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Disclaimer

This book is designed to provide information and guidance on the subject of Java programming. It is sold with the understanding that the author and publisher are not engaged in rendering legal, accounting, or other professional services. The information provided is for educational purposes only.

While every effort has been made to ensure the accuracy and completeness of the information contained within this book, the author and publisher assume no responsibility for errors, inaccuracies, omissions, or any inconsistency herein. Any slights of people, places, or organizations are unintentional.

The code examples provided are for illustration purposes. Readers are encouraged to test code thoroughly before using it in a production environment. The author and publisher shall have neither liability nor responsibility to any person or entity with respect to any loss or damage caused or alleged to be caused, directly or indirectly, by the information contained in this book.

All trademarks and brand names mentioned in this book are the property of their respective owners. Java is a registered trademark of Oracle Corporation.

Preface / How to Use This Book

Welcome to Java Mastery: From Beginner to Expert. Whether you are taking your first step into the world of programming or you are a seasoned developer looking to master one of the industry's most enduring languages, this book is designed for you.

Java has been a cornerstone of software development for decades, and its relevance only continues to grow. It powers everything from large-scale enterprise systems and Android mobile apps to big data pipelines and IoT devices. Its platform independence, robust performance, and vast ecosystem make it an invaluable skill for any modern developer.

Who Should Read This Book?

This book is written for a wide audience. You will find it valuable if you are:

	An absolute beginner with no prior programming experience.

	A student in a computer science program looking for a comprehensive reference.

	A self-taught developer who wants to build a structured, foundational understanding of Java.

	A professional programmer coming from another language (like Python or JavaScript) and wanting to learn Java.

	A Java developer looking to refresh their knowledge and learn about modern features up to Java 17 and beyond.


How This Book is Structured

This book is organized into five logical parts to guide you from fundamental concepts to advanced applications.

	Part 1: Java Fundamentals. We start from scratch, covering the building blocks of the language: variables, data types, operators, and control flow. You will learn how to set up your development environment and write your first Java program.

	Part 2: Object-Oriented Programming (OOP). This section dives deep into the OOP paradigm, the core of Java's design. You will master concepts like classes, objects, inheritance, and polymorphism, which are essential for building scalable and maintainable software.

	Part 3: Advanced Java Features. Here, we explore more sophisticated topics, including exception handling, the Collections Framework for managing data, concurrency for writing multithreaded applications, and file I/O.

	Part 4: Modern Java Tools & Frameworks. We bring your skills up to date by covering modern Java features like Lambda Expressions and the Streams API. You will also get an introduction to building graphical user interfaces (GUIs) with JavaFX, networking, database connectivity with JDBC, and unit testing with JUnit 5.

	Part 5: Capstone Projects. Theory is nothing without practice. In this final part, you will apply everything you have learned by building three complete projects from the ground up: a console application, a desktop GUI application, and a REST API with database integration.


A Hands-On Approach

You cannot learn to swim by reading about it, and the same is true for programming. This book is built on a hands-on philosophy. Each chapter includes:

	Clear explanations of theoretical concepts.

	Numerous code examples to illustrate every topic.

	Short exercises to test your understanding as you go.

	A chapter summary to reinforce key takeaways.


I strongly encourage you to type out every code example yourself rather than copying and pasting. This practice builds muscle memory and helps you spot and fix errors—a critical skill for any developer.

My goal is not just to teach you Java syntax but to help you think like a programmer. By the end of this book, you will have the knowledge, skills, and confidence to build your own applications and tackle real-world programming challenges.

Let’s begin.
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Part 1: Java Fundamentals
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Welcome to the first part of your journey into Java programming. In this section, we will build a solid foundation by exploring the essential building blocks of the language. We will start from the very beginning, assuming no prior programming knowledge. By the end of this part, you will be able to write simple but functional Java programs, understand how to work with data, and control the flow of your applications.
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​Chapter 1: Introduction to Java and Programming Basics
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Every great journey begins with a single step. This chapter is that first step into the vast and powerful world of Java. We will demystify what programming is, understand why Java has remained one of the most popular programming languages for decades, and write our very first piece of code.

What is Programming?

At its core, programming is the act of giving a set of precise instructions to a computer to perform a specific task. Computers are incredibly powerful, but they are not intelligent in the way humans are. They cannot understand nuance or ambiguity; they can only execute instructions exactly as they are given.

Think of it like writing a recipe. A recipe is a list of steps to create a dish. If a step says, "add a pinch of salt," a human cook uses their judgment. A computer, however, would need a precise measurement, like "add 2.4 grams of salt." A programming language, like Java, is the language we use to write these ultra-precise recipes, which are called programs or algorithms.

An algorithm is simply a step-by-step procedure for solving a problem. Before writing code, developers often outline their algorithm using pseudocode, which is a plain-language description of the steps in an algorithm.

Let's take a simple real-world task: making a cup of tea.

Pseudocode for Making Tea:

	Start.

	Fill the kettle with water.

	Place the kettle on the stove and turn it on.

	Wait until the water is boiling.

	Place a teabag in a cup.

	Pour the boiling water into the cup.

	Wait for 3 minutes for the tea to steep.

	Remove the teabag.

	End.


This is exactly how we approach programming. We break a large problem down into small, manageable, and unambiguous steps that a computer can execute.

An Introduction to Java

Java was created in the early 1990s by a team at Sun Microsystems led by James Gosling. Originally intended for interactive television, its design philosophy proved perfect for the burgeoning internet. Java's key promise was "Write Once, Run Anywhere" (WORA), and this principle made it a revolutionary language.

So, why should you learn Java today?

	Platform Independent: This is Java's most famous feature. A program written in Java can run on any device that has a Java Virtual Machine (JVM), regardless of whether it's a Windows PC, a Mac, or a Linux server. We will explore the JVM shortly.

	Object-Oriented Programming (OOP): Java is built on the principles of OOP. This is a programming paradigm that organizes code around "objects" (data and behaviors) rather than just functions and logic. This makes it easier to build complex, reusable, and maintainable applications. We will dedicate all of Part 2 to mastering OOP.

	Robust and Secure: Java manages memory automatically through a process called garbage collection, which prevents many common programming errors that can lead to crashes. Its security features are built into the language, protecting systems from untrusted code.

	Rich Ecosystem and API: Java comes with a massive standard library, known as the Application Programming Interface (API), which provides pre-built functionality for everything from networking to complex data structures. This saves developers from having to reinvent the wheel.


How Java Works: Compilation and Execution

The "Write Once, Run Anywhere" principle is made possible by a two-step process involving a compiler and the Java Virtual Machine (JVM).

	Writing Source Code: You start by writing your program in a text file with a .java extension. This human-readable code is called source code.

	Compilation: You then use the Java compiler (a program called javac) to compile your source code. The compiler doesn't convert your code directly into machine code for a specific operating system. Instead, it converts it into an intermediate format called Java bytecode. This bytecode is saved in a file with a .class extension.

	Execution: The bytecode is what makes Java platform-independent. To run the program, you use the Java Virtual Machine (JVM). The JVM is a program that acts as an interpreter; it reads the bytecode and translates it into native machine code for the specific operating system it is running on.


Because there is a JVM available for nearly every platform (Windows, macOS, Linux, etc.), the same .class file can be run anywhere without any changes.

Here is a visual representation of the process:
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Your First Java Program: "Hello, World!"

It is a long-standing tradition in programming to make your first program print the simple phrase "Hello, World!" to the screen. This small victory confirms that your environment is set up correctly and gives you a feel for the language's basic structure.

Here is the code. Don't worry about understanding every single word just yet; we will break it down right after.

public class HelloWorld {

public static void main(String[] args) {

// This line prints "Hello, World!" to the console.

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

}

}

Let's dissect this program piece by piece:

	public class HelloWorld: In Java, all code lives inside a class. Think of a class as a container or blueprint for your program. We've named our class HelloWorld. The public keyword is an access modifier that means this class can be accessed by any other class.

	{ ... }: The curly braces define a block of code. Everything inside the braces belongs to the HelloWorld class.

	public static void main(String[] args): This is the main method. It is the special entry point for every Java application. When you run a Java program, the JVM looks for this exact method and starts executing the code inside it. 	public: Again, this means the method can be called from anywhere.

	static: This means the method belongs to the HelloWorld class itself, not to an instance of the class. We'll cover what this means in detail in Part 2. For now, just know that the main method must always be static.

	void: This indicates that the method does not return any value.

	main: This is the name of the method.

	(String[] args): This is where we can pass command-line arguments to the program. We won't use this for a while, but it is a required part of the main method's signature.



	System.out.println("Hello, World!");: This is the statement that does the actual work. 	System: A built-in Java class that contains tools for system-level operations.

	out: An object within the System class that represents the standard output stream (usually, your console or terminal).

	println(): A method that prints a line of text to the output stream. The ln part stands for "line," and it automatically moves the cursor to the next line after printing.

	"Hello, World!": This is a String literal. Any text enclosed in double quotes is treated as a string of characters.

	;: The semicolon at the end marks the end of the statement. Every statement in Java must end with a semicolon.



	// This line prints...: This is a comment. Comments are ignored by the compiler. They are notes for human readers to help explain what the code is doing.


Basic Syntax Rules

As you begin writing Java, keep these fundamental rules in mind:

	Case Sensitivity: Java is case-sensitive. myVariable and myvariable would be treated as two different things. System must be capitalized, but out must be lowercase.

	Statements and Semicolons: A statement is a single command, like printing text. Every statement must end with a semicolon (;).

	Code Blocks: A block of code is a group of one or more statements enclosed in curly braces ({}). We see this with the class and the main method.

	Comments: Use comments to make your code more understandable. 	A single-line comment starts with //.

	A multi-line comment starts with /* and ends with */.




/*

* This is a multi-line comment.

* It can span several lines and is useful for

* more detailed explanations.

*/

public class CommentExample {

public static void main(String[] args) {

// This is a single-line comment. It's concise.

System.out.println("Comments are ignored by the compiler!");

}

}

Chapter Summary

Congratulations on completing the first chapter! You've taken a significant step from being a computer user to becoming a computer programmer.

In this chapter, we learned:

	Programming is the process of writing precise, step-by-step instructions (algorithms) for a computer to execute.

	Java is a powerful, platform-independent, object-oriented language known for its "Write Once, Run Anywhere" capability.

	The Java execution flow involves compiling source code (.java) into bytecode (.class), which is then executed by the Java Virtual Machine (JVM).

	We wrote, analyzed, and understood the classic "Hello, World!" program, learning about classes, the main method, and the System.out.println() statement.

	We covered fundamental syntax rules, including case sensitivity, semicolons, and how to use comments.


You are now ready to set up your development environment in the next chapter and start writing your own code.

Exercises

	Modify the Message: Take the HelloWorld.java program and change the string inside System.out.println() to print "My first Java program is running!"

	Print Multiple Lines: Write a new program called MyBio.java that prints your name on the first line and a short fact about yourself on the second line. (Hint: Use two System.out.println() statements.)

	Experiment with Comments: In your HelloWorld.java program, add a comment above the main method describing what it does. Then, place // in front of the System.out.println() statement. What happens when you try to run the program? (This is called "commenting out" code and is a common debugging technique.)
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​Chapter 2: Setting Up the Java Development Environment (JDK & IDE)
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In the last chapter, you wrote your first Java program on paper. Now, it's time to set up your digital workshop. A proper development environment is a programmer's most essential toolset, allowing you to write, test, and run your code efficiently. This chapter is a practical, step-by-step guide to installing the two most critical components of your Java toolkit: the Java Development Kit (JDK) and an Integrated Development Environment (IDE).

The Java Development Kit (JDK)

The JDK is the core foundation for Java development. It is a software package provided by Oracle (and other vendors) that contains everything you need to create Java applications. Think of it as a toolbox that includes both the tools to build your project and the engine to run it.

The main components of the JDK are:

	Java Compiler (javac): This is the tool that reads your human-readable source code (.java files) and translates it into platform-independent Java bytecode (.class files), as we discussed in Chapter 1.

	Java Virtual Machine (JVM): The JVM is the engine that runs your compiled bytecode. It translates the bytecode into native machine code that your computer's processor can understand and execute.

	Java Runtime Environment (JRE): The JRE includes the JVM plus the core Java libraries (the API). In modern versions of Java (9+), the JRE is typically bundled as part of the JDK, so you only need to install the JDK.

	Core Libraries (API): A vast collection of pre-written code that provides ready-to-use functionality for common tasks like handling text, working with dates, and managing data structures.


Choosing and Installing the JDK

There are several distributions of the JDK. The two most common are:

	Oracle JDK: The official version from Oracle. It's free for personal use, development, and production, but its license can be complex for commercial distribution.

	OpenJDK: An open-source, free-to-use version of the JDK. It is functionally identical to the Oracle JDK and is the preferred choice for most developers due to its simple, unrestrictive license.


For this book, we will use OpenJDK 17 (LTS). "LTS" stands for Long-Term Support, which means it will receive updates and security patches for several years, making it a stable and reliable choice. We will use the build from Adoptium Temurin.

Step 1: Download the JDK

	Open your web browser and navigate to the Adoptium website: adoptium.net.

	On the homepage, you should see download options for the latest LTS release. It will typically auto-detect your operating system (Windows, macOS, or Linux).

	Ensure you are downloading version 17 - LTS or a newer LTS version.

	Click the download button to get the installer (.msi for Windows, .pkg for macOS, .tar.gz for Linux).


Step 2: Install the JDK and Configure Environment Variables

Running the installer is straightforward, but the most crucial post-installation step is setting the JAVA_HOME environment variable. This variable tells your operating system where to find the JDK, so command-line tools and IDEs can access it.

For Windows:

	Run the .msi installer and follow the on-screen prompts. The installer will usually offer to set the PATH variable for you, which is helpful.

	After installation, find the JDK installation path. It's typically C:\Program Files\Eclipse Adoptium\jdk-17.x.x.x. Copy this path.

	In the Windows search bar, type "Edit the system environment variables" and open it.

	In the System Properties window, click the "Environment Variables..." button.

	Under "System variables," click "New...".

	For "Variable name," enter JAVA_HOME.

	For "Variable value," paste the path you copied earlier.

	Click OK.

	Find the Path variable in the "System variables" list, select it, and click "Edit...". Click "New" and add %JAVA_HOME%\bin. This makes Java commands available everywhere.


For macOS:

	Double-click the .pkg file and follow the installer prompts.

	To set JAVA_HOME, you need to edit your shell's configuration file. Open the Terminal app.

	If you use Zsh (the default on modern macOS), type nano ~/.zshrc. If you use Bash, type nano ~/.bash_profile.

	Add the following line to the file. The command /usr/libexec/java_home automatically finds the location of the installed JDK.
export JAVA_HOME=$(/usr/libexec/java_home)

	Press Ctrl+X, then Y, then Enter to save and exit.

	Close and reopen your Terminal for the changes to take effect.


Step 3: Verify the Installation

To confirm that the JDK was installed correctly, open a new terminal (Command Prompt on Windows, Terminal on macOS/Linux) and run the following commands:

bash

java—version

This should display the version of your installed Java runtime.

text

openjdk 17.0.5 2022-10-18

OpenJDK Runtime Environment Temurin-17.0.5+8 (build 17.0.5+8)

OpenJDK 64-Bit Server VM Temurin-17.0.5+8 (build 17.0.5+8, mixed mode, sharing)

Next, verify the compiler:

bash

javac—version

This should show the compiler version, e.g., javac 17.0.5. If both commands work, your JDK is ready.

The Integrated Development Environment (IDE)

While you can write Java code in any simple text editor, an IDE makes the process infinitely easier. An IDE is a specialized application that combines all the tools a developer needs into one cohesive interface.

Key features of an IDE include:

	Smart Code Editor: Provides syntax highlighting (coloring keywords and variables differently), intelligent code completion (suggesting code as you type), and real-time error checking.

	Build Automation: Integrates the compiler, allowing you to compile and run your code with a single click.

	Debugger: A powerful tool that lets you pause your program's execution, inspect the state of variables, and step through your code line by line to find and fix bugs.

	Project Management: Helps organize your project files, manage dependencies (external libraries), and integrate with version control systems like Git.


For this book, we will use IntelliJ IDEA Community Edition, a free and incredibly powerful IDE developed by JetBrains. It is widely considered one of the best IDEs for Java development.

Installing and Configuring IntelliJ IDEA

	Download IntelliJ IDEA: Go to the JetBrains website at jetbrains.com/idea/ and download the Community Edition. It is completely free.

	Install: Run the installer and accept the default settings. The installation is straightforward on all operating systems.

	Launch and Create a New Project: 	Open IntelliJ IDEA for the first time. You may be asked about initial settings; the defaults are fine.

	On the Welcome screen, click "New Project."

	A "New Project" dialog will appear. 	Give your project a Name, for example, MyFirstJavaProject.

	Choose a Location to save it.

	Ensure that the Language selected is "Java."

	For the JDK, IntelliJ will often auto-detect the one you just installed. If not, click the dropdown, select "Add JDK...", and navigate to the directory where you installed it.

	Check the box that says "Add sample code". This will automatically create a Main.java file with the "Hello, World!" program.



	Click the "Create" button.




Your IDE will now open, showing your first project. You'll see the project structure on the left, the code editor in the center, and various tool windows.

To run your program, simply click the green "play" button next to the main method in the editor, or at the top-right of the window. The output, "Hello and welcome!", will appear in the "Run" window at the bottom of the screen.

The Command-Line Alternative

While your IDE provides a comfortable environment, understanding how to compile and run Java from the command line is

	Open any plain text editor (like Notepad on Windows or TextEdit on macOS) and type the HelloWorld code from Chapter 1.

	Save the file as HelloWorld.java. Make sure it's not saved as HelloWorld.java.txt.

	Open your terminal or Command Prompt.

	Navigate to the directory where you saved the file using the cd (change directory) command. For example: cd Documents/JavaPractice.

	Compile the program by running:
javac HelloWorld.java
If there are no errors, this command will produce no output but will create a new file named HelloWorld.class in the same directory.

	Run the program by executing:
java HelloWorld
Note that you do not include the .class extension when running the program. The terminal will print Hello, World!.





	The role of the JDK as the core toolkit containing the compiler, JVM, and libraries.

	How to download and install OpenJDK, the recommended free distribution of Java.

	The importance of setting the JAVA_HOME environment variable.

	How to verify your JDK installation using the java—version and javac—version commands.

	The function of an IDE and why it's a critical tool for productivity.

	How to install IntelliJ IDEA Community Edition and run your first project within the IDE.

	The manual process of compiling and running a Java program from the command line.




	Environment Check: Open a brand new terminal window and run java—version and javac—version again. Does it still work? This confirms your environment variables were set correctly system-wide.

	IDE Theme: Explore the settings/preferences in IntelliJ IDEA (File > Settings or IntelliJ IDEA > Preferences). Find the "Appearance & Behavior > Appearance" section and try switching the theme from Light to Darcula (a popular dark theme) or vice versa.

	Command-Line Practice: Create a new program named Greetings.java using a text editor. The program should print "My command line setup is working!". Save it, then compile and run it using only the command line.
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