boot controller supports it.

Example:

@RestController
public class MyController {
@GetMapping("/hello")
public String sayHello() {
return "Hello, World!";

}

Request:
curl -X GET <http://localhost:8080/hello>

3. Missing or Incorrect Request Parameters:
Solution:

Verify that required query or path parameters are included in the client
request and match the expected format.

Example:

@GetMapping("/greet")
public String greetUser(@RequestParam String name) {
return "Hello, " + name;

}

Request:

curl <http://localhost:8080/greet’name=john>
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4. Invalid Request Headers:

Solution:

Ensure the client sends necessary headers, such as Content-Type for
POST or PUT requests.

Example:

@PostMapping("/submit")
public String submitData(@RequestBody String data) {
return "Received: " + data;

}

Request:

curl -X POST -H "Content-Type: application/json" -d '{"message":"Hell
0"} <http://localhost:8080/submit>

. Large Request Fails (Payload Too Large):

Solution:
Increase the maximum request size in the server configuration.

Example:

server.tomcat.max-http-post-size=2097152 # 2MB
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Suggestions:

o Enable CORS for Cross-Origin Requests:

Allow cross-origin requests if the server needs to handle requests from different

domains.

Example:

@Configuration
public class CorsConfig {
@Bean
public WebMvcConfigurer corsConfigurer() {
return new WebMvcConfigurer() {
@Override
public void addCorsMappings(CorsRegistry registry) {
registry.addMapping("/**").allowedOrigins("<http://example.com>");

» Validate Incoming Requests:

Use @Valid and validation annotations to ensure the request body or parameters
meet required criteria.

Example:

public class UserRequest {
@NotBlank
private String name;

@Email
private String email;

@PostMapping("/register")
public String registerUser(@Valid @RequestBody UserRequest userRequest) {
return "User registered: " + userRequest.getName();

}
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e Log Incoming Requests:
Log details of incoming requests for debugging and auditing.
Example:

@RestController
public class LoggingController {
@PostMapping('/log")
public String logRequest(@RequestBody String body, HttpServietRequ
est request) {
System.out.printin("Request URL: " + request.getRequestURL());
System.out.printin("Request Body: " + body);
return "Logged",;

}

e Secure Requests with HTTPS:
Use HTTPS to encrypt communication and protect sensitive data.
Example:

server.ssl.enabled=true
server.ssl.key-store=classpath:keystore.p12
server.ssl.key-store-password=securepassword

» Handle Invalid Requests Gracefully:

Implement @ControllerAdvice to handle invalid or unexpected requests and

provide meaningful error responses.

Example:

@ControllerAdvice
public class GlobalExceptionHandler {
@ExceptionHandler(Exception.class)
public Responsekntity<String> handleException(Exception e) {
return ResponseEntity.badRequest().body("Invalid request: " + e.get
Message());
}
}
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By ensuring proper configurations and handling techniques, you can reliably
process incoming HTTP requests, making your Spring Boot application robust
and user-friendly.
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3. DispatcherServlet Receives
Request: Front Controller

Explanation:

The DispatcherServlet is the central component of the Spring MVC architecture, acting as the front
controller. It is responsible for handling all incoming HTTP requests and delegating them to

appropriate handlers (controllers) based on mappings.

When the DispatcherServiet receives a request, it performs the following sequence of actions:

1. Identifies the handler through HandlerMapping.
2. Delegates the request to the corresponding controller method.

3. Processes the response through HandlerAdapter and renders a view (if applicable).

The DispatcherServlet simplifies request routing and response management, ensuring consistency

in how HTTP requests are handled.
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Common Problems and Solutions:

1. Request Mapping Not Found (404 Error):
Solution:

Ensure the controller method is annotated with the correct mapping and matches the request
path.

Example:

@RestController

@RequestMapping("/api")

public class MyController {
@GetMapping("/hello")
public String sayHello() {

return "Hello, World!";

}

}

Request:
curl <http://localhost:8080/api/hello>

2. Handler Not Registered for the HTTP Method:
Solution:
Verify the handler method supports the HTTP method used in the request (e.g., GET, POST).

Example:

@PostMapping("/submit")
public String submitData(@RequestBody String data) {
return "Data received: " + data;

}
Request:

curl -X POST -H "Content-Type: application/json" -d '{"key":"value"}' <http://localhost:808
0/submit>
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3. Unsupported Media Type (415 Error):
Solution:

Ensure the Content-Type header in the request matches the expected type
in the controller.

Example:

@PostMapping(value = "/submit", consumes = MediaType APPLICATIO
N_JSON_VALUE)
public String submitData(@RequestBody String data) {

return "Received: " + data;

}
Request:

curl -X POST -H "Content-Type: application/json" -d '{"message":"Hell
0"} <http://localhost:8080/submit>

4. No View Resolved (View Resolution Error):

Solution:

o Ensure a ViewResolver is configured if the application serves web
pages.
o For REST APIs, use @RestController or @ResponseBody to bypass

view resolution.
Example:

@RestController
public class MyController {
@GetMapping("/data")
public String getData() {
return "JSON Data";
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5. Controller Exception Not Handled Gracefully:
Solution:
Use @ControllerAdvice to globally handle exceptions thrown in controllers.

Example:

@ControllerAdvice
public class GlobalExceptionHandler {
@ExceptionHandler(Exception.class)
public ResponseEntity<String> handleException(Exception e) {
return ResponseEntity.status(HttpStatus.INTERNAL_SERVER_ERRO
R).body("Error: " + e.getMessage());

}
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o Use Explicit Request Mappings:

Define mappings clearly using annotations like @RequestMapping,
@GetMapping, and @PostMapping to avoid ambiguity.

Example:

@GetMapping("/users/{id}")
public String getUser(@PathVariable String id) {
return "User ID: " + id;

Log DispatcherServiet Activity:
Enable logging to trace how requests are being processed.

Example:
logging.level.org.springframework.web.servlet.DispatcherServlet=DEBUG

Test Request Handling Thoroughly:

Use tools like Postman or Curl to validate request mappings and response
behavior during development.
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o Optimize Handler Mapping:

Use annotations like @PathVariable and @RequestParam to streamline
request mapping logic.

Example:

@GetMapping("/search")
public String search(@RequestParam String query) {
return "Searching for: " + query;

}

o Enable Handler Interceptors:

Add interceptors to preprocess or postprocess requests for additional
functionality.

Example:

@Configuration
public class WebConfig implements WebMvcConfigurer {
@Override
public void addInterceptors(InterceptorRegistry registry) {
registry.addinterceptor(new Logginglnterceptor()),

}

By configuring and leveraging the DispatcherServlet effectively, you can
streamline request handling and ensure that your Spring Boot application
processes HTTP requests in a consistent and efficient manner.
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4. HandlerMapping Determines
Controller: Find Appropriate
Handler

Explanation:

In Spring MVC, the HandlerMapping is responsible for determining which
controller or handler method should process an incoming HTTP request. When a
request is received by the DispatcherServlet, it consults the HandlerMapping to
identify the appropriate handler based on the request path, HTTP method,
headers, or other criteria.

Spring provides several built-in HandlerMapping implementations, such as:

» RequestMappingHandlerMapping: Maps requests to @RequestMapping,
@GetMapping, and similar annotations.

o SimpleUrIHandlerMapping: Maps requests to static URLs or resources.

o DefaultServletHandlerMapping: For serving static content.

This step ensures that the correct logic is invoked to handle the client’s request.

Spring Boot High-Level Application Architecture.
67



Spring Boot High-Level Application Architecture.

Common Problems and Solutions:
1. Handler Not Found (404 Error):
Solution:

Ensure the request path matches the path defined in the controller's mapping
annotation.

Example:

@RestController
@RequestMapping("/api")
public class MyController {
@GetMapping("/hello")
public String sayHello() {
return "Hello, World!";

}

Request:

curl <http://localhost:8080/api/hello>

2. Conflicting Mappings (Ambiguous Mapping Error):
Solution:

o Ensure each request path is unigue and does not conflict with other
mappings.
o Use specific paths or method-level annotations like @GetMapping and

@PostMapping.
Example:

@RestController
public class MyController {
@GetMapping("/users")
public String getUsers() {
return "List of users";

@PostMapping("/users")
public String createUser() {
return "User created",
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3. Handler Not Matching HTTP Method (405 Error):

Solution:

Verify the controller method is annotated with the correct HTTP method
mapping and that the client uses the appropriate method in the request.

Example:

@RestController
public class MyController {
@DeleteMapping("/delete/{id}")
public String deleteUser(@PathVariable int id) {
return "User " + id + " deleted";

}

Request:

curl -X DELETE <http://localhost:8080/delete/1>

. Handler Mapping Not Configured for Custom Logic:

Solution:

Use a custom HandlerMapping implementation for advanced or non-
standard request routing.

Example:

@Configuration
public class CustomHandlerMappingConfig {
@Bean
public SimpleUrlHandlerMapping simpleUrIHandlerMapping() {
SimpleUrlHandlerMapping mapping = new SimpleUrIHandlerMap
ping();
mapping.setUriMap(Map.of("/custom"”, new MyCustomController
0
mapping.setOrder(0);
return mapping;

}
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5. Static Resources Overriding Custom Mappings:
Solution:

Ensure that the HandlerMapping for static resources does not conflict with
your controller mappings. Adjust the resource handler priority if needed.

Example:

@Configuration
public class WebConfig implements WebMvcConfigurer {
@Override
public void addResourceHandlers(ResourceHandlerRegistry registry)
{
registry.addResourceHandler("/static/**")
.addResourcelocations("classpath:/static/")
setCachePeriod(3600);
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o Use Path Variables and Request Parameters:

Dynamically map request paths using @PathVariable and @RequestParam.

Example:

@GetMapping("/user/{id}")
public String getUserByld(@PathVariable int id) {
return "User ID: " + id;

}

Enable Debugging for Handler Mapping:
Log detailed information about request mappings for troubleshooting.

Example:

logging.level.org.springframework.web.servlet.handler=DEBUG

Document API Endpoints:

Use tools like Swagger or Spring REST Docs to document request
mappings and avoid ambiguity.
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» Handle Overlapping Paths with Specificity:

Ensure that more specific paths are defined before broader ones to avoid

incorrect handler selection.

Example:

@GetMapping("/user/{id}")
public String getUser(@PathVariable int id) {
return "User ID: " + id;

}

@GetMapping("/user/all")
public String getAllUsers() {
return "All users";

o Use Interceptors for Custom Preprocessing:

Add interceptors to preprocess or redirect requests before they reach the
handler.

Example:

@Configuration
public class WebConfig implements WebMvcConfigurer {
@Override
public void addInterceptors(InterceptorRegistry registry) {
registry.addinterceptor(new Logginglnterceptor()).addPathPattern
(/%)

}

By ensuring proper configuration and use of HandlerMapping, you can create a
flexible and reliable request routing mechanism that directs requests to the
correct handler, enabling efficient HTTP request processing.
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5. Invoke Controller Method:
Execute Endpoint Logic

Explanation:

Once a request is routed by the HandlerMapping to the appropriate controller,
the corresponding controller method is invoked to execute the business logic for
the endpoint. Controller methods are annotated with mappings like
@GetMapping, @PostMapping, and @RequestMapping to specify the HTTP
method and request path they handle.

The method processes the request by interacting with services, repositories, or
other components and prepares the response. Depending on the endpoint’s
design, the response can be a simple message, JSON, XML, or even an HTML

view.
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Common Problems and Solutions:

1. Method Not Invoked (404 Error):
Solution:

Verify the controller method is annotated with the correct mapping and
matches the request path and HT TP method.

Example:

@RestController

@RequestMapping("/api")

public class MyController {
@GetMapping("/hello")
public String sayHello() {

return "Hello, World!";

}

}

Request:
curl <http://localhost:8080/api/hello>

2. Missing or Invalid Input Parameters:
Solution:

Use @RequestParam, @PathVariable, or @RequestBody for input and
validate the data as needed.

Example:

@GetMapping("/greet")
public String greet(@RequestParam String name) {
return "Hello, " + name;

}

Request:

curl <http://localhost:8080/greet?’name=john>
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3. Null Pointer Exception in Controller Logic:
Solution:

Ensure all dependencies are correctly injected and all inputs are validated
before use.

Example:

@RestController
public class MyController {
private final MyService myService;

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

}

@GetMapping("/data")
public String getData() {
return myService.getData();
}
}

4. Inconsistent Response Format:
Solution:

Use ResponseEntity for structured responses and consistent HTTP status
codes.

Example:

@GetMapping("/user/{id}")
public ResponseEntity<String> getUser(@PathVariable int id) {

if (id <= 0) {

return ResponseEntity.badRequest().oody("Invalid ID");
}
return ResponseEntity.ok("User ID: " + id);

}
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5. Exception in Endpoint Logic:
Solution:

Use try-catch blocks or @ControllerAdvice for global exception handling to
provide meaningful error messages.

Example:

@RestController
public class MyController {
@GetMapping("/divide")
public String divide(@RequestParam int a, @RequestParam int b) {
try {
return "Result: " + (a / b);
} catch (ArithmeticException e) {
return "Error: Cannot divide by zero"
}
}
}

Spring Boot High-Level Application Architecture.
76



Spring Boot High-Level Application Architecture.

Suggestions:

o Use Proper Annotations for Input:

Leverage annotations like @RequestParam, @PathVariable, and
@RequestBody to handle different types of input effectively.

Example:

@PostMapping("/submit")
public String submit(@RequestBody UserRequest userRequest) {
return "Received user: " + userRequest.getName();

}

» Validate Inputs:

Use @Valid and validation annotations in combination with @RequestBody
or @RequestParam.

Example:

public class UserRequest {
@NotNull
private String name,

@Email
private String email;

@PostMapping("/register")
public String registerUser(@Valid @RequestBody UserRequest userRe
quest) {

return "User registered: " + userRequest.getName();

}
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e Return Consistent Responses:

Use custom response objects to standardize the structure of API
responses.

Example:

public class ApiResponse {
private String message;
private Object data;

// Getters and setters

@GetMapping("/status")

public ApiResponse getStatus() {
ApiResponse response = new ApiResponse();
response.setMessage("Success");
response.setData(Map.of("status", "OK"));
return response;
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e Log Important Events:

Log key events in the controller method to track behavior and assist
debugging.

Example:

@RestController
public class MyController {
@GetMapping("/log")
public String logExample() {
System.out.printin("Request received at /log");
return "Logged successfully";

}

» Handle Exceptions Globally:

Use @ControllerAdvice to centralize exception handling for better code

maintainability.

Example:

@ControllerAdvice
public class GlobalExceptionHandler {
@ExceptionHandler(Exception.class)
public ResponseEntity<String> handleException(Exception e) {
return Responsekntity.status(HttpStatus.INTERNAL_SERVER_ERRO
R).body("Error: " + e.getMessage());

}
}

By ensuring well-designed controller methods and leveraging Spring Boot
features like validation, structured responses, and logging, you can create robust
and maintainable endpoints that handle requests efficiently.
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6. Execute Business Logic:
Service Layer Processing

Explanation:

The service layer in a Spring Boot application is responsible for executing the

core business logic. It acts as an intermediary between the controller and the

data access layer (e.g., repositories). The service layer encapsulates complex
logic, making the application modular, reusable, and testable.

Services are typically annotated with @Service to indicate that they hold
business logic. This separation of concerns improves code organization and
allows the controller to focus on handling requests and responses.

Common Problems and Solutions:

1. Service Not Found (NoSuchBeanDefinitionException):
Solution:

Ensure the service class is annotated with @Service and is within the
component scanning scope.

Example:

@Service
public class UserService {
public String getUser(int id) {
return "User ID: " + id;
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Controller:

2. @RestController
@RequestMapping("/api")
public class UserController {
private final UserService userService;

public UserController(UserService userService) {
this.userService = userService;

@GetMapping("/user/{id}")
public String getUser(@PathVariable int id) {
return userService.getUser(id);

}
}

2. Null Pointer Exception When Accessing Dependencies in Service:
Solution:

Ensure all dependencies within the service are injected correctly using
constructor injection or @Autowired.

Example:

@Service
public class OrderService {
private final PaymentService paymentService;

public OrderService(PaymentService paymentService) {
this.paymentService = paymentService;

}

public String processOrder() {
return paymentService.initiatePayment(),

}
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3. Service Layer Logic Becomes Too Complex:
Solution:

Break down large services into smaller, domain-specific services or utility
classes.

Example:

4. @Service
public class InventoryService {
public boolean isltemAvailable(int itemld) {
/I Check item availability logic
return true;

@Service
public class OrderService {
private final InventoryService inventoryService,

public OrderService(InventoryService inventoryService) {
this.inventoryService = inventoryService;

}

public String placeOrder(int itemld) {
if (inventoryService.isltemAvailable(itemld)) {
return "Order placed!";

}

return "ltem out of stock.";

}

4. Unclear Separation Between Controller and Service Responsibilities:
Solution:

Keep controllers focused on request and response handling. Move all
business logic to the service layer.

Example:
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5.

// Service
@Service
public class UserService {

public String createUser(String name) {
// Business logic for creating a user
return "User created: " + name;

// Controller
@RestController
@RequestMapping("/api")
public class UserController {

private final UserService userService,

public UserController(UserService userService) {
this.userService = userService;

}

@PostMapping("/user")
public String createUser(@RequestParam String name) {
return userService.createUser(name);
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5. Unit Testing Services is Difficult:
Solution:
Use mock dependencies for the service layer in tests.

Example:

@ExtendWith(MockitoExtension.class)
public class OrderServiceTest {

@Mock
private PaymentService paymentService,

@InjectMocks
private OrderService orderService,

@Test
public void testProcessOrder() {
Mockito.when(paymentService.initiatePayment()).thenReturn("Pay
ment successful");
String result = orderService.processOrder();
Assertions.assertEquals("Payment successful”, result);
}
}
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Suggestions:

o Use Dependency Injection Properly:

Always use constructor injection for mandatory dependencies to improve
testability and immutability.

Example:

@Service
public class ProductService {
private final PricingService pricingService;

public ProductService(PricingService pricingService) {
this.pricingService = pricingService;

}

 Validate Input in the Service Layer:

Use validation libraries or manually validate input to ensure correctness
before executing business logic.

Example:

public void validateUser(String name) {
if (name ==null | | name.isEmpty()) {
throw new lllegalArgumentException("Name cannot be null or em
pty");
}
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¢ Avoid Hardcoding Logic:

Use configuration properties or dependency injection to manage

environment-specific logic.

Example:

@Value("${payment.gateway.url}")
private String paymentGatewayUrl;

public String getPaymentGatewayUrl() {
return paymentGatewayUrl;

}

o Centralize Business Logic:

Keep the service layer as the single source of truth for business rules to
reduce redundancy.

» Monitor Service Execution:
Add logging or monitoring in the service layer for debugging and analytics.

Example:

@Service
public class AuditService {
public void logAction(String action) {
System.out.printin("Audit Log: " + action);

}
}

By properly designing the service layer and adhering to these principles, you
ensure a clean, testable, and maintainable architecture that separates business
logic from request handling. This structure also improves scalability and

simplifies future enhancements.
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1. Prepare Response:. Assemble
Data to Send Back

Explanation:

After executing the business logic in the service layer, the controller prepares a
response to send back to the client. This step involves assembling the response
data, determining the appropriate format (e.g., JSON, XML, or plain text), and
setting HTTP status codes and headers as needed.

Spring Boot simplifies this process using:

» Annotations like @ResponseBody or @RestController to directly return data
as JSON or XML.

e ResponseEntity for fine-grained control over the response, including
headers and status codes.

This step ensures the client receives a well-structured and meaningful response.
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Common Problems and Solutions:

1. Response Format is Incorrect or Missing Fields:
Solution:

Use POJOs as response objects and annotate them with Jackson
annotations (e.g., @JsonProperty) if necessary.

Example:

public class UserResponse {
private String name,
private String email;

// Getters and setters

@RestController
@RequestMapping("/api")
public class UserController {
@GetMapping("/user")
public UserResponse getUser() {
UserResponse user = new UserResponse();
user.setName("John Doe");
user.setEmail("john.doe@example.com");
return user;

}

Response:

2. {
"name": "John Doe",
"email": "john.doe@example.com"

}
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2. Incorrect HTTP Status Code Returned:
Solution:
Use ResponseEntity to set the desired HTTP status code explicitly.

Example:

@RestController
@RequestMapping("/api")
public class UserController {
@GetMapping("/user/{id}")
public ResponseEntity<String> getUser(@PathVariable int id) {

if (id <= 0) {

return ResponseEntity.badRequest().body("Invalid ID");
}
return Responsekntity.ok("User ID: " + id);

}
}

3. Headers Missing in the Response:
Solution:

Add custom headers to the response using ResponseEntity or
HttpServletResponse.

Example:

@GetMapping("/custom-header")
public ResponseEntity<String> getCustomHeader() {
HttpHeaders headers = new HttpHeaders();
headers.add("X-Custom-Header", "CustomValue");
return new ResponseEntity<>("Response with custom header", head
ers, HttpStatus.OK);

}

Response:

HTTP/1.1 200 OK
X-Custom-Header: CustomValue
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S0

4. Empty or Null Response Sent to the Client:

Solution:

Ensure the controller method returns valid data or an appropriate error
response.

Example:

@GetMapping("/user")
public ResponseEntity<String> getUser() {
String user = null; // Simulate null response
if (user == null) {
return ResponseEntity.status(HttpStatus.NOT_FOUND).body("User
not found");
}

return ResponseEntity.ok(user);

}

. Inconsistent Response Structure Across Endpoints:

Solution:
Use a standard response structure by creating a generic response wrapper.

Example:

public class ApiResponse<T> {
private String message;
private T data;

/] Constructors, getters, setters

}

@RestController
public class UserController {
@GetMapping("/user")
public ApiResponse<String> getUser() {
return new ApiResponse<>("Success", "User data here");
}
}
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Response:

6. {
"message": "Success",
"data": "User data here"

Suggestions:

o Standardize Response Structure:
Use a common response wrapper for consistency across all endpoints.

Example:

public class ApiResponse<T> {
private String status;
private T result;

// Constructors, getters, setters

}

o Serialize Complex Objects Properly:

Use libraries like Jackson for serializing complex objects into JSON.
Annotate fields to customize serialization behavior.

Example:
public class Product {
@JsonProperty("product_name")
private String name,

private double price;

// Getters and setters
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e Log the Response:

Log responses before sending them to the client for debugging and
auditing.

Example:

@RestController
public class LoggingController {
@GetMapping('/log-response")
public String logResponse() {
String response = "Response data";
System.out.printin("Response: " + response);
return response;
}
}

o Use Content Negotiation:

Configure Spring to return responses in the client’s preferred format (e.g.,
JSON or XML).

Example:

@GetMapping(value = "/data", produces = {MediaType. APPLICATION_JS
ON_VALUE, MediaType APPLICATION_XML_VALUE})
public ResponseEntity<String> getData() {

return ResponseEntity.ok("Data in preferred format");

}
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e Handle Edge Cases Gracefully:

Ensure proper responses are returned for edge cases, such as empty
datasets or invalid inputs.

Example:

@GetMapping("/items")
public ResponseEntity<List<String>> getltems() {
List<String> items = new ArrayList<>(); // Simulate empty dataset
if (items.isEmpty()) {
return Responsekntity.noContent().build();

}

return ResponseEntity.ok(items);

}

By following these best practices, you can prepare robust, consistent, and
meaningful responses, enhancing the client’s experience and ensuring the

reliability of your Spring Boot application.
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8. Send Response to Client: HTTP
Response Returned

Explanation:

After the controller prepares the response, Spring Boot's DispatcherServiet sends the HTTP
response back to the client. This response includes the status code, headers, and body (if
applicable). The response can be in various formats, such as JSON, XML, plain text, or HTML,
depending on the client’s request and server configurations.

This step finalizes the request-response lifecycle, delivering the result of the HTTP request back to

the client application.

Common Problems and Solutions:

1. Incorrect HTTP Status Code Returned:
Solution:
Use ResponseEntity to explicitly set the status code in the response.

Example:

@RestController
public class UserController {
@GetMapping("/user/{id}")
public ResponseEntity<String> getUser(@PathVariable int id) {

if (id <= 0) {

return ResponseEntity.badRequest().oody("Invalid ID"),
}
return ResponseEntity.ok("User ID: " + id);

}
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2. Empty Response Body:

Solution:

o Ensure the controller method returns valid data or a meaningful error
message.
o For no content scenarios, explicitly return a ResponseEntity with

HttpStatus.NO_CONTENT.
Example:

@GetMapping("/items")
public Responsekntity<List<String>> getltems() {
List<String> items = new ArrayList<>(); // Simulate empty dataset
if (items.isEmpty()) {
return ResponseEntity.noContent().build();
}

return ResponseEntity.ok(items);

}

3. Headers Missing in the Response:
Solution:

Add custom headers to the response using ResponseEntity or
HttpServletResponse.

Example:

@GetMapping("/custom-header")
public ResponseEntity<String> getCustomHeader() {
HttpHeaders headers = new HttpHeaders();
headers.add("X-Custom-Header", "CustomValue");
return new ResponseEntity<>("Response with custom header", head
ers, HttpStatus.OK);

}

Response:

HTTP/1.1 200 OK
X-Custom-Header: CustomValue
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4. Incorrect Response Content-Type:
Solution:

Ensure the produces attribute in mapping annotations matches the
expected content type.

Example:

@GetMapping(value = "/data", produces = MediaType APPLICATION_JS
ON_VALUE)
public Map<String, String> getData() {

mon

return Map.of("key", "value"),

}

Response:

{

"key": "value"

}
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5. Response Serialization Issues (Malformed JSON/XML):
Solution:

Ensure response objects are serializable and annotated properly (e.g., with
Jackson annotations for JSON).

Example:

public class UserResponse {
@JsonProperty("user_name")
private String name,
private String email;

// Getters and setters

@GetMapping("/user")

public UserResponse getUser() {
UserResponse user = new UserResponse();
user.setName("John Doe");
user.setEmail("john.doe@example.com");
return user;

Suggestions:

e Log Responses for Debugging and Auditing:
Log the HTTP response details before sending them to the client.

Example:

@RestController
public class LoggingController {
@GetMapping('/log-response")
public String logResponse() {
String response = "Response data";
System.out.printin("Response: " + response);
return response;

}
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o Use Standardized Response Structures:

Adopt a uniform structure for all responses, including metadata, status, and
data fields.

Example:

public class ApiResponse<T> {
private String status;
private T data,

// Getters and setters

@GetMapping("/response")

public ApiResponse<String> getResponse() {
ApiResponse<String> response = new ApiResponse<>();
response.setStatus("success");
response.setData("This is the response data"),
return response;

Response:

"status": "success”,
"data": "This is the response data"

}
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e Use HTTP Headers for Metadata:
Include additional information in HT TP headers for client-side processing.

Example:

@GetMapping("/metadata")
public ResponseEntity<String> getMetadata() {
HttpHeaders headers = new HttpHeaders();
headers.add("X-Request-ID", "12345"),
return new ResponseEntity<>("Response with metadata", headers,
HttpStatus.OK);

}

e Enable Compression for Large Responses:

Configure the server to compress large responses for improved
performance.

Example:

server.compression.enabled=true
server.compression.min-response-size=1024

e Handle Errors Gracefully:

Use @ControllerAdvice to centralize error handling and return meaningful
error messages.

Example:

@ControllerAdvice
public class GlobalExceptionHandler {
@ExceptionHandler(Exception.class)
public Responsekntity<String> handleException(Exception e) {
return ResponseEntity.status(HttpStatus.INTERNAL_SERVER_ERRO
R).body("Error: " + e.getMessage());

}
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By properly preparing and delivering responses, you ensure a smooth and
efficient communication process with clients, enhancing the usability and
reliability of your Spring Boot application.
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9. Client Receives Response: Display
or Process Data

Explanation:

After the server sends the HTTP response, the client application processes the response data. The
client may display the data to the user (e.g., in a web or mobile Ul) or use it for further processing,

such as updating internal states or triggering additional actions.

Clients typically process:

1. HTTP Status Code: Determines success or failure.
2. Response Body: Contains the requested data, often in JSON or XML format.

3. Headers: Provide metadata such as caching, content type, and custom server information.

The client should handle responses robustly, accounting for both successful and erroneous

responses.

Common Problems and Solutions:

1. Response Parsing Error:
Solution:

Ensure the client’s parser matches the server’s response format (e.g., JSON or XML). Verify
the Content-Type header and use appropriate libraries.

Example (JavaScript with JSON):

fetch('<http://localhost:8080/api/data>")
then(response => response.json())
then(data => console.log(data))
.catch(error => console.error('Error:', error));
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2. Incorrect Handling of HTTP Status Codes:
Solution:

Check the status code before processing the response body. Handle errors
like 400 (Bad Request) and 500 (Internal Server Error) explicitly.

Example:

fetch('<http://localhost:8080/api/data>")
then(response => {
if (Iresponse.ok) {
throw new Error('HTTP error! Status: ${response.status});

}

return response.json();

}

then(data => console.log(data))
.catch(error => console.error('Error:', error));

3. Slow or Delayed Responses:
Solution:
Set timeouts to handle delayed responses gracefully and notify the user.

Example (Axios in JavaScript):

const axios = require('axios');

axios.get('<http://localhost:8080/api/data>', { timeout: 5000 })
then(response => console.log(response.data))
.catch(error => {
if (error.code ==="'ECONNABORTED") {
console.error('‘Request timed out’);
}else {
console.error('Error:', error.message);
}
i

Spring Boot High-Level Application Architecture.
102



Spring Boot High-Level Application Architecture.

4. Incorrect Ul Updates Based on Response Data:
Solution:

Validate the response data before updating the Ul. Use fallback defaults for
missing or null fields.

Example (React):

5. import React, { useEffect, useState } from 'react’,

function DataDisplay() {
const [data, setData] = useState(null);
const [error, setError] = useState(null);

useEffect(() => {
fetch('<http://localhost:8080/api/data>")
then(response => response.json())
then(data => setData(data))
.catch(error => setError(error.message));

L0

if (error) {
return <div>Error: {error}</div>;

return data ? <div>Data: {JSON.stringify(data)}</div> : <div>Loading...
</div>;

}

export default DataDisplay;
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5. Overloading the Client with Large Responses:
Solution:

Paginate large datasets or limit response size using query parameters. For
example, add page and size parameters to the API call.

Example:

fetch('<http://localhost:8080/api/items?page=18&size=10>")
then(response => response.json())
then(data => console.log(data))
.catch(error => console.error('Error:', error));
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Suggestions:

o Cache Responses:

Use caching mechanisms for frequently requested data to reduce server
load and improve client-side performance.

Example (HTTP Header for Caching):
Cache-Control: max-age=3600

o Handle All Possible Status Codes:

Implement robust error-handling logic for both client-side (4xx) and server-
side (5xx) errors.

Example (JavaScript):

fetch('<http://localhost:8080/api/data>")
then(response => {
switch (response.status) {
case 200:
return response.json();
case 404
throw new Error('Resource not found");
case 500:
throw new Error('Server error');
default:
throw new Error('Unexpected status code');

}
)

.catch(error => console.error('Error:', error));
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e Secure Response Handling:

Sanitize data before rendering it to prevent client-side vulnerabilities like
XSS.

Example (HTML Escaping):

const escapeHtml = (unsafe) =>
unsafe
replace(/&/g, '&amp;')
replace(/</g, '&lt;"
replace(/>/g, '&gt;")
replace(/"/g, '&quot;")
replace(/'/g, '&#039;";

e Optimize Ul for Long Responses:

Use loading indicators or skeleton screens to improve user experience

while waiting for the response.

Example (React Skeleton):

function LoadingSkeleton() {
return <div className="skeleton">Loading...</div>;

}

o Debug Client-Server Communication:

Use browser developer tools, logging, or proxy tools like Postman to debug

response issues.

By handling server responses properly and implementing robust client-side
processing, you ensure a seamless user experience and improve the reliability of

your application.
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Top 5 HTTP Status Codes
Cheat Sheet For wWeb
Application Development

When developing a web application, selecting the appropriate HTTP status code
for responses is vital. Status codes not only inform the client about the result of
their request but also enhance debugging, monitoring, and API usability. Here's a
quick guide to the top 5 most common status codes and their use cases:

1. 2008 0K

Meaning: The request was successful, and the server returned the requested
data.

When to Use:

« A successful GET request returning data (e.g., JSON, HTML).
o APUT or POST request that updates or creates resources.

» Any scenario where the operation completed as intended without errors.

2. 201 Created

Meaning: The request resulted in the creation of a new resource.

When to Use:

 After a successful POST request that creates a new entity (e.g., a new user,
record, or file).

o Optionally include a Location header in the response with a URL to the

newly created resource.
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3. 400 Bad Request

Meaning: The server could not process the request due to invalid client input.

When to Use:

e Missing required fields in the request payload.
o Invalid data format (e.g., expecting JSON but receiving XML).

« Violations of validation rules (e.g., out-of-range numeric inputs).

4. 401 Unauthorized

Meaning: Authentication is required, but the client failed to provide valid
credentials.

When to Use:
e Requests to protected endpoints where the user is not logged in or the
provided token is invalid.

¢ Returning this code alongside a WWW-Authenticate header can guide
clients on authentication methods.
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5. 4804 Not Found

Meaning: The server could not find the requested resource.

When to Use:

e The client requests a non-existent endpoint or resource (e.g.,
/api/user/9999 where 9999 does not exist).

o Useful for APIs to communicate that the resource ID provided is invalid or
not available.

why Using Correct Status
Codes Matters

1. Improves Client-Side Handling:

Clients (browsers, apps, or API consumers) rely on status codes to take the
next steps. For example, a 401 Unauthorized prompts re-authentication,
while a 404 Not Found avoids unnecessary retries.

2. Enhances Debugging and Monitoring:

Correct codes help developers identify issues faster during debugging and
enable better monitoring of application health and usage patterns.

3. Promotes RESTful API Standards:

Well-designed APIs use status codes effectively to provide a consistent and
predictable experience for consumers.

4. Boosts SEO and User Experience:

For web applications, proper use of 404 and 301 codes ensures that search
engines and users experience seamless navigation without confusion.
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By mastering these common HTTP status codes, you not only improve the
technical accuracy of your responses but also enhance the overall experience for
users and clients consuming your application. Keep this cheat sheet handy to
ensure your application communicates effectively with every request and
response!

Final Notes

Through "Spring Boot Application Architecture High Level", you've embarked on
a journey to uncover the intricate mechanisms that make Spring Boot
applications robust, modular, and scalable. By following the layers of the
architecture and the lifecycle of an HTTP request, this guide has painted a
comprehensive picture of how Spring Boot orchestrates its components to
deliver seamless functionality.

Let's revisit the key milestones of this exploration:
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1. The Beginning: A Central Entry Point

The journey began with the @SpringBootApplication annotation, the
cornerstone of every Spring Boot application. You discovered how this
meta-annotation combines essential elements like @Configuration,
@ComponentScan, and @EnableAutoConfiguration, simplifying the
bootstrapping process while laying the foundation for component discovery
and auto-configuration.

2. Bringing the Application to Life

The creation of the Spring Application Context unfolded as a dynamic
process. Here, beans were discovered, initialized, and wired together,
thanks to the framework’s powerful dependency injection mechanisms.
This context became the heartbeat of the application, coordinating all
interactions and resources.

3. Guided by Configuration

You explored the essential role of configuration files like

application.properties or application.yml, observing how they control
application behavior. From managing server ports to environment-specific
settings, this step highlighted how externalized configurations simplify
development and deployment.

4. The Request Lifecycle: A Symphony in Motion

The guide led you into the request handling process, where the embedded
server captured incoming HTTP requests and handed them to the
DispatcherServlet. From determining the appropriate controller to invoking
service-layer logic and preparing responses, each step showcased the
elegance of Spring Boot's architecture.

5. The Bigger Picture: Architectural Layers

At its core, this guide emphasized the importance of modular design.
Whether handling business logic in the Service Layer or managing
persistence in the Repository Layer, you learned how each component
plays a specific role, ensuring scalability, maintainability, and extensibility.

Spring Boot High-Level Application Architecture.
1


http://application.properties/

Spring Boot High-Level Application Architecture.

The Story You Now Understand

Picture a client sending an HTTP request to your application. That request, like a
visitor entering a well-organized house, is greeted by the embedded server and
forwarded to the DispatcherServlet, the house's central guide. From there, the
request is routed to the appropriate controller, where the business logic unfolds,
services are called, and data is fetched or updated. Finally, a carefully prepared
response is sent back to the client, ready to be consumed.

Behind the scenes, the Spring Application Context orchestrates this symphony,
ensuring that every bean, every dependency, and every configuration works in
harmony. And when the time comes to scale or change, the architecture’s

modular design ensures that updates are efficient and painless.
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Where Do You Go From Here?

1. Build and Experiment: Apply these concepts to real-world projects,
observing how each layer and component contributes to the whole.

2. Refine Your Skills: Dive deeper into specific topics like performance
optimization, advanced configurations, or asynchronous request handling.

3. Stay Ahead: Follow the evolution of Spring Boot to incorporate the latest
best practices into your designs.

Thank you for taking this journey through the high-level architecture of Spring
Boot applications. Armed with this knowledge, you are now equipped to design
systems that are not only technically sound but also a joy to build and maintain.

Happy coding, and may your applications always run smoothly!

Spring Boot High-Level Application Architecture.
13



