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Preface

The true power of the internet is not in connecting computers, but in connecting the physical world around us.

About this Book
This textbook is meticulously designed to align with the GTU Diploma Syllabus (4353201) for Wireless Sensor
Networks and IoT. It provides a robust, intuitive, and comprehensive foundation in the rapidly evolving fields of sensor
technologies, embedded systems, and the Internet of Things. Bridging the gap between theoretical network protocols
and practical hardware implementations, this book decodes complex architectures into accessible, real-world analogies
and engaging visual diagrams.

Target Audience
This book is specifically crafted for Diploma engineering students in the Information and Communication Technology
(ICT) branch, as well as allied fields. It serves as an essential guide to demystifying the complexities of hardware-software
integration, empowering students to build and understand the next generation of smart infrastructure.

Scope and Coverage
The coverage is strategically divided into the five core units of the official syllabus:

e Unit 1: Introduction to WSN — Exploring the fundamental building blocks of sensor nodes, network topologies,
and the critical design principles prioritizing energy efficiency.

e Unit 2: MAC and Routing Protocols — Navigating the intricate layers of communication, addressing collision
avoidance, duty cycling, and intelligent geographic data routing.

e Unit 3: Overview of IoT — Understanding the conceptual framework, reference architectures, and the
foundational technologies (RFID, Big Data, Cloud) driving the IoT revolution.

e Unit 4: Architecture and Implementation of IoT — A deep dive into practical implementation, covering
sensor integration, standard protocols (MQTT, CoAP), prototyping boards (NodeMCU, Raspberry Pi), and
crucial security challenges.

e Unit 5: IoT Applications — Exploring transformative real-world use cases, from Smart Parking and Healthcare
monitoring to Smart City infrastructure.

Milav Dabgar
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0.1 Introduction to Java Programming Language

0.2 Introduction to Java, Brief History, Features, and Applications

0.2.1 Introduction to Java

Java is one of the most widely used programming languages in the world. Originally developed in the mid-1990s, it has
evolved from a simple language for interactive television to a powerful, versatile, and omnipresent technology driving
enterprise applications, mobile operating systems, embedded systems, and large-scale web applications.

At its core, Java is a high-level, object-oriented programming language designed with the fundamental philosophy
of “Write Once, Run Anywhere” (WORA). This principle means that Java code, once compiled, can execute on any
platform that supports Java without the need for recompilation. This platform independence is achieved through
the Java Virtual Machine (JVM), a conceptual layer that translates compiled Java byte-code into machine-specific
instructions.

Java Virtual Machine (JVM) The Java Virtual Machine (JVM) is an abstract computing machine that enables a
computer to run a Java program. It serves as a runtime engine to execute Java applications. The JVM provides a
platform-independent execution environment that abstracts away the underlying hardware and operating system
details.

Java borrows much of its syntax from C and C++, making it relatively easy for programmers familiar with those
languages to transition. However, unlike C++, Java eliminates several complex and error-prone features such as explicit
pointers and operator overloading. Furthermore, Java relies heavily on its robust standard library (Java API), which
provides extensive pre-written code for networking, data structures, graphical user interfaces (GUI), mathematics, and
database connectivity.

0.2.2 Brief History of Java

The inception of Java is an interesting tale of innovation driven by the rapid evolution of consumer electronics. In 1991,
a small team of engineers at Sun Microsystems, led by James Gosling, Mike Sheridan, and Patrick Naughton, initiated
the “Green Project.” Their goal was to develop a new technology for programming next-generation smart consumer
electronic devices, such as interactive televisions and set-top boxes.

The Green Project and Oak The language was originally named ‘Oak" after an oak tree that stood outside
James Gosling’s office. The name was later changed to Java" due to a trademark conflict.
‘Java” was chosen in a coffee shop, reflecting the coffee consumed by the creators, which is also why the Java logo
is a steaming cup of coffee.

The team quickly realized that existing languages like C and C++ were inadequate for their needs because they
were platform-dependent and required manual memory management, leading to frequent crashes. They needed a
language that was compact, platform-neutral, and highly reliable.

In 1995, Sun Microsystems officially released Java 1.0. Its release coincided perfectly with the rise of the World
Wide Web. Java’s ability to run secure applets inside web browsers revolutionized the web, transforming it from a
medium of static text and images into an interactive and dynamic environment. In 2010, Oracle Corporation acquired
Sun Microsystems, thereby taking over the stewardship of the Java language and platform. Today, Java is maintained
by a global community of developers through the Java Community Process (JCP).

0.2.3 Features of Java (The Java Buzzwords)

)

The design goals of Java were articulated in a white paper that described the language using a series of “buzzwords.
These features collectively make Java a powerful and ubiquitous language.

o Simple: Java was designed to be easy to learn and use. It omits complex features of C/C++ such as explicit
pointers, operator overloading, and multiple inheritance (using classes). The syntax is clean and familiar.

o Object-Oriented: In Java, almost everything is an object. It follows object-oriented programming (OOP)
principles like encapsulation, inheritance, and polymorphism, which help in organizing complex programs,
improving code reusability, and reducing maintenance overhead.
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¢ Platform-Independent: The most famous feature of Java is its platform independence. When a Java program
is compiled, it is not translated into machine code, but rather into an intermediate form called bytecode. This
bytecode is then executed by the JVM on any underlying operating system.

e Secured: Java is known for its strong security features. It provides a secure execution environment, especially
for code downloaded over the network (like applets), by confining it to a restricted “sandbox.” Furthermore, the
lack of explicit pointers prevents unauthorized access to memory.

e Robust: Java encourages error-free programming by strictly checking code both at compile-time and runtime. It
features strong memory management through an automatic Garbage Collector, which eliminates memory leaks.
Exception handling helps in catching and recovering from runtime errors gracefully.

Important / Warning

Garbage Collection Myths While Java’s automatic Garbage Collector (GC) reclaims memory occupied by objects
that are no longer in use, it does not completely prevent memory leaks. If a program maintains unintended
references to objects, the GC cannot reclaim them. Developers must still be mindful of managing object lifecycles

properly.

e Architecture-Neutral: The compiler generates an architecture-neutral object file format. The compiled code
is executable on many processors, given the presence of the Java runtime system. This is achieved through
the standardized size of primitive data types (e.g., an int is always 32 bits, regardless of the 32-bit or 64-bit
architecture).

o Portable: The combination of architecture neutrality and a standardized API makes Java highly portable. A
program written on a Windows machine will run flawlessly on a Linux server or a macOS laptop without any
modifications.

o High Performance: Although interpreted bytecode is generally slower than native machine code, Java achieves
high performance through Just-In-Time (JIT) compilers embedded within the JVM. The JIT compiler translates
frequently executed bytecode into native machine code on the fly, drastically improving execution speed.

e Multithreaded: Java provides built-in support for multithreading, allowing a program to perform multiple
tasks simultaneously. This feature is particularly useful in interactive applications and network servers, improving
CPU utilization and responsiveness.

o Distributed: Java facilitates the development of distributed applications. It provides extensive libraries for
networking, such as the Remote Method Invocation (RMI) and Enterprise JavaBeans (EJB), enabling programs
running on different machines to interact seamlessly.

e Dynamic: Java programs can adapt to an evolving environment. They can dynamically load classes at runtime
from local drives or across networks, allowing for highly flexible application architectures.

0.2.4 Java Applications

Given its immense feature set, Java is applied across a wide spectrum of computing domains. According to Oracle,
Java runs on billions of devices worldwide.

Real-World Analogy: The Universal Adapter Think of Java as a universal travel adapter for electricity. When
you travel to different countries, the electrical sockets vary (Windows, macOS, Linux). Instead of buying a new
electronic device for each country (writing a C++ program for each OS), you use a universal adapter (the JVM).
Your device (the Java program) plugs into the adapter, which then perfectly connects to whatever socket is
available.

Some of the primary application areas of Java include:

1. Enterprise Applications: Java is the undisputed king of enterprise-scale back-end systems. Large corporations,
banks, and financial institutions rely on Java (specifically Java EE / Jakarta EE) to build highly scalable, secure,
and transactional systems. Technologies like Spring Boot and Hibernate dominate this space.



https://milav.in

2. Mobile Applications: Historically, Java was the primary language for building Android applications. Although
Kotlin has gained prominence recently, millions of Android applications are still powered by Java, utilizing the
Android SDK and a specialized runtime environment.

3. Web Applications: Java is extensively used to create dynamic web applications. Server-side technologies like
Servlets, JavaServer Pages (JSP), and frameworks such as Spring MVC and Struts enable the development of
robust web portals, e-commerce platforms, and RESTful APIs.

4. Desktop GUI Applications: While less common today, Java provides libraries such as Abstract Window
Toolkit (AWT), Swing, and JavaFX to build cross-platform desktop applications. Integrated Development
Environments (IDEs) like Eclipse and IntelliJ IDEA are built using Java.

5. Embedded Systems: Java’s initial target, embedded systems, remains a significant domain. Java ME (Micro
Edition) is used for programming smart cards, set-top boxes, and various IoT (Internet of Things) devices.

6. Scientific Applications: Due to its safety, robust mathematical libraries, and portability, Java is often chosen
for scientific computing, natural language processing, and data analysis tasks.

7. Big Data Technologies: Prominent Big Data frameworks like Apache Hadoop, Apache Spark, and Apache
Kafka are predominantly written in Java or Scala (which runs on the JVM). The JVM ecosystem provides the
massive scalability required for processing huge volumes of data.

The JVM Ecosystem The power of Java extends beyond the language itself. The JVM is a phenomenal piece of
engineering that now hosts many other popular languages, including Scala, Kotlin, Groovy, and Clojure. These
languages benefit from the robust ecosystem, performance optimizations, and vast libraries originally built for
Java.

0.2.5 Conclusion

From its humble beginnings as a language for interactive television to its current status as a foundational pillar of modern
software engineering, Java has proven its resilience and adaptability. Its core philosophy of platform independence,
combined with strong object-oriented principles, robust security, and a massive ecosystem, ensures that Java will remain
a dominant force in technology for years to come. Whether you are building a small mobile app, a complex financial
trading platform, or a massive distributed data processing system, Java provides the tools and reliability necessary for
success.
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Figure 1: Constructor Overloading
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Figure 2: LinkedList Internal Structure (Singly Linked Concept)

0.3 Java Components: JVM, JRE, and JDK

Java is not just a programming language; it is a comprehensive ecosystem that provides everything a developer needs
to write, compile, and run applications. The architecture of the Java programming environment is primarily divided
into three interrelated components: the Java Development Kit (JDK), the Java Runtime Environment (JRE), and the
Java Virtual Machine (JVM). Understanding the distinction and relationship between these components is crucial for
mastering Java development.

The Java Execution Model Unlike languages like C or C++ that compile directly to platform-specific machine
code, Java follows a two-step execution process. First, the source code is compiled into an intermediate form
called byte code. Then, this byte code is interpreted and executed by the JVM at runtime. This model provides
the foundation for Java’s "Write Once, Run Anywhere" (WORA) philosophy.
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0.3.1 Java Development Kit (JDK)

The Java Development Kit (JDK) is the foundational toolkit used by software developers to create Java applications
and applets. It is a full-featured software development environment that provides everything needed to write, compile,
debug, and run Java programs.

Java Development Kit (JDK) The JDK is a software development environment used for developing Java applications.

It physically exists on the disk and contains the JRE, a compiler (javac), an archiver (jar), a documentation
generator (javadoc), and other tools needed for Java development.

When you download Java to write code, you download the JDK. The JDK is platform-specific, meaning you must
install the version of the JDK that corresponds to your operating system (Windows, macOS, or Linux).
The JDK consists of several vital development tools, including:

e javac: The Java compiler that translates readable . java source files into executable .class byte code files.
o java: The application launcher that starts the JRE, loads the class, and invokes its main method.
e javadoc: A tool that automatically generates HTML documentation from Java source code comments.

e jdb: The Java Debugger, a command-line tool used to find and fix bugs in Java programs.

0.3.2 Java Runtime Environment (JRE)

While the JDK is meant for developers, the Java Runtime Environment (JRE) is meant for end-users who only want to
run Java applications.

Java Runtime Environment (JRE) The JRE is an installation package that provides an environment to run Java

programs. It contains the JVM, core class libraries, and other supporting files required to execute Java byte code.
It does not contain any development tools such as compilers or debuggers.

If you are merely using a Java application (like a desktop application or an enterprise system), you only need the
JRE installed on your computer. The JRE acts as an intermediary layer between the Java program and the operating
system. When a Java application is launched, the JRE ensures that the application has the necessary class libraries
and resources to execute seamlessly.

Important / Warning

JDK vs. JRE Confusion A common mistake among beginners is confusing the JDK and the JRE. Remember: if
you want to write Java code, you need the JDK. If you only want to run an existing Java program, you only need
the JRE. Since the JDK includes the JRE, developers do not need to install the JRE separately.

0.3.3 Java Virtual Machine (JVM)

At the very heart of the Java ecosystem lies the Java Virtual Machine (JVM). The JVM is an abstract computing
machine that enables a computer to run a Java program.

Java Virtual Machine (JVM) The JVM is a runtime engine that acts as an interpreter and executor for Java byte

code. It provides a platform-independent execution environment by converting byte code into machine-specific
instructions.

The JVM performs several critical operations during the execution of a Java program:
1. Loads code: The Class Loader subsystem reads the .class files and loads the byte code into memory.

2. Verifies code: The Bytecode Verifier ensures that the loaded code is valid and does not violate Java’s security
restrictions (e.g., preventing illegal memory access).
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3. Executes code: The Execution Engine interprets the byte code and executes it. Modern JVMs also use a
Just-In-Time (JIT) compiler to improve execution performance.

4. Manages memory: The JVM provides automatic memory management and garbage collection.

JVM Architecture in Action Imagine you write a Java program HelloWorld.java on a Windows machine. You
use the JDK’s javac tool to compile it into HelloWorld.class (byte code). You can then send this .class file
to a friend using a Mac. Your friend does not need to recompile the code. Their Mac’s JVM will load the exact
same HelloWorld.class file, translate the byte code into macOS-specific machine instructions on the fly, and run
the program seamlessly.

0.4 The Importance of Byte Code

Byte code is perhaps the most significant innovation introduced by Java, serving as the linchpin for its architectural
neutrality. When Java source code is compiled, it is not translated directly into machine code (which would be tied to a
specific processor architecture). Instead, it is translated into a highly optimized set of instructions known as byte code.

Key Concept

Byte Code Byte code is an intermediate, machine-independent code generated by the Java compiler. It is stored
in files with a .class extension and is designed to be executed by the Java Virtual Machine rather than the
underlying hardware.

The importance of byte code can be categorized into three main areas:

0.4.1 Platform Independence (WORA)

The primary motivation behind byte code is platform independence. Because byte code is not specific to any CPU
architecture (like x86 or ARM) or operating system (like Windows or Linux), a compiled Java program can run on any
device equipped with a JVM. The JVM acts as a translator, converting the universal byte code into the native machine
code of the host system. This completely eliminates the need to maintain separate versions of a software product for
different operating systems.

0.4.2 Enhanced Security

Byte code plays a crucial role in Java’s robust security model. Before the JVM executes any byte code, the code must
pass through the Bytecode Verifier. This verifier checks the code for potential security breaches, such as:

e Forging pointers to access unauthorized memory.
» Violating access controls (e.g., trying to access private variables of another class).
e Performing illegal data type conversions.

By transmitting byte code instead of raw machine code over networks, Java ensures that malicious programs cannot
execute harmful operations on the host machine.

0.4.3 Performance Optimization via JIT Compilation

Initially, Java was criticized for being slower than compiled languages like C+-+ because interpreting byte code
line-by-line is intrinsically slower than executing native machine code. However, modern JVMs utilize a Just-In-Time
(JIT) Compiler. The JIT compiler monitors the byte code as it is being interpreted. When it detects frequently
executed code segments (known as "hot spots"), it compiles that specific byte code directly into native machine code in
real-time. Subsequent executions of that code bypass the interpreter entirely, running at near-native speeds. Thus,
byte code allows Java to balance portability with high performance.
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0.5 Garbage Collection in Java

In many older programming languages like C and C++, developers are entirely responsible for managing memory.
They must explicitly allocate memory for objects when needed and, more importantly, explicitly deallocate (or free)
that memory when the objects are no longer in use. Failure to deallocate memory leads to memory leaks, where the
system gradually runs out of available memory, eventually causing the application to crash.

Java solves this problem natively through a process called Garbage Collection (GC).

Garbage Collection (GC) Garbage Collection is the automatic process of identifying and discarding objects in
memory that are no longer needed or referenced by the application, thereby reclaiming memory resources.

0.5.1 How Garbage Collection Works

The JVM periodically runs a background thread called the Garbage Collector. The core logic of the garbage collector
revolves around identifying "live" objects (objects currently in use) and "dead" objects (objects that can no longer be
accessed by the program).

The most common algorithm used by the garbage collector is the Mark and Sweep algorithm, which operates in
two primary phases:

1. Marking: The garbage collector traverses the object graph starting from "GC Roots" (active threads, local
variables, static variables). Any object that can be reached from these roots is marked as "alive."

2. Sweeping: The garbage collector sweeps through the heap memory. Any object that was not marked as alive
during the marking phase is considered garbage. Its memory is reclaimed and made available for future allocations.

To optimize performance, modern JVMs use a Generational Garbage Collection strategy. This approach
divides the heap memory into different "generations" based on the age of the objects:

* Young Generation: Where all new objects are allocated. Most objects become unreachable quickly (they have
a short lifespan). Minor GC events clean up this space frequently and rapidly.

o Old (Tenured) Generation: Objects that survive multiple garbage collection cycles in the Young Generation are
moved here. Major GC events clean this space, but they occur less frequently as they are more resource-intensive.

« Metaspace: Stores metadata about classes and methods, completely replacing the Permanent Generation
(PermGen) found in older Java versions.

Understanding Unreachable Objects Consider the following Java code:

Employee emp = new Employee("Alice");
emp = new Employee("Bob");

First, memory is allocated for an Employee object with the name "Alice", and the reference variable emp points to
it. On the second line, a new object "Bob" is created, and emp is reassigned to point to "Bob". The "Alice" object
still exists in memory, but there is no reference pointing to it anymore. It is completely unreachable. The garbage
collector will identify the "Alice" object as garbage and destroy it to reclaim memory.

\. J/

0.5.2 Importance and Benefits of Garbage Collection

The inclusion of automatic garbage collection is one of Java’s most powerful features. Its importance cannot be
overstated:

e Eliminates Memory Leaks: By automatically destroying unreachable objects, GC drastically reduces the
likelihood of memory leaks, which are notoriously difficult to debug in manual memory-managed languages.

e Prevents Dangling Pointers: In languages like C++, if memory is freed but a pointer still references that
location, it becomes a "dangling pointer," leading to unpredictable behavior or crashes if accessed. Java’s GC
ensures that objects are only destroyed when there are absolutely no references to them.
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e Increases Developer Productivity: Developers are freed from the tedious and error-prone task of writing
manual memory management code. They can focus purely on business logic, knowing the JVM will handle
memory cleanup.

« Enhances Application Stability: With a reduced risk of memory exhaustion and memory corruption, Java
applications tend to be more robust and capable of running continuously for long periods (e.g., enterprise servers)
without degradation.

Important / Warning

Garbage Collection Pause Times While garbage collection provides immense benefits, it is not without a cost.
When a major garbage collection event occurs, it often triggers a "Stop-the-World" pause, meaning all application
threads are temporarily halted while memory is reclaimed. In performance-critical or real-time applications (like
high-frequency trading), these pauses can introduce unacceptable latency. Developers must often tune the JVM
parameters to optimize the garbage collector’s behavior for their specific application profile.

\. J

In summary, the seamless integration of the JDK, JRE, and JVM creates a powerful ecosystem for software
development. The use of byte code ensures that applications remain highly portable and secure, while automatic
garbage collection removes the heavy burden of memory management from the developer’s shoulders. Together, these
components define the core architecture that has made Java an enduring and ubiquitous programming language.

Points to
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0.6 Java Environment Setup, Program Structure, and Execution

Before embarking on writing Java applications, it is essential to prepare a robust development environment, understand
the foundational skeleton of a Java program, grasp how the Java compiler and virtual machine process your code, and
learn how to document it effectively. This section explores each of these fundamental aspects in detail, providing the
necessary groundwork for advanced Java programming.

0.6.1 Java Environment Setup

To develop and run Java applications, you must install the Java Development Kit (JDK) on your computer. The JDK
is the core software development environment for Java and serves as the primary gateway for software developers.

Java Development Kit (JDK), JRE, and JVM The Java ecosystem is fundamentally built upon three interconnected
components, forming a hierarchy of functionality:

o JVM (Java Virtual Machine): An abstract computing machine that enables your computer to run Java
programs. It acts as a runtime engine to execute Java bytecode. The JVM is platform-dependent (different
JVMs for Windows, Linux, macOS), but it executes platform-independent bytecode.

o JRE (Java Runtime Environment): A software package containing the JVM, core classes, and supporting
libraries. It provides the minimum requirements for executing a compiled Java application. However, it does
not contain development tools like compilers or debuggers. It is intended for end-users who only need to run
Java programs.
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o JDK (Java Development Kit): A full-featured software development kit that encapsulates the JRE,
along with comprehensive development tools such as the compiler (javac), archiver (jar), documentation
generator (javadoc), and debugging utilities. It is required for developers who intend to write and compile
Java code.

Installing the JDK

To set up the Java environment, navigate to the official Oracle website or an open-source alternative distributor (such
as Adoptium’s Eclipse Temurin, Amazon Corretto, or Azul Zulu) and download the latest Long-Term Support (LTS)
version of the JDK suitable for your operating system. Run the installer and carefully follow the on-screen instructions,
noting the installation directory.

Setting Environment Variables

Merely installing the JDK is often not sufficient for a seamless development experience; the operating system must
know where the JDK is located to execute Java commands from any command prompt or terminal window. This
requires configuring specific system environment variables.

Environment Variables: JAVA__ HOME and PATH Environment variables are dynamic values managed by the
operating system that affect the behavior of running processes. For Java development, two specific variables are
crucial:

o JAVA_HOME: This variable points to the root directory where the JDK is installed. Many third-party Java
tools, Integrated Development Environments (IDEs), and build frameworks (like Maven, Apache Tomcat, or
Gradle) explicitly rely on this variable to function correctly.

e PATH: This system variable specifies a list of directories where executable programs are located. By
appending the JDK’s bin directory to the system’s PATH, you empower the command-line interface to
recognize commands like javac and java from any directory globally.

Configuration on Windows:
1. Search for "Environment Variables" in the Windows Start menu and select "Edit the system environment variables."

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

3. Under the System Variables section, click "New" to create JAVA_HOME and set its value to your JDK installation
path (e.g., C:\Program Files\Java\jdk-17).

4. Locate the existing Path variable, select "Edit," and add a new entry referencing the binary folder:
%JAVA_HOME%\bin.

Configuration on Linux / macOS: You typically configure these variables by editing your shell profile file (e.g.,
.bashrc, .zshrc, or .profile), appending the following export directives:

export JAVA_HOME=/usr/lib/jvm/java-17-openjdk-amd64
export PATH=$PATH:$JAVA_HOME/bin

After saving the file, apply the changes to the current terminal session using the source ~/.bashrc command.

Verifying the Installation

Once the environment variables are correctly set, open a new terminal or command prompt and execute the following
commands to verify the setup:

java -version
javac -version

If the system successfully outputs the version numbers matching the JDK you installed, your Java development
environment is primed and ready.
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Important / Warning

Version Mismatches Always ensure that the java -version and javac -version commands output identical
version numbers. A mismatch indicates that the system is using a JRE for execution that is distinct from the
JDK used for compilation. This discrepancy frequently leads to “Unsupported Class Version” exceptions during
runtime, particularly when compiling with a newer JDK but running with an older JRE.

0.6.2 Structure of a Java Program

Java is a strictly object-oriented programming language. This paradigm dictates that every piece of executable code
in Java must be encapsulated within a class. Let us analyze the foundational structure of a basic Java program to
understand its anatomical parts.

A Basic Java Program: HelloWorld.java

public class HelloWorld {
// This is the main method, the entry point of the program
public static void main(Stringl[] args) {
System.out.println("Hello, World!");
}

Let us meticulously break down the structural components of this program:

o Class Declaration (public class HelloWorld): This statement defines a new class named HelloWorld. In
Java, if a class is declared as public, the name of the file containing the class must exactly match the class
name, appended with the . java extension (i.e., HelloWorld. java). The public keyword is an access modifier
signifying that this class is universally accessible.

o Class Body: The curly braces { and } define the scope or the block of the class. All attributes (variables) and
behaviors (methods) belonging to the class must physically reside within these boundary braces.

e The main Method: The declaration public static void main(String[] args) is the standardized entry
point for any standalone Java application. When the JVM initiates a program, it actively searches for this exact
method signature to begin execution.

Deconstructing the main Method Signature

The main method signature is strictly enforced by the Java Language Specification. Misspelling or omitting any part of
it will prevent the JVM from launching the application. Understanding the role of each keyword is critical:

e public: An access modifier indicating that the method is visible to the JVM, which operates externally to the
class. If the method were declared private or protected, the JVM would lack the necessary permission to
invoke it.

e static: This pivotal keyword allows the JVM to invoke the main method directly on the class itself, without the
prerequisite of instantiating an object of the HelloWorld class first. Since main is the starting point, no objects
exist in memory when the program initially starts.

e void: Denotes the return type of the method. void specifies that the main method does not return any data to
the caller (the operating system or JVM) upon its successful or unsuccessful completion.

e main: The mandatory identifier or name of the method. The JVM has been hardcoded to look specifically for
this identifier.

e String[] args: The single parameter accepted by the main method. It is an array of String objects that
captures command-line arguments. For example, executing java HelloWorld config.txt verbose from the
terminal would populate this array with two elements: "config.txt" at index 0 and "verbose" at index 1.
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Case Sensitivity and Statement Termination Java is inherently case-sensitive. The identifiers HelloWorld,
helloworld, and HELLOWORLD are treated as entirely distinct entities. Additionally, every individual statement or
instruction in Java must unequivocally terminate with a semicolon (;). The semicolon acts as a structural signal
to the compiler, functioning much like a period at the end of an English sentence.

0.6.3 Compilation and Execution of a Java Program

The lifecycle of a Java application is characterized by a two-step process: compilation followed by execution. This
architecture is the primary enabler of Java’s celebrated “Write Once, Run Anywhere” (WORA) philosophy.

Phase 1: Compilation

Traditional procedural languages, such as C or C++, compile directly into machine-specific binary code (e.g., an .exe
file on Windows). This binary is tied to the specific hardware and operating system on which it was compiled. Java
introduces an intermediate abstraction layer to bypass this limitation.

When you author Java code, it is saved in a plain text file with a . java extension. You invoke the Java compiler
using the javac tool from your terminal:

javac HelloWorld. java

The compiler comprehensively parses the source code, checking for syntax errors, type safety, and structural
integrity. If the code is perfectly error-free, the compiler translates the human-readable text into an intermediate
format called bytecode. This bytecode is subsequently saved in a newly generated file with a .class extension (e.g.,
HelloWorld.class).

Java Bytecode Bytecode represents a highly optimized, intermediate instruction set designed specifically to be

executed by the Java Virtual Machine, rather than directly by the computer’s hardware CPU. Bytecode is
completely platform-agnostic. A .class file generated on a Windows machine is bit-for-bit identical to one
generated on a Linux server or an Apple MacBook.

Phase 2: Execution (Interpretation and JIT Compilation)

Once the generic bytecode is generated, it must be executed on a specific host machine. This phase is initiated using
the java command, which spawns an instance of the JVM:

java HelloWorld

Important / Warning

Running Bytecode Properly It is a common pitfall for beginners to attempt to execute the compiled file by
including the extension, such as java HelloWorld.class. This will result in an error. When utilizing the java
command, you must provide the fully qualified name of the class (e.g., HelloWorld). The JVM intrinsically
appends the .class extension during its internal search for the bytecode file.

Upon launch, the JVM undertakes a sequence of sophisticated operations:

1. Class Loading: The ClassLoader subsystem dynamically locates the .class files from the local filesystem or
network and loads them into the JVM’s memory architecture.

2. Bytecode Verification: Before executing a single instruction, the Bytecode Verifier rigorously inspects the loaded
code for formatting errors and security violations. It ensures that the bytecode complies with JVM specifications,
preventing malicious code from crashing the host machine, forging pointers, or performing unauthorized memory
access.

3. Execution: Finally, the Execution Engine processes the bytecode. In early iterations of Java, this was done
purely through interpretation, translating bytecode to machine code line by line, which was notoriously slow.
Modern JVMs, however, employ a highly advanced Just-In-Time (JIT) compiler. During execution, the JIT
compiler monitors code execution to identify "hot spots" (frequently executed blocks of bytecode, such as loops).
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It then proactively translates these hot spots directly into highly optimized native machine code on the fly. This
hybrid approach allows Java applications to achieve execution speeds comparable to natively compiled languages
like C++.

0.6.4 Comment Syntax in Java

Comments are non-executable text segments intentionally integrated into the source code to explain its intent, elucidate
complex logic, and document functionality. The Java compiler completely ignores comments; they have zero impact
on the resulting bytecode or application performance. Writing comprehensive and clear comments is a hallmark of
professional software engineering, as it dramatically facilitates long-term code maintenance, debugging, and team
collaboration.

Java provides three distinct syntax variations for commenting code:

Single-Line Comments

A single-line comment is instantiated with two consecutive forward slashes (//). The compiler ignores all subsequent
text from the // marker to the absolute end of that specific physical line. Single-line comments are typically utilized
for brief, inline explanations of variable declarations or to clarify a specific mathematical operation.

Single-Line Comment Example

int timeoutSeconds = 30; // Maximum wait time for the network request
timeoutSeconds++; // Increment timeout to account for latency

Multi-Line Comments

A multi-line comment (frequently referred to as a block comment) begins with the /* character sequence and rigorously
ends with the */ sequence. Any text enclosed symmetrically between these two markers is bypassed by the compiler.
This type of comment can gracefully span across multiple lines, making it ideal for longer algorithmic explanations,
copyright notices at the top of a file, or for temporarily disabling large blocks of code during active debugging sessions.

Multi-Line Comment Example

/*

* The following block of code calculates the factorial of a number.
* It utilizes a recursive mathematical approach rather than an

* iterative one to demonstrate algorithm design patterns.

*/

int result = calculateFactorial(5);

\. J

Documentation Comments (JavaDoc)

Documentation comments represent a powerful, specialized feature unique to the Java ecosystem. They are initiated
with /** and terminated with */. Unlike standard multi-line comments, documentation comments are explicitly
designed to be processed by the javadoc utility tool, which comes bundled with the standard JDK.

The javadoc tool parses these strategically placed comments across the entire source code base and automatically
generates standardized, highly professional HTML documentation. This generated output is visually and structurally
identical to the official Java Standard Edition API documentation provided by Oracle. Documentation comments are
typically placed immediately before class, interface, method, or field declarations. They often incorporate special tags
prefixed with the @ symbol to explicitly define specific attributes of the code construct.

JavaDoc Comment Example

/*x*
* Authenticates a user based on their provided credentials against
* the central database.
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4

public boolean authenticateUser (String username, String password) {

Oparam username the unique identifier of the user attempting to log in
@param password the plaintext password provided by the user

@return true if the credentials match a valid user, false otherwise
@throws AuthenticationException if the database connection fails

// Authentication logic here
return true;

Commonly utilized JavaDoc tags include:

@param: Provides a detailed description of a specific method parameter.
@return: Explains the significance of the value returned by a method.
Qauthor: Identifies the original author or creator of the class or method.
@version: Specifies the current version of the software component.

@throws or @exception: Exhaustively documents the specific exceptions that a method can potentially throw
during its execution.

@see: Generates a hyperlink to another section of the documentation for related information.

Important / Warning

Avoid Redundant or Over-Commenting While comprehensive comments are fundamentally crucial for maintain-
ability, developers should strictly avoid over-commenting painfully obvious code (e.g., int x = 5; // sets x to
).
updated. As a best practice, strive to write clean, "self-documenting" code by leveraging highly descriptive and
meaningful variable, method, and class names. Comments should predominantly explain the why (the business
logic or design rationale) behind a piece of code, rather than redundantly stating what the syntax is doing.

Redundant comments clutter the screen and can become obsolete if the code changes but the comment is not

0.7
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Primitive Data Types: byte, short, int, long, float, double, char, boolean

0.7.1 Introduction to Data Types in Java

Java is a strictly, strongly typed language, which means that every single variable, expression, and value must have a
distinctly defined data type. A data type essentially acts as a blueprint. It dictates two critical parameters to the Java
compiler and the Java Virtual Machine (JVM): the exact amount of memory allocated for a variable, and the specific
kinds of mathematical or logical operations that can be legitimately performed on that variable.

Strongly Typed Language A strongly typed language enforces rigid restrictions on how operations mix values of

different data types. In Java, a variable defined as an integer cannot simply be treated as a string or a character
without explicit type conversion. This strictness allows the compiler to catch type mismatch errors at compile-time,
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{ leading to more robust and error-free code. J

Key Concept

Categories of Data Types Java categorizes its entire type system into two fundamentally different domains:

e Primitive Data Types: The most basic, built-in types that hold pure, simple values directly in memory
(e.g., numbers, characters, true/false states).

o Reference Data Types: Complex types that store references (memory addresses or pointers) to objects,
classes, or arrays constructed dynamically on the memory heap (e.g., String, Scanner, or custom classes).

\ .

0.7.2 The 8 Primitive Data Types

Java defines exactly eight primitive data types. These types are intrinsic to the language specification itself, meaning
they are natively understood by the compiler and do not rely on external classes or packages. The eight primitive
types fall into four major mathematical categories:

—

. Integer Types (Whole Numbers): byte, short, int, long
2. Floating-Point Types (Decimal Numbers): float, double
3. Character Type: char

4. Boolean Type: boolean

0.7.3 Integer Types

Integers are whole numbers completely lacking any fractional, decimal, or floating-point component. They can be
positive, negative, or zero. A crucial design decision in Java is that all numeric types are signed, meaning they inherently
reserve one bit in memory to indicate whether the value is positive or negative. Unlike C or C++-, Java does not have
"unsigned" primitive integer variants.

The byte Type

The byte data type is an 8-bit signed two’s complement integer. It represents the smallest integer type in Java.
o Size in Memory: 8 bits (1 byte)
e Valid Range: -128 to 127

e Default Value: 0

Using byte in Code

byte playerAge = 25;
byte currentTemperature = -10;

Real-World Analogy & Use Case: Imagine a small bucket that can only hold up to 127 drops of water. The
byte type is highly memory-efficient. While rarely used for everyday mathematical variables, it is the absolute
standard when working with raw binary data streams, network packets, reading/writing files, or processing image
pixels where large arrays require strict memory conservation.

The short Type

The short data type is a 16-bit signed two’s complement integer.
» Size in Memory: 16 bits (2 bytes)
e Valid Range: -32,768 to 32,767
o Default Value: 0
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Example

Using short in Code

short altitudeInMeters = 15000;
short bankOverdraft = -5000;

Use Case: Like byte, short can be used to save memory in large arrays, particularly in older embedded systems
with severe memory constraints. However, in modern, 64-bit enterprise Java development, the short primitive is
almost practically obsolete and is bypassed in favor of int.

-~

The int Type

The int data type is a 32-bit signed two’s complement integer. It is the universally accepted, default data type for
whole-number values in the Java ecosystem.

 Size in Memory: 32 bits (4 bytes)
o Valid Range: -2,147,483,648 to 2,147,483,647 (roughly +2.14 billion)

e Default Value: 0

Example

Using int in Code
int distanceToSunKm = 149600000;

int loopIterationCounter = 0;

Use Case: For virtually all whole-number mathematical operations, loop counters (for and while loops),
database identifiers, and general-purpose variables. If you need a number and it doesn’t contain decimals, int
should always be your immediate choice.

,
\

The long Type

The long data type is a 64-bit signed two’s complement integer.
» Size in Memory: 64 bits (8 bytes)
« Valid Range: -9,223,372,036,854,775,808 to 9,223,372,036,854,775,807
e Default Value: OL

To instruct the Java compiler that an integer literal is specifically a long and not a standard int, you must append
an L or 1 to the end of the number. Using the uppercase L is overwhelmingly recommended to prevent visual confusion
with the digit 1.

Example

Using long in Code

long nationalDebtDollars = 28000000000000L; // Note the 'L’ suffix
long millisecondsSinceEpoch = 1622548800000L;

Use Case: long is deployed whenever calculations might exceed the 2.14 billion mathematical limit of an int.
Common applications include calculating high-resolution UNIX timestamps, representing astronomical distances,
generating unique global IDs (UUIDs), and tracking large system file sizes in bytes.

| '
\

Important / Warning

The Silent Danger of Integer Overflow When a mathematical addition or multiplication operation pushes a value
outside the maximum valid boundary of its data type, it violently "wraps around" to the negative spectrum.
For example, if you add 1 to the maximum possible int value (2,147,483,647), the result silently overflows and
becomes -2,147,483,648. The Java compiler will absolutely not throw an error or crash; it simply calculates the
wrong number, leading to devastating logical and financial bugs in production environments!

,
\
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0.7.4 Floating-Point Types

Floating-point numbers, colloquially known as decimals or real numbers in mathematics, are utilized when fractional
precision is demanded. Java relies entirely on the IEEE 754 industry standard to represent these numbers internally.

The float Type

The float data type is a single-precision 32-bit IEEE 754 floating-point number.
o Size in Memory: 32 bits (4 bytes)
« Valid Range: Approximately 4-3.40282347 x 1038
« Mathematical Precision: 6 to 7 significant decimal digits
e Default Value: 0.0f

Because the default, implicit type for any decimal literal directly typed into Java code is a double, you must
manually append an F or £ to the literal to explicitly declare it as a float.

Using float in Code

float piApproximation = 3.14159f; // The ’f’ suffix is absolutely mandatory!
float averageBodyTemperature = 98.6F;

The double Type

The double data type is a double-precision 64-bit IEEE 754 floating-point number. It stands as the standard, default
choice for any decimal values inside Java programs.

o Size in Memory: 64 bits (8 bytes)

« Valid Range: Approximately 41.7976931348623157 x 10308

Mathematical Precision: 15 to 16 significant decimal digits

¢ Default Value: 0.0d

Using double in Code

double highlyPrecisePi = 3.141592653589793;
double electronRestMass = 9.10938356e-31; // Using Scientific notation (E notation)

L /

Important / Warning

The Reality of Floating-Point Inaccuracy Because floating-point numbers are fundamentally represented using
underlying binary fractions (powers of two), certain base-10 decimals cannot be represented with perfect, infinite
exactness. Much like how the fraction 1/3 cannot be perfectly written in decimal format (0.3333...), decimals
like 0.1 have repeating binary sequences. As a result, operations like 0.1 4+ 0.2 in Java might confusingly yield
0.30000000000000004 instead of 0.3.

Crucial Engineering Rule: Never use float or double primitives for highly precise, sensitive calculations
involving banking currency or financial accounting. For currency, always utilize the BigDecimal object class
instead.

L J

0.7.5 The Character Type (char)

The char data type is uniquely purposed to store exactly one single 16-bit Unicode character.

 Size in Memory: 16 bits (2 bytes)

e Valid Range: ’\u0000’ (numerical 0) to ’\uffff’ (numerical 65,535)
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o Default Value: *\u0000’ (the literal null character)

Unlike legacy languages like C, where characters are constrained to simple 8-bit ASCII values (max 255 characters),
Java characters use the modern UTF-16 encoding system. This architectural choice radically empowers Java to natively
support a massive global array of international alphabets, linguistic characters, emojis, and mathematical symbols right
out of the box.

Syntactically, character literals are always completely enclosed within single quotes (?A?), which makes them distinct
from String literals which strictly use double quotes ("A").

Using char in Code

char studentGrade = ’A’;
char randomDigit = ’77;
char heartSymbol = ’\u2764°’; // Hexadecimal Unicode representation

Note on Character Arithmetic: You can actually perform numerical integer arithmetic on char variables
because behind the scenes, the Java compiler essentially treats them as unsigned integers representing the character’s
mapped Unicode numerical identity. For example, A’ + 1 calculates to 66, which perfectly corresponds to the
character ’B’.

0.7.6 The Boolean Type

The boolean data type is arguably the simplest and most fundamental primitive type in modern logic. It is meticulously
designed to hold exclusively one of two absolute possible states: true or false.

o Size in Memory: Not precisely mandated by the language specification (it heavily depends on the specific JVM
architecture). It often manifests as 1 byte in memory arrays but acts as 4 bytes individually on a 32-bit execution
stack due to memory padding.

e Valid Range: true or false

e Default Value: false

Key Concept

The Backbone of Logical Control Booleans form the inescapable foundation of all logical routing, decision making,
and control structures in Java software. Every if statement, while loop condition, and for loop validation
ultimately evaluates down to a singular boolean state before the program is permitted to proceed.

Using boolean in Code

boolean isRainingOutside = true;
boolean hasUserPassedExam = false;

if (isRainingOutside) {
System.out.println("Please take an umbrella before leaving.");

}

0.7.7 Modern Literal Notations and Readability Formatting

Java aggressively allows developers to express literal primitive numbers using various numeral base systems and visual
formatting aids, significantly elevating complex code readability.

Underscores in Numeric Literals

Since the release of Java 7, programmers are free to inject underscores (_) virtually anywhere between digits within a
numeric literal to act as visual thousands separators. These visual underscores are entirely stripped out by the compiler
during compilation and have absolutely zero effect on the mathematical value or memory.
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int oneMillion = 1_000_000;
long userCreditCardNumber = 1234 _5678_9012_3456L;
double financialExchangeRate = 1_234.56_78;

Binary, Octal, and Hexadecimal Bases

Integers can be conveniently expressed in bases other than the standard base-10 (decimal) system, which is incredibly
useful for bitwise network programming and embedded systems mapping:

o Binary (Base 2): Prefix the number with Ob or 0B. (e.g., int bin = 0b1010; // Equals 10)
o Octal (Base 8): Prefix the number with a leading 0. (e.g., int oct = 012; // Equals 10)

+ Hexadecimal (Base 16): Prefix the number with 0x or 0X. (e.g., int hex = 0xA; // Equals 10)

0.7.8 Memory Layout and Performance Considerations

Grasping how primitive types are fundamentally structured and managed within the computer’s memory is crucial for
authoring high-performance, optimized Java applications.

1. The Stack vs. The Heap: Unlike Java Objects which are dynamically allocated on the relatively slow memory
heap, standalone primitive variables are immediately pushed onto the thread’s execution stack. This direct stack
allocation renders mathematical and logical operations on primitives orders of magnitude faster. Furthermore,
primitives are entirely immune to the processing overhead of the JVM’s Garbage Collector.

2. Memory Padding Realities: While rigorously utilizing byte or short might theoretically seem like an
ingenious way to minimize RAM usage, modern 32-bit and 64-bit CPU architectures are engineered to process
data exclusively in full 32-bit (4-byte) or 64-bit chunks. Therefore, independent, isolated byte or short variables
are often artificially padded to 32 bits behind the scenes by the JVM to align perfectly with processor registry
channels. The true, tangible memory savings of byte and short only truly materialize when you allocate massive
contiguous blocks of memory, such as instantiating a large byte[] array.

0.7.9 Summary Matrix of Primitive Types

The following table provides a rapid, consolidated engineering reference for all eight primitive types natively supported
in the Java language:

Data Type Memory Size Default JVM Value | Technical Description

boolean JVM Architecture Specific | false Binary True/False evaluation states

char 2 bytes (16 bits) >\u0000° Single UTF-16 Unicode character

byte 1 byte (8 bits) 0 8-bit signed two’s complement integer
short 2 bytes (16 bits) 0 16-bit signed two’s complement integer
int 4 bytes (32 bits) 0 32-bit signed two’s complement integer
long 8 bytes (64 bits) OL 64-bit signed two’s complement integer
float 4 bytes (32 bits) 0.0f Single-precision 32-bit IEEE 754 decimal
double 8 bytes (64 bits) 0.0d Double-precision 64-bit IEEE 754 decimal

Table 1: Java Primitive Data Types Matrix Reference

@ | Dot

Figure 7: Scanner Class Input Flow

FileReader

Figure 8: File Read/Write Operations
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0.8 Identifiers, Declarations of Constants and Variables, Type Conversion, and
Scope

0.8.1 Identifiers in Java

In any programming language, developers need a way to refer to the various entities they create, such as variables,
methods, classes, and packages. These names are known as identifiers. Identifiers form the foundational vocabulary of
a Java program, allowing the compiler to distinguish one entity from another.

Box[Identifier] An identifier is a sequence of characters used to name a variable, method, class, interface, package,
or other user-defined items in a Java program. It serves as a unique label for memory locations or code blocks.

Key Concept

Concept[Rules for Naming Identifiers] When constructing identifiers in Java, developers must strictly adhere to
the following syntactic rules defined by the Java Language Specification:

1. Valid Characters: Identifiers can consist of alphanumeric characters (letters A-Z, a-z, and digits 0-9), the
underscore character (_), and the dollar sign ($).

2. Starting Character: An identifier must always begin with a letter, a dollar sign ($), or an underscore (_).
It cannot begin with a digit.

3. Case Sensitivity: Java is a strictly case-sensitive language. Therefore, the identifiers TotalValue,
totalvalue, and TOTALVALUE represent three entirely distinct memory locations or entities.

4. Reserved Words: Java reserves certain keywords for its own syntactic constructs (e.g., int, class, public,
void, static). These reserved words cannot be used as identifiers.

5. Length Limits: There is no theoretical maximum limit on the length of a Java identifier. However, keeping
them concise yet descriptive is a best practice for readability.

6. Unicode Support: Java supports Unicode, which means identifiers can technically be written in various
global scripts and languages, though standard English ASCII is conventionally used.

\

\,

Evaluating Valid and Invalid Identifiers

Valid Identifiers:

o studentAge (Standard and recommended format)
o _salary (Valid, though underscores at the start are often used for specific internal variables)
o $currencyValue (Valid, but dollar signs are typically reserved for generated code by compilers)
o employeel123 (Valid, as digits are allowed after the first character)
Invalid Identifiers:
o 123employee (Invalid: Begins with a digit)
o while (Invalid: while is a reserved keyword in Java)
o user-name (Invalid: Contains a hyphen, which is treated as a subtraction operator)

o user name (Invalid: Contains a whitespace character)

\.

\

0.8.2 Declarations of Variables and Constants

Programs fundamentally operate by processing data. Variables and constants are the primary mechanisms for storing
and retrieving this data in memory.
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Variables

A variable acts as a container or a named memory location that holds data. The value stored in a variable can change,
or vary, dynamically during the execution of a program. Because Java is a strongly typed language, every variable
must be declared with a specific data type before it can be used.

Box[Variable] A variable is an identifier bound to a memory location that holds a value of a specific data type.
The stored value can be updated and retrieved throughout the variable’s lifecycle.

The standard syntax for declaring a variable involves specifying the data type followed by the identifier. Initialization
(assigning an initial value) can be performed simultaneously.

// Syntax
dataType variableName; // Declaration
variableName = value; // Initialization

dataType variableName = value; // Declaration and Initialization

Variable Declaration in Practice

int employeeAge; // Allocates memory for an integer
employeeAge = 30; // Stores the value 30 in that memory

double monthlySalary = 55000.50; // Declares and initializes a double

char grade = ’A’; // Stores a single character
boolean isEmployed = true; // Stores a boolean state
Constants

While variables are meant to fluctuate, some data should remain immutable throughout the program’s lifespan.
Examples include mathematical constants like Pi, configuration settings, or fixed limits. In Java, this immutability is
achieved using the final keyword.

Key Concept

Concept[The final Keyword] Applying the final modifier to a variable transforms it into a constant. Once a
final variable has been initialized, any subsequent attempt to reassign or modify its value will be rejected by the
compiler.

By convention, constant identifiers are written in fully uppercase letters, with words separated by underscores
(UPPER_SNAKE_CASE). This visually distinguishes them from regular variables.

Declaring Constants

final double PI = 3.14159265359;
final int MAX_LOGIN_ATTEMPTS = 5;
final String COMPANY_NAME = "Global Tech Solutions";

Reassigning Constants

Attempting to assign a new value to a final variable after its initial assignment will result in a fatal compile-time
error: cannot assign a value to final variable. This robust enforcement prevents accidental modification
of critical program parameters.

0.8.3 Type Conversion and Type Casting

In mathematical and logical operations, it is extremely common to combine different data types (e.g., adding an int to
a double). Java handles these discrepancies through Type Conversion and Type Casting.



https://milav.in

Implicit Type Conversion (Widening)

Implicit type conversion, widely known as widening, happens automatically when a value of a smaller primitive data
type is assigned to a variable of a larger primitive data type. Since the destination type has a larger memory footprint
and a wider valid range, the source data fits perfectly without any risk of information loss.

Box[Widening Conversion] Widening conversion is the automatic, compiler-driven transformation of a smaller

numeric data type to a larger one. The standard hierarchy of widening in Java is: byte — short — int — long
— float — double.

Implicit Conversion Example

int baseSalary = 1000;
long totalSalary = baseSalary; // Automatic conversion: int to long
double preciseSalary = totalSalary; // Automatic conversion: long to double

System.out.println(baseSalary) ; // Outputs: 1000
System.out.println(totalSalary); // Outputs: 1000
System.out.println(preciseSalary); // Outputs: 1000.0

Type Promotion in Expressions

Java also performs automatic type promotion during mathematical expressions to prevent arithmetic overflow. For
instance, if an expression contains byte, short, and int values, Java automatically promotes all of them to int before
evaluating the expression. If the expression contains a double, the entire result is promoted to double.

Explicit Type Casting (Narrowing)

Explicit type casting, or narrowing, is the reverse process. It is required when assigning a value of a larger primitive
data type to a variable of a smaller primitive data type. Because the destination type has less memory capacity,
this operation carries an inherent risk of data loss or precision loss. Therefore, the Java compiler refuses to perform
narrowing automatically, forcing the programmer to explicitly authorize it using a cast operator.

Box[Narrowing Conversion| Narrowing conversion is the manual transformation of a larger data type into a smaller

one. It is accomplished by placing the target data type in parentheses immediately before the value to be converted:
(target_type) value.

Data Loss and Overflow

When casting floating-point numbers to integers, the fractional part is truncated (discarded completely, not
rounded up or down). Furthermore, casting a massive integer into a smaller type (like a byte) can result in severe
overflow, yielding unexpected negative or completely altered values due to binary truncation.

r
\

Explicit Casting Example

double exactWeight = 75.85;
// Manual cast from double to int
int roundedWeight = (int) exactWeight;

System.out.println(exactWeight); // Outputs: 75.85
System.out.println(roundedWeight); // Outputs: 75 (The .85 is lost)

int largeNumber = 130;

// Manual cast from int to byte (byte max is 127)

byte smallNumber = (byte) largeNumber;

System.out.println(smallNumber); // Outputs: -126 (Due to binary overflow)

p
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0.8.4 Scope of Variables

The concept of scope dictates the visibility and lifetime of variables within a Java program. It determines the specific
sections of code where a variable can be accessed, modified, or retrieved. Properly managing variable scope is crucial
for memory efficiency and preventing naming conflicts.

In Java, scope is structurally determined by blocks of code enclosed within curly braces {}. Variables generally fall
into three distinct categories based on where they are declared: Local Variables, Instance Variables, and Class/Static
Variables.

Key Concept

Concept[Block Scope] A block in Java consists of any code enclosed by matching opening { and closing } braces.
Any variable declared inside a block is restricted to that block and its nested child blocks. Once execution flows
out of the closing brace, the variable is permanently destroyed, and its memory is reclaimed by the Garbage
Collector.

Local Variables

Local variables are defined within a specific method, constructor, or a granular block of code (such as an if statement,
a for loop, or a while loop).

e Visibility: They are strictly accessible only within the specific block where they are declared. Attempting to use
them outside this block results in a compilation error.

o Lifetime: They are dynamically created when execution enters the block and instantly destroyed when execution
exits.

o Initialization: Unlike instance variables, local variables are not assigned default values. A local variable must
be explicitly initialized before it is utilized in any operation.

Demonstrating Local Scope

public void performCalculation() {
int sum = 0; // ’sum’ is local to the performCalculation method

for (int i = 1; i <= 5; i++) {
// ’i’ is local to the for loop block
sum = sum + 1ij;

// System.out.println(i); // COMPILE ERROR: ’i’ is out of scope here
System.out.println("Final Sum: " + sum); // Valid, ’sum’ is in scope

}
// System.out.println(sum); // COMPILE ERROR: ’sum’ is out of scope here

\

Instance Variables (Object Level)

Instance variables are defined inside a class, but distinctly outside of any method, constructor, or block. They represent
the internal state or attributes of an object instantiated from the class.

e Visibility: They can be accessed by all methods, constructors, and blocks within the class. To access them from
outside the class, an object reference is required.

o Lifetime: They are created when a new object is allocated memory using the new keyword. They persist as long
as the object exists and are destroyed when the object is garbage-collected.

o Initialization: They automatically receive default values if not explicitly initialized (0 for numbers, false for
booleans, null for objects).
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Class/Static Variables (Class Level)

Class variables are declared within a class using the static keyword. These variables are associated with the class
itself rather than any individual object.

e Visibility: They are globally accessible across all instances of the class. They can be accessed directly using the
class name, without requiring object instantiation.

o Lifetime: They are created exactly once when the class is loaded into memory by the Java Virtual Machine
(JVM) and survive until the program terminates.

o Initialization: Like instance variables, they are assigned default values automatically.

Instance vs. Static Variables

public class EmployeeRecord {
// Instance Variable: Every employee object has its own unique ’name’
public String employeeName;

// Static Variable: Shared universally across all employee objects
public static String companyName = "Global Tech Inc.";

public void displayDetails() {
System.out.println("Employee: " + employeeName);
System.out.println("Company: " + companyName) ;

Variable Shadowing

Variable shadowing is a phenomenon that occurs when a local variable (declared in a method or block) shares the exact
same identifier as an instance variable of the enclosing class. The local variable effectively "shadows" or overrides the
instance variable within that specific local scope.

Resolving Shadowing with this

When a local variable shadows an instance variable, referencing the identifier directly will yield the local variable’s
value. To specifically bypass the shadowing and access the instance variable, you must prefix the identifier with
the this keyword (e.g., this.variableName).

Variable Shadowing Resolution

public class ShadowingDemo {
int coordinate = 10; // Instance variable

public void showCoordinates() {
int coordinate = 50; // Local variable shadowing the instance variable

System.out.println("Local coordinate: " + coordinate); // 50
System.out.println("Instance coordinate: " + this.coordinate); // 10
b
b
Evolution
POP (Top-Down) |=------- % OOP (Bottom-Up)

Figure 9: POP vs OOP Approach
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Input
Stream (Sequence of Data) —)

Figure 10: Input Stream Reading

0.9 Arrays of Primitive Data Types

In programming, managing large volumes of data efficiently is a fundamental requirement. When dealing with multiple
values of the same type, declaring individual variables for each value becomes impractical, tedious, and error-prone.
This is where the concept of arrays comes into play. Arrays provide a streamlined mechanism to store multiple values
under a single identifier. In Java, an array is a cornerstone data structure that facilitates the storage and manipulation
of homogeneous collections of data.

Array An array is a dynamically-created object that serves as a container to hold a fixed number of values of a
single data type. The length of an array is established when the array is created, and once instantiated, its length
remains immutable.

When we talk about arrays of primitive data types in Java, we refer to arrays that store fundamental types such
as int, char, double, float, boolean, byte, short, and long. Unlike languages like C or C++, where an array is
merely a contiguous block of memory accessed via pointers, Java treats arrays as full-fledged objects. This means that
arrays are created on the heap memory dynamically at runtime.

Concept Although an array may hold primitive data types, the array itself is always an object in Java. The array
object resides on the heap memory and contains the primitive values directly within its structure, unlike arrays of
objects which contain references (memory addresses) to other objects.

0.9.1 Characteristics of Arrays in Java

Understanding the core characteristics of arrays is crucial for utilizing them effectively:

« Homogeneous Elements: An array can only store elements of the same data type. For instance, an int array
can only store integers, and attempting to store a double or a String in it will result in a compile-time error.

¢ Contiguous Memory Allocation: The elements within an array are stored in contiguous memory locations.
This contiguous arrangement allows for rapid and efficient retrieval of elements using their index.

e Zero-Based Indexing: The indexing of an array in Java strictly begins at 0. Therefore, the first element is
accessed at index 0, the second element at index 1, and the last element at index length - 1.

o Fixed Size: Once an array is instantiated with a specific size, its capacity is locked. You cannot dynamically
shrink or expand an array. If you need a resizable data structure, Java provides alternative collections like
ArrayList.

0.9.2 Declaring and Instantiating Arrays of Primitive Types

Working with arrays in Java involves three distinct steps: declaration, instantiation, and initialization.

1. Declaration: Declaring an array specifies the type of elements it will hold and its name, but it does not allocate
memory for the array elements. It merely creates a reference variable capable of pointing to an array object.

There are two syntaxes for declaring an array:

dataType[] arrayName; // Preferred Java syntax
dataType arrayName[]; // C/C++ style syntax

2. Instantiation: Instantiation is the process of allocating memory for the array using the new keyword. This is
the moment when the fixed size of the array is determined.

arrayName = new dataType[arraySize];

You can combine declaration and instantiation into a single statement:
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int[] numbers = new int[5]; // Declares and instantiates an array of 5 integers

Important / Warning

Attempting to access an array element outside its valid index range (from 0 to length — 1) will cause the Java
Virtual Machine (JVM) to throw an ArrayIndexOutOfBoundsException at runtime. This is a common pitfall
and always requires careful management of loop bounds and index calculations.

3. Initialization: When an array is instantiated, its elements are automatically initialized to their default values
(0 for numeric types, false for boolean, and \u0000 for char). You can subsequently assign specific values using indices.
Alternatively, you can use an array literal to declare, instantiate, and initialize an array in one fell swoop.

Initializing Primitive Arrays

// 1. Using array literal (Declaration, Instantiation, Initialization combined)
double[] prices = {19.99, 25.50, 4.95, 100.00};

// 2. Index-based initialization
char[] vowels = new char[5];

vowels[0] = ’a’;
vowels[1] = ’e’;
vowels[2] = ’i7%;
vowels[3] = ’0’;
vowels[4] = ’u’;

0.10 Types of Arrays

Arrays in Java are broadly categorized based on their dimensionality. The dimensionality defines the structure and
complexity of the data storage. The two primary types of arrays are:

1. One-Dimensional Arrays: A simple linear sequence of elements.

2. Multi-Dimensional Arrays: Arrays of arrays, allowing for the representation of tables, matrices, and more
complex structures. The most common multi-dimensional array is the two-dimensional array.

0.10.1 One-Dimensional Arrays

A one-dimensional array is the simplest and most frequently used form of an array. It represents a single list of elements
of the same type. Conceptually, you can think of it as a single row of lockers, where each locker holds exactly one item
and is identifiable by a unique number (the index).

Iterating Through a One-Dimensional Array

To process the elements of a one-dimensional array, loops are indispensable. Java provides the traditional for loop and
the enhanced for loop (often called the "for-each" loop) for array iteration. The length property of the array object is
immensely helpful here, as it returns the total number of elements the array can hold, ensuring that iteration remains
within safe boundaries.

Processing a One-Dimensional Array

public class OneDimensionalArrayDemo {
public static void main(String[] args) {
int[] evenNumbers = {2, 4, 6, 8, 10};

// Iteration using a traditional for loop

System.out.println("Using a traditional for loop:");

for (int i = 0; i < evenNumbers.length; i++) {
System.out.println("Element at index " + i + ": " + evenNumbers[i]);
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// Iteration using an enhanced for loop

System.out.println("\nUsing an enhanced for loop:");

for (int num : evenNumbers) {
System.out.println("Value: " + num);

\. J

The traditional for loop offers maximum flexibility, allowing you to access elements backwards, skip elements, or
modify the array in place. The enhanced for loop provides a cleaner, more readable syntax when you simply need to
access every element sequentially from start to finish without modifying the array structure or needing the index.

0.10.2 Two-Dimensional Arrays

While one-dimensional arrays are suitable for linear data, many real-world scenarios require representing data in a
tabular format with rows and columns, such as a spreadsheet, a matrix in mathematics, or a grid in a game. For these
scenarios, two-dimensional arrays are the ideal data structure.

Two-Dimensional Array A two-dimensional array is fundamentally an array of one-dimensional arrays. It organizes

data into a grid format consisting of rows and columns. In Java, it is implemented as an array where each element
contains a reference to another one-dimensional array.

Declaring and Instantiating Two-Dimensional Arrays

The syntax for declaring a two-dimensional array involves two sets of square brackets [][]. The first set typically
represents the rows, and the second set represents the columns.

dataType[] [] arrayName;
To instantiate a two-dimensional array, you provide the sizes for both dimensions.

// Instantiates a grid with 3 rows and 4 columns
int[J[] grid = new int[3][4];

Behind the scenes, Java first creates an array of size 3. Each element of this main array holds a reference to an
independently created integer array of size 4.

Initializing Two-Dimensional Arrays

Similar to one-dimensional arrays, you can use array literals to populate a two-dimensional array directly. The syntax
involves nested curly braces, where each inner set of braces represents a single row.

Matrix Initialization and Iteration

public class MatrixDemo {
public static void main(String[] args) {

// Initializing a 3x3 matrix using an array literal

int[1[] matrix = {
{1, 2, 3},
{4, 5, 6},
{7, 8, 9}

¥;

// Iterating through the 2D array using nested loops
System.out.println("Matrix Contents:");
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for (int i = 0; i < matrix.length; i++) { // Loop through rows
for (int j = 0; j < matrix[i].length; j++) { // Loop through columns
System.out.print (matrix[i] [j] + "\t");
}

System.out.println(); // Move to the next line after a row is printed

Notice the use of matrix.length to get the number of rows, and matrix[i] .length to get the number of columns
in the i-th row. This dynamic evaluation is highly recommended as it prevents errors if the array dimensions change.

Jagged Arrays (Ragged Arrays)

Because a two-dimensional array in Java is technically an "array of arrays," the inner arrays are not strictly required
to be of the same length. A multi-dimensional array where the member arrays have different lengths is known as a

jagged array or ragged array.

Key Concept

Concept Jagged arrays offer a significant memory optimization advantage. If you are modeling data where rows
naturally have varying amounts of data (like a seating chart for a theater with uneven rows, or a schedule with a
different number of tasks per day), you can allocate only the memory you actually need, rather than forcing a
uniform rectangular grid.

To create a jagged array, you instantiate the primary array by specifying only the number of rows (the first
dimension). You leave the column dimension empty. Then, you instantiate each row individually with its required size.

Implementing a Jagged Array

public class JaggedArrayDemo {
public static void main(String[] args) {
// Step 1: Instantiate the main array with 3 rows
int[][] jagged = new int[3][];

// Step 2: Instantiate each row with different lengths

jagged[0] = new int[2]; // Row O has 2 columns
jagged[1] = new int[4]; // Row 1 has 4 columns
jagged[2] = new int[3]; // Row 2 has 3 columns

// Step 3: Populate the jagged array
int counter = 1;
for (int i = 0; i < jagged.length; i++) {
for (int j = 0; j < jagged[il].length; j++) {
jagged[i] [j]1 = counter++;
}

// Step 4: Display the jagged array
System.out.println("Jagged Array Contents:");
for (int i = 0; i < jagged.length; i++) {
for (int j = 0; j < jagged[i].length; j++) {
System.out.print (jagged[i] [j1 + " ");
}
System.out.println();
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In the jagged array example, jagged[1] .length correctly evaluates to 4, while jagged[0] . length evaluates to 2.
This robust design in Java ensures that arrays, no matter how irregularly shaped, can be traversed and manipulated
safely and predictably without wasting memory.

0.11 Summary

Arrays form the bedrock of data structures in Java. By understanding how primitive arrays allocate memory, the strict
typing rules that govern them, and the distinction between single and multidimensional configurations, developers can
build efficient, fast, and structured Java applications. Mastery over index management, loops, and jagged arrays opens
the door to creating sophisticated algorithms and data processing pipelines.

’ Static Variable ‘

Figure 11: Shared Static Variable

Byte Stream (8-bit) Character Stream (16-bit)

InputStream/OutputStream Reader/Writer

Figure 12: Byte Stream vs Character Stream

0.12 Different Operators in Java

Concept An operator is a special symbol in Java that tells the compiler to perform a specific mathematical,
relational, or logical operation on one or more operands (variables, literals, or expressions) to produce a final
result. The combination of operators and operands forms an expression. The number of operands an operator
takes dictates whether it is a unary (one operand), binary (two operands), or ternary (three operands) operator.

Java provides an exceptionally rich and structured set of operators to manipulate variables and drive logic.
Operators can be categorized based on their functional domain. The fundamental categories include Arithmetic,
Relational (frequently typed or referred to in shorthand as Rational comparisons), Logical, Bitwise, Assignment,
Increment /Decrement, and Conditional (Ternary) operators. Understanding how these operators work under the hood,
alongside their precedence rules and associativity mechanisms, is paramount to writing correct, efficient, and robust
Java programs.

0.12.1 Arithmetic Operators

Arithmetic operators are used to perform fundamental mathematical operations, closely mirroring standard algebraic
functions. They apply to all primitive numeric types (int, double, float, long, short, byte, and char).

Standard Arithmetic Operators The basic arithmetic operators in Java include:
o Addition (+): Computes the sum of two numerical operands.
o Subtraction (-): Computes the difference between the first operand and the second.
o Multiplication (*): Computes the product of both operands.

» Division (/): Divides the numerator by the denominator.
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o Modulo/Remainder (%): Divides the numerator by the denominator and returns the exact remainder.

P ——

Example

Arithmetic in Action Consider two integers: int a = 20; and int b = 6;
e a + b results in 26.

e a / bresults in 3. Because both are integers, Java performs integer division, entirely truncating the decimal
fractional part (3.333... becomes 3).

e a % b results in 2, because 20 divided by 6 equals 3 with a remainder of 2.

| '
\

Important / Warning

Important Edge Cases in Arithmetic 1. String Concatenation: The + operator is overloaded in Java. If either
operand is a String, Java will cast the other operand to a String and concatenate them. For example, "Result:
" + 5 + 5 yields "Result: 55", not "Result: 10".

2. Division by Zero: Dividing an integer by zero (a / 0) instantly throws an ArithmeticException. However,
doing so with floating-point numbers (10.0 / 0.0) yields the special IEEE 754 value Infinity without crashing
the program.

\. J

0.12.2 Relational Operators

Relational operators evaluate the comparative relationship between two operands. They process the comparison and
evaluate strictly to a boolean result: either true or false. These operators serve as the foundational bedrock for
control flow structures, determining the execution path of if statements, while loops, and for loops.

Definition

Relational Operators Catalog
o Equal to (==): Returns true if the mathematical or reference values of both operands are exactly identical.
o Not Equal to (!'=): Returns true if the operands differ in value.
o Greater than (>): Returns true if the left operand strictly exceeds the right.
o Less than (<): Returns true if the left operand is strictly smaller than the right.
o Greater than or equal to (>=): Returns true if the left operand exceeds or matches the right.

o Less than or equal to (<=): Returns true if the left operand is smaller than or matches the right.

Important / Warning

| '
\

Object Comparison Pitfall A critical distinction in Java is the use of == with objects (like String). For objects, ==
compares their memory addresses (references), not their actual internal contents. To compare the logical contents
of two objects, you must always use the .equals() method.

\

0.12.3 Logical Operators

Logical operators are utilized to combine multiple boolean expressions together, or to invert the state of a single boolean
expression. They allow developers to build complex, multifaceted conditional logic.

Key Concept

Concept Java’s logical AND (&&) and logical OR (| |) operators exhibit short-circuiting behavior. The JVM
evaluates the expression strictly from left to right. If the overall outcome of the entire expression can be conclusively
determined by evaluating just the first operand, the second operand is completely ignored and bypassed. This
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fundamentally optimizes performance and safeguards against runtime errors.

o Logical AND (&&): Returns true if and only if both operands are true. If the first condition evaluates to
false, the overall result must be false, so the right-side condition is skipped.

» Logical OR (I|1): Returns true if at least one of the operands is true. If the first condition is true, the overall
result must be true, skipping the right-side condition.

o Logical NOT (!): A unary operator that reverses the boolean truth state of its single operand. If a condition
evaluates to true, applying the NOT operator transforms it to false.

Short-Circuit Safety Pattern Consider the validation check: if (user != null && user.isLoggedIn())

Due to short-circuiting, if the user object is actually null, the first condition evaluates to false. The JVM instantly
halts evaluation. The second condition, user.isLoggedIn(), is perfectly protected and never executed. Without
short-circuiting, attempting to call a method on a null object would trigger a catastrophic Nul1lPointerException.

0.12.4 Bitwise Operators

While standard arithmetic and logical operators operate on entire variables, bitwise operators drill down to manipulate
the underlying individual bits (0s and 1s) of integer data types (byte, short, int, long, and char).

Bitwise and Bit Shift Operators
o Bitwise AND (&): Compares each corresponding bit. The result bit is 1 only if both input bits are 1.
o Bitwise OR (|): Compares each corresponding bit. The result bit is 1 if at least one of the input bits is 1.

» Bitwise XOR ("): Exclusive OR. The result bit is 1 if the input bits are strictly different, and 0 if they
match.

o Bitwise Complement (~): A unary operator that inverts every single bit of the operand (0 becomes 1,
and 1 becomes 0).

o Left Shift («): Shifts the bits of the left operand to the left by the number of positions specified by the
right operand. Vacated bits on the right are filled with zeros. This essentially multiplies the number by
powers of two.

o Signed Right Shift (»): Shifts bits to the right. Vacated bits on the left are filled with the sign bit (the
original leftmost bit), preserving whether the number is positive or negative. This divides the number by
powers of two.

o Unsigned Right Shift (»>): Unique to Java, this shifts bits to the right, but forcefully fills the vacated
leftmost bits with zeros, regardless of the original sign.

. J

Bitwise operations are primarily reserved for highly specialized domains such as embedded systems programming,
low-level networking, cryptographic algorithms, or manipulating packed bitmasks representing Ul flags or pixel colors.
0.12.5 Assignment Operators

Assignment operators are fundamental tools for assigning values to variables. The most elementary assignment operator
is the simple equals sign (=), which evaluates the expression on its right-hand side and deposits the resulting value into
the variable specified on its left-hand side.

To streamline coding, Java also implements compound assignment operators. These beautifully combine an
arithmetic or bitwise operation with an assignment operation in a single step.

o += (Add and assign): x += 10; is identical in logic to x = x + 10;.
o —= (Subtract and assign): x -= 5; translates to x = x - 5;.

o *= (Multiply and assign): x *= 2; translates to x = x * 2;.
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o /= (Divide and assign): x /= 4; translates tox = x / 4;.
o J%= (Modulo and assign): x %= 3; translates tox = x % 3;.

o The same compound logic applies to bitwise operators: &=, |=, =, «=, »=, »>=,

Important / Warning

Implicit Narrowing Type Conversion An incredibly subtle but important feature of compound assignment operators
is that they automatically inject an implicit type cast to the target variable’s type. For example:

byte b = 10;
b =Db + 5; // Compilation ERROR: b+5 results in an int
b += 5; // Compiles perfectly

The compiler translates b += 5; tob = (byte) (b + 5);, safely narrowing the result without explicit developer
intervention.

0.12.6 Increment and Decrement Operators

The increment (++) and decrement (=) operators are unary operators acting as an elegant shorthand for increasing or
decreasing the value of a numeric variable exactly by 1. They are universally utilized in iterative loops, such as for or
while loops.

These operators possess two distinctly different operational modes: Prefix and Postfix.

Key Concept

Concept Prefix Form (++x or -x): The operator is placed before the operand. The variable is incremented /decre-
mented first, and then the newly updated value is returned and utilized in the surrounding expression.

Postfix Form (x++ or x-): The operator is placed after the operand. The current original value of the variable
is used for the surrounding expression first, and the increment/decrement takes place immediately afterward.

Demonstrating Prefix vs. Postfix Let int count = 10;

e Prefix execution: int result = ++count;
count immediately jumps to 11. Then, 11 is assigned to result. Finally, both are 11.

e Postfix execution: int result = count++;
Assuming count is back to 10. First, the original value 10 is assigned to result. Once the assignment is
safely stored, count increments to 11. Finally, result is 10, but count is 11.

\

0.12.7 Conditional (Ternary) Operator

The conditional operator is colloquially known as the ternary operator because it strictly dictates the interaction of
three distinct operands. It acts as a highly compact, one-line substitute for a simple if-else control block, reducing
visual boilerplate and streamlining variable assignment.

Syntax Blueprint: condition 7 expressionIfTrue : expressionIfFalse

e First, the boolean condition is evaluated.

o If the boolean evaluates to true, the exact result of expressionIfTrue is returned as the final evaluation of the
entire operator.

o If the boolean evaluates to false, the result of expressionIfFalse is returned instead.

Ternary Optimization Traditional if-else structure:

String status;
if (score >= 50) {
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status = "Pass";
} else {
status = "Fail";

}
Elegant Ternary Equivalent:
String status = (score >= 50) ? "Pass" : "Fail";

This directly embeds the conditional decision into the variable assignment process, significantly improving code
brevity. You can theoretically nest ternary operators, though it is usually discouraged as it dramatically reduces
readability.

\. J/

0.12.8 Operator Precedence and Associativity

When a mathematical or logical expression contains multiple, conflicting operators, Java relies on strict operator
precedence rules to accurately ascertain the exact sequence of evaluation. It operates very similarly to the BOD-
MAS/PEMDAS acronyms taught in standard mathematics. Operators assigned a higher precedence level evaluate
before those possessing lower precedence.

If two operators share the exact same precedence tier, associativity resolves the tie by declaring the directional flow
of evaluation. The vast majority of Java operators exhibit Left-to-Right associativity. However, assignment operators
and unary operators evaluate in reverse, exhibiting Right-to-Left associativity.

Strategic Best Practices While memorizing the complex operator precedence hierarchy is beneficial for exams,
professional software engineers heavily rely on explicit parentheses () to forcefully group operations together.
Parentheses always boast the absolute highest precedence. Adding parentheses eliminates cognitive ambiguity,
forces logical intent, and shields the application from hidden bugs born out of misunderstood precedence hierarchies.
For example, explicitly writing x = (a + b) * c; guarantees addition occurs before multiplication.

To conclude, Java’s multifaceted ecosystem of operators equips developers with the granular tools necessary to
shape raw data into functioning software. From rudimentary math and boolean checks to intricate bitwise manipulation
and concise ternary pathways, a mastery of these syntactic mechanics is an indispensable prerequisite for all subsequent
Java development.

0.13 Decision and Control Statements

In any programming language, the code executes sequentially line by line from top to bottom by default. However,
real-world problems often require more complex execution flows. You may need to execute a set of statements only if a
certain condition is met, or you might need to repeat a block of code multiple times. This is where decision and
control statements come into play. They alter the sequential flow of execution and provide the program with the
ability to make choices, iterate over data, and conditionally jump to different parts of the code.

In Java, control flow statements can be broadly categorized into three types:

1. Selection Statements: Make decisions based on conditions (if, if...else, switch).
2. Iteration Statements (Loops): Repeat a block of code (while, do-while, for).

3. Jump Statements: Transfer control to another part of the program (break, continue, return).

0.13.1 Selection Statements

Selection statements allow a program to choose different paths of execution based on the outcome of an expression or
the state of a variable. They are also known as conditional statements, as they execute blocks of code depending on
whether a given boolean condition evaluates to true or false.

The if Statement

The if statement is the most fundamental control flow statement. It evaluates a boolean condition. If the condition
is true, the block of code inside the if statement is executed. If the condition is false, the block is skipped, and
execution continues with the next statement. It effectively acts as a gatekeeper for a specific piece of code.
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Definition

Syntax of if Statement

if (condition) {
// Statements to execute if condition is true

Example

p
| H-’

Example: Checking for a Positive Number

int number = 10;
if (number > 0) {
System.out.println("The number is positive.");

3

In this example, since 10 > 0 is true, the message will be printed to the console. If number were set to -5, the
condition would be false, and the print statement would be bypassed entirely.

r
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The if...else Statement

Often, you want to execute one block of code if a condition is true and a completely different block if it is false. The
if...else statement provides this mutually exclusive functionality, guaranteeing that exactly one of the two blocks

<
—
=
=

Definition

Syntax of if...else Statement

if (condition) {

// Statements to execute if condition is true
} else {

// Statements to execute if condition is false

Example

| HJ

Example: Even or Odd Number

int number = 7;
if (number % 2 == 0) {

System.out.println(number + " is an even number.");
} else {

System.out.println(number + " is an odd number.");

3

Here, 7 (mod 2) is not equal to 0, so the condition evaluates to false. Consequently, the else block is executed.

r

J/

The if-else-if Ladder: When there are multiple conditions to check, you can chain if-else statements together
to form a ladder. The conditions are evaluated from the top down. As soon as a true condition is found, the statement
associated with it is executed, and the rest of the ladder is bypassed. If none of the conditions are true, the final else
statement will be executed.

Example

Example: Grading System

int score = 85;

if (score >= 90) {
System.out.println("Grade: A");

} else if (score >= 80) {
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System.out.println("Grade: B");
} else if (score >= 70) {

System.out.println("Grade: C");
} else {

System.out.println("Grade: F");

r
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The switch Statement

When you have a single variable or expression that needs to be compared against multiple constant values, using an
if-else-if ladder can become verbose and difficult to read. The switch statement provides a more elegant and
efficient way to handle such multi-way branching scenarios.

A switch statement tests a variable for equality against a list of values, known as cases. The underlying mechanism
of a switch statement often relies on a jump table, making it faster than a long if-else ladder for many conditions.

Syntax of switch Statement

switch (expression) {
case valuel:
// Statements
break; // Optional
case value2:
// Statements
break; // Optional
/...
default:
// Default statements (optional)

.

Key Concept

Rules for the switch Statement

\

o The expression used in a switch statement must evaluate to byte, short, int, char, String, or an Enum.
(Note: Support for String was introduced in Java 7).

e Each case value must be a constant expression or a literal; variables are not allowed. Duplicate case values
are illegal.

e The break statement is used to terminate a statement sequence inside a case.

e The default case is executed if no case matches the expression. It acts as a catch-all and is highly
recommended to handle unexpected values.

,
.

Important / Warning

The "Fall-Through" Pitfall If you forget to include a break statement at the end of a case block, the program
will continue executing the statements in the subsequent cases until it encounters a break or the end of the
switch statement. This behavior is called "fall-through." While sometimes useful for grouping multiple cases, it is
generally unintended and leads to logical bugs.

Example: Day of the Week

int dayOfWeek = 3;
String dayName;
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switch (dayOfWeek) {
case 1: dayName = "Monday"; break;

case 2: dayName = "Tuesday"; break;
case 3: dayName = "Wednesday"; break;
case 4: dayName = "Thursday"; break;
case 5: dayName = "Friday"; break;
case 6: dayName = "Saturday"; break;

case 7: dayName = "Sunday"; break;
default: dayName = "Invalid Day"; break;
X
System.out.println("The day is: " + dayName); // Prints "Wednesday"

\.

0.13.2 Iteration Statements (Loops)

Iteration statements, commonly referred to as loops, are used to execute a block of code repeatedly as long as a specified
condition holds true. They are essential for automating repetitive tasks, traversing data structures like arrays, and
managing continuous operations such as listening for network requests.

The while Loop

The while loop is the most fundamental iteration construct. It evaluates its boolean condition before executing the
loop body. This means it is an entry-controlled loop (or pre-test loop). If the condition is initially false, the loop
body may not execute even a single time.

Syntax of while Loop

while (condition) {
// Body of the loop

.

Example: Printing Numbers from 1 to 5

\

int i = 1; // Initialization

while (i <= 5) { // Condition evaluated before entry
System.out.println("Number: " + i);
i++; // Updating the counter to prevent infinite loop

p

In a while loop, you must carefully manage the loop control variable to ensure the condition eventually becomes
false. If you fail to update the variable properly, the condition remains true forever, leading to an infinite loop
which hangs the application.

The do-while Loop

The do-while loop is similar to the while loop, but with one critical difference: it is an exit-controlled loop (or
post-test loop). It evaluates its condition at the bottom of the loop. This guarantees that the loop body will be
executed at least once, regardless of whether the initial condition is true or false.

Syntax of do-while Loop

do {
// Body of the loop
} while (condition);

-~
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Example

Example: Interactive User Menu A do-while loop is particularly useful for scenarios like displaying a user menu
where the menu must be shown at least once before processing the user’s choice.

int choice;

Scanner scanner = new Scanner(System.in);

do {
System.out.println("1. Option A");
System.out.println("2. Option B");
System.out.println("3. Exit");
System.out.print ("Enter your choice: ");
choice = scanner.nextInt();

} while (choice != 3);

r
\

The for Loop

The for loop is the most compact, widely used, and versatile loop structure in Java. It consolidates the initialization,
condition evaluation, and iteration (update) expressions into a single line at the top of the loop. This makes the loop
easier to read and manages the lifecycle of the loop control variable efficiently, minimizing scope pollution.

Definition

Syntax of for Loop

for (initialization; condition; update) {
// Body of the loop

| H-’

Key Concept
Components of the for Loop

e Initialization: Executed only once before the loop starts. It is typically used to declare and initialize the
loop control variable. The variable defined here is usually scoped only to the loop.

¢ Condition: Evaluated before every iteration. If true, the body executes. If false, the loop terminates
immediately.

« Update: Executed after every iteration of the loop body. It is typically used to increment or decrement the
loop control variable.

,
\

Example

Example: Calculating Factorial

int n = 5;
long factorial = 1;
// i is initialized to 1, checked against n, and incremented
for (int i = 1; i <= n; i++) {
factorial *= i;
}

System.out.println("Factorial of " + n + " is " + factorial);

r

‘Which loop to choose?
o Use a for loop when the number of iterations is known in advance (e.g., iterating over an array).
e Use a while loop when the number of iterations is unknown and depends on a dynamic condition.

e Use a do-while loop when the loop must execute at least once before the condition is evaluated.
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0.13.3 Jump Statements

Jump statements are used to unconditionally transfer control to a different part of the program. They alter the normal
flow of control by abruptly terminating loops, skipping iterations, or exiting methods entirely. Java provides three
jump statements: break, continue, and return.

The break Statement

The break statement has two primary uses in Java:

1. To terminate a statement sequence in a switch block, preventing fall-through.

2. To exit a loop (for, while, do-while) prematurely, bypassing the loop’s natural boolean condition.

When a break statement is encountered inside a loop, the loop is immediately terminated, and program control
resumes at the very next statement following the loop structure.

Example: Breaking out of a Loop

for (int i = 1; i <= 10; i++) {
if (i ==5) {
System.out.println("Breaking the loop at i = " + i);
break; // Loop terminates entirely when i is 5
}

System.out.println("Iteration " + i);

r

y,

Labeled Break: In the case of nested loops, a standard break statement only terminates the innermost loop
that encloses it. To break out of multiple nested loops simultaneously, Java provides a labeled break statement. By
applying a label to the outer loop, you can explicitly instruct the break statement to terminate that specific outer loop.

Example: Labeled Break

outerLoop: // Label for the outer loop
for (dnt i = 1; i <= 3; i++) {
for (int j = 1; j <= 3; j++) {
if (4 ==28&% j==2) {
break outerLoop; // Terminates both loops entirely

3

System.out.println("i: " + i + ", j: " + j);

\. J

The continue Statement

While the break statement terminates the entire loop, the continue statement only terminates the current iteration of
the loop. When a continue statement is executed, it skips any remaining statements in the loop body for that specific
iteration and immediately jumps to the next iteration evaluation.

In a for loop, control jumps directly to the update expression. In a while or do-while loop, control jumps to the
boolean condition evaluation.

Example: Skipping Even Numbers

for (int i = 1; i <= 5; i++) {
if (1% 2==0 {
continue; // Skip the printing step for even numbers

3

System.out.println("0dd number: " + i);
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3

Output will only include 1, 3, and 5.

Similar to break, continue can also be used with a label to specify which enclosing loop’s next iteration should be
targeted when working with deeply nested loop architectures.

The return Statement

The return statement is fundamentally used to explicitly return from a method. It causes program control to transfer
back to the caller of the method. The return statement immediately terminates the execution of the method in which
it appears, even if it is deeply nested within loops or selection statements inside that method.

If the method has a designated return type (e.g., int, double, String), the return statement must be followed by
a value or an expression compatible with that type. If the method is declared with a void return type, the return
statement can be used standalone simply to exit the method early.

Example: Returning a Value from a Method

public int calculateSum(int a, int b) {
if (@ <0 [l b<o0){
System.out.println("Invalid input!");
return -1; // Exits early if inputs are negative
b
int sum = a + b;
return sum; // Returns the valid computed sum back to the caller

Important / Warning

Unreachable Code Error Any statements written immediately after a return, break, or continue statement in
the same execution block are considered unreachable code. The Java compiler continuously checks the flow of
control and will flag unreachable code as a compilation error, because those statements logically can never be
executed under any circumstance.

0.13.4 Summary

Decision and control statements form the logical backbone of any Java application. Understanding how to use if...else
statements and switch statements is crucial for implementing business logic and making decisions based on dynamic
data. Loops (for, while, do-while) provide the necessary tools to iterate over datasets, traverse arrays, and repeatedly
execute logic without massive code duplication. Finally, jump statements (break, continue, return) offer granular
control over how these structures execute, allowing developers to optimize loops, gracefully bypass specific iterations,
and return computed results to the calling context. Mastering these control flow mechanisms enables developers to
write efficient, readable, and highly robust Java programs capable of handling complex computational requirements.

Class Car

- speed: int
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Figure 13: UML Class Representation
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0.14 Object Oriented Programming Concepts

0.15 Procedure-Oriented vs. Object-Oriented Programming Concept

0.15.1 Introduction to Programming Paradigms

Before diving into the intricate details of Procedure-Oriented Programming (POP) and Object-Oriented Programming
(OOP), it is essential to understand the concept of a programming paradigm. A programming paradigm is fundamentally
a style, or “way,” of conceptualizing, structuring, and executing a computer program. It provides the developer with
a mental framework to interpret computational problems and model their solutions. Over the decades, software
complexity has grown exponentially. Early computers executed raw binary, which evolved into assembly language,
and eventually into higher-level, structured paradigms. Two of the most foundational and historically significant
paradigms in the evolution of software engineering are Procedure-Oriented Programming (POP) and Object-Oriented
Programming (OOP). Understanding the differences between these two is critical for any programmer, especially when
learning a deeply object-oriented language like Java.

0.15.2 Procedure-Oriented Programming (POP)

Box[Procedure-Oriented Programming] Procedure-Oriented Programming (POP) is a traditional programming
paradigm derived from structured programming. In this approach, a program is viewed primarily as a logical
sequence of instructions or steps to be executed by the computer. The architectural focus is predominantly
on functions (or procedures) that perform specific operational tasks, rather than on the underlying data they
manipulate.

L J

In a procedure-oriented environment, solving a problem means defining the exact algorithm required to reach the
desired state. A large, complex program is systematically broken down into smaller, more manageable units known as
functions, subroutines, or procedures. Each procedure is essentially a mini-program that handles a specific aspect of
the overall logic.

These functions operate on data elements that are typically declared globally at the top of the program. Because
the emphasis is intensely placed on doing things (the algorithm), data is often treated as a secondary citizen. It acts
merely as a raw material that is passed freely from one function to another for processing.

Core Characteristics of POP

e« Top-Down Approach: POP follows a top-down design methodology. The main problem is analyzed and
subdivided into smaller sub-problems. This subdivision continues until the sub-problems are simple enough to be
translated directly into functions.

o Algorithmic Focus: The primary building blocks of POP are functions. The design process involves identifying
the sequence of operations needed to achieve the goal, emphasizing the control flow.

e Global Data Access: To allow multiple functions to share information, data is often declared globally. This
means that any function within the program has the capability to read from or write to the global data state.

e Separation of Data and Functions: Functions and the data they manipulate are treated as entirely separate
and distinct entities. There is no intrinsic binding between the data and the logic that transforms it.

Data Vulnerability in POP

Since data moves freely around the system and is often global, it is highly susceptible to accidental modification.
If a bug in one function overwrites a global variable, the resulting error might manifest in a completely unrelated
function. Tracing which part of the code changed the data can become an agonizing debugging challenge, leading
to severe maintainability issues and security flaws in larger codebases.

Advantages and Disadvantages of POP

The simplicity of POP makes it an excellent choice for writing small-scale utility programs, scripts, or systems where
the logic is straightforward and execution speed is paramount. Because the processor inherently executes sequential
instructions, POP maps closely to how hardware operates, often resulting in highly optimized, fast-executing code.
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However, as the software requirements grow and the codebase expands, POP reveals several critical limitations.
The lack of data encapsulation means code is notoriously hard to maintain. Updating a single global data structure
might require widespread, cascading changes across dozens of functions that interact with that data. Reusability is
minimal; a function written for one program often relies heavily on specific global data states, rendering it practically
useless in a different context. Furthermore, modeling complex real-world systems using purely procedural logic often
results in convoluted “spaghetti code.” Typical examples of POP languages include C, Pascal, BASIC, and FORTRAN.

0.15.3 Object-Oriented Programming (OOP)

To overcome the severe limitations of POP—especially concerning data security, maintainability, and the cognitive load
required to model complex real-world systems—Object-Oriented Programming (OOP) was introduced and rapidly
became the industry standard.

Box[Object-Oriented Programming] Object-Oriented Programming (OOP) is a programming paradigm organized
entirely around ‘objects" rather than actions," and ‘data” rather than pure logic. An object is a self-
contained computational entity that encapsulates both data (attributes or state) and the methods (functions or
behavior) that operate exclusively on that data.

In OOP, the paradigm shift is profound. Instead of immediately asking "What are the step-by-step instructions to
solve this problem?’, a programmer asks "What are the real-world entities involved in this problem, and how do they
interact with one another?". A software application is thus viewed as a dynamic collection of interacting objects. Each
object is responsible for managing its own state, and objects communicate by passing messages (calling methods) to
one another.

Core Characteristics of OOP

o Bottom-Up Approach: OOP typically utilizes a bottom-up design strategy. Programmers first identify and
define the basic entities (objects) relevant to the problem domain. Once these base components are thoroughly
tested and robust, they are assembled and orchestrated to build highly complex systems.

o Data Encapsulation (Hiding): Data and the functions that manipulate it are tightly bound together within
a blueprint called a ‘class’. The internal state of an object is hidden from the outside world and can only be
accessed or modified through well-defined, controlled interfaces (methods).

o Real-World Modeling: Software components are designed to accurately reflect their real-world counterparts. A
banking application will literally have Account’, Customer’, and ‘Transaction’ objects, making the architectural
design highly intuitive and aligned with human reasoning.

e Code Reusability and Extensibility: Through core OOP features like Inheritance and Polymorphism, existing
code can be naturally extended, overridden, and reused without having to modify the original source code,
drastically reducing development time and minimizing the introduction of new bugs.

Concept The most defining and revolutionary characteristic of OOP is that data is treated as a critical, highly
protected element. It is absolutely not allowed to flow freely around the system. By tightly coupling data to the
specific functions that operate on it, OOP virtually eliminates the risk of accidental external modification, yielding
incredibly stable software.

Advantages of OOP over POP

OOP brings a multitude of powerful benefits to software engineering, which is why it dominates modern enterprise
software development:

o Enhanced Security and Robustness: By hiding data (encapsulation), OOP prevents unauthorized access and
inadvertent changes by external code.

e Superior Maintainability: Modifying, updating, or fixing a system is significantly easier. Because functionality
is compartmentalized into objects, changes localized to a single object generally do not break the rest of the
application.
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e Massive Scalability: OOP architectures naturally scale to accommodate millions of lines of code. Adding
new features often involves simply creating new classes or extending existing ones, rather than untangling and
modifying rigid procedural code.

Prominent examples of OOP languages include Java (which is strictly object-oriented), C++, Python, Ruby, and C#.

0.15.4 Detailed Comparison: POP vs. OOP

Understanding the dichotomy between these two paradigms is crucial for mastering Java. Below is a comprehensive

comparison highlighting their fundamental operational and philosophical differences.

tines.

Comparison Pa-| Procedure-Oriented Pro- | Object-Oriented Program-

rameter gramming (POP) ming (OOP)

Fundamental Fo-| Emphasis is entirely on functions, | Emphasis is heavily on data, real-

cus algorithms, and the sequence of | world modeling, and object inter-
execution. action.

Program  Struc- | Programs are divided into smaller | Programs are divided into au-

ture procedural modules or subrou- | tonomous entities called objects.

Design Approach

Follows a Top-Down approach.

Follows a Bottom-Up approach.

Data Accessibility

Data flows freely across the sys-
tem and is often declared globally,
accessible by all functions.

Data is securely encapsulated
within objects and rigorously hid-
den from external, unauthorized
access.

Security Integrity

Inherently poor data security due
to the lack of access restrictions
and encapsulation.

Excellent data security achieved
through access modifiers (e.g., pri-
vate, protected, public).

Code Reusability

Reusing code is notoriously diffi-
cult; functions are often deeply
entangled with specific global
data structures.

High reusability is easily achieved
through mechanisms like Inheri-
tance and Composition.

Complexity Man-

Highly suitable for small to

Specifically engineered to model,

ing functions is difficult, often re-
quiring a complete restructuring
of the core logic.

agement medium-sized utility scripts. Be- | manage, and scale highly com-
comes hopelessly unmanageable | plex, large-scale enterprise sys-
for massive systems. tems.

Extensibility Adding new data and correspond- | New data and functions can be

seamlessly added as new classes
or objects without disturbing ex-
isting code.

Language Exam-
ples

C, Pascal, FORTRAN, COBOL.

Java, C++, C#, Python, Ruby.

Table 2: Key Differences between POP and OOP

Real-World Analogy: Manufacturing

To better understand the philosophical difference, consider the process of manufacturing a vehicle.

o Procedural Approach (POP): You would write a master manual detailing exact, chronological steps:
"Step 1: Cut metal. Step 2: Weld chassis. Step 3: Install engine. Step 4: Attach wheels.” The focus is
purely on the action. If you suddenly need to build a truck instead of a car, you must rewrite the entire
sequence of steps from scratch because the rigid procedures dictate the final outcome.

o Object-Oriented Approach (OOP): You act as a system designer and create independent, intelligent
components: an Engine object, a Wheel object, and a Chassis object. To build a car, you instruct these
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objects to assemble themselves. To build a truck, you simply swap the CarWheel object for a TruckWheel
object, and a CarChassis for a TruckChassis. The overarching assembly logic remains completely intact.
The objects inherently know how to behave.

0.15.5 The Paradigm Shift: Why the Industry Moved to OOP

As the computer science industry aggressively evolved through the 1970s and 1980s, an event known as the “software
crisis” emerged. Hardware capabilities grew exponentially, allowing for vastly more complex software requirements from
businesses and scientific institutions. The traditional procedural approach, while functional, began to buckle under the
immense weight of this new complexity.

When a procedural program exceeded a certain threshold (typically around 50,000 to 100,000 lines of code), it
invariably devolved into a convoluted mess. It became incredibly difficult to debug, almost impossible to introduce
new features without breaking existing ones, and virtually unmaintainable by anyone other than the original team of
authors. The primary catalyst for the massive industry shift to OOP was the urgent need for a mechanism that could
inherently manage this exploding software complexity.

OOP introduced the concept of abstraction—allowing programmers to safely ignore low-level implementation details
and focus purely on high-level interactions between modular objects. By modeling software on recognizable real-world
concepts rather than machine-level execution steps, OOP made source code significantly more intuitive, modular,
and resilient to sudden business requirement changes. Today, modern programming relies heavily on OOP to build
everything from mobile applications to global financial systems. Java, in particular, enforces this paradigm strictly,
ensuring that developers think in terms of robust, interconnected, and secure objects from the very first line of code
they write.

byte (8-bit) |- - - - ¥ short (16-bit) |----¥ int (32-bit) | - - - % long (64-bit)

Figure 15: Implicit Type Casting (Widening)

’ Superclass Method ‘
A<

' Same Signature

Subclass Method (Overrides)

Figure 16: Method Overriding

0.16 Basics of Object-Oriented Programming

Object-Oriented Programming (OOP) is a programming paradigm that revolves around the concept of “objects”—
entities that encapsulate both data and behavior. Unlike procedural programming, which focuses primarily on writing
sequential procedures or functions to operate on data, OOP organizes software design around data, or objects, rather
than functions and logic. Java is intrinsically an object-oriented language; virtually everything in Java is associated
with classes and objects.

The core philosophy of OOP is to model real-world concepts in code, making large software systems easier to
manage, extend, and debug. To achieve this, Object-Oriented Programming is built upon several foundational principles,
often referred to as the “pillars” of OOP. In this section, we will explore the fundamental concepts: Class, Object,
Encapsulation, Inheritance, Polymorphism, and Abstraction.

0.16.1 Classes and Objects: The Building Blocks

To understand OOP, one must first grasp the relationship between classes and objects, as they form the fundamental
architecture of any object-oriented system.

Class A class is a user-defined blueprint, template, or prototype from which individual objects are created. It

represents a broad category and defines the set of properties (attributes) and methods (behaviors) that are common
to all objects of one type. A class does not consume memory when it is defined; it merely provides a logical
structure.



https://milav.in

Object An object is an instance of a class. It is a fundamental, tangible entity in Object-Oriented Programming
that represents real-life entities. When a class is instantiated, an object is created, and memory is allocated. An
object consists of three essential characteristics:

o State: Represented by the attributes or data (variables) of an object.

o Behavior: Represented by the methods (functions) of an object. It reflects how an object acts and interacts
with other objects.

o Identity: A unique identifier (often handled internally by the JVM via memory addresses) that distinguishes
one object from another, even if their states are identical.

Key Concept

The Relationship Between Class and Object Think of a class as the architectural blueprint of a house, and the
object as the physical house built from that blueprint. You can build multiple houses (objects) from the same
blueprint (class). Each house shares the same fundamental structure defined by the blueprint, but each can have
its own unique characteristics, such as different paint colors, furniture, and inhabitants.

Defining a Class and Creating an Object in Java Let us consider a BankAccount class. It possesses attributes like
accountNumber and balance, and behaviors like deposit () and withdraw().

// The Class (Blueprint)

public class BankAccount {
// State (Attributes)
String accountNumber;
double balance;

// Behavior (Methods)
void deposit (double amount) {
balance += amount;

}

void withdraw(double amount) {
if (balance >= amount) {
balance -= amount;

3
X

public class Main {
public static void main(String[] args) {
// Creating an Object (Instance)
BankAccount myAccount = new BankAccount ();

// Setting state and invoking behavior
myAccount .accountNumber = "123456789";
myAccount .balance = 1000.0;

myAccount .deposit (500.0) ;
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0.16.2 Encapsulation: Protecting Data Integrity

Encapsulation Encapsulation is the mechanism of wrapping the data (variables) and the code acting on the data
(methods) together as a single, cohesive unit. In encapsulation, the internal variables of a class are hidden from
outside classes and can only be accessed through the methods of their current class. Because of this, it is also

widely known as data hiding.

In Java, encapsulation is typically achieved by implementing the following steps:
1. Declaring the instance variables of a class as private, which restricts direct access from outside the class.

2. Providing public setter and getter methods to modify and view the variable values safely.

Key Concept

Benefits of Encapsulation Encapsulation provides strict control over data. For instance, if an application tracks a
user’s age, a direct variable assignment could accidentally set the age to a negative number. By encapsulating the
age variable and providing a setAge() method, the class can validate the input to ensure it is logically sound
before updating the variable. Encapsulation also decouples the internal implementation from external code; a
class can change its internal data types without affecting the classes that interact with it, provided the public

interface (getters/setters) remains consistent.

v,

\_

Encapsulation in Practice

public class Person {
// Private data - hidden from other classes

private int age;

// Public getter method
public int getAge() {
return age;

}

// Public setter method with validation
public void setAge(int age) {
if (age >= 0) {
this.age = age;
} else {
System.out.println("Age cannot be negative.");

}

\. J

Important / Warning

Bypassing Encapsulation Declaring instance variables as public completely breaks the principle of encapsulation.
It leaves the class vulnerable to invalid data states because external components can modify the fields directly,
bypassing any validation constraints. As a best practice, always keep class fields private unless there is a highly
specific architectural reason to do otherwise.

\
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0.16.3 Inheritance: Code Reusability and Hierarchies

Inheritance Inheritance is an OOP mechanism in Java by which one class is allowed to acquire the properties (fields)
and behaviors (methods) of another class. It facilitates code reusability and establishes an “IS-A” relationship

(parent-child relationship) between classes.
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The class whose properties are inherited is known as the superclass (or parent class, or base class). The class that
inherits the properties is known as the subclass (or child class, or derived class). In Java, a subclass uses the extends
keyword to inherit from a superclass.

Inheritance solves the problem of redundant code. If several classes share common attributes and behaviors, those
commonalities can be extracted into a general superclass. Subclasses then inherit these common features and add their
own specific features.

Key Concept

Types of Inheritance in Java Java supports several forms of inheritance:
e Single Inheritance: A subclass inherits from a single superclass.

o Multilevel Inheritance: A subclass is derived from another subclass (e.g., Class C extends Class B, which
extends Class A).

e Hierarchical Inheritance: Multiple subclasses inherit from a single superclass.

Java does not support multiple inheritance through classes (a class cannot extend more than one class simultane-
ously) to prevent ambiguity, commonly known as the “Diamond Problem.”

\, V.

Inheritance Example

// Superclass
class Vehicle {
protected String brand = "Ford";
public void honk () {
System.out.println("Tuut, tuut!");
}
}

// Subclass
class Car extends Vehicle {

private String modelName = "Mustang';

public static void main(String[] args) {

Car myFastCar = new Car();
myFastCar .honk(); // Calling the inherited method
System.out.println(myFastCar.brand + " " + myFastCar.modelName); // Accessing

inherited attribute

r

0.16.4 Polymorphism: One Name, Multiple Forms

Polymorphism Polymorphism is derived from two Greek words: ‘poly" (meaning many) and ‘morphs” (meaning
forms). Thus, polymorphism means the ability to take on many forms. In Java, it allows us to perform a single
action in different ways. It allows a single interface to represent different underlying forms (data types).

Polymorphism is fundamentally tied to inheritance and is primarily categorized into two types: Compile-time
Polymorphism and Runtime Polymorphism.

Compile-time Polymorphism (Method Overloading)

Compile-time polymorphism, also known as static binding or early binding, is achieved through method overloading.
Method overloading occurs when a single class has multiple methods with the exact same name, but differing in their
parameter lists (different number of parameters, different types of parameters, or both). The Java compiler determines
which method to execute at compile time based on the method signature.
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Runtime Polymorphism (Method Overriding)

Runtime polymorphism, also known as dynamic method dispatch or late binding, is achieved through method overriding.
This occurs when a subclass provides a specific implementation of a method that is already defined by its parent class.

When a parent class reference variable is used to refer to a child class object, the Java Virtual Machine (JVM)
determines at runtime which version of the method to call based on the actual object type being referred to, not the
reference variable’s type.

Method Overriding (Runtime Polymorphism)

class Animal {
public void animalSound () {
System.out.println("The animal makes a sound");
}
}

class Pig extends Animal {
@0verride
public void animalSound () {
System.out.println("The pig says: oink oink");
}
X

class Dog extends Animal {
@0verride
public void animalSound () {
System.out.println("The dog says: bow wow");
}
b

public class Main {
public static void main(Stringl[] args) {

Animal myAnimal = new Animal(); // Animal reference and object
Animal myPig = new Pig(); // Animal reference but Pig object
Animal myDog = new Dog(); // Animal reference but Dog object

myAnimal.animalSound () ;
myPig.animalSound(); // Dynamic Dispatch resolves to Pig’s method
myDog.animalSound () ; // Dynamic Dispatch resolves to Dog’s method

\

Important / Warning

Overloading vs Overriding A frequent source of confusion is distinguishing between overloading and overriding.

e Overloading happens within the same class, utilizes the same method name but requires different parameters,
and is resolved at compile time.

o Overriding happens between two classes with an inheritance relationship (a superclass and a subclass),
requires the exact same method signature (name and parameters), and is resolved dynamically at runtime.

0.16.5 Abstraction: Hiding Implementation Details

Abstraction Abstraction is the process of hiding the complex internal implementation details from the user and
only exposing the essential, relevant features of an object. It focuses on what an object does rather than how it
does it.

Abstraction acts as a contract. It tells the user what functionalities are available without burdening them with the
underlying source code complexity. In Java, abstraction is achieved using abstract classes and interfaces.
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Abstract Classes

An abstract class is a class declared with the abstract keyword. It cannot be directly instantiated (you cannot create
an object of an abstract class using new). An abstract class can contain both abstract methods (methods declared
without an implementation body) and concrete methods (regular methods with a body). Subclasses that inherit from
an abstract class must provide an implementation for all of its abstract methods, otherwise, the subclass must also be
declared abstract.

Interfaces

An interface in Java is a completely “abstract class” that is used to group related methods with empty bodies. It
provides complete abstraction. A class implements an interface, thereby agreeing to perform the specific behaviors
defined by the interface. (Note: Since Java 8, interfaces can also contain default and static methods with concrete
implementations, but their primary role remains to define abstract contracts).

Key Concept

Abstraction vs. Encapsulation While abstraction and encapsulation are complementary concepts, they address
different concerns:

e Encapsulation is about information hiding. It bundles data and methods to protect the internal state of
an object from direct outside interference. It is concerned with the internal structure.

e Abstraction is about implementation hiding. It simplifies the interaction with an object by exposing only
high-level operations. It is concerned with the external view.

Abstract Class and Method

// Abstract class

abstract class Shape {
// Abstract method (does not have a body)
public abstract void draw();

// Regular method
public void color () {
System.out.println("Adding color to shape");
}
}

// Subclass (inherits from Shape)
class Circle extends Shape {
public void draw() {
// The body of draw() is provided here
System.out.println("Drawing a Circle");

3

public class Main {
public static void main(Stringl[] args) {
Circle myCircle = new Circle(); // Create a Circle object
myCircle.draw () ;
myCircle.color () ;

}

In this example, the user knows that a Shape can be drawn, but the specific mechanics of how a circle is drawn
are abstracted away and hidden inside the Circle subclass.

,
\

0.16.6 Summary of OOP Pillars

The core concepts of Object-Oriented Programming work closely together to create robust codebases. Classes and
Objects provide the blueprint and instance architecture. Encapsulation secures the data within these objects. Inheritance
allows new objects to take on properties of existing ones, minimizing code duplication. Polymorphism ensures that
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these objects can be treated generically while still responding with their specific, unique behaviors. Finally, Abstraction
simplifies complex systems by providing clean, easy-to-use interfaces while hiding chaotic implementation details
underneath. Mastery of these fundamentals is essential for any professional Java developer.

’ Numeric Types ‘
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Figure 17: Primitive Numeric Data Types
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Figure 18: Access Modifiers from Least to Most Restrictive

0.17 Defining Classes, Fields, and Methods, Creating Objects

In the realm of Object-Oriented Programming (OOP), the conceptual leap from procedural programming involves
transitioning from actions to entities. Java is fundamentally an object-oriented language, meaning everything revolves
around classes and objects. Understanding how to define classes, declare fields and methods, and create objects is the
cornerstone of Java programming. This section will dive deep into these foundational structures.

0.17.1 Understanding Classes and Objects

Before writing code, it is essential to distinguish between a class and an object. These terms are often used interchangeably
by beginners, but they represent two distinct concepts in OOP.

Concept A Class is a blueprint, template, or prototype from which objects are created. It defines a data type by
bundling data (fields) and behaviors (methods) together. An Object is an instance of a class. It is a tangible
entity that exists in memory and holds a specific state defined by the class.

Consider the analogy of building a house. The architectural blueprint is the class. It specifies where the doors will
be, how many windows are present, and the layout of the rooms. The blueprint itself is not a house; you cannot live in
it. However, from this single blueprint, you can build multiple physical houses. These actual houses are the objects.
Each house can have a different color or different furniture, but they all share the same structural definition.

0.17.2 Defining Classes in Java

In Java, defining a class involves using the class keyword followed by the class name. The class body, enclosed in
curly braces {}, contains the definition of its fields and methods.

By convention, class names in Java start with an uppercase letter and use CamelCase (e.g., StudentProfile,
BankAccount).

Box Class Declaration Syntax:

[access_modifier] class ClassName {
// Fields (Instance Variables)
// Methods (Behaviors)
// Constructors

Here is a minimal class definition for a Car:
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Example: Basic Class Definition

public class Car {
// Class body goes here
}

. J

While this class is syntactically valid, it is not very useful because it lacks state and behavior. To make the class
functional, we need to add fields and methods.

0.17.3 Defining Fields (Instance Variables)

Fields, also known as instance variables, define the state or properties of an object. When you create an object from a
class, it gets its own distinct copy of all instance variables defined in that class.
Fields are declared inside the class body but outside any method, constructor, or block.

Box Field Declaration Syntax:

[access_modifier] data_type fieldName [= initial_value];

Let us expand our Car class by adding some fields:

Example: Adding Fields to a Class

public class Car {
// Fields
String make;
String model;
int year;
String color;
boolean isEngine(n;

-~
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In this example, every Car object will have a make, model, year, color, and a boolean indicating if the engine is
on. Notice that we have not explicitly assigned values to these fields. If you do not assign a value, Java automatically
initializes them to default values (e.g., null for object references like String, 0 for integers, and false for booleans).

Important / Warning

Access Modifiers and Encapsulation: While omitting access modifiers (like public, private, or protected)
makes the fields accessible within the same package (default or package-private access), it is considered bad
practice in OOP. To uphold the principle of Encapsulation, fields should typically be declared as private to
prevent unauthorized direct modification from outside the class. Access to these fields is then mediated through
public methods (getters and setters).

\.

0.17.4 Defining Methods (Behaviors)

Methods define the behavior or actions that an object can perform. They represent what the object can "do" or what
can be done to it. Methods operate on the internal state (fields) of the object to produce a result or modify the object’s
state.

Box Method Declaration Syntax:

[access_modifier] return_type methodName (parameter_list) {
// Method body (statements)
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// [return statement;]

The components of a method declaration are:

the parentheses are empty.

Access Modifier: Dictates visibility (e.g., public, private).

Return Type: The data type of the value the method gives back. If it returns nothing, use void.

Method Body: The block of code enclosed in braces {} that implements the behavior.

Let’s add methods to our Car class to allow interaction with it:

Example: Adding Methods to a Class

public class Car {

// Fields

String make;

String model;

int year;

boolean isEngineOn;

// Methods
public void startEngine() {
if (!isEngineOn) {
isEngineOn = true;
System.out.println("The engine of
+ make + nn +
} else {
System.out.println("The engine is

public void stopEngine() {
if (isEngineOn) {
isEngineOn = false;
System.out.println("The engine is
} else {
System.out.println("The engine is

public void displayInfo() {
System.out.println("Car: " + year + "

}

the " + year + " "
model + " is now ON.");

already ON.");

now OFF.");

already OFF.");

" + make + " " + model);

Method Name: The identifier used to invoke the method. By convention, method names begin with a lowercase
letter (e.g., startEngine).

Parameter List: A comma-separated list of input variables enclosed in parentheses. If no inputs are needed,

J

In this refined class, the methods startEngine(), stopEngine(), and displayInfo() define the behaviors of a
car. These methods interact directly with the instance variables (like isEngineOn, make, and model) of the specific
object on which they are called.

0.17.5 Creating Objects (Instantiation)

Defining a class only creates a blueprint. It does not allocate memory for any actual data. To bring a class to life, you

must create an object from it. The process of creating an object is called instantiation.
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In Java, objects are created dynamically at runtime using the new keyword. The new keyword performs three crucial
steps:

1. It dynamically allocates memory for the new object on the heap.
2. It initializes the object’s instance variables to their default values.

3. It calls the class’s constructor to perform any custom initialization.

Key Concept

Concept The new Operator: The new operator instantiates a class by allocating memory for a new object and
returning a reference to that memory. That reference is then stored in a variable of the corresponding class type.

r
A

Definition

Box Object Creation Syntax:

ClassName objectReferenceVariable = new ClassName () ;

r
\

Here is how you would instantiate two different Car objects:

Example
Example: Instantiating Objects

public class Main {
public static void main(String[] args) {
// Creating the first Car object
Car myCar = new Car();

// Creating the second Car object
Car friendCar = new Car();

,
\

At this point, myCar and friendCar are reference variables pointing to two distinct blocks of memory. However,
their fields are currently holding default values (null for make and model, O for year, false for isEngineQn).

0.17.6 Using Objects: Accessing Fields and Methods

Once an object is created, you can interact with it by accessing its fields and invoking its methods. This is done using
the dot operator (.).
The dot operator links the object reference variable with the specific field or method you want to access.

Definition

Box Accessing Fields and Methods:
e Accessing a Field: objectReference.fieldName

e Calling a Method: objectReference.methodName (arguments)

-

Let’s complete our example by assigning state to our objects and invoking their behaviors.

Example

Example: Accessing Object Members

public class Main {
public static void main(String[] args) {
// Create an object
Car myCar = new Car();
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// Access and assign values to fields
myCar .make = "Toyota";

myCar .model = "Camry";

myCar.year = 2022;

// Create another object
Car friendCar = new Car();
friendCar.make = "Ford";
friendCar.model = "Mustang";
friendCar.year = 2020;

// Invoke methods
myCar.displayInfo(); // Output: Car: 2022 Toyota Camry
myCar.startEngine(); // Output: The engine of the 2022 Toyota Camry is now ON.

friendCar.displayInfo(); // Output: Car: 2020 Ford Mustang
friendCar.startEngine(); // Output: The engine of the 2020 Ford Mustang is now ON.

\_ J

When myCar.startEngine () is called, the JVM executes the startEngine method using the specific state (make,
model, year) associated with the myCar object. Conversely, when friendCar.startEngine() is invoked, it uses the
state of the friendCar object. This demonstrates the encapsulation of state and behavior within distinct objects.

Important / Warning

NullPointerException: A very common error in Java is attempting to access a field or call a method on a
reference variable that has not been initialized with an object (i.e., it holds the value null). Doing so will throw a
NullPointerException at runtime, abruptly crashing the program. Always ensure that an object is properly
instantiated using new before using the dot operator.

Car ghostCar; // Declaration without instantiation
// ghostCar.make = "Tesla"; // This line will cause a NullPointerException!

0.17.7 Summary of the Object Lifecycle

To consolidate these concepts, the lifecycle of defining and using an object in Java involves:

1. Declaration (The Blueprint): You define a class that acts as a blueprint, specifying the fields (data) and
methods (operations).

2. Variable Declaration (The Handle): You declare a reference variable of the class type. At this stage, no
object exists, and the variable is null.

3. Instantiation (The Creation): You use the new keyword to allocate memory for the object on the heap.
4. Initialization (The Setup): A constructor is called to initialize the object’s internal state.

5. Usage (The Interaction): You use the dot (.) operator to read or modify fields and invoke methods on the
instantiated object.

Mastering the triad of defining classes, structuring their state and behavior via fields and methods, and creating
independent instances is the gateway to professional Java development. As systems grow more complex, these
foundational elements interact through relationships like inheritance and composition, forming the robust architectures
that OOP makes possible.

[Class Deﬁnition]

Figure 19: Structure of a Java Class
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Figure 20: Multiple Inheritance using Interfaces

0.18 Accessing Rules: public, private, protected, default

In the realm of Object-Oriented Programming (OOP) with Java, managing the visibility of your code components is an
indispensable practice. Access modifiers, often referred to as access specifiers, are dedicated keywords in Java that
determine the accessibility or scope of classes, interfaces, constructors, methods, and data members (variables). By
establishing boundaries through access control, developers can safeguard sensitive data, hide complex implementation
details, and create clean, robust application programming interfaces (APIs). Java offers four distinct levels of access
control, which are manipulated using three explicit keywords—public, private, and protected—and one implicit
level known as default or package-private.

Key Concept

Concept The Principle of Least Privilege

Access modifiers are the primary mechanism for implementing the Principle of Least Privilege in software
engineering. This principle states that a software component (like a class or a method) should be granted only
the minimum amount of information and access necessary to perform its required function. By adhering to this
principle, you reduce the risk of accidental data modification, minimize the blast radius of bugs, and significantly
decouple different parts of the system.

\, V.

0.18.1 Encapsulation and Access Control

Before delving into the specific modifiers, it is crucial to understand their relationship with encapsulation, one of the
four foundational pillars of OOP. Encapsulation is the practice of bundling the data (attributes) and the methods
(behavior) that operate on that data into a single, cohesive unit—the class.

However, merely bundling data is insufficient for robust software design. Encapsulation also involves data hiding. If
the internal variables of an object are exposed to the outside world, any external class can modify them unpredictably,
potentially leaving the object in an invalid state. Access modifiers provide the grammatical tools necessary to enforce
encapsulation. They allow you to build an impenetrable wall around your internal variables and offer a heavily guarded
gateway—typically via public methods known as getters and setters—through which the outside world must interact.

0.18.2 The private Access Modifier

The private access modifier is the most restrictive and tightly secured access level available in Java. When a member
is declared as private, its visibility is strictly limited to the enclosing class. It is completely invisible and inaccessible
to any other class, including subclasses and other classes residing within the exact same package.

Box Private Modifier: A keyword that restricts access to the member exclusively within the body of the class

where it is declared. Top-level classes and interfaces cannot be marked as private; this modifier is strictly reserved
for nested classes, data variables, methods, and constructors.

The predominant use case for the private modifier is data hiding. By declaring instance variables as private, you
sever direct access from the outside. If an external entity wishes to read or alter the data, it must do so through
controlled public methods. This allows the class designer to inject validation logic, perform access logging, or trigger
side effects whenever the data is accessed or mutated.

Example: Private Members and Data Hiding

public class Employee {
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// Private attributes: tightly guarded from direct external access
private String employeeld;
private double salary;

// Public constructor to initialize the object
public Employee(String id, double initialSalary) {
this.employeeld = id;
this.salary = initialSalary;

// Getter method provides controlled read access
public double getSalary() {
return this.salary;

}

// Setter method provides controlled write access with strict validation
public void raiseSalary(double increment) {
if (increment > 0 && increment <= 15000) {
this.salary += increment;
System.out.println("Salary successfully raised.");
} else {
System.out.println("Invalid increment amount rejected.");

}

In this Employee class, the salary variable is strictly private. If a developer tries to bypass the rules with
employee.salary = 1000000;, the compiler will fiercely reject it with a "has private access" error. The only
authorized pathway to modify the salary is the raiseSalary method, which embeds critical validation logic

preventing absurd increments.

\_ J

Beyond instance variables, private methods are frequently used as "helper" or "utility" methods. When a public
method requires complex logic, it is best practice to decompose that logic into smaller, private methods. This keeps the
public API concise while keeping the internal plumbing hidden. Similarly, a private constructor is a powerful tool
used in design patterns like the Singleton Pattern to aggressively prevent other classes from instantiating the object.

0.18.3 The Default (Package-Private) Access Modifier

Unlike the other three modifiers, the default access level has no explicit keyword. When you omit an access modifier
from a class, interface, variable, or method declaration, Java automatically assigns it the default access level. This level
is technically referred to as package-private.

Box Default (Package-Private) Modifier: The absence of any explicit access modifier. It grants access
exclusively to classes that reside within the exact same package. To any class outside the package, a default
member is completely invisible, even if that class is a direct subclass.

The concept of packages in Java is akin to modules or folders that group related classes together. Default access is
intentionally designed to foster package cohesion. It allows a cluster of collaborating classes to share internal state and
utility methods amongst themselves without polluting the global namespace or exposing vulnerable internal workings
to unrelated parts of the application.

Consider a real-world analogy: A company department. Employees within the Human Resources (HR) department
can freely share sensitive employee records with each other (package-private access). However, these records are strictly
hidden from employees in the Engineering or Marketing departments (different packages).
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Example: Package-Private Coordination

// File: com/logistics/InventoryTracker.java
package com.logistics;

class InventoryTracker { // Default access class
// Default access method
void updateStock(String itemId, int count) {
System.out.println("Stock updated internally for " + itemId);
+

// File: com/logistics/ShipmentManager.java
package com.logistics;

public class ShipmentManager {
public void dispatchGoods(String itemId) {
// Accessing default class and method within the same package
InventoryTracker tracker = new InventoryTracker();
tracker.updateStock(itemId, -1);
System.out.println("Goods dispatched.");

}

In this scenario, InventoryTracker is an internal utility class for the com.logistics package. The
ShipmentManager can freely use it because they share the same package space. However, if a Ul controller
in com.frontend attempts to instantiate InventoryTracker, the compilation will aggressively fail. The internal
logistics mechanics are safely compartmentalized.

0.18.4 The protected Access Modifier

The protected access modifier occupies a middle ground between package-private and public. It is specifically designed
to support the mechanics of inheritance. A member marked as protected enjoys the exact same visibility as a default
member (accessible within the same package), but it unlocks an additional privilege: it is visible to subclasses regardless
of the package in which they reside.

Box Protected Modifier: Grants access to any class within the same package, and critically, extends access to
subclasses located in entirely different packages. Top-level classes cannot be marked as protected.

When designing a robust framework or library, you often create base classes meant to be extended by the users of
your library. You might have core initialization or cleanup methods that the subclasses need to trigger or override.
Making these methods public would expose them to everyone, allowing developers to call them inappropriately. Making
them private would prevent the subclasses from using them at all. The protected keyword elegantly solves this
dilemma by establishing an "extender’s APL."

Important / Warning

The Nuance of Protected Subclass Access

A frequent point of confusion among intermediate Java developers is the exact nature of protected access across
packages. If ChildClass (in Package B) inherits from ParentClass (in Package A), ChildClass can access
protected members through inheritance on its own instances. However, ChildClass cannot instantiate a generic
ParentClass object and access its protected members directly. The protection applies to the reference type.
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Example: Protected Inheritance Across Packages

// File: system/core/DeviceDriver.java
package system.core;

public class DeviceDriver {
// Protected member: meant for subclasses to use, not the public
protected String hardwareld;

protected void initializeHardware() {
System.out.println("Low-level hardware initialized.");

}

// File: system/peripherals/PrinterDriver.java
package system.peripherals;
import system.core.DeviceDriver;

public class PrinterDriver extends DeviceDriver {
public void setupPrinter() {
// Legal: Accessing inherited protected member from a different package
this.hardwareId = "PRN-8092";

// Legal: Invoking inherited protected method
this.initializeHardware();

System.out.println("Printer ready: " + hardwareId);

3

The PrinterDriver seamlessly utilizes the low-level foundation provided by DeviceDriver. If a completely
unrelated class in system.peripherals tries to access initializeHardware (), access will be denied.

0.18.5 The public Access Modifier

The public modifier represents the highest level of accessibility in Java. It imposes zero restrictions. When a class,
interface, method, or variable is decorated with the public keyword, it is globally visible to any other class in the
entire application or across any library, provided the enclosing class is visible and properly imported.

Box Public Modifier: Denotes unrestricted global access. The member can be reached from anywhere, establishing
the public-facing contract of the application.

The public modifier is the cornerstone of API design. It defines the "contract" or the menu of services that
your class offers to the outside world. For example, standard Java API methods like System.out.println() or
String.length() are naturally public. Furthermore, the entry point of any Java application, the main method, must
be declared as public so that the Java Virtual Machine (JVM)—which resides entirely outside your application’s
packages—can invoke it at startup.

Important / Warning

The Danger of Public Variables

Except in the case of true constants (declared as public static final), instance variables should virtually never
be declared as public. Exposing internal state globally leads to tightly coupled code. If you later realize you need
to change the internal data structure from a String to a List, you will break every external class that directly
accessed the public variable, resulting in an unmaintainable codebase.
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0.18.6 Summary Matrix of Access Levels

To solidify your understanding of access control, it is essential to visualize how the four modifiers restrict visibility
across different scopes. The following matrix provides a definitive summary:

Modifier | Same Class | Same Package | Subclass (Diff. Package) | Global World
public Yes Yes Yes Yes
protected Yes Yes Yes No
default Yes Yes No No
private Yes No No No

0.18.7 Best Practices for Designing with Access Modifiers

Mastering access modifiers goes beyond knowing the syntax; it requires architectural intuition. Choosing the right
access level impacts the maintainability, security, and scalability of your software. Follow these established industry
best practices:

o Start Restrictive (private by Default): Always default to making fields and methods private. It is
remarkably easy to widen access later if a genuine need arises. Conversely, shrinking access from public to
private later in a project’s lifecycle often breaks existing code and causes massive refactoring headaches.

o Encapsulate Everything: Expose internal state exclusively through public or protected accessor (getter)
and mutator (setter) methods. This provides an abstraction layer where you can inject synchronization logic for
thread safety or validation rules without altering the consuming code.

e Design for Inheritance Carefully: Do not make members protected "just in case." Only use protected
when you are explicitly and deliberately designing a class to be subclassed, and those subclasses genuinely need
access to internal hooks. If inheritance is not a design goal, consider making the class final.

e Minimize public Classes: A common mistake is declaring every class as public. If a class exists solely to
support the internal workings of another class in the same package, leave it as package-private (default). A
smaller public API surface area means fewer things can break.

e Constants as an Exception: The rule against public variables has one major exception: global constants. If a
value is immutable and universally applicable (like Math.PI), it is perfectly acceptable and standard practice to
declare it as public static final.

In conclusion, Java’s robust access control system—orchestrated through the public, protected, default, and
private modifiers—is the definitive enforcer of encapsulation. By acting as the gatekeepers of your code, these modifiers
allow developers to draw clear lines of demarcation between what is internal implementation and what is external API,
leading to software that is significantly more modular, secure, and resilient to change over time.

0.19 Important Keywords: this, static, and final

In Java, keywords are reserved words that have a specific, predefined meaning in the language compiler. Among the
most crucial keywords for object-oriented programming, memory management, and security are this, static, and
final. Understanding these keywords is essential for writing efficient, robust, and clean Java code. In this section, we
will explore each of these keywords in depth, examining their syntax, use cases, and underlying mechanisms.

0.19.1 The this Keyword

In Java, this is a reference variable that refers to the current object—the object whose method or constructor is
currently being called. It serves as a fundamental mechanism to distinguish between class attributes and parameters
that might share the same name, as well as to facilitate advanced design patterns through constructor chaining and
method cascading.
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The this Keyword The this keyword in Java is an implicit reference to the current instance of the class. It is

available within any instance method or constructor and is used to access class members (variables and methods)
and constructors of the executing object.

Common Uses of this

There are six primary scenarios where the this keyword is utilized in Java programming:

1. Referring to Current Class Instance Variables: The most common use of this is to resolve ambiguity,
known as variable hiding. When a local variable or a parameter has the same name as an instance variable, the
local variable hides the instance variable in that scope. To access the instance variable, you must explicitly prefix
it with this..

2. Invoking Current Class Methods: You can use this to invoke another method of the current class. While the
compiler automatically adds this implicitly if you omit it, using it explicitly can sometimes improve readability
in complex methods.

3. Invoking Current Class Constructors: The this() call is used to invoke one constructor from another within
the same class, a practice known as constructor chaining. This promotes code reuse by allowing a constructor
with fewer arguments to call another constructor with more arguments, supplying default values.

4. Passing this as an Argument in a Method Call: The this keyword can be passed as an argument to
another method. This is highly useful in event handling mechanisms (like passing the current panel or button to
an event listener) or when you need to provide the current object’s context to a helper class.

5. Passing this as an Argument in a Constructor Call: Similar to methods, you can pass the current object
to a constructor of another class. This establishes a bidirectional association or composition between multiple
objects.

6. Returning the Current Class Instance: A method can return the current class instance by returning this.
This forms the basis of the Builder design pattern, which allows for method chaining, enabling multiple method
calls on a single line (e.g., obj.setX (1) .setY(2).build()).

Resolving Variable Hiding with this

Consider a class representing a Student. Without the this keyword, assigning parameters to instance variables
with the same names results in a logical error, as the parameters shadow the instance variables.

public class Student {
private String name;
private int rollNumber;

// Parameter names match instance variable names

public Student(String name, int rollNumber) {
this.name = name; // ’this.name’ refers to the instance variable
this.rollNumber = rollNumber; // ’this.rollNumber’ refers to the instance variable

// Method chaining example
public Student setName(String name) {
this.name = name;
return this; // Returning the current instance

3

In the constructor above, this.name = name; assigns the value of the parameter name to the instance variable
name. The setName method demonstrates returning this for method chaining.
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Key Concept

Constructor Chaining with this() When using this() to call another constructor, it must be the absolute first
statement inside the constructor block. You cannot execute any other logic before calling this(), and you cannot
call multiple constructors using this() within the same constructor.

0.19.2 The static Keyword

While this is inherently tied to object instances, the static keyword in Java is used primarily for memory management
and class-level definitions. It indicates that the particular member belongs to the class itself, rather than to instances
of the class. Consequently, only one instance of a static member exists, shared across all objects of the class, even if no
objects are ever created.

The static Keyword The static modifier denotes that a variable, method, block, or nested class is a class-level

entity. Static members are initialized only once during class loading, stored in the Metaspace (or Method Area),
and are globally accessible via the class name.

The static keyword can be applied to four distinct contexts:
 Variables (Class variables)

o Methods (Class methods)

o Blocks

e Nested classes

Static Variables

When a variable is declared as static, it becomes a class variable. Memory allocation for a static variable happens
strictly once when the class is loaded by the Java Virtual Machine (JVM). Static variables are typically used to
represent properties that are common to all objects of a class. For example, a university name for all student objects, a
company name for employee objects, or a shared counter that tracks the total number of objects instantiated.

Because they are shared, modifying a static variable through one instance will reflect that change across all other
instances.

Static Methods

A static method belongs to the class rather than the object and can be invoked directly using the class name, without
requiring an instance of the class to be created. A quintessential example is the main method (public static void
main(String[] args)), which is static so the JVM can invoke the application entry point without instantiating the
surrounding class.

Static methods have strict operational constraints:

e A static method can only directly call other static methods.
o A static method can only directly access static variables.

e A static method cannot use the this or super keywords, because these keywords refer to an object instance
context, and a static method does not belong to any specific instance.

Static Variables and Methods

public class Counter {
// Static variable shared by all instances
public static int count = O;

// Instance variable unique to each object
public int id;

public Counter() {
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count++; // Increment static shared counter
id = count;

// Static method
public static void displayTotal() {
System.out.println("Total instances created: " + count);
// System.out.println(id); // ERROR: Cannot make a static reference
// to the non-static field ’id’

}

In this code, count increments across all creations of Counter objects, effectively keeping a global tally.
displayTotal() can be called simply via Counter.displayTotal().

\. J

Static Blocks

A static block is a specialized block of code used to initialize static data members. It is executed automatically exactly
once when the class is first loaded into memory by the JVM, long before any objects are created or the main method is
executed. Static blocks are incredibly useful for complex initialization logic involving loops, error handling, or native
method loading that cannot be accommodated in a single variable declaration line.

public class Configuration {
public static String osName;

// Static block

static {
System.out.println("Static block executed during class load.");
osName = System.getProperty("os.name");

Static Context Pitfalls

A common beginner mistake is attempting to access instance (non-static) variables or methods directly from a
static context (like within main or a static block). This will inevitably result in a compile-time error. To interact
with non-static members, you must first instantiate an object of the class.

0.19.3 The final Keyword

The final keyword is designed to restrict modification. It establishes an entity as a constant or rigidly immutable
construct. Depending on whether it is applied to a variable, method, or class, the final keyword introduces different
sets of strict architectural boundaries.

The final Keyword The final modifier acts as a permanent constraint in Java. When applied to a variable, its

value cannot be altered. When applied to a method, it cannot be overridden by any subclasses. When applied to
a class, it completely forbids inheritance.

Final Variables

If you mark a variable as final, you lock its value; it becomes a constant. Once initialized, attempting to reassign a
value to a final variable causes a compilation error. Final variables are heavily used to declare application-wide constants.
The standard naming convention for final static variables is to use UPPERCASE_LETTERS separated by underscores.

A final variable that is not initialized at the time of its declaration is known as a blank final variable. A blank
final instance variable must be initialized within every constructor of the class. If it is a static final variable (a
static blank final variable), it must be initialized exclusively within a static block. Furthermore, you can also mark
method parameters as final, ensuring that the argument passed to the method cannot be accidentally modified within
the method body.
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Final Variables

public class Circle {
// A constant variable
public static final double PI = 3.14159;

// Blank final variable
public final double radius;

public Circle(double radius) {
this.radius = radius; // Initialization of blank final variable

}

public void calculateArea(final int multiplier) {
// multiplier = 5; // ERROR: Cannot assign a value to final parameter
double area = PI * radius * radius * multiplier;
System.out.println("Area: " + area);

Final Methods

When a method is declared as final, it is locked in its current implementation and cannot be overridden by any
subclasses. This is a critical security and design feature. You use it when you want to enforce a standard, unchangeable
implementation for a specific operation across all child classes.

For example, in a financial framework, the algorithmic logic for validating user credentials or calculating encryption
keys might be placed in a final method within a core parent class. This guarantees that no subclass can maliciously or
accidentally alter this vital operation. Additionally, final methods can sometimes be optimized by the compiler via
inline expansion, as the compiler knows the method will never be polymorphically overridden.

Final Classes

If you declare a class as final, it completely prevents the class from being extended by any other class. Inheritance
is strictly blocked. Final classes are typically utilized when the class’s design is absolute, and its implementation is
deemed complete and secure.

The most prominent example of a final class is the java.lang.String class in the core Java API. By making
String final, Java ensures that strings are universally immutable and operate predictably in sensitive operations like
network connections, database queries, and file path resolutions. If String were inheritable, a developer could subclass
it and override its behavior to act maliciously, compromising the entire ecosystem’s security.

Inheritance and final

A class cannot be designated as both abstract and final simultaneously. An abstract class inherently requires

subclasses to provide implementations for its abstract methods, whereas a final class explicitly forbids the creation
of subclasses. Thus, combining these two keywords results in a direct logical contradiction and a compile-time
error.

0.19.4 Summary of this, static, and final

To conclude, these three keywords serve distinct but equally vital architectural roles in Java programming;:

e this: Resolves context within object instances. It allows objects to clearly refer to their own state, chain multiple
constructors elegantly, and pass their own reference to other systems. It is an entirely instance-bound concept.

o static: Detaches members from specific object instances and binds them directly to the global class level. It
facilitates shared memory, utility methods, and constants, optimizing resource usage by eliminating redundant
data across objects.

e final: Imposes strict immutability and inheritance restrictions. It is utilized to create constant variables, lock
down method implementations, and seal classes against extension, ensuring architectural integrity and security
across an application.
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Mastering the precise application of this, static, and final will significantly elevate your software design
capabilities, allowing you to build Java applications with robust scope management, optimal memory utilization, and
secure inheritance architectures.

JVM

| Operating System |

Hardware

Figure 21: JVM Interaction with OS and Hardware

[Package mypackage}

Figure 22: Package Structure

0.20 Constructors: Default Constructors, Parameterized Constructors, Copy
Constructors, Passing Object as a Parameter

In the realm of Object-Oriented Programming (OOP) with Java, the creation of an object is analogous to erecting
a physical building from an architectural blueprint. Before the building can be utilized, its fundamental infrastruc-
ture—such as plumbing, electrical wiring, and foundational support—must be securely established. In Java, when a
new object is instantiated, it similarly requires an initial state to function correctly. This vital initialization process is
orchestrated by a specialized member function known as a constructor.

Box[What is a Constructor?] A constructor is a specialized block of code, inherently bound to a class, that

is automatically invoked the moment an instance (object) of that class is created. Its primary, unyielding
responsibility is to initialize the newly created object, allocating necessary memory footprints and assigning initial,
valid values to the object’s instance variables (fields).

Constructors are the gatekeepers of object instantiation. Whenever the new keyword is executed to forge a new
object, Java unconditionally searches for and executes a constructor. While they might visually resemble standard
methods, constructors are distinguished by several strict, non-negotiable architectural rules:

1. Name Parity: The constructor’s identifier must perfectly and case-sensitively match the name of the class in
which it resides.

2. No Return Type: Constructors possess absolutely no return type—mnot even void. Their implicit, definitive
purpose is to return the populated memory reference of the class instance itself. Specifying a return type
inadvertently converts a constructor into a standard method.

3. Access Modifiers: Constructors can leverage access modifiers (public, private, protected, or default). A
private constructor, for instance, restricts object instantiation from outside the class, a technique heavily utilized
in the Singleton design pattern.

Based on the parameters they accept and their intended functional behavior, constructors are generally classified
into three distinct categories: Default constructors, Parameterized constructors, and Copy constructors. Understanding
each type is critical for designing robust, predictable software components.
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0.20.1 Default Constructors

A default constructor is a constructor that does not accept any arguments. Its primary mandate is to initialize an
object with default, baseline values, ensuring the object starts its lifecycle in a neutral, expected state.

If a class developer does not explicitly provide any constructor within the class body, the Java compiler graciously
intervenes during the compilation phase and automatically injects a default, no-argument constructor behind the scenes.
This compiler-provided constructor typically initializes all instance variables to their standard systemic default values.
For example, all numeric types (int, double) are set to 0 or 0.0, boolean types are set to false, and any object
references (like String) are initialized to null.

However, relying on the compiler’s default constructor is often insufficient for complex business logic. Developers
frequently define their own explicit default constructors to provide a custom baseline state for their objects.

Implementing a Default Constructor

Consider a system managing virtual servers. When a new VirtualServer object is created without specifying
details, it should still have a baseline configuration rather than just null and 0 values.

public class VirtualServer {
String osType;
int ramSizeGB;
boolean isActive;

// Explicit Default Constructor
public VirtualServer() {
this.osType = "Ubuntu Linux LTS";
this.ramSizeGB = 8;
this.isActive = true;
System.out.println("Standard Virtual Server provisioned.");

L v,

When an object is created using new VirtualServer (), the explicit default constructor executes, guaranteeing the
object is immediately usable with a standardized 8GB Ubuntu configuration.

The Disappearing Default Constructor Phenomenon

It is crucial to recognize a fundamental Java rule: The Java compiler only provides a default, no-argument
constructor if the class contains absolutely no explicit constructors. The moment you define a parameterized
constructor (or any other constructor), the compiler assumes you want total control over object instantiation
and retracts its default constructor. If you attempt to instantiate the object without arguments after defining
only a parameterized constructor, the compiler will throw an error. You must explicitly write the no-argument
constructor if you still need it.

0.20.2 Parameterized Constructors

While default constructors provide a predictable baseline, real-world applications frequently demand objects to be
initialized with specific, unique data right from their inception. This is the domain of parameterized constructors.
A parameterized constructor accepts one or more arguments, allowing the external creator to pass unique values that
dynamically dictate the object’s initial state.

Using parameterized constructors establishes a strict contract for object creation: "To build this specific object, you
must provide these exact pieces of information." This prevents the creation of "empty" or invalid objects that must be
populated later via setter methods, thereby enhancing data integrity.

Box[Parameterized Constructor] A constructor defined with a specific signature of parameters is termed a
parameterized constructor. It facilitates the injection of distinct initial values into disparate objects upon their
instantiation, tailoring each instance to highly specific operational requirements.

Let’s expand upon our server management paradigm. A network administrator might need to provision a highly
specialized server with a custom OS and RAM capacity.
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Implementing a Parameterized Constructor

public class VirtualServer {
String osType;
int ramSizeGB;

// Parameterized Constructor
public VirtualServer(String osType, int ramSizeGB) {
this.osType = osType;
this.ramSizeGB = ramSizeGB;
System.out.println(ramSizeGB + "GB " + osType + " Server created.");

// In the main execution context:

// Creating objects with highly specific initial configurations
VirtualServer webServer = new VirtualServer("Cent0S", 16);
VirtualServer dbServer = new VirtualServer("Oracle Solaris", 64);

\. /

In this paradigm, webServer and dbServer are born with distinct identities. Notice the use of the this keyword.
When constructor parameters share the same name as class instance variables (a practice known as shadowing),
this.osType explicitly refers to the object’s field, while osType refers to the parameter passed into the constructor.

Key Concept

Concept Java fully supports Constructor Overloading. A single class can host multiple constructors—one
default and several parameterized ones—provided each constructor has a unique parameter list (differing in
number, type, or order of parameters). This polymorphism grants immense flexibility, allowing the same object
type to be instantiated in various ways depending on the available data.

0.20.3 Copy Constructors

In advanced software engineering, there frequently arises a need to create a new object as an exact replica or "clone" of
an existing object. While Java provides an inherent clone () method via the Cloneable interface, the modern, explicit,
and highly preferred architectural approach is utilizing a copy constructor.

Box[Copy Constructor] A copy constructor is a specialized parameterized constructor that accepts a reference to
an object of the same class as its parameter. It initializes the newly instantiated object by methodically extracting
and duplicating the internal field values from the provided source object.

Unlike C++, Java does not automatically synthesize a default copy constructor; developers must explicitly engineer
it. A copy constructor is incredibly potent when you need to duplicate an object to modify the copy safely without
inadvertently corrupting the original object’s state (preventing destructive side effects caused by shared memory
references).

Implementing a Copy Constructor

Let us define a Document class and equip it with a copy constructor to enable safe versioning.

public class Document {
String title;
int wordCount;

// Standard Parameterized Constructor

public Document(String title, int wordCount) {
this.title = title;
this.wordCount = wordCount;
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// Copy Constructor

public Document(Document sourceDocument) {
// Explicitly copying state from the source to the new instance
this.title = sourceDocument.title;
this.wordCount = sourceDocument.wordCount;

// Usage scenario:
Document originalDoc = new Document ("Annual Report", 5000);

// Creating an independent duplicate using the copy constructor
Document draftDoc = new Document (originalDoc);
draftDoc.title = "Annual Report - Draft 2"; // Modifies ONLY the duplicate

In this execution, draftDoc is a completely isolated object residing in a disparate memory location. Altering
draftDoc.title has zero impact on originalDoc.title. This explicit duplication is fundamental for maintaining
strict data boundaries.

The Pitfall of Shallow vs. Deep Copying

When designing a copy constructor for a class that encapsulates references to other mutable objects (such as
Arrays, Lists, or other custom classes), developers must be acutely aware of Shallow vs. Deep copying. A simple
assignment (e.g., this.myList = source.myList;) results in a Shallow Copy, meaning both the original and
the copy point to the exact same underlying list in memory. Mutating the list in the copy mutates the original.
To achieve total isolation, a Deep Copy is required, where the copy constructor explicitly instantiates new copies
of all nested mutable objects.

\

0.20.4 Passing Objects as Parameters

The underlying mechanics of the copy constructor naturally introduce a broader, universally applicable Java concept:
passing objects as parameters to methods. In Java, methods are absolutely not restricted to accepting simple
primitive data types (like int or double). They can dynamically accept complex, instantiated objects.

When an object is passed as an argument to a method, it is crucial to understand the memory mechanics. Java
operates strictly on a "pass-by-value" system. However, when dealing with objects, the "value" being passed is the
memory reference (the address pointer) to the object residing in the heap, not the literal bytes of the object itself. This
is frequently described as "pass-by-value of the reference."

Key Concept

Concept Because the receiving method possesses a copy of the reference pointing to the exact same original object,
any modifications made to the object’s internal fields within the method will persistently alter the original object
outside the method. Conversely, if the method attempts to reassign the parameter variable to a completely new
object (e.g., param = new Object()), the original reference in the calling code remains entirely unaffected.

Passing objects facilitates profound interactions between disparate software components. It allows methods to
analyze complex states, mutate existing entities, or structurally compare objects against one another.

Passing Objects for Interaction and Comparison

Consider a Rectangle class where we pass an object to compare geometric equivalence.

public class Rectangle {
int length;
int width;

public Rectangle(int length, int width) {
this.length = length;
this.width = width;
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// Method accepting another Rectangle object as a parameter
public boolean isEqualTo(Rectangle otherRect) {
// Compares the state of ’this’ object with the passed ’otherRect’ object
if (this.length == otherRect.length && this.width == otherRect.width) {
return true;

¥

return false;

// Execution context:

Rectangle rectl = new Rectangle(10, 5);
Rectangle rect2 = new Rectangle(10, 5);
Rectangle rect3 = new Rectangle(8, 4);

System.out.println("rectl matches rect2: " + rectl.isEqualTo(rect2)); // Output: true
System.out.println("rectl matches rect3: " + rectl.isEqualTo(rect3)); // Output: false

\. J

In the isEqualTo method, the Rectangle object otherRect is passed as a parameter. The method gracefully
orchestrates an interaction between the calling object (this) and the passed object, determining logical equality based
on their encapsulated states.

Passing objects as parameters is ubiquitous in modern Java architecture. From implementing graphical user
interfaces (where event objects are passed to listeners) to building complex data structures (where nodes are linked via
references), mastering how objects seamlessly traverse method boundaries is a cornerstone of advanced object-oriented
design.

val0 | vall | val2 | val3 | val4
o [ 21 B [

Figure 23: 1D Array Representation

’ java.lang.0Object ‘

Implicitly Extends

’ Any Java Class ‘

Figure 24: The Object Class Hierarchy

0.21 Method Overloading and Constructor Overloading

One of the foundational pillars of Object-Oriented Programming (OOP) in Java is polymorphism, a term derived from
Greek roots meaning "many forms." In Java, polymorphism allows methods and constructors to take on different forms,
enabling developers to write more flexible, reusable, and readable code. This concept is primarily realized during the
compilation phase through mechanisms known as Method Overloading and Constructor Overloading.

By providing multiple ways to interact with objects and invoke behaviors, overloading acts as a cornerstone for
building intuitive and user-friendly Application Programming Interfaces (APIs). When designing a class library,
developers aim to minimize the cognitive load on the user; overloading achieves this by standardizing names for similar
operations.

Compile-Time Polymorphism (Static Binding) Method and constructor overloading are classic examples of
compile-time polymorphism (also known as early binding or static binding). When an overloaded method or
constructor is invoked, the Java compiler determines exactly which version to execute based on the number, types,
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and sequence of the arguments passed. This decision is resolved entirely during the compilation phase rather than
at runtime. Because the binding between the method call and the method definition happens before the program
runs, it ensures optimal performance overhead and strict type safety.

0.21.1 Method Overloading

In real-world scenarios, a single action can often be performed in multiple ways depending on the available context or
tools. For example, the action of "paying" for goods could involve handing over physical cash, swiping a credit card, or
scanning a digital wallet QR code. The ultimate intent (paying) remains identical, but the inputs (payment methods)
vary significantly. Java mirrors this real-world logic mathematically and programmatically through method overloading.

Method Overloading Method Overloading is a feature in Java that allows a class to have more than one method

sharing the exact same name, provided that their parameter lists (referred to as method signatures) are uniquely
distinguishable. The compiler differentiates these overloaded methods based strictly on the number of parameters,
the data types of those parameters, or the sequence in which the parameters are declared.

The Need for Method Overloading

Without method overloading, developers would be forced to invent unique, cumbersome names for methods that
essentially perform the exact same core operation but operate on different data types.

Consider a basic MathUtils utility class designed to add numbers together. Without the ability to over-
load methods, you might be forced to write explicitly named methods such as addTwoIntegers(int a, int b),
addThreelIntegers(int a, int b, int c), or addTwoDoubles(double a, double b). This approach severely pol-
lutes the class namespace, makes the API frustrating to memorize, and increases the likelihood of developer errors.

By utilizing method overloading, you can simply name all these analogous methods add. The code becomes
significantly cleaner, more intuitive, and infinitely easier to read and maintain. The Java standard library itself
relies heavily on this; for instance, the System.out.println() method is overloaded to handle strings, integers,
characters, booleans, and objects, allowing developers to print anything without needing to call printInteger () or
printString().

Rules for Method Overloading

To successfully overload a method in Java, you must uniquely alter the method’s parameter list. This can be achieved
in three primary ways:

1. Changing the Number of Parameters: You can have multiple methods with the same name as long as they
accept a distinct number of arguments. For instance, an add method taking two integers versus an add method
taking three integers.

2. Changing the Data Types of Parameters: Methods can have the same name and the identical number of
parameters, provided the data types of those parameters differ. For example, processing a String input versus
processing an int input.

3. Changing the Order of Parameters: If a method takes parameters of varying data types, simply changing
the sequence of those parameters constitutes a valid overload. For example, a method taking (int, String) is
distinct from a method taking (String, int).

Demonstrating Method Overloading The following Java program illustrates the three primary ways method
overloading is implemented:

public class Calculator {
// 1. Overloading by changing the number of parameters
public int add(int a, int b) {
return a + b;

}

public int add(int a, int b, int c) {
return a + b + c;
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}

// 2. Overloading by changing the data types
public double add(double a, double b) {
return a + b;

}

// 3. 0Overloading by changing the order of parameters
public void displayProfile(int id, String name) {
System.out.println(”ID: " 4+ id + ", Name: " + name);

}
public void displayProfile(String name, int id) {
System.out.println("Name: " + name + ", ID: " + id);

}

public static void main(String[] args) {
Calculator calc = new Calculator();

// Compiler determines which method to call based on arguments

System.out.println("Sum of 2 ints: " + calc.add (10, 20)); // Calls
method 1

System.out.println("Sum of 3 ints: " + calc.add(10, 20, 30)); // Calls
method 2

System.out.println("Sum of 2 doubles: " + calc.add(15.5, 20.5));// Calls
method 3

calc.displayProfile (101, "Alice"); // Calls method 4
calc.displayProfile("Bob", 102); // Calls method 5

What Does NOT Constitute Overloading?

A very common and persistent misconception among Java beginners is that modifying the return type of a method is
sufficient to overload it. However, the return type alone does not form part of the method signature in the eyes of the
Java compiler when it resolves overloads.

Important / Warning

Invalid Overloading via Return Type If two methods have the identical name and identical parameter lists but
different return types, the Java compiler will immediately throw a compile-time error (specifically, a "method
is already defined in class" error).

The compiler cannot determine which method to invoke if the context does not explicitly assign the return value
to a specific type. Consider the invocation multiply(5, 5);. The compiler has no way to know whether you
wanted the int version or the double version.

// This will cause a compilation error!
public class MathOperations {
public int multiply(int a, int b) { return a * b; }
public double multiply(int a, int b) { return (double)(a * Db); }

Type Promotion in Method Overloading

When an overloaded method is invoked, and an exact match for the provided parameter types is not found, Java does
not immediately throw a "method not found" error. Instead, it systematically attempts to implicitly promote the data
types to larger, compatible types to find a match. This mechanism is known as Type Promotion.

For instance, a byte can be seamlessly promoted to a short, int, long, float, or double. If you pass an int
variable to an overloaded method, and there is no method tailored specifically for an int, Java will attempt to promote
the int to a long. If a method accepting a long exists, it will execute that method.
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Key Concept

Type Promotion Priority and Ambiguity The Java compiler strictly prioritizes an exact match first. If no exact
match exists, it promotes the primitive type to the next largest compatible type. However, severe ambiguity can
arise. For example, if you have overloaded methods process(int a, long b) and process(long a, int b),
and you invoke process(10, 20) (which are both integers), the compiler cannot decide which integer should be
promoted to a long. This results in a strict compile-time error labeled as an ambiguous method call.

0.21.2 Constructor Overloading

Just as methods perform distinct operational behaviors for a class, constructors are specialized blocks of code strictly
responsible for initializing new objects into a valid state. In modern enterprise applications, an object might need to be
instantiated in various initial states depending on the data available at the moment of creation. Some objects might be
fully populated with comprehensive data immediately, while others might start with default fallback values and be
populated progressively later.

Constructor Overloading Constructor Overloading is a fundamental technique in Object-Oriented Java where
a single class defines more than one constructor, with each constructor possessing a distinctly different parameter
list. This grants developers the flexibility to initialize an object of that class in multiple distinct ways.

The Rationale Behind Overloaded Constructors

Consider a domain model representing a Student. When a student initially registers for a university system, they might
provide a comprehensive set of information (full name, exact age, emergency contact number, permanent home address).
Alternatively, a guest student might only provide their name and age initially, with the expectation of updating their
complete profile at a later date.

By overloading the Student constructors, you establish the flexibility required to instantiate the object seamlessly
in both specific scenarios. This prevents developers from being forced to pass arbitrary placeholder values (like null, O,
or empty strings) into a single, massive constructor just to bypass the missing information.

Implementing Constructor Overloading

The structural rules governing constructor overloading are virtually identical to those applied to method overloading.
Constructors must share the exact name of their enclosing class, but they must differ in the number, type, or specific
sequence of their parameters. Because constructors implicitly return the instantiated instance of the class itself, they
lack an explicit return type entirely, completely circumventing the return type confusion commonly seen in method
overloading.

Demonstrating Constructor Overloading This comprehensive example showcases a Book class that can be initialized
through multiple different constructors, adapting to whatever data happens to be available:

public class Book {
private String title;
private String author;
private double price;

// 1. Default constructor (No parameters provided)
public Book () {

this.title = "Unknown Title";

this.author = "Unknown Author";

this.price = 0.0;
}

// 2. Constructor with partial initialization
public Book(String title, String author) {
this.title = title;
this.author = author;
this.price = 0.0; // Enforcing a default price
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}

// 3. Constructor with full comprehensive initialization
public Book(String title, String author, double price) {
this.title = title;
this.author = author;
this.price = price;

}

public void displayBookDetails () {
System.out.println("Book Title: " + title + " | Author: " + author + "
Price: $" + price);

}

public static void main(String[] args) {
// Initializing objects using different constructors
Book bookl = new Book();
Book book2 new Book("1984", "George Orwell");
Book book3 new Book("Dune", "Frank Herbert", 15.99);

bookl.displayBookDetails () ;
book2.displayBookDetails () ;
book3.displayBookDetails () ;

r

Optimizing Code: Constructor Chaining using this()

While constructor overloading provides incredible architectural flexibility, an immediate drawback is that it can
inadvertently lead to significant code duplication. If multiple constructors contain identical initialization logic (like
validating a string or computing a hash), maintaining that logic becomes a nightmare. To adhere firmly to the DRY
(Don’t Repeat Yourself) principle, Java provides an elegant mechanism called constructor chaining.

Using the this() keyword, an overloaded constructor can actively invoke another constructor located within the
exact same class. This ensures that the core initialization logic is isolated and maintained in a single, central "master"
constructor. All other peripheral constructors merely act as convenient entry points that supply missing default values
before delegating the actual work to the master constructor.

Important / Warning

Strict Rules for Using this() When utilizing this() to chain constructors together, the call to this() must
strictly be the very first statement inside the constructor’s execution block. Failure to adhere to this strict
rule will immediately trigger a compile-time error. Furthermore, a constructor absolutely cannot call itself—either
directly or indirectly through a loop of constructors—as it would cause an infinite recursive loop resulting in
compiler rejection.

\ J

Refactoring with Constructor Chaining Let’s intelligently rewrite the previous Book class to fully utilize constructor
chaining, dramatically improving code maintainability:

public class Book {
private String title;
private String author;
private double price;

// Default constructor chaining down to the two-parameter constructor
public Book () {

this ("Unknown Title", "Unknown Author");
}

// Two-parameter constructor chaining down to the master three-parameter
constructor
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public Book(String title, String author) {
this(title, author, 0.0);
}

// Master constructor (The only place where assignment actually happens)
public Book(String title, String author, double price) {
// We only have to write validation logic once!
if (price < 0) {
throw new IllegalArgumentException("Price cannot be negative.");

}

this.title = title;
this.author = author;
this.price = price;

}

By centralizing all assignments within the master constructor, any future business validation logic (e.g., ensuring
the price is never set below zero) only ever needs to be written and tested in one singular location.

0.21.3 Summary and Best Practices

Method overloading and constructor overloading remain indispensable tools for engineering clean, robust, and exception-
ally user-friendly Java APIs. They empower developers to abstract away underlying complexities, allowing end-users or
dependent classes to interact with methods and objects naturally without constantly worrying about arbitrary internal
naming conventions.

e Maintain Semantic Consistency: Only overload methods when they perform semantically identical or highly
similar tasks. Overloading an add(int a, int b) method mathematically, but making add (User u) commit a
user to a database, violates the principle of least astonishment and introduces severe confusion.

e Tread Carefully with Ambiguity: Be extremely cautious when overloading methods that accept both
primitives and their Object wrapper classes (like int vs Integer), or when utilizing variable-length arguments
(varargs). These edge cases easily introduce ambiguous method compilation errors that are frustrating to debug.

o Centralize Object Initialization: Always systematically leverage constructor chaining via the this () keyword
when designing classes with heavily overloaded constructors. This entirely eliminates redundant boilerplate code
and dramatically simplifies future structural modifications.

JDK (Java Development Kit)

JRE (Java Runtime Environment)

JVM Libraries

Figure 25: Relationship between JDK, JRE, and JVM

Abstract Class

A

Extends & Implements

’ Concrete Class ‘

Figure 26: Abstract Class Implementation



https://milav.in

0.22 Wrapper Classes, String Class and its Methods

0.22.1 Wrapper Classes in Java

In Java, data types are broadly categorized into two types: primitive data types and reference (object) data types.
Primitive data types, such as int, char, double, and boolean, are basic building blocks of data manipulation. They
are highly efficient because they store values directly in memory and are not objects. However, because Java is an
object-oriented programming language, there are numerous scenarios where everything must be treated as an object.
To bridge this gap, Java provides Wrapper Classes.

Wrapper Class A Wrapper class is a specialized class in Java that encapsulates (or wraps) a primitive data type
into an object. When a primitive type is wrapped in a corresponding wrapper class, it behaves exactly like a
standard Java object. The java.lang package provides a dedicated wrapper class for each of the eight primitive
data types.

The mapping between primitive types and their corresponding wrapper classes is shown below:

byte — Byte

e short — Short

e int — Integer

e long — Long

e float — Float

¢ double — Double
e char — Character

boolean — Boolean

Why Do We Need Wrapper Classes?

Wrapper classes are essential for several reasons:

1. Java Collections Framework: Classes in the java.util package, such as ArrayList, HashMap, and
LinkedList, only work with objects. You cannot store primitive types directly in these collections. For
instance, an ArrayList<int> is invalid; you must use ArrayList<Integer>.

2. Utility Methods: Wrapper classes provide a variety of utility methods to convert primitive types to strings and
vice versa, as well as to determine minimum and maximum bounds (e.g., Integer .MAX_VALUE).

3. Serialization: To pass data streams in networking or to save object states, objects are required. Wrapper classes
make primitives serializable.

4. Synchronization: Multithreading synchronization in Java is object-based. Wrapper objects can be used in
synchronized blocks.

Autoboxing and Unboxing

Prior to Java 5, converting between a primitive type and its wrapper object required explicit manual coding using
constructors and method calls like intValue (). Java 5 introduced Autoboxing and Unboxing to automate this process.

Autoboxing and Unboxing Autoboxing is the automatic conversion performed by the Java compiler from primitive
types to their corresponding wrapper class objects (e.g., int to Integer, double to Double).

Unboxing is the reverse process, where the Java compiler automatically converts a wrapper class object back
into its corresponding primitive type (e.g., Integer to int).
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Autoboxing and Unboxing Example

import java.util.ArraylList;

public class WrapperExample {
public static void main(String[] args) {
// Autoboxing: Primitive to Object
int primitiveInt = 50;

// Unboxing: Object to Primitive
Integer anotherWrappedInt = new Integer (100);

// Autoboxing in Collections
ArrayList<Integer> numbers = new ArrayList<>();

\_

Integer wrappedInt = primitiveInt; // Compiler compiles as Integer.valueOf (primitiveInt

int anotherPrimitive = anotherWrappedInt; // Compiler compiles as anotherWrappedInt.int}

numbers.add(25); // Autoboxing: 25 is converted to an Integer object implicitly

fall

/

Important / Warning

sections of your code.

Performance Implications of Autoboxing While autoboxing simplifies code, it introduces a performance overhead.
Creating objects is more resource-intensive than dealing with primitive values. If you are executing intensive
numerical computations inside large loops, frequent autoboxing and unboxing can lead to excessive memory
consumption and trigger unnecessary Garbage Collection cycles. Always prefer primitives in performance-critical

0.22.2 The String Class

In most programming languages, strings are represented merely as character arrays. However, in Java, a String is a
first-class object representing a sequence of characters. The java.lang.String class is heavily optimized and plays a

foundational role in Java applications.

String Class The String class represents character strings. All string literals in Java programs, such as "abc", are
implemented as instances of this class. Strings are constant; their values cannot be changed after they are created.

String Immutability and the String Pool

One of the most critical characteristics of the String class is that it is immutable. This means that once a String
object is created, its data or state cannot be modified. Whenever you attempt to alter an existing String, the JVM

instead creates a completely new String object containing the modifications, leaving the original object untouched.

Key Concept

String Constant Pool To conserve memory and improve performance, Java utilizes a special memory region within
the heap called the String Constant Pool. When you create a string literal (e.g., String s = "Hello";), the
JVM first checks the pool. If an identical string already exists, the JVM returns a reference to the existing instance

instead of creating a new object. If it doesn’t exist, a new string is instantiated and placed in the pool.

Because strings are shared within the pool, immutability is essential. If one variable were able to modify a pooled

string, it would inadvertently affect all other variables pointing to that same string.
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0.22.3 Essential String Methods

The String class comes bundled with a rich set of built-in methods that allow developers to perform a wide variety of
text manipulation tasks. Let’s explore some of the most frequently used methods: charAt(), contains(), format (),
length(), and split().

The charAt() Method

The charAt () method is used to extract a single character from a string at a specific index.

charAt(int index) Signature: public char charAt(int index)

This method returns the char value at the specified index. The index is zero-based, meaning the first character is
at index 0, the second at index 1, and so on, up to length() — 1.

Extracting Characters using charAt ()

public class CharAtDemo {
public static void main(String[] args) {
String greeting = "Welcome";

// Extracting the first character
char firstChar = greeting.charAt(0); // W’

// Extracting the last character dynamically
char lastChar = greeting.charAt(greeting.length() - 1); // ’e’

System.out.println("First Character: " + firstChar);
System.out.println("Last Character: " + lastChar);

Important / Warning

StringIndexOutOfBoundsException If you provide an index to charAt() that is less than 0 or greater than or
equal to the string’s length, Java will throw a StringIndexOutOfBoundsException at runtime. It is crucial to
validate the index or bounds before extracting a character.

The contains() Method

The contains() method checks if a specific substring exists within the target string.

contains(CharSequence s) Signature: public boolean contains(CharSequence s)
Returns true if and only if the string contains the specified sequence of char values. It performs a case-sensitive
search.

\ J

Searching Substrings using contains ()

public class ContainsDemo {
public static void main(String[] args) {
String sentence = "The quick brown fox jumps over the lazy dog";

// Searching for exact matches
boolean hasFox = sentence.contains("fox"); // returns true
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boolean hasCat = sentence.contains("cat"); // returns false
// Case sensitivity check
boolean hasThe = sentence.contains("the"); // returns true (matches "the lazy dog")

boolean hasCapitalThe = sentence.contains("THE"); // returns false

System.out.println("Contains ’fox’: " + hasFox);

The format() Method

Often, string concatenation using the + operator can become unreadable when dealing with multiple variables. The
format () method provides an elegant way to inject variables into a template string, similar to printf in the C
programming language.

format(String format, Object... args) Signature: public static String format(String format,

Object... args)
Returns a formatted string using the specified format string and arguments.

Format specifiers are placeholders in the format string. The most common specifiers are:
o ’s: String format

e %d: Decimal integer format

o %f: Floating-point format

e Yc: Character format

e %n: Platform-independent line separator

String Formatting Examples

public class FormatDemo {
public static void main(String[] args) {
String product = "Laptop";
int quantity = 3;
double price = 1250.50;

// Formatting with mixed data types
String bill = String.format("Item: %s | Qty: %d | Total: $%.2f",
product, quantity, (quantity * price));

System.out.println(bill);
// Output: Item: Laptop | Qty: 3 | Total: $3751.50

The length() Method

Determining the size of a string is a fundamental operation in text processing. The length() method provides this
capability.

length() Signature: public int length()
Returns the length of the string, which is exactly equal to the number of 16-bit Unicode characters contained
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within the string object.

—
—

Example
Measuring String Length

public class LengthDemo {
public static void main(String[] args) {
String strl = "OpenAI";
String str2
String str3

""; // Empty string
" ", // String with two spaces

System.out.println("Length of strl: " + strl.length()); // Output: 6
System.out.println("Length of str2: " + str2.length()); // Output: O
System.out.println("Length of str3: " + str3.length()); // Output: 2

r
\

Important / Warning

Distinguishing length vs length() A common beginner mistake is confusing array length with string length.
o For arrays, length is a property (or field). Example: myArray.length

e For strings, length() is a method. Example: myString.length()

(
\

The split() Method

Tokenization—the process of breaking a continuous string into smaller chunks or "tokens'—is achieved using the
split () method.

Definition

split(String regex) Signature: public String[] split(String regex)
Splits the string around matches of the given regular expression (regex). It returns an array of strings computed
by splitting the target string.

r
\

Example

Splitting Strings

public class SplitDemo {
public static void main(String[] args) {
String csvData = "apple,banana,orange,grape";

// Splitting by comma
String[] fruits = csvData.split(",");

System.out.println("Fruits array:");
for(String fruit : fruits) {
System.out.println("- " + fruit);

}

,
\
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Key Concept

Regular Expressions and Escaping in split() Because the split() method takes a regular expression rather
than a literal string, special regex metacharacters (such as ., |, 7, *, +) have special meanings. If you want to
split by a literal dot (.), you cannot simply use split("."), as a dot in regex matches any character. Instead,
you must escape it using double backslashes: split ("

.II)'

Advanced Splitting with Regex

public class AdvancedSplitDemo {
public static void main(String[] args) {
String ipAddress = "192.168.1.100";

// Splitting by dot (.) requires escaping
String[] octets = ipAddress.split("\\.");

System.out.println("IP Octets:");

for(String octet : octets) {
System.out.println(octet);

}

// Splitting by multiple spaces using regex "\\s+"

String messyText = "Wordl  Word2 Word3";

String[] words = messyText.split("\\s+");
System.out.println("\nWords length: " + words.length); // Output: 3

r
\
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0.23 User Input: Scanner Class

In any interactive software application, the ability to receive and process user input is a fundamental requirement.
Whether building a simple command-line utility, a complex desktop application, or a robust enterprise system, programs
often need to accept dynamic data provided by the user during execution. In the Java programming language, reading
input from the standard input stream (typically the keyboard) can be accomplished in several ways. However, the most
versatile, commonly used, and beginner-friendly approach is utilizing the Scanner class.

Introduced in Java 5 (JDK 1.5), the Scanner class significantly simplified the process of parsing primitive types and
strings using regular expressions. Prior to its introduction, developers had to rely on more complex character stream
classes such as BufferedReader and InputStreamReader, which involved cumbersome boilerplate code and manual
parsing of strings into primitive data types (e.g., via Integer.parseInt()).

Box[The Scanner Class| The Scanner class, located in the java.util package, is a simple text scanner that can

parse primitive types and strings using regular expressions. It breaks its input into tokens using a delimiter
pattern, which by default matches whitespace. The resulting tokens may then be converted into values of different
types using various next methods.

0.23.1 Importing and Instantiating the Scanner

Because the Scanner class is part of the Java Utilities package (java.util), it is not included in the default java.lang
package that is automatically imported into every Java program. Therefore, before you can use the Scanner class, you
must explicitly import it at the very beginning of your Java source file:

import java.util.Scanner;

Once imported, you must create an instance (an object) of the Scanner class to use its methods. The Scanner
constructor requires a source from which it will read the data. To read user input from the console (keyboard), we pass
System.in to the constructor. System.in is the standard input stream in Java, analogous to System.out which is the
standard output stream.

Scanner scanner = new Scanner (System.in);
In this statement:

e Scanner is the class type.
o scanner is the reference variable name (you can name this anything, such as input, sc, or reader).
e mnew is the keyword used to allocate memory for the new object.

e Scanner(System.in) is the constructor call, instructing the object to read from the standard input stream.

0.23.2 Reading Various Data Types

The true power of the Scanner class lies in its extensive suite of methods designed to read and immediately parse
different data types. Instead of reading everything as a string and manually converting it, the Scanner class provides
specific methods for almost every primitive data type.

Here are the most commonly used methods provided by the Scanner class:

o nextByte(): Reads the next token as a byte.

o nextShort(): Reads the next token as a short.

o nextInt(): Reads the next token as an int.

o nextLong(): Reads the next token as a long.

e nextFloat(): Reads the next token as a float.

o nextDouble(): Reads the next token as a double.

o nextBoolean(): Reads the next token as a boolean (expects "true" or "false").
o next(): Reads the next token as a String (stops at the first whitespace).

o nextLine(): Reads the entire line of input as a String (stops at the newline character, i.e., when the user presses
Enter).
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Key Concept

Concept Tokens and Delimiters

By default, the Scanner uses whitespace (spaces, tabs, and newline characters) as delimiters to separate tokens.
When you call a method like nextInt (), the scanner reads characters until it encounters a whitespace, attempts
to interpret the read characters as an integer, and returns the integer value. The whitespace itself is consumed as
a delimiter, and the scanner’s internal pointer moves to the beginning of the next token.

,
\

0.23.3 The Difference Between next () and nextLine ()

A frequent source of confusion for beginners is the distinction between the next () and nextLine() methods, both of
which are used to read String data.

The next () method only reads up to the first whitespace character. If a user types "Hello World" and you use
next (), the method will only return "Hello". The word "World" remains in the scanner’s buffer and will be read by the
subsequent scanner call.

Conversely, the nextLine () method reads the entire line of input, including all spaces, until it encounters a newline
character (\n) which is generated when the user presses the 'Enter’ key. If the user types "Hello World" and presses
Enter, nextLine () will return the full string "Hello World", consuming the newline character in the process.

Reading Mixed Data Types

Let us examine a complete Java program that prompts a user for their name, age, and salary, demonstrating the
use of different Scanner methods in a logical sequence.

import java.util.Scanner;

public class UserInputDemo {
public static void main(String[] args) {
// Step 1: Create a Scanner object
Scanner sc = new Scanner (System.in);

// Step 2: Prompt and read a String (entire line)
System.out.print ("Enter your full name: ");
String name = sc.nextLine();

// Step 3: Prompt and read an integer
System.out.print ("Enter your age: ");
int age = sc.nextInt();

// Step 4: Prompt and read a double
System.out.print ("Enter your desired salary: ");

double salary = sc.nextDouble();

// Output the collected data

System.out.println("\n--- User Profile ---");
System.out.println("Name: " + name);
System.out.println("Age: " + age);

System.out.println("Salary: $" + salary);

// Step 5: Close the scanner
sc.close () ;

r
\

0.23.4 The "Skipped nextLine()" Problem

When reading numeric input followed by string input, Java developers often encounter a peculiar behavior where the
scanner seemingly "skips" the string input prompt. This is an essential nuance of how the Scanner buffer works.
When you call a method like nextInt () or nextDouble(), the scanner reads only the numeric value and stops
exactly at the delimiter that follows it (usually the newline character generated by pressing Enter). Crucially, it does
not consume the newline character.
If the very next call is nextLine(), the scanner immediately sees the leftover newline character in the buffer,
assumes the user has entered an empty line, and consumes it. Thus, the program proceeds without actually waiting for
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the user to type a new string.

The Buffer Flush Trap

If you use nextLine() immediately after nextInt (), nextDouble(), or any other token-based reading method,
the nextLine () will consume the leftover newline character (\n) from the previous input.

Solution: To prevent this, always add an extra, empty nextLine() call after reading numeric data to "flush" or
"consume" the leftover newline character before prompting the user for string input.

Here is how you resolve the skipped line issue programmatically:

Scanner input = new Scanner (System.in);

System.out.print ("Enter your age: ");
int age = input.nextInt();

// Consume the leftover newline character
input.nextLine () ;

System.out.print ("Enter your favorite quote: ");
String quote = input.nextLine(); // Now this will wait for user input correctly

0.23.5 Customizing Delimiters with useDelimiter ()

While the Scanner class defaults to using whitespace (spaces, tabs, and line breaks) to separate tokens, its behavior
can be heavily customized using regular expressions. The useDelimiter (String pattern) method allows developers
to specify precisely which characters or sequences should be treated as token separators.

This is exceptionally useful when parsing data formats like Comma-Separated Values (CSV) files or structured text
where data fields are delimited by commas, semicolons, or pipes ().

Parsing Strings with Custom Delimiters

Consider a scenario where you receive a single string containing multiple pieces of data separated by commas and
hyphens, and you need to extract them individually. You can instruct the Scanner to treat commas and hyphens
as delimiters.

import java.util.Scanner;
public class CustomDelimiterDemo {
public static void main(String[] args) {

String data = "John,Doe-25,Software Engineer";

// Create a scanner to read from a String, not System.in
Scanner stringScanner = new Scanner (data);

// Set the delimiter to a comma OR a hyphen using regex
stringScanner .useDelimiter (", |-");

while (stringScanner.hasNext ()) {

System.out.println("Token: " + stringScanner.next());
}
stringScanner.close () ;
}

}
Output:
Token: John
Token: Doe
Token: 25

Token: Software Engineer

Notice in the example above that the Scanner is not exclusively bound to System.in. It is incredibly flexible and
can read from various sources including File objects, InputStreams, and raw String variables. By combining diverse
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input sources with custom regular expression delimiters, the Scanner class transforms into a lightweight yet highly
capable parsing engine for a wide array of data processing tasks.

0.23.6 Handling Input Mismatch Exceptions

The Scanner expects the user’s input to strictly match the requested data type. For instance, if your program executes
nextInt () and the user types "Hello" instead of a number, the scanner cannot parse the text into a mathematical
integer. When this occurs, the Java Virtual Machine (JVM) throws an InputMismatchException, causing the program
to crash abruptly if the exception is not handled.

Robust applications must anticipate such user errors. You can handle this gracefully by utilizing try-catch blocks
or by checking the input before reading it using the hasNext. .. () methods (like hasNextInt()).
import java.util.Scanner;

import java.util.InputMismatchException;

public class SafelInput {
public static void main(String[] args) {

Scanner scanner = new Scanner (System.in);
System.out.print ("Enter a valid integer: ");
try {

int number = scanner.nextInt();

" + number) ;

System.out.println("You entered:
} catch (InputMismatchException e) {

System.out.println("Error: That was not an integer.");
} finally {

scanner .close () ;

3

Alternatively, the proactive approach using hasNextInt () allows you to verify the token type before attempting to
consume it:

Scanner scanner = new Scanner (System.in);
System.out.print("Enter a number: ");

if (scanner.hasNextInt()) {

int validNumber = scanner .nextInt();
System.out.println("Valid input: " + validNumber);
} else {

System.out.println("Invalid input provided.");
}

0.23.7 Resource Management: Closing the Scanner

You may have noticed the scanner.close() statement at the end of the previous examples. The Scanner object
operates by locking an underlying I/O stream (in this case, System.in). If the scanner is not explicitly closed when it
is no longer needed, the system resources tied to that stream remain occupied, which can lead to resource leaks and
performance degradation in larger, continuous applications.

However, a critical caveat exists when dealing with System.in: when you close a Scanner instance that wraps
System.in, it also closes the underlying System.in stream itself. Once System.in is closed, it cannot be reopened
for the remainder of the program’s lifecycle. Attempting to create a new Scanner (System.in) later in the same
application will result in a NoSuchElementException. Therefore, it is considered a best practice to keep a single
Scanner object open for the duration of the console application and close it only at the very end of the main method.

To modernize resource management, Java 7 introduced the try-with-resources statement, which automatically closes
resources that implement the AutoCloseable interface, including the Scanner. This approach ensures that the scanner
is closed automatically when the block is exited, regardless of whether it completes normally or throws an exception.

public class TryWithResourcesDemo {
public static void main(String[] args) {
// The scanner will be automatically closed when the try block terminates

try (Scanner sc = new Scanner (System.in)) {
System.out.print("Enter a decimal number: ");
double value = sc.nextDouble();

System.out.println("Double value is: " + value);
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}

// No explicit sc.close() is needed here, preventing accidental leaks

0.23.8 Summary

The Scanner class is an indispensable tool in the Java ecosystem for building interactive console programs. By offering
specialized methods to extract various primitive types and strings directly from the input stream, it minimizes the
complexity of manual type conversion and stream handling. Understanding the core nuances of token-based reading,
the behavior of various delimiters, the buffer mechanics (particularly avoiding the common "skipped newline" problem),
and ensuring proper resource management are essential stepping stones for any developer looking to master Java
Input/Output operations. Through careful utilization and proactive error handling, the Scanner class provides a robust
foundation for capturing and processing user-driven data.
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0.24 Inheritance, Packages & Interfaces

0.25 Basics of Inheritance and Types of Inheritance

Inheritance is one of the foundational and most powerful pillars of Object-Oriented Programming (OOP). It is a
mechanism that enables a new class to absorb the properties, methods, and behaviors of an existing class. It plays
a pivotal role in software design by promoting code reusability, simplifying maintenance, and establishing a logical,
hierarchical relationship between different entities. In Java, inheritance forms a strict "IS-A" relationship, which means
a subclass is always a specialized, more specific version of its superclass.

Inheritance Inheritance is the OOP mechanism by which one class (referred to as the child class, subclass, or
derived class) acquires the fields and methods of another class (referred to as the parent class, superclass, or base
class).

\. J

Key Concept

Concept The primary motivations for utilizing inheritance in software development are:

e Code Reusability: The most obvious benefit. You can reuse the fields and methods of the existing class
without having to rewrite or copy-paste the same code into the new class. This ensures the "Don’t Repeat
Yourself" (DRY) principle.

e« Method Overriding and Polymorphism: Inheritance provides the foundation for dynamic polymorphism.
It allows a subclass to provide a specific, customized implementation of a method that is already provided
by its superclass.

e Logical Representation: It naturally models real-world hierarchical and taxonomic relationships. For
example, a Manager IS-A Employee, and a SavingsAccount [S-A BankAccount.

\

0.25.1 Terminology and the extends Keyword

In Java, class inheritance is implemented using the extends keyword. When class B extends class A, B automatically
inherits the non-private members (fields and methods) of A.

o Superclass (Parent/Base Class): The class whose features are being inherited by another class. There can
only be one direct superclass for any given Java class.

o Subclass (Child/Derived Class): The class that inherits the features of the superclass. A subclass can also
add its own novel fields and methods in addition to those it has inherited, making it a "specialized" extension of
the parent.

Basic Syntax of Inheritance The syntax involves appending extends SuperClassName to the subclass declaration:

class SuperClass {
// Fields and methods of the parent
int sharedField = 10;
void sharedMethod () {
System.out.println("Inside SuperClass");
}
}

class SubClass extends SuperClass {
// Fields and methods unique to the child
int uniqueField = 20;
void uniqueMethod () {
System.out.println("Inside SubClass");
}

-
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Important / Warning

A subclass does not inherit the private members of its parent class. However, if the superclass has public or
protected accessor and mutator methods (getters and setters) for its private fields, the subclass can utilize those
methods to interact with the private data. Furthermore, constructors are not inherited by subclasses. Instead, the
subclass constructor must invoke the superclass constructor, either implicitly (done automatically by the JVM for
a no-arg constructor) or explicitly using the super () keyword.

0.25.2 IS-A Relationship vs HAS-A Relationship

When discussing inheritance, it is crucial to distinguish it from composition. Inheritance represents an IS-A relationship.
For instance, a Car IS-A Vehicle. An Apple IS-A Fruit. If the sentence "Class A is a Class B" makes logical sense,
inheritance is usually appropriate.

Conversely, a HAS-A relationship (Aggregation or Composition) means a class contains an instance of another
class. For example, a Car HAS-A Engine. You would not make Car extend Engine; instead, you would give the Car
class a field of type Engine. Relying on inheritance when composition is more appropriate is a common anti-pattern in
OOP that leads to rigid, tightly-coupled codebases.

0.25.3 Types of Inheritance

Depending upon how classes inherit from one another and the overall topology of the class hierarchy, inheritance can
be broadly classified into five main types: Single, Multilevel, Hierarchical, Multiple, and Hybrid. Let us explore each of
these in detail, specifically examining how they are handled within the Java programming language.

1. Single Inheritance

In single inheritance, a subclass inherits from exactly one superclass. This is the simplest, most direct, and most
common form of inheritance. It represents a straightforward parent-to-child lineage.

Analogy: A specific species of dog, like a Poodle, inheriting biological traits from a generic Dog class.

Single Inheritance Example

class Employee {
float salary = 40000;
void displaySalary () {
System.out.println("Base Salary:

" + salary);

}
}

class Programmer extends Employee {
int bonus = 10000;

public static void main(String args[]) {
Programmer p = new Programmer () ;
// Accessing inherited field and method
p.displaySalary () ;
// Accessing its own field
System.out.println("Bonus: " + p.bonus);

3

In this architecture, Programmer acts as the singular subclass, directly inheriting the salary field and
displaySalary() method from the single superclass Employee.

2. Multilevel Inheritance

Multilevel inheritance refers to a vertical scenario where a derived class serves as the base class for yet another derived
class. In other words, a class inherits from a subclass, creating a linear chain of inheritance spanning multiple, sequential
levels.
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Analogy: Grandfather — Father — Child. The child inherits traits not just from the father, but transitively from
the grandfather as well.

Multilevel Inheritance Example

class Animal {
void eat () {
System.out.println("Eating...");
}
}

class Dog extends Animal {
void bark () {
System.out.println("Barking...");
}
}

class Puppy extends Dog {
void weep() {
System.out.println("Weeping...");
b
b

In this example, Puppy extends Dog, which in turn extends Animal. The Puppy class, being at the bottom of the
hierarchy, gains access to eat () from Animal, bark() from Dog, and has its own weep () method.

3. Hierarchical Inheritance

In hierarchical inheritance, multiple distinct subclasses inherit from a single shared superclass. This represents a
tree-like, horizontal branching structure where one common base class acts as the foundation for several parallel derived
classes.

Analogy: A generic Shape class serving as the superclass for Circle, Rectangle, and Triangle. All three are
shapes, but they do not inherit from each other.

Hierarchical Inheritance Example

class Vehicle {
void run() {
System.out.println("Vehicle is running") ;
}
}

class Car extends Vehicle {
void openTrunk () {
System.out.println("Trunk opened");
}
}

class Bike extends Vehicle {
void kickStart () {
System.out.println("Bike is kick-started");

}
}

In this structure, both Car and Bike extend Vehicle. They share the generic run() method, guaranteeing a
baseline functionality, but they maintain entirely separate class definitions for their unique behaviors.

4. Multiple Inheritance

Multiple inheritance occurs when a single subclass inherits directly from more than one superclass simultaneously. This
allows a child class to merge the data and behaviors of two completely separate parent classes into one cohesive unit.
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Important / Warning

Critical Limitation in Java: Java strictly prohibits multiple inheritance with classes. A class cannot extend
more than one class. Writing code like class C extends A, B will result in an immediate compilation failure.

The Diamond Problem: The primary reason Java forbids multiple inheritance with classes is to maintain simplicity
and avoid a notorious architectural flaw known as the "Diamond Problem."

Imagine a scenario where class A has a method called display(). Classes B and C both extend A and both override
the display() method. Now, suppose class D were allowed to extend both B and C. If an object of class D invokes
the display () method, the compiler is faced with an unsolvable ambiguity: should it execute the display() method
defined in B, or the one defined in C? Because there is no logical way to resolve this conflict implicitly, Java’s designers
chose to completely omit multiple inheritance for classes.

Key Concept

Concept Although Java classes cannot inherit from multiple classes, Java completely supports multiple inheritance
of interfaces. Since interfaces traditionally only declare abstract methods without providing any implementation
body, there is no risk of the diamond problem. The implementing subclass is forced to provide the sole concrete
implementation, completely bypassing the ambiguity.

interface Printable {
void print();
}

interface Showable {
void show () ;

}

class Document implements Printable, Showable {
public void print() {

System.out.println("Printing...");
}
public void show () {
System.out.println("Showing...");
}

5. Hybrid Inheritance

Hybrid inheritance is not a unique, standalone mechanism; rather, it is any combination of two or more of the
aforementioned types of inheritance. Most commonly, it describes an architecture that blends hierarchical inheritance
with multiple inheritance. In a hybrid structure, one class might act as a parent to multiple children, while one of those
children might also inherit from an entirely different parent simultaneously.

Because hybrid inheritance virtually always incorporates multiple inheritance (forming complex, interconnected
web-like structures instead of simple trees), the same rule applies: Java does not support hybrid inheritance
purely through classes. Attempting to build a diamond-shaped or hybrid class hierarchy will consistently result in
compile-time errors.

However, to address modern software requirements, you can achieve a hybrid inheritance model in Java by combining
extends with implements. By bridging class inheritance and interface implementation, software engineers can emulate
the robust flexibility of hybrid inheritance while completely sidestepping the severe ambiguity pitfalls.

Hybrid Inheritance using Interfaces in Java Consider an application modeling electronic devices. We have a
base Device class. We also have two behavioral interfaces, BluetoothEnabled and WiFiEnabled. A SmartPhone
class can extend Device while simultaneously implementing both interfaces. This is a seamless hybrid of single
inheritance and multiple interface inheritance.

class Device {
void powerOn () {
System.out.println("Device powering on.");

}
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3

interface BluetoothEnabled {
void connectBluetooth () ;

3

interface WiFiEnabled {
void connectWiFi () ;

}

class SmartPhone extends Device implements BluetoothEnabled, WiFiEnabled {
public void connectBluetooth() {
System.out.println("Bluetooth connected.");
}
public void connectWiFi () {
System.out.println("WiFi connected.");
}
}

In this architecture, the SmartPhone class successfully leverages hybrid inheritance principles in a secure, type-safe
manner fully endorsed by the Java compiler.

0.25.4 Memory Perspective and Object Initialization

When a subclass object is instantiated using the new keyword, the JVM heap memory is allocated not just for the
instance variables declared in the subclass, but also for all instance variables inherited from the entire chain of
superclasses. Fundamentally, an instance of a child class contains an embedded, hidden instance of its parent’s state.

During the object initialization phase, the superclass constructor is strictly executed before the subclass constructor.
If the subclass constructor does not explicitly invoke a parent constructor via super (), the Java compiler stealthily
inserts a call to the no-argument constructor of the superclass (super()) as the very first line of the child’s constructor.
This strict top-down initialization order ensures that the parent state is fully materialized and stable before the child
class state attempts to rely upon or modify it.

0.25.5 Summary

Inheritance fundamentally revolutionizes how applications are designed, paving the way for systems that are inherently
extensible and drastically reducing code duplication. While older languages like C++ permit chaotic multiple and
hybrid inheritance directly via classes, Java’s creators intentionally restricted class hierarchies to single, multilevel, and
hierarchical structures to prioritize language simplicity, reliability, and security. To capture the architectural benefits of
complex, multi-parent relationships, Java developers are empowered to rely entirely on its robust and highly flexible

Interface ecosystem.

' Instantiates

Figure 29: Class and Object Relationship

Throwable

Exception

RuntimeException

Figure 30: Exception Hierarchy
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0.26 Method Overriding

Box Method Overriding is a fundamental feature in object-oriented programming that allows a subclass or child
class to provide a specific implementation of a method that is already provided by one of its superclasses or parent
classes. When a method in a subclass has the same name, same parameter list or signature, and same return
type (or a covariant return type) as a method in its superclass, the method in the subclass is said to override the
method in the superclass.

\. J

Method overriding is essential for achieving Runtime Polymorphism (also known as Dynamic Method Dispatch)
in Java. It allows a class to inherit a generic method from a parent class and modify its behavior to suit its specific,
specialized needs. By doing so, a system can process objects based on their actual runtime class, rather than the
reference type they are stored in. This supports the Open/Closed Principle, allowing software entities to be open for
extension but closed for modification.

0.26.1 Rules for Method Overriding
To successfully override a method in Java, several strict rules must be enforced by the compiler:

1. Same Name: The overriding method in the subclass must have the exact same name as the method in the
superclass.

2. Same Parameters: The method in the subclass must have the same parameter list (number, type, and order of
parameters) as the overridden method.

3. Return Type: The return type must be the exact same or a subtype (known as a covariant return type) of the
return type declared in the original overridden method.

4. Access Modifier: The access level cannot be more restrictive than the overridden method’s access level. For
example, if the superclass method is declared protected, the overriding method in the subclass cannot be
private. It can, however, be protected or public.

5. Exception Handling: The overriding method cannot throw checked exceptions that are new or broader than
those declared by the overridden method. It can throw narrower exceptions, or no exceptions at all.

6. Final Methods: Methods declared with the final keyword cannot be overridden. The purpose of final on a
method is to prevent subclasses from altering its behavior.

7. Static Methods: Static methods belong to the class rather than instances and cannot be overridden. If a
subclass defines a static method with the same signature, it hides the superclass method (Method Hiding), but
this is resolved at compile time, not runtime.

8. Private Methods: Private methods are bound to the class they are declared in and are not inherited. Thus,
they cannot be overridden.

Concept The @0verride Annotation

While not strictly required by the compiler, it is considered a best practice to place the @0verride annotation
above the overriding method. This metadata instructs the compiler to verify that you are actually overriding a
method from the superclass. If you make a mistake (such as a subtle typo in the method name or mismatching
parameter types), the compiler will generate an immediate error, preventing difficult-to-track runtime bugs.

Example: Method Overriding and Dynamic Dispatch

class Animal {
public void makeSound() {
System.out.println("The generic animal makes a sound");

}
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class Dog extends Animal {
@0verride
public void makeSound() {
System.out.println("The dog barks loudly: Woof!");
}

public class Main {
public static void main(String[] args) {
Animal myAnimal = new Animal();
Animal myDog = new Dog(); // Upcasting

myAnimal.makeSound(); // Output: The generic animal makes a sound
myDog .makeSound () ; // Output: The dog barks loudly: Woof!

}

In this example, the Dog class overrides the makeSound () method of the Animal class. Even though myDog is stored
in an Animal reference variable, the Java Virtual Machine (JVM) dynamically calls the overridden makeSound ()
method in the Dog class at runtime. This behavior relies entirely on the actual object instance being created.

0.27 The Object Class in Java

Box The Object class, located within the fundamental java.lang package, is the absolute root of the class

hierarchy in Java. Every class created in Java is directly or indirectly a subclass of Object. If a class definition
does not explicitly extend any other class using the extends keyword, the compiler automatically makes it extend
the Object class implicitly.

Because every class acts as an inheritor from Object, all Java objects possess a shared, common set of methods
defined by this root class. While the default implementations of these methods work for basic scenarios, they are
intentionally designed to be overridden by subclasses to provide behavior specific to that class’s domain logic. The
most prominent and frequently overridden methods of the Object class are toString(), equals(), hashCode(), and
historically, finalize().

0.27.1 Overriding toString()

The toString() method returns a string representation of the object, which is intended to be a concisely readable
textual summary of the object’s current state.

Default Behavior: By default, the toString() method inherited from the Object class returns a string consisting
of the object’s class name, an ‘@ character, and the unsigned hexadecimal representation of the object’s hash code. For
example, creating a Person object might yield a default string like: Person@15db9742.

This default representation is rarely helpful for debugging, logging, or displaying information in user interfaces.
Therefore, it is a highly recommended practice to override the toString() method to return a meaningful string
containing the values of the object’s critical attributes.

Example: Overriding toString()

class Student {
private String name;
private int rollNo;

public Student(String name, int rollNo) {
this.name = name;
this.rollNo = rollNo;
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@0verride
public String toString() {
return "Student[name=’" + name + "’, rollNo=" + rollNo + "]";

}

public class Main {
public static void main(String[] args) {
Student s1 = new Student("Alice", 101);
// The println method automatically invokes sl.toString()
System.out.println(sl);
// Output: Student[name=’Alice’, rollNo=101]

0.27.2 Overriding equals()

The equals(0Object obj) method evaluates whether a given object is equal to the current object.

Default Behavior: The default implementation of equals() inside the Object class simply checks for reference
equality (identity). It behaves identically to the == operator, returning true if and only if both reference variables
point to the exact same memory location on the heap.

However, in business applications, developers usually need to compare objects for logical equality or state equality.
For instance, two distinct Student objects should be deemed logically equal if they possess the exact same rollNo, even
though they occupy entirely different memory addresses. To realize this, the equals () method must be meticulously
overridden.

When overriding equals(), the implementation must adhere to an equivalence relation defined by five strict
properties:

« Reflexive: For any non-null reference value x, x.equals(x) must return true.

e« Symmetric: For any non-null reference values x and y, x.equals(y) should return true if and only if
y.equals(x) returns true.

o Transitive: If x.equals(y) returns true and y.equals(z) returns true, then x.equals(z) must logically
return true.

o Consistent: Multiple invocations of x.equals(y) consistently return the same result, given that no properties
used in the equals comparison are modified.

e Null Comparison: For any non-null reference value x, x.equals(null) must definitively return false.

Example: Overriding equals()

class Point {
private int x;
private int y;

public Point(int x, int y) {
this.x = x;
this.y = y;

@0verride

public boolean equals(Object obj) {
// 1. Optimize by checking reference equality first
if (this == obj) return true;
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// 2. Reject nulls and ensure exact class matches to prevent ClassCastException
if (obj == null || getClass() != obj.getClass()) return false;

// 3. Safely cast the object to the specific type and compare state attributes
Point point = (Point) obj;
return this.x == point.x && this.y == point.y;

\

0.27.3 Overriding hashCode ()

The hashCode () method computes and returns a 32-bit integer hash code representing the object. This method
exists solely for the benefit of hash-based collection structures such as java.util.HashMap, java.util.HashSet, and
java.util.Hashtable.

Default Behavior: The Object class provides a native implementation that generally derives the hash code by
converting the internal memory address of the object into an integer, attempting to distribute objects uniformly.

Key Concept

Concept The Crucial equals() and hashCode() Contract
A fundamental rule in Java states that whenever you override the equals() method, you must correspondingly
override the hashCode () method. This ensures the general contract for hashCode () is preserved:

o If two objects are equal according to the overridden equals(Object) method, then calling the hashCode ()
method on each must produce the identical integer result.

o If two objects are unequal, they are not strictly required to produce distinct hash codes. Nonetheless,
generating distinct hash codes for unequal objects heavily reduces hash collisions, significantly improving
the performance of hash tables.

,
\

Important / Warning

Warning: Failing to Override hashCode ()

If a developer overrides equals() but neglects to override hashCode (), two logically equivalent objects will have
disparate hash codes. Consequently, if these objects are utilized as keys in a HashMap or placed in a HashSet, the
collection will fail to locate them upon retrieval. This oversight is a notoriously common source of severe data
corruption, unexpected logical bugs, and memory leaks.

r
\

Example

Example: Overriding hashCode () Continuing from the Point class example:

import java.util.Objects;

class Point {
// ... x, y, constructor, equals()

@0verride

public int hashCode() {
// A robust and modern approach using the utility class Objects
return Objects.hash(x, y);

3

In older Java implementations without Objects.hash(), developers manually computed hashes, typically using
prime numbers like 31. The number 31 is favored because it is an odd prime, reducing collision chances, and
modern VMs can optimize its multiplication via bitwise shifts (31 x i = (i < 5) — i):

@0verride
public int hashCode() {
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int result = 17;

result = 31 * result + x;
result = 31 * result + y;
return result;

0.27.4 Overriding finalize()

The finalize() method is summoned by the Garbage Collector on an object when it determines that no live threads
hold any active references to the object. It serves as a final opportunity for an object to relinquish unmanaged
resources—such as closing file handles, severing network connections, or freeing native system memory—before its
memory space is irrevocably reclaimed.

Default Behavior: The finalize() method defined in the Object class performs absolutely no operations.
Subclasses could theoretically override this to interject cleanup logic.

Example: Overriding finalize() (Historical Context)

class ResourceHandler {
public ResourceHandler() {
System.out.println("Resource allocated.");

}

@0verride
protected void finalize() throws Throwable {
try {
System.out.println("Cleaning up 0S-level resources prior to destruction.");
// Logic to gracefully release resources
} finally {
super.finalize(); // Crucial: Always call the parent finalize block

}

\. J

Important / Warning

Warning: The Deprecation of finalize()

The finalize() mechanism is inherently flawed and unpredictable. There is absolutely no guarantee regarding
when the garbage collector will execute it, or if it will even be executed at all before the JVM shuts down. Relying
on finalize() often leads to severe performance degradation, dangerous deadlocks, and silent memory leaks.
Due to these systemic flaws, the finalize () method has been deprecated since Java 9. Modern Java paradigms
strongly advise against its use. Instead, resource management should be deterministically handled utilizing the
try-with-resources construct alongside the AutoCloseable interface, or for more intricate asynchronous cleanup,
by leveraging the java.lang.ref.Cleaner framework introduced in Java 9.
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0.28 Defining Interfaces, Implementing Interfaces, and Multiple Inheritance

In object-oriented programming, building a robust and scalable architecture relies heavily on abstraction. While
abstract classes provide a way to define partial blueprints with some implemented behavior, Java introduces a more
powerful concept for achieving total abstraction and defining strict behavioral contracts: the Interface.

An interface in Java is a reference type, similar to a class, that can contain only constants, method signatures,
default methods, static methods, and nested types. Interfaces cannot contain instance fields (variables that maintain
state per object) or constructors, and they cannot be instantiated directly. They dictate what a class must do, but
completely abstract away how it does it.

Interface in Java An interface is a purely abstract construct that defines a contract of behaviors (methods) that
implementing classes must provide. It is essentially a collection of abstract methods and constant values. When a
class implements an interface, it signs a binding contract agreeing to furnish concrete implementations for all the
abstract methods defined within that interface.

Real-World Analogy: The Universal Remote Blueprint Think of an interface as a blueprint for a universal remote
control. The blueprint defines essential buttons like powerOn(), volumeUp (), and changeChannel (). However, the
blueprint itself does not contain the electronic circuits or wires to perform these actions. Different manufacturers
(like Sony, Samsung, and LG) build their own specific physical remotes (which act as classes) that implement
this blueprint. Each remote may look different and possess different internal circuitry, but they all guarantee the
presence of the required buttons. Consequently, any user (representing the client code) knows exactly how to
operate them without needing to understand their internal mechanisms.

0.28.1 Defining an Interface

Defining an interface is syntactically similar to defining a class, but we use the interface keyword instead of class.
Prior to the release of Java 8, all methods declared in an interface were implicitly public and abstract, meaning they
possessed no body whatsoever. Furthermore, all fields declared within an interface are implicitly public, static, and
final (meaning they are constants).



https://milav.in

Example

Syntax of an Interface Let us define a simple interface representing a generic vehicle.

public interface Vehicle {
// This field is implicitly public, static, and final
int MAX_SPEED = 120;

// These methods are implicitly public and abstract
void startEngine();

void accelerate(int speed) ;

void applyBrakes ();

-~

J

In the Vehicle interface demonstrated above, the fields and methods are automatically assigned their respective
modifiers by the Java Virtual Machine. Even if you do not explicitly type public abstract preceding the method
declaration, the Java compiler intelligently injects it for you. This mechanism promotes a clean, highly readable syntax
that is focused entirely on the behavioral contract rather than implementation details.

Important / Warning

Interface Instantiation Constraints Because interfaces are purely abstract and lack constructors, they cannot be
instantiated. Attempting to use the new keyword to create an object of an interface directly will yield a compilation
error:

// Compilation Error: Vehicle is abstract; cannot be instantiated
Vehicle myVehicle = new Vehicle();

However, you can declare a reference variable of an interface type. This variable can hold the memory reference of
any object whose class implements that interface.

-

0.28.2 Implementing an Interface

Once an interface is defined, one or more classes can implement it utilizing the implements keyword. When a standard
class implements an interface, it is obligated to provide concrete implementations (meaning, fully defined method
bodies) for every single abstract method declared in the interface.

If a class fails to implement even one abstract method from the interface, the compiler will enforce that the class
itself must be declared as abstract.

Example

Implementing an Interface in a Concrete Class Let us create a Car class that implements our previously defined
Vehicle interface.

public class Car implements Vehicle {
private int currentSpeed = 0; // Instance variable representing state

@0verride
public void startEngine () {
System.out.println("Car engine started: Vroom!");

}

@0verride
public void accelerate(int speed) {
currentSpeed += speed;
if (currentSpeed > MAX_SPEED) {
currentSpeed = MAX_SPEED;
System.out.println("Warning: Reached maximum speed limit of " + MAX_SPEED
)
3
System.out.println("Car accelerating. Current speed:
h");

n

+ currentSpeed + " km/

@0verride
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public void applyBrakes () {
currentSpeed = 0;
System.out.println("Car brakes applied. Vehicle has stopped.");

-

J

In this implementation, the Car class meticulously honors the contract established by the Vehicle interface. Notice
the use of the @0verride annotation directly above each implemented method. While not strictly mandated by the
Java language specification, utilizing @0verride is considered a critical best practice. It instructs the compiler to
explicitly verify that the method is indeed overriding an interface method, thereby preventing subtle and frustrating
bugs caused by typographical errors in method names or parameter lists.

0.28.3 Multiple Inheritance in Java using Interfaces

One of the most defining design decisions in the Java programming language is the strict prohibition of multiple
inheritance for classes. A class in Java can extend only one parent class. This restriction was deliberately introduced
by Java’s creators to circumvent the notorious "Diamond Problem."

Key Concept

The Diamond Problem Explained Imagine a scenario where multiple inheritance of classes is allowed. If Class A
has a method doSomething(), and Classes B and C both inherit from Class A but override doSomething() with
entirely different implementations. Suppose a Class D could inherit from both B and C. If we call d.doSomething(),
which version of the method would Class D inherit and execute—the one from B, or the one from C? This ambiguity
introduces immense complexity and unpredictability into the inheritance hierarchy, which is exactly why Java
restricts classes to single inheritance.

,

V.

While a class is strictly forbidden from extending multiple classes, a class can implement an unlimited
number of interfaces. Because traditional interfaces (prior to Java 8) contained only abstract methods devoid of
any implementations, there was fundamentally no ambiguity. Even if two interfaces declare the exact same method
signature, the implementing class provides a single, unified, concrete implementation for it.

This elegant solution provides all the benefits of multiple inheritance—allowing a class to exhibit multiple distinct,
decoupled behaviors—without the associated risks, conflicts, and logical ambiguities.

Achieving Multiple Inheritance Through Interfaces Consider two distinct behavioral capabilities represented by
two separate interfaces: Flyable and Swimmable.

public interface Flyable {
void fly () ;
}

public interface Swimmable {
void swim() ;

}

Now, imagine we need to model a Duck object in a simulation. Biologically, a duck is a bird that is capable of
both flying and swimming. We can define the Duck class to implement both interfaces by simply separating them
with a comma.

public class Duck implements Flyable, Swimmable {
@0verride
public void fly () {
System.out.println("The duck flaps its wings and takes off over the lake.");
X

@0verride
public void swim() {
System.out.println("The duck paddles gracefully in the water.");

}
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Because the Duck class implements both interfaces, we can leverage interface references to interact with the Duck
object polymorphically, depending entirely on the context of what we need it to do:

public class InterfaceTest {
public static void main(Stringl[] args) {
Duck donald = new Duck();

// Context 1: The duck is treated purely as a Flyable creature

Flyable flyingCreature = donald;

flyingCreature.fly () ;

// flyingCreature.swim(); // ERROR: Flyable reference doesn’t know about swim
O

// Context 2: The duck is treated purely as a Swimmable creature
Swimmable swimmingCreature = donald;
swimmingCreature.swim() ;

. J

This approach brilliantly decouples the code and strictly enforces contracts, unequivocally proving the flexibility
and power of interfaces. A single object can be interpreted and manipulated as entirely different data types based on
the interface reference it is assigned to, facilitating a highly polymorphic and modular system design.

0.28.4 Extending Interfaces

Just as classes can inherit from other classes using the extends keyword, an interface can inherit from another interface.
Interestingly, while a class can only extend one single class, an interface is permitted to extend multiple interfaces
simultaneously.

Interface Inheritance Hierarchy

public interface Animal {
void eat () ;

}

// Pet interface inherits the eat() method from Animal
public interface Pet extends Animal {

void play();

void beFriendly () ;
}

Any concrete class that opts to implement the Pet interface will now be contractually obligated to implement
play(), beFriendly (), and the inherited eat () method.

If an interface needs to extend multiple interfaces, the names of the parent interfaces are simply listed and separated
by commas:

public interface AmphibiousVehicle extends Vehicle, Swimmable {
void transitionMode () ;

3

This functionality empowers software engineers to construct highly granular, modular, and hierarchical behavioral
contracts, building complex types from simpler foundational interfaces.

0.28.5 Modern Interface Evolution: Default and Static Methods (Java 8+)

For many years, the rule that "interfaces can only contain abstract methods" was absolute. However, the release of Java
8 brought a massive paradigm shift by introducing default methods and static methods directly inside interfaces.
This evolution effectively blurred the traditional boundary between abstract classes and interfaces.
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Default Methods in Interfaces A default method is a method defined within an interface that contains an
actual implementation block. It is explicitly marked with the default keyword. These were introduced primarily
to facilitate backward compatibility. They allow developers to add new methods to existing interfaces without
breaking all the legacy classes that already implement those interfaces.

Implementing Default and Static Methods

public interface ModernDevice {
void turnOn(); // Traditional abstract method

// Default method provides a fallback, ready-to-use implementation
default void connectToWifi () {

System.out.println("Connecting to the default Wi-Fi network...");
b

// Static method tied to the interface itself
static void displayDeviceType () {
System.out.println("This is a modern electronic device interface.");

}

J/

r

When a class implements ModernDevice, it must provide an implementation for turnOn(). However, it can
simply inherit the default implementation of connectToWifi(), or it can choose to override it with custom
logic. Static methods in interfaces cannot be overridden and must be invoked directly using the interface name:

ModernDevice.displayDeviceType() ;.

Important / Warning

The Return of the Diamond Problem in Java 87 Because interfaces can now contain executable implementation
code via default methods, a natural question arises: What happens if a class implements two interfaces that both
contain a default method with the exact same signature?

Does this reintroduce the Diamond Problem? Yes, partially. Java handles this scenario gracefully by throwing
a compilation error and forcing the implementing class to explicitly override the conflicting method, resolving
the ambiguity manually. Inside the overridden method, the developer can specify which interface’s default
implementation to execute using the InterfaceName.super.methodName () syntax.

r
\

0.28.6 The Golden Rule: Program to an Interface

When architecting large-scale Java applications, enterprise developers frequently rely on a fundamental design principle:
"Program to an interface, not an implementation."

By declaring variables, method parameters, and return types as interface types rather than specific concrete classes,
you make your codebase incredibly adaptable and loosely coupled. If the underlying implementation needs to change in
the future—for instance, swapping out a MySQLDatabaseConnector for a MongoDBConnector, both of which implement
a common Database interface—the rest of your application code remains completely untouched and unaware of the
switch. Interfaces act as the ultimate boundary layer in modern software engineering, enforcing rigorous consistency
while seamlessly enabling modularity and multiple inheritance of type.
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0.29 Abstract Class and Final Class

In object-oriented programming with Java, controlling the inheritance hierarchy and defining the blueprint of classes
are crucial aspects of software design. The abstract and final keywords serve as powerful class-level modifiers that
allow developers to enforce specific architectural rules and behaviors. While an abstract class is inherently designed to
be subclassed and extended, a final class explicitly forbids inheritance, representing the termination of an inheritance
chain. This section delves into the profound concepts of abstract classes and final classes, exploring their syntax, unique
properties, comparative differences, and real-world applications in enterprise software development.

0.29.1 Understanding Abstract Classes

In many practical modeling scenarios, a superclass is designed to represent a highly generalized concept, while its
subclasses provide specific, concrete implementations. Often, the superclass is so generic that it cannot, or logically
should not, be instantiated directly. For instance, in a vehicle management system, while you can instantiate a Car or
a Truck, instantiating a generic Vehicle makes little sense without knowing what type of vehicle it is. This is where
abstract classes come into play.

Abstract Class An abstract class is a class declared with the abstract keyword. It serves as a restricted template
that cannot be instantiated on its own. It may contain a mixture of abstract methods (methods without a body
that define a contract) and concrete methods (fully implemented methods that provide shared behavior). Its
primary purpose is to act as a foundational base class for other classes to extend and implement the missing
functionalities.

Characteristics of Abstract Classes

To effectively utilize abstract classes in system design, it is important to understand their core characteristics and the
rules imposed by the Java compiler:

o Cannot be Instantiated: You cannot create an object of an abstract class using the new keyword. Attempting
to execute new Vehicle() when Vehicle is abstract will result in a fatal compilation error.
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o Abstract and Concrete Methods: An abstract class offers partial abstraction. It can have abstract methods
(which act as placeholders and must be overridden by non-abstract subclasses) as well as concrete methods (which
provide default, reusable behavior inherited by all subclasses).

e Constructors: Despite not being directly instantiable, abstract classes can and frequently do have constructors.
These constructors are invoked implicitly via the super () call when a concrete subclass is instantiated. This
allows the abstract class to properly initialize its own state and instance variables.

e Fields and Modifiers: Unlike interfaces, abstract classes can contain instance variables, static variables, and
constants with varying access modifiers (private, protected, public).

Key Concept

The abstract Method An abstract method is declared without an implementation block. It is simply a method
signature followed by a semicolon. If a class contains at least one abstract method, the class itself must be
declared abstract. Any concrete subclass that inherits from the abstract class is contractually obligated to provide
concrete implementations for all of its inherited abstract methods.

Syntax and Example of Abstract Class

Let us consider a mathematical software modeling different geometric shapes.

Implementing an Abstract Class Hierarchy

abstract class Shape {
protected String color;

// Constructor of the abstract class
public Shape(String color) {
this.color = color;
System.out.println("Shape constructor called.");

// Abstract method: forces subclasses to provide the formula
public abstract double calculateArea();

// Concrete method: inherited directly by subclasses
public void displayColor() {
System.out.println("The color of the shape is: " + color);

¥

class Circle extends Shape {
private double radius;

public Circle(String color, double radius) {
super(color); // Invokes the abstract class constructor
this.radius = radius;

// Providing implementation for the abstract method
@0verride
public double calculateArea() {
return Math.PI * radius * radius;
}
}

In this example, Shape is an abstract class with an abstract method calculateArea(). It encapsulates the color
property and manages it via its constructor. The Circle class extends Shape, utilizes the parent’s constructor,
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and provides the specific mathematical formula to calculate a circle’s area.

Important / Warning

The Rule of Partial Implementation If a subclass inherits from an abstract class but fails to provide implementations
for all of the abstract methods, the subclass itself is considered incomplete. Consequently, the subclass must also
be explicitly declared as abstract. Otherwise, the Java compiler will flag it as an error.

0.29.2 Understanding Final Classes

While abstract classes actively encourage inheritance and extension, there are specific situations in software engineering
where you must strictly prohibit a class from being inherited. This constraint is achieved using the final keyword.
When applied to a class declaration, it acts as a definitive boundary, ensuring that the class’s structure, state, and
behavior cannot be altered, extended, or compromised by any other class.

Final Class A final class is a class declared with the final keyword. It signifies that the class is the ultimate,

complete version of itself and cannot be subclassed or extended. Because a final class cannot have subclasses, all
methods within a final class are implicitly final, meaning they can never be overridden.

Characteristics and Use Cases

The intentional use of final classes is a hallmark of defensive programming and is prominent in Java’s core libraries for
several critical reasons:

e Security and Integrity: By preventing inheritance, final classes protect their internal implementation from
being manipulated by malicious subclasses. If a hacker were able to subclass a core authentication class, they
could override verification methods to bypass security. Making the class final prevents this attack vector entirely.

e Guaranteeing Immutability: Final classes are a fundamental requirement in creating immutable objects. The
most famous example in Java is the java.lang.String class. Because String is final, developers can safely pass
strings across the application, knowing that no subclass can exist to maliciously alter the string’s character array
behind the scenes.

o Performance Optimization: Historically, final classes allowed the compiler and JVM to aggressively optimize
code execution by inlining methods, as the runtime engine is guaranteed that the methods will never be overridden
dynamically at runtime.

Implementing a Final Configuration Class

final class SecurityConfig {
private final String encryptionAlgorithm = "AES-256";
private final int keySize = 256;

public String getEncryptionAlgorithm() {
return encryptionAlgorithm;

}

public int getKeySize() {
return keySize;

}

// The following code will cause a COMPILATION ERROR:
// class CustomSecurity extends SecurityConfig {
// // Error: Cannot inherit from final class SecurityConfig

// %}
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In this scenario, SecurityConfig encapsulates highly sensitive system configurations. By marking it as final,
we guarantee that no other module can extend this class and override getEncryptionAlgorithm() to return a
weaker, compromised algorithm.

\. J/

Important / Warning

Final vs Abstract Mutual Exclusivity It is a syntactic and logical impossibility for a class to be declared both
abstract and final simultaneously. These keywords represent diametrically opposed concepts. An abstract class
requires subclasses to be completed and become useful, whereas a final class explicitly rejects any possibility of
subclasses.

\

0.29.3 The final Keyword in Other Contexts

To comprehensively understand immutability in Java, it is highly beneficial to explore the application of the final
keyword beyond class declarations. The modifier can also be applied to variables, methods, and parameters:

Final Variables

When a variable is declared as final, its memory reference or assigned primitive value cannot be modified once
initialized. It effectively becomes a constant.

e Blank Final Variables: A final instance variable that is not initialized at the time of declaration is called a
"blank final variable." It must be initialized in all constructors of the class. If it is not, a compilation error occurs.

o Static Final Variables: Commonly used to define global class-level constants. By convention, their names are
written in uppercase letters with underscores (e.g., public static final double PI = 3.14159;).

Final Methods

A method declared as final in a non-final class cannot be overridden by any subclasses. This is immensely useful
when a superclass contains a method with a critical business logic implementation that must remain consistent and
unchanged across all derived classes in the hierarchy.

class BaseEngine {
// Subclasses can inherit this method, but CANNOT override it
public final void triggerIgnitionSequence() {
System.out.println("Performing critical system checks...");
System.out.println("Ignition sequence started securely.");

0.29.4 Comparative Analysis: Abstract Class vs. Final Class

Understanding precisely when to leverage an abstract class versus a final class is critical for strong object-oriented
design architecture. The following comparison highlights their contrasting nature:

e Core Intention: The primary architectural purpose of an abstract class is to be inherited. It establishes a
contract and a shared baseline that subclasses must fulfill. In stark contrast, a £inal class is designed specifically
to prevent inheritance, locking down the implementation.

e Instantiation Rules: Developers are strictly prohibited from creating instances of an abstract class directly.
A final class, assuming it has accessible public constructors, can be instantiated freely like any regular concrete
class.

e Method Types Supported: An abstract class is defined by its ability to hold abstract methods, thereby
forcing subclasses to provide the implementation. A final class can exclusively contain concrete methods.
Because the class itself cannot be extended, none of its methods can ever be overridden, rendering them implicitly
final.

e Design Philosophy: Abstract classes should be utilized when modeling a hierarchy where entities share a
common base state but have varying specific behaviors (e.g., Animal, BankTransaction, UIComponent). Final
classes should be employed when creating utility classes (like java.lang.Math), immutable data structures, or
security-sensitive components where extension is unnecessary, nonsensical, or actively dangerous.
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Key Concept

Joshua Bloch’s Design Rule of Thumb "Design and document for inheritance or else prohibit it." This famous
guideline from Java architect Joshua Bloch emphasizes that if a class is not specifically engineered, tested, and
documented to be safely extended (which is the explicit purpose of abstract classes), it is a best practice to
aggressively mark the class as final to prevent unintended, fragile, and potentially unstable subclasses from
breaking the system.

,
A

0.29.5 Advanced Application: The Template Method Pattern

Abstract classes frequently form the architectural backbone of the Template Method Design Pattern. In this
behavioral design pattern, an abstract base class defines the overall skeleton or sequence of an algorithm inside a
concrete, final method. It then delegates the implementation of specific, varying steps of that algorithm to abstract
methods that subclasses must override.

Template Method Pattern Example

abstract class DataProcessor {
// The Template Method: marked final to prevent altering the exact execution sequence
public final void processData() {
readData();
transformData() ;
saveData();

// Abstract steps to be customized by subclasses
protected abstract void readData();
protected abstract void transformData();

// Concrete step with default behavior
protected void saveData() {

System.out.println("Data saved to the primary SQL database.");
}

class CloudDataProcessor extends DataProcessor {
@0verride
protected void readData() {
System.out.println("Extracting data streams from AWS S3 Bucket...");

X
@0verride
protected void transformData() {
System.out.println("Applying cloud-specific big-data transformations...");
b

// saveData() is inherited as-is.

}

Here, the abstract DataProcessor class dictates the exact sequence of execution (readData, then transformData,
then saveData), ensuring consistency across all processors. By deliberately marking the processData() method
as final, the architect guarantees that no subclass can disrupt this critical sequence or skip steps, while still
allowing the abstract methods to be heavily customized for different environments.

,
\

0.29.6 Conclusion

Within the Java ecosystem, the abstract and final keywords act as the foundational yin and yang of class inheritance.
Abstract classes provide essential flexibility, serving as highly extensible templates that promote code reuse, polymor-
phism, and modularity. Final classes, conversely, provide structural rigidity, encapsulating logic tightly to guarantee
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security, enforce immutability, and ensure execution predictability. Mastery of these contrasting modifiers empowers
developers to build robust, scalable, and secure class hierarchies that accurately map to real-world complexities while
strictly adhering to the highest standards of object-oriented design principles.

Object

Figure 35: State and Behavior of an Object
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Figure 36: User-Defined Exception

0.30 Packages in Java: Creation, Importation, and Access Rules

As software applications grow in complexity, managing hundreds or thousands of classes becomes an intricate challenge.
Without a structured way to organize these classes, developers would face inevitable naming conflicts, code maintenance
nightmares, and security vulnerabilities due to uncontrolled access. To resolve these issues, Java introduces the concept
of Packages.

Packages are a fundamental aspect of Java programming that serve as containers for grouping related types (classes,
interfaces, enumerations, and annotations). They act much like directories or folders in a file system, allowing developers
to categorize their code logically and hierarchically. In this section, we will delve deeply into the mechanics of creating
packages, importing them into other programs, and the critical role of access modifiers in enforcing package boundaries
and encapsulation.

Java Package A Java package is a grouping mechanism used to organize related classes and interfaces, providing

namespace management and access protection. It maps directly to the underlying operating system’s directory
structure, ensuring that the physical layout of the compiled code reflects its logical organization.

The primary benefits of using packages include:

e Preventing Naming Conflicts: Packages allow developers to define classes with the same name in different
packages. For example, java.util.Date and java.sql.Date can coexist peacefully because their package names
fully distinguish them.

e Encapsulation and Access Control: Packages provide a natural boundary for access control. Classes can be
designed to be accessible only within their own package, hiding internal implementation details from the outside
world and reducing unintended dependencies.

o Code Organization and Modularity: By grouping related classes together (e.g., all networking classes in
java.net), the codebase becomes more modular, readable, and easier to navigate for developers.

o Reusability: Well-designed packages can be easily packaged as JAR (Java ARchive) files and distributed for
reuse across multiple projects seamlessly.
0.30.1 Creating a Package

Creating a package in Java is a straightforward process, but it requires adherence to specific syntactic and structural
rules. To declare that a class belongs to a particular package, you use the package keyword as the very first executable
statement in your Java source file.
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Key Concept

The package Declaration The package statement must be the absolute first line of code in a Java source file,
preceding any import statements or class declarations. Furthermore, only one package declaration is allowed per
source file.

Syntax and Naming Conventions

The syntax for creating a package is concise:
package package_name;

To avoid naming collisions globally, the Java specification recommends a standard naming convention: reversing
your organization’s internet domain name. For example, if your company’s domain is example.com, your base
package name should be com.example. You can then append project-specific or module-specific sub-packages, such as
com.example.inventory.models.

Package names should be written entirely in lowercase letters to avoid conflicts with the names of classes or
interfaces, which typically use CamelCase.

Physical Directory Structure

A crucial aspect of Java packages is that the package name must exactly mirror the directory structure where the
compiled .class files are stored. If a class is declared as part of the com.example.utilities package, its compiled
bytecode file must reside in a directory path resembling com/example/utilities/ on your local file system.

Creating a Custom Package Let us create a simple package named com.mybank.accounts that contains a
SavingsAccount class.
Step 1: Write the Source Code Create a file named SavingsAccount. java:

// First line: package declaration
package com.mybank.accounts;

public class SavingsAccount {
private String accountNumber;
private double balance;

public SavingsAccount(String accountNumber, double initialBalance) {
this.accountNumber = accountNumber;
this.balance = initialBalance;

public void deposit(double amount) {
if (amount > 0) {
balance += amount;
System.out.println("Deposited: $" + amount);

public double getBalance() {
return balance;
}
}

Step 2: Compile the Code To compile this class and automatically generate the required directory structure,
use the -d (directory) flag with the javac compiler. The dot (.) indicates that the root of the package directory
tree should be created in the current working directory.

javac -d . SavingsAccount.java

After running this command, the compiler will generate the following directory hierarchy containing the bytecode:

./com/mybank/accounts/SavingsAccount.class
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Important / Warning

The Classpath and Packages A common pitfall for beginners is attempting to execute a compiled packaged
class from inside the innermost package directory. If you navigate directly into the accounts directory and
type java SavingsAccount, the JVM will throw a NoClassDefFoundError. You must always execute the
program from the base directory (the parent directory of com) using the fully qualified class name: java
com.mybank.accounts.SavingsAccount.

\

0.30.2 Importing a Package

When you need to use a class that belongs to a different package, you must inform the Java compiler where to find it.
If you do not explicitly state the package location, the compiler will assume the class resides in the current package or
the default java.lang package (which is automatically imported into every Java program behind the scenes).

There are three primary ways to access classes from outside packages: using the fully qualified name, importing a
specific class, or importing an entire package using a wildcard.

1. Using the Fully Qualified Class Name

The fully qualified name includes both the exact package name and the class name separated by a dot. While this
approach does not require any import statements at the top of your file, it can make the code verbose, repetitive, and
difficult to read if the class is instantiated or referenced multiple times.

public class BankApp {
public static void main(String[] args) {
// Using the fully qualified name directly in the code
com.mybank.accounts.SavingsAccount account =
new com.mybank.accounts.SavingsAccount("12345", 1000.0);

2. Importing a Specific Class

To make the code cleaner and more maintainable, you can use the import keyword to bring a specific class into the
current file’s namespace. The import statements must appear sequentially after the package declaration (if one exists)
and before any class definitions.

import com.mybank.accounts.SavingsAccount;

public class BankApp {
public static void main(String[] args) {
// Now we can use the simple class name
SavingsAccount account = new SavingsAccount("12345", 1000.0);

}

This is the most highly recommended approach in professional software development because it clearly indicates exactly
which specific classes are being utilized. This prevents namespace pollution and makes dependencies explicit to anyone
reading the source file.

3. Importing an Entire Package

If your application needs to use multiple different classes from the same external package, you can use the asterisk (*)
wildcard to import all public classes and interfaces within that specific package simultaneously.

import java.util.*; // Imports ArrayList, HashMap, Scanner, Date, etc.

public class CollectionApp {
public static void main(String[] args) {
List<String> items = new ArrayList<>();
Scanner scanner = new Scanner(System.in);
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Important / Warning

The Scope of the Wildcard Import It is extremely crucial to understand that the wildcard (*) only imports the classes
directly contained within the specified package. It does not import sub-packages recursively. For instance, import
java.util.*; will import java.util.List, but it will not import java.util.concurrent.ConcurrentHashMap.
To use classes from a sub-package, you must explicitly import that sub-package as well (e.g., import
java.util.concurrent.*;).

e

Static Imports

Introduced in Java 5, the import static statement allows you to import the static members (static fields and static
methods) of a class so they can be used locally without requiring class name qualification. This feature is particularly
useful for mathematical or utility classes where repeating the class name becomes tedious.

Using Static Imports

import static java.lang.Math.PI;
import static java.lang.Math.sqrt;

public class GeometryCalculations {
public static void main(String[] args) {
double radius = 5.0;
// Without static import: double area
double area = PI * radius * radius;

Math.PI * Math.pow(radius, 2);

// Without static import: double root
double root = sqrt(25);

Math.sqrt(25);

p

0.30.3 Access Rules for Packages

One of the most powerful and heavily utilized features of packages is their foundational role in Java’s access control
system. By intelligently combining access modifiers with package boundaries, developers can rigorously enforce
encapsulation. This ensures that internal implementation details remain hidden while exposing a clean, safe public API
to the consumers of the code.

Java provides four distinct access levels, governed by three explicit access modifiers: public, protected, and
private, along with a default access level that applies when no modifier is specified. The way these modifiers interact
with package structures dictates precisely which classes can access which members (variables, methods, or constructors).

Key Concept

The Four Access Modifiers
e Private: The member is accessible only within the exact same class definition.

o Default (Package-Private): The member is accessible only within the same class and by other classes
residing in the same package.

¢ Protected: The member is accessible within the same class, by other classes in the same package, and
critically, by subclasses located in other packages.

e Public: The member is accessible from any class in any package, provided the class containing the member
is also accessible.

,
\

Let us examine each access level in deep detail with respect to how they operate across package boundaries.
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1. Private Access Modifier

The private modifier is the absolute most restrictive level of access. A private member is visible and accessible only
within the internal scope of the class where it is declared. Packages have absolutely no bearing on private members; even
another class residing in the exact same package directory cannot directly access a private member of its neighboring
class. This level is strictly utilized for hiding internal state variables and helper logic that no other class should ever
depend on directly.

2. Default (Package-Private) Access

When no access modifier is explicitly written before a member or class declaration, Java implicitly assigns the "default"
access level. This level is intrinsically tied to the package structure. A class, method, or variable with default access
is fully visible and accessible to any other class within the same package, but it acts as if it is private to any class
attempting to access it from outside that package.

This modifier is exceptionally useful for creating internal helper classes or utility methods that are necessary for the
package’s internal functionality to work smoothly, but should not be exposed to the end user of the API. It allows a
cohesive group of related classes to cooperate intimately without exposing their internal dialogues to the rest of the
application ecosystem.

3. Protected Access Modifier

The protected modifier acts as a bridge between package-private and public access. A protected member is accessible
to all classes within the same package (exactly like default access), but it adds a special architectural exception for
inheritance: a subclass located in an entirely different package can access the protected members of its parent class.

This access level is primarily designed to facilitate robust class hierarchies. It allows library and framework
developers to provide base classes with internal lifecycle methods that are intended to be utilized or overridden by
developers who extend those base classes in their own separate projects, without making those methods wildly accessible
to the entire world.

Important / Warning

Protected Access and Instances in Subclasses A common source of confusion is how subclasses access protected
members from different packages. A subclass in a different package can only access protected members through
the mechanism of inheritance (via the this or super keywords). It cannot arbitrarily create an instance of the
parent class and access the protected member on that instance variable, unless the subclass is operating on an
object of its very own type.

r
\

4. Public Access Modifier

The public modifier is entirely unrestrained and imposes no access restrictions whatsoever. A public class, method, or
variable can be accessed from absolutely any other class in any package across the entire application or classpath.

However, there is a fundamental caveat: for a public member to be accessible, the class containing it must also be
accessible (meaning the class itself must be public). If a class has default (package-private) access, its public methods
are still effectively hidden from outside packages because the class itself cannot be imported or seen by the outside
world.

Comprehensive Access Rule Demonstration
Imagine a complex architectural scenario involving two distinct packages: pkg.alpha and pkg.beta.
Package pkg.alpha:

package pkg.alpha;

public class ParentBase {
private int privateVar = 1;
int defaultVar = 2; // Package-private
protected int protectedVar = 3;
public int publicVar = 4;

public void display() {
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// The class itself can access everything internally
System.out.println(privateVar + defaultVar + protectedVar + publicVar);

class NeighborInAlpha {
void testAccess() {
ParentBase pb = new ParentBase();
// pb.privateVar; // ERROR: Not visible outside ParentBase
int a = pb.defaultVar; // OK: Neighbor is in the same package
int b = pb.protectedVar; // OK: Neighbor is in the same package
int ¢ = pb.publicVar; // OK: Always accessible

}
Package pkg.beta:

package pkg.beta;
import pkg.alpha.ParentBase;

public class ChildInBeta extends ParentBase {
public void testInheritance() {
// this.privateVar; // ERROR: Not inherited/visible
// this.defaultVar; // ERROR: Different package

// OK: Accessed via inheritance despite being in a different package
int p = this.protectedVar;

int pub = this.publicVar; // OK: Always accessible

class StrangerInBeta {
void testStranger() {
ParentBase pb = new ParentBase();
// pb.privateVar; // ERROR: Private
// pb.defaultVar; // ERROR: Different package
// pb.protectedVar; // ERROR: Different package, and NOT a subclass
int ¢ = pb.publicVar; // OK: Always accessible

3

This example vividly illustrates how the Java compiler meticulously enforces access rules at the package boundaries.
The NeighborInAlpha has access to package-private variables, whereas StrangerInBeta is completely blocked.
The ChildInBeta successfully leverages inheritance to bridge the package gap for the protected variable.

Summary of Access Rules
To cleanly summarize the interactions between access modifiers and package boundaries, refer to the matrix below:
o From the Same Class: All modifiers (public, protected, default, private) allow access.

e« From a Subclass in the Same Package: public, protected, and default allow access. private strictly
denies access.

e From a Non-Subclass in the Same Package: public, protected, and default allow access. private
strictly denies access.

e From a Subclass in a Different Package: Only public and protected allow access. default and private
deny access.
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e From a Non-Subclass in a Different Package: Only public allows access. protected, default, and
private strongly deny access.

Mastering the creation, importation, and rigorous access regulation of packages is an indispensable, non-negotiable
skill for any professional Java programmer. These tools and concepts form the very bedrock upon which large-scale,
enterprise-grade, secure, and easily maintainable Java software applications are constructed and deployed.
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0.31 Exception Handling & Multithreading

0.32 Exceptions and Error Handling in Java

0.32.1 Types of Errors

In programming, an error is a deviation from the expected behavior of a program. Software development inherently
involves dealing with various forms of errors. In Java, errors are broadly classified into three categories: Syntax errors,
Logical errors, and Runtime errors. Understanding these distinctions is the foundational step towards writing robust,
resilient, and correct code.

Syntax Errors Syntax errors occur when the programmer violates the grammatical rules of the programming

language. These are detected by the Java compiler during the compilation process, preventing the generation of
the .class (bytecode) file.

Common examples of syntax errors include missing semicolons, unmatched parentheses, using undeclared variables,
or misspelling Java keywords. Because the compiler enforces strict syntactic rules, it acts as the first line of defense.
The compiler provides an error message pointing to the approximate file, line number, and character location of the
syntax error, making them relatively easy to fix.

Syntax Error Example

public class SyntaxErrorDemo {
public static void main(String[] args) {
int a = 5 // Error: Missing semicolon here
System.out.println("Value: " + a);

L J

Logical Errors Logical errors, also known as semantic errors, happen when the program compiles successfully and
runs without crashing, but it produces an incorrect, unintended, or unexpected output.

-

These are the hardest types of errors to detect and debug because neither the compiler nor the Java Virtual
Machine (JVM) can catch them; the program is technically executing valid instructions, but the logic underlying those
instructions is flawed. A classic example of a logical error is using an incorrect mathematical formula, implementing an
off-by-one error in a loop, or using the wrong boolean operator (e.g., using | | instead of &&). They require careful
tracing, testing, and debugging to resolve.

Runtime Errors Runtime errors occur during the actual execution of a program. The code is syntactically correct
and compiles successfully, but an illegal operation causes the program to terminate abnormally while it is running.

Examples include attempting to divide an integer by zero, accessing an array index that is out of bounds, or trying
to open a file that does not exist on the disk. In Java, runtime errors are almost exclusively represented and handled
using the Exception Handling mechanism.

0.32.2 Exceptions

An exception is an event that disrupts the normal flow of the program’s instructions. When an error occurs within a
Java method, the method creates an object and hands it off to the runtime system. This object, called an exception
object, contains vital information about the error, including its type, the state of the program at the time of the error,
and a snapshot of the execution stack (the stack trace).
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The Exception Hierarchy In Java, all exception and error types are subclasses of the core class
java.lang.Throwable, which forms the base of the hierarchy. Throwable has two primary subclasses:

e Error: Represents severe, unrecoverable conditions that a reasonable application should not typically try to
catch. Examples include OutOfMemoryError (when the JVM runs out of memory) and StackOverflowError
(often caused by infinite recursion). These are typically generated by the JVM itself, and applications
generally cannot recover from them.

e Exception: Indicates conditions that a reasonable application might want to catch and recover from. This
branch is fundamentally divided into two types:

— Checked Exceptions: Exceptions that are verified at compile-time. The Java compiler enforces a
strict rule: if a method can throw a checked exception, it must either handle it using a try...catch
block or declare it in its signature using the throws keyword. Examples include I0Exception and
SQLException. They usually represent external conditions outside the program’s immediate control.

— Unchecked Exceptions (Runtime Exceptions): Exceptions that occur dynamically at runtime.
They are subclasses of RuntimeException and are not checked by the compiler. Examples include
NullPointerException, ArithmeticException, and I1legalArgumentException. They usually rep-
resent programming bugs that should be fixed in the code, rather than recovered from dynamically.

0.32.3 The try...catch Statement

The core mechanism for handling exceptions in Java is the try...catch construct. It allows you to designate a block
of code to be monitored for exceptions while it is executing, and another block of code to handle the specific exception

if one arises.

try...catch Block The try block encloses the code that is anticipated to potentially throw an exception. The catch

block immediately follows the try block and contains the logic used to handle the exception gracefully, preventing
the program from crashing.

Handling an ArithmeticException

public class TryCatchDemo {
public static void main(String[] args) {

System.out.println("Starting computation...");

try {
int numerator = 10;
int denominator = O;
int result = numerator / denominator; // Throws ArithmeticException
System.out.println("This line will be skipped.");

} catch (ArithmeticException e) {
System.out.println("Error caught: Cannot divide by zero!");

¥

System.out.println("Program continues normally after the catch block.");

J

In this example, the attempt to divide by zero throws an ArithmeticException. The normal sequential flow is
immediately interrupted, and control transfers to the matching catch block. After the catch block executes, the
program seamlessly continues with the code following the entire try. . .catch structure. If no exception occurs in the
try block, the catch block is completely bypassed.
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0.32.4 Multiple catch Blocks

A single try block can optionally be followed by multiple catch blocks. This structure is highly useful when the code
within the try block performs operations that can throw several different types of exceptions, and you wish to handle
each specific type of failure in a distinct way.

When an exception is thrown, the JVM evaluates the available catch blocks sequentially from top to bottom.
The first catch block whose declared exception type matches the thrown exception (or is a superclass of the thrown
exception) is executed. All subsequent catch blocks are ignored.

Important / Warning

Ordering of Catch Blocks When utilizing multiple catch blocks, it is absolutely critical to order them from the
most specific exception subclass down to the most general superclass. If a catch block for a broader exception
(like Exception) appears before a catch block for a specific one (like I0Exception), the compiler will generate an
"Unreachable catch block" error because the first block will preemptively catch everything.

. ,

Demonstrating Multiple Catch Blocks

public class MultipleCatchDemo {
public static void main(String[] args) {
try {
String[] data = {"10", "20", "invalid"};
int val = Integer.parselnt(datal[2]); // Throws NumberFormatException
int result = val / O; // Would throw ArithmeticException
} catch (ArithmeticException e) {
System.out.println("Math error: " + e.getMessage());
} catch (NumberFormatException e) {
System.out.println("Parsing error: Data is not a valid integer.");
} catch (Exception e) {
// A catch-all for any other unforeseen exceptions
System.out.println("An unexpected error occurred.");

\

0.32.5 The throw Keyword

While the JVM automatically throws exceptions when encountering illegal operations (like division by zero), the
programmer can also manually throw exceptions using the throw keyword. You can throw newly instantiated exception
objects or re-throw an exception that was previously caught.

The throw Keyword The throw statement requires a single argument: an instance of a Throwable object. It is
used to generate an exception programmatically at a specific point in the code.

The throw keyword is particularly valuable for validating method arguments or enforcing business rules. If an
invalid argument is passed to a method, you can throw an IllegalArgumentException to immediately halt processing
and notify the caller of the misuse.

Using the throw Keyword for Validation

public class ThrowDemo {
public static void setAge(int age) {
if (age < 0 || age > 150) {
// Programmatically throwing an exception
throw new IllegalArgumentException("Age must be between O and 150.");
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System.out.println("Age successfully set to: " + age);

public static void main(String[] args) {
setAge(-5); // This will crash the program with our custom error message

}

0.32.6 The throws Keyword

While throw actually triggers an exception, the throws keyword is used within a method’s declaration signature. It
serves as a warning to callers that the method might throw certain exceptions but does not contain the try...catch
logic to handle them internally.

Key Concept

Delegating Exception Handling If a method contains code that can potentially throw a checked exception, and it
chooses not to handle it internally, it must declare the exception using the throws clause. This fulfills Java’s strict
"catch or declare" requirement. It delegates the responsibility of handling the exception up the call stack to the
method’s caller.

Using the throws Keyword

import java.io.*;

public class ThrowsDemo {
// The method signature declares that it delegates IOException handling
public static void readConfiguration(String path) throws IOException {
FileReader file = new FileReader(path); // Might throw FileNotFoundException
BufferedReader reader = new BufferedReader(file);
System.out.println(reader.readlLine()); // Might throw IOException
reader.close();

public static void main(String[] args) {
// The caller is now forced to handle the checked exception
try {
readConfiguration("config.txt");
} catch (IOException e) {
System.err.println("Failed to read configuration: " + e.getMessage());

¥

0.32.7 The finally Clause

The finally block is an optional block that can be appended after a try block or after the final catch block. The
defining and crucial characteristic of the finally block is that it is guaranteed to execute regardless of how control
exits the try block. It executes if the try block finishes normally, if an exception is thrown and caught, or even if an
exception is thrown but not caught.

Key Concept

Purpose of the finally Block The finally block is universally used to execute "cleanup" code. This includes
explicitly closing file streams, releasing network sockets, terminating database connections, or unlocking resources.
It ensures that system resources are predictably freed, preventing resource leaks even in the face of catastrophic
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errors.

The finally Block Guarantee

public class FinallyDemo {
public static void main(String[] args) {
try {
System.out.println("Inside try block.");
int data = 25 / 0; // Throws exception
} catch (NullPointerException e) {
System.out.println("Caught NullPointerException.");

} finally {
// This executes even though the ArithmeticException was NOT caught
System.out.println("Executing finally block: Cleaning up resources...");
b

System.out.println("This line will not execute because the exception was unhandled.");

Note that the finally block will only fail to execute in extreme circumstances, such as if the program explicitly
calls System.exit () within the try or catch block, or if the underlying JVM crashes entirely.

0.32.8 Uses of Exceptions

Exceptions provide an elegant, structured, and object-oriented way to handle error conditions. The primary advantages
of exception handling over traditional error-checking techniques (like returning error codes) include:

e Separation of Error-Handling Code: Exceptions allow programmers to separate the main, "happy path"
logic from the error-handling logic. Code becomes less cluttered with endless if-else error checks, making it
more readable and maintainable.

e Propagating Errors Up the Call Stack: If a deeply nested method cannot meaningfully resolve an error, it
can propagate the exception back up to a higher-level caller that has more context using throws.

e Grouping and Differentiating Errors: The object-oriented exception hierarchy allows developers to catch
specific errors (e.g., FileNotFoundException), or broadly group related errors by catching their superclass (e.g.,
IOException).

e Guaranteeing Resource Cleanup: Through the finally block or the modern try-with-resources syntax,
exceptions provide a reliable mechanism to guarantee that resources are cleanly released, enhancing system
stability.

0.32.9 User-Defined Exceptions

While the Java API provides a vast array of built-in exceptions, developers frequently encounter situations where an
error condition is highly specific to the domain or business logic of their application. In these cases, it is best practice
to create Custom or User-Defined Exceptions.

User-Defined Exception A user-defined exception is a custom class created by the programmer that extends

an existing exception class. To create a checked exception, the class should extend Exception. To create an
unchecked exception, it should extend RuntimeException.

Custom exceptions allow you to embed domain-specific information (like an error code or a specific transaction ID)
directly into the exception object.
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Creating and Using a Custom Exception

// 1. Defining the Custom Exception class
class InsufficientFundsException extends Exception {
private double shortfall;

public InsufficientFundsException(String message, double shortfall) {
super (message) ;
this.shortfall = shortfall;

public double getShortfall() {
return shortfall;

¥

// 2. Utilizing the Custom Exception in business logic
public class BankAccount {
private double balance = 500.0;

public void withdraw(double amount) throws InsufficientFundsException {
if (amount > balance) {
double needs = amount - balance;
throw new InsufficientFundsException("Not enough funds", needs);

X
balance -= amount;
System.out.println("Withdrawal successful. Remaining balance: " + balance);

public static void main(String[] args) {
BankAccount account = new BankAccount();
try {
account.withdraw(600.0) ;
} catch (InsufficientFundsException e) {
System.out.println("Transaction failed: " + e.getMessage());
System.out.println("You are short by: $" + e.getShortfall());

J

In this comprehensive example, InsufficientFundsException clearly conveys the specific domain issue occurring
within the banking application. It also carries additional payload data (shortfall) that a generic exception would not
support, demonstrating the power and flexibility of user-defined exceptions.

Autoboxing
Primitive Type (e.g. int) Wrapper Class (e.g. Integer)
Unboxing

Figure 37: Autoboxing and Unboxing

0.33 Multithreading in Java
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0.33.1 Concept of Multithreading

Modern operating systems are built around the concept of multitasking, enabling a single computer to execute several
applications concurrently. Multithreading takes this principle a step further by allowing a single application to execute
multiple tasks simultaneously. In Java, multithreading is a core feature that enables the concurrent execution of two or
more parts of a program, known as threads, to maximize CPU utilization.

While multiprocessing involves executing multiple processes simultaneously, multithreading deals with multiple
threads of execution within the same process. Because threads share the same memory space and resources allocated to
the parent process, they are often referred to as lightweight processes. Switching context between threads is significantly
less expensive and faster than switching between distinct processes.

Thread A thread is the smallest independent unit of execution within a program. It has its own call stack and
program counter but shares memory, data, and resources with other threads belonging to the same process.

The primary advantage of multithreading is that it enables developers to write highly efficient programs that make
maximum use of the CPU. For instance, in a graphical user interface (GUI) application, one thread can handle user
interactions (like button clicks and typing) while another thread performs background data processing or network
communication. Without multithreading, a long-running operation would block the entire application, making it
unresponsive and freezing the UI.

Key Concept

Advantages of Multithreading

e Resource Sharing: Threads belonging to the same process share the same memory space and resources,
making communication between them faster and more efficient.

e Responsiveness: By running time-consuming tasks on separate background threads, the main thread can
remain responsive to user input.

e Economy: Creating and context-switching between threads is much cheaper in terms of system overhead
compared to traditional process creation.

e Better CPU Utilization: On multi-core processors, multiple threads can genuinely run in parallel across
different cores, greatly improving application throughput.

\ V.

0.33.2 Creating a Thread

In Java, threading is inherently built into the language. The java.lang package provides a Thread class and a
Runnable interface to facilitate thread creation and management. There are two primary mechanisms to create a new
thread:

1. By extending the Thread class.

2. By implementing the Runnable interface.

Both approaches require the developer to override or implement the run() method, which acts as the entry point
for the thread. The code placed inside the run() method constitutes the task that the thread will execute.

Extending the Thread Class

The most direct way to create a thread is to define a new class that extends the java.lang.Thread class. Once
extended, you must override the run() method. To begin execution, you instantiate your custom thread class and
invoke the start() method inherited from Thread.

Example: Extending the Thread Class

class NumberPrinter extends Thread {
@0verride
public void run() {
for(int i = 1; i <= 5; i++) {
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System.out.println("Thread output: " + i);

try {
// Pause the thread for 500 milliseconds
Thread.sleep (500) ;

} catch (InterruptedException e) {
System.out.println(e);

}

3

public class ThreadExample {
public static void main(String[] args) {
NumberPrinter t1 = new NumberPrinter ();
tl.start(); // Initiates thread execution

. J

While extending the Thread class is simple, it has a significant architectural limitation. Because Java does not
support multiple inheritance of classes, a class that extends Thread cannot extend any other class. If your design
requires your thread logic to inherit from a domain-specific base class, this approach will not work.

Implementing the Runnable Interface

To overcome the single-inheritance limitation, Java provides the Runnable interface. This interface contains a single
abstract method, run(). By implementing Runnable, your class is free to extend another class if necessary.

To start a thread using this approach, you must instantiate your Runnable object and pass it to the constructor of
a Thread object. Then, you call start() on the Thread instance.

Example: Implementing the Runnable Interface

class LetterPrinter implements Runnable {

@0verride
public void run() {
for(char ¢ = ’A’; ¢c <= ’E’; c++) {
System.out.println("Runnable output: " + c);
try {

Thread.sleep (500) ;
} catch (InterruptedException e) {
System.out.println(e);

3

}

public class RunnableExample {
public static void main(String[] args) {
LetterPrinter printer = new LetterPrinter ();
Thread t2 = new Thread(printer);
t2.start(); // Initiates thread execution

\ /

Implementing Runnable is generally considered the preferred and more flexible approach. It strictly separates the
task being performed (the Runnable) from the mechanism executing the task (the Thread).

Important / Warning

Never Call run() Directly A common mistake among beginners is to invoke the run() method directly instead of
using start (). While calling run() will execute the code within it, it will execute synchronously on the current
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thread. No new thread will be spawned. The start () method is essential because it interacts with the JVM and
underlying OS to allocate resources, spawn a new call stack, and subsequently invoke run() asynchronously.

0.33.3 Life Cycle of a Thread

During its existence, a Java thread transitions through various states. The thread lifecycle is managed by the JVM.
According to the Thread.State enum, a thread can exist in one of the following states:

1. New (Born): When a Thread instance is created but the start() method has not yet been invoked, the thread
is in the New state. It is considered an object in memory, but no active execution context exists.

2. Runnable (Ready): Once the start () method is called, the thread transitions to the Runnable state. A thread
in this state is ready to execute and is waiting in the queue for the CPU’s thread scheduler to allocate execution
time. It may be currently running or simply ready to run.

3. Running: The thread scheduler assigns CPU time to the thread, and the instructions inside its run() method
are actively being executed. (Note: Java’s internal Thread.State does not have a separate "Running" state; it is
considered part of the "Runnable" state. However, conceptually, it is executing).

4. Blocked / Waiting: A thread enters a blocked or waiting state when it is temporarily inactive. This can
happen for several reasons:
o Waiting to acquire a monitor lock to enter a synchronized block (Blocked).
o Explicitly waiting for another thread to perform a specific action via wait () or join() (Waiting).
o Sleeping for a specified amount of time using Thread.sleep() (Timed Waiting).

Once the condition is resolved (the lock is acquired, the notification is received, or the time expires), the thread
returns to the Runnable state.

5. Terminated (Dead): A thread enters the Terminated state when its run() method completes execution
normally, or if an unhandled exception causes it to terminate prematurely. Once a thread is dead, it cannot be
restarted. Attempting to call start() on a dead thread will throw an I1legalThreadStateException.

Key Concept

Thread Scheduler The Thread Scheduler is a component of the Java Virtual Machine (or underlying OS) that
dictates which runnable thread will execute next. It generally uses a preemptive, priority-based scheduling
algorithm, but its exact behavior is heavily platform-dependent. Therefore, developers should never rely on thread
execution order for program correctness.

0.33.4 Thread Priority

In Java, every thread has an assigned priority. Thread priority is an integer value that guides the thread scheduler in
deciding which thread to run when multiple threads are in the Runnable state. A thread with a higher priority is more
likely to be selected for execution than a thread with a lower priority. However, priority does not guarantee execution
order; it only serves as a recommendation to the scheduler.

The Thread class defines three static integer constants for priority:

o Thread.MIN_PRIORITY: The lowest priority a thread can have (value: 1).

o Thread.NORM_PRIORITY: The default priority assigned to a thread (value: 5). By default, a new thread inherits
the priority of its parent thread.

o Thread.MAX_PRIORITY: The maximum priority a thread can have (value: 10).

You can retrieve and alter a thread’s priority using the getPriority() and setPriority(int newPriority)
methods.

Example: Setting Thread Priority

class Task extends Thread {
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public void run() {
System.out.println("Running thread: " + Thread.currentThread().getName ()
+ ", Priority: " + Thread.currentThread().getPriority());

3

public class PriorityDemo {
public static void main(String[] args) {
Task t1 = new Task();
Task t2 new Task () ;
Task t3 new Task () ;

tl.setPriority(Thread.MIN_PRIORITY); // Priority 1
t2.setPriority (Thread.NORM_PRIORITY); // Priority 5
t3.setPriority(Thread.MAX_PRIORITY); // Priority 10

tl.start () ;
t2.start () ;
t3.start () ;

\. J

While setting priorities can help tune performance, it is crucial to avoid a situation known as starvation, where
high-priority threads constantly monopolize the CPU, preventing lower-priority threads from ever getting a chance to
execute.

0.33.5 Thread Exception Handling in Threads

Handling exceptions in a multithreaded environment requires special consideration. When a standard, single-threaded
application throws an uncaught runtime exception, the program crashes and prints a stack trace. In a multithreaded
application, if an uncaught exception is thrown inside a thread’s run() method, only that specific thread terminates.
The rest of the application, including the main thread and other spawned threads, continues to execute normally.

Because the run() method signature in both Thread and Runnable does not declare any checked exceptions (i.e.,
no throws Exception clause), you must handle all checked exceptions (like I0Exception or InterruptedException)
using try-catch blocks directly within the run() method.

However, runtime exceptions (unchecked exceptions like NullPointerException) can still occur and abruptly
terminate the thread. To intercept these silent failures, Java provides the UncaughtExceptionHandler interface. You
can attach a handler to a thread to dictate what should happen if it terminates due to an unhandled exception.

Example: Uncaught Exception Handler

public class ExceptionHandlerDemo {
public static void main(String[] args) {

Thread tl1 = new Thread(() -> {
System.out.println("Thread started.");
// This will cause an ArithmeticException
int result = 10 / 0;
System.out.println("This line will not print.");

3

// Set the uncaught exception handler
tl.setUncaughtExceptionHandler (new Thread.UncaughtExceptionHandler () {

@0verride
public void uncaughtException(Thread t, Throwable e) {
System.out.println("Exception in thread " + t.getName() + ": " + e.

getMessage ());
// Perform logging or cleanup here

)

tl.start () ;
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System.out.println("Main thread continues executing independently.");

By utilizing UncaughtExceptionHandler, developers can gracefully log errors, release locks, or attempt recovery
when a thread fails unexpectedly, preventing silent failures that are incredibly difficult to debug in concurrent
applications.

H e 1 1 0 !

Figure 38: String Character Array Representation
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0.34 File Handling and Collections Framework

0.35 Stream Classes, Class Hierarchy, and Useful I/O Classes

Input and Output (I/O) form the core of communication between an application and its environment. Whether reading
data from a text file on a local disk, receiving requests over a network socket, or displaying results on a user’s terminal,
a Java program handles these interactions using I/O processes. The java.io package provides a robust and flexible
framework for handling such operations through the concept of “streams.”

0.35.1 Concept of Stream Classes

A stream in Java can be conceptualized as an ordered sequence of data flowing from a source to a destination. The
concept abstracts away the intricate details of the underlying devices (such as a hard drive, a network card, or memory
arrays), allowing developers to interact with different types of I/O devices using the same standard methods.

Stream In Java, a stream is an abstraction that either produces or consumes information. It represents a continuous,
one-way flow of data between a source (like a file, memory, or network) and a destination. A stream is linked to a
physical device by the Java I/O system.

Streams are fundamentally categorized based on the direction of data flow:

o Input Streams: These read data from a source (e.g., a file, keyboard, or network connection) into the Java
application.

o Output Streams: These write data from the Java application to a destination (e.g., a file on the disk, a printer,
or a network socket).

Abstraction of I/O The true power of Java streams lies in abstraction. An InputStream behaves identically
whether reading bytes from a local file, downloading data from a remote web server, or receiving input from a
user’s keyboard. The logic to process the data remains uniform regardless of the data’s origin or destination.

0.35.2 Class Hierarchy of Stream Classes

Java’s I/O framework was historically built around byte-oriented streams. However, to better accommodate Unicode
characters and internationalization, Java 1.1 introduced character-oriented streams. This dual nature divides the
primary stream classes into two distinct hierarchies: Byte Streams and Character Streams.

Byte Stream Hierarchy

Byte streams provide a convenient means for handling input and output of raw 8-bit bytes. They are ideal for reading
or writing binary data, such as images, audio files, or compiled program data. The foundational abstract classes for
byte streams are InputStream and OutputStream.

e InputStream: The abstract superclass of all classes representing an input stream of bytes. Key subclasses include:

FileInputStream: Reads data from a file on the file system.

ByteArrayInputStream: Uses a byte array as the source of data.
— FilterInputStream: Forms the base for decorators like BufferedInputStream and DataInputStream.
— ObjectInputStream: Used for deserializing objects.

e OutputStream: The abstract superclass of all classes representing an output stream of bytes. Key subclasses
include:

FileOutputStream: Writes data to a file.
— ByteArrayOutputStream: Writes data to a dynamically growing byte array.

— FilterOutputStream: The base for decorators like BufferedOutputStream, DataOutputStream, and
PrintStream.

ObjectOutputStream: Used for serializing objects.
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Character Stream Hierarchy

Character streams are designed for handling 16-bit Unicode characters. While byte streams can be used for text,
character streams automatically handle translation between the local character set and Unicode, making them the
superior choice for processing text data (like .txt, .csv, or .html files). The abstract superclasses are Reader and
Writer.

e Reader: The abstract superclass for character input streams. Important subclasses include:

— FileReader: Used to read text from files.
— BufferedReader: Buffers characters to provide efficient reading of text lines.
— InputStreamReader: A bridge from byte streams to character streams; reads bytes and decodes them into

characters.

e Writer: The abstract superclass for character output streams. Important subclasses include:

FileWriter: Used to write text to files.
— BufferedWriter: Buffers characters to provide efficient writing.
— OutputStreamWriter: A bridge from character streams to byte streams.

— PrintWriter: Writes formatted representations of objects to a text-output stream.

Important / Warning

Choosing Between Streams Never use byte streams (InputStream / OutputStream) for reading or writing text
files, especially if the text contains characters outside the standard ASCII range. Doing so can result in corrupted
text and data loss due to improper encoding/decoding. Always use character streams (Reader / Writer) for text,
and reserve byte streams for binary data.

0.35.3 Useful I/O Classes

Beyond the base classes, the java.io package offers several useful utility classes built atop the core stream hierarchies.
These classes utilize the Decorator Design Pattern, allowing developers to wrap streams to add new functionality
without altering the underlying classes.

o Buffered Streams (BufferedInputStream, BufferedReader, etc.): Interacting with the operating system for
every read/write operation is highly inefficient. Buffered streams wrap an unbuffered stream to add memory
buffering. They read/write data in large chunks behind the scenes, drastically minimizing disk or network access
and boosting application performance.

o Data Streams (DataInputStream, DataOutputStream): These classes allow the reading and writing of primitive
Java data types (like int, double, boolean) directly in a machine-independent way.

o Object Streams (ObjectInputStream, ObjectOutputStream): Used for object serialization and deserialization,
allowing entire Java objects to be written to a stream (perhaps to save to a file or send across a network) and
read back later.

0.35.4 Deep Dive: FileInputStream and FileOutputStream

File manipulation is one of the most common I/O tasks. Java handles low-level file I/O operations through
FileInputStream and FileOutputStream. Since these are byte streams, they interact with the file system on a
byte-by-byte basis, making them suitable for binary data such as executable files, images, PDFs, and compressed
archives.

FileInputStream

The FileInputStream class obtains input bytes from a file in a file system.
Constructors:

e FileInputStream(String name): Creates a FileInputStream by opening a connection to an actual file named
by the path string name.

e FileInputStream(File file): Creates a FileInputStream by opening a connection to an actual file represented
by the File object.
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Key Methods:

e int read(): Reads a byte of data from the input stream. It returns the next byte of data as an integer between
0 and 255. If the end of the file is reached, it returns -1.

e int read(byte[] b): Reads up to b.length bytes of data into an array of bytes.

e void close(): Closes the file input stream and releases any system resources associated with the stream.

Important / Warning

Handling FileNotFoundException When creating a FileInputStrean, if the specified file does not exist, is a direc-
tory rather than a regular file, or for some other reason cannot be opened for reading, a FileNotFoundException
is thrown. Because this is a checked exception, your code must handle it using a try-catch block or declare it in
the method signature.

FileOutputStream

The FileOutputStrean class is an output stream for writing data to a File or a FileDescriptor.
Constructors:

e FileOutputStream(String name): Creates a file output stream to write to the file with the specified name. If
the file already exists, it will be overwritten.

o FileQutputStream(String name, boolean append): Creates a file output stream to write to the file with the
specified name. If append is true, the bytes will be written to the end of the file rather than the beginning.

e FileOutputStream(File file): Creates a file output stream to write to the file represented by the specified
File object.

Key Methods:
o void write(int b): Writes the specified byte (the lower 8 bits of the integer) to the output stream.
e void write(bytel[]l b): Writes b.length bytes from the specified byte array to the output stream.

e void close(): Closes the file output stream and releases any system resources.

Key Concept

The Try-With-Resources Statement When working with any I/O stream, it is critical to close the stream once you
are finished to free up operating system resources. Failing to close streams can lead to memory leaks or locked files.
Modern Java (Java 7 and later) simplifies this with the try-with-resources statement, which automatically
closes any class implementing the AutoCloseable interface, ensuring resources are freed even if exceptions occur.

0.35.5 Example: Copying a File

To solidify our understanding, let’s look at a practical example where we use FileInputStream and FileOutputStream
to copy the contents of one file to another. This demonstrates the fundamental pattern of reading from an input stream
and writing directly to an output stream.

File Copying using Byte Streams

import java.io.FileInputStream;
import java.io.FileOutputStream;
import java.io.IOException;

public class FileCopyExample {
public static void main(String[] args) {
String sourceFile = "source_image. jpg"
String destFile = "copy_image. jpg";

-
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// Using try-with-resources for automatic resource management
try (FileInputStream fis = new FileInputStream(sourceFile);
FileOutputStream fos = new FileOutputStream(destFile)) {

int byteData;
// Read one byte at a time
// read() returns -1 when the end of the stream is reached
while ((byteData = fis.read()) != -1) {
// Write the byte to the destination file
fos.write(byteData) ;

System.out.println("File copied successfully!");
} catch (I0Exception e) {

System.err.println("An error occurred during file copy: " + e.getMessage());
e.printStackTrace() ;

\. J

While the example above works perfectly, reading and writing a file one byte at a time is slow because it requires
thousands or millions of individual I/O operations. In a real-world scenario, you would utilize a byte array buffer or
wrap the streams in BufferedInputStream and BufferedOutputStream to drastically improve performance.

Optimized File Copying with a Buffer

import java.io.FileInputStream;
import java.io.FileOutputStream;
import java.io.IOException;

public class BufferedFileCopyExample {
public static void main(String[] args) {
String source = "large_video.mp4";
String dest = "large_video_backup.mp4";

try (FileInputStream fis = new FileInputStream(source);
FileOutputStream fos = new FileOutputStream(dest)) {

// Create a buffer of 4 Kilobytes
byte[] buffer = new byte[4096];
int bytesRead;

// Read up to 4096 bytes into the buffer at once
while ((bytesRead = fis.read(buffer)) != -1) {
// Write only the bytes that were actually read
fos.write(buffer, 0, bytesRead);

System.out.println("Large file copied efficiently!");
} catch (IOException e) {

System.err.println("I/0 Error: " + e.getMessage());
}
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In this optimized version, instead of making an I/O request for every single byte, the program requests data in
chunks of 4096 bytes. This greatly reduces the overhead of context switching between the Java Virtual Machine and the
host operating system, showcasing a more professional approach to utilizing FileInputStream and FileOutputStream.

0.35.6 Summary

Understanding stream classes and their hierarchical structure is fundamental for any Java developer. The clean separation
between Byte Streams (InputStream/OutputStream) for binary data and Character Streams (Reader/Writer)
for text data enforces robust handling of internationalization and data formats. Furthermore, mastering foundational
classes like FileInputStream and FileQutputStream forms the bedrock for interacting with the operating system’s
file system, allowing applications to persist state, process media, and manipulate data securely and efficiently. By
combining these core streams with decorators and the try-with-resources construct, developers can build safe,
performant I/O pipelines.

String Constant Pool

Figure 39: String Constant Pool

0.36 Creation, Reading, and Writing of Text Files

In the realm of software development, the ability to store data persistently is paramount. While databases provide
robust storage solutions for complex data, plain text files remain a universal, lightweight, and human-readable format
for configuration, logging, and simple data exchange. Java provides a rich and versatile set of Application Programming
Interfaces (APIs) for handling File Input/Output (I/O) operations. In this section, we will delve deeply into the
creation, reading, and writing of text files using both traditional and modern Java I/O techniques.

0.36.1 Understanding Text Files and Streams

Before we begin manipulating files, it is essential to understand how Java views file operations. In Java, an 1/O
operation is performed using Streams. A stream is a sequence of data flowing from a source to a destination.
There are two primary categories of streams in Java:

o Byte Streams: Used for handling raw binary data (e.g., images, audio files). Classes like FileInputStream and
FileOutputStream operate at the byte level.

o Character Streams: Specifically designed for handling character data (text). They automatically translate
between internal Java Unicode characters and the local character encoding. Classes like FileReader and
FileWriter fall into this category.

Since we are focusing on text files, we will primarily utilize Character Streams and their buffered counterparts to
ensure optimal performance.

Text File A text file is a type of computer file that is structured as a sequence of lines of electronic text. A text
file exists within a computer file system and contains only printable characters and basic control characters (like
newline or tab), making it directly readable by humans using standard text editors.

Buffering Buffering is a crucial concept in I/O operations. Instead of reading or writing one character at a
time directly to the physical disk—which is an incredibly slow operation—buffered streams (BufferedReader,
BufferedWriter) read or write data in large blocks (buffers) stored in memory. This drastically reduces the
number of disk accesses, leading to significantly improved application performance.

0.36.2 Creation of a Text File

Creating a text file in Java can be accomplished using several approaches, depending on whether you are using the
traditional java.io package or the newer java.nio.file (New I/O) package introduced in Java 7.
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The Legacy Approach: java.io.File

The File class in the java.io package represents an abstract pathname. It does not actually contain the file’s data but

acts as a handle to the file system. To create a new file, you instantiate a File object and invoke the createNewFile ()
method.

Creating a File using java.io.File

import java.io.File;
import java.io.IOException;

public class FileCreationExample {
public static void main(String[] args) {
File myFile = new File("example.txt");
try {
// createNewFile returns true if the file was created,
// false if it already exists.
if (myFile.createNewFile ()) {
System.out.println("File created: " + myFile.getName());
} else {
System.out.println("File already exists.");
}
} catch (IOException e) {
System.out.println("An error occurred during file creation.");
e.printStackTrace () ;

\.

J

Important / Warning

Checked Exceptions in File I/O Almost all File I/O operations in Java can throw an I0Exception. Because
I0Exception is a checked exception, the Java compiler mandates that you either catch it using a try-catch block
or declare it in your method signature using the throws keyword. Failure to do so will result in a compilation
€rror.

-~

The Modern Approach: java.nio.file.Files

The java.nio.file package provides a more robust and comprehensive way to handle file system operations. The
Paths class is used to create Path objects, and the Files utility class contains static methods that operate on files,
directories, and other types of files.

Creating a File using NIO.2

import java.nio.file.Files;
import java.nio.file.Path;

import java.nio.file.Paths;
import java.io.IOException;

public class NIOFileCreation {
public static void main(String[] args) {
Path filePath = Paths.get("new_nio_example.txt");
try {
Files.createFile(filePath);
System.out.println("File created successfully.");
} catch (IOException e) {

System.out.println("Exception: File might already exist.");
}

-~
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0.36.3 Writing to Text Files

Once a file is created, or even if it doesn’t exist yet (as writing operations often create the file automatically), we can
write text data into it.

Using FileWriter and BufferedWriter

The most common traditional way to write text is by chaining a FileWriter to a BufferedWriter. The FileWriter
handles the character-to-byte encoding, while the BufferedWriter provides efficiency by grouping multiple writes
together.

Writing Text with BufferedWriter

import java.io.BufferedWriter;
import java.io.FileWriter;
import java.io.IOException;

public class FileWritingExample {
public static void main(Stringl[] args) {
String content = "Hello, World!\nWelcome to Java File I/0.";

// try-with-resources statement ensures resources are closed

try (BufferedWriter writer = new BufferedWriter (new FileWriter ("output.txt"))
) {
writer.write(content) ;
writer .newLine(); // Adds a system-dependent newline character
writer.write("This is a new line.");
System.out.println("Data successfully written to file.");

} catch (IOException e) {
System.err.println("Error writing to file: " + e.getMessage());

3

J

Notice the use of the try-with-resources statement in the example above. Introduced in Java 7, this structure
guarantees that any resource implementing the AutoCloseable interface (like our writers and readers) will be automat-

ically closed at the end of the try block, regardless of whether an exception is thrown. This prevents resource leaks
and file locks.

Appending Data to a File

By default, creating a FileWriter will overwrite any existing content in the specified file. If you wish to preserve the
existing content and add new text to the end of the file, you must pass true as the second argument to the FileWriter
constructor, enabling append mode.

// Opens the file in append mode

FileWriter fw = new FileWriter ("output.txt", true);
BufferedWriter bw = new BufferedWriter (fw);
bw.write ("\nAppending a new line.");

Modern Writing with NIO.2

For simple tasks where you want to write a string or a list of strings directly to a file, the Files class offers extremely
convenient methods, drastically reducing boilerplate code.

Writing Text using Files.writeString

import java.nio.file.Files;

import java.nio.file.Path;

import java.nio.file.Paths;

import java.nio.file.StandardOpenOption;
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import java.io.IOException;

public class NIOWritingExample {
public static void main(Stringl[] args) {
Path path = Paths.get("nio_output.txt");
String text = "Modern Java makes I/0 very simple!";

try {
// Writes string to file. Creates file if it doesn’t exist.
Files.writeString(path, text);

// Appending using StandardOpenOption

Files.writeString (path, "\nMore text.", StandardOpenOption.APPEND);
} catch (IOException e) {

e.printStackTrace () ;
}

0.36.4 Reading from Text Files

Reading data from text files is the logical counterpart to writing. Similar to writing, Java offers both traditional
buffered readers and modern NIO utility methods to accomplish this task.

Using FileReader and BufferedReader

The standard idiom for reading a text file line-by-line involves wrapping a FileReader within a BufferedReader.
The BufferedReader provides the highly useful readLine () method, which reads text until it encounters a newline
character (\n or \r\n) and returns the line as a String. It returns null when the end of the file (EOF) is reached.

Reading Line-by-Line with BufferedReader

import java.io.BufferedReader;
import java.io.FileReader;
import java.io.IOException;

public class FileReadingExample {
public static void main(String[] args) {
String filePath = "output.txt";

try (BufferedReader reader = new BufferedReader (new FileReader (filePath))) {
String line;
// Read lines iteratively until EOF
while ((line = reader.readLine()) != null) {
System.out.println(line) ;
}
} catch (IOException e) {
System.err.println("Error reading the file: " + e.getMessage());

3

Reading Files using the Scanner Class

The Scanner class, found in the java.util package, is a versatile text scanner that can parse primitive types and
strings using regular expressions. It is particularly useful when the text file contains structured data separated by
delimiters (like spaces or commas).
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Parsing Data with Scanner

import java.io.File;
import java.io.FileNotFoundException;
import java.util.Scanner;

public class ScannerExample {
public static void main(String[] args) {
try (Scanner scanner = new Scanner (new File("data.txt"))) {
// Iterate as long as there is more input
while (scanner.hasNextLine()) {
String data = scanner.nextLine () ;
System.out.println(data) ;
}
} catch (FileNotFoundException e) {
System.out.println("File was not found.");

3

J

While Scanner is excellent for tokenization, it is generally slower than BufferedReader due to its internal regex
parsing overhead. If your goal is simply to read large blocks of raw text line-by-line without parsing, BufferedReader
is the more performant choice.

Modern Reading with NI10O.2

The Files utility class shines again when reading files. It provides methods to load the entire contents of a file into
memory with a single line of code.

o Files.readAllLines(Path): Reads all lines from a file into a List<String>.

e Files.readString(Path): (Introduced in Java 11) Reads all content from a file directly into a single String.

Reading Entire File with NIO.2

import java.nio.file.Files;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.util.List;
import java.io.IOException;

public class NIOReadingExample {
public static void main(String[] args) {
Path path = Paths.get("output.txt");

try {
// Java 11+ approach to read entire file as a single String
String fullContent = Files.readString(path);
System.out.println("--- Full Content ---");
System.out.println(fullContent) ;

// Read file into a list of lines
List<String> lines = Files.readAllLines (path);
System.out.println("--- Line by Line ---");
for (String line : lines) {
System.out.println(line) ;

}

} catch (IOException e) {
e.printStackTrace () ;

}
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Important / Warning

Memory Constraints with readAl1Lines While Files.readAllLines() and Files.readString() are incredibly
convenient, they load the entire file into the application’s RAM (heap memory). You should absolutely avoid these
methods when dealing with very large files (e.g., a 2GB log file), as this will likely result in an OQutOfMemoryError.
For large files, stream processing with BufferedReader or Files.lines() (which returns a Stream<String>
processed lazily) is mandatory.

\. J

0.36.5 Character Encodings

A frequently overlooked aspect of text file I/O is character encoding. Text is essentially a sequence of bytes interpreted
according to a specific character set (like UTF-8, ASCII, or ISO-8859-1). If you write a file using UTF-8 and attempt to
read it using a different encoding, characters—especially special symbols or non-English alphabets—may be corrupted
and displayed as question marks or gibberish.

The traditional FileReader and FileWriter classes use the platform’s default encoding in older Java versions,
which can lead to portability issues when moving code across different operating systems.

To specify an explicit encoding, it is recommended to use InputStreamReader and OutputStreamWriter, or
leverage the modern NIO methods, which typically default to UTF-8.
import java.io.FileOutputStream;
import java.io.OutputStreamWriter;
import java.io.BufferedWriter;
import java.io.Writer;
import java.nio.charset.StandardCharsets;

// Specifying UTF-8 encoding when writing
try (Writer writer = new BufferedWriter (new OutputStreamWriter (
new FileOutputStream("utf8_text.txt"), StandardCharsets.UTF_8))) {
writer .write("Writing with explicit UTF-8 encoding.");
} catch (Exception e) {
e.printStackTrace () ;

}

Modern NIO methods like Files.writeString and Files.readString accept a Charset parameter, defaulting to
UTF-8, which makes building cross-platform, internationalized applications much safer and cleaner.

0.36.6 Summary

In this section, we explored the essential techniques for managing text files in Java. We began by understanding
the role of Character Streams and buffers. We then examined how to create, write, and read text files using both
traditional java.io classes (File, FileReader, FileWriter, BufferedReader) and modern java.nio.file classes
(Files, Paths). Finally, we touched upon crucial best practices, including using try-with-resources for automatic
resource management and being mindful of character encodings and memory usage when reading large files. Mastering
these file I/O concepts is critical for building applications that persist state, process logs, and manipulate configuration
data.

Figure 40: Hierarchical Inheritance

0.37 Collections Framework: Overview, Classes, and For-Each Loop

0.37.1 Overview of the Collections Framework

In the Java programming language, a collection is simply an object that groups multiple elements into a single unit.
It provides a way to store, retrieve, manipulate, and communicate aggregate data. Historically, early versions of Java
provided rudimentary data structures such as Vector, Stack, Hashtable, and arrays. However, they lacked a unifying
theme. With Java 2, the Collections Framework was introduced as a sophisticated hierarchy of interfaces and classes
designed to provide a standardized, robust, and highly efficient way to manage groups of objects.
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Collections Framework The Java Collections Framework (JCF) is a unified architecture for representing and

manipulating collections. It contains interfaces, implementations (concrete classes), and algorithms (polymorphic
methods) that enable developers to work with various data structures seamlessly and efficiently.

The framework is rooted in the java.util package and provides several crucial benefits:

e Reduces programming effort: By providing ready-to-use data structures and algorithms, developers do not
need to write their own implementations from scratch.

e Increases performance: The built-in classes are highly optimized and thoroughly tested.

e Promotes software reuse: A standard interface for collections enables different APIs to interoperate seamlessly.

Key Concept

Core Interfaces The Collections Framework revolves around a few core interfaces:

¢ Collection: The root interface for most collections, defining basic operations like add (), remove (), and
size().

o List: An ordered collection that allows duplicate elements (e.g., ArrayList, LinkedList).
o Set: A collection that cannot contain duplicate elements (e.g., HashSet, TreeSet).

o Map: An object that maps keys to values, with no duplicate keys allowed (e.g., HashMap). Note that Map is
part of the framework but does not inherit from the Collection interface.

0.37.2 The Collection Classes

Java provides various concrete implementations for its collection interfaces. Choosing the right implementation is
critical for application performance and correctness. In this section, we will explore three heavily used collection classes:
ArrayList, LinkedList, and HashSet.

ArrayList

The ArrayList class is one of the most widely used implementations of the List interface. As the name suggests, it is
backed by a dynamic array that can grow or shrink in size automatically as elements are added or removed.

Unlike standard Java arrays, which have a fixed length established at the time of creation, an ArrayList handles
the complexity of resizing internally. When the underlying array runs out of capacity, the ArrayList creates a new,
larger array and copies the old elements into it.

ArrayList ArrayList is a resizable-array implementation of the List interface. It permits all elements, including
null, and provides fast, constant-time performance for positional access operations.

Key Characteristics of ArrayList:
e Ordering: It maintains the insertion order of elements.
e Duplicates: It allows duplicate elements.

o Performance: Retrieving an element by its index is extremely fast (O(1) time complexity). However, inserting
or deleting elements in the middle of the list can be slow (O(n) time complexity) because it requires shifting all
subsequent elements.

o Thread Safety: ArrayList is not synchronized, meaning it is not thread-safe by default.

Using ArrayList The following example demonstrates creating an ArrayList, adding elements, and accessing
them.



https://milav.in

import java.util.Arraylist;

public class ArrayListExample {
public static void main(Stringl[] args) {
// Create an ArraylList to store Strings
ArraylList<String> fruits = new ArrayList<>();

// Add elements

fruits.add("Apple");

fruits.add("Banana");

fruits.add("Mango") ;

fruits.add("Apple"); // Duplicates are allowed

// Accessing an element by index
System.out.println("First fruit: " + fruits.get(0));

// Removing an element
fruits.remove ("Banana") ;

System.out.println("Current list: " + fruits);

Important / Warning

Autoboxing and Primitive Types Collections in Java can only store objects, not primitive data types (like int,
char, double). To store primitives, you must use their corresponding Wrapper classes (e.g., Integer, Character,
Double). Java’s autoboxing feature automatically converts primitives to their wrapper counterparts when adding
them to a collection.

LinkedList

The LinkedList class is another implementation of the List interface, but its underlying data structure is entirely
different from ArrayList. It is implemented as a doubly-linked list, meaning each element (called a node) contains
the actual data as well as references (pointers) to the previous and next nodes in the sequence.

Because of this structure, elements are not stored in contiguous memory locations. Instead, they are scattered
across the heap, linked together by pointers.

LinkedList LinkedList is a doubly-linked list implementation of the List and Deque interfaces. It provides
optimal performance for insertions and deletions at the beginning or middle of the collection.

Key Characteristics of LinkedList:

e Ordering and Duplicates: Like ArrayList, it maintains insertion order and permits duplicates.

o Performance: Inserting or deleting an element is fast (O(1) time complexity if the node is known) because
no elements need to be shifted; only the pointers of adjacent nodes are updated. However, positional access
(getting an element at a specific index) is slow (O(n) time complexity) because the list must be traversed from
the beginning or end to reach the desired position.

o Extra Functionality: It implements the Deque interface, providing methods like addFirst (), addLast(),
removeFirst (), and removelLast (), making it suitable for creating queues and stacks.

Using LinkedList

import java.util.LinkedList;

public class LinkedListExample {
public static void main(String[] args) {
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LinkedList <String> queue = new LinkedList<>();

// Add elements

queue.add ("Customer 1");
queue .add ("Customer 2");
queue .add ("Customer 3");

// Add to the beginning
queue.addFirst ("Priority Customer");

// Remove the first element
String served = queue.removeFirst ();

System.out.println("Served: " + served) ;
System.out.println("Remaining queue: " + queue);

. J

Key Concept

ArrayList vs. LinkedList Deciding between ArrayList and LinkedList depends on the expected workload. If your
application frequently accesses elements by index and performs few structural modifications (insertions/deletions),
ArrayList is significantly faster and more memory-efficient. Conversely, if your application requires frequent
insertions and deletions at both ends or in the middle, and rarely requires random access, LinkedList is the
superior choice.

\\ V.

HashSet

Moving away from lists, the HashSet class is the most commonly used implementation of the Set interface. Unlike
lists, sets are primarily used to guarantee mathematical uniqueness—they do not allow duplicate elements.

The HashSet is backed by a hash table (specifically, a HashMap instance behind the scenes). When you add an
object to a HashSet, Java uses the object’s hashCode () method to determine where to store it in memory. This
mechanism allows for extremely fast retrieval.

HashSet HashSet is an implementation of the Set interface backed by a hash table. It makes no guarantees
regarding the iteration order of the set and provides constant-time performance for basic operations (add, remove,
contains).

Key Characteristics of HashSet:

e No Duplicates: If you attempt to add an element that already exists in the set, the operation will be ignored,
and the add() method will return false.

e No Guaranteed Ordering: Elements are not stored in the order they were inserted. The internal ordering
depends on the hash codes of the elements and may even change over time as the set resizes.

e Null Elements: It allows at most one null element.

o Performance: Offers exceptional performance (O(1) time complexity on average) for adding, removing, and
checking the presence of an element.

Using HashSet
import java.util.HashSet;
public class HashSetExample {

public static void main(String[] args) {
HashSet<String> uniquelds = new HashSet<>();
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// Add elements

uniqueIds.add("ID-1001");
uniqueIds.add("ID-1002");
uniqueIds.add("ID-1003");

// Attempting to add a duplicate
boolean isAdded = uniqueIds.add("ID-1001");
System.out.println("Was duplicate added? " + isAdded);

System.out.println("Set elements: " + uniquelds);

// Checking for existence

if (uniquelIds.contains ("ID-1002")) {
System.out.println("ID-1002 is present.");

}

\. J

Important / Warning

The hashCode() and equals() Contract When storing custom objects in a HashSet, you must properly override
both the hashCode () and equals() methods in your custom class. If two objects are considered equal according
to the equals () method, they must produce the same integer result from their hashCode () method. Failing to
honor this contract will cause the HashSet to behave unpredictably, allowing duplicate conceptual objects or
failing to find existing ones.

\.

0.37.3 The For-Each Loop

Iterating over collections using traditional for loops or Iterator objects can be verbose and prone to off-by-one errors.
To simplify this common task, Java 5 introduced the for-each loop (also known as the enhanced for loop).

The for-each loop provides a cleaner, more readable syntax for traversing arrays and collections. It hides the
complexity of indices and iterators, allowing you to focus purely on the elements being processed.

For-Each Loop The for-each loop is a control flow statement designed specifically to iterate over arrays and

objects that implement the Iterable interface (which includes all Collection classes). It retrieves elements one by
one from the beginning to the end of the collection without the need for an explicit loop counter or iterator object.

Syntax of the For-Each Loop:

for (DataType variableName : collectionOrArray) {
// Code to execute for each element

}

Here, the DataType must match the type of elements stored in the collection. The variableName acts as a temporary
placeholder that holds the current element during each iteration. The colon (:) can be read aloud as "in".

Iterating Collections with For-Each The following snippet demonstrates how elegantly the for-each loop handles
collections compared to traditional methods.

import java.util.Arraylist;

public class ForEachExample {
public static void main(Stringl[] args) {
ArrayList<String> languages = new ArrayList<>();
languages.add (" Java");
languages.add ("Python") ;
languages.add ("C++");

// Iterating using the enhanced for-each loop
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System.out.println("Programming Languages:");

for (String lang : languages) {
System.out.println("- " + lang);

b

Limitations of the For-Each Loop While the for-each loop is incredibly convenient, it has some limitations compared
to standard for loops or Iterators:

1. No structural modifications: You cannot add or remove elements from the collection while iterating over
it with a for-each loop. Attempting to do so will result in a ConcurrentModificationException. If you
need to remove elements during iteration, you must use an explicitly declared Iterator and its remove ()
method.

2. No index access: The for-each loop completely abstracts away indices. You cannot easily determine the
index of the current element, nor can you replace an element at a specific position.

3. Forward only: It can only traverse the collection in a forward direction from start to finish. You cannot
iterate backwards or skip elements cleanly.

0.37.4 Summary

The Java Collections Framework provides a comprehensive suite of data structures that drastically simplify programming.
By choosing the right implementation—such as ArrayList for fast retrieval, LinkedList for frequent modifications,
or HashSet for ensuring uniqueness—you can write highly optimized software. Furthermore, the for-each loop
integrates seamlessly with these collections, promoting clean, readable, and less error-prone code when traversing data.
Understanding these core components is foundational to mastering Java programming and building robust applications.

0.38 Map Interface and the HashMap Class

0.38.1 Introduction to the Map Interface

In the Java Collections Framework, the Map interface represents a data structure that stores elements in the form of
key-value pairs. Unlike traditional collections such as List or Set that store individual elements, a Map establishes a
mapping from a unique key to a specific value. You can think of a Map as a dictionary where you look up a word (the
key) to find its definition (the value).

The Map interface is not a subtype of the Collection interface; it stands apart in the framework hierarchy because its
behavior and structure inherently differ from collections of single elements. A Map cannot contain duplicate keys—each
key maps to at most one value. However, different keys can map to the same value.

Box[HashMap| The HashMap class is the most commonly used implementation of the Map interface in Java. It is
part of the java.util package and relies on a hash table data structure to store its key-value pairs. By using a
technique called hashing, HashMap provides constant-time performance, O(1), for basic operations like get and
put, assuming the hash function disperses the elements properly among the buckets.

0.38.2 Internal Working of HashMap

Understanding how HashMap works internally is crucial for any Java developer, as it directly impacts how you design
your keys and tune your map for optimal performance.

At its core, a HashMap uses an array of buckets (or slots) to store its data. Each bucket points to a linked list (or a
balanced tree) of Nodes. A Node is an inner class within HashMap that holds four pieces of information:

1. int hash: The computed hash code of the key.

2. K key: The key itself.
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3. V value: The value associated with the key.

4. Node<K,V> next: A reference to the next node in case of a hash collision.

The Hashing Mechanism

When you insert a key-value pair into a HashMap using the put () method, the following sequence of events occurs:
1. The map calculates the hash code of the key by calling the key’s hashCode () method.

2. To minimize collisions and ensure the hash code fits within the bounds of the bucket array, the HashMap applies a
supplementary hash function (often bitwise operations like XOR and right shifts).

3. An index is calculated using the bitwise AND operation: index = (n - 1) & hash, where n is the size of the
bucket array. This index dictates the specific bucket where the node will be stored.

Concept Always override equals() and hashCode() together when creating custom objects to be used as keys in
a HashMap. If two objects are equal according to the equals() method, they must return the same hashCode ().
Failing to adhere to this contract will result in lost or unretrievable values in the HashMap.

Handling Hash Collisions

A hash collision occurs when two different keys generate the same index, meaning they must be stored in the same
bucket. Historically (prior to Java 8), HashMap resolved collisions purely through chaining by linking the nodes together
in a singly linked list. When retrieving a value, the map would traverse the linked list at that specific bucket, using the
equals () method to find the exact key.

However, if many keys map to the same bucket (e.g., due to a poor hash function), the linked list becomes long,
degrading the performance of retrieval from O(1) to O(n).

To address this, Java 8 introduced a significant optimization: Treeification. When a single bucket’s linked list
exceeds a certain threshold (default is 8 nodes), the HashMap dynamically transforms the linked list into a balanced
binary search tree (specifically a Red-Black Tree). This improves the worst-case retrieval time complexity from O(n) to
O(logn), providing a robust safeguard against hash collisions.

Treeification Requirement

For treeification to work efficiently, the keys must implement the Comparable interface. If the keys are not
mutually comparable, the tree structure cannot maintain its necessary ordering, and performance gains may not
be fully realized.

Capacity and Load Factor

The bucket array inside a HashMap is not infinite. Its size is governed by two vital parameters:

o Initial Capacity: The number of buckets created when the HashMap is instantiated. The default initial capacity
is 16.

e Load Factor: A measure of how full the HashMap is allowed to get before its capacity is automatically increased.
The default load factor is 0.75.

When the number of entries in the HashMap exceeds the product of the capacity and the load factor (known as
the threshold), the map is rehashed. The capacity is doubled, and all existing entries are redistributed into the new,
larger array of buckets. Rehashing is a highly expensive operation, so if you know the approximate number of entries
beforehand, you should initialize the HashMap with a sufficient capacity to minimize rehashing.

0.38.3 Creating and Using a HashMap

To use a HashMap, you must import java.util.HashMap. The class provides multiple constructors to suit different
needs:

o HashMap<K, V>(): Constructs an empty HashMap with the default initial capacity (16) and the default load
factor (0.75).
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o HashMap<K, V>(int initialCapacity): Constructs an empty HashMap with the specified initial capacity and
the default load factor.

o HashMap<K, V>(int initialCapacity, float loadFactor): Constructs an empty HashMap with the specified
initial capacity and load factor.

e HashMap<K, V>(Map<?
as the specified Map.

extends K, ? extends V> m): Constructs a new HashMap with the same mappings

Core Methods

The HashMap class provides an extensive set of methods to interact with its elements:

e V put(X key, V value): Associates the specified value with the specified key in this map. If the map previously
contained a mapping for the key, the old value is replaced and returned.

e V get(Object key): Returns the value to which the specified key is mapped, or null if this map contains no
mapping for the key.

e V remove(Object key): Removes the mapping for the specified key from this map if present, returning the value
that was associated with the key.

e boolean containsKey(Object key): Returns true if this map contains a mapping for the specified key.

e boolean containsValue(Object value): Returns true if this map maps one or more keys to the specified
value.

e int size(): Returns the number of key-value mappings in this map.
e void clear(): Removes all of the mappings from this map.

e boolean isEmpty(): Returns true if this map contains no key-value mappings.

0.38.4 Iterating Over a HashMap

Unlike Lists or arrays, Maps cannot be iterated directly using a standard for loop or an Iterator because they are not
true Collections. Instead, you must obtain a collection view of the map. HashMap provides three primary methods
for iteration:

1. keySet (): Returns a Set view of the keys contained in the map.
2. values(): Returns a Collection view of the values contained in the map.

3. entrySet(): Returns a Set view of the mappings (key-value pairs) contained in the map. Each element in this
set is an instance of Map.Entry.

Iterating via entrySet () is generally the most efficient method when you need both the keys and values, as it
avoids the secondary lookup (get (key)) required if you only iterate through the keySet ().

Iterating over a HashMap

import java.util.HashMap;
import java.util.Map;

public class MapIteration {
public static void main(String[] args) {

HashMap<Integer , String> studentMap = new HashMap<>();

studentMap.put (101, "Alice");
studentMap.put (102, "Bob");
studentMap.put (103, "Charlie");

// Efficient
for (Map.Entry<Integer,
System.out.println("Roll No:

", Name:

iteration using entrySet ()

String> entry studentMap.entrySet ()) {
" + entry.getKey() +

" + entry.getValue());
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0.38.5 Characteristics and Best Practices

When choosing to use a HashMap, keep the following characteristics and limitations in mind:

1. Ordering: A HashMap makes no guarantees regarding the order of its elements. The order in which elements
are returned during iteration may differ entirely from the order in which they were inserted, and this order can even
change over time as the map undergoes rehashing. If insertion order matters, use LinkedHashMap. If sorted order
matters, use TreeMap.

2. Null Values and Keys: A HashMap allows at most one null key. Because null has no hash code, it is
implicitly assigned a hash value of 0 and stored in the very first bucket (index 0). A HashMap can also contain multiple
null values mapped to different keys.

3. Thread Safety: HashMap is not synchronized, meaning it is not thread-safe. If multiple threads access a hash map
concurrently, and at least one of the threads modifies the map structurally (e.g., adding or deleting mappings), it must be
synchronized externally. A common issue with concurrent structural modifications in older Java versions was the infinite
loop during rehashing. For concurrent applications, use ConcurrentHashMap or Collections.synchronizedMap().

0.38.6 Comprehensive Example Program

Below is a complete Java program demonstrating various operations on a HashMap, including insertion, retrieval,
removal, checking constraints, and iterating over the collection.

import java.util.HashMap;
import java.util.Map;

public class HashMapDemo {
public static void main(Stringl[] args) {
// Create a HashMap to store string keys and integer values
HashMap<String, Integer> inventory = new HashMap<>();

// 1. Adding key-value pairs using put ()
inventory.put ("Laptops", 15);
inventory.put ("Desktops", 10);
inventory.put("Monitors", 25);
inventory.put ("Keyboards", 50);

// HashMap allows one null key and multiple null values
inventory.put (null, 0);
inventory.put("Mice", null);

System.out.println("Initial Inventory: " + inventory);

// 2. Retrieving a value using get ()
int monitorCount = inventory.get("Monitors");
System.out.println ("Number of Monitors: " + monitorCount);

// 3. Updating an existing key

// The old value (15) is replaced by 12

inventory.put ("Laptops", 12);

System.out.println("Updated Laptops count: " + inventory.get("Laptops"));

// 4. Checking existence
if (inventory.containsKey("Desktops")) {
System.out.println("Desktops are in stock.");

3

if (inventory.containsValue (50)) {
System.out.println("Some item has exactly 50 units left.");

}

// 5. Removing an entry
inventory.remove (null);
System.out.println("Inventory after removing null key: " + inventory);
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// 6. Iterating through the map

System.out.println("\n--- Current Inventory Status ---");

for (Map.Entry<String, Integer> item : inventory.entrySet()) {
System.out.println("Item: " + item.getKey() + " | Quantity: " + item.getValue

0O);

}

// 7. Checking size and clearing

System.out.println("\nTotal distinct item types: " + inventory.size());

inventory.clear () ;

System.out.println("Inventory cleared. Is map empty? " + inventory.isEmpty());

This comprehensive coverage equips you with a robust understanding of the HashMap data structure. By recognizing
its underlying mechanics—such as hashing, collision resolution, and load factors—you can write more efficient, scalable,
and bug-free Java code.

Class A

Class B

A

Class C

Figure 41: Multilevel Inheritance
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