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@ Most applications use various technologies related to:

user interfaces (desktop, web, or mobile),

database management (relational, object-oriented, or others),
business logic (algorithms, data aggregation, services),
accessing resources (via dependency injection),

logging, tracing, testing, etc.

@ Integrating all these technologies may be a difficult, error-prone,
and repetitive task.

@ The common usage of some technologies may be simplified
(implicit middleware)

@ The help comes in the form of:

e Application frameworks
o Application servers
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Java/Jakarta Enterprise Edition

e Java EE: originally called J2EE was released in 1999 by Sun
Microsystems to be a standard for enterprise development.

— Heavy and complex, especially EJBs. (Not any more)

e Spring Framework: created by Rod Johnson, published in his
2002 book Expert One-on-One J2EE Design and Development.
— Simplify Java EE development.

e The Rise of Spring Boot (2014): "Make it easy to create
stand-alone, production-grade Spring-based applications with
minimal effort.”

—
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Spring Framework

Spring Framework is a comprehensive, modular framework for
building enterprise-level applications. Its core features are:

@ Dependency Injection (DI) and Inversion of Control (loC) for
managing components and their lifecycles.

@ Aspect-Oriented Programming (AOP) to handle cross-cutting
concerns like logging and transactions.

MVC framework for building web applications.
Transaction management and data access.
Security, messaging, batch processing, and many more modules.

Requires manual configuration and deployment to a Java EE
server, such as Tomcat or Jetty.
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Spring Boot

Spring Boot is a convention-over-configuration extension of the
Spring Framework designed to simplify setup and development of
Spring applications. Its core features are:

Auto-Configuration, based on dependencies in your project.

Standalone applications - no need to deploy to external
application servers. Can run as a self-contained JAR with an
embedded server (Tomcat, Jetty, or Undertow).

Starter dependencies - pre-defined dependency "starters” to
simplify adding libraries: spring-boot-starter-web includes
everything needed for a web application.

Opinionated defaults - reducing the boilerplate.

Production-ready features, like health checks, metrics.
Supports Spring Boot Actuator for monitoring and management.

Ideal for building microservices.
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Spring Application Types

@ Servlet-based Application

o Classic web applications using Spring MVC.
e Traditional REST APIs, MVC web apps.
o Embedded servers supported: Tomcat, Jetty, Undertow.

@ Reactive Application
e Non-blocking, reactive applications using Spring WebFlux.
e High-throughput, event-driven, non-blocking web apps.
o Embedded servers supported: Netty, Undertow.
@ Non-Web / Command-line Application
o CLI apps, batch jobs, or services.
e Background services, scripts, scheduled jobs.
o No web server.
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https://start.spring.io

) spring initializr

Project Language

Q Gradle - Groovy O Gradle - Kotlin ® Jzva Q Kotin - QO Groovy
@ Maven

Spring Boot

O 4.00(sNAPSHOT) O 400(1) O 355(SNAPSHOT) @ 254
O 34.9(SNAPSHOT) Q 348

Project Metadata

Description  Demo project for Spring Boot

Packaging @ Jar QO War

Java Q24 @21 Q17
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https://start.spring.io

Add Dependencies

Developer Tools: Spring Boot Dev Tools, Lombok
Web: SpringWeb (REST, MVC, Embedded Tomcat)
Template Engines: Thymeleaf, Freemarker, Mustache
Security: Spring Security, OAuth2, LDAP

SQL: Spring Data JPA, Liquibase, PostgreSQL Driver
NoSQL: MongoDB, Cassandra, Neo4j

Messaging: RabbitMQ, Kafka, WebSocket

1/0: Spring Batch, Java Mail, Quartz, gRPC

OPS: Actuator, Sentry

Observability: Prometheus, Grafana

Testing: [estcontainers

Spring Cloud, Al, etc.
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pom.xml|

<dependencies>
<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-web</artifactId>
</dependency>
<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-thymeleaf</artifactId>
</dependency>
<dependency>
<groupId>org.springframework.boot</groupId>
<artifactId>spring-boot-starter-test</artifactId>
<scope>test</scope>
</dependency>
</dependencies>

A starter is as a pre-packaged bundle of all the necessary libraries
and configurations for a particular task, all in a single dependency.
Other examples: webflux, security, actuator, data-jdbc,
data-jpa, mail, kafka, freemarker.
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The Main Class

@SpringBootApplication
public class DemoApplication {
public static void main(String[] args) {
SpringApplication.run(DemoApplication.class, args);
System.out.println("Hello World!");

} // What does it mean: "the main class"?

@ @SpringBootApplication is a composed annotation indicating
a configuration class that triggers component scanning and
auto-configuration. @

@ SpringApplication.run is the bootstrapping engine:

Prepares environment (reads application.properties)

Creates application context (servlet-based, reactive, non-web)

Loads beans and auto-configurations

Starts web server (if needed) and runs startup callbacks

Keeps running until the JVM is shut down
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Running the Application

AN/ ' () NN
CON_ | ' 22V IRV
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:: Spring Boot :: (v3.5.4)

Starting DemoApplication using Java 21.0.2 with PID 18176

No active profile set, falling back to 1 default profile: "default"
Devtools property defaults active!

Tomcat initialized with port 80860 (http)

Starting service [Tomcat]

Starting Servlet engine: [Apache Tomcat/10.1.43]

Initializing Spring embedded WebApplicationContext

Root WebApplicationContext: initialization completed in 1226 ms
Cannot find template location: classpath:/templates/ (check Thymeleaf)
LiveReload server is running on port 35729

Tomcat started on port 8080 (http) with context path '/'

Started DemoApplication in 2.286 seconds (process running for 2.709)
Hello World!
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Creating a Simple Web Page

@ Create the class com.example.demo.WebController

@Controller // « This class is a web component
public class WebController {
@GetMapping("/welcome")
public String welcome(Model model) {
model.addAttribute("message", "Hello from Spring Boot!");
return "welcome"; // The name of a template

} // Controllers are managed by the Spring IoC container.

o Create a page /resources/templates/welcome.html

<html lang="en" xmlns:th="http://www.thymeleaf.org">
<body>
<h1l>Welcome!</hl>
<p th:text="${message}">Dynamic text</p>
</body>
</html>

http://localhost:8080/welcome
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Creating a Simple REST Controller

@ Create the class HelloRestController

@RestController // <« This class handles web requests
public class HelloRestController {

@GetMapping("/api/hello")
public String sayHello(String name) {
return String.format("Hello, %s!", name);

}

}

@ RestController is a composed annotation that is itself
annotated with @Controller and @ResponseBody.

@ Send an HTTP GET request
http://localhost :8080/api/hello?name=Joe \

@ "Why did @RestController break up with @Controller?
Because @Controller couldn’t return the right response body.”
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What's With All These Annotations?

@SpringBootApplication

Controller

@
@RestController
@GetMapping
@ResponseBody
omponen

@Configuration

@ComponentScan
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Java Annotations

@ Annotations are a form of metadata that you can add to
your Java code. They provide information to the compiler,
development tools, or build frameworks.

@Retention(RetentionPolicy.RUNTIME) // available at runtime
@interface MyAnnotation {

String value(); // annotation parameter
}

@ Can be applied to declarations of classes, methods, fields,
constructors, parameters, local variables, or packages.

@MyAnnotation("Hello Annotation")
public class TestClass {
}

@ Under the hood, an annotation is a special kind of interface,
extending java.lang.annotation.Annotation.
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How Are Annotations Used?

e By itself, an annotation does nothing.
@ It needs an annotation processor to discover it and take it
into account. This depends on the retention policy:
o SOURCE: @0verride, Lombok annotations;
o CLASS: needed for bytecode analyzers;
o RUNTIME: most of them.

@ At runtime, annotations are discovered using Reflection API.

public class MyProgram {
@Test public void ml() { }
@Test public void m2() { throw new RuntimeException("Boom!"); }

}

for (Method m : Class.forName("MyProgram").getMethods()) {
if (m.isAnnotationPresent(Test.class)) {
// Do something
}
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Component Scanning

e Component scanning is the process where Spring
automatically detects and registers beans in the application
context by looking for certain annotations in the classpath.

@Component

@Service, @Repository, @Controller, @RestController
Any custom annotation marked with @Component
@Configuration, @Bean

@ The scanning is performed by classes annotated with
@ComponentScan, such as the main class. By default, such a
class scans the package where it is declared and all subpackages.

com.example.demo
MyApplication.java (@SpringBootApplication)
service
MyService.java (@Service)
controller
MyController.java (@RestController)
com.example.other
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What Exactly Is a Bean?

@ A bean is an object managed by the Spring 1oC container.
Spring keeps track of these beans, handles their lifecycle, and
can inject them into other beans.

@ Beans are Plain Old Java Objects (POJOs)

@ They are created via Annotation-Based Configuration:
@Component and its specializations, or @Bean.

19/46



Example of Beans

@ Defining a bean as @Component

@Service
public class HelloService {
public void sayHello() {
System.out.println("Hello Spring!");

} // @Service is a specialization of @Component

@ Defining a bean using @Configuation + @Bean

@Configuration
public class AppConfig {

@Bean
public OtherService otherService() {

return new OtherService(); // customize it
}

@ Both type of beans can be used via dependency injection.

20/ 46



Dependency Injection (DI)

e SOLID

e Dependency Injection is a design technique / pattern that
implements the Inversion of Control principle.
(Service Locator is another pattern that implements DI).

@ Injection is the passing of an actual object described as an
abstract dependency to a dependent object.

e Terminology: Service / Component, Interface, Client,
Container / Injector / Assembler / Provider / Factory.

e DI Container

Implemented by application servers or frameworks.

Manages object creation: "[managed] beans”, "components".

Manages object lifecycle: create new, reuse, or destroy.

Resolves dependencies, injecting them to the caller.

Handles configuration: what kind of implementation to use.
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@Autowired

@Autowired is the Spring annotation that allows for the automatic
injection of dependencies (@Inject is an alternative).

How it works:
e Dependency Discovery: The container scans for components.

o Type-based Matching: It searches for beans that "fit" the
types required by clients, using a resolution algorithm. @

@ Injection: The client gets the desired dependency (or not).

@Component
public class MyComponent {

@Autowired
private HelloService helloService;

public void doSomething() {
helloService.sayHello();

}
} // @Component is the generic stereotype annotation in Spring.
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Injection Points

© Constructor (recommended, for mandatory dependencies)

class UserService {
private final UserRepository repo;
public UserService(UserRepository repo) { this.repo = repo; }

@ Field (the easiest, not recommended: less clean, hard to test)

@Autowired
private UserRepository repo;

@ Setter (for optional dependencies) and Method (less common)

private final UserRepository repo;

@Autowired(required = false)

public void setUserRepository(UserRepository repo) {
this.repo = repo;

}
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Example: Constructor Based Injection

public interface Greeting {
String sayHello();

}
@Component
public class DefaultGreeting implements Greeting {
@Override
public String sayHello() { return "Hello!"; }
}
@Component

public class Client {
private final Greeting greeting;

public Client(Greeting greeting) {
this.greeting = greeting; // Constructor injection

}

public void doWork() {
System.out.println(greeting.sayHello());

}
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Layered Architectures

Presentation
API / Integration
Security

Business

Caching / Performance

Logging / Monitoring / Audit

Persistence
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Application Pogramming Interface (API)

Does your application have an API?

API
Any Interface for
Programmatic
Communication

4

0

Local API

e.g., Java API, OS API

Web API
Uses HTTP

/

™

Web Service

Strict Standards-Based API

e.g., SOAP

RESTful API
Architectural Style
Uses HTTP
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Short History of Web Services
TS X

© The Pre-Web Services Era (before 2000s)

— The early era of distributed computing.

— Proprietary RPC technologies: CORBA, DCOM, RMI.
@ The Age of Standards (c. 2000-2005)

— Interoperability over custom integration.

— XML based services: SOAP, WSDL, and UDDI.
@ The Rise of Simplicity (c. 2005-Present)

— REST becomes the de facto standard.
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Web API Development Paradigms

e Presentation Layer: External API (Frontend — Backend)
o REST (REspresentational State Transfer)
— Stateless, resource-oriented, uses standard HT TP verbs.
o GraphQL (Graph Query Language)
—Single endpoint for queries and mutations.
o WebSockets
— Full-duplex, persistent bidirectional connection.
o SSE (Server-Sent Events)
— Server push over a unidirectional HTTP connection.
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Web API Development Paradigms

e Presentation Layer: External API (Frontend — Backend)
o REST (REspresentational State Transfer)
— Stateless, resource-oriented, uses standard HT TP verbs.
o GraphQL (Graph Query Language)
—Single endpoint for queries and mutations.
o WebSockets
— Full-duplex, persistent bidirectional connection.
o SSE (Server-Sent Events)
— Server push over a unidirectional HTTP connection.

@ Service Layer: Internal APl (Backend — Backend specific)
e RPC (Remote Procedure Call)
— Client invokes methods/functions on the server as if local.
o Messaging
— Asynchronous, decoupled communication using brokers.
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What is REST?

e REST (REpresentational State Transfer) is an architectural
style for designing networked applications - web services.

@ Roy Fielding, 2000, PhD dissertation, "Architectural Styles and
the Design of Network-based Software Architectures”.

@ The core idea: Resources and Representations.

@ Architectural constraints
@ Client-Server (Separation of Concerns)
@ Statelessness
© Cacheability
© Uniform Interface
© Layered System
© Code-On-Demand (Optional)
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Creating a REST Service in Spring

@ Add the dependency spring-boot-starter-web.
— Spring MVC, Jackson, Tomcat.

o Create a @RestController (specialization of @Component)

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

}

@GetMapping("/hello/{name}")

public String sayHelloTo(@PathVariable String name) {
return "Hello, " + name + "!";

}

@ Test the service from the browser, using curl or Postman.

http://localhost:8080/hello — Hello, World!
http://localhost:8080/hello/Alice — Hello, Alice!
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HTTP Methods

Verb Use Case Idemp. Safe
GET Retrieve a resource or collection. Yes Yes
POST Create a new resource. No No
PUT Update a complete resource. Yes No
PATCH  Update part of a resource. No No
DELETE Delete a resource. Yes No

o Idempotent: Multiple identical requests have the same effect as
a single one. ldempotency is about side effects on the server.

e Safe: Does not change the server’s state.

@ Spring annotations for HTTP methods are are built on top of
@RequestMapping(method = RequestMethod.{VERB}):
@GetMapping, @PostMapping, @PutMapping,
@PatchMapping, @DeleteMapping
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Receiving Data in a REST Controller

o Path Variables: @PathVariable
‘http://localhost:8080/products/123 ‘

@ Query Parameters: @RequestParam
‘http://localhost:8080/search?keyword=1aptop&maxPrice=2000 ‘

o Request Body: @RequestBody

@PostMapping("/persons")
public String createPerson(@RequestBody Person person)

@ HTTP Headers: @RequestHeader

@GetMapping("/user-agent")
public String getAgent(@RequestHeader("User-Agent") String agent)

@ Form Data: @RequestParam or @odelAttribute

@PostMapping("/upload")
public String upload(@RequestParam("file") MultipartFile file)
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Responding from a REST Controller

@ Return void, a string or an object (auto-converted to JSON).
@ Return ResponseEntity when you need status codes/headers.

@GetMapping("/custom")
public ResponseEntity<String> customResponse() {

return ResponseEntity.status(201).body("Resource created");
} // You may also use @ResponseStatus(HttpStatus.CREATED)

@ Use exception handling @

@GetMapping("/error")
public User triggerError() {

throw new RuntimeException("Something went wrong");
} // Don't do this, throw meaningful custom exceptions.

@ Use Resource/File response for downloads/streams.

@GetMapping("/download")

public ResponseEntity<Resource> downloadFile() {
Resource file = new FileSystemResource("example.txt");
return ResponseEntity.ok().header(...).body(file);
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Naming Conventions

@ Use plural nouns for resources — not verbs.

« GET /products # Retrieve all products

« POST /products # Create a new product

« DELETE /products/123 # Delete a specific product
X GET /getAllProducts # Incorrect

X GET /product # Incorrect

@ Nest resources to show relationships.

« GET /products/123/reviews # Get all reviews of a product
« POST /products/123/reviews # Create a new review
X GET /reviews?productId=123 # Sorting, filtering, pagination

@ Use kebab-case for resources and camelCase for parameters.

« GET /user-accounts X GET /user accounts X GET /userAccounts
« GET /products?minPrice=100&maxPrice=500
X GET /products?min-price=100&max-price=500

@ Version your API (using URL path or Accept header)
« GET /vl/products/123 « POST /v2/orders
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HTTP Status Response Codes

@ 2xx - Success
e 200 OK - Standard success response
e 201 Created, 202 Accepted, 204 No Content
@ 4xx - Client Errors
e 404 Not Found — Resource not found
e 400 Bad Request, 401 Unauthorized, 403 Forbidden, 405
Method Not Allowed, 422 Unprocessable Entity, etc.
@ 5xx - Server Errors
o 500 Internal Server Error — Unexpected server issue
e 502 Bad Gateway, 503 Service Unavailable, etc.
@ Match method to status code properly.

POST /users — 201 Created

GET /users/123 — 200 OK (or 404 if not found)

PUT /users/123 — 200 OK (resource updated) or 204 No Content
DELETE /users/123 — 204 No Content

@ Don’t overuse 200. Don't say it OK when it's NOT OK.
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—> Controller —>{ Service H Repository f.____.

Controller: Handles HTTP requests and responses

@RestController
@RequestMapping("/users")
public class UserController {
@Autowired
private UserService userService;
} // Why not inject repository into the controller?

Service: Business logic. §

@Service

public class UserService {
@Autowired
private UserRepository userRepo;

}

Repository: Data persistence (usually a JpaRepository)
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The Data Transfer Object (DTO) Pattern

e A DTO is a plain object that carries data between layers of
an application: Client +» Controller, Controller <+ Service, or
between microservices. It does not contain any business
logic.

@ Why use DTOs and not the entity objects?

o Encapsulation: Hide internal entity structure.

o Decoupling: Keep API contracts separate from database
entities.

e Validation, Transformation: Carry only the required fields.

@ Best practice is to have:

o Request DTO: Data coming from the client to the server.
o Response DTO: Data going from the server to the client.

Request DTO N Request DTO
> R
Controller Service
< -
Response DTO Response DTO
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Example: Using DTOs

public record UserRequestDto
(String username, String password, String email) {}

public record UserResponseDto
(long id, String username, String email) {
public UserResponseDto(User entity) { this.id = id;

@RestController
@RequestMapping("/users")
public class UserController {
@Autowired private UserService userService;

@PostMapping
@ResponseStatus (HttpStatus.CREATED)
public UserResponseDto
createUser(@RequestBody UserRequestDto requestDto) {
return toDto(userService.createUser(requestDto));

} // How to map entities to DTOs?
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Bean Validation

e Standard specifications for validating objects.

@ Declare validation rules on fields, methods, or constructors.

@NotBlank(message = "Name is required")
@Size(min = 2, max = 20, message = "Name must be 2-20 characters")
private String name;

@ Spring Boot integrates seamlessly with Bean Validation, using
the starter spring-boot-starter-validation.

e Validate incoming request DTOs before processing them.

@PostMapping
public ResponseUserDto createUser(
@Valid @RequestBody RequestUserDto requestDto)

@ Spring will automatically respond with 400 Bad Request if
validation fails, along with a detailed error message.
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Handling Runtime Exceptions

e If a runtime exception occurs in a REST controller, Spring
returns a generic HTTP 500 response with a JSON body like:

{
"timestamp": "2025-08-22T12:00:00.000+00:00",
"status": 500,
"error": "Internal Server Error",

"path": "/api/users/1"
}

@ Use @ResponseStatus for custom exceptions simple mapping.

@ResponseStatus (HttpStatus.NOT _FOUND)
public class UserNotFoundException extends RuntimeException {...}

@ Use @ExceptionHandler for controller-specific handling.
@ Use @ControllerAdvice for global exception handling.
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Example: Using a @ControllerAdvice

@ControllerAdvice
public class GlobalExceptionHandler {

@ExceptionHandler(ResourceNotFoundException.class)

public Problembetail handleUserNotFound(UserNotFoundException e) {
return forStatusAndDetail (NOT FOUND, e.getMessage());

}

/7.
}

ProblemDetail is the standard way to return structured error
responses based on: RFC 7807 — Problem Details for HTTP APIs.

{

"type": "about:blank",
"title": "User Not Found",

"status": 404,
"detail": "The requested user does not exist.",
"instance": "/users/5"
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HATEOAS

e HATEOAS = Hypermedia as the Engine of Application State

@ A client should be able to interact with a RESTful service
entirely through hyperlinks provided by the server.

o Instead of returning just raw data, your API responses also
contain links that describe actions the client can take next.

e The client discovers functionality by following links, not by
hardcoding endpoints.

No need to have prior knowledge of the URI structure.
The APl becomes self-descriptive.
The server can evolve independently without breaking clients.

Disadvantages: Server/Client-side overhead, larger payloads,
"chatty” API, lack of standardization, limited adoption and
tooling.
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HATEOAS Example

e Without HATEOAS
{

"id": 1,
"name": "Alice"

}

e With HATEOAS (HAL syntax)

{
"id": 1,
"name": "Alice",
" links": {
"self": { "href": "http://localhost:8080/api/persons/1" },
"all": { "href": "http://localhost:8080/api/persons" }
}
}

The links tell the client:
how to get this person again: self
how to navigate to the list of all persons: all
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OpenAPI Specification (OAS) & Swagger

OpenAPI Specification (OAS) is a formal, language-agnostic
standard for describing RESTful APls.

It allows both humans and machines to understand an API's
capabilities without having to access its source code or
documentation.

Design-first approach: The API contract is defined and
agreed upon before a single line of code is written.

An OAS document (typically in YAML or JSON format)
defines the API's endpoints, operations, request and response
models, authentication methods, and more.
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OpenAPI Specification (OAS) & Swagger

OpenAPI Specification (OAS) is a formal, language-agnostic
standard for describing RESTful APls.

It allows both humans and machines to understand an API's
capabilities without having to access its source code or
documentation.

Design-first approach: The API contract is defined and
agreed upon before a single line of code is written.

An OAS document (typically in YAML or JSON format)
defines the API's endpoints, operations, request and response
models, authentication methods, and more.

Swagger is a set of open-source tools that work with OAS.

o Swagger Ul: An interactive web Ul to explore and test APls
o Swagger Editor: Browser-based editor OAS documents.
e Swagger Codegen: Code generator for various languages.
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Springdoc OpenAPI

@ Add the starter springdoc-openapi-starter-webmvc-ui

@ Spring scans @RestController and Spring MVC endpoints and
automatically exposes the following URLs :

http://localhost:8080
/v3/api-docs — raw OpenAPI JSON
/swagger-ui.html — interactive Swagger UI

@ Enhance documentation with annotations.

@GetMapping("/{id}")

@Operation(summary = "Get a person by ID",
description = "Returns a single person")

@ApiResponse(responseCode = "200",

description = "Person found")
@ApiResponse(responseCode = "404",

description = "Person not found")
public ResponseEntity<Person> getPerson(@PathVariable Long id) {

/] ...

}
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Swagger Ul

pet Everything about your Pets hd
‘m /pet Addanew pet to the store a ‘
/pet Update an existing pet o

‘ﬂ /pet/findByStatus Finds Pets by status a ‘

‘E /pet/{petId} Find petbyID a ‘
‘m /pet/{petId} Updates a petin the store with form data ﬁ ‘
[m /pet/{petld} Deletesa pet a l
‘m /pet/{petld}/uploadImage uploadsanimage & ‘
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