
 

 

Common reference types in Java: 

 

Classes and Objects: Instances of classes created using the new keyword. 

 

String text = new String("Hello, Java!"); 

 
Arrays: Collections of elements of the same type. 

 

int[] numbers = {1, 2, 3, 4, 5}; 

 
Interfaces: Used for defining abstract types and achieving abstraction. 

 

List<String> names = new ArrayList<>(); 

 
Enums: A special type used for defining a set of constants. 

 

enum Day { 

  SUNDAY, 

  MONDAY, 

  TUESDAY, 

  WEDNESDAY, 

  THURSDAY, 

  FRIDAY, 

  SATURDAY, 

} 

 
Reference types require more memory and involve indirection through references. Operations on reference 

types may involve method calls or accessing fields. 

 

Key Differences: 

 

Storage: 

 Primitive types store the actual values. 

 Reference types store references to objects in memory. 

 

Memory Location: 

 Primitive types are stored on the stack. 

 Reference types (objects) are stored on the heap, and references to them are stored on the stack. 

 

Default Values: 

Primitive types have default values (e.g., 0 for numeric types, false for boolean). 

Reference types have a default value of null. 

 



 

  

Operations: 

 Operations on primitive types are generally faster. 

 Operations on reference types involve indirection and may include method calls. 

 

Understanding the differences between primitive types and reference types is crucial for effective Java 

programming. Developers need to choose the appropriate type based on the requirements and characteristics 

of the data. 

  



 

 

21. Annotations and Reflection 
Annotations are a form of metadata added to Java code to convey information about the code to the compiler, 

tools, or runtime. Annotations start with the @ symbol and can be attached to various program elements such 

as classes, methods, fields, and more. Java provides built-in annotations, and developers can also create custom 

annotations. 

 

Built-in Annotations: 

 
@Override: Indicates that a method in a subclass is intended to override a method in its superclass. 

 

@Override 

public void myMethod() { 

    // Override the method 

} 

 

@Deprecated: Marks a program element as deprecated, suggesting that it should no longer be used. 

 

@Deprecated 

public void oldMethod() { 

    // Old method implementation 

} 

 
@SuppressWarnings: Suppresses specific compiler warnings. 

 

@SuppressWarnings("unchecked") 

public void myMethod() { 

    // Suppress unchecked warning 

} 

 

Custom Annotations: 

import java.lang.annotation.*; 

 

@Retention(RetentionPolicy.RUNTIME) 

@Target(ElementType.METHOD) 

public @interface MyAnnotation { 

  String value() default "Default Value"; 

 

  int count() default 1; 

} 

 



 

  

@Retention: Specifies when the annotation is retained, e.g., during source code parsing, during compilation, 

or at runtime. 

 

@Target: Specifies where the annotation can be applied, e.g., to methods, fields, or classes. 

 

Reflection in Java: Reflection is a feature in Java that allows you to inspect and interact with classes, methods, 

fields, and other components of a program dynamically at runtime. The java.lang.reflect package provides 

classes and interfaces for reflection. 

 

Example: 

import java.lang.reflect.Method; 

 

public class ReflectionExample { 

 

  public static void main(String[] args) throws NoSuchMethodException { 

    MyClass obj = new MyClass(); 

 

    // Get the class of the object 

    Class<?> myClass = obj.getClass(); 

 

    // Get the declared methods of the class 

    Method[] methods = myClass.getDeclaredMethods(); 

 

    // Print the names of the methods 

    for (Method method : methods) { 

      System.out.println("Method Name: " + method.getName()); 

    } 

 

    // Invoke a method dynamically 

    try { 

      Method myMethod = myClass.getDeclaredMethod("myMethod"); 

      myMethod.invoke(obj); 

    } catch (Exception e) { 

      e.printStackTrace(); 

    } 

  } 

} 

 

class MyClass { 

 

  public void myMethod() { 



 

 

    System.out.println("Hello from myMethod!"); 

  } 

} 

 
In this example, reflection is used to inspect the methods of the MyClass and invoke the myMethod 

dynamically at runtime. 

 

While reflection can be powerful, it should be used judiciously due to its potential impact on performance and 

type safety. It is commonly used in scenarios such as frameworks, libraries, and testing tools. 
  



 

  

22. File and Directory Handling (java.nio) 
Java's java.nio package provides a modern and more flexible API for file and directory handling compared to 

the older java.io package. It includes the Path, Paths, and Files classes for working with file systems. Let's 

explore some basic file and directory operations using java.nio. 

 

Creating a File: 

 

import java.io.IOException; 

import java.nio.file.Files; 

import java.nio.file.Path; 

import java.nio.file.Paths; 

 

public class FileHandlingExample { 

    public static void main(String[] args) { 

        // Define the file path 

        Path filePath = Paths.get("example.txt"); 

 

        // Create a file 

        try { 

            Files.createFile(filePath); 

            System.out.println("File created: " + filePath); 

        } catch (IOException e) { 

            e.printStackTrace(); 

        } 

    } 

} 

 
Writing to a File: 

 

import java.io.IOException; 

import java.nio.file.Files; 

import java.nio.file.Path; 

import java.nio.file.Paths; 

import java.util.List; 

 

public class FileHandlingExample { 

    public static void main(String[] args) { 

        // Define the file path 

        Path filePath = Paths.get("example.txt"); 

 

        // Write content to the file 



 

 

        try { 

            String content = "Hello, Java NIO!"; 

            Files.write(filePath, content.getBytes()); 

            System.out.println("Content written to the file."); 

        } catch (IOException e) { 

            e.printStackTrace(); 

        } 

    } 

} 

 
Reading from a File: 

 

import java.io.IOException; 

import java.nio.file.Files; 

import java.nio.file.Path; 

import java.nio.file.Paths; 

import java.util.List; 

 

public class FileHandlingExample { 

    public static void main(String[] args) { 

        // Define the file path 

        Path filePath = Paths.get("example.txt"); 

 

        // Read content from the file 

        try { 

            List<String> lines = Files.readAllLines(filePath); 

            System.out.println("Content read from the file:"); 

            for (String line : lines) { 

                System.out.println(line); 

            } 

        } catch (IOException e) { 

            e.printStackTrace(); 

        } 

    } 

} 

 
Creating a Directory: 

 

import java.io.IOException; 

import java.nio.file.Files; 

import java.nio.file.Path; 

import java.nio.file.Paths; 



 

  

 

public class DirectoryHandlingExample { 

    public static void main(String[] args) { 

        // Define the directory path 

        Path directoryPath = Paths.get("myDirectory"); 

 

        // Create a directory 

        try { 

            Files.createDirectory(directoryPath); 

            System.out.println("Directory created: " + directoryPath); 

        } catch (IOException e) { 

            e.printStackTrace(); 

        } 

    } 

} 

 
Listing Files in a Directory: 

 

import java.io.IOException; 

import java.nio.file.DirectoryStream; 

import java.nio.file.FileVisitOption; 

import java.nio.file.FileVisitResult; 

import java.nio.file.Files; 

import java.nio.file.Path; 

import java.nio.file.Paths; 

 

public class DirectoryHandlingExample { 

    public static void main(String[] args) { 

        // Define the directory path 

        Path directoryPath = Paths.get("myDirectory"); 

 

        // List files in the directory 

        try (DirectoryStream<Path> stream = 

Files.newDirectoryStream(directoryPath)) { 

            System.out.println("Files in the directory:"); 

            for (Path file : stream) { 

                System.out.println(file.getFileName()); 

            } 

        } catch (IOException e) { 

            e.printStackTrace(); 

        } 



 

 

    } 

} 

 
These examples cover basic file and directory operations using the java.nio package. The Path interface 

provides a platform-independent representation of file paths, and the Files class contains static utility 

methods for common file operations.   



 

  

23. Networking and Communication 
Java provides extensive libraries for networking and communication, allowing developers to create client-

server applications, work with sockets, and handle network protocols. Let's explore some basic concepts and 

examples in Java networking. 

 

Server-Side Socket: 

import java.io.IOException; 

import java.net.ServerSocket; 

import java.net.Socket; 

 

public class ServerExample { 

 

  public static void main(String[] args) { 

    int portNumber = 8080; 

 

    try (ServerSocket serverSocket = new ServerSocket(portNumber)) { 

      System.out.println("Server listening on port " + portNumber); 

 

      while (true) { 

        // Accept incoming client connections 

        Socket clientSocket = serverSocket.accept(); 

        System.out.println( 

          "Client connected: " + clientSocket.getInetAddress() 

        ); 

 

        // Handle client communication in a separate thread 

        new Thread(new ClientHandler(clientSocket)).start(); 

      } 

    } catch (IOException e) { 

      e.printStackTrace(); 

    } 

  } 

} 

 
Client-Side Socket: 

import java.io.BufferedReader; 

import java.io.IOException; 

import java.io.InputStreamReader; 

import java.io.PrintWriter; 

import java.net.Socket; 



 

 

 

public class ClientExample { 

 

  public static void main(String[] args) { 

    String serverAddress = "localhost"; 

    int portNumber = 8080; 

 

    try ( 

      Socket socket = new Socket(serverAddress, portNumber); 

      PrintWriter out = new PrintWriter(socket.getOutputStream(), true); 

      BufferedReader in = new BufferedReader( 

        new InputStreamReader(socket.getInputStream()) 

      ) 

    ) { 

      // Send a message to the server 

      out.println("Hello, Server!"); 

 

      // Receive the server's response 

      String response = in.readLine(); 

      System.out.println("Server response: " + response); 

    } catch (IOException e) { 

      e.printStackTrace(); 

    } 

  } 

} 

 
Handling Client Communication in a Separate Thread: 

import java.io.BufferedReader; 

import java.io.IOException; 

import java.io.InputStreamReader; 

import java.io.PrintWriter; 

import java.net.Socket; 

 

public class ClientHandler implements Runnable { 

 

  private final Socket clientSocket; 

 

  public ClientHandler(Socket clientSocket) { 

    this.clientSocket = clientSocket; 

  } 

 



 

  

  @Override 

  public void run() { 

    try ( 

      PrintWriter out = new PrintWriter(clientSocket.getOutputStream(), true); 

      BufferedReader in = new BufferedReader( 

        new InputStreamReader(clientSocket.getInputStream()) 

      ) 

    ) { 

      // Receive message from the client 

      String clientMessage = in.readLine(); 

      System.out.println("Received from client: " + clientMessage); 

 

      // Send a response back to the client 

      out.println("Message received!"); 

    } catch (IOException e) { 

      e.printStackTrace(); 

    } 

  } 

} 

 
These examples demonstrate a simple client-server communication using sockets in Java. The server listens 

on a specific port, and when a client connects, it creates a new thread to handle the communication with that 

client. The client connects to the server, sends a message, and receives a response. 

Java's networking capabilities extend beyond basic sockets to include features for working with protocols such 

as HTTP, creating web services, and more. 

  



 

 

24. Functional Programming with Java 8 
(Lambda Expressions, Streams) 

Java 8 introduced significant features for functional programming, including lambda expressions and streams. 

These features enhance code readability, conciseness, and support functional programming paradigms. 

Lambda Expressions: 

Lambda expressions enable the concise representation of anonymous functions (functional interfaces) in Java. 

They provide a clear and expressive way to represent behavior as data.  

Here's a simple example: 

// Traditional approach without lambda 

Runnable runnable1 = new Runnable() { 

  @Override 

  public void run() { 

      System.out.println("Hello, world!"); 

  } 

}; 

 

// Using lambda expression 

Runnable runnable2 = () -> System.out.println("Hello, world!"); 

 

// Running the runnables 

runnable1.run(); 

runnable2.run(); 

 

Lambda expressions are particularly useful when working with functional interfaces (interfaces 

with a single abstract method). For example, the Comparator interface: 

 

List<String> names = Arrays.asList("Alice", "Bob", "Charlie", "David"); 

 

// Sorting using anonymous class 

Collections.sort(names, new Comparator<String>() { 

    @Override 

    public int compare(String s1, String s2) { 

        return s1.length() - s2.length(); 

    } 

}); 

 

// Sorting using lambda expression 



 

  

Collections.sort(names, (s1, s2) -> s1.length() - s2.length()); 

 
Streams: Streams provide a powerful and declarative way to process collections of data in a functional style. 

Streams enable you to express complex data manipulations using a sequence of high-level operations. Here's 

an example of using streams to filter, map, and collect data: 

List<String> words = Arrays.asList("apple", "banana", "orange", "grape", 

"watermelon"); 

 

// Using stream to filter, map, and collect 

List<String> result = words.stream() 

    .filter(s -> s.length() > 5) 

    .map(String::toUpperCase) 

    .collect(Collectors.toList()); 

 

System.out.println(result);  // Output: [ORANGE, WATERMELON] 
 

Streams support parallel processing, which can lead to significant performance improvements when working 

with large datasets. 

Functional Interfaces: 

Java 8 introduced functional interfaces, which are interfaces with a single abstract method. Examples include 

Runnable, Comparator, and many others. Functional interfaces are the foundation for lambda expressions. 

 

@FunctionalInterface 

interface MyFunction { 

    void myMethod(); 

} 

 

// Using a lambda expression to implement MyFunction 

MyFunction myFunction = () -> System.out.println("Hello, functional!"); 

 

myFunction.myMethod(); 
 

Java 8's features for functional programming—lambda expressions and streams—have transformed the way 

developers write code in Java. They provide concise syntax, enable better abstraction, and improve the 

expressiveness of the language. As a result, Java has become more competitive in the functional programming 

space. 



 

 

25. JDBC and Database Handling 
JDBC is a Java API that provides a standard interface for connecting to relational databases and executing 

SQL queries. It enables Java applications to interact with databases, perform CRUD (Create, Read, Update, 

Delete) operations, and manage database transactions. 

Basic Steps in JDBC: 

Load the JDBC Driver: JDBC drivers are platform-specific implementations that enable Java applications to 

communicate with a particular database. Load the appropriate driver using Class.forName(). 

Class.forName("com.mysql.cj.jdbc.Driver"); 

 
Establish a Connection: Use DriverManager.getConnection() to establish a connection to the database. 

 

String url = "jdbc:mysql://localhost:3306/mydatabase"; 

String username = "user"; 

String password = "password"; 

Connection connection = DriverManager.getConnection(url, username, password); 

 
Create a Statement: Create a Statement or PreparedStatement object for executing SQL queries. 

 

Statement statement = connection.createStatement(); 

 

Execute SQL Queries: Use the executeQuery() method to execute SELECT queries. 

 

ResultSet resultSet = statement.executeQuery("SELECT * FROM employees"); 

 

Use executeUpdate() for INSERT, UPDATE, DELETE queries. 

 

int rowsAffected = statement.executeUpdate("INSERT INTO employees (name, age) 

VALUES ('John Doe', 30)"); 

 

Process the Results: Process the ResultSet to retrieve data from SELECT queries. 

 

while (resultSet.next()) { 

  String name = resultSet.getString("name"); 

  int age = resultSet.getInt("age"); 

  System.out.println("Name: " + name + ", Age: " + age); 

} 

 

Close Resources: Close the ResultSet, Statement, and Connection to release resources. 

 



 

  

resultSet.close(); 

statement.close(); 

connection.close(); 

 

Example of JDBC: 

 

import java.sql.Connection; 

import java.sql.DriverManager; 

import java.sql.ResultSet; 

import java.sql.SQLException; 

import java.sql.Statement; 

 

public class JdbcExample { 

 

  public static void main(String[] args) { 

    String url = "jdbc:mysql://localhost:3306/mydatabase"; 

    String username = "user"; 

    String password = "password"; 

 

    try ( 

      Connection connection = DriverManager.getConnection( 

        url, 

        username, 

        password 

      ); 

      Statement statement = connection.createStatement() 

    ) { 

      // SELECT query 

      ResultSet resultSet = statement.executeQuery("SELECT * FROM employees"); 

 

      // Process the results 

      while (resultSet.next()) { 

        String name = resultSet.getString("name"); 

        int age = resultSet.getInt("age"); 

        System.out.println("Name: " + name + ", Age: " + age); 

      } 

 

      // INSERT query 

      int rowsAffected = statement.executeUpdate( 

        "INSERT INTO employees (name, age) VALUES ('John Doe', 30)" 

      ); 



 

 

      System.out.println(rowsAffected + " row(s) affected."); 

    } catch (SQLException e) { 

      e.printStackTrace(); 

    } 

  } 

} 

 

Transaction Management: 

try (Connection connection = DriverManager.getConnection(url, username, 

password); 

     Statement statement = connection.createStatement()) { 

 

    // Start transaction 

    connection.setAutoCommit(false); 

 

    // Perform multiple SQL operations 

    statement.executeUpdate("UPDATE employees SET salary = salary + 1000 WHERE 

age < 30"); 

    statement.executeUpdate("UPDATE employees SET salary = salary - 500 WHERE 

age >= 30"); 

 

    // Commit the transaction 

    connection.commit(); 

 

} catch (SQLException e) { 

    // Rollback the transaction in case of an exception 

    connection.rollback(); 

    e.printStackTrace(); 

} 

 

This example demonstrates a simple JDBC program connecting to a MySQL database, executing SELECT 

and INSERT queries, and managing transactions. JDBC provides a powerful and standardized way to interact 

with databases in Java applications. 



 

  

 

26. Web Development Frameworks (Servlets, 

JSP) 
Servlets and JavaServer Pages (JSP) are fundamental components of Java-based web development. They 

provide a server-side approach for creating dynamic web applications. Let's explore Servlets and JSP, their 

roles, and how they work together. 

 

Servlets: Servlets are Java classes that extend the functionality of web servers to process requests and generate 

dynamic responses. They handle HTTP requests, process business logic, and produce HTML or other types of 

responses. Servlets are part of the Java EE (Enterprise Edition) platform, now known as Jakarta EE. 

 

Key Concepts: 

 

Servlet Lifecycle: Servlets go through a lifecycle involving initialization, handling requests, and destruction. 

Key methods include init(), service(), and destroy(). 

 

Handling Requests: Servlets receive and process requests from clients (usually web browsers). They extract 

information from the request (parameters, headers) and generate a response. 

Generating Responses: 

 

Servlets dynamically generate responses, typically HTML, by interacting with databases, performing business 

logic, or utilizing other resources. 

 

URL Mapping: Servlets are mapped to specific URLs using deployment descriptors (web.xml) or annotations 

(@WebServlet). This defines which servlet handles requests for a particular URL pattern. 

 

Example Servlet: 

import java.io.IOException; 

import javax.servlet.ServletException; 

import javax.servlet.annotation.WebServlet; 

import javax.servlet.http.HttpServlet; 

import javax.servlet.http.HttpServletRequest; 

import javax.servlet.http.HttpServletResponse; 

 

@WebServlet("/hello") 

public class HelloServlet extends HttpServlet { 

    protected void doGet(HttpServletRequest request, HttpServletResponse 

response) 

            throws ServletException, IOException { 

        response.getWriter().println("Hello, Servlet!"); 

    } 



 

 

} 

 
JavaServer Pages (JSP): JSP is a technology that simplifies the development of web applications by allowing 

the embedding of Java code directly into HTML pages. JSP pages are compiled into servlets by the servlet 

container during runtime. 

 

Key Concepts: 

 

Mixing Java with HTML: JSP allows developers to embed Java code within HTML pages, making it easy to 

create dynamic content. Java code is enclosed in <% %> tags. 

Implicit Objects: 

 

JSP provides a set of implicit objects (e.g., request, response, session) that represent various aspects of the 

HTTP request and response. 

 

Tag Libraries: JSP uses custom tag libraries, such as JSTL (JavaServer Pages Standard Tag Library), to 

encapsulate common functionalities and simplify page development. 

Expression Language (EL): 

 

EL allows the easy retrieval and manipulation of data within JSP pages. It simplifies the embedding of dynamic 

data into HTML. 

 

Example JSP: 

<%@ page language="java" contentType="text/html; charset=UTF-8" 

pageEncoding="UTF-8"%> 

<!DOCTYPE html> 

<html> 

<head> 

    <meta charset="UTF-8"> 

    <title>My JSP Page</title> 

</head> 

<body> 

    <h2>Hello, <%= request.getParameter("name") %>!</h2> 

</body> 

</html> 

 
Servlets and JSP Together: Servlets and JSP often work together in web applications. Servlets handle business 

logic, process requests, and dispatch control to JSP pages for generating HTML content. This separation of 

concerns follows the Model-View-Controller (MVC) architecture. 

 

Servlet Dispatching to JSP: 

@WebServlet("/greet") 

public class GreetingServlet extends HttpServlet { 

    protected void doGet(HttpServletRequest request, HttpServletResponse 

response) 



 

  

            throws ServletException, IOException { 

        // Perform business logic 

        String username = request.getParameter("name"); 

 

        // Set data in request attribute 

        request.setAttribute("username", username); 

 

        // Dispatch control to JSP for rendering 

        RequestDispatcher dispatcher = 

request.getRequestDispatcher("/greet.jsp"); 

        dispatcher.forward(request, response); 

    } 

} 

 
In the above example, the servlet processes a request, sets data in the request attribute, and then forwards 

control to the JSP page for rendering. 

 

Servlets and JSP form the backbone of Java web development, providing a robust and scalable approach for 

building dynamic web applications. Modern Java web development has shifted towards using frameworks like 

Spring MVC, but understanding the basics of Servlets and JSP remains essential.  

  



 

 

27. RESTful API Handling (JAX-RS) 
Java API for RESTful Web Services (JAX-RS) is a set of APIs that simplifies the development of RESTful 

web services in Java. It is part of the Java EE (Enterprise Edition) platform, now known as Jakarta EE. JAX-

RS provides annotations for mapping Java methods to HTTP methods, handling request and response formats, 

and more. 

 

Key Concepts in JAX-RS: 

 

Resource Classes: Resource classes in JAX-RS are Java classes annotated with @Path to define the URI path 

at which the resource is hosted. 

 

import javax.ws.rs.GET; 

import javax.ws.rs.Path; 

 

@Path("/hello") 

public class HelloResource { 

    @GET 

    public String sayHello() { 

        return "Hello, JAX-RS!"; 

    } 

} 

 
HTTP Methods: JAX-RS uses annotations like @GET, @POST, @PUT, and @DELETE to map Java 

methods to corresponding HTTP methods. 

 

Path Parameters: Path parameters are extracted from the URI template and injected into resource method 

parameters using the @Path annotation. 

 

@GET 

@Path("/{name}") 

public String greet(@PathParam("name") String name) { 

    return "Hello, " + name + "!"; 

} 

 

Request and Response Handling: JAX-RS provides annotations like @PathParam, @QueryParam, and 

@Produces for handling request parameters and response formats. 

 

@GET 

@Path("/greet") 

@Produces("text/plain") 

public String greet(@QueryParam("name") String name) { 

    return "Hello, " + name + "!"; 



 

  

} 

 

Exception Handling: Exception handling in JAX-RS is achieved using exception mappers. Custom exception 

mappers can be created to handle specific exceptions and produce appropriate responses. 

 

@Provider 

public class CustomExceptionMapper implements ExceptionMapper<CustomException> 

{ 

    public Response toResponse(CustomException ex) { 

        return Response.status(Response.Status.BAD_REQUEST) 

                       .entity("Custom exception: " + ex.getMessage()) 

                       .build(); 

    } 

} 

 

Configuring JAX-RS: JAX-RS can be configured in a Java class or using a deployment descriptor 

(web.xml).  

 

Here's a minimal example using a Java class: 

 

import javax.ws.rs.ApplicationPath; 

import javax.ws.rs.core.Application; 

 

@ApplicationPath("/api") 

public class MyApplication extends Application { 

    // Application configuration, if needed 

} 

 

In this example, the @ApplicationPath annotation specifies the base URI path for all JAX-RS resources. 

 

JAX-RS simplifies the development of RESTful web services in Java, providing a set of annotations and 

conventions for handling HTTP methods, URI paths, and request/response formats. It promotes the creation 

of scalable and maintainable APIs following the principles of REST. 

 

28. Data Persistence Frameworks (JPA, 
Hibernate) 

Java Persistence API (JPA) and Hibernate are widely used data persistence frameworks in the Java ecosystem. 

JPA is a standard Java API for object-relational mapping, while Hibernate is a popular implementation of the 

JPA specification.  



 

 

These frameworks simplify database interactions and provide a convenient way to map Java objects to 

database tables. 

Java Persistence API (JPA): JPA is a Java specification for managing relational data in Java applications. It 

defines a set of annotations and APIs for mapping Java objects to database tables, performing CRUD 

operations, and managing object relationships. 

Key Concepts in JPA: Entity Classes:An entity in JPA is a lightweight, persistent domain object. It is typically 

a Java class annotated with @Entity. 

import javax.persistence.Entity; 

import javax.persistence.Id; 

 

@Entity 

public class Product { 

    @Id 

    private Long id; 

    private String name; 

    private double price; 

 

    // Getters and setters 

} 

 
EntityManager: The EntityManager is the central interface for performing CRUD operations. It is responsible 

for managing the lifecycle of entities. 

EntityManagerFactory emf = 

Persistence.createEntityManagerFactory("myPersistenceUnit"); 

EntityManager em = emf.createEntityManager(); 

 

// Persisting an entity 

em.getTransaction().begin(); 

em.persist(new Product(1L, "Laptop", 1200.0)); 

em.getTransaction().commit(); 

 
JPQL (Java Persistence Query Language): JPQL is a query language for JPA, similar to SQL. It operates 

on entities and their fields. 

TypedQuery<Product> query = em.createQuery("SELECT p FROM Product p WHERE 

p.price > 1000.0", Product.class); 

List<Product> expensiveProducts = query.getResultList(); 

 
Associations and Relationships: JPA supports defining relationships between entities, such as one-to-one, one-

to-many, and many-to-many. 

@Entity 

public class Order { 

    @Id 



 

  

    private Long id; 

 

    @OneToMany 

    private List<Product> products; 

} 

 
Hibernate: Hibernate is an open-source object-relational mapping (ORM) framework that implements the JPA 

specification. It simplifies database interactions and provides additional features beyond the standard JPA 

specification. 

 

Key Features of Hibernate: 

 

Automatic Table Generation: Hibernate can automatically generate database tables based on entity classes, 

reducing the need for manual table creation. 

Caching: 

 

Hibernate provides caching mechanisms to improve performance by storing frequently accessed data in 

memory. 

Lazy Loading: 

 

Hibernate supports lazy loading, loading associated data only when it is explicitly accessed. 

 

Criteria Queries: Hibernate offers a Criteria API for building type-safe queries using Java code. 

 

CriteriaBuilder builder = session.getCriteriaBuilder(); 

CriteriaQuery<Product> criteria = builder.createQuery(Product.class); 

Root<Product> root = criteria.from(Product.class); 

criteria.select(root).where(builder.gt(root.get("price"), 1000.0)); 

List<Product> expensiveProducts = 

session.createQuery(criteria).getResultList(); 

 
Second-Level Cache: In addition to the first-level cache (session cache), Hibernate supports a second-level 

cache that can be shared across multiple sessions. 

 

Configuring JPA with Hibernate: 

import javax.persistence.EntityManagerFactory; 

import javax.persistence.Persistence; 

 

public class JpaExample { 

    public static void main(String[] args) { 

        EntityManagerFactory emf = 

Persistence.createEntityManagerFactory("myPersistenceUnit"); 

        // Use EntityManager as described in the JPA section 

        // ... 

        emf.close(); // Close the EntityManagerFactory when done 



 

 

    } 

} 

 

In this example, "myPersistenceUnit" refers to the persistence unit defined in the persistence.xml file. 

 

JPA and Hibernate provide powerful tools for Java developers to interact with relational databases in a 

convenient and object-oriented manner. While JPA is a specification, Hibernate is a widely used 

implementation that extends JPA with additional features. The choice between JPA and Hibernate often 

depends on project requirements and preferences. 

  



 

  

29. GUI Creation and Handling (Swing, 
JavaFX) 

Swing and JavaFX are two popular frameworks for creating graphical user interfaces (GUIs) in Java 

applications. They provide a rich set of components, events, and layouts for building interactive and visually 

appealing desktop applications. 

 

Swing: Swing is a GUI toolkit that is part of the Java Foundation Classes (JFC). It has been a standard GUI 

toolkit for Java applications for many years. 

 

Key Features of Swing: 

 

Lightweight Components: Swing components are lightweight, meaning they do not rely on the native 

platform's GUI components. This results in consistent behavior across different platforms. 

 

Rich Set of Components: Swing provides a comprehensive set of GUI components, including buttons, labels, 

text fields, tables, and more. 

 

import javax.swing.JButton; 

import javax.swing.JFrame; 

 

public class SwingExample { 

    public static void main(String[] args) { 

        JFrame frame = new JFrame("Swing Example"); 

        JButton button = new JButton("Click me"); 

 

        frame.getContentPane().add(button); 

        frame.setSize(300, 200); 

        frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE); 

        frame.setVisible(true); 

    } 

} 

 

Event Handling: Swing supports event-driven programming, and event handling is typically done using 

listeners. 

 

button.addActionListener(e -> { 

  System.out.println("Button clicked!"); 

}); 

 



 

 

Layout Managers: Layout managers help arrange components within containers. Swing provides various 

layout managers to control the positioning and sizing of components. 

 

import java.awt.FlowLayout; 

 

frame.setLayout(new FlowLayout()); 

 

JavaFX: JavaFX is a modern GUI framework for Java that was introduced to replace Swing. It provides a rich 

set of features and a more modern and flexible architecture. 

 

Key Features of JavaFX: 

 

FXML for UI Design: JavaFX allows developers to design the UI using FXML, an XML-based markup 

language. This separates the UI design from the application logic. 

 

<VBox xmlns="http://javafx.com/javafx" 

      xmlns:fx="http://javafx.com/fxml" 

      fx:controller="sample.Controller"> 

    <Button text="Click me" onAction="#handleButtonClick"/> 

</VBox> 

 

Scene Builder: JavaFX integrates with Scene Builder, a visual layout tool that allows developers to design UIs 

by dragging and dropping components. 

CSS Styling: 

 

JavaFX supports styling using CSS, providing a flexible way to customize the appearance of components. 

 

.button { 

  -fx-background-color: #3498db; 

  -fx-text-fill: white; 

} 

 

Concurrency API: JavaFX includes a powerful concurrency API that simplifies handling background tasks 

without blocking the UI. 

 

Platform.runLater(() -> { 

  // UI updates 

}); 

 

3D Graphics: JavaFX supports 3D graphics, making it suitable for applications that require advanced graphical 

capabilities. 



 

  

 

import javafx.scene.shape.Box; 

 

Choosing Between Swing and JavaFX: The choice between Swing and JavaFX depends on factors such as 

application requirements, development environment, and personal preferences. JavaFX is generally 

recommended for new projects due to its modern features and ongoing support. 

 

Swing and JavaFX are both powerful GUI frameworks for Java applications, each with its strengths and use 

cases. While Swing has been a standard for many years, JavaFX offers a more modern and feature-rich 

alternative. The choice depends on the specific needs of the project and the development team. 

  



 

 

30. Event Handling and Listeners 

Event handling is a crucial aspect of GUI programming, allowing applications to respond to user interactions 

and external stimuli. In Java, event handling is typically done through the use of listeners, which are objects 

that "listen" for specific events and execute designated code when those events occur. 

 

Event Handling in Java: 

 

Event Sources: Components that generate events are called event sources. Examples include buttons, text 

fields, and mouse clicks. 

 

Event Objects: When an event occurs, an event object is created to encapsulate information about that event, 

such as its type and any relevant details. 

 

Event Listeners: Event listeners are objects that "listen" for specific types of events and provide methods to 

handle those events. 

 

Common Types of Events: ActionEvent: Triggered by user actions, such as button clicks. 

 

MouseEvent: Generated by mouse actions, like clicks, movements, and scrolls. 

 

KeyEvent: Captures keyboard input events. 

 

WindowEvent: Deals with events related to window operations. 

 

Example: ActionListener for Button Clicks (Swing): 

import javax.swing.JButton; 

import javax.swing.JFrame; 

import java.awt.event.ActionEvent; 

import java.awt.event.ActionListener; 

 

public class ButtonExample { 

    public static void main(String[] args) { 

        JFrame frame = new JFrame("Button Example"); 

        JButton button = new JButton("Click me"); 

 

        // Adding ActionListener to the button 

        button.addActionListener(new ActionListener() { 

            @Override 

            public void actionPerformed(ActionEvent e) { 

                System.out.println("Button clicked!"); 



 

  

            } 

        }); 

 

        frame.getContentPane().add(button); 

        frame.setSize(300, 200); 

        frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE); 

        frame.setVisible(true); 

    } 

} 

 

In this example, an ActionListener is added to the button. When the button is clicked, the actionPerformed 

method is executed, printing "Button clicked!" to the console. 

 

Java 8 and Lambda Expressions: With Java 8 and later versions, you can use lambda expressions to simplify 

the syntax for event handling: 

 

button.addActionListener(e -> System.out.println("Button clicked!")); 

 

Lambda expressions are concise and provide a more readable way to define short and simple event-handling 

code. 

 

Swing and JavaFX Event Handling: 

 

Swing (Java SE): Event handling in Swing involves implementing listener interfaces, such as ActionListener, 

MouseListener, etc. 

 

Common event sources are buttons, text fields, and other GUI components. 

 

JavaFX: JavaFX uses a similar approach with event handlers and listeners. 

 

Event handling can be done using lambda expressions or by implementing specific event handler interfaces. 

 

Understanding event handling and listeners is essential for developing interactive and responsive GUI 

applications in Java. Whether you are working with Swing or JavaFX, the principles of event handling remain 

similar, and the choice often depends on the specific requirements of your application and the GUI framework 

you are using. 

  



 

 

31. Multithreading and Concurrent 

Programming 

Multithreading in Java allows multiple threads of execution to run concurrently within a single program. It 

enables developers to create applications that can perform multiple tasks simultaneously, improving efficiency 

and responsiveness.  

 

Here are key concepts and techniques for multithreading and concurrent programming in Java: 

 

Thread Creation: In Java, you can create threads by extending the Thread class or implementing the Runnable 

interface.  

 

Here's an example using the Runnable interface: 

 

class MyRunnable implements Runnable { 

  public void run() { 

      // Code to be executed in the new thread 

  } 

} 

 

public class ThreadExample { 

  public static void main(String[] args) { 

      Thread myThread = new Thread(new MyRunnable()); 

      myThread.start(); 

  } 

} 

 

Thread Lifecycle:  

New: The thread is created but not yet started. 

 

Runnable: The thread is ready to run and waiting for CPU time. 

 

Blocked: The thread is waiting for a monitor lock to enter a synchronized block/method. 

 

Waiting: The thread is waiting for another thread to perform a particular action. 

 

Timed Waiting: Similar to waiting but with a specified waiting time. 

 

Terminated: The thread has exited. 
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