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CHAPTER 1

Introduction to Object Oriented Programming
paradigm

1.1 Basics of Java, Background/History of Java, Java and the Internet, Advan-
tages of Java

1.1.1 Basics of Java

Java is one of the most widely used programming languages in the world, renowned for its versatility, security, and
platform independence. Developed as a high-level, class-based, and object-oriented programming language, Java is
specifically designed to have as few implementation dependencies as possible. The underlying philosophy of Java is
summarized by the famous acronym WORA: “Write Once, Run Anywhere.” This means that compiled Java code
(bytecode) can run on all platforms that support Java without the need for recompilation.

At its core, Java was engineered to eliminate the complexities and pitfalls associated with earlier languages like
C and C++. It achieves this by managing memory automatically through a garbage collector and omitting features
like explicit pointer manipulation, which often lead to security vulnerabilities and unstable programs. The language
is strongly typed, ensuring that type checking happens both at compile time and runtime, adding an extra layer of
reliability to large-scale applications.

Definition

Box Java: A general-purpose, concurrent, object-oriented, and class-based programming language. It relies on a
virtual machine (the JVM) to execute its bytecode, granting it the capability to operate seamlessly across different
operating systems and hardware architectures.

To understand the basics of Java, it is crucial to recognize its three foundational components:

• JDK (Java Development Kit): The complete software development environment used by programmers to
write, compile, and debug Java applications. It contains the JRE, along with essential development tools like the
compiler (javac) and archiver (jar).

• JRE (Java Runtime Environment): A software package that provides the class libraries, Java Virtual
Machine (JVM), and other components required to execute applications written in Java. It does not contain the
development tools needed to write new code.

• JVM (Java Virtual Machine): An abstract computing machine that enables a computer to run a Java
program. The JVM is the engine that actually executes the code. It converts Java bytecode into machine-specific,
low-level instructions native to the host operating system.

Key Concept

Concept Bytecode and the JVM: When a Java program is compiled, the source code is not translated
directly into platform-specific machine code. Instead, it is translated into an intermediate, architecture-neutral
representation known as bytecode. The JVM then interprets or compiles this bytecode into native machine
instructions at runtime. This architectural choice is the absolute cornerstone of Java’s platform independence.

1
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Example

Consider the simplest Java application, the classic “Hello World” program.

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

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

}

In this basic structure, everything must be encapsulated within a class (in this case, HelloWorld). The main
method serves as the mandatory entry point for execution. When the command javac HelloWorld.java is
executed, the compiler produces a HelloWorld.class file containing the bytecode. This bytecode is then executed
by the JVM using the command java HelloWorld, which outputs the text to the console.

1.1.2 Background and History of Java

The genesis of Java is a fascinating journey that began not as an attempt to conquer the Internet, but to unify the
programming of consumer electronic devices. In June 1991, a small team of visionary engineers at Sun Microsystems,
dubbed the “Green Team,” was formed. Led by James Gosling, Mike Sheridan, and Patrick Naughton, the team aimed
to develop a language for advanced consumer devices such as interactive set-top boxes and televisions.

Initially, James Gosling designed a language called Oak, named affectionately after an oak tree that stood outside
his office window. However, when the team discovered that ‘Oak” was already a registered trademark for
another technology company, they needed a new identity. After extensive brainstorming sessions,
the name ‘Java” was selected, inspired by the team’s frequent coffee breaks (Java being a popular type of coffee
originating from Indonesia). This is why the universal symbol for Java is a steaming coffee cup.

The primary goal of Project Green was to create a language that was strictly architecture-neutral. At the time,
consumer electronics were powered by a highly diverse array of central processing units (CPUs). Writing software
in C or C++ required manually recompiling the source code for each specific hardware architecture—a tedious and
error-prone process. Java introduced the concept of the Virtual Machine to the mainstream, allowing the exact same
compiled code to run unmodified on any device equipped with a JVM.

Key Concept

Concept The Shift to the Web: By 1994, the interactive television industry had not advanced as rapidly
as anticipated, and Project Green was struggling to find a viable commercial market. However, the World
Wide Web was experiencing an explosive, unprecedented phase of growth. The team quickly realized that the
architecture-neutral, secure, and robust nature of Java made it perfectly suited for the heterogeneous environment
of the Internet.

In 1995, Sun Microsystems formally released Java 1.0. It was rapidly integrated into the Netscape Navigator web
browser in the form of “Applets,” propelling Java into the global mainstream. Over the next two decades, Java evolved
significantly through various editions (J2SE, J2EE, J2ME) and versions, consistently adapting to the demands of
enterprise computing, mobile application development (serving as the core language for the Android operating system),
and large-scale distributed systems. In 2010, Sun Microsystems was acquired by Oracle Corporation, which has since
guided the language’s development, maintaining a regular release cadence to introduce modern programming paradigms
and features.

1.1.3 Java and the Internet

Java’s intimate relationship with the Internet is foundational to its massive success. Before Java arrived on the scene,
the World Wide Web consisted largely of static HTML pages. Content was delivered from the server to the client
without any capacity for dynamic interaction or local computational processing. Java fundamentally altered this
landscape by introducing the concept of the Java Applet.

The Era of Applets

Applets were small, compiled Java programs that were downloaded from a web server and executed securely within a
user’s web browser via the Java Plugin. They allowed developers to embed rich, interactive content—such as animations,
interactive games, real-time data visualizers, and complex calculators—directly into web pages. Because applets were
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written in Java, they were inherently platform-independent, executing flawlessly regardless of whether the end-user was
navigating on a Windows, Mac, or Unix machine.

Furthermore, applets introduced a novel security model to the web known as the Sandbox. Because downloading
and executing arbitrary code from the Internet posed severe security risks, the JVM heavily confined applets to a
restricted environment. Within this sandbox, applets were explicitly prevented from accessing the local file system,
reading sensitive local system properties, or making network connections to servers other than the origin server from
which they were downloaded.

Important / Warning

Applet Deprecation: While revolutionary in the 1990s and early 2000s, Java Applets eventually fell out of
favor. The rise of modern web standards like HTML5, CSS3, and highly advanced JavaScript frameworks provided
superior, native ways to build interactive web applications without the need for cumbersome external plugins.
Modern web browsers, citing security and performance concerns, entirely dropped support for the Java plugin,
and Applets were officially deprecated in Java 9.

Server-Side Java and Enterprise Web Applications

As client-side applets declined, Java’s dominance successfully shifted from the browser to the backend server. The
introduction of Java Servlets and JavaServer Pages (JSP) provided a remarkably robust and scalable framework
for generating dynamic web content directly on the server. Unlike applets, which relied on the client’s machine for
execution, Servlets run entirely on a web server (like Apache Tomcat). They interact with databases, process complex
business logic, and construct standard HTML responses to send back to the user’s browser.

Today, Java powers a vast, hidden portion of the Internet’s backend infrastructure. Frameworks like Spring Boot
and Jakarta EE (formerly Java EE) facilitate the creation of complex, high-performance web services, RESTful APIs,
and microservices. Java’s exceptional multithreading capabilities, combined with its ability to handle immense loads of
concurrent users, make it the de facto language of choice for massive e-commerce platforms, global banking systems,
and sophisticated cloud-native applications.

1.1.4 Advantages of Java

Java’s enduring, multi-decade popularity is no accident; it is the deliberate result of a carefully curated set of features
that directly address the practical challenges of software engineering. The language is often described by a series of
famous “buzzwords” coined by Sun Microsystems, which highlight its core advantages and design philosophy.

1. Simple and Familiar

Java was meticulously designed to be easy to learn for programmers who were already familiar with C and C++.
It retained the familiar C-style syntax but aggressively removed many of the confusing, dangerous, and rarely used
features. By eliminating explicit pointer manipulation, complex operator overloading, and multiple inheritance (for
classes), Java significantly reduces the learning curve and the likelihood of introducing complex, hard-to-track memory
bugs.

2. Object-Oriented

In Java, almost everything is an object (with the notable exception of primitive data types like int or boolean). Java’s
pure object-oriented nature facilitates the creation of modular, reusable, and easily maintainable code. It strictly
enforces fundamental object-oriented principles such as Encapsulation, Inheritance, Abstraction, and Polymorphism.
This structured approach is especially beneficial in large enterprise software projects, allowing massive teams of
developers to collaborate effectively without stepping on each other’s toes.

3. Platform Independent (Architecture Neutral)

As heavily emphasized previously, Java’s “Write Once, Run Anywhere” capability is arguably its most defining advantage.
The Java compiler does not generate architecture-specific assembly code; instead, it generates bytecode. The JVM acts
as a universal translator, allowing the exact same compiled .class file to execute perfectly on a Windows workstation,
a Linux enterprise server, or an Apple macOS laptop without a single line of modification.
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4. Secure

Security was a paramount concern during Java’s initial development, given its intended use in unpredictable, distributed
network environments like the Internet. Java achieves its high level of security through several distinct mechanisms:

• No Explicit Pointers: This outright prevents unauthorized access to arbitrary memory locations, thwarting
common and devastating exploits like buffer overflows.

• Bytecode Verifier: Before any execution takes place, the JVM rigorously verifies the incoming bytecode to
ensure it does not violate memory access restrictions, perform illegal data type conversions, or attempt to forge
memory addresses.

• Security Manager: This customizable component allows system administrators and developers to define
fine-grained access controls, explicitly dictating what resources (like local file systems, system properties, or
specific network ports) a running Java application is permitted to interact with.

5. Robust

Java encourages error-free programming by being strictly strongly typed and performing extensive checks both at
compile-time and runtime. Two major features contribute substantially to its legendary robustness:

• Automatic Garbage Collection: In languages like C and C++, developers must manually allocate and
explicitly deallocate memory. Forgetting to deallocate memory causes severe “memory leaks,” leading to system
degradation over time. Java completely automates this process; the garbage collector dynamically tracks and
frees memory that is no longer referenced by the program, eliminating a massive source of application crashes.

• Exception Handling: Java features a mandatory, highly structured exception handling mechanism
(try-catch-finally blocks) that forces developers to anticipate and handle potential runtime errors gracefully,
rather than allowing the program to terminate abruptly in the face of unexpected conditions.

6. Multithreaded

Modern applications almost always need to perform multiple tasks simultaneously—for instance, handling background
file downloads while simultaneously responding to UI interactions. Java has deeply integrated, built-in support for
multithreading at the language level. Developers can easily create highly interactive, responsive applications by
extending the Thread class or implementing the Runnable interface. This robust concurrency support is particularly
vital for maximizing the efficiency of modern multi-core processors and serving thousands of simultaneous connections
on high-traffic web servers.

7. High Performance

Historically, interpreted languages were criticized for being significantly slower than fully compiled languages like C++.
However, Java achieves remarkable high performance through the innovative use of the Just-In-Time (JIT) compiler.
The JIT compiler is a highly optimized component of the modern JVM that dynamically translates critical, frequently
executed sections of bytecode directly into native machine code at runtime. This hybrid approach—combining the
portability of ahead-of-time compilation to bytecode with the raw speed of runtime compilation to machine code—allows
Java applications to perform at speeds that frequently rival or match those of fully compiled languages.

8. Distributed

Java was specifically architected for the highly distributed environment of the Internet. It natively provides an extensive,
easy-to-use library of networking classes (primarily found in the java.net package) that make interacting with remote
resources via standard TCP/IP or UDP protocols remarkably straightforward. Furthermore, sophisticated technologies
like Remote Method Invocation (RMI) and Enterprise JavaBeans (EJB) allow a Java program executing on
one machine to seamlessly invoke methods on objects residing on a completely different machine across the globe,
dramatically simplifying the development of complex distributed software systems.

9. Dynamic

Java is considered a significantly more dynamic language than C or C++. It is thoughtfully designed to adapt
dynamically to an ever-evolving operating environment. Java programs inherently carry extensive amounts of runtime
type information, which is consistently used to verify and cleanly resolve accesses to objects dynamically at runtime.
This fundamental architecture makes it possible to securely and dynamically load individual classes on demand, even
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downloading them over a live network connection, without ever needing to restart the application or recompile the
overarching system.

Java Code
(.java)

Java Compiler
(javac)

Bytecode
(.class)

Java Code
(.java)

Java Compiler
(javac)

Bytecode
(.class)

Figure 1.1: Java Compilation Process
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1.2 Basics of Object-Oriented Programming (OOP)

Object-Oriented Programming (OOP) is a programming paradigm that revolves around the concept of "objects"—entities
that encapsulate both data (attributes or properties) and behavior (methods or functions). Unlike Procedure-Oriented
Programming, which focuses primarily on the logical steps and functions required to perform tasks, OOP emphasizes
the structuring of software programs into simple, reusable pieces of code. These individual pieces are modeled after
real-world entities, making it easier to conceptually understand, design, and manage complex software systems.

The primary objective of OOP is to increase the flexibility, maintainability, and reusability of code. By modeling
a system as a collection of interacting objects rather than a sequence of operations, developers can create robust
applications that are easier to modify and scale. Java is a strictly object-oriented programming language, meaning
everything revolves around objects, making these core principles critical for any Java programmer.

There are four main pillars of Object-Oriented Programming: Abstraction, Encapsulation, Inheritance, and
Polymorphism. Before diving into these pillars, it is crucial to understand the foundational building blocks of OOP:
Classes and Objects.

1.2.1 Class and Object

The concepts of classes and objects are deeply interconnected. In fact, an object cannot exist without a class, and a
class is practically useless without objects to manifest its definitions.

Definition

Class A class is a user-defined blueprint or prototype from which individual objects are created. It represents the
set of properties or methods that are common to all objects of one type. A class does not consume any memory
when it is created; it is simply a logical entity.
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You can think of a class as an architectural blueprint for a house. The blueprint itself is not a house—you cannot
live in it—but it defines exactly what the house will look like, how many rooms it will have, and where the doors and
windows are placed.

Definition

Object An object is a tangible entity that has state and behavior. It is an instance of a class. When a class is
instantiated, an object is created in the memory, occupying specific space. An object represents a real-world entity
that conforms to the structure defined by its class.

Following the previous analogy, if the class is the blueprint of a house, the object is the actual physical house built
from that blueprint. You can build multiple houses (objects) from the same blueprint (class), each having its own
unique characteristics (like different paint colors or owners), but sharing the same structural foundation.

Example

Class and Object Example Consider a class named Car.

• Properties (State): Color, Model, Engine Capacity, Current Speed.

• Behaviors (Methods): Start, Accelerate, Brake, Stop.

Now, if we create specific cars from this class, they will be our objects:

• Object 1: A red Toyota Corolla moving at 60 km/h.

• Object 2: A black Ford Mustang moving at 100 km/h.

Both objects belong to the Car class, but their individual states (color, model, speed) are distinct.

1.2.2 Data Abstraction

Data abstraction is one of the most essential and prominent features of object-oriented programming. It allows a
programmer to hide complex implementation details while exposing only the necessary parts of an object to the user.

Definition

Data Abstraction Data abstraction is the process of hiding the internal background details or complex implemen-
tation of a system and exposing only the essential features to the outside world. It focuses on what an object does
rather than how it does it.

Abstraction helps to reduce programming complexity and effort. It allows the user to interact with a system at
a high level without needing to understand the intricate, low-level workings that power it. In Java, abstraction is
achieved using abstract classes and interfaces.

Example

Real-World Abstraction Consider the process of driving a car. You know that pressing the accelerator pedal
will increase the car’s speed, and pressing the brake pedal will stop it. You only interact with these essential
interfaces (the pedals and the steering wheel). You do not need to understand the complex internal mechanics of
how the fuel is injected, how combustion occurs in the engine, or how the transmission shifts gears. The complex
implementation is hidden from you—this is abstraction.

Key Concept

Abstract Classes and Interfaces In Java, you can enforce abstraction by declaring a class as abstract. An abstract
class cannot be instantiated on its own and may contain methods without a body (abstract methods), forcing
its subclasses to provide the implementation. Similarly, interfaces provide complete abstraction by defining a
contract of methods that any implementing class must fulfill, without dictating how those methods should be
written.

Textbook for 4341602 Milav Dabgar

https://milav.in


Basics of Object-Oriented Programming (OOP) 7

1.2.3 Encapsulation

Encapsulation is closely related to abstraction but serves a different purpose. While abstraction focuses on hiding
complexity by providing a simplified interface, encapsulation focuses on restricting direct access to the internal state of
an object.

Definition

Encapsulation Encapsulation is the mechanism of wrapping the data (variables) and code acting on the data
(methods) together as a single unit. In encapsulation, the variables of a class will be hidden from other classes and
can be accessed only through the methods of their current class. Therefore, it is also known as data hiding.

By tightly coupling the data and the methods that operate on them, encapsulation prevents external code from
making arbitrary, uncontrolled modifications. To achieve encapsulation in Java:

1. Declare the variables of a class as private.

2. Provide public getter and setter methods to view or modify the values of these variables securely.

Example

Encapsulation with a Bank Account Consider a BankAccount class. If the balance variable is public, any external
code can change the balance to an invalid amount, such as a negative value, bypassing all logical checks.
To encapsulate this, we make the balance variable private. Then, we provide a public deposit(amount) method
and a public withdraw(amount) method. These methods act as gatekeepers: withdraw can check if there are
sufficient funds before reducing the balance, and deposit can ensure that negative amounts cannot be added.
The external world interacts only with these safe methods, and the raw data remains protected.

Important / Warning

Encapsulation vs. Abstraction It is common for beginners to confuse Encapsulation and Abstraction. Remember:

• Abstraction is about hiding the complexity. It solves problems at the design level by focusing on what an
object should do.

• Encapsulation is about hiding the data. It solves problems at the implementation level by restricting
access and securing the internal state.

1.2.4 Inheritance

Inheritance is one of the most powerful features of OOP, mimicking the real-world concept of parent-child relationships.
It allows a new class to absorb the properties and methods of an existing class.

Definition

Inheritance Inheritance is a mechanism in which one object acquires all the properties and behaviors of a parent
object. The class being inherited from is called the superclass (or parent class/base class), and the class that
inherits is called the subclass (or child class/derived class).

When a subclass inherits from a superclass, it automatically gains access to all the non-private attributes and
methods of the parent. The subclass can then add its own unique attributes or override existing methods to specialize
its behavior.

Example

Inheritance Hierarchy Consider a superclass called Animal which has a method eat() and a property age. We
can create subclasses such as Dog and Cat that inherit from Animal. Both Dog and Cat will automatically have
the eat() method and the age property without having to rewrite them. Furthermore, the Dog class can have its
own specific method bark(), while the Cat class can have meow(). This establishes an "IS-A" relationship: a Dog
IS-A(n) Animal.
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Benefits of Inheritance

Inheritance provides several distinct advantages that make large-scale software development much more manageable:

1. Code Reusability: This is the primary benefit of inheritance. You can write generic code once in a superclass
and reuse it across multiple subclasses. This significantly reduces code duplication, lowers the chance of errors,
and decreases development time.

2. Extensibility: Inheritance allows programmers to extend existing classes without modifying them. If a class
has been heavily tested and deployed, modifying it might introduce bugs. Instead, a programmer can create a
subclass, inherit the tested functionality, and safely add new features.

3. Method Overriding: Inheritance forms the basis for method overriding. A subclass can provide a specific
implementation for a method that is already defined in its parent class. This is crucial for achieving run-time
polymorphism.

4. Logical Hierarchy: Inheritance helps in establishing a clean, logical classification of objects, making the overall
software architecture easier to understand and relate to real-world domain models.

1.2.5 Polymorphism

The word "polymorphism" is derived from two Greek words: poly (meaning many) and morphs (meaning forms).
Therefore, polymorphism implies the ability to take on many forms.

Definition

Polymorphism Polymorphism is the ability of an object, variable, or function to take on multiple forms depending
on the context. In Java, it allows us to perform a single action in different ways.

Polymorphism makes systems more flexible by allowing programmers to write code that can handle different data
types uniformly. In Java, polymorphism is mainly divided into two types:

1. Compile-Time Polymorphism (Static Binding)
This is achieved through Method Overloading. Method overloading occurs when multiple methods in the same class
share the exact same name but have different parameters (different type, number, or sequence of arguments). The
compiler determines which method to call at compile-time based on the arguments passed.

Example

Compile-Time Polymorphism A math utility class might have an add() method:

• add(int a, int b) - adds two integers.

• add(double a, double b) - adds two floating-point numbers.

• add(int a, int b, int c) - adds three integers.

All these methods are named add, taking many forms. The compiler knows precisely which one to execute
depending on what you pass to it.

2. Run-Time Polymorphism (Dynamic Binding)
This is achieved through Method Overriding. Method overriding occurs when a subclass provides a specific
implementation for a method that is already declared in its superclass. The decision of which method to execute is
resolved at runtime based on the actual object type, not the reference variable type.

Example

Run-Time Polymorphism Continuing from the Animal inheritance example: The parent class Animal has a method
makeSound(). The Dog subclass overrides this to print "Woof", and the Cat subclass overrides it to print "Meow".
If we create an Animal reference but point it to a Dog object (Animal a = new Dog();), calling a.makeSound()
will output "Woof". The JVM determines the actual object type at runtime and dynamically binds the correct
method.
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Key Concept

The Power of Polymorphism Polymorphism allows for writing highly generic and reusable code. You can write a
single function that takes an Animal object and calls makeSound(). You can pass any subclass of Animal into
this function, and it will automatically exhibit the correct behavior without needing long if-else or switch
statements to check the specific animal type.

In conclusion, understanding and correctly applying Classes, Objects, Abstraction, Encapsulation, Inheritance, and
Polymorphism is vital. These concepts do not merely exist in isolation; they work harmoniously to create software that
is secure, reusable, modular, and easy to maintain.

Bytecode Windows JVM

Linux JVM

Mac JVM

Figure 1.3: Write Once, Run Anywhere (WORA)
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1.3 Command Line Arguments

1.3.1 Introduction to Command Line Arguments

In the realm of software development, programs often require external input to dictate their behavior, specify data
sources, or toggle specific features before they begin processing. While input can be gathered interactively during
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runtime using a Scanner, graphical user interfaces (GUIs), or by reading external configuration files, there exists a
more direct and instantaneous method of providing configuration parameters to a program at the exact moment it is
launched. This mechanism is universally known as command line arguments.

Definition

Box Command Line Arguments are parameters or values supplied to a program from the command line
operating system interface during the execution or launching of the program. They allow users to customize the
behavior of the application dynamically without modifying the source code, recompiling, or requiring any user
interaction after the program has started.

Command line arguments provide a powerful way to make applications more flexible, versatile, and suitable for
automation. For instance, a file-processing utility could accept the name of the file it needs to read as a command
line argument, allowing it to be used in automated scripts with different files each time. Similarly, a web server might
accept a port number parameter, allowing multiple instances of the server to run simultaneously on different ports
simply by changing the launch command.

1.3.2 How Command Line Arguments Work in Java

In Java, the entry point of any standalone application is the main method. The signature of the main method is
universally and strictly defined as:

public static void main(String[] args)

The parameter args is an array of String objects. This specific array is the designated conduit through which the
Java Runtime Environment (JRE) passes the command line arguments from the operating system directly into the
Java application’s logical flow.

When a Java program is executed from the terminal or command prompt using the java execution command, any
text that follows the name of the Java class is treated as a command line argument. The JRE takes these text values,
separates them based on whitespace characters (such as spaces or tabs), and systematically populates the args string
array.

Key Concept

Concept Zero-Indexed Array: Like all arrays in the Java programming language, the args array is zero-indexed.
The very first argument provided on the command line is stored at args[0], the second argument at args[1],
and so on. Unlike some programming languages such as C or C++, the name of the executable or the Java class
itself is not included as the first element in the args array. The array strictly contains the arguments that follow
the class name.

For example, if you run a program named MyApp like this:

java MyApp input.txt output.txt 8080

The JRE will construct an array of strings and pass it to the main method as follows:

• args[0] will contain the string literal "input.txt"

• args[1] will contain the string literal "output.txt"

• args[2] will contain the string literal "8080"

1.3.3 Accessing Command Line Arguments

Because command line arguments are stored in a standard Java array, they can be accessed and manipulated using
standard array iteration and operations. You can determine the exact number of arguments passed to the program by
checking the length property of the args array.

Example

Accessing and Printing Arguments
Here is a simple Java program that iterates over the array and prints out all the command line arguments it
receives:
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public class ArgumentPrinter {
public static void main(String[] args) {

System.out.println("Number of arguments passed: " + args.length);

// Loop through the array and print each argument
for (int i = 0; i < args.length; i++) {

System.out.println("Argument at index " + i + ": " + args[i]);
}

}
}

If you compile and run this program using the command:

java ArgumentPrinter apple banana cherry

The output will be:

Number of arguments passed: 3
Argument at index 0: apple
Argument at index 1: banana
Argument at index 2: cherry

Important / Warning

ArrayIndexOutOfBoundsException: It is crucial to always verify the length of the args array before
attempting to access a specific index. If your program logic expects an argument at args[0] but the user runs
the program without providing any arguments (resulting in an array length of 0), attempting to access args[0]
will immediately cause the program to crash with an ArrayIndexOutOfBoundsException. Always use conditional
checks (e.g., if (args.length > 0)) to handle missing arguments safely.

1.3.4 Handling Arguments with Spaces

As previously established, the JRE uses whitespace to delimit individual command line arguments. However, there are
numerous practical scenarios where a single argument inherently needs to contain spaces. Common examples include a
file path containing a directory named "My Documents", a database connection string, or a full human name like "John
Doe".

To pass an argument that includes whitespace without it being split into multiple array elements, you must enclose
the entire argument in double quotation marks ("). The JRE will recognize the quotation marks, treat the enclosed
text as a single cohesive string, and assign it to a single index within the args array. The quotation marks themselves
are stripped away and are not included in the final string value.

Example

Arguments with Spaces
If you execute the previous ArgumentPrinter program using quotation marks:

java ArgumentPrinter "John Doe" 25 "New York City"

The output will clearly show that the strings containing spaces were accurately treated as single, unified arguments:

Number of arguments passed: 3
Argument at index 0: John Doe
Argument at index 1: 25
Argument at index 2: New York City

1.3.5 Parsing Command Line Arguments

A critical aspect of working with command line arguments in Java is understanding that they are always passed as
strings. Regardless of whether the user typed letters, numeric digits, or special symbols on the command line, the
JRE packages them as String objects.
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If your program requires numeric input—for instance, an integer representing an age, a floating-point number
representing a price, or a boolean representing a true/false flag—you cannot perform mathematical or logical operations
on these arguments directly. You must first convert, or parse, these string values into their corresponding primitive
data types.

Java provides built-in, static methods within the numeric wrapper classes (such as Integer, Double, and Float)
that are specifically designed for parsing strings.

• Integer.parseInt(String s): Evaluates the string and converts it to a primitive int.

• Double.parseDouble(String s): Evaluates the string and converts it to a primitive double.

• Float.parseFloat(String s): Evaluates the string and converts it to a primitive float.

• Long.parseLong(String s): Evaluates the string and converts it to a primitive long.

• Boolean.parseBoolean(String s): Converts a string to a primitive boolean (returns true if the string is "true"
ignoring case, otherwise returns false).

Example

Parsing Numeric Arguments
The following program calculates the sum of two numbers provided as command line arguments. It demonstrates
proper validation and parsing techniques.

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

// Step 1: Validate the number of arguments
if (args.length != 2) {

System.out.println("Usage: java SimpleCalculator <num1> <num2>");
System.out.println("Please provide exactly two numbers.");
return; // Terminate the program gracefully

}

try {
// Step 2: Parse the string arguments into integers
int number1 = Integer.parseInt(args[0]);
int number2 = Integer.parseInt(args[1]);

// Step 3: Perform the mathematical calculation
int sum = number1 + number2;

// Step 4: Display the formatted result
System.out.println("The sum of " + number1 + " and " + number2 + " is: " + sum);

} catch (NumberFormatException e) {
// Handle the case where the user provided non-numeric text
System.out.println("Error: Both arguments must be valid integers.");
System.out.println("You provided: ’" + args[0] + "’ and ’" + args[1] + "’");

}
}

}

Execution Scenario 1 (Valid Input):

java SimpleCalculator 15 25

Output: The sum of 15 and 25 is: 40
Execution Scenario 2 (Invalid Input):

java SimpleCalculator 15 twenty

Output:

Error: Both arguments must be valid integers.
You provided: ’15’ and ’twenty’
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Important / Warning

NumberFormatException: When parsing strings into numeric types using methods like Integer.parseInt(),
the string must contain exclusively valid numeric characters (an optional leading minus sign is permitted). If
a user provides an argument containing letters or symbols, like "12A" or "fifteen", the parsing method will fail
immediately and throw an unchecked NumberFormatException. It is highly recommended to wrap parsing logic
in a try-catch block to handle invalid user input gracefully without causing the application to crash abruptly.

1.3.6 Passing Arguments Using an IDE

While command line arguments are traditionally entered via a terminal, developers spend most of their time working
within Integrated Development Environments (IDEs) like IntelliJ IDEA, Eclipse, or NetBeans. Testing programs that
rely on command line arguments would be tedious if developers had to constantly switch to a terminal.

Fortunately, all major IDEs provide mechanisms to simulate command line arguments during the development
phase.

• IntelliJ IDEA: Navigate to Run -> Edit Configurations. Select your application class, and locate the field
labeled Program arguments. Enter your arguments there, separated by spaces.

• Eclipse: Right-click on your Java file, select Run As -> Run Configurations. Go to the Arguments tab, and
enter your values into the Program arguments text area.

• VS Code: You can specify arguments in the launch.json file under the args array property, like so: "args":
["apple", "banana"].

1.3.7 Advanced Command Line Parsing Libraries

While accessing the args array directly is completely sufficient for simple, small-scale programs, complex enterprise
applications often require dozens of configuration parameters. These might include boolean flags (e.g., -v or –verbose),
named key-value arguments (e.g., –port 8080), optional parameters with default values, and mutually exclusive
options.

Writing manual, procedural code to loop through the args array, identify these complex patterns, validate them,
and handle edge cases can quickly become tedious, verbose, and highly error-prone. For robust applications, developers
rarely parse the args array manually. Instead, they rely on mature, third-party libraries designed specifically for
command-line parsing.

Prominent Java libraries for parsing command line arguments include:

• Apache Commons CLI: A widely used, classic library that provides an API for parsing command line options
passed to programs. It supports short options (like -h), long options (like –help), and arguments requiring
subsequent values.

• JCommander: A modern, annotation-based library that drastically reduces boilerplate code. Developers define
a simple Java class holding the application’s configuration parameters and annotate the class fields. JCommander
automatically populates the fields based on the command line input, performing type conversions automatically.

• picocli: A highly advanced, powerful framework for creating command line applications on the JVM. It features
a rich API, automatic and colorized help generation, ANSI colors, and excellent support for GraalVM Native
Image compilation.

Using such libraries allows developers to focus on the core business logic. The libraries handle defining expected
arguments, automatically generating user manuals or "help" menus, enforcing constraints (like identifying required
arguments), and handling complex data type conversions seamlessly.

1.3.8 Advantages and Use Cases of Command Line Arguments

Despite the prevalence of graphical user interfaces and web dashboards, command line arguments remain a fundamental,
indispensable feature in modern programming due to several distinct advantages:

1. Automation and Scripting: Programs that accept command line arguments can be easily integrated into shell
scripts (.sh), batch files (.bat), or CI/CD pipelines. This allows for the complete automation of repetitive tasks,
such as daily database backups, automated software testing, or deployment scripts.
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2. Headless Execution: Unlike programs that use the Scanner class to interactively prompt users for input,
programs using command line arguments receive all necessary data upfront. This allows them to run completely
unattended in the "background" or on remote, headless servers without graphical environments.

3. Flexibility and Reusability: A single compiled program can perform a wide variety of tasks without any code
changes simply by receiving different parameters at execution time. A single image processing utility could resize,
rotate, or compress an image based solely on the arguments provided.

4. Configuration Precedence and Overrides: Command line arguments are frequently used to override default
settings or parameters specified in configuration files. For example, a microservice might read its default port
from an application.properties file, but a command line argument like –server.port=9090 can temporarily
override this value for a specific runtime instance without modifying the configuration file.

1.3.9 Summary

Command line arguments represent a crucial, fundamental interface between the operating system and the executing
Java application. They are passed directly into the main method via a standard String array (args). While they are
inherently text-based, developers can effectively utilize Java’s wrapper class parsing methods to extract and utilize
numeric and boolean data. Always ensure proper validation of array lengths and employ error handling when parsing
to prevent runtime crashes. Although basic array manipulation is sufficient for simple scripts, professional applications
leverage advanced libraries like Picocli or Apache Commons CLI to handle complex parsing requirements cleanly.
Mastery of command line arguments is essential for developing versatile, scriptable, and robust automated Java software.

OOP

Encapsulation Abstraction

Inheritance Polymorphism

Figure 1.5: 4 Pillars of OOP
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1.4 Comments in Java
Comments in Java are non-executable statements that help improve the readability of the code by explaining its logic,
purpose, or providing additional metadata. They are entirely ignored by the compiler during the compilation process,
ensuring that they do not affect the execution logic or the size of the compiled bytecode. Providing well-documented
code is considered a cornerstone of professional software development. Java supports three distinct types of comments.

Key Concept

Types of Comments in Java

• Single-Line Comments: Begin with two forward slashes (//). Any text following these slashes on the
same line is considered a comment. They are generally used for brief explanations or to annotate specific,
complex lines of code.

• Multi-Line Comments: Begin with /* and end with */. These are used to span comments across multiple
lines. This is particularly useful for longer explanations at the beginning of a method or temporarily disabling
(commenting out) entire blocks of code during debugging.

• Documentation Comments: Begin with /** and end with */. These are special comments used to
generate official API documentation in HTML format using the Javadoc tool. These comments typically
appear just before classes, interfaces, constructors, methods, or fields and often utilize tags like @param,
@return, and @author.

Example

Using Comments

/**
* This class calculates the sum of two numbers.
* @author JavaDeveloper
* @version 1.0
*/

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

// Initialize the first variable
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int a = 10;

/* Initialize the second variable,
and compute their sum. */

int b = 20;
int sum = a + b;

}
}

1.5 Data Types in Java
Data types specify the size and type of values that can be stored in a variable. Java is a strongly-typed language,
meaning every variable and expression must have a type that is known at compile time. Data types in Java are broadly
categorized into two groups: Primitive Data Types and Non-Primitive (Reference) Data Types.

Definition

Primitive Data Types Primitive data types are the most basic data types built into the language. They hold their
values directly in memory and are not objects. Java defines exactly eight primitive data types:

• Integer types:

– byte: 8-bit signed integer. Range: -128 to 127.
– short: 16-bit signed integer. Range: -32,768 to 32,767.
– int: 32-bit signed integer. Default choice for whole numbers.
– long: 64-bit signed integer. Used when a wider range than int is needed.

• Floating-point types:

– float: 32-bit single-precision floating point. Useful for saving memory in large arrays.
– double: 64-bit double-precision floating point. Default choice for decimal values.

• Character type: char is a 16-bit Unicode character, capable of representing characters from most worldwide
scripts.

• Boolean type: boolean represents only two possible values: true or false.

Non-primitive data types, such as String, Arrays, Interfaces, and Custom Classes, are objects. Instead of holding
the actual data, these types store a reference (or memory address) pointing to the location on the heap where the
object’s data resides. Default values for primitive types include 0 for numbers and false for booleans, while the default
value for all reference types is null.

1.6 Variables
A variable is a named memory location that acts as a container holding data while a Java program executes. Before a
variable can be utilized, it must be declared, which involves specifying its data type and its name.

Java follows specific naming conventions for variables, commonly utilizing camelCase (e.g., studentName,
totalCount). Variable names must begin with a letter, dollar sign ($), or underscore (_), but cannot start with a digit.

Key Concept

Types of Variables Variables are classified into three categories based on the context of their declaration:

• Local Variables: Declared within the body of a method, constructor, or a block. They must be explicitly
initialized before use, as they do not receive default values.

• Instance Variables: Declared inside a class but outside any method. They belong to a specific instance
(object) of the class. Each object has its own separate copy. They take on default values if not explicitly
initialized.
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• Static (Class) Variables: Declared using the static keyword inside a class. There is only one shared
copy of a static variable per class, regardless of how many objects are instantiated.

1.7 Scope and Lifetime of Variables
The scope of a variable dictates the region of the program code where the variable can be directly accessed by its
name. The lifetime refers to the duration for which the variable is allocated space in memory.

• Block Scope: Variables declared inside any block enclosed by braces {} (e.g., inside an if statement or a
for loop) are accessible only within that specific block. Their lifetime terminates when the block’s execution
completes.

• Method Scope: Local variables declared directly within a method cannot be accessed by code outside of that
method. They are instantiated when the method is invoked and destroyed as soon as the method returns control
to the caller.

• Class Scope: Instance variables and static variables possess class-level scope. Instance variables are accessible
via object references and live as long as the object remains in memory before being garbage-collected. Static
variables exist for the entire duration of the program execution and are loaded when the class is loaded into the
JVM.

Important / Warning

Variable Shadowing If a local variable is declared with the exact same name as an instance variable, the local
variable "shadows" or hides the instance variable within the local scope. To explicitly access the shadowed instance
variable from within that scope, the this keyword must be used (e.g., this.variableName).

1.8 Operators

Operators are special symbols used to perform operations on variables and values (operands). Java provides a rich set
of operators categorized by their functionality.

• Arithmetic Operators: Perform standard mathematical operations: Addition (+), Subtraction (-), Multiplica-
tion (*), Division (/), and Modulus (%), which returns the division remainder.

• Relational Operators: Compare two operands and evaluate to a boolean (true or false). They include
equality (==), inequality (!=), greater than (>), less than (<), greater than or equal (>=), and less than or equal
(<=).

• Logical Operators: Used to build complex conditions. Logical AND (&&) returns true if both operands are
true; Logical OR (||) returns true if at least one operand is true; Logical NOT (!) reverses the boolean state.
Note that && and || exhibit "short-circuit" behavior, meaning the second operand is only evaluated if necessary.

• Assignment Operators: Assign a value to a variable. The standard assignment is =. Compound assignment
operators (e.g., +=, -=, *=) perform an operation and an assignment in one step.

• Unary Operators: Operate on a single operand. They include post/pre-increment (++), post/pre-decrement
(–), unary plus (+), unary minus (-), and bitwise complement (˜).

• Bitwise Operators: Perform operations on individual bits of integer types. They include Bitwise AND (&), OR
(|), XOR (ˆ), Left Shift («), Right Shift (»), and Unsigned Right Shift (»>).

• Ternary Operator (?:): The only operator taking three operands. It serves as a compact if-else statement:
condition ? expressionIfTrue : expressionIfFalse.

1.9 Type Conversion and Casting
Type conversion is the process of converting a value from one data type to another. Due to Java’s strict type-checking,
this process must follow specific rules to prevent unintended data loss or runtime errors.
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Key Concept

Implicit and Explicit Casting

• Widening Conversion (Implicit Casting): This happens automatically when a smaller primitive type is
assigned to a larger primitive type (e.g., int to long, or float to double). The JVM performs this safely
because the target type provides enough space to accommodate the value without data loss.

• Narrowing Conversion (Explicit Casting): Converting a larger data type to a smaller one (e.g., double
to int) must be forced manually since it risks precision loss or truncation. This is done by placing the target
type in parentheses before the value: (targetType) value.

Example

Casting and Type Promotion

// Widening Conversion
int smallNum = 100;
long largerNum = smallNum;

// Narrowing Conversion
double preciseValue = 9.99;
int truncatedValue = (int) preciseValue; // Value becomes 9

// Type Promotion in Expressions
byte b1 = 10;
byte b2 = 20;
// result is automatically promoted to int during addition
int result = b1 + b2;

In expressions involving multiple types, Java applies Type Promotion. All byte, short, and char values are
automatically promoted to int when evaluating the expression. If one operand is a long, float, or double, the entire
expression is promoted to that respective type.

1.10 Control Statements
Control flow statements dictate the order in which a program’s instructions are executed. They allow the program to
make decisions, repeat operations, and branch to different sections of the code.

1.10.1 Decision Making Statements

Decision structures evaluate a boolean condition to determine which path of execution to follow.
If Statement: The most fundamental decision statement. The block of code inside the if statement is executed

exclusively if the evaluated condition is true.
If-Else Statement: Offers an alternative execution path. If the initial if condition evaluates to true, its block is

executed; if it is false, the block tied to the else statement executes.
Nested If: An if statement placed inside another if or else block. This is useful for validating complex,

dependent conditions.
If-Else Ladder: A sequence of if-else-if statements used to test multiple conditions consecutively. The JVM

evaluates them from top to bottom. Once a condition evaluates to true, its corresponding block executes, and the rest
of the ladder is bypassed.

Switch Statement: An efficient multi-way branching statement. It tests a single expression against a list of
possible values (cases). It is generally more readable than a long if-else ladder when dealing with discrete values. The
expression can be a primitive integer type, char, String, or an Enum.

Example

Switch Statement with Break

String grade = "B";
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switch (grade) {
case "A":

System.out.println("Excellent performance!");
break;

case "B":
case "C":

System.out.println("Good job!");
break;

default:
System.out.println("Needs improvement.");

}

1.10.2 Looping Statements

Looping statements execute a block of code repetitively as long as a specified condition holds true.
While Loop: An entry-controlled loop that evaluates its condition before running the loop body. If the condition

is false from the start, the loop body is entirely skipped. It is ideal when the number of iterations is not known in
advance.

Do-While Loop: An exit-controlled loop. It executes the loop body first and evaluates the condition afterward.
This structure guarantees that the loop will execute at least once, regardless of the initial condition.

For Loop: A compact loop structure specifically designed for scenarios where the exact number of iterations is
known. It encapsulates initialization, condition checking, and the update expression (increment/decrement) strictly on
a single line.

For-Each Loop: Introduced in Java 5, it provides a highly readable way to iterate sequentially over arrays or
Collections. It eliminates the need for loop counters and index manipulation, thereby reducing the risk of off-by-one
errors.

1.10.3 Jump Statements

Jump statements abruptly alter the normal flow of control.

• Break Statement: When encountered inside a loop or switch statement, the break command immediately
terminates the loop or switch block. The execution flow continues at the statement immediately following the
terminated structure.

• Continue Statement: When encountered within a loop, continue aborts the current iteration. It skips any
remaining statements in the loop body and jumps directly to the condition evaluation (in while / do-while) or
the update expression (in a for loop) to begin the next iteration.

Java also supports labeled break and continue statements, allowing control to jump to specific, named outer loops
when dealing with deeply nested loop structures.

1.11 Arrays in Java
An array in Java is a dynamically-allocated object that serves as a container. It stores a fixed-size, sequential collection
of elements that share the exact same data type. Arrays are fundamental data structures essential for managing large
sets of related variables under a single identifier.

Definition

Array Characteristics

• Object Nature: Arrays are objects in Java, meaning they are allocated on the heap using the new keyword.
Every array possesses a built-in, final property called length that stores its capacity.

• Fixed Size: Once an array is instantiated, its size is rigid. It cannot dynamically grow or shrink to
accommodate more or fewer elements.

• Contiguous Memory: Elements are stored in contiguous memory locations, making traversal highly
efficient.

• Zero-Based Indexing: Array elements are accessed via an index ranging from 0 to length - 1.
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One-Dimensional Arrays: Represent a straightforward linear list of elements.

// Declaration and instantiation of an array of 5 integers
int[] numbers = new int[5];

// Direct initialization
String[] days = {"Monday", "Tuesday", "Wednesday"};

Two-Dimensional Arrays (Multi-dimensional): Arrays can have multiple dimensions to represent tabular or
complex grid data. In Java, a 2D array is technically an "array of arrays." This architecture allows for "jagged arrays,"
where individual rows can possess different lengths.

// Creating a 3x4 2D array (matrix)
int[][] matrix = new int[3][4];

// Direct initialization of a jagged 2D array
int[][] jagged = {

{1, 2},
{3, 4, 5},
{6}

};

Important / Warning

ArrayIndexOutOfBoundsException Accessing an array using an invalid index—such as a negative number or an
index equal to or greater than the array’s length—will trigger an ArrayIndexOutOfBoundsException at runtime,
abruptly halting program execution. Care must be taken to strictly enforce loop boundaries.

Arrays form the backbone for many advanced data structures provided by the Java Collections Framework, such as
ArrayList and HashMap, which abstract away the rigid size limitations of raw arrays to provide dynamic data storage
capabilities.

Class
Blueprint

Object 1
Object 2

Object 3

Figure 1.7: Class and Objects Relationship
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1.12 Compiling and Running a Simple Java Program
The journey of a Java program from its source code form to a fully functioning application is a foundational concept
that every Java programmer must grasp. Unlike languages that compile directly to machine code specific to a particular
hardware architecture or operating system (like C or C++), or languages that are purely interpreted line-by-line
(like Python or JavaScript), Java employs a unique two-step hybrid approach. First, it compiles source code into an
intermediate, platform-independent representation known as bytecode. Then, this bytecode is executed by the Java
Virtual Machine (JVM). This architecture is the cornerstone of Java’s famous “write once, run anywhere” (WORA)
philosophy. In this comprehensive section, we will delve deeply into the process of writing, compiling, and executing a
simple Java program, exploring the essential tools involved, the underlying mechanics of the JVM, and the common
pitfalls beginners face.

1.12.1 Writing Your First Java Program

Before any compilation or execution can occur, a program must be authored. A Java source file is simply a plain text
file containing instructions written according to the rules of the Java programming language. Let us begin by examining
the quintessential “Hello, World!” program, a rite of passage for all programmers, which serves as an excellent starting
point for understanding Java’s basic structure.

Example

The “Hello, World!” Program Create a new file named HelloWorld.java using any simple text editor (such as
Notepad, Nano, or Vim) or an Integrated Development Environment (IDE) like Eclipse or IntelliJ IDEA. Enter
the following code precisely as shown, paying close attention to capitalization and punctuation:
public class HelloWorld {

public static void main( String [] args) {
System .out. println ("Hello , World!");

}
}

While this program is exceptionally brief, it contains several critical elements that are present in almost all Java
applications. Understanding these components is vital for writing more complex applications later:

• Class Declaration: The line public class HelloWorld defines a new class. In Java, which is a strictly
object-oriented language, all code must reside within a class. The public keyword is an access modifier indicating
that this class is accessible from anywhere. A crucial rule in Java is that the name of a public class must exactly
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match the name of the file (excluding the .java extension). Thus, the class HelloWorld must be saved in a file
named HelloWorld.java.

• Main Method: The line public static void main(String[] args) represents the entry point of the program.
When you execute a Java application, the JVM actively searches for this specific method signature to begin
execution. The static keyword means the method belongs to the class itself rather than an instance of the class,
allowing the JVM to invoke it without first creating an object of HelloWorld. The void keyword indicates that
this method does not return any value.

• Print Statement: System.out.println("Hello, World!"); is a statement that instructs the system to
output the specified text to the standard output stream (usually the console window) and then append a newline
character, moving the cursor to the next line.

Key Concept

The Entry Point Signature The main method is the mandatory entry point for any standalone Java application.
Its signature—public static void main(String[] args)—must be typed exactly as shown. If any part of this
signature is altered (for example, omitting static, making it private, or changing the parameter from an array
of Strings), the JVM will not recognize it as the starting point, and the program will fail to execute, throwing a
runtime error.

1.12.2 The Compilation Process: Translating to Bytecode

Once the source code is written and saved, the next vital step is compilation. As mentioned earlier, the Java compiler
does not translate the source code directly into native machine code. Instead, it translates the human-readable Java
code into an intermediate format called bytecode.

Definition

Java Bytecode Bytecode is a highly optimized set of machine-level instructions designed specifically to be executed
by the Java Virtual Machine (JVM). It is completely hardware- and platform-independent, meaning the exact
same bytecode can be executed on a Windows PC, an Apple Mac, a Linux server, or even a smart device, provided
a compatible JVM is installed on that system.

To compile a Java program from the command line, you utilize the javac (Java Compiler) tool, which is a core
component of the Java Development Kit (JDK).

Using the javac Compiler

Open your terminal or command prompt, navigate to the directory containing your HelloWorld.java file using the cd
command, and execute the following:
javac HelloWorld .java

When you press Enter, the compiler reads the HelloWorld.java file. It first performs a lexical and syntactic
analysis to check the code for syntax errors. If the code is grammatically correct according to the language specification,
it generates the corresponding bytecode. If the compilation is entirely successful, the javac command will complete
silently and return you to the command prompt without any messages.

If you list the contents of the directory afterward (using ls on Linux/macOS or dir on Windows), you will notice a
new file has been created: HelloWorld.class. This .class file contains the bytecode generated by the compiler. It is
a binary file and not human-readable, but it contains precisely what the JVM needs to execute your program.

Important / Warning

Compilation Errors If your source code contains syntax errors—such as a missing semicolon, a misspelled keyword,
or an unmatched curly brace—the javac compiler will halt and output error messages indicating the line number
and the nature of the problem. Crucially, it will not generate a .class file if there are any errors. You must
resolve all compilation errors in your source code, save the file, and re-run the javac command to successfully
produce the bytecode.
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1.12.3 The Execution Process: Running the Bytecode

With the bytecode successfully generated and residing in the HelloWorld.class file, you are ready to run the program.
This is the stage where the Java Virtual Machine (JVM) comes into play. You launch the JVM using the java
command.

Using the java Interpreter

To run your compiled program, execute the following command in your terminal:
java HelloWorld

Important / Warning

Running Classes, Not Files It is essential to notice that the command is java HelloWorld, not java
HelloWorld.class or java HelloWorld.java. The java command expects the name of a Java class, not
a file name. The JVM will automatically look for a file named HelloWorld.class in the current directory (or in
the locations specified by the classpath) and attempt to load it.

Upon running this command, a complex sequence of events occurs internally within the JVM:

1. Class Loading: The JVM’s ClassLoader subsystem takes over. It locates the HelloWorld.class file on the
filesystem and loads its bytecode into the JVM’s memory architecture (specifically, the Method Area).

2. Bytecode Verification: Security is a paramount concern in Java. Before any execution happens, a component
called the Bytecode Verifier scrutinizes the loaded bytecode for security breaches and illegal operations. It ensures
that the code will not perform actions that could crash the JVM, violate memory boundaries, or compromise the
host system’s security.

3. Execution: Once verified, the Execution Engine takes the bytecode instructions and executes them on the host
operating system. Historically, this was done purely by interpreting the bytecode instruction by instruction.
However, modern JVMs utilize a Just-In-Time (JIT) compiler. The JIT compiler monitors the program as it runs
and translates frequently executed bytecode sequences (often called "hot spots") directly into highly optimized
native machine code on the fly. This significantly boosts the runtime performance of Java applications, allowing
them to rival natively compiled languages in speed.

After these rigorous steps are completed, the program runs, and its output will appear in your terminal:
Hello , World!

Key Concept

The Role of the JVM The JVM acts as an abstraction layer between your Java program and the underlying
hardware and operating system. When you execute the java command, you are starting an instance of the JVM.
It is this abstraction that enables Java’s cross-platform capabilities. You don’t compile for Windows or Linux; you
compile for the JVM.

1.12.4 Understanding the Classpath

When you execute a Java program using the java command, the JVM needs to know precisely where to find the .class
files required by your program. The locations where the JVM searches for these compiled class files are collectively
referred to as the classpath.

By default, the classpath is set to the current working directory (represented by a dot . in many operating systems).
This default behavior is why running java HelloWorld from the very same directory where the HelloWorld.class
file resides works seamlessly.

However, in professional software development and larger projects, your .class files will rarely be in a single
directory. They might be organized into complex directory structures reflecting their packages, or they might be
bundled inside Java Archive (JAR) files. In such sophisticated scenarios, you must explicitly specify the classpath to
tell the JVM where to look, using the -cp or -classpath command-line flag.
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Example

Specifying the Classpath Suppose you have organized your project such that your HelloWorld.class is located
inside a subdirectory named bin. If you are currently in the parent directory, you can run the program by explicitly
specifying the classpath:
java -cp ./ bin HelloWorld

Furthermore, if your application depends on pre-compiled code provided by a third-party library packaged in a
JAR file named library.jar, you must include that JAR file in the classpath. You separate multiple paths using
a colon : on Linux/macOS or a semicolon ; on Windows.
On Linux/macOS:
java -cp .: library .jar HelloWorld

On Windows:
java -cp .; library .jar HelloWorld

1.12.5 Common Errors and Troubleshooting

As you embark on compiling and running Java programs, encountering errors is an inevitable and natural part of the
learning process. Being able to read, understand, and resolve these errors is a critical skill for any developer.

Class Not Found Errors

One of the most frequent errors encountered by beginners is the ClassNotFoundException or NoClassDefFoundError.
The console output typically looks like this:
Error: Could not find or load main class HelloWorld

This intimidating error typically occurs for one of several common reasons:

• Typographical Errors: You misspelled the class name in the java command. Remember that Java is strictly
case-sensitive; helloworld is entirely different from HelloWorld.

• Including the Extension: You mistakenly included the .class extension in the execution command (e.g.,
executing java HelloWorld.class instead of java HelloWorld).

• Wrong Directory: You are executing the command from a directory where the .class file does not exist, and
you have not specified the correct classpath for the JVM to find it.

• Packaging Issues: If your class is defined within a package (a concept covered later), you must run it using its
fully qualified name from the correct root directory representing the package structure.

Main Method Not Found

If the JVM successfully locates and loads your class but cannot find a properly defined main method within it, it will
throw the following descriptive error:
Error: Main method not found in class HelloWorld , please define the main method as:

public static void main( String [] args)

This usually implies a mistake in the method signature. Perhaps you forgot to write the main method altogether,
misspelled the word main, forgot to include the static keyword, or provided the wrong parameter types (such as using
String args instead of String[] args). The JVM is extraordinarily pedantic about the exact signature of this entry
point.

Syntax Errors During Compilation

As discussed, syntax errors are violations of the language rules and prevent the creation of bytecode. Common syntax
errors made by beginners include:

• Omitting required semicolons (;) at the end of statements.

• Failing to close curly braces ({}), leading to mismatched code blocks.

• Incorrect capitalization (e.g., typing system.out.println instead of System.out.println, as System is a class
and must be capitalized).
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The javac output is usually helpful; it will point you to the line number where the parser became confused. However,
be aware that sometimes the root cause might lie on a preceding line (for instance, a forgotten closing brace earlier in
the file might cause an error to manifest lines later).

1.12.6 Environment Variables: JAVA_HOME and PATH

For the javac and java commands to be recognized seamlessly in your terminal from any directory on your computer,
your operating system must know exactly where the JDK is installed. This configuration is achieved through system
environment variables.

Definition

JAVA_HOME The JAVA_HOME environment variable is a global system setting that points to the root directory of
your Java Development Kit (JDK) installation. While not strictly required for basic javac and java usage if the
path is configured directly, many professional Java-based tools, application servers (like Apache Tomcat), and
build automation systems (such as Maven or Gradle) explicitly rely on the JAVA_HOME variable to locate the JDK
binaries and libraries.

In addition to setting JAVA_HOME, it is standard and necessary practice to append the bin subdirectory of the JDK
installation to your system’s PATH environment variable.

The PATH variable contains a delimited list of directories that the operating system sequentially searches whenever
you type an executable command in the terminal. By adding the JDK’s bin directory (which contains the javac and
java executables) to the PATH, you empower your operating system to find these tools. This allows you to invoke javac
and java from any folder in your file system without having to type out their full, tedious absolute paths every time.

1.12.7 Summary of the Workflow

To summarize, the lifecycle of bringing a simple Java program to life involves a distinct, three-stage workflow:

1. Authoring: Write the Java source code according to the language syntax in a plain text file, ensuring the file
extension is .java and the filename matches the public class name.

2. Compilation: Utilize the javac compiler via the command line to translate the human-readable source code
into platform-independent bytecode, resulting in a corresponding .class file.

3. Execution: Employ the java interpreter to launch the Java Virtual Machine. The JVM will load the class,
rigorously verify the bytecode for security, and execute the program, starting its execution flow precisely at the
main method.

Mastering this fundamental workflow—and internalizing the distinct roles of the compiler, the generated bytecode,
and the Java Virtual Machine—is an absolutely crucial first step for any aspiring Java developer. This knowledge
forms the bedrock foundation upon which all more advanced and complex Java concepts, such as object-oriented design
patterns, enterprise packaging, and cloud deployment, are ultimately built.

args[] Array

args[0]
args[1]

args[2]

Figure 1.9: Command Line Arguments Array
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1.13 Garbage Collection in Java
One of the most powerful and defining features of the Java programming language is its automatic memory management
system, known as Garbage Collection (GC). In traditional programming languages like C and C++, developers are
explicitly responsible for both allocating and deallocating memory. While this provides fine-grained control over system
resources, it also introduces significant complexities. Forgetting to free memory leads to memory leaks, while attempting
to use memory after it has been freed results in dangling pointers and unpredictable application crashes.

Java eliminates these risks by delegating memory management to the Java Virtual Machine (JVM). When a Java
application runs, the JVM continuously monitors the dynamically allocated memory on the Heap. The Garbage
Collector is a background process running within the JVM that automatically identifies and reclaims memory occupied
by objects that are no longer in use by the program.

Definition

Box[Garbage Collection] Garbage Collection in Java is the automatic process by which the Java Virtual Machine
(JVM) reclaims the runtime heap memory occupied by objects that are no longer reachable or referenced by the
active program. It ensures efficient memory utilization and prevents memory leaks without requiring explicit
deallocation commands from the programmer.

Key Concept

Concept The core principle behind Java’s Garbage Collection is reachability. An object is considered alive or
reachable if there is at least one active reference pointing to it from the root of the application (such as active
threads, static variables, or local variables in currently executing methods). If an object has no references pointing
to it, it becomes unreachable and is marked as eligible for garbage collection.

1.13.1 How Garbage Collection Works: The Mark and Sweep Algorithm

While modern JVMs implement several sophisticated garbage collection algorithms, the fundamental concept behind
most of them is the Mark-and-Sweep algorithm. This algorithm operates in distinct phases to safely identify and
clear unused objects.

1. Mark Phase: When the garbage collection process is triggered, the JVM pauses the application threads
(often referred to as a ‘Stop-the-World” event). The GC then traverses the entire object graph,
starting from the GC Roots (local variables, active threads, static fields). Every object
that can be reached from these roots is ‘marked” as alive.

Textbook for 4341602 Milav Dabgar

https://milav.in


Garbage Collection in Java 27

2. Sweep Phase: Once the marking phase is complete, the GC scans the heap memory. Any object that was not
marked during the previous phase is considered unreachable and is essentially garbage. The memory occupied by
these unmarked objects is then reclaimed (swept) and made available for future object allocations.

3. Compact Phase (Optional but common): After the sweep phase, the remaining live objects might be
scattered across the heap, leading to memory fragmentation. To optimize future allocations, the GC may
physically move the surviving objects closer together, compacting the memory space and ensuring large contiguous
blocks of free memory are available.

1.13.2 Generational Garbage Collection

Scanning the entire heap memory every time the Garbage Collector runs can be computationally expensive and time-
consuming, especially for enterprise applications with massive heaps. To optimize this, Java employs a Generational
Garbage Collection strategy based on the Weak Generational Hypothesis, which states that:

• Most newly created objects have a very short lifespan and become unreachable quickly.

• Objects that survive for a long time are likely to survive even longer.

Based on this hypothesis, the JVM divides the heap memory into distinct memory spaces or “generations”:

1. Young Generation

The Young Generation is where all newly instantiated objects are allocated. It is further subdivided into three spaces:

• Eden Space: All new objects are initially created here.

• Survivor Spaces (S0 and S1): Objects that survive a garbage collection cycle in the Eden space are moved to
one of the Survivor spaces.

When the Young Generation fills up, a Minor Garbage Collection is triggered. Since most objects here are
short-lived, Minor GC is very fast and efficient. Surviving objects are moved between survivor spaces, and eventually,
after surviving multiple Minor GCs, they are promoted to the Old Generation.

2. Old (Tenured) Generation

This generation stores objects that have lived long enough to be promoted from the Young Generation. These are
typically long-lived application states, large data structures, or cached objects. Because the Old Generation is larger
and grows slower, garbage collection happens less frequently here. When the Old Generation becomes full, a Major
Garbage Collection (or Full GC) is triggered. Major GCs involve inspecting all live objects in the heap and typically
take longer to execute, causing noticeable “Stop-the-World” pauses in the application.

3. Metaspace (Formerly Permanent Generation)

Prior to Java 8, class metadata and method definitions were stored in a space called the Permanent Generation
(PermGen). Since Java 8, PermGen has been replaced by Metaspace. Unlike PermGen, which was part of the JVM
heap and had a fixed maximum size, Metaspace resides in the native memory of the host operating system and can
dynamically auto-grow by default, significantly reducing OutOfMemoryError: PermGen space issues.

1.13.3 Requesting Garbage Collection

As a Java developer, you cannot force the Garbage Collector to run at a specific, exact moment. The JVM schedules
the GC autonomously based on memory availability, allocation rates, and internal heuristics. However, you can suggest
or request the JVM to initiate garbage collection using built-in methods:

System.gc();
// or
Runtime.getRuntime().gc();

Both methods perform the exact same function.
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System.gc() is Only a Suggestion

Calling System.gc() does not guarantee immediate execution of the Garbage Collector. It merely sends a request
to the JVM, indicating that it might be a good time to reclaim memory. The JVM is entirely free to ignore
this request if it determines that a GC cycle is unnecessary or would negatively impact performance. Relying on
System.gc() for program correctness is a severe anti-pattern and should be avoided in production environments.

1.13.4 The finalize() Method

Before an object is permanently destroyed and its memory reclaimed by the Garbage Collector, the JVM provides one
last opportunity for the object to execute cleanup operations via the finalize() method. The finalize() method is
defined in the java.lang.Object class, meaning every class inherits it.

Developers can override finalize() to release non-Java resources, such as closing file handles, network connections,
or database connections.

Using the finalize() method

public class ResourceHandler {
public ResourceHandler() {

System.out.println("Resource allocated.");
}

// Overriding the finalize method
@Override
protected void finalize() throws Throwable {

System.out.println("Resource cleaned up by Garbage Collector.");
super.finalize();

}

public static void main(String[] args) {
ResourceHandler handler = new ResourceHandler();

// Making the object unreachable
handler = null;

// Requesting Garbage Collection
System.gc();

System.out.println("Main method ends.");
}

}

Note: Because GC runs in a separate background thread, the exact order of the output may vary. The ‘Resource
cleaned up...” message may print before or after ‘Main method ends.”

Deprecation of finalize()

As of Java 9, the finalize() method has been officially deprecated. It is heavily discouraged because the JVM
provides no guarantees about when, or even if, finalize() will be called. If a program terminates before GC
occurs, the method is never executed. Furthermore, poorly written finalize() methods can severely impact
application performance and accidentally resurrect objects from destruction. Modern Java practices advocate using
try-with-resources and implementing the AutoCloseable interface for deterministic resource management.

1.13.5 Advantages of Java Garbage Collection

The implementation of automated Garbage Collection provides profound benefits that contribute to Java’s widespread
popularity in enterprise software development:

• Enhanced Developer Productivity: Developers are relieved from writing boilerplate memory management
code. This allows them to focus entirely on implementing complex business logic and significantly accelerates the
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development lifecycle.

• Prevention of Memory Leaks: By automatically tracking object reachability and reclaiming unused memory,
GC inherently protects applications from the majority of memory leaks that plague manually managed languages.

• Elimination of Dangling Pointers: Because objects are only destroyed when there are absolutely no active
references pointing to them, Java programs are immune to dangling pointer vulnerabilities, which are a major
source of unpredictable crashes and security flaws.

• Automatic Memory Optimization: Through the compaction phase, the GC automatically reorganizes heap
memory to prevent fragmentation, ensuring that future object allocations remain blazing fast and memory
utilization stays efficient over long periods of runtime.

1.13.6 Best Practices for Memory Management

Although Garbage Collection is automatic, developers still play a crucial role in ensuring efficient memory usage.
Holding onto references of objects that are no longer needed prevents the GC from reclaiming them, leading to what is
effectively a logical memory leak.

• Nullify unused references: If a large object or array is no longer needed but the reference variable remains in
scope, explicitly set the reference to null. This instantly makes the object unreachable and eligible for GC.

• Scope variables tightly: Declare variables in the narrowest possible scope. Once the block of code (like a
loop or a method) finishes execution, local variables go out of scope, making their referenced objects eligible for
garbage collection.

• Close external resources explicitly: Do not rely on Garbage Collection to close database connections, network
sockets, or file streams. Always use finally blocks or try-with-resources to release external system resources
deterministically.

1.13.7 Summary

Garbage collection is the unsung hero of the Java Virtual Machine. By abstracting away the complex, error-prone
tasks of manual memory management, it provides a stable and secure environment for running massive applications.
Understanding its internal mechanisms—from the Mark and Sweep algorithm to the Generational Heap structure—is
essential for any Java developer aiming to write high-performance, resilient software. While you cannot command the
Garbage Collector directly, adhering to best practices ensures your applications remain lightweight and performant.

Data Types

Primitive

Numeric Boolean

Non-Primitive

String Array

Figure 1.11: Java Data Types Hierarchy
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1.14 Introduction to Programming Paradigms
As the field of computer science has evolved, the complexity of software systems has grown exponentially. Early
programmers wrote machine code directly, flipping physical switches to enter instructions. Today, we build massive,
distributed applications spanning millions of lines of code. Managing this complexity requires structured approaches to
thinking about and writing code. This is where the concept of a programming paradigm comes into play.

Definition

Programming Paradigm A programming paradigm is a fundamental style, philosophy, or methodology of writing
and organizing computer programs. It dictates how programmers conceptualize and structure the execution model
of the system, defining the underlying principles and concepts that guide software development.

In essence, a paradigm represents a distinct way of thinking about the problem-solving process in computer
programming. Just as different architectural styles—such as Gothic, Classical, or Modern—dictate the design and
construction of buildings, different programming paradigms dictate the structure and behavior of software. Some
programming languages are designed to support a single paradigm (e.g., Haskell for functional programming, or
Smalltalk for pure object-oriented programming), while many modern languages, such as Java, Python, and C++, are
multi-paradigm languages, offering developers the flexibility to choose the most appropriate paradigm for the task at
hand.

Key Concept

The Purpose of Paradigms Paradigms are not mutually exclusive algorithms, but rather broad patterns of thought.
The primary goal of any programming paradigm is to provide a framework that reduces the complexity of software
development, improves code maintainability, and aligns the programmatic logic with the real-world problem
domain.

Understanding different programming paradigms is crucial for software engineers. It broadens a programmer’s
analytical toolkit, allowing them to tackle a wider array of problems efficiently. Often, a problem that is extremely
difficult to solve using one paradigm becomes trivial when viewed through the lens of another.

1.15 Types of Programming Paradigms
Programming paradigms can broadly be classified into two overarching categories based on their approach to executing
instructions: the Imperative programming paradigm and the Declarative programming paradigm.
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Key Concept

Imperative vs. Declarative: The Core Distinction

• Imperative Paradigm: Focuses on how the computer should achieve a result. It involves writing
step-by-step instructions that change the program’s state. You explicitly manage the control flow.

• Declarative Paradigm: Focuses on what the computer should achieve. It specifies the desired outcome
without explicitly detailing the step-by-step control flow required to get there.

Let us explore these two primary categories and their respective sub-paradigms in greater detail.

1.15.1 Imperative Programming Paradigm

The imperative programming paradigm is the oldest and most traditional form of programming, heavily influenced by
the underlying hardware architecture (the von Neumann architecture). In this paradigm, a program is essentially a
sequence of statements that change the state of the machine. The programmer must explicitly instruct the computer
on every step to execute, manipulating variables and memory directly.

The imperative paradigm branches into several prominent sub-paradigms:

Procedural Programming

Procedural programming, also known as structured programming, is a subtype of imperative programming where
the program is divided into reusable, callable units known as procedures, functions, or subroutines. This paradigm
was developed to combat the "spaghetti code" phenomenon that arose from excessive use of goto statements in early
programming.

Definition

Procedural Programming Procedural programming is an imperative paradigm that structures a program as a
sequence of procedural calls. It emphasizes a top-down approach, breaking down a large, complex task into smaller,
manageable sub-tasks (procedures).

Key characteristics of procedural programming include:

• Top-Down Approach: The main program logic dictates the high-level flow, calling specialized functions to
handle specific operations.

• Modularity: Code is organized into functions, improving reusability and making debugging easier.

• Global and Local Data: Variables can be declared globally (accessible anywhere) or locally (accessible only
within a function). However, excessive reliance on global data can lead to unintended side effects.

Languages like C, Pascal, and Fortran are classic examples of procedural programming languages.

Example

Procedural Programming Concept If you want to bake a cake using a procedural approach, you would write
functions for each step: gatherIngredients(), mixBatter(), preheatOven(), and bake(). The main program
would simply call these functions in the correct sequence.

Object-Oriented Programming (OOP)

As software systems grew larger, the procedural approach began to show limitations, particularly regarding data
security and code maintainability. Global data could be modified by any function, leading to fragile codebases. The
Object-Oriented Programming (OOP) paradigm emerged to address these shortcomings by inextricably linking data
and the functions that operate on that data.

Definition

Object-Oriented Programming (OOP) OOP is a paradigm based on the concept of "objects," which are self-
contained entities that encapsulate both data (attributes or properties) and behavior (methods or functions).
Instead of focusing solely on functions, OOP models software around real-world entities.
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Java is a quintessential object-oriented language. The OOP paradigm is built upon four fundamental pillars:

1. Encapsulation: Bundling data and methods together within a class and restricting direct external access to the
data. This protects the internal state of the object.

2. Abstraction: Hiding complex implementation details and exposing only the necessary features of an object.

3. Inheritance: A mechanism allowing a new class to inherit properties and behaviors from an existing class,
promoting code reuse.

4. Polymorphism: The ability of different objects to respond to the same method call in their own specific way.

Important / Warning

Over-Engineering in OOP While OOP is highly effective for large-scale enterprise applications, developers must
be cautious not to over-engineer their solutions. Creating unnecessarily deep inheritance hierarchies or defining
classes for trivial tasks can lead to a bloated, slow, and overly complex codebase.

Parallel Processing Approach

The parallel processing paradigm involves dividing a program into multiple concurrent processes or threads that execute
simultaneously across multiple processors or cores. While traditional imperative programming executes instructions
sequentially, the parallel paradigm aims to reduce execution time by performing multiple operations at the exact same
time.

This paradigm requires careful synchronization to prevent issues such as race conditions and deadlocks, where
multiple threads attempt to modify the same shared resource simultaneously. Java provides robust, built-in support for
parallel processing through its multithreading capabilities.

1.15.2 Declarative Programming Paradigm

Unlike the imperative paradigm, which dictates the control flow step-by-step, the declarative programming paradigm
focuses on declaring the desired results. The underlying execution engine or compiler is responsible for determining the
optimal path to achieve those results.

The declarative paradigm is further divided into several distinct approaches:

Logic Programming

Logic programming is a paradigm heavily rooted in formal logic. A program written in a logic programming language
consists of a set of logical statements expressing facts and rules about a specific problem domain.

Definition

Logic Programming Logic programming is a declarative paradigm where programs are constructed using logical
axioms and rules. Computation is performed by a specialized engine (an inference engine) that attempts to prove
queries based on the provided knowledge base.

In this paradigm, the programmer states what is true, and the language’s execution engine uses logical deduction to
infer new truths or answer queries. Prolog (Programming in Logic) is the most famous example of a logic programming
language, widely used in artificial intelligence, expert systems, and computational linguistics.

Example

Logic Programming Example In Prolog, you might define facts such as:
parent(john, mary).
parent(mary, susan).
And a rule such as:
grandparent(X, Y) :- parent(X, Z), parent(Z, Y).
If you query ?- grandparent(john, susan)., the engine will logically deduce that the answer is true.
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Functional Programming

Functional programming treats computation as the evaluation of mathematical functions. It avoids changing state and
mutable data. This paradigm has gained massive popularity in recent years due to its robust approach to concurrent
programming and its ability to minimize unpredictable bugs.

Key Concept

Core Principles of Functional Programming

• Pure Functions: A function is pure if it always returns the same output for the same input and has no
side effects (it does not modify any external state).

• Immutability: Once a variable is created, its value cannot be changed. Instead of modifying existing data,
functional programs create new data structures with the updated values.

• First-Class Functions: Functions are treated as first-class citizens; they can be assigned to variables,
passed as arguments to other functions, and returned from functions.

Languages like Haskell, Lisp, and Clojure are heavily functional. Modern multi-paradigm languages, including Java
(since Java 8 with Lambda expressions and the Streams API), have incorporated numerous functional programming
features.

Important / Warning

State Mutation vs. Immutability In imperative programming, changing the state of a variable is standard practice.
However, in pure functional programming, mutating state is strictly avoided. Mixing mutable state into functional
logic can defeat the benefits of the paradigm, leading to unpredictable behavior in concurrent environments.

Database/Data-Driven Programming

Database programming, or relational programming, is a declarative paradigm used specifically for interacting with
and managing data stored in databases. The most prominent language in this category is SQL (Structured Query
Language).

When writing SQL, the programmer declares the exact data they want to retrieve or manipulate, but they do not
write the algorithms to search the database tables or manage the memory. The Database Management System (DBMS)
query optimizer analyzes the declarative query and formulates the most efficient imperative execution plan behind the
scenes.

Example

Declarative Database Query Consider the SQL statement: SELECT name FROM students WHERE grade = ’A’;
This is purely declarative. The programmer does not write a loop to iterate over the students table or an if
statement to check the grade. The programmer simply states the desired outcome, and the database engine
handles the "how."

1.16 Summary of Paradigms
To summarize, programming paradigms are foundational methodologies that shape how developers construct software.
The imperative paradigm (including procedural and object-oriented programming) provides explicit control over the
machine’s state and execution flow, making it intuitive for modeling real-world processes and entities. The declarative
paradigm (including logic and functional programming) abstracts away the control flow, allowing the developer to focus
purely on the logic of the problem itself.

Modern software development rarely relies on a single paradigm. Java, the focus of this text, is primarily an
Object-Oriented language, but it successfully integrates concepts from procedural programming (methods and control
structures) and functional programming (lambdas and streams). A robust understanding of these paradigms equips
programmers with the versatility needed to architect elegant, efficient, and scalable software solutions.
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Condition
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Figure 1.13: If-Else Control Flow
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1.17 Java Environment Setup
Before writing any Java program, it is essential to configure the computer correctly so that it can understand,
compile, and execute Java code. The process of configuring your system to work with Java is broadly referred to as
the Java Environment Setup. A well-configured environment ensures that developers can focus entirely on writing
robust applications rather than wrestling with runtime errors or "command not found" issues. This section will guide
you through understanding the fundamental components of the Java platform, downloading the required software,
configuring the system environment variables, and verifying the entire setup by compiling and running a test program.

1.17.1 Understanding the Java Ecosystem Components

To set up a Java environment properly, one must first understand the core architectural components of the Java
platform. Java’s fundamental philosophy, "Write Once, Run Anywhere" (WORA), is made possible through a layered
ecosystem consisting of the JVM, JRE, and JDK. Beginners frequently confuse these acronyms, but understanding
their distinct roles is crucial for any Java developer.

Definition

Box Java Virtual Machine (JVM): The JVM is an abstract computing machine that enables a computer to
run a Java program. When you write Java code, it is compiled into a platform-independent format called bytecode.
The JVM is platform-dependent (different JVMs exist for Windows, Linux, and macOS) and is responsible for
translating this generic bytecode into machine-specific instructions at runtime.
Java Runtime Environment (JRE): The JRE is a software package that provides the minimum requirements
for executing a Java application. It consists of the JVM, core classes, and supporting files. It does not contain any
development tools such as compilers or debuggers.
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Java Development Kit (JDK): The JDK is a full-featured software development environment used for
developing Java applications and applets. It physically exists and contains the JRE, along with development tools
like the Java compiler (javac), archiver (jar), and documentation generator (javadoc).

The relationship between these three components can be summarized by a simple containment hierarchy. The JVM
resides within the JRE, and the JRE resides within the JDK.

Key Concept

Concept The Relationship Formula:

• JRE = JVM + Core Java Class Libraries

• JDK = JRE + Development Tools (e.g., javac, java, jdb)

If you only want to run a Java program, you need the JRE. If you want to write and compile Java programs, you
must install the JDK.

1.17.2 Downloading and Installing the Java Development Kit (JDK)

Since the JDK includes everything necessary to both write and execute Java programs, setting up the Java environment
strictly requires downloading and installing the JDK. Over the years, the stewardship of Java has evolved, leading to
multiple distributions of the JDK. The most prominent are the Oracle JDK (the commercial version) and OpenJDK
(the open-source reference implementation). Other popular distributions include Eclipse Temurin (Adoptium), Amazon
Corretto, and Azul Zulu.

For most development purposes, an OpenJDK distribution like Eclipse Temurin is recommended because it is
free, open-source, and highly reliable. Furthermore, Java releases are categorized into LTS (Long-Term Support) and
non-LTS versions. LTS versions (such as Java 8, 11, 17, and 21) receive security and performance updates for several
years, making them ideal for stable environments.

Important / Warning

Version Compatibility Warning: Ensure that your chosen IDE (Integrated Development Environment)
supports the JDK version you plan to install. Using an extremely new, non-LTS version of the JDK might cause
incompatibility issues with certain older build tools or libraries. Always stick to the latest LTS release unless you
have a specific requirement for cutting-edge features.

Installation on Windows

1. Navigate to the official Oracle or Adoptium website and download the Windows installer (.exe or .msi) for the
desired JDK LTS version.

2. Run the downloaded installer.

3. Follow the on-screen instructions. It is highly recommended to leave the installation path to its default location,
which is usually C:\Program Files\Java\jdk-<version>.

4. Complete the installation wizard.

Installation on Linux

On Linux, the installation is typically handled via the system’s package manager, which simplifies the process
significantly.

Example

Installing OpenJDK on Ubuntu/Debian: Open a terminal and execute the following commands:

sudo apt update
sudo apt install default-jdk

For a specific version, such as JDK 17, you would run:
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sudo apt install openjdk-17-jdk

Installation on macOS

On macOS, you can download the .dmg installer from official sources, but using a package manager like Homebrew is
standard practice among developers.

brew install openjdk@17

1.17.3 Configuring Environment Variables

Merely installing the JDK is often not enough. To compile and run Java programs from any directory in the command
prompt or terminal, the operating system needs to know exactly where the Java executable files are located. This is
achieved by configuring Environment Variables.

Definition

Box Environment Variables are dynamic, dynamically-named values that can affect the way running processes
will behave on a computer. In the context of Java, the two most critical environment variables are JAVA_HOME and
the Path variable.

• JAVA_HOME: This variable points to the file system location where the JDK was installed. Many Java-based
applications, build tools (like Maven and Gradle), and application servers (like Apache Tomcat) rely on the
JAVA_HOME variable to function correctly.

• Path: The Path variable contains a list of directories that the operating system searches through when a user
types a command in the terminal. By adding the JDK’s bin directory (which contains javac and java) to the
Path, you enable the OS to recognize Java commands globally.

Setting Variables on Windows

1. Open the Start Search, type "Environment Variables," and select "Edit the system environment variables."

2. Click on the "Environment Variables" button at the bottom of the System Properties window.

3. Under "System variables," click "New" to create the JAVA_HOME variable.

4. Set the Variable name as JAVA_HOME and the Variable value as the path to your JDK installation (e.g., C:\Program
Files\Java\jdk-17). Click OK.

5. Next, locate the Path variable under "System variables" and select "Edit."

6. Click "New" and add the path to the JDK’s bin directory. Instead of hardcoding the path, it is best practice to
use the JAVA_HOME variable: %JAVA_HOME%\bin.

7. Click OK to close all dialogs and apply the changes.

Setting Variables on Linux and macOS

On Unix-based systems, environment variables are typically set in shell configuration files such as .bashrc,
.bash_profile, or .zshrc.

Example

Configuring Variables in bash/zsh: Open your terminal and use a text editor to open your shell configuration
file. For example, using nano:
nano ~/.bashrc

Add the following lines at the end of the file (ensure the path matches your actual installation directory):
export JAVA_HOME=/usr/lib/jvm/java-17-openjdk-amd64
export PATH=$JAVA_HOME/bin:$PATH

Save the file and refresh your shell session by running:
source ~/.bashrc
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Important / Warning

Path Variable Priority: When modifying the PATH variable, always prepend the Java bin directory (e.g.,
JAV A_HOME/bin :PATH) rather than appending it. This ensures that the newly installed JDK takes precedence
over any pre-installed or system-default Java versions.

1.17.4 Verifying the Installation

After configuring the environment variables, it is crucial to verify that the setup was successful. This verification step
confirms that the operating system correctly identifies the Java compiler and runtime environment.

Open a new command prompt or terminal window. It is important to open a new window because the terminal
only loads environment variables upon startup.

Type the following command to check the runtime environment:

java -version

If the setup is correct, the terminal will output the version details. An expected output looks similar to this:

openjdk version "17.0.8" 2023-07-18
OpenJDK Runtime Environment (build 17.0.8+7-Debian-1deb11u1)
OpenJDK 64-Bit Server VM (build 17.0.8+7-Debian-1deb11u1, mixed mode, sharing)

Next, verify the Java compiler by typing:

javac -version

The expected output should simply state the compiler version:

javac 17.0.8

If either of these commands returns an error such as ’java’ is not recognized as an internal or external
command (Windows) or command not found: java (Linux/macOS), you must revisit your environment variable
configurations. Carefully check for spelling errors, incorrect paths, or missing semicolons.

1.17.5 Writing and Testing the First Java Program

The final and most definitive way to test your Java environment setup is to write, compile, and execute a simple Java
program. The traditional "Hello, World!" application serves this purpose perfectly.

1. Open a plain text editor (like Notepad on Windows or Nano/Gedit on Linux).

2. Type the following Java code exactly as shown. Java is strictly case-sensitive.

Example

HelloWorld.java

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

System.out.println("Hello, World! Java is successfully set up.");
}

}

3. Save the file as HelloWorld.java. The filename must exactly match the public class name, including the
capitalization, and must end with the .java extension.

4. Open your terminal or command prompt and navigate to the directory where you saved the file. For example, if
you saved it on the Desktop, you would type cd Desktop.

5. Compile the source code by executing the Java compiler command:

javac HelloWorld.java
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If the compilation is successful, the command will execute silently without outputting any messages, and a new file
named HelloWorld.class will be generated in the same directory. This file contains the platform-independent
bytecode.

6. Execute the compiled bytecode using the Java Runtime command. Note that you omit the .class extension
when running the program:

java HelloWorld

Upon successful execution, the terminal will display the message:
Hello, World! Java is successfully set up.

This successful output guarantees that your Java Development Kit is correctly installed, your environment variables
are accurately configured, and your system is fully prepared for advanced Java software development. From this point
forward, you can transition from using plain text editors and command-line compilation to utilizing fully-featured
Integrated Development Environments (IDEs) like IntelliJ IDEA, Eclipse, or Visual Studio Code, which automate the
compilation and execution processes behind a graphical user interface.

Loop Condition

Loop Body

True
False

Figure 1.15: While Loop Control Flow
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1.18 Java Program Structure
A Java program is essentially a collection of objects that communicate via invoking each other’s methods. To understand
how a typical Java application is organized, one must examine its structural anatomy. The structure of a Java program
dictates how the compiler processes the source code, where it looks for dependencies, and how the execution engine
(the Java Virtual Machine, or JVM) initiates the program execution.

In Java, every line of code that can run needs to be inside a class. This overarching principle simplifies object-oriented
design but also enforces a rigorous blueprint for every file. A standard Java source file (with a .java extension) follows
a specific sequence of sections. While not all sections are mandatory, they must appear in a designated order if they
are used.

Key Concept

Concept The Blueprint of a Java File A Java source file can be divided into the following sections, appearing
sequentially: 1. Documentation Section 2. Package Statement 3. Import Statements 4. Interface Statements 5.
Class Definitions 6. Main Method Class

Let us explore each of these structural components in detail.

1.18.1 Documentation Section

The documentation section is an optional but highly recommended part of a Java program. It typically comprises
comments that provide essential information about the program, such as the author’s name, the date of creation,
version number, and a brief description of what the program or the specific class aims to achieve.

Definition

Box Comments in Java Comments are non-executable lines in the source code ignored by the compiler. They
are primarily used for code documentation and improving readability.

Java supports three types of comments:

• Single-line comments: Initiated by //. The compiler ignores everything from the // to the end of the line.

• Multi-line comments: Enclosed between /* and */. Useful for commenting out blocks of code or writing
longer descriptions.

• Documentation comments: Enclosed between /** and */. These are special comments used by the javadoc
tool to automatically generate HTML-based API documentation.

Example

Example of a Documentation Section

/**
* Program: Inventory Management System
* Author: John Doe
* Date: 2023-10-27
* Description: This program manages stock levels,
* tracks shipments, and generates reports.
*/

1.18.2 Package Statement

If a Java program uses packages, the package statement must be the first executable line of code in the source file. A
package is a namespace that organizes a set of related classes and interfaces. Conceptually, you can think of packages
as being similar to different folders on your computer.

Definition

Box Package Statement A package statement defines the namespace in which the classes of the source file
reside, preventing naming conflicts and controlling access.
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Using packages provides several distinct advantages. It prevents naming conflicts; for example, there can
be two classes named Employee in the same application as long as they reside in different packages (e.g.,
com.company.hr.Employee and com.company.payroll.Employee). Furthermore, it offers access protection (using
access modifiers like protected and default) and makes it easier to locate related classes.

Example

Example of a Package Statement

package com.mycompany.inventory;

Important / Warning

Order of Statements If a file contains a package statement, it must be the first non-comment line in the file.
Placing import statements or class definitions before the package statement will result in a compilation error.

1.18.3 Import Statements

After the package statement (or as the first line if no package statement is present), the import statements appear. In
Java, classes are organized into packages. If a class wants to use another class that resides in a different package, it
must either use the fully qualified name (e.g., java.util.Scanner) every time it refers to that class, or it can import
the class once at the beginning of the file.

Definition

Box Import Statement An import statement tells the compiler where to find the classes or interfaces that are
referenced in the code but defined in other packages.

There are two primary ways to use the import statement:

• Single Type Import: Imports a specific class or interface. For example, import java.util.Scanner;. This is
the preferred method as it clearly defines dependencies.

• Type-Import-on-Demand: Imports all classes and interfaces in a specified package. For example, import
java.util.*;. Note that this does not import sub-packages; it only imports the types directly within the
java.util package.

By default, Java automatically imports the java.lang package, which contains fundamental classes like String,
System, and Math. Therefore, you do not need to explicitly import these classes.

Example

Example of Import Statements

import java.util.Scanner; // Single type import
import java.io.*; // Type-import-on-demand

1.18.4 Interface Statements

In Java, an interface 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 or constructors. Interfaces are
used to achieve abstraction and multiple inheritance of type.

While interfaces are often declared in their own dedicated files, an interface can be defined within a file alongside
other classes (though typically only one public type is allowed per file, matching the file name). The interface declaration
block allows you to define these abstract types before the primary class definitions.

Key Concept

Concept Interfaces as Contracts An interface acts as a contract. Any class that implements an interface
must provide concrete implementations for all of its abstract methods. This enforces a consistent behavior across
potentially unrelated classes.
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Example

Example of an Interface Statement

interface Printable {
void printDetails();

}

1.18.5 Class Definitions

The core of any Java program is the class definition. A Java program may contain multiple class definitions, but they
are typically organized so that one class is the primary focus of the file. A class is a blueprint or prototype from which
objects are created. It defines the state (fields or variables) and behavior (methods) that the objects created from the
class will possess.

Definition

Box Class Definition A class definition begins with the keyword class followed by the class name. The body of
the class is enclosed in curly braces {} and contains fields, constructors, and methods.

A class generally consists of the following components:

• Fields (Variables): Represent the state or attributes of an object.

• Constructors: Special methods invoked when an object is instantiated. They are used to initialize the state of
the new object.

• Methods: Represent the behavior of the object. They contain the executable code that manipulates the data
and performs operations.

Example

Example of a Class Definition

class Employee {
// Fields
int id;
String name;

// Constructor
public Employee(int id, String name) {

this.id = id;
this.name = name;

}

// Method
public void display() {

System.out.println("ID: " + id + ", Name: " + name);
}

}

Important / Warning

Public Classes and File Names In Java, a source file can contain at most one public class. If a file contains a
public class, the name of the file must exactly match the name of the public class (including case sensitivity),
appending the .java extension.

1.18.6 Main Method Class

The execution of a standard Java application always begins from a specific method called the main method. The class
that contains this main method is often referred to as the "Main Method Class" or the "Driver Class". This class acts
as the entry point for the JVM.

Textbook for 4341602 Milav Dabgar

https://milav.in


Java Program Structure 42

Key Concept

Concept The JVM Entry Point When you run a Java application, you instruct the Java Virtual Machine to
execute a specific class. The JVM immediately searches for the main method with an exact, predefined signature
within that class to start execution.

The exact signature of the main method must be:

public static void main(String[] args)

Let us break down each component of this critical declaration:

• public: This is an access modifier. It dictates that the main method is visible and accessible from anywhere.
The JVM resides outside the class, so the method must be public for the JVM to invoke it.

• static: This keyword means that the method belongs to the class itself, rather than to any specific instance
(object) of the class. Because the JVM needs to invoke the main method before any objects are created, the
method must be static.

• void: This is the return type. It indicates that the main method does not return any value to the caller (the
JVM). When the main method finishes executing, the Java program terminates.

• main: This is the specific name of the method that the JVM is configured to look for as the starting point. It is
not a keyword, but it is a rigid convention enforced by the JVM launcher.

• String[] args: This parameter is an array of String objects. It stores the command-line arguments passed to
the program when it is executed. These arguments can be used to alter the behavior of the program dynamically
without recompiling it.

Example

Complete Java Program Example Here is a complete example synthesizing all the structural elements discussed
above:

/**
* A complete Java program demonstrating the core structure.
*/

package com.example.structure; // 1. Package statement

import java.util.Date; // 2. Import statement

// 3. Interface statement
interface Greeter {

void greet();
}

// 4. Class definition (implementing an interface)
class TimeGreeter implements Greeter {

public void greet() {
System.out.println("The current date and time is: " + new Date());

}
}

// 5. Main Method Class
public class MainApp {

public static void main(String[] args) {
System.out.println("Starting application...");
TimeGreeter greeter = new TimeGreeter();
greeter.greet();

}
}
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1.18.7 Execution Flow of a Java Program

Understanding the structure is only half the battle; knowing how the structure is processed is equally important. The
lifecycle of a Java program code file involves two primary phases: compilation and execution.

First, the developer writes the source code following the structural rules outlined above and saves it in a .java file.
The Java compiler (javac) then processes this file. During compilation, the compiler checks for syntactic correctness,
verifies that imported classes exist, and ensures type safety. If the code passes these checks, the compiler translates the
human-readable Java source code into bytecode, saving it in a .class file. The bytecode is a highly optimized set of
instructions designed to be executed by the Java Virtual Machine.

Second, the execution phase begins when the user runs the java command, specifying the name of the class
containing the main method. The JVM loads the designated .class file into memory. It verifies the bytecode to ensure
security, and then the execution engine translates the bytecode into the native machine language of the host operating
system (often using Just-In-Time or JIT compilation for performance). The JVM locates the public static void
main(String[] args) method and starts executing the instructions sequentially from top to bottom.

Key Concept

Concept Write Once, Run Anywhere (WORA) The separation of the compilation phase (generating
bytecode) and the execution phase (interpreting/compiling bytecode via JVM) is the foundation of Java’s platform
independence. The same .class file can be executed on any operating system that has a compatible JVM
installed.

1.18.8 Best Practices in Java File Organization

While the compiler allows multiple classes in a single file (provided only one is public), adhering to established best
practices significantly improves code maintainability.

• One Class Per File: The most widely adopted convention is to place each class or interface in its own separate
file. The filename should exactly match the class name. This makes it dramatically easier to navigate large
codebases.

• Meaningful Packages: Organize files into logical packages based on functionality or architectural layers (e.g.,
com.app.ui, com.app.database, com.app.models).

• Consistent Formatting: Use consistent indentation (usually 4 spaces), spacing, and brace placement (e.g.,
placing the opening brace on the same line as the class/method declaration). This aligns with the visual structure
of the program.

• Comprehensive Documentation: Use Javadoc comments for all public classes and methods. This not only
clarifies intent but allows for automated documentation generation.

By mastering the structural elements of a Java program, developers lay a solid foundation for building complex,
scalable, and maintainable software systems. The rigid structure, while initially demanding, enforces discipline that
pays off tremendously in long-term project viability.

JDK

JRE

JVM Libraries Dev
Tools

Figure 1.17: JDK, JRE, and JVM Relationship
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1.19 JDK, JRE, JVM, and Bytecode

1.19.1 Introduction to the Java Execution Model

The architecture of the Java programming language is fundamentally different from traditional compiled languages
like C or C++. While traditional languages compile source code directly into machine-specific binary instructions
tailored to a specific operating system and hardware architecture, Java adopts a sophisticated two-stage process. This
architectural decision is what allows Java to achieve its famous ”Write Once, Run Anywhere” (WORA) capability.
This flexibility is made possible by a closely integrated suite of core components: Java Bytecode, the Java Virtual
Machine (JVM), the Java Runtime Environment (JRE), and the Java Development Kit (JDK). Understanding the
strict distinction, responsibilities, and interaction between these components is critical for any serious Java programmer,
as it impacts everything from code distribution and memory management to performance tuning and debugging.

1.19.2 Java Bytecode: The Universal Language of Java

Definition

Java Bytecode Java Bytecode is a highly optimized, platform-independent set of intermediate instructions generated
by the Java compiler. It is neither readable by humans nor directly executable by the underlying computer
hardware. Instead, it is a strictly defined binary format designed explicitly to be executed by the Java Virtual
Machine.

When a developer writes a Java program (saved as a .java file), the Java compiler (javac) does not translate this
source code into the native machine language of the host operating system (e.g., x86 or ARM assembly). Instead, it
translates the code into a standardized intermediate format known as bytecode, which is packaged into a .class file.

The term "bytecode" derives from the fact that each instruction (opcode) in this instruction set is exactly one byte
long. This allows for up to 256 distinct operational codes, covering everything from loading variables onto the execution
stack to performing arithmetic operations and invoking methods.

Key Concept

Platform Independence via Bytecode Because bytecode is rigorously standardized and entirely agnostic of the
underlying hardware architecture or operating system, the exact same compiled .class file can be transferred to
any device—be it a Windows desktop, a Linux server, a macOS laptop, or even a smartphone—and executed
without any recompilation, provided that the target device has a compatible JVM installed.
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Example

Inspecting Bytecode Consider a simple Java class HelloWorld.java. When you run the command javac
HelloWorld.java, the compiler generates HelloWorld.class. To inspect the bytecode inside this file, you
can use the Java Class File Disassembler tool, javap. Running javap -c HelloWorld will output mnemonic
representations of the bytecode, revealing instructions such as:

• aload_0: Load a reference onto the stack.

• invokespecial: Invoke an instance initialization method.

• getstatic: Get a static field from a class (often used to access System.out).

1.19.3 JVM: Java Virtual Machine

Definition

Java Virtual Machine (JVM) The JVM is an abstract computing machine that provides the runtime environment
in which Java bytecode is executed. It is the core execution engine responsible for translating bytecode into
hardware-specific native machine code at runtime.

The JVM is the absolute cornerstone of the Java ecosystem. It is crucial to understand that while Java as a
programming language is platform-independent, the JVM itself is platform-dependent. Oracle, along with various
open-source communities, provides specific JVM implementations for Windows, Linux, macOS, and other operating
systems. The JVM acts as a translator, sitting between the universal Java bytecode and the specific hardware on which
the program is running.

Important / Warning

JVM is a Specification The JVM is technically a written specification—a document detailing exactly how the
virtual machine should behave, manage memory, and execute instructions. When you run a Java program, you
are running an implementation of this specification (such as the HotSpot JVM), which is referred to as a "runtime
instance."

The internal architecture of the JVM is divided into three primary subsystems: the Class Loader Subsystem, the
Runtime Data Areas (Memory), and the Execution Engine.

1. Class Loader Subsystem

The Class Loader is responsible for dynamic class loading, linking, and initialization. When a program requests a class,
the JVM does not load everything at once; instead, it loads classes into memory strictly as they are needed.

• Loading: The system reads the .class file, extracts the bytecode, and stores it in the Method Area. It utilizes
a hierarchy of loaders: the Bootstrap Class Loader (loads core Java APIs), the Extension Class Loader, and the
Application Class Loader.

• Linking: This phase verifies that the bytecode is structurally correct and adheres to Java’s strict security
constraints (Bytecode Verification). It also allocates memory for static variables.

• Initialization: All static variables are assigned their original values, and static blocks are executed.

2. Runtime Data Areas (JVM Memory)

Once loaded, the JVM allocates specific memory regions to manage the program’s execution:

• Method Area: Stores class-level data, including static variables, method codes, and the runtime constant pool.

• Heap Area: The runtime data area where all objects and instance variables are dynamically allocated. This
area is heavily monitored and managed by the Garbage Collector.

• Stack Area: Every time a thread is created, a distinct runtime stack is allocated. It stores local variables and
handles method invocation (method calls and returns).
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• PC (Program Counter) Register: Keeps track of the exact address of the JVM instruction currently being
executed by a specific thread.

• Native Method Stack: Stores native method information used in the application (methods written in languages
like C or C++).

3. Execution Engine

The Execution Engine is where the actual translation and processing occur. It reads the bytecode stored in the memory
areas and executes it piece by piece.

• Interpreter: Historically, JVMs interpreted bytecode sequentially, translating each instruction one at a time.
While straightforward, this approach is noticeably slower than executing natively compiled code.

• Just-In-Time (JIT) Compiler: To bridge the performance gap, modern JVMs incorporate a JIT compiler. The
JIT compiler monitors the program’s execution and identifies “hot spots”—segments of bytecode that are executed
frequently (such as loops). Instead of interpreting these hotspots repeatedly, the JIT compiles them directly into
highly optimized native machine code. Subsequent executions of that code path bypass the interpreter entirely,
executing at native speeds.

• Garbage Collector (GC): A critical background daemon thread that automatically reclaims heap memory
occupied by objects that are no longer reachable or referenced by the program, thereby preventing memory leaks.

1.19.4 JRE: Java Runtime Environment

Definition

Java Runtime Environment (JRE) The JRE is a software package that provides the class libraries and other
essential resources that a specific JVM needs to successfully execute a Java program. Simply put: JRE = JVM
+ Core Class Libraries.

If an end-user simply wants to run a pre-compiled Java application (like a desktop GUI app or a game like Minecraft),
they do not need the full suite of development tools. They only require the JRE to be installed on their system.

The JRE encompasses:

• The JVM: The actual execution engine discussed previously.

• Core Class Libraries (Java API): A vast collection of pre-written Java code that applications rely on.
This includes fundamental packages like java.lang (basic classes like String, Thread, and Math), java.util
(collections framework like ArrayList and HashMap), java.io (file handling), and java.net (networking).

• Supporting Files: Configuration files, property files, security settings, and native libraries required by the JVM.

It is worth noting that starting from Java 9 (with the introduction of Project Jigsaw and the Module System) and
solidified in Java 11, the concept of a standalone, monolithic JRE installer for end-users has been largely deprecated.
Instead, modern Java distribution encourages developers to use the jlink tool to create custom, minimized runtime
images that contain a JVM and strictly only the specific modules their application actually needs to run, reducing
bloat.

1.19.5 JDK: Java Development Kit

Definition

Java Development Kit (JDK) The JDK is the comprehensive software development kit used by software engineers
to develop Java applications and applets. It contains everything required to write, compile, package, debug, and
profile Java programs. Simply put: JDK = JRE + Development Tools.

The JDK is intended strictly for software developers. When you install the JDK on your development machine, it
inherently includes a fully functioning JRE within its directory structure. This ensures you have both the development
tools to build the software and the execution environment to test it.

There are multiple distributions of the JDK available, most notably the Oracle JDK (a commercial build) and
OpenJDK (the free, open-source reference implementation of the Java SE platform).

Key development tools provided in the JDK’s bin directory include:
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• javac: The Java compiler itself, responsible for parsing .java source files, checking for syntax errors, and
generating .class bytecode files.

• java: The application launcher. This command starts up the JVM, loads the specified class, and invokes its
main method.

• javadoc: A documentation generator that parses specific multi-line comments in the source code to produce
structured HTML API documentation automatically.

• jdb: The Java Debugger, a command-line tool used to set breakpoints, step through code, inspect variables, and
fix logic bugs in Java programs.

• jar: The Java Archive tool. It is used to package dozens or hundreds of class files, along with image/audio
resources and metadata, into a single compressed .jar file for easy distribution.

• javap: The class file disassembler mentioned earlier, used to inspect bytecode.

1.19.6 The Interrelationship: The Complete Lifecycle

To fully grasp how these separate components synthesize into a cohesive platform, we can trace the lifecycle of a typical
Java application from conception to execution.

1. Development (JDK): The developer writes the human-readable Java source code in a .java file, utilizing the
rich API libraries provided by the JDK.

2. Compilation (JDK → Bytecode): The developer invokes the javac compiler from the JDK. The compiler
translates the source code into platform-independent Java Bytecode, saving it in a .class file.

3. Distribution: The developer packages the .class files (often into a .jar file) and distributes them. The source
code is no longer needed.

4. Execution Initialization (JRE): An end-user attempts to run the application using the java command. The
local JRE initializes the environment and readies the core Java libraries.

5. Loading and Verification (JVM): The JRE hands control to the JVM. The JVM’s Class Loader dynamically
loads the required bytecode into memory. The Bytecode Verifier rigorously checks the code for structural integrity
and security violations.

6. Translation and Execution (JVM): The JVM’s Execution Engine takes over. It begins by interpreting the
bytecode. As the program runs, the JIT compiler identifies performance bottlenecks (hotspots) and dynamically
compiles that specific bytecode into native machine instructions tailored precisely to the user’s CPU architecture
(e.g., Apple Silicon or Intel x86). The CPU then executes these native instructions.

Key Concept

The Russian Doll Architecture A standard conceptual model for visualizing these components is a set of nesting
Russian dolls:

• The outermost and largest container is the JDK, holding all tools necessary for software creation.

• Inside the JDK is the JRE, which strips away the developer tools but retains everything required to run
pre-compiled code.

• Inside the JRE resides the JVM, the active, dynamic engine performing the execution.

• The JVM continuously processes Bytecode, which acts as the universal blueprint for the application.

1.19.7 Conclusion

The architectural separation of compilation (generating universal bytecode) and execution (interpreting and compiling
bytecode at runtime via the JVM) is arguably Java’s most defining characteristic. By abstracting the operating system
and hardware layer behind the JVM, Java frees developers from the burden of cross-compiling their applications for
multiple platforms. The JDK equips developers to build these universal applications, the JRE ensures systems are
prepared to host them, and the JVM acts as the intelligent engine driving their execution. Mastering the distinctions
and collaborative nature of these four elements is essential for writing efficient, secure, and truly portable software.
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Figure 1.19: Execution Architecture
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1.20 Procedure-Oriented vs. Object-Oriented Programming Concepts

1.20.1 Introduction to Programming Paradigms

The evolution of software development has been profoundly shaped by the paradigms programmers adopt to solve
complex problems. A programming paradigm is essentially a style or way of organizing and structuring code. Over the
decades, software engineering has matured from writing simple sequential instructions to designing complex systems
capable of handling massive amounts of data and interactions. The two most prominent paradigms that have dominated
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the landscape of software engineering are Procedure-Oriented Programming (POP) and Object-Oriented Programming
(OOP).

Understanding the fundamental differences, historical context, and structural philosophies of these two paradigms is
crucial for any aspiring software developer. They dictate not just how code is written, but how problems are decomposed
and analyzed. In this section, we will embark on an in-depth exploration of both paradigms, scrutinizing their core
characteristics, advantages, drawbacks, and how they contrast with one another.

Key Concept

Concept A Programming Paradigm is a fundamental style or approach to programming, serving as a blueprint
for how a software program is structured, organized, and executed. It shapes the developer’s mindset when tackling
computational problems.

1.20.2 Procedure-Oriented Programming (POP)

Before the widespread adoption of modern, high-level abstractions, software was typically written using Procedure-
Oriented Programming. As the name suggests, POP revolves around the concept of "procedures" or "functions."

Core Concepts and Characteristics

In POP, a large program is broken down into smaller, manageable units called functions. Each function is a self-contained
block of code designed to perform a specific task. The primary focus of this paradigm is on the sequence of actions to
be executed—the algorithms. Data, in this context, is secondary and is often treated as information that flows through
these functions.

A typical POP program consists of a main function that acts as the entry point, coordinating the execution of other
functions. These functions communicate with each other by passing arguments and returning values. Global variables
are frequently used to share data across multiple functions, which can lead to complex interdependencies.

Definition

Box Procedure-Oriented Programming (POP) is a programming paradigm focused on breaking down a
programming task into a collection of variables, data structures, and subroutines (or functions). The primary
emphasis is on the logic and the sequence of steps required to achieve a specific outcome.

Key characteristics of POP include:

• Top-Down Approach: POP typically follows a top-down approach in program design. The main problem is
identified and then decomposed into smaller sub-problems, which are implemented as functions.

• Focus on Functions: The building blocks of the program are functions. Logic is written step-by-step to
manipulate data.

• Data Movement: Data is somewhat detached from the functions that operate on it. Data moves openly around
the system from one function to another.

• Global Data: To allow multiple functions to access and modify the same information, global data variables are
heavily utilized.

Example

Consider a simple C program (a classic POP language) to manage a bank account. You might have global
variables like float balance = 0; and functions like void deposit(float amount) and void withdraw(float
amount). The functions operate on the global balance. Any part of the program can modify balance, making it
difficult to track unintended changes in large codebases.

Advantages of POP

POP is not without its merits, particularly for certain types of tasks:

• Simplicity for Small Tasks: For straightforward, linear problems, POP is highly intuitive. Writing a script to
automate a simple system task is often faster using a procedural approach.
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• Efficiency: POP programs can sometimes be more memory-efficient and faster to execute because they lack the
overhead associated with objects and dynamic dispatching found in OOP.

• Ease of Tracking Logic: Because the code executes linearly and sequentially, tracing the path of execution
(control flow) in smaller programs is generally straightforward.

Disadvantages of POP

However, as software systems grew in complexity, the limitations of POP became glaringly apparent:

• Data Insecurity: The extensive use of global variables means data is exposed and vulnerable to unintended
modification by any function in the program. This lack of encapsulation makes debugging complex state changes
a nightmare.

• Poor Real-World Modeling: POP focuses on steps and functions, which does not map well to real-world
scenarios where entities (like a "Car" or "Employee") have both attributes (data) and behaviors (functions).

• Maintenance Nightmares: As the codebase scales, managing the intricate web of functions and global data
becomes unwieldy. A small change in a data structure might require rewriting numerous functions that interact
with it.

• Low Reusability: While functions can be reused, the tight coupling between functions and the specific global
data they operate on often makes it difficult to extract and reuse code in different projects.

Important / Warning

The "Spaghetti Code" phenomenon is a common pitfall in large-scale Procedure-Oriented systems. Unrestricted
access to global data and complex function dependencies can lead to code that is incredibly difficult to read,
maintain, and debug.

1.20.3 Object-Oriented Programming (OOP)

To address the inherent shortcomings of POP, especially for large and complex software projects, Object-Oriented
Programming was developed. Instead of focusing on the sequence of operations, OOP focuses on the entities or "objects"
that make up the system.

Core Concepts and Characteristics

In OOP, a problem is decomposed into objects. An object is a self-contained entity that encapsulates both data
(attributes or state) and the functions that operate on that data (methods or behavior). Data is no longer allowed to
roam freely across the program; it is tightly bound to the methods that manage it.

The core philosophy is to model the software application as a collection of interacting objects, much like the real
world. A program is designed by defining the blueprints for these objects (Classes) and then instantiating them to
perform the required work.

Definition

Box Object-Oriented Programming (OOP) is a programming paradigm based on the concept of "objects,"
which can contain data (in the form of fields, often known as attributes) and code (in the form of procedures,
often known as methods). It heavily emphasizes concepts like encapsulation, inheritance, and polymorphism.

Key characteristics of OOP include:

• Bottom-Up Approach: OOP often utilizes a bottom-up approach. Basic objects are identified and designed
first, and then combined to form more complex systems.

• Encapsulation: This is the mechanism of wrapping data and the methods that operate on them into a single unit
(a class). It restricts direct access to some of an object’s components, which is a means of preventing accidental
interference and misuse of the data.

• Data Hiding: Data is hidden within the object and cannot be accessed directly by external functions. It can
only be accessed through the object’s publicly available methods (getters and setters), ensuring data security and
integrity.
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• Inheritance: This feature allows a new class (subclass) to inherit the properties and behaviors of an existing
class (superclass). It promotes code reusability and establishes a natural hierarchical relationship between objects.

• Polymorphism: The ability of different objects to respond to the same method call in their own specific way.
This allows for flexible and extensible code, where a single interface can represent multiple underlying forms.

Example

Consider a Java program for the same bank account scenario. We would create a BankAccount class. The balance
would be a private variable (data hiding). The deposit() and withdraw() operations would be public methods
within that class. To change the balance, you must use the accountObject.deposit(amount) method. The
balance cannot be arbitrarily altered from outside the object, ensuring a secure and controlled state.

Advantages of OOP

The OOP paradigm offers substantial benefits that have made it the industry standard for enterprise software
development:

• Enhanced Security and Robustness: Data hiding and encapsulation ensure that an object’s internal state
is protected from unauthorized access and accidental modification, leading to fewer bugs and more predictable
software.

• High Code Reusability: Inheritance allows developers to build upon existing, tested code without rewriting it.
Classes can be packaged into libraries and reused across entirely different projects.

• Maintainability and Modularity: The modular nature of objects makes troubleshooting easier. If a bug exists
in the BankAccount logic, developers know exactly where to look. Changes within a class generally do not break
the rest of the program, provided the public interface remains consistent.

• Intuitive Real-World Modeling: Mapping physical or conceptual entities (like "Customer", "Invoice", "Sensor")
to code objects makes the design phase much more intuitive and bridges the gap between the problem domain
and the software solution.

Disadvantages of OOP

Despite its dominance, OOP is not a silver bullet:

• Steeper Learning Curve: Grasping concepts like polymorphism, dynamic binding, and inheritance requires a
significant conceptual shift for beginners accustomed to sequential logic.

• Performance Overhead: OOP abstractions (like dynamic dispatch and object instantiation) consume CPU
cycles and memory. For embedded systems with strict resource constraints, pure procedural code might be
necessary.

• Over-engineering: There is a temptation in OOP to design complex class hierarchies and design patterns for
problems that could be solved with a simple script, leading to unnecessary complexity.

1.20.4 Detailed Comparison: POP vs. OOP

To solidify our understanding, let’s contrast these two paradigms across several critical dimensions of software
engineering.

Data Management and Security

The most profound difference lies in how data is treated. In POP, data is largely passive and global. Functions act
upon the data independently. This separation creates a vulnerability; as systems grow, tracing which function modified
a specific global variable becomes an insurmountable task. In contrast, OOP treats data as a critical, protected asset.
By employing encapsulation, data is hidden behind a wall of defined methods. An object acts as a gatekeeper for its
own state. If you want to modify an object’s data, you must ask the object to do it via its methods. This paradigm
shift drastically improves data security and system reliability.
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Approach to Problem Solving

POP typically employs a top-down approach. You start with the main objective (e.g., "Calculate Payroll") and break
it down into smaller steps (e.g., "Get Employee Hours", "Calculate Taxes", "Print Check"). The focus is heavily
algorithmic. OOP utilizes a bottom-up methodology. You begin by identifying the core entities (e.g., Employee,
TaxCalculator, Paycheck). You define their properties and capabilities, and then you orchestrate interactions between
these objects to achieve the overarching goal. This bottom-up focus on entities maps far more naturally to complex
business requirements.

Code Reusability and Extension

Reusability in POP is essentially limited to copying and pasting function code. If you need a function that is slightly
different, you usually have to write a new one or add complex conditional logic to the existing one. OOP shines in this
arena through inheritance and polymorphism. You can define a base class with common functionality and then derive
specialized classes from it. For instance, an Animal class can provide basic movement logic, while derived Bird and
Fish classes can inherit that logic and add or override behaviors specific to flying or swimming. This vastly reduces
redundant code. Furthermore, new features can often be added by introducing new classes that implement existing
interfaces, without modifying existing, tested code (adhering to the Open-Closed Principle).

Modularity and Maintenance

When modifying a POP application, a change in a global data structure (like adding a field to a record) usually
requires scanning and updating every single function that interacts with that data structure. This tight coupling makes
maintenance brittle and risky. OOP promotes loose coupling. Because objects are self-contained modules, changes
to the internal implementation of a class rarely affect the external code that uses it, as long as the public interface
remains the same. This modularity means large teams can work on different classes simultaneously with minimal
conflict, making long-term maintenance significantly easier and cheaper.

Key Concept

Concept The Paradigm Shift: Moving from POP to OOP is not just about learning new syntax; it is a
fundamental shift in thought process. It requires transitioning from thinking in terms of "What are the steps to
solve this?" to "What are the entities involved, and how do they interact?"

1.20.5 Summary and Conclusion

Both Procedure-Oriented Programming and Object-Oriented Programming have played pivotal roles in the history of
computer science. POP laid the groundwork for structured programming, introducing the critical concept of breaking
down monoliths into manageable functions. It remains relevant today for small scripts, system-level programming (like
the Linux kernel, written in C), and highly resource-constrained environments where execution speed and memory
footprint are paramount.

However, as the ambitions of software engineers expanded into developing massive, enterprise-level applications,
Graphical User Interfaces (GUIs), and complex simulations, the limitations of POP’s global data and lack of encapsulation
became bottlenecks. OOP emerged as the solution, providing the necessary tools to manage complexity: objects,
encapsulation, inheritance, and polymorphism.

By modeling software around real-world entities rather than procedural steps, OOP allows for better data security,
unparalleled code reusability, and robust modularity. For modern application development in languages like Java, C++,
Python, and C#, Object-Oriented Programming remains the foundational paradigm, equipping developers to build the
sophisticated, scalable, and maintainable software systems that power our digital world.
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1.21 Programming Paradigms: The Philosophy of Code

1.21.1 Introduction: What is a Paradigm?

When you decide to build a physical structure—say, a house—you don’t just start blindly nailing boards together.
You first choose a specific architectural style. Are you building a modern glass skyscraper, a cozy log cabin, or a
subterranean bunker? The style you choose dictates the materials you use, the tools you bring to the site, and the
fundamental way you think about the construction process.

In computer science, a Programming Paradigm is the architectural style of software development. It is a
fundamental style, methodology, or "way of thinking" about how to structure and organize computer code to solve a
problem.

A programming language is simply a tool (like a hammer or a saw). A programming paradigm is the blueprint that
tells you how to use that tool. Some languages (like C) are strictly designed for one specific paradigm. Other modern
languages (like Python or Java) are "multi-paradigm," meaning they provide the tools to build software using several
different architectural styles depending on the problem at hand.

Before we dive into the specific syntax of any language, we must first understand the high-level paradigms that
have shaped the evolution of software engineering over the last seventy years.

1.21.2 The Major Classifications

While there are dozens of niche paradigms, the vast majority of software development falls into two massive, overarching
categories: Imperative Programming and Declarative Programming.
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1. Imperative: Focuses on HOW to solve the problem. The programmer gives the computer a step-by-step list of
specific commands to change the machine’s state.

2. Declarative: Focuses on WHAT the result should be. The programmer describes the desired outcome, and the
underlying system figures out how to achieve it. (SQL is a perfect example: you ask for a table of users; you
don’t tell the database how to scan the hard drive).

For the purposes of general-purpose software development (like building desktop apps, video games, or web servers),
we almost exclusively use subsets of the Imperative paradigm.

Programming Paradigms

Imperative (HOW) Declarative (WHAT)

Procedural Object-OrientedLogic (Prolog) Functional

Figure 1.23: The hierarchical classification tree of major programming paradigms. In this course, we will focus heavily
on the transition from Procedural to Object-Oriented programming.

1.21.3 1. Procedural Programming Paradigm

Historically, the Procedural Paradigm (a subset of Imperative programming) was the first major step away from
writing raw binary machine code. It is the paradigm used by classic languages like C, Pascal, and FORTRAN.

In Procedural programming, a program is viewed as a sequential list of instructions. As programs grew larger, this
single long list became impossible to read and debug (often derisively called "Spaghetti Code"). To solve this, the
procedural paradigm introduced the concept of Procedures (also known as functions, methods, or subroutines).

Key Characteristics

• Top-Down Approach: The program starts at the very top (usually a ‘main()‘ function) and executes line-by-line
downward, occasionally jumping into smaller, specialized functions.

• Separation of Data and Logic: In procedural programming, the data (variables) and the logic (functions) are
completely separate entities. You pass data into a function, the function modifies it, and returns it.

• Global Data Vulnerability: Because functions are separate from data, multiple functions often need to access
the same piece of information. To facilitate this, procedural programs rely heavily on "Global Variables" that
sit at the top of the file, completely unprotected. Any function can accidentally overwrite or corrupt a global
variable, causing massive debugging nightmares.

While procedural programming is excellent for writing small, fast, mathematical scripts or operating system kernels,
it scales very poorly when building massive, complex systems like video games or graphical user interfaces.

1.21.4 2. Object-Oriented Programming (OOP) Paradigm

To solve the global data vulnerabilities and scaling issues of Procedural programming, software engineers invented the
Object-Oriented Programming (OOP) paradigm in the 1970s and 80s. Languages like Java, C++, and C# were
built from the ground up to support this philosophy.

Instead of viewing a program as a list of functions that manipulate unprotected data, OOP views a program as a
collection of interacting Objects.

What is an Object?

In the real world, an object (like a Car) has two things:

1. State (Attributes): The color, the current speed, the fuel level. (Data).

2. Behavior (Methods): Accelerate, brake, honk the horn. (Functions).
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In OOP, we wrap the data and the functions that manipulate that data into a single, highly protected capsule
called an Object. The data is hidden inside the object, and outside code is not allowed to touch it directly. If another
part of the program wants to change the Car’s speed, it cannot hack the data variable directly; it must politely ask the
Car object to execute its ‘accelerate()‘ function.

Key Characteristics

• Bottom-Up Approach: Instead of starting with a ‘main()‘ function and breaking it down, an OOP programmer
starts by designing the individual objects (User, ShoppingCart, Product) and then links them together to build
the larger system.

• Data Encapsulation: The practice of locking data inside an object to protect it from accidental corruption by
outside functions.

• Code Reusability: Through concepts like Inheritance, OOP allows developers to write code once and reuse it
across dozens of different objects, drastically reducing the total amount of code required for complex systems.

AI IMAGE PLACEHOLDER
A clean infographic comparing Procedural vs. Object-Oriented design. Left side

(Procedural): A disorganized mess of gears (functions) surrounding a central,
exposed pool of water (Global Data). Any gear can drop dirt in the water. Right

side (OOP): Neatly organized, sealed boxes (Objects). Each box has its own
private, protected vial of water inside it, and a clean pipe connecting it to other

boxes.

Figure 1.24: The core philosophical difference: Procedural separates data and logic, leaving data exposed. OOP
encapsulates data and logic together into protected, secure objects.

1.21.5 3. Functional Programming Paradigm

While OOP dominates enterprise software, the Functional Programming (FP) paradigm has seen a massive
resurgence in recent years (supported by languages like Haskell, Scala, and modern JavaScript).

Functional programming belongs to the Declarative family. It treats computer programs as the evaluation of
strict mathematical functions.

Key Characteristics

• Immutability: In OOP or Procedural, you can create a variable ‘X = 5‘ and later change it to ‘X = 10‘ (mutating
the state). In strict Functional programming, once data is created, it is immutable (it can never be changed).
Instead of changing ‘X‘, a functional program creates a brand new variable ‘Y = 10‘.

• Pure Functions: A function must always produce the exact same output given the exact same input, and it
must have absolutely zero "side effects" (it cannot modify any data outside of itself, cannot print to the console,
and cannot write to a database).

By eliminating mutable state and side effects, Functional Programming completely eliminates whole categories of
terrifying bugs related to multithreading (where two processors try to change the same variable at the exact same
millisecond). If data can never be changed, you never have to worry about multiple processors tripping over each other.
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1.21.6 Conclusion

Understanding programming paradigms is essential because different problems require different architectures. If you are
writing a tiny script to calculate the Fibonacci sequence, the Procedural paradigm is fast and simple. If you are building
an incredibly complex data-processing pipeline across a thousand clustered servers, Functional programming guarantees
mathematical safety. However, for building massive, interconnected, real-world systems with thousands of moving
parts—like an ATM network, a 3D video game, or an airline reservation system—the Object-Oriented Programming
(OOP) paradigm remains the undisputed industry standard. Our focus will be mastering the intricacies of OOP using
Java.

1.22 Command Line Arguments: Interacting with the JVM

1.22.1 Introduction: Communicating Before Execution

When a user interacts with a standard graphical software application, they usually launch the program by double-clicking
an icon, wait for the user interface to load, and then type information into text boxes.

However, many powerful enterprise applications (like server daemons, database utilities, and compiler tools) do not
have a graphical interface at all. They run entirely in the black-and-white Command Prompt. How does a user send
data into these programs if there are no text boxes to type in?

The answer is Command Line Arguments. Command line arguments allow a user to pass data directly into a
Java program at the exact millisecond the program is launched from the terminal.

1.22.2 1. The Anatomy of ‘main(String[] args)‘

To understand how command line arguments work, we must look at the most mysterious part of the standard Java
program structure: the signature of the ‘main‘ method.

public static void main(String[] args) { ... }

What exactly is ‘String[] args‘?

• String[]: This is the syntax for an Array of Strings (a list of text values).

• args: This is simply the name of the array (short for "arguments"). You could technically name it ‘String[]
bananas‘, but ‘args‘ is the universal industry standard.

When the Java Virtual Machine (JVM) launches your program, it physically looks at the command you typed into
the terminal. If you typed any extra words after the name of the program, the JVM scoops those words up, packages
them into an Array of Strings, and directly hands that array to the ‘main‘ method via the ‘args‘ variable.

1.22.3 2. Passing Arguments from the Terminal

Let’s assume we have compiled a Java program named ‘Greeter.java‘.
If we run the program normally, we simply type:

C:\> java Greeter

However, if we want to pass command line arguments to the program, we simply type a space after the program
name, followed by the data we want to send. Each piece of data is separated by a space.

C:\> java Greeter Alice Bob Charlie

How the JVM Processes the Input

When you press Enter, the JVM intercepts the text ‘Alice Bob Charlie‘. It splits the text based on the spaces, and
creates an array of size 3:

• ‘args[0]‘ contains the String ‘"Alice"‘

• ‘args[1]‘ contains the String ‘"Bob"‘

• ‘args[2]‘ contains the String ‘"Charlie"‘
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> java Greeter Alice Bob

JVM intercepts

args[0]

"Alice"

args[1]

"Bob"

Figure 1.25: The translation from Terminal input to an internal Java Array. Spaces dictate how the JVM splits the
arguments into separate array indexes.

1.22.4 3. Writing Code to Handle Arguments

Once the ‘args‘ array is populated by the JVM, you can use it inside your ‘main‘ method exactly like any other array.
Here is the source code for the ‘Greeter.java‘ program:

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

// 1. Check if the user actually provided any arguments
if (args.length == 0) {

System.out.println("Error: Please provide a name.");
System.out.println("Usage: java Greeter <Name>");
return; // Immediately exit the program

}

// 2. Access the first argument
String name = args[0];

// 3. Print the greeting
System.out.println("Hello, " + name + "!");

}
}

Handling Spaces Within a Single Argument

Because the JVM uses spaces to separate arguments, what happens if you want to pass a person’s full name (e.g.,
"John Doe") as a single argument?

If you type ‘java Greeter John Doe‘, the JVM will split it into two arguments (‘args[0] = "John"‘, ‘args[1] = "Doe"‘).
Our program above only looks at ‘args[0]‘, so it will print "Hello, John!".

To force the JVM to treat a string containing spaces as a single unified argument, you must wrap the entire string
in double quotes inside the terminal:

C:\> java Greeter "John Doe"
Hello, John Doe!

1.22.5 4. Parsing Numbers from Arguments

There is one major limitation to command line arguments: Everything comes in as a String.
Even if you type a number into the terminal (‘java Calculator 50 10‘), the JVM will package them as the text

strings ‘"50"‘ and ‘"10"‘. If you try to execute ‘args[0] + args[1]‘, Java will simply glue the text together and output
‘5010‘. It will not perform mathematical addition.

To perform math on command line arguments, you must manually convert the ‘String‘ into an ‘int‘ or ‘double‘
using a specialized Parsing method provided by the Java Standard Library.

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

// Convert the Strings into Integers

Textbook for 4341602 Milav Dabgar

https://milav.in


Garbage Collection: The Unsung Hero of Java Memory 58

int num1 = Integer.parseInt(args[0]);
int num2 = Integer.parseInt(args[1]);

int sum = num1 + num2;
System.out.println("The sum is: " + sum);

}
}

Warning: If the user types ‘java Calculator Apples Oranges‘, the ‘Integer.parseInt()‘ method will panic because it
cannot convert the word "Apples" into a number, resulting in a fatal ‘NumberFormatException‘ crashing the program.

AI IMAGE PLACEHOLDER
A graphic showing a factory machine labeled "Integer.parseInt()". A text box

labeled "50" enters the machine on a conveyor belt. A solid, heavy metallic weight
labeled "50" exits the machine, ready to be used in heavy mathematical equations.

Figure 1.26: Because all command line arguments are strictly Text Strings, they must be mathematically parsed before
they can be used in calculations.

1.22.6 Conclusion

Command line arguments provide a rapid, efficient mechanism for passing startup data into a Java application without
the massive overhead of building a graphical user interface. By utilizing the ‘args‘ array, checking its ‘length‘, and safely
parsing the data into numbers when necessary, developers can build powerful command-line utilities (like automated
file-renamers, database scrapers, and network pingers) that are entirely controlled via terminal commands.

1.23 Garbage Collection: The Unsung Hero of Java Memory

1.23.1 Introduction: The Burden of Memory Management

Every single variable, array, and Object you create in a program takes up physical space in your computer’s Random
Access Memory (RAM). If a program creates thousands of objects a second (like spawning bullets in a video game), it
will eventually consume all available RAM and crash the computer.

In older languages like C and C++, the programmer was solely responsible for managing this memory. The
programmer had to write explicit code to "allocate" memory when creating an object, and they had to write explicit
code to "free" that memory when the object was no longer needed.

This manual memory management was a nightmare. If a programmer forgot to write the ‘free()‘ command, the
program suffered a Memory Leak. The dead objects piled up in RAM invisibly, slowly choking the operating system
until it died. Conversely, if a programmer accidentally freed memory that was still being used, the program suffered a
catastrophic Segmentation Fault and crashed instantly.

When James Gosling designed Java, he decided that human programmers were too prone to error to be trusted
with memory. He removed the ‘free()‘ command entirely. In Java, you cannot manually delete an object. Instead, Java
relies on an automated, highly intelligent background process known as the Garbage Collector (GC).

1.23.2 1. The Heap: Where Objects Live

To understand Garbage Collection, we must understand where objects are physically stored.
When a Java program runs, the Operating System gives the JVM a massive, blank block of RAM called The Heap.

Every time you use the ‘new‘ keyword in Java (e.g., ‘Car myCar = new Car();‘), the JVM carves out a small chunk of
space in the Heap to store the physical data of that Car object.

• The Object: The actual chunk of data living in the Heap (the engine, the wheels, the color).
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• The Reference: The variable name (‘myCar‘) that lives elsewhere in memory, acting as a remote control or a
leash that points to the physical Object in the Heap.

1.23.3 2. How an Object Becomes "Garbage"

The Garbage Collector is a specialized program running constantly in the background of the JVM. Its sole purpose is
to scan the Heap, identify "dead" objects, and delete them to free up space.

But how does the GC know if an object is dead?
An object is officially considered "Garbage" when there are no longer any active references pointing to it.

If an object loses all its leashes, the main program has absolutely no way to access or interact with it ever again. It is
dead weight.

There are three common ways an object loses its reference and becomes eligible for Garbage Collection:

A. The Reference is Reassigned

If you take an existing remote control and point it at a brand new object, the old object is abandoned.

Car myCar = new Car("Ferrari"); // Creates Object 1
myCar = new Car("Honda"); // Creates Object 2, reassigns the leash.
// Object 1 (Ferrari) is now Garbage!

B. The Reference is Nullified

You can explicitly destroy a leash by setting the reference variable to ‘null‘.

Car myCar = new Car("Ferrari");
myCar = null; // The leash is cut. The Ferrari is now Garbage!

C. The Reference Goes Out of Scope

If a reference variable is created inside a method, that variable is instantly destroyed the moment the method finishes.
Any objects it was pointing to are instantly orphaned.

void testMethod() {
Car tempCar = new Car("Ford");

} // End of method. ’tempCar’ variable is destroyed.
// The physical Ford object in the Heap is now Garbage!

The Heap (RAM)

Object 1(Ferrari)myCar
Active Leash

Object 2(Ford)tempCar (Dead)×

GC

Detects Deletes

Figure 1.27: The Mechanics of Garbage Collection. The GC ignores objects with active references (green leash). It
actively hunts and destroys objects whose references have been broken or destroyed (red dashed leash).

1.23.4 3. The Phases of Garbage Collection

The internal algorithms of the Garbage Collector are incredibly complex and have evolved massively over the last
25 years (from the Serial GC to the modern G1 and ZGC algorithms). However, the general process follows two
fundamental phases:
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Phase 1: Mark

The GC stops the program for a tiny fraction of a second. It starts at the very "roots" of the program (active threads
and static variables) and traces every single active leash to find all the living objects in the Heap. It "Marks" these
living objects as safe. Any object that is not marked is officially declared Garbage.

Phase 2: Sweep (and Compact)

Once the dead objects are identified, the GC "Sweeps" through the Heap and deletes them, returning that RAM to the
Operating System.

However, deleting objects at random leaves the Heap full of tiny, unusable holes (Memory Fragmentation). A
modern GC will also perform a "Compact" phase. It physically slides all the surviving living objects together to one
side of the Heap, creating a massive, continuous block of free space for future objects.

AI IMAGE PLACEHOLDER
A three-panel comic. Panel 1: A messy room (Heap) with red boxes (dead objects)

and green boxes (live objects) scattered randomly. Panel 2 (Mark Sweep): A
robotic vacuum cleaner (GC) is sucking up all the red boxes. Panel 3 (Compact):
The robot pushes all the remaining green boxes neatly into the corner, leaving a

huge open space in the room.

Figure 1.28: The Mark, Sweep, and Compact algorithm ensures the Heap remains clean, organized, and unfragmented.

1.23.5 4. The System.gc() Request

Because memory management is automatic, the programmer has no direct control over when the Garbage Collector
runs. The JVM decides when to run it based on how full the Heap is getting.

You can politely ask the JVM to run the Garbage Collector by writing the command ‘System.gc();‘.
However, this is only a request. The JVM is fully allowed to ignore you if it thinks the Garbage Collector doesn’t

need to run yet. In professional enterprise development, manually calling ‘System.gc()‘ is heavily discouraged, as the
JVM’s internal algorithms are almost always smarter than the human programmer regarding when to optimize memory.

1.23.6 Conclusion

Garbage Collection is one of the most profound paradigm shifts introduced by Java. By transferring the massive burden
of memory management from the human programmer to the JVM, Java eliminated an entire class of catastrophic
memory leak bugs that plagued C and C++ developers for decades. While the Garbage Collector does introduce a
tiny amount of performance overhead (the program occasionally pauses to clean the Heap), the massive increase in
application stability and developer productivity makes it an invaluable feature of the language.

1.24 Procedure-Oriented vs. Object-Oriented Programming

1.24.1 Introduction: A Tale of Two Paradigms

To truly appreciate why modern software is overwhelmingly written in Java, C#, or Python, one must understand
the historical problems those languages were invented to solve. Before the widespread adoption of Object-Oriented
Programming (OOP) in the 1990s, the dominant paradigm was Procedure-Oriented Programming (POP),
epitomized by the C programming language.

Both paradigms are "Imperative" (they provide step-by-step instructions to the computer), but they have violently
different philosophies regarding how a program should be organized. POP views a program as a sequence of actions.
OOP views a program as a web of interacting entities.
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The shift from POP to OOP was not just a change in syntax; it was a fundamental shift in how human engineers
map real-world problems into digital architecture.

1.24.2 1. Procedure-Oriented Programming (POP)

In Procedure-Oriented Programming, the primary focus is on Functions (the verbs, the actions). Data (the nouns)
takes a backseat.

When a developer sits down to write a POP application—say, a simple banking system—they ask themselves: "What
are the steps that need to happen?" 1. First, ‘authenticateuser()‘.2.Second, ‘checkbalance()‘.3.Third, ‘withdrawf unds()‘.

The entire architecture is built around the logical flow of execution. To manage complexity, the main program is
broken down into smaller, specialized functions.

The Problem with Global Data

Because functions in POP are completely detached from the data they manipulate, passing data
around becomes a massive logistical headache. If fifty different functions all need access to the user’s
‘accountbalance‘, passingitasaparameterfiftytimesistedious.

To solve this, POP relies heavily on Global Variables. A global variable is declared at the very top of the program
file, outside of any specific function. This makes the data globally visible and accessible to every single function in the
program.

GLOBAL DATA
account_balance = 500
user_name = "Alice"

Function 1
(Withdraw)

Function 2
(Deposit)

Function 3
(Audit)

Figure 1.29: The Architecture of POP. Functions roam freely around exposed global data. If a bug in Function 1
accidentally sets the balance to a negative number, Function 2 and Function 3 will crash, and finding the culprit is
incredibly difficult.

This architecture creates a severe vulnerability. Because the data is exposed, any function can accidentally modify or
corrupt it. When a bug occurs and the ‘accountbalance‘mysteriouslydropstozero, thedevelopermustpainstakinglytracethrougheverysinglefunctionintheentireprogramtofindwhichonecorruptedtheglobaldata.

As programs grew from 10,000 lines of code to 1,000,000 lines of code, managing this exposed global data became
mathematically impossible.

1.24.3 2. Object-Oriented Programming (OOP)

Object-Oriented Programming completely flips the hierarchy. In OOP, the primary focus is on Data (the nouns). The
functions (the verbs) are subservient to the data.

When a developer sits down to write an OOP banking system, they don’t ask "What steps happen?" Instead, they
ask: "What entities exist in this system?" They identify entities like ‘User‘, ‘BankAccount‘, and ‘Transaction‘.

Data Encapsulation

OOP solves the global variable crisis by introducing Encapsulation. Instead of floating freely in a global pool, data is
locked securely inside a protective capsule called an Object.

The ‘BankAccount‘ object contains the ‘balance‘ variable securely inside its walls. Furthermore, the functions that
manipulate that specific balance (like ‘withdraw‘ and ‘deposit‘) are also moved inside the object.

The Golden Rule of OOP: Outside code is strictly forbidden from touching the data inside
an object directly. If a User object wants to reduce the balance, it cannot say ‘accountbalance =
0‘.ItmustpolitelysendamessagetotheBankAccountobject, askingittoexecuteitsowninternal‘withdraw()‘function.TheBankAccountcanthenvalidatetherequestbeforechangingitsowninternalstate.

1.24.4 3. A Direct Comparison

To summarize the philosophical shift, let us compare the two paradigms across several critical dimensions of software
engineering.
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Object: BankAccount

Private Data: Balance

Method: withdraw()

Method: deposit()

Bad Code ×
Other Object

Figure 1.30: The Architecture of OOP. Data is strictly private and guarded. It can only be altered by the object’s own
internal methods. External code must interact via these approved methods, ensuring data integrity.

Approach to Problem Solving

• POP (Top-Down): The system is viewed as a single massive problem that is broken down into smaller
sub-problems (functions).

• OOP (Bottom-Up): The developer first creates small, self-contained, independent objects. The system is then
built by assembling these objects together like Lego bricks.

Data Security

• POP: Data is exposed globally. Security is non-existent. A bug anywhere in the program can destroy data
everywhere.

• OOP: Data is strictly hidden using Access Modifiers (like ‘private‘ or ‘protected‘). This prevents accidental
corruption and guarantees that an object’s internal state is always mathematically valid.

Code Reusability

• POP: To reuse code, you copy and paste a function into a new file. If the requirements change slightly, you have
to rewrite the function.

• OOP: Through the concept of Inheritance, an object can automatically inherit all the data and functions of a
parent object. If you have a ‘Car‘ object, you don’t need to write a brand new ‘SportsCar‘ object from scratch.
You simply tell the compiler: "A SportsCar is exactly like a Car, but with a faster engine."

Adding New Data

• POP: Adding new data types often requires a complete overhaul of the codebase, because every existing function
must be manually updated to understand the new data structure.

• OOP: Adding new data is trivial. You simply create a new Object class. Because objects are self-contained black
boxes, adding a new ‘Motorcycle‘ object to a traffic simulator does not require you to rewrite the code for the
‘Car‘ or ‘Truck‘ objects.

1.24.5 Conclusion

Procedure-Oriented Programming was a massive leap forward from the days of writing raw assembly code, providing
a logical, step-by-step way to command early computers. However, as software systems evolved to model complex,
real-world ecosystems (like Amazon or Netflix), the POP architecture buckled under the weight of global variables and
unmanageable dependencies. Object-Oriented Programming rescued the software industry by mimicking the real world:
treating the program not as a list of tasks, but as an ecosystem of intelligent, self-contained objects interacting securely
with one another.

1.25 The Pillars of Object-Oriented Programming

Textbook for 4341602 Milav Dabgar

https://milav.in


The Pillars of Object-Oriented Programming 63

AI IMAGE PLACEHOLDER
A clean, visually appealing comparison table. Columns: Feature,

Procedure-Oriented (POP), Object-Oriented (OOP). Rows: Primary Focus
(Functions vs Data), Approach (Top-down vs Bottom-up), Data Security (Exposed

vs Hidden), Example Languages (C/Pascal vs Java/C++).

Figure 1.31: A summary of the core differences between the two imperative paradigms.

1.25.1 Introduction: The Blueprint and the House

To master Java (or any modern OOP language), you must completely internalize the vocabulary of Object-Oriented
Programming. OOP is built upon a foundation of fundamental concepts, often referred to as the "Pillars of OOP." These
pillars—Abstraction, Encapsulation, Inheritance, and Polymorphism—dictate how data and behavior are packaged,
protected, and reused.

However, before we can discuss the four pillars, we must rigorously define the two most important words in the
entire paradigm: Class and Object.

1.25.2 1. Class and Object: The Core Entities

A Class is a blueprint, a template, or a conceptual definition. It is a piece of code that describes what a certain type
of entity should look like and what it should be able to do. A class does not take up physical memory in the way that
data does; it is purely a set of instructions.

An Object is a physical, working instance of a Class. It is created (instantiated) using the Class blueprint, and it
occupies actual RAM while the program is running.

The Real-World Analogy

Think of an architect drawing the blueprints for a house. The blueprint (the Class) defines that the house will have
three bedrooms, two bathrooms, and a front door. You cannot live inside the blueprint. However, a construction crew
can use that exact same blueprint to build 50 identical physical houses in a neighborhood. Each physical house (the
Object) has its own distinct address and its own specific coat of paint, even though they all share the exact same
underlying architecture.

CLASS (The Blueprint)

class Car {

String color;

int speed;

void drive() {...}

}

Instantiates

OBJECTS (In RAM)

Object 1 (Ferrari)
color="Red", speed=200

Object 2 (Honda)
color="Blue", speed=60

Figure 1.32: A single Class acts as the logical template to spawn hundreds of unique Objects into the computer’s
memory.

1.25.3 2. Data Abstraction: Hiding the Complexity

Abstraction is the process of hiding complex, messy implementation details from the user, exposing only the essential,
high-level features necessary to interact with the object.

When you drive a car, you do not need to understand how the fuel injector atomizes gasoline, or how the spark
plugs ignite the mixture. The car provides an abstraction layer : a steering wheel and a gas pedal. You press the pedal,
and the car moves. The terrifying complexity of the internal combustion engine is completely hidden from you.
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In OOP, if you create a ‘DatabaseConnection‘ object, the user of that object shouldn’t need to write raw TCP/IP
networking code. The object should provide a simple abstracted method like ‘connect()‘, handling all the brutal
networking logic silently in the background.

1.25.4 3. Encapsulation: The Protective Shield

While Abstraction is about hiding complexity, Encapsulation is about hiding data.
Encapsulation is the practice of wrapping data (variables) and the code acting on that data (methods) together as

a single unit, and heavily restricting outside access to that unit. In Java, this is achieved by declaring variables as
‘private‘ and forcing outside code to use ‘public‘ getter and setter methods.

Why do we need this shield? If a ‘BankAccount‘ object leaves its ‘balance‘ variable public, a malicious or buggy
line of code elsewhere in the program could simply execute ‘account.balance = -10000;‘. By encapsulating the data
(making it private), the only way to change the balance is by calling ‘account.withdraw()‘. The ‘withdraw‘ method acts
as a bouncer, validating the request (checking if the user has enough money) before it allows the internal variable to be
modified.

AI IMAGE PLACEHOLDER
A diagram showing Encapsulation as a medicine capsule. The left half of the
capsule is labeled "Private Data (Variables)". The right half of the capsule is
labeled "Public Methods (Functions)". The hard outer shell of the capsule is

labeled "Class Boundary".

Figure 1.33: Encapsulation physically binds the state and behavior together, wrapping them in a protective shell that
prevents unauthorized interference.

1.25.5 4. Inheritance: The Engine of Reusability

Inheritance is the mechanism by which one class is allowed to automatically acquire (inherit) all the properties and
behaviors of another class.

The class being inherited from is called the Parent Class (or Superclass). The class doing the inheriting is called
the Child Class (or Subclass).

The IS-A Relationship

Inheritance models a strict "IS-A" relationship. For example, a Dog IS-A Animal. Therefore, a ‘Dog‘ class can inherit
from an ‘Animal‘ class.

Suppose we have a generic ‘Employee‘ class. Every employee has a ‘name‘, an ‘ID‘, and a ‘clockIn()‘ method. If we
need to create a ‘Manager‘ class, we do not need to rewrite the ‘name‘, ‘ID‘, and ‘clockIn()‘ code from scratch. We
simply state ‘class Manager extends Employee‘. The Manager automatically absorbs all the generic employee code, and
we only have to write the code that is specific to a manager (like a ‘fireEmployee()‘ method).

Benefits of Inheritance

• Code Reusability: You write the core logic once in the Parent class, and it is instantly reused across dozens of
Child classes.

• Maintainability: If you discover a bug in the ‘clockIn()‘ logic, you only have to fix it in one file (the Parent
class), and the fix instantly propagates down to every single Subclass in the system.

• Hierarchical Organization: It allows developers to organize complex systems logically, moving from general,
abstract concepts (Vehicle) down to highly specific, concrete implementations (ElectricScooter).
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1.25.6 5. Polymorphism: Many Forms

The word Polymorphism comes from Greek, meaning "many forms." In OOP, Polymorphism is the ability of a single
interface, variable, or method to take on multiple different behaviors depending on the specific object it is interacting
with.

The classic example of Polymorphism involves a Parent class called ‘Animal‘, which contains a method called
‘makeSound()‘. We then create three Child classes: ‘Dog‘, ‘Cat‘, and ‘Cow‘. Each child inherits the ‘makeSound()‘
method, but each child overrides the method to provide its own unique implementation.

Animal a1 = new Dog();
Animal a2 = new Cat();

a1.makeSound(); // Outputs: Bark!
a2.makeSound(); // Outputs: Meow!

The beauty of polymorphism is that the programmer can write a loop that tells 100 different Animals to ‘make-
Sound()‘, without ever needing to know exactly what type of animal they are dealing with. The JVM (Java Virtual
Machine) dynamically looks at the object in RAM during runtime and executes the correct, specific version of the
method.

Animal
makeSound()

Dog

makeSound()
"Bark!"

Cat
makeSound()

"Meow!"

Cow
makeSound()

"Moo!"

Figure 1.34: Polymorphism in action. A single abstract concept (‘makeSound‘) triggers drastically different physical
behaviors depending on the specific object receiving the command.

1.25.7 Conclusion

The four pillars of Object-Oriented Programming are not just syntactical tricks; they are a comprehensive philosophy
for managing the terrifying complexity of modern software. Abstraction and Encapsulation allow us to build secure,
black-box objects that hide their internal chaos from the rest of the system. Inheritance allows us to rapidly scale our
architecture without duplicating code. Finally, Polymorphism provides the incredible flexibility required to write clean,
generalized code that can dynamically adapt to a hundred different situations at runtime.

1.26 The Genesis of Java: History, Internet, and Advantages

1.26.1 Introduction: A Language Born from Frustration

To understand why Java looks and behaves the way it does, we must travel back to the early 1990s. At that time, C
and C++ were the undisputed kings of software engineering. They were incredibly fast and powerful, but they came
with a massive, terrifying drawback: they were strictly bound to the physical hardware they were compiled on.

If a developer wrote a C++ program on a Windows computer with an Intel processor, that program could only run
on a Windows computer with an Intel processor. If the developer wanted the program to run on an Apple Macintosh or
a Unix server, they had to physically rewrite parts of the code and completely recompile it using a different compiler.

This hardware dependency was annoying for desktop software, but as a new technology called the Internet began
to emerge, this dependency became a catastrophic roadblock.

1.26.2 1. The History and Background of Java

In 1991, a team of engineers at Sun Microsystems, led by a man named James Gosling, initiated a secret project
called the "Green Project."

Their goal was not originally to conquer the internet. Their goal was to create software for consumer electronic
devices like smart televisions, VCRs, and set-top boxes. The consumer electronics market was highly fragmented; Sony
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used different processors than Panasonic, who used different processors than Samsung. Gosling realized that writing
C++ code for every single different television chip was a financial nightmare.

He decided to invent a brand new language. He originally called it Oak (named after a tree outside his office
window), but the name was already trademarked. After a brainstorming session at a local coffee shop, the team
renamed the language Java.

Write Once, Run Anywhere (WORA)

Gosling’s brilliant solution to the hardware problem was to stop compiling code directly to physical machine language.
Instead, Java code is compiled into a universal middle-layer called Bytecode.

This Bytecode cannot be understood by an Intel chip or an Apple chip. It can only be understood by a piece of
software called the Java Virtual Machine (JVM). As long as a device has a JVM installed on it, it can run the
exact same Java Bytecode, regardless of the underlying physical hardware. This philosophy became Java’s famous
slogan: "Write Once, Run Anywhere."

Java Code(.java)
Javac Compiler

Bytecode(.class)

Windows JVM

Mac JVM

Linux JVM

→ Intel CPU

→ Apple M1

→ ARM CPU

Figure 1.35: The Architecture of WORA. The developer only compiles the code once into Bytecode. The platform-
specific JVM translates that Bytecode into physical machine instructions on the fly.

1.26.3 2. Java and the Internet: A Perfect Match

By 1994, the Green Project was struggling. The smart TV market was not ready for their technology. However,
something else was exploding in popularity: the World Wide Web.

In the early 90s, the web was entirely static. Websites were just digital pages of text and pictures (HTML). You
could read them, but you couldn’t interact with them. There were no online games, no interactive banking portals, and
no dynamic animations.

The Sun Microsystems team realized that Java’s "Write Once, Run Anywhere" architecture was exactly what the
internet desperately needed. The internet is inherently a massive, chaotic network of different computers, operating
systems, and processors. If a developer wanted to send a small, interactive program over the internet, they couldn’t
send a C++ file, because it would only work for half the users.

Java Applets

In 1995, Sun released a web browser called HotJava, which introduced a revolutionary technology called Java Applets.
Applets were tiny Java programs embedded directly inside HTML webpages.

When a user visited a website, the server sent the Java Bytecode over the internet. The user’s browser (equipped
with a JVM) downloaded the Bytecode and ran it instantly. Suddenly, websites had interactive calculators, 3D chess
games, and live stock tickers. Java effectively transformed the internet from a static library into a dynamic, interactive
software platform. While Applets are now dead (replaced by JavaScript and HTML5), they cemented Java’s legacy as
the first true language of the internet.

1.26.4 3. The Advantages of Java

Beyond its platform independence, Java was designed to aggressively fix the most dangerous flaws of C and C++.
Gosling famously stated that Java was essentially "C++ without the guns, knives, and clubs."

A. Pure Object-Oriented Architecture

In C++, you can write Object-Oriented code, but you don’t have to. You can still write messy, global, procedural code.
Java forces discipline. In Java, everything—absolutely everything—must exist inside a Class. You cannot write a single
line of logic outside of the OOP paradigm. This strictness forces developers to write highly organized, modular, and
maintainable enterprise code.
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AI IMAGE PLACEHOLDER
A nostalgic, retro-computing illustration showing an early 90s CRT monitor

displaying a static text webpage. Suddenly, a glowing cup of coffee (the Java logo)
bursts from the screen, turning the static text into 3D interactive gears and

animations.

Figure 1.36: Java Applets brought the first wave of true interactivity to the World Wide Web, proving the immense
power of platform-independent Bytecode.

B. Automatic Memory Management (Garbage Collection)

The single largest source of bugs, crashes, and security vulnerabilities in C/C++ is manual memory management. If a
C programmer asks the computer for 10MB of RAM to store an image, they must explicitly write code to "free" that
memory when they are done. If they forget, the program suffers a Memory Leak and eventually crashes the entire
computer.

Java completely eliminates this responsibility. Java features an automatic Garbage Collector—a background
program that constantly scans the computer’s RAM. When it finds an object that the program is no longer using, the
Garbage Collector automatically deletes it and recycles the memory. This single feature makes Java infinitely safer and
easier to write than its predecessors.

C. Robust Security

Because Java was designed to be downloaded from the internet and run on a stranger’s computer, security was
paramount. When a JVM downloads an unknown piece of Bytecode, it runs it inside a restricted Sandbox. The
sandbox strictly prohibits the Java code from secretly reading the user’s private hard drive, altering system files, or
launching computer viruses.

D. Multithreading Built-In

A thread is a single sequence of execution within a program. Modern CPUs have multiple cores, meaning they can do
many things at once. Older languages required massive, complicated external libraries to handle multithreading. Java
was one of the first languages to build Multithreading directly into the core language syntax, making it incredibly easy
to write high-performance servers that can handle thousands of simultaneous users.

1.26.5 Conclusion

Java was not created in a vacuum; it was forged as a direct response to the hardware fragmentation of the 1990s and
the explosive growth of the World Wide Web. By combining a strict Object-Oriented philosophy with the revolutionary
"Write Once, Run Anywhere" JVM architecture, James Gosling created a language that was uniquely positioned to
dominate enterprise software. Its automatic garbage collection, robust security sandboxing, and built-in multithreading
continue to make it one of the most powerful and heavily utilized programming languages on the planet today.

1.27 The Java Ecosystem: JDK, JRE, JVM, and Bytecode

1.27.1 Introduction: The Three Russian Dolls

When a beginner attempts to install Java on their computer for the first time, they are immediately confronted by a
confusing alphabet soup of acronyms: JDK, JRE, and JVM. Understanding the exact difference between these three
components is not just trivia; it is fundamental to understanding how Java achieves its famous "Write Once, Run
Anywhere" capability.
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The easiest way to understand the Java ecosystem is to imagine a set of Matryoshka nesting dolls. The largest doll
is the JDK. Inside the JDK is a smaller doll called the JRE. Inside the JRE is the smallest, most crucial doll called the
JVM.

1.27.2 1. The Foundation: Java Bytecode

Before we discuss the software that runs the code, we must understand the code itself.
When you write a Java program, you write it in plain English text (e.g., ‘System.out.println("Hello");‘). You save

this file with a .java extension. This is called the Source Code. However, computers do not understand English. A
processor only understands raw binary Machine Code (1s and 0s), and the specific binary required by an Intel chip is
completely different from the binary required by an Apple chip.

If we compiled our ‘Hello.java‘ file directly into Intel Machine Code, it would crash on a Mac. This violates the
"Write Once, Run Anywhere" philosophy.

To solve this, the Java Compiler does not translate the source code into physical machine code. Instead, it translates
it into an intermediate, universal language called Bytecode. The resulting file is saved with a .class extension.

Bytecode is a highly optimized set of instructions designed for a virtual machine, not a physical one. It is completely
platform-independent. You can take a ‘.class‘ file compiled on a Windows desktop, email it to a friend with a Linux
server, and it will execute flawlessly without any modification.

1.27.3 2. JVM (Java Virtual Machine): The Engine

The Java Virtual Machine (JVM) is the beating heart of the entire Java ecosystem. It is the piece of software that
actually reads and executes the Bytecode.

Because Bytecode is an intermediate language, the physical CPU inside your computer cannot understand it. The
JVM acts as a real-time translator. When you run a ‘.class‘ file, the JVM reads the Bytecode line by line, translates it
into the specific physical machine code required by your exact CPU, and sends it to the processor to be executed. This
process is known as Just-In-Time (JIT) Compilation.

The Paradox of the JVM

Java code is platform-independent, but the JVM is platform-dependent. There is a specific JVM written for
Windows, a different JVM written for Mac, and a different JVM written for Android. It is the JVM’s job to absorb the
complexity of the underlying operating system so the Java Bytecode doesn’t have to.

Bytecode(.class)

JVM

JIT Compiler

Windows OS(010011...)

Mac OS(110100...)

Figure 1.37: The JVM acts as the universal translator, reading standard Bytecode and converting it into platform-
specific machine instructions on the fly.

1.27.4 3. JRE (Java Runtime Environment): The Container

If the JVM is the engine of a car, the Java Runtime Environment (JRE) is the chassis, wheels, and fuel system
that allow the engine to actually drive down the road.

The JVM is an abstract specification; it cannot run a program all by itself. It requires a massive library of
pre-written helper code to function. For example, if you write a program that prints "Hello" to the screen, the JVM
doesn’t inherently know how to draw pixels on a monitor. It relies on pre-written core classes (like ‘System.out‘) to
handle those complex tasks.

The JRE is a software package that contains:

1. The JVM itself.

2. The Java Class Libraries (Thousands of pre-written files containing standard code for Math, Networking, User
Interfaces, and File I/O).

3. Other supporting files and property settings.
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Who needs the JRE? If you are a normal user (not a programmer) and you simply want to play a Java game
like Minecraft or run a Java banking app, you only need to install the JRE on your computer. It provides everything
necessary to execute existing Bytecode.

1.27.5 4. JDK (Java Development Kit): The Factory

The Java Development Kit (JDK) is the ultimate, massive software package required for software engineers who
actually want to create new Java programs.

If the JRE is enough to run a program, why do programmers need the JDK? Because the JRE does not contain a
compiler! The JRE can only read ‘.class‘ files; it has no ability to convert your ‘.java‘ text files into Bytecode.

The JDK is a superset that contains:

1. The entire JRE (which includes the JVM and Class Libraries), so you can test and run your own code.

2. Javac (The Java Compiler), which translates ‘.java‘ into ‘.class‘ Bytecode.

3. Jdb (The Java Debugger), used to find logical errors in code.

4. Javadoc, a tool to automatically generate HTML documentation from your code comments.

5. Dozens of other development tools used for profiling memory and packaging applications.

Who needs the JDK? If you are taking this course, you are a developer. You must download and install the
JDK, or you will be physically incapable of compiling your code.

JDK (Java Development Kit)
For Programmers: Tools to CREATE Java software

Development
Tools

javac (Compiler)

jdb (Debugger)

javadoc

JRE (Java Runtime Environment)
For Users: Everything needed to RUN Java software

Core
Libraries

Math, I/O

JVM

JIT Compiler

Figure 1.38: The Nesting Doll Architecture. The JDK contains the JRE, and the JRE contains the JVM. Programmers
need the entire outer box; end-users only need the inner green box.

1.27.6 Conclusion

To summarize the flow of a Java application: A programmer installs the JDK to write their Source Code (‘.java‘).
They use the compiler (‘javac‘) included in the JDK to convert that source code into Bytecode (‘.class‘). They then
distribute that Bytecode to an end-user. The end-user installs the JRE on their computer. When they double-click
the program, the JVM inside the JRE wakes up, reads the Bytecode, translates it into physical machine instructions,
and runs the application. This elegant, layered architecture is the secret to Java’s enduring success as a cross-platform
language.

1.28 Java Environment Setup: Forging the Tools

1.28.1 Introduction: Preparing the Workshop

Before a carpenter can build a table, they must first build their workshop. They need to purchase a workbench, plug in
the power tools, and arrange their hammers and nails so they are easily accessible.

In software engineering, this process is known as Environment Setup. Before you can write a single line of Java
code, you must configure your computer’s operating system to recognize, compile, and execute the Java language.
Because Java is a compiled language that requires a massive external toolset (the JDK), setting up the environment is
slightly more complex than simply opening a text editor.

This section provides a conceptual overview of the setup process. While the exact graphical buttons you click
will vary slightly depending on whether you use Windows, macOS, or Linux, the underlying principles of the ‘PATH‘
variable and the compiler are identical across all platforms.
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1.28.2 1. Downloading the Java Development Kit (JDK)

As we learned in the previous section, if you want to create Java software, the JRE (Java Runtime Environment) is not
enough. You must download the full Java Development Kit (JDK).

The JDK is officially maintained by Oracle Corporation, but because the core of Java is open-source (Open JDK),
there are many different distributions available (e.g., Amazon Corretto, Adoptium, Azul Zulu). For a beginner, the
standard Oracle JDK or Adoptium Eclipse Temurin is the recommended starting point.

When downloading the JDK, you must ensure you download the version that specifically matches your computer’s
hardware:

• OS: Windows, macOS, or Linux.

• Architecture: x64 (standard Intel/AMD processors) or ARM64 (Apple M-series chips or mobile processors).

Once the installer is downloaded, running it will extract the massive library of Java tools (including ‘javac.exe‘ and
‘java.exe‘) onto your hard drive, typically in a folder like ‘C:Files-17̀.

1.28.3 2. The Critical Step: Configuring the PATH Variable

Many beginners assume that once the JDK installer finishes, they are ready to code. This is incorrect.
If you open your computer’s Command Prompt (or Terminal) immediately after installing the JDK and type the

command ‘javac‘ (the command to trigger the Java Compiler), the computer will likely spit back a terrifying red error:
’javac’ is not recognized as an internal or external command.

Why does this happen?

When you type a command into the terminal, the operating system doesn’t instantly search your entire hard drive
to find it. Searching a 1-Terabyte hard drive would take minutes. Instead, the OS only searches a very specific,
pre-approved list of folders. This list of folders is stored in an Environment Variable called the PATH.

Because the JDK installer placed the ‘javac‘ compiler in a random folder (like ‘C:Files-17‘), the operating system
has no idea it exists. To fix this, you must manually edit your computer’s ‘PATH‘ variable and permanently add the
location of the JDK’s ‘bin‘ (binary) folder to the list.

C:\> javac

Operating
System

PATH Variable List
1. C:\Windows\System32

2. C:\Windows

3. C:\Program Files\Java\bin

OS finds javac.exe
and executes it successfully.

Figure 1.39: The mechanics of the PATH variable. By adding the Java ‘bin‘ directory to the PATH, you authorize the
Operating System to run the Java compiler from any folder on your computer.

1.28.4 3. Verifying the Installation

Once the ‘PATH‘ variable is updated, you must close your Command Prompt and open a fresh one (so it loads the new
variables). To scientifically verify that your workshop is fully operational, you run two commands:

1. java -version

2. javac -version

If both commands return a version number (e.g., ‘javac 17.0.2‘), your environment is successfully configured. You
now have the power to write and compile Java code.

Textbook for 4341602 Milav Dabgar

https://milav.in


The Anatomy of a Java Program: Structure and Syntax 71

1.28.5 4. Choosing an IDE (Integrated Development Environment)

While you can write Java code in a basic text editor like Windows Notepad and compile it using the black-and-white
Command Prompt, doing so is the equivalent of building a house using only a hand-saw. It is slow, painful, and prone
to massive human error.

Professional software engineers use an IDE (Integrated Development Environment). An IDE is a massive,
highly complex software application designed specifically to make writing code as fast and error-free as possible. It is
the ultimate power tool.

An IDE combines three things into a single, beautiful graphical interface:

1. A Smart Code Editor: It highlights syntax in different colors, auto-completes variable names, and puts a
jagged red line under your code if you make a spelling mistake (just like Microsoft Word).

2. An Automated Compiler: Instead of typing ‘javac‘ in the terminal, you simply click a green "Play" button.
The IDE automatically finds your files, compiles them, and runs the JVM in the background.

3. A Visual Debugger: If your program crashes, the IDE allows you to freeze time, pause the execution of the
code line-by-line, and physically look inside your computer’s RAM to see the exact values of your variables.

Popular Java IDEs

• IntelliJ IDEA: Currently the industry standard for enterprise Java development. It is incredibly powerful but
can be resource-heavy on older laptops.

• Eclipse: A classic, highly customizable, open-source IDE that has been used in universities and corporations for
over two decades.

• Visual Studio Code (VS Code): A lightweight, highly popular editor by Microsoft that can be turned into a
full Java IDE by installing specific plugins.

AI IMAGE PLACEHOLDER
A split-screen comparison. Left side: A frustrated programmer staring at a basic
black-and-white terminal screen with Notepad, surrounded by messy papers. Right
side: A relaxed programmer looking at a sleek, futuristic IDE with colorful syntax

highlighting, a green "Play" button, and automated error-checking panels.

Figure 1.40: While the JDK provides the raw engine, the IDE provides the steering wheel, the dashboard, and the GPS.

1.28.6 Conclusion

Setting up the Java environment is the crucial first hurdle for every new developer. It requires downloading the heavy
machinery (the JDK), hardwiring that machinery into the operating system’s core routing system (the PATH variable),
and finally installing a cockpit (the IDE) to control it all. Once this foundation is laid, the hardware and operating
system fade into the background, and the developer is finally free to focus entirely on the logic and architecture of their
code.

1.29 The Anatomy of a Java Program: Structure and Syntax

1.29.1 Introduction: Reading the Blueprint

If you look at an architectural blueprint without knowing how to read it, it just looks like a chaotic mess of lines and
numbers. However, once you understand the standard symbols—the thick lines for load-bearing walls, the thin lines for
windows—the blueprint instantly transforms into a clear, logical structure.
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The same is true for a Java program. When a beginner looks at their first Java file, they are overwhelmed by a
tsunami of curly braces ‘‘, semicolons ‘;‘, and strange keywords like ‘public‘ and ‘static‘.

Because Java enforces a strict Object-Oriented philosophy, you cannot just open a file and start typing commands.
Every single piece of Java code must conform to a rigid, standard structure. This section will dissect a classic "Hello
World" program, line by line, to explain the exact purpose of every single word and symbol.

1.29.2 1. The Classic "Hello World"

Let us examine the smallest possible, fully functioning Java program.

// My First Program
public class HelloWorld {

public static void main(String[] args) {
System.out.println("Hello, World!");

}

}

If you type this exact code into a file, save it as ‘HelloWorld.java‘, and compile it, the program will print "Hello,
World!" to the screen. To understand how it works, we must break it down into its structural components.

1.29.3 2. Component Breakdown

Section A: Comments

The first line, ‘// My First Program‘, is a Comment. Comments are completely ignored by the Java Compiler. They
are not translated into Bytecode, and the computer does not execute them. They exist purely for human programmers
to leave notes for themselves or their teammates.

Java supports two types of comments:

• Single-line comments: Start with ‘//‘. Everything on the rest of that specific line is ignored.

• Multi-line comments: Start with ‘/*‘ and end with ‘*/‘. Everything trapped between the stars is ignored, even
if it spans 50 lines.

Section B: The Class Declaration

The second line, ‘public class HelloWorld ‘, is the absolute most important structural rule in Java. In Java, every
single line of executing code must exist inside a Class. There are no exceptions.

• public: This is an Access Modifier. It tells the compiler that this class is publicly visible and can be accessed by
the JVM.

• class: This is a reserved keyword that tells the compiler, "I am about to define a new blueprint."

• HelloWorld: This is the Identifier (the name) of the class. Crucially, the name of the public class must exactly
match the name of the physical file. (e.g., ‘HelloWorld.java‘).

• {: The opening curly brace marks the beginning of the class’s "body." Everything inside this brace belongs to the
class.

Section C: The Main Method

The third line, ‘public static void main(String[] args) ‘, is the Entry Point of the program. When you tell the JVM
to run your program, it doesn’t just start reading code at random. The JVM aggressively searches your class for a
method with this exact, specific signature. If it finds it, it starts executing the code inside it. If it doesn’t find it, the
program immediately crashes.

Let’s dissect the terrifying vocabulary of this signature:

• public: The JVM must be able to see and access this method from outside the program.

• static: Normally, to use a method, you have to create an Object first. The ‘static‘ keyword allows the JVM to
run the ‘main‘ method directly from the Class blueprint without needing to create an object first.
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• void: Methods usually calculate something and "return" an answer. ‘void‘ means this method returns absolutely
nothing when it finishes.

• main: The mandatory, hardcoded name that the JVM is searching for.

• (String[] args): This allows the user to pass command-line arguments (text data) into the program right as it
starts up.

Section D: The Statement

The fourth line, ‘System.out.println("Hello, World!");‘, is the actual instruction that does the work.

• System.out: This reaches into the Java Standard Library and grabs the standard output stream (your computer’s
monitor).

• println(): This is the specific method that tells the monitor to "print a line" of text.

• "Hello, World!": The actual String of text data to be printed, wrapped in double quotes.

• ;: The Semicolon. In Java, a semicolon is the equivalent of a period at the end of an English sentence. It tells
the compiler that the specific instruction is completely finished. Forgetting a semicolon is the most common
syntax error made by beginners.

CLASS: HelloWorld

METHOD: main()

STATEMENT
System.out.println("Hello");

Mandatory Semicolon

Figure 1.41: The visual hierarchy of a Java program. Statements are trapped inside Methods, and Methods are trapped
inside Classes. This nesting is enforced using curly braces ‘‘.

1.29.4 3. Naming Conventions

Because Java developers often work in massive teams, the industry has universally agreed upon a strict set of rules for
naming things (Identifiers). If you violate these rules, your code will still compile, but other developers will immediately
mark you as an amateur.

• Classes: Must use PascalCase. The first letter of every word is capitalized. (e.g., ‘BankAccount‘, ‘UserRegis-
tration‘, ‘PhysicsEngine‘).

• Methods and Variables: Must use camelCase. The very first letter is lowercase, but the first letter of every
subsequent word is capitalized. (e.g., ‘calculateTotal()‘, ‘firstName‘, ‘accountBalance‘).

• Constants: Variables whose values can never change must be written in ALL_CAPS with underscores separating
the words. (e.g., ‘MAXSPEED‘, ‘PIV ALUE‘).

1.29.5 Conclusion

The rigid structure of a Java program is not designed to torture beginners; it is designed to prevent massive systems
from collapsing into chaos. By forcing all code into well-named Classes, requiring a specific entry point (‘main‘), and
utilizing a strict hierarchy of nested curly braces, Java guarantees that even a 500,000-line enterprise application
remains navigable, predictable, and structurally sound. Mastering this basic anatomy is the prerequisite to writing any
functional code in the Java ecosystem.
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AI IMAGE PLACEHOLDER
A clean typography poster showing "PascalCase" (with a tall capital P and C) vs
"camelCase" (with a small c, and a tall capital C looking like a camel’s hump).

Figure 1.42: camelCase is the undisputed standard for variable and method naming in the Java ecosystem.

1.30 From Text to Execution: Compiling and Running Java

1.30.1 Introduction: The Command Line Crucible

While modern Integrated Development Environments (IDEs) like IntelliJ or Eclipse make running a Java program as
simple as clicking a green "Play" button, relying entirely on that button is dangerous for a beginner. An IDE hides the
actual mechanics of the compilation process. If a configuration error occurs, a developer who only knows how to click
"Play" will be completely helpless.

To truly master Java, you must understand the raw, underlying commands used to forge and execute a program.
This section will guide you through the manual process of compiling and running a Java file using nothing but a raw
text editor and the system’s Command Prompt (or Terminal).

1.30.2 1. The Source Code

The first step is to physically write the Java code and save it to the hard drive.
Open a basic text editor (like Notepad on Windows or TextEdit on Mac). Do not use a word processor like Microsoft

Word, as it injects invisible formatting characters that will instantly crash the compiler.
Type the following basic program:

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

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

}

The Golden Rule of Saving

When you click "Save As", you must adhere to Java’s strictest naming rule: The file name must perfectly match
the name of the public class, including capitalization. Because our class is named ‘HelloWorld‘, you must save
the file as ‘HelloWorld.java‘. If you save it as ‘helloworld.java‘ or ‘MyProgram.java‘, the compiler will aggressively reject
it.

For this example, assume we saved the file in a folder located at ‘C:̀.

1.30.3 2. The Compilation Phase (‘javac‘)

At this moment, the ‘HelloWorld.java‘ file is just a plain English text file. The computer’s CPU cannot execute English.
We must use the Java Compiler (included in the JDK) to translate this text into the universal machine language known
as Bytecode.

1. Open your Command Prompt or Terminal.

2. Navigate to the folder where you saved the file using the ‘cd‘ (Change Directory) command:

C:\> cd \JavaProjects
C:\JavaProjects>
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3. Trigger the compiler by typing ‘javac‘ followed by the exact filename:

C:\JavaProjects> javac HelloWorld.java

What happens next?

When you press Enter, the ‘javac‘ program wakes up, opens your ‘.java‘ file, and ruthlessly inspects it for syntax errors.
Did you forget a semicolon? Did you misspell ‘System‘?

If it finds even a single error, it will halt the process and print a red error message to the screen. If the code is
perfectly written, the compiler will remain completely silent and simply return you to the prompt. However, if you look
inside the ‘C:̀folder, you will notice a brand new file has magically appeared: HelloWorld.class.

This new ‘.class‘ file is your compiled Bytecode. It is a highly optimized, unreadable binary file.

HelloWorld.java
(Source Code)

Human Readable

javac

The Compiler

Input HelloWorld.class
(Bytecode)

Machine Readable

Generates

Figure 1.43: The Compilation Phase. The ‘javac‘ command permanently transforms human-readable text into a
hardened binary ‘.class‘ file.

1.30.4 3. The Execution Phase (‘java‘)

Now that we have successfully forged the Bytecode (‘HelloWorld.class‘), we are ready to run the program.
To run the program, we must summon the Java Virtual Machine (JVM). The command to wake up the JVM is

simply ‘java‘.
In the exact same terminal, type the following:

C:\JavaProjects> java HelloWorld

Crucial Syntax Warning

Notice that we typed ‘java HelloWorld‘. We did not type ‘java HelloWorld.class‘.
When you use the ‘java‘ command, you are not asking it to open a file. You are asking the JVM to look inside the

current directory, find a Class blueprint named ‘HelloWorld‘, look inside that blueprint for the ‘main‘ method, and
execute it. The JVM automatically knows to look for the ‘.class‘ extension. Adding the extension yourself will cause
the JVM to crash.

When you press Enter, the JVM will read the Bytecode, convert it to your computer’s native physical machine
code, execute the logic, and print the output to the terminal:

C:\JavaProjects> java HelloWorld
Hello, World!
C:\JavaProjects>

1.30.5 4. Dealing with Common Errors

When learning to compile manually, you will inevitably encounter errors. Understanding how to read compiler errors is
a critical survival skill.

Scenario 1: The "File Not Found" Error

javac: file not found: HelloWorld.java

This means you are running the terminal in the wrong folder. You must use the ‘cd‘ command to navigate to the exact
folder where you saved the file.

Scenario 2: Syntax Error
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AI IMAGE PLACEHOLDER
A clean infographic showing a Terminal window with the two distinct commands.
Top Command: > javac Program.java (Arrow pointing to a gear icon labeled

"Compiler creates .class file") Bottom Command: > java Program (Arrow pointing
to an engine icon labeled "JVM executes the program")

Figure 1.44: A quick reference guide for the two primary terminal commands required to build and run Java software.

HelloWorld.java:3: error: ’;’ expected
System.out.println("Hello, World!")

^
1 error

This is the compiler helping you. It tells you exactly which file (‘HelloWorld.java‘), exactly which line (‘Line 3‘), and
the exact nature of the problem (you forgot a semicolon). You must go back to your text editor, fix the typo, save the
file, and run ‘javac‘ again.

Scenario 3: "Could not find or load main class"

Error: Could not find or load main class HelloWorld

This usually occurs during the execution phase (‘java HelloWorld‘). It means the JVM cannot find the ‘.class‘ file.
Either you forgot to run ‘javac‘ first, you misspelled the class name, or you accidentally typed ‘java HelloWorld.class‘
(adding the illegal extension).

1.30.6 Conclusion

The two-step process of ‘javac‘ (compile) and ‘java‘ (execute) is the fundamental rhythm of Java development. While
modern graphical IDEs hide this process behind a single button to increase productivity, every professional developer
understands that beneath that button, the ‘javac‘ compiler and the JVM are faithfully performing these exact
command-line operations to bring the code to life.

1.31 The Core Syntax: Variables, Types, and Control Flow

1.31.1 Introduction: The Building Blocks of Logic

Once you understand how to create a Class and a ‘main‘ method, you must learn how to actually write the internal
logic of the program. Every programming language is built upon a foundation of fundamental building blocks: storing
data (Variables), manipulating data (Operators), and making decisions based on that data (Control Statements).

This section covers the essential, low-level syntax required to write functional algorithms in Java.

1.31.2 1. Variables and Data Types

A Variable is simply a named container in the computer’s RAM used to store data. Because Java is a statically
typed language, you cannot just create a container and throw random data into it. You must explicitly declare the
exact type of data the container is allowed to hold before you use it.

Java has two major categories of data types: Primitive Types and Reference Types.

The 8 Primitive Data Types

Primitives are the simplest, fastest data types. They store raw, mathematical values directly in memory.

• Whole Numbers:

– byte (8-bit, -128 to 127)
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– short (16-bit)
– int (32-bit, the standard choice for integers)
– long (64-bit, for massive numbers like national debt)

• Decimals (Floating Point):

– float (32-bit, requires an ’f’ at the end: ‘3.14f‘)
– double (64-bit, the standard choice for high-precision decimals)

• Characters: char (Stores a single 16-bit Unicode letter, e.g., ‘’A’‘)

• Booleans: boolean (Can only store ‘true‘ or ‘false‘)

Variable Scope and Lifetime

A variable does not live forever. Its Scope defines where it can be accessed, and its Lifetime defines when it is
destroyed.

In Java, scope is dictated by curly braces ‘‘. A variable created inside a block of code (like an ‘if‘ statement or a
method) is called a Local Variable. The moment the closing brace ‘‘ is reached, the variable is permanently destroyed
and erased from RAM.

1.31.3 2. Type Conversion and Casting

Sometimes, you need to move data from one type of container to another.
Implicit Conversion (Widening): If you move data from a smaller container to a larger one (e.g., an ‘int‘ into a

‘double‘), Java does this automatically because there is no risk of losing data.

int myInt = 9;
double myDouble = myInt; // Automatic. myDouble becomes 9.0

Explicit Casting (Narrowing): If you move data from a larger container to a smaller one (e.g., a ‘double‘ into an
‘int‘), Java will block you, because the decimal places will be chopped off and permanently lost. To force the compiler
to do it, you must use a Cast by placing the target type in parentheses.

double myDouble = 9.78;
int myInt = (int) myDouble; // Forced Cast. myInt becomes 9 (the .78 is destroyed)

1.31.4 3. Operators

Operators are special symbols used to perform math and logic.

• Arithmetic: ‘+‘ (add), ‘-‘ (subtract), ‘*‘ (multiply), ‘/‘ (divide), ‘

• Relational: ‘==‘ (equal to), ‘!=‘ (not equal to), ‘>‘ (greater than), ‘<=‘ (less than or equal to).

• Logical: ‘‘ (AND - both must be true), ‘||‘ (OR - one must be true), ‘¡ (NOT - reverses the boolean).

1.31.5 4. Control Statements (Decision Making)

A program that executes line-by-line from top to bottom is useless. Programs must make intelligent decisions based on
user input.

If, Else, and Else-If

The ‘if‘ statement evaluates a boolean condition. If it is true, it executes a block of code.

int grade = 85;

if (grade >= 90) {
System.out.println("A");

} else if (grade >= 80) {
System.out.println("B"); // This block will execute

} else {
System.out.println("F");

}
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The Switch Statement

When you have a massive block of ‘else if‘ statements checking the exact same variable against dozens of specific values
(like a restaurant menu), a ‘switch‘ statement is much faster and cleaner.

int day = 3;
switch (day) {

case 1:
System.out.println("Monday");
break; // MANDATORY: Stops execution from bleeding into Tuesday

case 2:
System.out.println("Tuesday");
break;

case 3:
System.out.println("Wednesday");
break;

default:
System.out.println("Invalid Day");

}

switch (x)

case 1 case 2 default

x==1 x==2 else

break; break;

Exit Switch Block

Figure 1.45: The execution flow of a Switch statement. The ‘break‘ keyword is absolutely critical; without it, the
execution will "fall through" and accidentally trigger all subsequent cases below it.

1.31.6 5. Looping Constructs

Loops allow the computer to repeat a block of code thousands of times in a fraction of a second.

While and Do-While Loops

A ‘while‘ loop checks a condition first. If it’s true, it runs the code. If it’s false, it skips the code entirely. It is possible
for a ‘while‘ loop to run zero times.

A ‘do-while‘ loop executes the code first, and then checks the condition at the very end. Therefore, a ‘do-while‘
loop is guaranteed to run at least once, regardless of the condition.

The For Loop

The ‘for‘ loop is used when you know exactly how many times the loop should run. It compresses the initialization,
condition, and incrementing logic into a single, clean line.

// Runs exactly 5 times (i = 0, 1, 2, 3, 4)
for (int i = 0; i < 5; i++) {

System.out.println("Count: " + i);
}
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Break and Continue

Inside any loop, you can use two special keywords to alter the flow:

• break: Instantly shatters the loop and exits it entirely, moving on to the rest of the program.

• continue: Immediately stops the current iteration of the loop, skips the remaining code inside the block, and
jumps straight back to the top to start the next iteration.

1.31.7 6. Arrays: Storing Multiple Values

If a teacher has 50 students, creating 50 separate ‘int‘ variables (‘grade1‘, ‘grade2‘, ‘grade3‘...) is a logistical nightmare.
An Array is a single variable that holds a sequential list of multiple values of the exact same data type.

// Declaring an array capable of holding 5 integers
int[] grades = new int[5];

// Assigning values using a zero-based index
grades[0] = 95;
grades[1] = 88;

Arrays in Java are zero-indexed, meaning the first slot is always ‘[0]‘. If an array has a size of 5, the final slot is
‘[4]‘. Attempting to access ‘grades[5]‘ will immediately crash the program with a terrifying ‘ArrayIndexOutOfBound-
sException‘.

The For-Each Loop

Java introduced a specialized, highly readable loop designed specifically to iterate through arrays without needing to
manually track the index numbers. It is called the Enhanced For Loop (or For-Each loop).

String[] cars = {"Volvo", "BMW", "Ford"};

// Read as: "For each String ’c’ inside the ’cars’ array..."
for (String c : cars) {

System.out.println(c);
}

AI IMAGE PLACEHOLDER
A graphic showing an Array as a physical pillbox organizer used for medications.

Each compartment represents an index (labeled 0, 1, 2, 3). Inside each
compartment is a specific data value.

Figure 1.46: An Array provides a rigid, continuous block of memory where multiple related values can be stored and
accessed via numerical index coordinates.

1.31.8 Conclusion

Mastering the low-level syntax of variables, loops, arrays, and control structures is like learning the grammar of a
foreign language. Once these fundamental rules are committed to memory, the programmer no longer has to think
about how to write a loop; they can focus entirely on the higher-level architectural challenges of Object-Oriented
design.
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CHAPTER 2

Object Oriented Programming Concepts

2.1 Access Control, Keywords, and Constructors in Java
In object-oriented programming, ensuring the security, structure, and initialization of objects is critical for building
robust applications. This section explores fundamental mechanisms in Java that give developers control over class
members, object references, shared states, and object creation. We will dive deep into access control modifiers, the this
and static keywords, and the intricate details of constructors, including the various types and how to overload them.

2.1.1 Access Control and Modifiers

Encapsulation, a core pillar of object-oriented programming, relies heavily on restricting or granting access to the state
(variables) and behavior (methods) of an object. Java provides access modifiers to achieve this by setting visibility
rules for classes, methods, and variables.

Definition

Access Modifier An access modifier is a Java keyword that specifies the accessibility or scope of a field, method,
constructor, or class. It determines whether other classes can use a particular member or invoke a particular
method.

Key Concept

Types of Access Modifiers in Java Java supports four distinct access levels:

• Private (private): The member is accessible only within the class in which it is defined. This is the most
restrictive access level and is heavily used to hide internal class details.

• Default (No keyword): If no access modifier is specified, the member assumes package-private visibility.
It is accessible only by classes within the same package.

• Protected (protected): The member is accessible within its own package (like default access) and,
additionally, by subclasses located in other packages.

• Public (public): The member is accessible from any other class in any package, making it completely
unrestricted.

Proper use of these modifiers prevents unintended interference and misuse of data, ensuring that objects maintain a
valid state.

Example

Demonstrating Access Modifiers
package com. example ;

public class Employee {
public String name; // Accessible everywhere
protected double salary ; // Accessible in package and subclasses
int age; // Accessible only within com. example
private String ssn; // Accessible ONLY within Employee class
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public void setSsn ( String ssn) {
this.ssn = ssn; // Private variable accessed internally

}
}

Important / Warning

Access Modifiers on Classes Note that top-level classes can only be public or have default (package-private)
access. They cannot be marked as private or protected.

2.1.2 The this Keyword

When working within instance methods or constructors, there often arises a need to refer to the current object whose
method or constructor is being invoked.

Definition

The this Keyword The this keyword is a reference variable in Java that points to the current object—the object
whose method or constructor is currently executing.

The this keyword serves several vital purposes in Java development:

1. Resolving Variable Shadowing: When a method parameter or local variable has the same name as an instance
variable, the local variable "shadows" the instance variable. The this keyword is used to distinguish the instance
variable from the local variable.

2. Invoking Current Class Methods: Though not strictly required (as the compiler adds it implicitly), this
can be used to explicitly call another method of the current class.

3. Invoking Current Class Constructor: The this() syntax can be used inside a constructor to call another
constructor in the same class, facilitating constructor chaining.

4. Passing as an Argument: The this keyword can be passed as an argument in method or constructor calls to
provide a reference to the current object.

5. Returning Current Class Instance: Methods can return the this keyword, which is commonly used in
builder patterns or method chaining.

Example

Resolving Shadowing with this

public class Student {
private String name;

// Parameter ’name ’ shadows instance variable ’name ’
public void setName ( String name) {

this.name = name; // ’this.name ’ refers to instance variable
}

}

Important / Warning

Using this in Static Context The this keyword belongs to an instance of a class. Therefore, it cannot be used
inside static methods or static blocks, because static members exist independently of any specific object instance.

2.1.3 The static Keyword

Sometimes, you need a variable or a method to belong to the class as a whole, rather than being duplicated for every
object created from the class.
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Definition

The static Keyword The static keyword in Java is a non-access modifier used mainly for memory management.
It indicates that the particular member belongs to the class itself, rather than to instances of the class.

The static keyword can be applied to variables, methods, blocks, and nested classes.

Key Concept

Static Variables and Methods

• Static Variables (Class Variables): A static variable is shared among all instances of a class. Memory
for a static variable is allocated only once, at the time the class is loaded into memory. It is ideal for defining
constants or tracking properties that apply universally to all objects of that class (e.g., a counter for how
many objects have been created).

• Static Methods: A static method belongs to the class rather than the object. It can be invoked without
creating an instance of the class (e.g., Math.sqrt()). A critical rule is that static methods can directly
access only other static data or static methods. They cannot directly access instance variables or instance
methods.

Example

Working with static

public class Counter {
public static int objectCount = 0; // Shared across all instances

public Counter () {
objectCount ++;

}

public static void displayCount () {
System .out. println ("Total objects : " + objectCount );

}
}
// Usage: Counter . displayCount ();

2.1.4 Constructors

In Java, creating an object from a blueprint (a class) requires a special routine to set up its initial state. This routine is
called a constructor.

Definition

Constructor A constructor is a special type of method that is invoked automatically when an object is instantiated
(using the new keyword). It is used to initialize the state of the new object.

Constructors have three primary rules:

1. The constructor name must be exactly the same as the class name.

2. A constructor must not have an explicit return type (not even void).

3. A constructor cannot be marked as static, final, abstract, or synchronized (though it can have access
modifiers).

Java supports several variants of constructors based on parameters and access requirements.

Default Constructors

If you do not define any constructor in your class, the Java compiler automatically provides one. This is known as the
default constructor.
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Key Concept

Characteristics of a Default Constructor

• It takes no parameters.

• It contains an empty body, though it implicitly calls the superclass’s no-argument constructor via super().

• It initializes instance variables to their default values (e.g., 0 for integers, null for objects, false for
booleans).

Important / Warning

Compiler Insertion of Default Constructors The compiler only inserts a default constructor if the class has
absolutely no constructors defined by the programmer. The moment you write any constructor (parameterized or
not), the compiler stops providing the default one.

Parameterized Constructors

To initialize an object with specific, custom values at the time of creation, developers define parameterized constructors.
These constructors accept arguments that dictate the initial state of the object.

Example

Parameterized Constructor
public class Car {

String model;
int year;

// Parameterized Constructor
public Car( String model , int year) {

this.model = model;
this.year = year;

}
}

// Creating an object with specific initial state
Car myCar = new Car("Honda Civic", 2022);

Parameterized constructors are essential for enforcing dependency injection, ensuring an object cannot be created
without the necessary, valid data.

Copy Constructors

Unlike C++, Java does not inherently provide a default copy constructor. However, developers can manually write a
constructor that initializes an object using another object of the same class. This is called a copy constructor.

Copy constructors are particularly useful for creating an exact replica of an object without relying on the clone()
method, giving the developer complete control over whether a deep or shallow copy is performed.

Example

Implementing a Copy Constructor
public class Book {

String title;
String author ;

// Standard Parameterized Constructor
public Book( String title , String author ) {

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

}
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// Copy Constructor
public Book(Book otherBook ) {

this.title = otherBook .title;
this. author = otherBook . author ;

}
}

Private Constructors

While constructors are typically marked as public so external classes can instantiate them, a constructor can also be
marked as private.

Key Concept

Use Cases for Private Constructors When a constructor is private, the class cannot be instantiated from outside
the class itself. This is heavily utilized in:

• Singleton Design Pattern: Restricting instantiation to ensure only one single instance of the class exists
in the entire JVM.

• Utility Classes: Classes that consist entirely of static methods and variables (like java.lang.Math) should
not be instantiated. A private constructor prevents accidental instantiation.

• Factory Methods: Forcing users to invoke a specific static factory method to obtain an instance, rather
than using the new keyword.

Constructor Overloading

Similar to method overloading, a class in Java can have more than one constructor. This is known as constructor
overloading.

Definition

Constructor Overloading Constructor overloading is the practice of defining multiple constructors within the same
class, each having a different parameter list (different number of parameters, different types of parameters, or a
different order).

Constructor overloading offers flexibility, allowing objects to be initialized in different ways depending on the data
available at the time of creation. During instantiation, the Java compiler differentiates between these constructors
based on the arguments passed.

Example

Overloading Constructors
public class Rectangle {

int length ;
int width;

// No - argument constructor ( creates a default square )
public Rectangle () {

this. length = 1;
this.width = 1;

}

// One - argument constructor ( creates a square )
public Rectangle (int side) {

this. length = side;
this.width = side;

}
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// Two - argument constructor ( creates a specific rectangle )
public Rectangle (int length , int width) {

this. length = length ;
this.width = width;

}
}

In the above example, a developer can instantiate a Rectangle with zero, one, or two arguments, and the compiler
will cleanly resolve the call to the corresponding constructor. Combined with the this() keyword for constructor
chaining, overloaded constructors drastically reduce code duplication and simplify object initialization logic.

Heap MemoryYoung Gen Old Gen

Figure 2.1: Heap Memory for Garbage Collection
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Figure 2.2: Conceptual Illustration: illustration...

2.2 Defining Classes, Creating Objects and Methods, Passing and Returning
Objects, and Method Overloading

In Java, Object-Oriented Programming (OOP) forms the core of application design and development. The fundamental
concepts of OOP—classes, objects, and methods—provide a structured and modular approach to problem-solving. This
section explores how to construct classes, instantiate objects, define methods, manipulate objects through methods,
and implement method overloading to enhance code readability and flexibility.

2.2.1 Defining Classes

A class is often described as a blueprint or a template from which individual objects are created. It encapsulates data
(in the form of fields, also known as instance variables) and behavior (in the form of methods) into a single logical unit.

Definition

Class A class is a user-defined blueprint or prototype from which objects are created. It represents the set of
properties and methods that are common to all objects of one type.
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When you define a class in Java, you are essentially creating a new data type. You define the structure and
capabilities of this data type, but no memory is allocated for the data until an object of the class is instantiated.

A standard class definition consists of the following components:

• Modifiers: Such as public, private, or protected, which control the access level.

• Class Keyword: The keyword class is used to declare a class.

• Class Name: The name should begin with an initial capital letter by convention (e.g., Student, Car).

• Body: Enclosed within curly braces {}, containing fields, methods, and constructors.

Example

Defining a Simple Class

public class Rectangle {
// Fields (Instance variables)
double length;
double width;

// Method to calculate area
public double calculateArea() {

return length * width;
}

}

In this example, Rectangle is a class that contains two fields (length and width) and one method
(calculateArea()).

Key Concept

Encapsulation Grouping data and methods together within a class is known as encapsulation. It is one of the
foundational pillars of OOP, helping to hide internal states and exposing only necessary functionalities.

2.2.2 Creating Objects and Methods

While a class is a logical construct, an object is a physical reality that exists in memory. An object is an instance of a
class.

Definition

Object An object is a basic unit of Object-Oriented Programming that represents real-life entities. It is an
instance of a class and consists of a unique state (attributes) and behavior (methods).

To create an object in Java, we use the new keyword. The new operator dynamically allocates memory for an object
at runtime and returns a reference to that memory. This reference is then stored in a variable of the class type.

The process of creating an object generally involves three steps:

1. Declaration: Declaring a variable with the class name as its type.

2. Instantiation: Using the new keyword to create the object.

3. Initialization: Calling a constructor (e.g., Rectangle()) to initialize the newly created object.

Example

Creating and Using Objects

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

// Declaration and Instantiation
Rectangle myRect = new Rectangle();
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// Accessing fields and methods using the dot operator
myRect.length = 5.0;
myRect.width = 3.0;

double area = myRect.calculateArea();
System.out.println("The area is: " + area);

}
}

Here, myRect is an object reference pointing to a newly allocated Rectangle object in the heap memory. We use
the dot (.) operator to access its fields and invoke its methods.

Methods determine the behavior of an object. A method definition specifies what a method does and how it can
be called. It typically includes an access modifier, a return type, a method name, and a parameter list enclosed in
parentheses. If a method does not return any value, its return type is specified as void.

Important / Warning

Uninitialized Object References If you declare an object reference but do not assign it an instantiated object using
the new keyword (e.g., Rectangle r;), it holds a special value null. Attempting to access fields or methods on a
null reference will result in a NullPointerException at runtime.

2.2.3 Passing and Returning Objects from Methods

Methods in Java can accept objects as arguments and can also return objects. This enables complex data structures to
be passed around seamlessly and manipulated by various components of a program.

Passing Objects to Methods

When an object is passed as an argument to a method, Java passes the reference of the object by value. This means a
copy of the reference is passed to the method, but both the original reference and the copied reference point to the
exact same object in memory. Consequently, if the method modifies the state of the object, those changes will be
reflected outside the method as well.

Example

Passing an Object to a Method

class Box {
double weight;

Box(double w) {
weight = w;

}
}

public class Test {
// Method that takes a Box object as a parameter
public void modifyBox(Box b) {

b.weight = b.weight + 10.0;
}

public static void main(String[] args) {
Box myBox = new Box(5.0);
Test t = new Test();

System.out.println("Before: " + myBox.weight); // Output: 5.0
t.modifyBox(myBox);
System.out.println("After: " + myBox.weight); // Output: 15.0

}
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}

In this example, the modifyBox method receives a reference to myBox. When it modifies b.weight, the original
object is updated.

Important / Warning

Pass-by-Value vs. Pass-by-Reference Java is strictly pass-by-value. When objects are passed, the value of the
reference is passed. If a method reassigns the parameter to a completely new object (e.g., b = new Box(20);),
the original reference outside the method remains unchanged.

Returning Objects from Methods

Just as methods can return primitive types (like int or double), they can also return object references. This is
particularly useful when a method’s computation results in a new, complex entity that needs to be utilized by the caller.

Example

Returning an Object from a Method

class ComplexNumber {
double real, imag;

ComplexNumber(double r, double i) {
real = r;
imag = i;

}

// Method returning a ComplexNumber object
public ComplexNumber add(ComplexNumber other) {

double newReal = this.real + other.real;
double newImag = this.imag + other.imag;
return new ComplexNumber(newReal, newImag);

}
}

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

ComplexNumber c1 = new ComplexNumber(2.0, 3.0);
ComplexNumber c2 = new ComplexNumber(1.5, 2.5);

ComplexNumber result = c1.add(c2);
System.out.println("Result: " + result.real + " + " + result.imag + "i");

}
}

The add method takes an object as a parameter and returns a new ComplexNumber object containing the sum of
the two complex numbers.

2.2.4 Method Overloading

Method overloading is a powerful feature in Java that allows a class to have multiple methods with the exact same
name, provided their parameter lists are different. It is an implementation of compile-time (or static) polymorphism.

Definition

Method Overloading Method Overloading occurs when two or more methods in the same class have the same
name but differ in the number, type, or order of their parameters.
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Method overloading improves the readability of the program because you do not need to invent different names for
methods that perform essentially the same conceptual operation but on different types of data.

Rules for Method Overloading

To successfully overload a method, the method signatures must be distinct. A method signature consists of the method
name and the parameter list. Overloading is valid if methods share the same name but have:

• A different number of parameters.

• Different types of parameters.

• A different sequence of parameter types.

Important / Warning

Return Types and Overloading Method overloading is not determined by the return type. Two methods with the
same name and parameter list but different return types will cause a compilation error. The Java compiler relies
strictly on the parameter list to differentiate between overloaded methods.

Example

Examples of Method Overloading

class MathOperations {
// 1. Method with two integer parameters
public int multiply(int a, int b) {

return a * b;
}

// 2. Overloaded method with three integer parameters (different number)
public int multiply(int a, int b, int c) {

return a * b * c;
}

// 3. Overloaded method with two double parameters (different types)
public double multiply(double a, double b) {

return a * b;
}

}

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

MathOperations math = new MathOperations();

System.out.println(math.multiply(2, 4)); // Calls method 1
System.out.println(math.multiply(2, 4, 3)); // Calls method 2
System.out.println(math.multiply(2.5, 4.0)); // Calls method 3

}
}

In this example, the multiply method is overloaded three times. The compiler determines which version of the
method to execute by inspecting the arguments passed during the method call.

Key Concept

Compile-Time Resolution When an overloaded method is invoked, the Java compiler determines which method to
execute at compile time based on the method signature. If it cannot find an exact match, it may perform automatic
type promotion (e.g., promoting an int to a double) to find a compatible method. If multiple compatible methods
exist, it selects the most specific one, or throws an ambiguity error if it cannot decide.
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In summary, classes and objects construct the skeleton of a Java application, encapsulating both data and logic.
Understanding how to pass and return objects seamlessly across methods allows for complex and interrelated operations.
Finally, method overloading offers a robust mechanism to enhance the semantic clarity of the code, making API designs
cleaner and more intuitive for developers.

Object
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Figure 2.3: Garbage Collection Unreferencing
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2.3 Operations on String, StringJoiner Class, and Wrapper Classes

2.3.1 Operations on String

Key Concept

Concept In Java, a String is an object that represents a sequence of characters. The java.lang.String class is
used to create and manipulate strings. The most critical characteristic of a String in Java is that it is immutable,
meaning once a String object is created, its state or value cannot be changed. Any operation that appears to
modify a string actually creates a new string object.

Because strings are ubiquitous in Java programming, the String class provides a rich set of built-in methods to
perform various operations, ranging from basic inspection to complex manipulation.

Common String Methods

Here are some of the most frequently used operations available in the String class:

• Length and Character Extraction:

– int length(): Returns the total number of characters in the string.
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– char charAt(int index): Returns the character at the specified index. The index ranges from 0 to
length() - 1.

• Substring and Concatenation:

– String substring(int beginIndex) and String substring(int beginIndex, int endIndex): Ex-
tracts a portion of the string starting from beginIndex to the end, or up to endIndex (exclusive).

– String concat(String str): Concatenates the specified string to the end of the current string. The +
operator is also commonly used for concatenation.

• Searching and Indexing:

– int indexOf(int ch) / int indexOf(String str): Returns the index within the string of the first
occurrence of the specified character or substring. Returns -1 if not found.

– int lastIndexOf(int ch) / int lastIndexOf(String str): Returns the index of the last occurrence of
the specified character or substring.

– boolean contains(CharSequence s): Returns true if the string contains the specified sequence of char
values.

• Comparison:

– boolean equals(Object anObject): Compares the string to the specified object for value equality.
– boolean equalsIgnoreCase(String anotherString): Compares the string to another string, ignoring

case considerations.
– int compareTo(String anotherString): Compares two strings lexicographically. Returns 0 if they are

equal, a negative integer if the current string precedes the argument, and a positive integer otherwise.

• Modification and Formatting:

– String toLowerCase() and String toUpperCase(): Converts all characters in the string to lower or upper
case.

– String trim(): Returns a copy of the string with leading and trailing whitespace removed.
– String replace(char oldChar, char newChar): Returns a new string resulting from replacing all occur-

rences of oldChar with newChar.
– String[] split(String regex): Splits the string around matches of the given regular expression.

Example

String Operations Example

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

String text = " Java Programming ";

// Trim and convert to upper case
String cleanText = text.trim().toUpperCase();
System.out.println("Clean Text: " + cleanText); // Outputs: JAVA PROGRAMMING

// Substring and length
String sub = cleanText.substring(0, 4);
System.out.println("Substring: " + sub); // Outputs: JAVA
System.out.println("Length: " + cleanText.length()); // Outputs: 16

// Replacement
String replaced = cleanText.replace(’A’, ’O’);
System.out.println("Replaced: " + replaced); // Outputs: JOVO PROGROMMING

// Splitting
String[] words = cleanText.split(" ");
System.out.println("First word: " + words[0]); // Outputs: JAVA

}
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}

Important / Warning

Remember that String objects are immutable. Calling a method like text.trim() does not modify the original
text object. Instead, it returns a new String object with the whitespace removed. If you do not assign the result
to a variable (e.g., text = text.trim();), the changes will be lost.

2.3.2 StringJoiner Class

Definition

Box The java.util.StringJoiner class, introduced in Java 8, is used to construct a sequence of characters
(strings) separated by a delimiter, and optionally starting with a supplied prefix and ending with a supplied suffix.

Before Java 8, joining multiple strings with a delimiter (like a comma) required manual concatenation loops or the
use of external libraries like Apache Commons Lang. StringJoiner simplifies this common task significantly. It is
highly efficient and designed specifically for concatenating collections or arrays of strings with formatting.

Constructors of StringJoiner

The StringJoiner class provides two main constructors:

1. StringJoiner(CharSequence delimiter): Constructs a StringJoiner with no prefix or suffix, using the
specified delimiter.

2. StringJoiner(CharSequence delimiter, CharSequence prefix, CharSequence suffix): Constructs a
StringJoiner using the specified delimiter, and starts with the prefix and ends with the suffix.

Key Methods of StringJoiner

• StringJoiner add(CharSequence newElement): Adds a copy of the specified CharSequence value as the next
element of the StringJoiner.

• StringJoiner merge(StringJoiner other): Adds the contents of the given StringJoiner without its prefix
and suffix as the next element.

• int length(): Returns the length of the String representation of this StringJoiner.

• StringJoiner setEmptyValue(CharSequence emptyValue): Sets the sequence of characters to be used when
determining the string representation of this StringJoiner and no elements have been added yet. By default, if
no elements are added, it returns the prefix + suffix.

• String toString(): Returns the current value, consisting of the prefix, the values added so far separated by
the delimiter, and the suffix.

Example

Using StringJoiner

import java.util.StringJoiner;

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

// Example 1: Only Delimiter
StringJoiner sj1 = new StringJoiner(", ");
sj1.add("Apple").add("Banana").add("Cherry");
System.out.println("Fruits: " + sj1.toString());
// Outputs: Fruits: Apple, Banana, Cherry

// Example 2: Delimiter, Prefix, and Suffix
StringJoiner sj2 = new StringJoiner(", ", "[", "]");
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sj2.add("Red").add("Green").add("Blue");
System.out.println("Colors: " + sj2.toString());
// Outputs: Colors: [Red, Green, Blue]

// Example 3: Merging StringJoiners
sj1.merge(sj2);
System.out.println("Merged: " + sj1.toString());
// Outputs: Merged: Apple, Banana, Cherry, Red, Green, Blue

}
}

Key Concept

Concept In addition to the StringJoiner class, Java 8 also introduced the String.join() static method, which
internally utilizes StringJoiner. For example, String.join("-", "2023", "10", "31") returns "2023-10-31".
This method is very handy for simple join operations where prefixes and suffixes are not required.

2.3.3 Wrapper Classes

Definition

Box A Wrapper Class in Java is a class whose object wraps or contains primitive data types. When we create
an object to a wrapper class, it contains a field and in this field, we can store primitive data types. In other words,
we can wrap a primitive value into a wrapper class object.

Java is an object-oriented programming language, which means it revolves around objects. However, Java includes
eight primitive data types (int, char, float, double, boolean, byte, short, long) that are not objects. This was a
design choice to maximize performance, but it creates situations where objects are required but primitives are not
allowed.

For instance, the Collections Framework in Java (such as ArrayList, HashMap, etc.) can only store objects, not
primitive types. To bridge this gap, Java provides a corresponding Wrapper class for each of the eight primitive types.

Primitive Types and their Corresponding Wrapper Classes

• byte → java.lang.Byte

• short → java.lang.Short

• int → java.lang.Integer

• long → java.lang.Long

• float → java.lang.Float

• double → java.lang.Double

• char → java.lang.Character

• boolean → java.lang.Boolean

Autoboxing and Unboxing

Prior to Java 5, converting between primitives and wrapper classes required explicit method calls (like
Integer.valueOf() or intValue()). Java 5 introduced Autoboxing and Unboxing to automate this process.

Key Concept

Concept Autoboxing: The automatic conversion that the Java compiler makes between the primitive types and
their corresponding object wrapper classes. For example, converting an int to an Integer, a double to a Double,
etc.
Unboxing: The automatic conversion of wrapper class objects to their corresponding primitive types. It is the
reverse process of autoboxing.
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Example

Autoboxing and Unboxing Example

import java.util.ArrayList;

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

// Autoboxing: primitive ’int’ to ’Integer’ object
int primitiveInt = 50;
Integer wrappedInt = primitiveInt;
// Internally compiled as Integer.valueOf(primitiveInt)

// Unboxing: ’Integer’ object to primitive ’int’
Integer anotherWrappedInt = new Integer(100); // Deprecated in recent Java versions
int anotherPrimitive = anotherWrappedInt;
// Internally compiled as anotherWrappedInt.intValue()

// Collections require Objects
ArrayList<Integer> numbers = new ArrayList<>();
numbers.add(10); // Autoboxing happens here

int num = numbers.get(0); // Unboxing happens here
System.out.println("Number: " + num);

}
}

Utility Methods in Wrapper Classes

Wrapper classes do more than just hold a primitive value; they provide an array of utility methods for data conversion
and manipulation. Some of the most commonly used methods include:

• parseXxx(String s) Methods: Used to convert a string into the corresponding primitive data type. Present in
all numeric wrapper classes and Boolean.

– Example: int x = Integer.parseInt("123");

– Example: double y = Double.parseDouble("3.14");

• valueOf(String s) Methods: Used to convert a string into the corresponding wrapper class object.

– Example: Integer obj = Integer.valueOf("456");

• xxxValue() Methods: Used to retrieve the primitive value from the wrapper object (the programmatic equivalent
of unboxing).

– Example: int z = obj.intValue();

• Type Constants: Wrapper classes provide useful constants like MAX_VALUE and MIN_VALUE to determine the
range of the primitive type.

– Example: Integer.MAX_VALUE (which is 2147483647).

• Character Class Utilities: The Character wrapper class provides extensive static methods for inspecting charac-
ters, such as Character.isDigit(char ch), Character.isLetter(char ch), Character.isWhitespace(char
ch), Character.toUpperCase(char ch), and Character.toLowerCase(char ch).

Important / Warning

When using wrapper classes, be cautious of NullPointerException. A primitive data type like int always has a
default value (0) and cannot be null. However, a wrapper class like Integer is an object reference, so it can be
null. Attempting to unbox a null wrapper object will result in a NullPointerException at runtime.

Integer nullInt = null;
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int primitive = nullInt; // Throws NullPointerException!

Memory and Performance Considerations

While Autoboxing and Unboxing make code cleaner and easier to read, they are not without cost. Behind the scenes,
the JVM is creating new objects and invoking methods. In performance-critical sections of code—such as inside large
loops or complex mathematical computations—the overhead of constantly creating wrapper objects and converting
them back and forth can become significant.

Furthermore, memory usage is higher with wrapper classes. An int takes exactly 4 bytes of memory, whereas an
Integer object takes up to 16 bytes (or more, depending on the JVM architecture) because it includes object metadata
in addition to the actual integer value. Therefore, prefer primitive types for local variables, loop counters, and simple
calculations, reserving wrapper classes only for scenarios where objects are strictly required, such as generic collections
or generic classes.

Key Concept

Concept To optimize memory, the JVM caches Integer objects for values between -128 and 127. When you
autobox an int within this range, Java reuses the same Integer object from the cache. If you use == to compare
two autoboxed Integer references within this range, it will return true. However, outside this range, new objects
are created, and == will return false. Always use the .equals() method when comparing values of wrapper
objects.

2.3.4 Summary

Understanding the String class, StringJoiner, and Wrapper classes is essential for writing robust and efficient Java
applications.

• The String class provides a vast array of methods to manipulate text securely, keeping in mind its immutable
nature.

• The StringJoiner class offers a clean, modern approach to concatenating strings with delimiters, prefixes, and
suffixes, replacing cumbersome loops and legacy external libraries.

• Wrapper Classes act as the bridge between Java’s primitive types and its object-oriented ecosystem. While
features like autoboxing and unboxing make working with them seamless, developers must remain mindful of
potential NullPointerExceptions and performance overhead when used excessively in computational logic.

Structure
Package → Import → Class

Structure
Package → Import → Class

Figure 2.5: Java Program Basic Structure
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2.4 The Core of OOP: Classes, Objects, and Methods

2.4.1 Introduction: Moving Beyond Primitives

In the previous unit, we learned about Java’s primitive data types: ‘int‘, ‘double‘, ‘boolean‘, etc. These primitives are
incredibly fast, but they are completely "dumb." An ‘int‘ variable can store the number ‘50‘, but it has no idea what
that number represents. Is it 50 dollars? 50 miles per hour? 50 degrees?

Furthermore, real-world entities are rarely defined by a single number. If you are building a banking application, a
"Bank Account" cannot be represented by a single ‘int‘. A real Bank Account has an account number, a customer name,
a current balance, and specific actions it can perform (like depositing or withdrawing money).

To represent complex, real-world entities in software, we must use the core concept of Object-Oriented Programming:
we must define our own custom Data Types using Classes and Objects.

2.4.2 1. Defining Classes (The Blueprint)

A Class is a blueprint, a template, or a definition for a custom data type. It does not actually exist in the physical
memory of the program until it is used. It merely defines what a specific entity should look like and how it should
behave.

A Class is composed of two primary elements:

1. Fields (State): Variables that store the data or characteristics of the entity.

2. Methods (Behavior): Functions that define what the entity can actually do.

Let us define a blueprint for a simple ‘BankAccount‘:

public class BankAccount {

// 1. Fields (State)
String accountHolder;
double balance;

// 2. Methods (Behavior)
public void deposit(double amount) {

balance = balance + amount;
System.out.println("Deposited: " + amount);

}
}
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2.4.3 2. Creating Objects (The Physical Implementation)

Defining the ‘BankAccount‘ class above does not actually create an account. If a human architect draws a blueprint for
a house, they cannot sleep in the blueprint. They must use the blueprint to build a physical house out of bricks and
wood.

An Object is the physical manifestation of a Class. It is an actual chunk of data sitting in the computer’s RAM,
built precisely according to the instructions in the blueprint.

To create an Object in Java, we use the new keyword.

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

// Creating the physical Object in memory
BankAccount myAccount = new BankAccount();

// Accessing Fields and Methods using the "Dot Operator"
myAccount.accountHolder = "Alice";
myAccount.balance = 500.0;

myAccount.deposit(100.0); // Balance becomes 600.0
}

}

CLASS (Blueprint)
BankAccount

String accountHolder;
double balance;

deposit()

OBJECT 1 (RAM)

Holder: "Alice"
Balance: 600.0

OBJECT 2 (RAM)

Holder: "Bob"
Balance: 0.0

ne
w

Ba
nk

Ac
co

un
t(

)

new
BankAccount()

Figure 2.7: A single Class blueprint can be used to stamp out thousands of unique, independent Objects in RAM.
Alice’s balance does not affect Bob’s balance.

2.4.4 3. Passing Objects to Methods

Just like you can pass primitive data (like an ‘int‘ or a ‘double‘) into a method, you can also pass entire Objects into a
method.

However, there is a crucial difference in how Java handles primitive data vs. object data in memory.

• Primitives are Passed by Value: Java creates a complete, independent clone of the primitive. If the method
modifies the clone, the original variable is completely unaffected.

• Objects are Passed by Reference: Java does not clone the heavy object. Instead, it passes a copy of the
"leash" or the memory address. This means the method is directly manipulating the exact same physical object in
RAM.

public class BankManager {

// This method takes a BankAccount object as a parameter
public void applyBonus(BankAccount targetAccount) {

// Because Objects are passed by reference, this directly alters
// the original object in the main program!
targetAccount.balance += 50.0;
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}
}

2.4.5 4. Returning Objects from Methods

Methods are not restricted to returning primitives (‘return 5;‘). A method can perform complex logic, construct a
brand new Object internally, and then return that Object (specifically, its memory reference) back to the caller.

public class AccountFactory {

// This method returns a brand new BankAccount object
public BankAccount createVIPAccount(String name) {

BankAccount vip = new BankAccount();
vip.accountHolder = name + " (VIP)";
vip.balance = 10000.0; // VIPs start with $10k

return vip; // Send the object back to the caller
}

}

2.4.6 5. Method Overloading: The Power of Context

In procedural languages like C, every single function must have a unique name. If you write a method to add two
integers, you might name it ‘addInts()‘. If you later need to add two decimals, you have to create a brand new method
with a new name, like ‘addDoubles()‘.

Java solves this naming nightmare through a concept called Method Overloading. Method Overloading allows a
programmer to create multiple methods inside the exact same class that have the exact same name, as long as their
parameter lists are different.

When the program runs, the Java Compiler is intelligent enough to look at the data you are passing in and
automatically trigger the correct version of the method.

Example of Overloading

Let us overload a generic ‘printData()‘ method.

public class Printer {

// Version 1: Accepts an integer
public void printData(int x) {

System.out.println("Printing an integer: " + x);
}

// Version 2: Accepts a String
public void printData(String x) {

System.out.println("Printing text: " + x);
}

// Version 3: Accepts two integers
public void printData(int x, int y) {

System.out.println("Printing coordinates: " + x + "," + y);
}

}

If the user types ‘myPrinter.printData("Hello")‘, the compiler instantly knows to route the execution to Version 2.
If the user types ‘myPrinter.printData(5, 10)‘, it routes to Version 3.

The Rules of Overloading

To successfully overload a method, you must change the Method Signature. The signature consists of the method
name and its parameters. You can change the signature by:

1. Changing the number of parameters (e.g., 1 vs. 2).
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2. Changing the data type of the parameters (e.g., ‘int‘ vs. ‘double‘).

3. Changing the order of the parameters (e.g., ‘(int, String)‘ vs. ‘(String, int)‘).

Warning: Changing only the return type (e.g., changing ‘void‘ to ‘int‘) is illegal and will result in a compiler error.
The compiler chooses the method based entirely on the input parameters.

AI IMAGE PLACEHOLDER
A graphic showing a smart toll booth (The Java Compiler). Three different

vehicles are approaching: a motorcycle (1 parameter), a car (2 parameters), and an
18-wheeler truck (different data type). The smart toll booth automatically routes
each vehicle into a uniquely sized lane that perfectly fits them, despite all lanes

being named "printData".

Figure 2.8: Method Overloading acts as an intelligent router, seamlessly directing input data to the specific method
variation designed to handle it.

2.4.7 Conclusion

The transition from procedural to object-oriented programming is entirely dependent on mastering Classes and Objects.
By designing custom data types (Classes), generating physical instances in memory (Objects), and understanding how
those heavy objects are passed by reference across the program, a developer gains the power to model highly complex,
real-world systems. Furthermore, tools like Method Overloading allow developers to keep their codebases clean and
intuitive, eliminating the need to memorize hundreds of uniquely named functions.

2.5 Text Manipulation: The String and StringBuffer Classes

2.5.1 Introduction: Text is Not Primitive

In many older programming languages, handling text was a nightmare. A programmer had to manually create an array
of individual ‘char‘ primitive variables, meticulously tracking the exact number of letters and managing memory by
hand.

Java completely revolutionized text manipulation by treating text not as a primitive array, but as a fully-fledged
Object. Because text is an Object, it comes pre-packaged with dozens of built-in methods (behaviors) that allow a
programmer to search, slice, capitalize, and compare text with a single line of code.

However, Java provides two very different classes for handling text: String and StringBuffer. Understanding
the fundamental difference between these two classes—Immutability vs. Mutability—is one of the most critical
concepts in Java memory optimization.

2.5.2 1. The String Class (Immutable)

The ‘String‘ class is the default way to store text in Java. You can create a String object in two ways:

// 1. String Literal (The standard way)
String name = "Alice";

// 2. Using the ’new’ keyword
String title = new String("Software Engineer");
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The Law of Immutability

The most important rule regarding the ‘String‘ class is that Strings are Immutable. This means that once a String
object is created in the computer’s physical memory (RAM), its contents can never be changed.

If you attempt to modify a String, Java does not actually alter the original object. Instead, it secretly creates a
brand new String object in RAM, copies the altered text into it, and changes your variable leash to point to the new
object.

String greeting = "Hello";
greeting = greeting + " World";

In the code above, the original ‘"Hello"‘ object in memory is not modified. Java creates a brand new object
containing ‘"Hello World"‘. The original ‘"Hello"‘ object is instantly orphaned and left to be destroyed by the Garbage
Collector.

The Heap (RAM)

"Hello"greeting (Old)
Leash Cut

Garbage

"Hello World"greeting (New)
New Leash

Figure 2.9: String Immutability. Appending text to a String forces the JVM to abandon the original object and
construct a completely new object from scratch.

Useful String Methods

Because Strings are Objects, they contain powerful utility methods:

• length(): Returns the number of characters. (‘"Hello".length()‘ returns 5).

• charAt(int index): Returns the specific character at a zero-based index.

• substring(int beginIndex, int endIndex): Extracts a smaller slice of the text.

• equals(String anotherString): CRITICAL. Never use ‘==‘ to compare two Strings, as ‘==‘ only checks if
they are the exact same object in RAM. Always use ‘.equals()‘ to check if the actual text matches.

• toUpperCase() / toLowerCase(): Changes the casing of the text.

2.5.3 2. The StringBuffer Class (Mutable)

If Strings are immutable, what happens if you need to write a program that reads a 5,000-line text file and appends
every line together? If you use a standard ‘String‘ and a ‘for‘ loop to append 5,000 lines, the JVM will literally create
5,000 separate String objects in RAM, abandoning 4,999 of them to the Garbage Collector. This will cause massive
memory fragmentation and heavily lag the computer.

To solve this, Java provides the StringBuffer class. Unlike ‘String‘, StringBuffer is Mutable. You can physically
alter its contents in memory without forcing the JVM to create a brand new object.

// You MUST use the ’new’ keyword for StringBuffer
StringBuffer myBuffer = new StringBuffer("Hello");

// This modifies the original object directly in memory!
myBuffer.append(" World");

Internal Mechanics of StringBuffer

When you create a ‘StringBuffer‘, the JVM provisions an internal array with extra "padding" or "capacity." If you
append text to it, it simply fills in the empty padding. Because it doesn’t have to destroy and recreate objects,
appending text to a ‘StringBuffer‘ is exponentially faster than appending to a standard ‘String‘.
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AI IMAGE PLACEHOLDER
A side-by-side metaphor. Left side (String): A mason chiseling text into a solid

block of granite. If he makes a mistake, he must throw the entire block away and
start a new one. Right side (StringBuffer): A teacher writing text on a large

chalkboard. If she needs to add a word, she simply writes it at the end without
replacing the entire board.

Figure 2.10: Strings are rigid and permanent (like carved stone). StringBuffers are flexible and updatable (like a
chalkboard).

Useful StringBuffer Methods

The ‘StringBuffer‘ class contains methods specifically designed for physical text manipulation:

• append(String str): Glues new text to the very end of the buffer.

• insert(int offset, String str): Shoves new text directly into the middle of the buffer at the specified index,
pushing the rest of the text to the right.

• delete(int start, int end): Physically erases a chunk of text from the buffer.

• reverse(): Instantly flips the entire string backwards (e.g., "Hello" becomes "olleH").

• capacity(): Returns the total amount of physical memory currently allocated to the buffer (which is usually
larger than the actual ‘.length()‘ of the text inside it).

2.5.4 3. Thread Safety: StringBuffer vs StringBuilder

It is important to note a modern nuance. ‘StringBuffer‘ was introduced in Java 1.0. It was designed to be Thread-Safe
(Synchronized), meaning if multiple parts of a program try to edit the buffer at the exact same millisecond, the JVM
will strictly organize them into a queue to prevent data corruption.

However, this queueing mechanism makes ‘StringBuffer‘ slightly slow. In Java 1.5, Sun Microsystems introduced
the StringBuilder class. ‘StringBuilder‘ is an exact, identical copy of ‘StringBuffer‘, except the thread-safety locks
have been removed. If you are writing a standard, single-threaded application, ‘StringBuilder‘ is noticeably faster and
is universally preferred by modern developers.

2.5.5 Conclusion

Understanding the duality of Java’s text classes separates novice programmers from experienced engineers. A ‘String‘
is perfect for storing static data like usernames, passwords, or database URLs, as its immutability guarantees the data
cannot be accidentally corrupted. However, when an algorithm requires heavy text manipulation—such as building a
massive JSON response, reversing text, or formatting thousands of log files—a developer must immediately switch to
‘StringBuffer‘ (or ‘StringBuilder‘) to prevent catastrophic memory degradation.

2.6 Advanced String Management and the Wrapper Hierarchy

2.6.1 Introduction: Elevating the Primitives

While the basic ‘String‘ and ‘StringBuffer‘ classes allow for the manipulation of raw text, enterprise software requires
much more sophisticated text operations. Developers frequently need to splice arrays of words together with specific
punctuation, split massive paragraphs into individual sentences, and seamlessly convert raw text strings back into
mathematical primitive numbers.

Textbook for 4341602 Milav Dabgar

https://milav.in


Advanced String Management and the Wrapper Hierarchy 102

This section explores advanced operations on strings, introduces the modern ‘StringJoiner‘ utility, and explains
how Java uses the Wrapper Class hierarchy to forcefully integrate ancient, non-object primitive types (like ‘int‘ and
‘double‘) into the modern Object-Oriented ecosystem.

2.6.2 1. Advanced Operations on Strings

Because the ‘String‘ class is used in nearly every Java program on earth, it contains an incredibly robust library of
built-in methods for complex operations.

Searching and Locating

When processing user input (like an email address), you often need to verify if specific characters exist.

• indexOf(String str): Searches the string from left to right and returns the mathematical index of the first
occurrence of the target text. If the text is not found, it returns ‘-1‘.

• lastIndexOf(String str): Searches from right to left, finding the final occurrence.

• contains(CharSequence s): Returns a simple ‘true‘ or ‘false‘ if the target sequence exists anywhere within the
string.

String email = "john.doe@university.edu";
int atSymbolLocation = email.indexOf("@"); // Returns 8
boolean isEdu = email.contains(".edu"); // Returns true

Splitting Text

One of the most powerful methods is split(String regex). This method acts as a meat cleaver, chopping a massive
String into an Array of smaller Strings based on a specific delimiter character (like a comma or a space).

String csvData = "Apple,Banana,Orange";
String[] fruits = csvData.split(",");
// fruits[0] is "Apple", fruits[1] is "Banana", fruits[2] is "Orange"

2.6.3 2. The StringJoiner Class (Java 8+)

If ‘split()‘ chops text apart, how do we glue it back together?
Historically, if a programmer wanted to take an array of words and combine them into a single comma-separated

sentence (e.g., ‘[A, B, C]‘ → ‘"A, B, C"‘), they had to write a messy ‘for‘ loop, manually append the commas, and write
annoying ‘if‘ statements to ensure a comma wasn’t accidentally placed at the very end of the string.

To eliminate this boilerplate code, Java 8 introduced the StringJoiner class.
StringJoiner is a specialized utility specifically designed to construct sequences of characters separated by a

delimiter, and optionally starting with a prefix and ending with a suffix.

import java.util.StringJoiner;

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

// Construct a joiner.
// Delimiter: ", " | Prefix: "[" | Suffix: "]"
StringJoiner sj = new StringJoiner(", ", "[", "]");

sj.add("Red");
sj.add("Green");
sj.add("Blue");

System.out.println(sj.toString());
// Output: [Red, Green, Blue]

}
}
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AI IMAGE PLACEHOLDER
A diagram of a specialized manufacturing machine labeled "StringJoiner". A

hopper at the top drops individual words ("Red", "Green", "Blue"). The machine
automatically inserts commas between them, caps the ends with brackets, and

ejects a perfectly formatted single string on a conveyor belt.

Figure 2.11: The StringJoiner automates the tedious logic of formatting lists, ensuring delimiters are placed perfectly
without "trailing comma" errors.

2.6.4 3. Wrapper Classes: Objectifying the Primitives

Java is marketed as a "100% Object-Oriented Language." This is actually a lie. Java has 8 Primitive data types (‘int‘,
‘double‘, ‘boolean‘, ‘char‘, etc.) that are not Objects. They are raw, dumb memory blocks.

This creates a massive architectural problem. Many of Java’s most powerful data structures (like the ‘ArrayList‘,
which we will study later) are designed to only hold Objects. If you try to shove a primitive ‘int‘ into an ‘ArrayList‘,
the compiler will crash.

To fix this paradox, Java provides Wrapper Classes. A Wrapper Class is simply a full-fledged Object whose only
purpose is to swallow a primitive variable and "wrap" it inside an Object shell.

Every primitive has a corresponding Wrapper Class (note the Capital Letters):
• int → Integer

• double → Double

• char → Character

• boolean → Boolean

50

int

50

Integer Object

Autoboxing

Figure 2.12: A Wrapper Class takes a naked primitive and encapsulates it within an Object, allowing the number to
utilize Object-Oriented features and methods.

Autoboxing and Unboxing

In the early days of Java, programmers had to manually write the code to wrap and unwrap the primitives.

// The old, painful way (Java 1.4 and older)
int primitiveAge = 25;
Integer objectAge = new Integer(primitiveAge); // Wrapping
int extractedAge = objectAge.intValue(); // Unwrapping

In Java 5, the compiler was updated to perform this process automatically behind the scenes. This modern feature
is called Autoboxing (automatically putting the primitive in the box) and Unboxing (automatically taking it out).

// The modern way (Autoboxing)
Integer objectAge = 25; // The compiler silently adds ’new Integer()’

// Unboxing
int primitiveAge = objectAge; // The compiler silently extracts the value
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Utility Methods of Wrapper Classes

Beyond simply allowing primitives to act like Objects, Wrapper Classes provide critical utility methods for mathematical
conversions—most notably, parsing text into numbers.

When you download data from a web server or read a text file, numbers arrive as Strings (‘"404"‘, ‘"3.14"‘). You
cannot perform math on a String. You must use the static methods built into the Wrapper Classes to parse the text.

• Integer.parseInt(String s): Converts text to an ‘int‘.

• Double.parseDouble(String s): Converts text to a ‘double‘.

• Character.isDigit(char ch): Checks if a character is a number.

• Character.isUpperCase(char ch): Checks if a character is capitalized.

2.6.5 Conclusion

The mastery of text and data types is foundational to software engineering. By utilizing advanced ‘String‘ methods
and the ‘StringJoiner‘ class, developers can cleanly slice, format, and reconstruct massive blocks of textual data.
Furthermore, by understanding the Wrapper Class hierarchy, developers can bridge the gap between raw, high-speed
mathematical primitives and the strict Object-Oriented architecture required by modern Java data structures.

2.7 Advanced Class Mechanics: Constructors, Scope, and Keywords

2.7.1 Introduction: Fortifying the Blueprint

In a massive enterprise software project, dozens of developers might be working on the exact same codebase simultaneously.
If a junior developer accidentally writes code that directly alters the ‘balance‘ variable of a ‘BankAccount‘ object,
bypassing the security checks in the ‘deposit()‘ method, the entire banking application is compromised.

To prevent this, a Class must be heavily fortified. It cannot simply be a passive container of variables. A well-
designed Class dictates exactly who can see its data, how its objects are initially constructed, and which data belongs
to the blueprint itself versus the physical objects. This section covers the essential keywords and constructors required
to build secure, professional-grade Classes.

2.7.2 1. Access Control and Modifiers

Access Modifiers act as security clearance badges for your variables and methods. They dictate which other Classes in
the program are legally allowed to interact with them.

Java provides four levels of access control:

1. public: The least secure. Any class, anywhere in the entire project, can read and modify this variable directly.
(Used for general utility methods).

2. private: The most secure. The variable or method can only be accessed by code written inside the exact same
Class file. It is completely invisible to the outside world. (Used for sensitive data like passwords or account
balances).

3. protected: A middle ground used in Inheritance (covered in Unit 3). It is visible to the current class and any
"child" classes that inherit from it.

4. Default (No modifier): If you type nothing, it defaults to "Package-Private," meaning only classes within the
exact same folder (package) can see it.

2.7.3 2. The this Keyword

When writing code inside a Class, you often encounter a "naming collision." What happens if a method parameter has
the exact same name as a Class field?

public class User {
String name; // Class Field

public void setName(String name) { // Method Parameter
name = name; // AMBIGUOUS: Which ’name’ is which?

}
}
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BankAccount Class

private double balance
(Locked inside the Vault)

public void deposit()

ExternalMainApp

BLOCKED

ALLOWED

Figure 2.13: The principle of Encapsulation. Sensitive data (‘balance‘) is marked ‘private‘ to prevent direct external
tampering. External classes must use the ‘public‘ gateway (‘deposit()‘) to interact with the data safely.

In the code above, the compiler is confused. It will assume you are just assigning the parameter to itself, leaving
the Class field completely empty. To solve this, Java uses the this keyword. The word ‘this‘ literally translates to
"The current physical object executing this code."

public void setName(String name) {
this.name = name; // The Object’s ’name’ = The parameter ’name’

}

2.7.4 3. The static Keyword

By default, every time you use ‘new‘ to create an Object, the JVM creates a fresh, independent copy of all the fields
inside that Object. If you create three ‘Car‘ objects, you have three independent ‘speed‘ variables in RAM.

But what if you want a variable that is shared by all Objects? What if you want to track the total number of Cars
manufactured in the entire factory?

The static keyword detaches a variable (or a method) from the physical Objects and attaches it directly to the
abstract Class blueprint.

public class Car {
// Instance variable (Unique to each object)
String color;

// Static variable (Belongs to the Blueprint, shared by all objects)
static int totalCarsBuilt = 0;

public Car() {
totalCarsBuilt++; // Increment the shared counter

}
}

Because a ‘static‘ method belongs to the Class, you do not need to use ‘new‘ to call it. This is why the main entry
point of a Java program is ‘public static void main‘—the JVM can execute it immediately without having to build an
object first.

2.7.5 4. Constructors: The Birth of an Object

When you use the ‘new‘ keyword (e.g., ‘new BankAccount()‘), you are not just carving out space in RAM. You are
actually triggering a specialized method called a Constructor.

A Constructor is the exact moment an object is "born." It is responsible for setting up the initial state of the object
(like setting the starting balance to 0). Constructors have two strict rules:

1. The name must exactly match the Class name.

2. They do not have a return type (not even ‘void‘).

A. The Default Constructor

If you do not write a constructor, Java secretly writes an invisible one for you called the Default Constructor. It takes
no parameters and simply sets all numbers to ‘0‘ and all Objects to ‘null‘. You can explicitly write it yourself:
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public class Car {
public Car() {

System.out.println("A brand new Car is built!");
}

}

B. Parameterized Constructors

Usually, you want to provide specific data the moment the object is born. A parameterized constructor forces the
programmer to provide data during the ‘new‘ call.

public class Car {
String model;

// Parameterized Constructor
public Car(String startModel) {

this.model = startModel;
}

}
// Usage: Car myCar = new Car("Mustang");

C. Constructor Overloading

Just like standard methods, Constructors can be overloaded. You can provide multiple ways to build an object
depending on how much data the user has available.

public class Employee {
String name;
int id;

// Constructor 1: If we only know the name
public Employee(String name) {

this.name = name;
this.id = 999; // Default Temporary ID

}

// Constructor 2: If we know both name and ID
public Employee(String name, int id) {

this.name = name;
this.id = id;

}
}

D. Copy Constructors

A copy constructor is a specialized constructor designed to take an existing Object and create a perfect, independent
clone of it in RAM.

public class Point {
int x;
int y;

// Standard Constructor
public Point(int x, int y) { ... }

// COPY Constructor: Takes another Point as a parameter
public Point(Point original) {

this.x = original.x; // Copy the X
this.y = original.y; // Copy the Y

}
}
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E. Private Constructors

Why would you ever make a constructor ‘private‘? If a constructor is private, no external class is legally allowed to use
the ‘new‘ keyword to create the object. This is used in advanced architectural patterns (like the Singleton Pattern)
where you want to strictly guarantee that only one single instance of an object (like a Database Connection Manager)
can ever exist in the entire application.

AI IMAGE PLACEHOLDER
An illustration of a car manufacturing assembly line representing Constructors.
Station 1 (Default): A blank, unpainted car chassis rolls off the line. Station 2

(Parameterized): A robotic arm installs a specific V8 engine and red paint
requested by the customer. Station 3 (Copy): A highly advanced 3D scanner scans

a finished car and instantly prints a perfect replica.

Figure 2.14: Constructors dictate the specific "manufacturing process" an object must go through before it is legally
allowed to exist in the program.

2.7.6 Conclusion

A poorly designed Class is simply a bucket holding random variables. A professionally designed Class utilizes private
access modifiers to enforce security, the static keyword to manage shared memory, and heavily engineered Constructors
to guarantee that every physical Object is born with a valid, predictable state. Mastering these keywords transforms a
programmer from someone who merely writes logic into someone who designs robust, uncrackable software architecture.

2.8 String and StringBuffer Classes

2.8.1 Introduction to Strings in Java

In Java, a string is fundamentally a sequence of characters. Unlike languages such as C or C++, where strings are
represented simply as zero-terminated arrays of characters, Java treats strings as first-class objects. The String class,
located in the java.lang package, is the standard class used to create and manipulate text. Because it resides in the
java.lang package, the String class is automatically imported into every Java program, making it readily accessible
without requiring an explicit import statement.

Internally, up to Java 8, a String is backed by a final char[] array. From Java 9 onwards, in an effort to
optimize memory footprint, the internal representation was changed to a final byte[] array coupled with an encoding
flag (Compact Strings), which efficiently stores ISO-8859-1/Latin-1 characters in a single byte, only using two bytes
(UTF-16) when necessary.

Key Concept

Concept Immutability of Strings: The most profound and defining characteristic of the String class in Java
is that its objects are strictly immutable. This implies that once a String object is instantiated, its state or
internal character sequence cannot be altered under any circumstances. Any operation that appears to modify a
String—such as concatenation, converting to uppercase, or replacing characters—does not actually change the
original object. Instead, the JVM creates and returns a completely new String object holding the modified value,
while the original object remains untouched in memory.
This inherent immutability provides several architectural benefits:

• Thread Safety: Immutable objects can be safely shared among multiple concurrent threads without the
need for complex synchronization logic, as their state cannot be corrupted by simultaneous writes.

• Security: Strings are heavily used as parameters for class loading, network connections, and database URLs.
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Immutability ensures that a string passed to a sensitive API cannot be maliciously altered by an attacker
after security checks have passed.

• Caching and Memory Efficiency: Immutability makes the concept of the String Constant Pool possible,
drastically reducing memory overhead for repeated string values.

Important / Warning

Because strings cannot be modified, performing extensive and repetitive string manipulations (such as appending
characters inside a large for or while loop) using the String class can severely degrade application performance.
Each concatenation creates a new, temporary String object, consuming heap memory and forcing the Garbage
Collector to run more frequently to clean up discarded instances. For heavy manipulation, mutable alternatives
like StringBuffer or StringBuilder must be employed.

2.8.2 Creating String Objects and the String Constant Pool

There are two primary paradigms for constructing a String object in Java: utilizing string literals and explicitly
invoking the new keyword.

Using String Literals

The most prevalent, readable, and efficient way to create a string is by assigning a sequence of characters enclosed in
double quotation marks to a String reference variable. This is known as a string literal.

Example

Creating String Literals:

String greeting = "Hello, World!";
String language = "Java";

When the Java compiler encounters a string literal, it invokes a highly optimized mechanism involving the String
Constant Pool (SCP).

Definition

Box String Constant Pool (SCP): The String Constant Pool is a specialized memory region allocated within
the Java heap. It implements the Flyweight design pattern to minimize memory consumption and improve
performance by caching and sharing string literals.

When a string literal is declared, the JVM first inspects the String Constant Pool. If an identical string (with the
exact same sequence of characters) already exists in the pool, the JVM does not allocate new memory. Instead, it
simply returns a reference to the existing pooled instance. If the string does not exist, a new String object is created,
placed in the pool, and its reference is returned.

Using the new Keyword

Alternatively, developers can instantiate a String object dynamically at runtime using the new keyword, treating it
like any standard Java object. The String class is equipped with a variety of constructors that can accept a character
array, a byte array, a StringBuffer, or another String.

Example

Using the new Keyword:

char[] charArray = {’J’, ’a’, ’v’, ’a’};
String str1 = new String(charArray); // Creates a String "Java"

// Forcing the creation of a new object in the heap
String str2 = new String("Programming");
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When the new keyword is utilized, the JVM is forced to allocate a completely new String object in the standard
heap memory, actively bypassing the String Constant Pool’s sharing mechanism. Even if an identical string already
exists in the SCP, a distinct object with a different memory address will be generated.

2.8.3 Important Methods of the String Class

The String class is robust and provides an extensive suite of built-in methods designed for string analysis, comparison,
searching, and structural transformation.

Inspection and Character Extraction Methods

• int length(): Returns the numerical count of characters present in the string.

• char charAt(int index): Retrieves the character located at the specified zero-based index. Accessing an index
outside the range 0 to length() - 1 throws a StringIndexOutOfBoundsException.

• String substring(int beginIndex): Extracts and returns a new string containing characters starting from
beginIndex through to the end of the original string.

• String substring(int beginIndex, int endIndex): Returns a substring beginning at beginIndex and ex-
tending to the character at index endIndex - 1. The length of the resulting substring is endIndex - beginIndex.

Comparison Methods

• boolean equals(Object anObject): Evaluates the literal contents of two strings for equality. It returns true
if and only if the argument is a String object representing the exact same sequence of characters, observing case
sensitivity. Note: The == operator checks for reference equality (whether both variables point to the exact same
memory location), whereas equals() checks for value equality.

• boolean equalsIgnoreCase(String anotherString): Functions identically to equals() but ignores case dis-
crepancies during comparison.

• int compareTo(String anotherString): Compares two strings lexicographically based on the Unicode values
of their characters. It returns 0 if the strings are identical, a negative integer if the calling string precedes the
argument in dictionary order, and a positive integer if it follows it.

Searching and Modification Methods

• int indexOf(int ch) and int indexOf(String str): Returns the index of the first occurrence of the specified
character or substring. Returns -1 if no match is found.

• String concat(String str): Appends the provided string to the tail of the current string. While functional,
the + operator is more commonly used for concatenation and is compiled to efficient code using StringBuilder
under the hood by modern Java compilers.

• String toLowerCase() and String toUpperCase(): Generate a new string wherein all characters are converted
to their lower or upper case equivalents.

• String trim(): Returns a duplicate string with all leading and trailing whitespace characters (spaces, tabs,
newlines) removed.

• String replace(CharSequence target, CharSequence replacement): Substitutes every occurrence of the
target character sequence with the replacement sequence.

Example

Practical Implementation of String Methods:

String text = " Object Oriented Programming ";
int len = text.length(); // Output: 31
String cleanedText = text.trim(); // Output: "Object Oriented Programming"
String word = cleanedText.substring(0, 6); // Output: "Object"
char letter = cleanedText.charAt(7); // Output: ’O’
int position = cleanedText.indexOf("Oriented"); // Output: 7
String shout = cleanedText.toUpperCase(); // Output: "OBJECT ORIENTED PROGRAMMING"
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boolean check = cleanedText.equals("object"); // Output: false

2.8.4 Introduction to the StringBuffer Class

While the immutable nature of String is advantageous for security and pooling, it acts as a severe performance
bottleneck when applications require intensive, repetitive string manipulation. To address scenarios involving dynamic
string concatenation, character replacement, or deletion, the Java API provides the StringBuffer class.

Key Concept

Concept Mutability and Thread Safety in StringBuffer: Unlike String, instances of the StringBuffer
class are mutable. This means that operations altering the string’s content modify the internal character array of
the existing object directly, without generating a trail of temporary objects.
Furthermore, StringBuffer is strictly thread-safe. Every significant method within the StringBuffer class is
synchronized. If multiple threads attempt to append or manipulate the same StringBuffer concurrently, the
JVM enforces mutual exclusion, ensuring that operations happen sequentially and preventing data corruption or
race conditions.

2.8.5 Creating StringBuffer Objects and Capacity Management

Because StringBuffer is mutable, it maintains a dynamic internal character array. It conceptually separates the length
(the number of characters currently stored) from its capacity (the total amount of memory allocated for the internal
array).

Definition

Box Dynamic Capacity Expansion: When characters are appended to a StringBuffer and its current length
exceeds its allocated capacity, Java automatically reallocates memory. It typically creates a new, larger array
(usually double the old capacity plus 2), copies the existing characters into the new array, and discards the old
array. This dynamic scaling allows buffers to grow gracefully but involves a slight overhead during reallocation.

The StringBuffer class provides several constructors to optimize initial capacity:

1. StringBuffer(): Creates an empty buffer with a default initial capacity of 16 characters. This is suitable for
minor text accumulations.

2. StringBuffer(int capacity): Instantiates an empty buffer with a user-defined initial capacity. This constructor
is highly recommended if the developer has an estimate of the final string size, as it prevents costly array
reallocations during append operations.

3. StringBuffer(String str): Constructs a buffer initialized with the exact contents of the provided String.
The initial capacity is mathematically determined as 16 + str.length().

2.8.6 Crucial Methods of the StringBuffer Class

The methods provided by StringBuffer are designed for in-place structural modification, returning a reference to the
modified StringBuffer itself (which allows for method chaining).

• StringBuffer append(String str): Appends the provided string to the end of the buffer. This method is
heavily overloaded to accept primitives (int, char, boolean, float, double) and arbitrary Object references,
invoking their toString() methods implicitly.

• StringBuffer insert(int offset, String str): Embeds the given string at the specified offset index,
shifting all subsequent characters to the right to accommodate the new text. It is similarly overloaded to accept
various data types.

• StringBuffer replace(int start, int end, String str): Replaces a contiguous block of characters start-
ing at start and ending at end - 1 with the new String.

• StringBuffer delete(int start, int end): Extracts and discards the substring bounded by start and end
- 1.
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• StringBuffer deleteCharAt(int index): Erases the single character located at the specified index, shortening
the buffer’s length by one.

• StringBuffer reverse(): A highly convenient method that inverses the entire character sequence within the
buffer (e.g., turning "Java" into "avaJ").

• int capacity() and int length(): Return the allocated memory size and the current number of characters,
respectively.

• void ensureCapacity(int minimumCapacity): Manually forces the buffer to increase its capacity to at least
the specified minimum, overriding the default doubling mechanism if larger space is immediately required.

Example

Chaining StringBuffer Operations:

StringBuffer sb = new StringBuffer("Java");
System.out.println("Initial Capacity: " + sb.capacity()); // 16 + 4 = 20

// Method chaining allows multiple operations in a single line
sb.append(" 17")

.insert(5, "Version ")

.replace(0, 4, "JDK");

System.out.println(sb); // Output: "JDK Version 17"

sb.reverse();
System.out.println(sb); // Output: "71 noisreV KDJ"

2.8.7 Comparative Analysis: String vs. StringBuffer

To design optimal Java applications, developers must choose the appropriate text-handling class based on the operational
context.

• Immutability: The String class represents unchangeable text constants. Modifications necessitate the in-
stantiation of new objects. StringBuffer represents dynamic, editable text. Modifications are performed
in-place.

• Performance Profile: For text that remains static throughout an application’s lifecycle (like configuration keys,
URLs, or output messages), String is overwhelmingly superior due to its memory-efficient pooling. Conversely,
for iterative text construction (such as building complex SQL queries, generating XML/JSON payloads, or
concatenating characters read from a file), StringBuffer dramatically outpaces String by avoiding temporary
object creation and Garbage Collector overhead.

• Memory Storage Location: String literals enjoy the benefits of the String Constant Pool. StringBuffer
objects are universally stored in standard heap memory and cannot be pooled.

• Thread Safety and Synchronization: Immutable String objects are naturally thread-safe. StringBuffer
provides explicit thread safety by synchronizing its methods, guaranteeing structural integrity in multi-threaded
environments.

Key Concept

Concept The Modern Alternative: StringBuilder Introduced in Java 1.5, the StringBuilder class was
designed as a direct, drop-in replacement for StringBuffer. It mirrors StringBuffer’s API, offering the exact
same methods (append, insert, reverse, etc.).
The single, critical distinction is that StringBuilder is NOT thread-safe. Its methods lack synchronization.
Because acquiring and releasing synchronization locks incurs a measurable performance penalty, StringBuilder
executes significantly faster than StringBuffer.
Best Practice Rule: If string manipulation occurs within a single, isolated thread (which is true for the vast
majority of local variable string building), StringBuilder should always be preferred. StringBuffer should be
exclusively reserved for scenarios where multiple threads are demonstrably accessing and modifying a shared string
buffer concurrently.
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Figure 2.15: Class and Method encapsulation
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CHAPTER 3

Inheritance, Interface and Package

3.1 Abstract Classes and Interfaces

In object-oriented programming (OOP), abstraction is a foundational principle that allows software developers to
manage complexity by hiding intricate implementation details and exposing only the essential features of an object.
This separation of interface and implementation enables more modular, maintainable, and flexible code. In the Java
programming language, abstraction is primarily achieved through two constructs: abstract classes and interfaces. While
both serve the purpose of defining a contract that other classes must follow, they have distinct characteristics, specific
rules, and different ideal use cases. Understanding the nuances of both is crucial for designing robust Java applications.

3.1.1 Abstract Classes v/s Interfaces

Key Concept

Abstraction Mechanisms An abstract class is a class declared with the abstract keyword. It cannot be
instantiated directly and serves as a blueprint for concrete subclasses. It can contain both abstract (unimplemented)
methods and concrete (implemented) methods.
An interface is a reference type, heavily reliant on defining behavior. Traditionally, it could only contain abstract
methods and constant fields. Modern Java has expanded interfaces to include default and static methods, but
their primary purpose remains to define a strict behavioral contract.

While abstract classes and interfaces share the goal of enforcing abstraction, they differ fundamentally in their
capabilities and how they fit into Java’s type system. Here is a detailed comparison:

• Implementation of Methods: An abstract class can have fully implemented methods, allowing it to provide
default behavior or shared logic to its subclasses. Prior to Java 8, interfaces could only declare method signatures
without bodies. Since Java 8, interfaces can provide default and static methods with implementations,
narrowing this gap, but abstract classes still provide more flexibility with stateful methods.

• State and Variables: Abstract classes can maintain state. They can declare instance variables with any access
modifier (private, protected, public) and any state modifier (final, non-final, static, non-static). Interfaces, on the
other hand, cannot maintain instance state. Any variable declared in an interface is implicitly public static
final—meaning it is a constant.

• Constructors: Abstract classes can have constructors. Although you cannot instantiate an abstract class using
the new keyword, these constructors are invoked during the instantiation of a concrete subclass (via super()) to
initialize inherited state. Interfaces cannot have constructors at all.

• Inheritance and Multiple Inheritance: Java classes are restricted to single inheritance; a class can extends
only one other class, whether abstract or concrete. However, a class can implements multiple interfaces. Interfaces
provide Java’s mechanism for multiple inheritance of type.

• Access Modifiers: Members of an abstract class can use any access modifier. You can have private helper
methods or protected methods meant only for subclasses. In an interface, all abstract methods are implicitly
public abstract. (Note: Java 9 introduced private methods in interfaces strictly to share code between default
methods).
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Important / Warning

Design Choice: When to use which? Use an abstract class when you have closely related classes that share a
significant amount of common code or state, creating a strong "is-a" relationship (e.g., Dog is an Animal). Use
an interface to define a common role or capability that can be shared by disparate, unrelated classes, creating a
"can-do" relationship (e.g., a Bird and an Airplane can both implement a Flyable interface).

3.1.2 Defining an Interface

Definition

Interface An interface is declared using the interface keyword. It acts as a strict formal contract. Any non-
abstract class that implements an interface guarantees to the compiler and the runtime that it will provide concrete
implementations for all the abstract methods declared within that interface.

Defining an interface is structurally similar to defining a class. However, because interfaces are meant to define
pure contracts, the Java compiler automatically applies certain modifiers to its members, even if the programmer omits
them.

• All abstract methods within an interface are implicitly public and abstract.

• All fields (variables) declared within an interface are implicitly public, static, and final.

Example

Defining a Simple Interface
public interface Drawable {

// The compiler reads this as: public static final int MAX_COLORS = 256;
int MAX_COLORS = 256;

// The compiler reads this as: public abstract void draw ();
void draw ();

// The compiler reads this as: public abstract void setColor ( String color);
void setColor ( String color);

}

In this example, the Drawable interface outlines the capabilities required to draw an object. It defines a constant
MAX_COLORS and two abstract methods. Any class implementing Drawable will be forced to provide the specific details
of how to draw and setColor.

3.1.3 Implementing Interfaces

For a class to utilize an interface, it must declare its intention using the implements keyword in its class declaration.
By doing so, the class commits to fulfilling the contract defined by the interface.

Key Concept

The implements Keyword A class implements an interface by providing method bodies for all the abstract methods
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 abstract.

Example

Implementing a Single Interface
public class Circle implements Drawable {

private String color;

@Override
public void draw () {

System .out. println (" Drawing a circle filled with " + color);
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}

@Override
public void setColor ( String color) {

this.color = color;
}

}

One of the most powerful features of interfaces in Java is that a single class can implement multiple interfaces
simultaneously. The interface names are simply separated by commas. This allows a class to combine multiple distinct
behaviors.

Example

Implementing Multiple Interfaces
public interface Movable {

void move(int x, int y);
}

// Circle implements both Drawable and Movable
public class MovingCircle implements Drawable , Movable {

// Must implement draw (), setColor (), and move ()
@Override
public void draw () { /* implementation */ }

@Override
public void setColor ( String color) { /* implementation */ }

@Override
public void move(int x, int y) { /* implementation */ }

}

3.1.4 Extending Interfaces

Interfaces can build upon other interfaces using inheritance. Similar to how classes inherit from other classes, an
interface can inherit abstract methods and constants from parent interfaces using the extends keyword.

However, unlike class inheritance where a class can only extend one superclass, Java allows an interface to extend
multiple interfaces. This provides a high degree of flexibility in creating complex composite contracts.

Key Concept

Multiple Interface Inheritance When an interface extends multiple parent interfaces, it merges all the method
signatures and constants from the parents into a single new interface type. A class implementing this child
interface must implement every method accumulated throughout the interface hierarchy.

Example

Extending Interfaces
public interface Resizable {

void resize (int percentage );
}

// Shape extends multiple interfaces
public interface Shape extends Drawable , Movable , Resizable {

double calculateArea ();
}

If a concrete class implements Shape, it must provide implementations for calculateArea() (from Shape), resize()
(from Resizable), move() (from Movable), and both draw() and setColor() (from Drawable). This hierarchical
structuring keeps interfaces focused and modular.
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3.1.5 Default Methods

Historically, once a Java interface was published and widely adopted, adding new abstract methods to it was
catastrophic. Doing so would break every existing class that implemented the interface, as those classes would suddenly
lack implementations for the new methods and fail to compile. This made evolving Java APIs (like the Collections
Framework) exceptionally difficult.

To solve this problem and allow for backward-compatible interface evolution, Java 8 introduced default methods.

Definition

Default Method A default method is an interface method that provides a default, concrete implementation. It is
declared using the default keyword. Classes implementing the interface inherit this default behavior but are free
to override it with a custom implementation if needed.

Default methods allowed the Java language architects to add modern features (like the forEach method in the
Iterable interface or stream methods in Collection) without breaking millions of lines of legacy Java code.

Example

Using Default Methods
public interface Vehicle {

void start ();
void stop ();

// A newly added default method
default void soundHorn () {

System .out. println ("Beep beep!");
}

}

public class StandardCar implements Vehicle {
@Override
public void start () { System .out. println (" Starting engine "); }

@Override
public void stop () { System .out. println (" Stopping engine "); }

// StandardCar automatically inherits soundHorn ()
}

public class Train implements Vehicle {
@Override
public void start () { System .out. println ("Train departing "); }

@Override
public void stop () { System .out. println ("Train arriving "); }

// Overriding the default method
@Override
public void soundHorn () {

System .out. println ("Choo choo!");
}

}

Important / Warning

The Diamond Problem Because a class can implement multiple interfaces, it might inherit default methods with
the exact same signature from two different interfaces. This creates an ambiguity for the compiler. To resolve this,
Java mandates that the implementing class must explicitly override the conflicting method. Inside the overridden
method, the developer can provide a new implementation or explicitly invoke one of the parent interface’s default
methods using the syntax InterfaceName.super.methodName().
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3.1.6 Lambda Expressions

One of the most revolutionary additions in Java 8 was the Lambda Expression. Lambda expressions introduced
functional programming concepts to Java, moving the language away from purely object-oriented boilerplate. They
provide a clear, compact, and expressive way to represent an instance of a functional interface using a short block of
code.

Definition

Functional Interface A functional interface is an interface that specifies exactly one abstract method. It may
contain any number of default or static methods, but the single abstract method is its defining characteristic.
The @FunctionalInterface annotation can be placed above the interface to instruct the compiler to verify
this rule. Common standard functional interfaces include Runnable, Callable, Comparator, and those in the
java.util.function package.

Before lambda expressions, implementing a functional interface usually required writing a verbose Anonymous Inner
Class. Lambda expressions drastically reduce this boilerplate.

Key Concept

Lambda Expression Syntax The syntax of a lambda expression is comprised of three main parts, separated by an
arrow token:

1. Parameters: A comma-separated list of formal parameters enclosed in parentheses. The data types can
often be omitted as the compiler infers them. If there is exactly one parameter, the parentheses can also be
omitted.

2. Arrow Token: The -> operator, which visually separates parameters from the execution body.

3. Body: The code to be executed. If the body contains a single expression, curly braces {} and the return
keyword can be omitted. If it contains multiple statements, curly braces and a return statement are required.

General Syntax: (parameters) -> { statements; }

Example

Comparing Anonymous Inner Classes and Lambda Expressions Let us consider a custom functional interface
meant to perform mathematical operations:
@FunctionalInterface
public interface MathOperation {

int operate (int a, int b);
}

Pre-Java 8 Approach (Anonymous Inner Class):
MathOperation addition = new MathOperation () {

@Override
public int operate (int a, int b) {

return a + b;
}

};

Java 8 Approach (Lambda Expression):
// The compiler infers the types of ’a’ and ’b’ from the interface
MathOperation addition = (a, b) -> a + b;
MathOperation multiplication = (a, b) -> a * b;

System .out. println ("10 + 5 = " + addition . operate (10, 5));
System .out. println ("10 * 5 = " + multiplication . operate (10, 5));

Lambda expressions shine particularly brightly when paired with Java’s Collections Framework and the Stream API.
They allow developers to pass behaviors (functions) as arguments to methods like filter(), map(), and forEach(),
resulting in highly readable, declarative code that focuses on what needs to be achieved rather than how to iterate
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and process it step-by-step. They transform Java from a language where state and behavior are strictly coupled
within objects, to one where behavior can be passed around independently, unlocking modern, functional programming
paradigms.

Public

Protected

Default

Private

Visibility
Decreasing

Figure 3.1: Access Modifiers Visibility

«««< HEAD

AI Image Placeholder 16
Prompt: A conceptual balance scale weighing Abstract Classes (par-
tially filled blueprint) against Interfaces (pure skeleton structure).

=======

Definition

Box AI Image Placeholder 16
Prompt: A conceptual balance scale weighing Abstract Classes (partially filled blueprint) against Interfaces (pure
skeleton structure).

»»»> origin/paper-solver
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3.2 Basics of Inheritance, Types of Inheritance, Method Overriding, super and
final Keyword

3.2.1 Basics of Inheritance

Inheritance is one of the foundational and most important pillars of Object-Oriented Programming (OOP) in Java. It
is a mechanism by which one class acquires the properties (data fields) and behaviors (methods) of another class. The
class that inherits the features is known as the subclass (or derived class, child class, extended class), while the class
whose features are inherited is called the superclass (or base class, parent class).

The concept of inheritance represents an IS-A relationship, also known as a parent-child relationship. For
instance, a Dog IS-A Animal, a Car IS-A Vehicle, and a Manager IS-A Employee.

The primary motivations and advantages of using inheritance are:

• Code Reusability: Inheritance allows you to reuse the fields and methods of an existing class without having
to rewrite the same code. This leads to cleaner, more maintainable code and reduces redundancy.

• Method Overriding: It enables runtime polymorphism, allowing a subclass to provide a specific, customized
implementation of a method already provided by its superclass.

• Logical Hierarchy: It helps in creating a logical, real-world hierarchical classification of classes.
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In Java, inheritance is implemented using the extends keyword. When a class extends another class, it inherits all
the non-private members (fields and methods) of the parent class.

Definition

Inheritance Inheritance is an Object-Oriented Programming concept where a new class is derived from an existing
class, inheriting its attributes and behaviors. It establishes an "IS-A" relationship, promoting code reuse and
modularity.

Example

Basic Inheritance Example
// Superclass
class Employee {

int baseSalary = 50000;

void displaySalary () {
System .out. println ("The base salary is: " + baseSalary );

}
}

// Subclass inheriting from Employee
class Programmer extends Employee {

int bonus = 10000;

public static void main( String args []) {
Programmer p = new Programmer ();

// Accessing inherited field and method
System .out. println (" Programmer base salary is: " + p. baseSalary );
p. displaySalary ();

// Accessing its own field
System .out. println ("Bonus of Programmer is: " + p.bonus);

}
}

In this example, the Programmer class inherits the baseSalary field and the displaySalary() method from the
Employee class.

The Object Class

It is essential to know that in Java, the java.lang.Object class is the cosmic superclass of all classes. Every class in
Java, whether built-in or user-defined, directly or indirectly inherits from the Object class. If a class does not explicitly
extend any other class, it implicitly extends the Object class. This ensures that all Java objects share a common set of
behaviors, such as equals(), hashCode(), and toString().

3.2.2 Types of Inheritance

Java supports various forms of inheritance based on how classes relate to one another. However, the Java designers
intentionally restricted certain forms of class-based inheritance to prevent ambiguity and simplify the language’s
architecture.

• Single Inheritance: A subclass inherits properties and behaviors from a single superclass. This is the most
straightforward and common form of inheritance. For example, class B extends class A.

• Multilevel Inheritance: A derived class acts as a base class for another derived class. This creates a chain of
inheritance. For example, class C extends class B, and class B extends class A. In this scenario, class C
acquires the properties of both class B and class A.

• Hierarchical Inheritance: Multiple subclasses inherit from a single common superclass. For example, class B
and class C both extend class A. This represents a branching hierarchy.
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Important / Warning

Multiple Inheritance in Java Java does not support multiple inheritance with classes. A class cannot extend more
than one class simultaneously (e.g., class C extends A, B is illegal). This design choice prevents the Diamond
Problem, an ambiguity that arises if two parent classes define the same method and the child class does not know
which one to inherit. However, Java allows multiple inheritance through interfaces.

Key Concept

The Diamond Problem Consider a hypothetical scenario where Java allowed multiple class inheritance. If class A
and class B both inherit from class Super, and both provide their own implementation of a method display(),
a new class C inheriting from both A and B would inherit two conflicting versions of display(). When
C.display() is called, the compiler would not know whether to execute A’s version or B’s version. By disallowing
multiple class inheritance, Java entirely avoids this complexity.

3.2.3 Method Overriding

Method overriding is a feature that allows a subclass to provide a specific, specialized implementation for a method
that is already defined in its superclass. It is the core mechanism by which Java achieves runtime polymorphism
(also known as dynamic method dispatch).

When a subclass provides an implementation for a method that exists in the superclass, the subclass method is said
to override the superclass method. At runtime, the JVM determines which version of the method to call based on the
actual object type, not the reference variable type.

Definition

Method Overriding Method overriding occurs when a subclass defines a method with the exact same name, return
type, and parameters as a method in its superclass, thereby replacing the superclass’s behavior with its own.

Rules for Method Overriding

To successfully override a method in Java, the following rules must be strictly adhered to:

1. Same Signature: The method in the subclass must have the exact same name and the exact same parameter
list as the method in the parent class.

2. Return Type: The return type must be the same or a subtype (known as a covariant return type) of the return
type declared in the parent class.

3. Access Modifiers: The access modifier of the overriding method cannot be more restrictive than the overridden
method. For example, if the parent method is protected, the child method can be protected or public, but
not private or default.

4. Final and Static Methods: Methods declared as final cannot be overridden. Methods declared as static
cannot be overridden (though they can be hidden by a subclass method with the same signature, which is a
concept known as method hiding, not overriding).

5. Private Methods: Private methods are not inherited, and thus cannot be overridden.

Example

Method Overriding Example
class Bank {

int getRateOfInterest () {
return 0;

}
}

class SBI extends Bank {
@Override
int getRateOfInterest () {

return 8;
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}
}

class ICICI extends Bank {
@Override
int getRateOfInterest () {

return 7;
}

}

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

Bank b1 = new SBI (); // Upcasting
Bank b2 = new ICICI (); // Upcasting

System .out. println ("SBI Rate of Interest : " + b1. getRateOfInterest ());
System .out. println ("ICICI Rate of Interest : " + b2. getRateOfInterest ());

}
}

The @Override annotation is optional but highly recommended. It instructs the compiler to verify that the
method is genuinely overriding a parent method. If the parent method signature changes and the child method
doesn’t, the compiler will throw an error, preventing subtle bugs.

Method Overloading vs. Method Overriding

It is important to distinguish method overriding from method overloading:

• Overloading occurs within the same class (or across subclasses) when multiple methods share the same name
but have different parameter lists. It is resolved at compile-time (static polymorphism).

• Overriding occurs between a superclass and a subclass when methods share the exact same signature. It is
resolved at runtime (dynamic polymorphism).

3.2.4 The super Keyword

The super keyword in Java is a reference variable used to refer directly to the immediate parent class object. It acts
as a bridge to access members of the superclass that might have been hidden or overridden by the subclass. It is an
essential tool in managing the relationship and data flow in an inheritance hierarchy.

Definition

super Keyword The super keyword is a reference variable used in a subclass to refer to its immediate parent
class object. It allows access to parent class variables, methods, and constructors.

Uses of the super Keyword

1. Accessing Superclass Variables: If a subclass declares a variable with the same name as a variable in its
superclass, the subclass variable hides the superclass variable. To access the hidden superclass variable, you must
use super.variableName.

2. Invoking Superclass Methods: If a subclass overrides a parent class method, you can use the super keyword
to invoke the parent class’s version of the overridden method. This is highly useful when the subclass’s overriding
method wants to augment the parent’s behavior rather than entirely replacing it.

3. Invoking Superclass Constructors: The super() construct is used to invoke the constructor of the immediate
parent class. When instantiating a subclass object, the parent class constructor must be executed to properly
initialize inherited fields.

Example

Comprehensive Usage of super

class Person {
String name;
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Person ( String name) {
this.name = name;
System .out. println (" Person constructor executed .");

}

void display () {
System .out. println ("Name: " + name);

}
}

class Student extends Person {
String name; // Hides the superclass name variable
int rollNo ;

Student ( String studentName , String parentName , int rollNo ) {
super ( parentName ); // 1. Invoking parent class constructor
this.name = studentName ;
this. rollNo = rollNo ;

}

void display () {
super . display (); // 2. Invoking parent class method
System .out. println (" Student Name: " + name);
System .out. println (" Parent Name: " + super.name); // 3. Accessing parent

variable
System .out. println ("Roll Number : " + rollNo );

}
}

Key Concept

Implicit super() Call and Constructor Chaining If a subclass constructor does not explicitly invoke a superclass
constructor using super(...), the Java compiler automatically inserts a call to the no-argument constructor of
the superclass (super();) as the very first line of the subclass constructor. If the superclass does not possess a
default no-argument constructor (e.g., only parameterized constructors are defined), the compiler will throw an
error unless super(...) is explicitly called with the appropriate arguments. This process of constructors calling
other constructors up the inheritance hierarchy is known as constructor chaining.

3.2.5 The final Keyword

The final keyword in Java is a non-access modifier that represents restriction and immutability. It can be applied to
variables, methods, and classes, altering their behavior to prevent further modification. Once an entity is marked as
final, it essentially becomes "locked" from being changed, overridden, or extended.

Definition

final Keyword The final keyword is a modifier that restricts modification. It makes variables constant, prevents
methods from being overridden, and prohibits classes from being inherited.

1. Final Variables

When a variable is declared as final, its value cannot be reassigned once it has been initialized. It acts as a constant
throughout the execution of the program. Attempting to modify a final variable results in a compilation error.

A final variable that is declared but not initialized is known as a blank final variable.

• A blank final instance variable must be initialized within all constructors of the class.

• A blank final static variable must be initialized within a static initialization block.

class Configuration {
final int MAX_USERS = 100; // Initialized final variable
final int PORT; // Blank final variable
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Configuration () {
PORT = 8080; // Initialization of blank final variable in constructor

}

void changeConfig () {
// MAX_USERS = 200; // Compilation Error: cannot assign a value
// PORT = 9090; // Compilation Error

}
}

2. Final Methods

Applying the final keyword to a method guarantees that the method’s implementation cannot be overridden by any
subclass. This is particularly useful when a superclass contains critical, core functionality that must remain consistent
and unchanged across all subclasses to preserve the integrity of the application.
class SecureSystem {

final void authenticateUser () {
System .out. println (" Executing core authentication logic.");

}
}

class CustomSystem extends SecureSystem {
// void authenticateUser () { ... } // Compilation Error: cannot override final method

}

3. Final Classes

If an entire class is declared as final, it cannot be subclassed (inherited). No other class can extend a final class. This
is typically done for security, design consistency, or to create immutable classes. For example, the java.lang.String
and all wrapper classes (like Integer, Double) in Java are final classes.
final class UtilityClass {

void printMessage () {
System .out. println (" Utility method ");

}
}

// class MyUtility extends UtilityClass { ... } // Compilation Error: cannot inherit from
final class

Important / Warning

final vs. finally vs. finalize In Java interviews and practical applications, do not confuse final with finally
and finalize, as they serve entirely different purposes:

• final: A keyword used to apply restrictions on classes, methods, and variables to prevent modification or
inheritance.

• finally: A block used in exception handling to execute crucial cleanup code (like closing files or database
connections), regardless of whether an exception is thrown or caught.

• finalize(): A method (deprecated in modern Java) that the Garbage Collector calls just before an object
is destroyed to perform cleanup operations.

3.2.6 Summary

In summary, inheritance enables developers to build hierarchical and organized class structures, fostering code reuse
and logical relationships. While Java purposefully avoids the complexities of multiple class inheritance, it supports
robust models like single, multilevel, and hierarchical inheritance. Method overriding is the cornerstone of runtime
polymorphism, empowering subclasses to tailor inherited behaviors. Navigating these hierarchies relies heavily on the
super keyword, which ensures seamless access to parent class constructors and hidden members. Concurrently, the
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final keyword introduces essential boundaries, safeguarding variables, methods, and entire classes from unintended or
unauthorized modifications, thereby cementing the reliability of the application’s design.

Constructors

Default Parameterized Copy

Figure 3.3: Types of Constructors
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3.3 Basics of Polymorphism, Types of Polymorphism, Difference between
Method Overloading and Method Overriding

3.3.1 Basics of Polymorphism

The term polymorphism is derived from two Greek words: poly, meaning "many," and morphs, meaning "forms."
Therefore, polymorphism fundamentally translates to "the ability to take many forms." In the realm of Object-Oriented
Programming (OOP), polymorphism is one of the foundational pillars alongside encapsulation, inheritance, and
abstraction. It empowers software developers to use a single unified interface to represent different underlying forms
(data types or objects).

To grasp the basics of polymorphism, consider a real-world analogy. Think of a person taking on different roles
depending on the context. A woman might be a software engineer at her workplace, a mother to her children at home,
and a customer when she visits a grocery store. She is the exact same individual, yet her behavior and the way she
responds to situations change dramatically based on her current environment and role. This identical concept applies to
objects and functions in Java. A single entity—such as a method, operator, or object—can exhibit different behaviors
under different circumstances.

Definition

Polymorphism Polymorphism in Java is a core Object-Oriented Programming concept that allows a single action
to behave differently based on the object that is performing the action or the data it is acting upon. It enables
one interface to be used for a general class of actions.

In software development, polymorphism promotes flexibility, maintainability, and code reusability. Instead of
creating distinct method names for operations that are conceptually identical but operate on different data types (e.g.,
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addIntegers, addDoubles, addStrings), polymorphism allows us to define a single action (e.g., add) and let the Java
compiler or the Java Virtual Machine (JVM) figure out the correct implementation to execute based on the context.

Key Concept

One Interface, Multiple Methods The driving philosophy behind polymorphism is "one interface, multiple methods."
By abstracting the operation name, the codebase becomes significantly cleaner and easier to understand. This
design pattern reduces complexity by hiding the implementation details of various specific types behind a common,
uniform interface.

3.3.2 Types of Polymorphism

Java implements polymorphism in two distinct ways, characterized by when the exact method implementation to be
executed is determined. These two categories are Compile-time Polymorphism and Run-time Polymorphism.

1. Compile-Time Polymorphism (Static Polymorphism)

Compile-time polymorphism is also widely known as static binding or early binding. In this type of polymorphism, the
exact method that will be invoked is resolved and bound by the Java compiler during the compilation phase, long
before the program actually runs. The compiler determines which method to call based on the method signature, which
includes the method name, the number of parameters, and the data types of those parameters.

The primary mechanism to achieve compile-time polymorphism in Java is Method Overloading.
Method Overloading: Method overloading occurs when a single class has multiple methods with the exact same

name but different parameter lists. The return type may or may not be different, but a difference in return type alone
is not sufficient to overload a method. When an overloaded method is invoked, the compiler matches the arguments
provided in the method call to the parameters defined in the various method signatures to pick the correct one.

Method overloading increases the readability of the program because you do not need to invent arbitrary names for
methods that perform the same general logical operation. For instance, the System.out.println() method is heavily
overloaded in the standard Java library to print integers, strings, objects, characters, and booleans seamlessly.

Example

Compile-Time Polymorphism: Method Overloading

class MathOperations {
// Method 1: Adds two integers
public int add(int a, int b) {

return a + b;
}

// Method 2: Adds three integers
public int add(int a, int b, int c) {

return a + b + c;
}

// Method 3: Adds two double values
public double add(double a, double b) {

return a + b;
}

}

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

MathOperations math = new MathOperations();

// Compiler binds to Method 1
System.out.println(math.add(5, 10));
// Compiler binds to Method 3
System.out.println(math.add(5.5, 10.2));

}
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}

In this example, the add method is overloaded. The Java compiler determines which version of add to call solely
based on the arguments passed during the method invocation.

Important / Warning

Operator Overloading in Java Unlike languages such as C++ or Python, Java does not support user-defined
operator overloading. You cannot redefine how operators like +, -, or * work for your custom classes. The only
exception built into the language is the + operator, which is overloaded internally by Java to perform arithmetic
addition for numbers and concatenation for String objects.

2. Run-Time Polymorphism (Dynamic Polymorphism)

Run-time polymorphism, also known as dynamic binding or late binding, is a process where the call to an overridden
method is resolved at run-time rather than compile-time. In this mechanism, the Java Virtual Machine (JVM)
determines the proper method to call based on the actual object being referred to, rather than the reference type.

The primary mechanism to achieve run-time polymorphism in Java is Method Overriding.
Method Overriding: Method overriding occurs when a subclass (child class) provides a specific implementation

for a method that is already defined in its superclass (parent class). The overriding method must have the exact same
name, same parameter list, and a compatible return type (covariant return type) as the overridden method in the
parent class.

For run-time polymorphism to work, two conditions are mandatory:

1. Inheritance: The classes must be in an inheritance hierarchy (either extending a class or implementing an
interface).

2. Upcasting: A parent class reference variable must be used to refer to a child class object. When a method is
called using this parent reference, the JVM checks the actual object type at runtime and executes the overridden
method from the child class.

Example

Run-Time Polymorphism: Method Overriding

class Animal {
public void makeSound() {

System.out.println("Some generic animal sound");
}

}

class Dog extends Animal {
@Override
public void makeSound() {

System.out.println("Bark! Bark!");
}

}

class Cat extends Animal {
@Override
public void makeSound() {

System.out.println("Meow! Meow!");
}

}

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

// Upcasting: Parent reference pointing to child object
Animal myAnimal = new Animal();
Animal myDog = new Dog();
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Animal myCat = new Cat();

// Method calls are resolved at runtime based on the actual object
myAnimal.makeSound(); // Prints: Some generic animal sound
myDog.makeSound(); // Prints: Bark! Bark!
myCat.makeSound(); // Prints: Meow! Meow!

}
}

Even though the reference type for myDog and myCat is Animal, the JVM looks at the actual heap object (Dog
and Cat) at runtime and invokes their respective makeSound() methods.

Run-time polymorphism is incredibly powerful because it allows for the writing of generic code. You can write
methods that accept the parent class type as a parameter, and safely pass any subclass object to them, knowing that
the specific subclass behaviors will be executed correctly.

Key Concept

The @Override Annotation While not strictly required by the compiler, it is a highly recommended best practice
to use the @Override annotation when overriding a method. It serves as a compiler check to ensure you are
actually overriding a parent method. If you make a typo in the method name or signature, the compiler will throw
an error rather than silently treating it as a new, distinct method.

3.3.3 Difference Between Method Overloading and Method Overriding

Method overloading and method overriding are the two standard ways Java realizes polymorphism, but they serve
different architectural purposes and operate under entirely different rules. Understanding the strict boundaries between
these two concepts is essential for robust Java programming.

Below is a detailed comparison highlighting their fundamental differences:

• Fundamental Concept:

– Method Overloading happens when a single class defines multiple methods sharing the same name but
possessing different parameter lists (different number of arguments, different data types, or a different
sequence of types).

– Method Overriding occurs when a child class provides its own specific implementation for a method that is
already declared in its parent class, using the exact same signature.

• Type of Polymorphism:

– Method Overloading represents Compile-time polymorphism (Static binding). The correct method is resolved
by the compiler.

– Method Overriding represents Run-time polymorphism (Dynamic binding). The correct method is resolved
by the JVM during execution.

• Scope and Inheritance Requirement:

– Method Overloading generally occurs within the confines of a single class. It does not strictly require an
inheritance relationship, although inherited methods can also be overloaded.

– Method Overriding strictly requires an inheritance hierarchy (IS-A relationship). It can only happen between
a superclass and a subclass.

• Method Signature Rules:

– Method Overloading mandates that the parameter lists must be different. If the parameters are exactly
the same, the compiler will throw a duplicate method error.

– Method Overriding mandates that the parameter list must be exactly the same as the parent method.
Any deviation in parameters results in method overloading, not overriding.

• Return Type Constraints:
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– Method Overloading permits the return type to be different or the same. However, you cannot overload a
method simply by changing its return type; the parameter list must also change.

– Method Overriding requires the return type to be the exact same as, or a subtype of (known as a covariant
return type), the return type declared in the overridden method in the parent class.

• Handling of Private, Static, and Final Methods:

– Method Overloading: You can freely overload private, static, and final methods.
– Method Overriding: You cannot override private, static, or final methods. Private methods are invisible

to subclasses. Final methods are explicitly locked against modification. Static methods are bound to the
class, not the object; thus, declaring a static method with the same signature in a subclass is termed method
hiding, not overriding.

• Access Modifiers:

– Method Overloading: Overloaded methods can have any access modifier (public, protected, default, or
private).

– Method Overriding: The overriding method in the child class cannot restrict the access modifier more than
the overridden method in the parent class. For instance, if the parent method is protected, the child
method can be protected or public, but not private.

• Performance Implications:

– Method Overloading executes faster because the method binding is resolved early by the compiler. No extra
lookups are required at runtime.

– Method Overriding incurs a microscopic performance overhead because the JVM must dynamically resolve
the method call by checking the object’s type table in memory at runtime.

Key Concept

Summary of Differences Use method overloading when you want a class to perform a similar logical action
using different inputs, increasing the readability and flexibility of your class design. Use method overriding
when you have an inheritance hierarchy and you want a child class to modify, specialize, or entirely replace the
generic behavior defined by its parent class.

String s = "Hello" String Pool
("Hello")

Figure 3.5: String Immutability and String Pool
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3.4 Packages in Java

3.4.1 Creating a Package

As Java applications grow in size and complexity, organizing code becomes a fundamental necessity. In Java, this
organizational structure is achieved through the use of packages. Conceptually, packages are akin to folders or
directories on a computer’s file system; they provide a mechanism to logically group related classes, interfaces,
enumerations, and annotations together.

Definition

Box[Java Package] A Java package is a namespace that organizes a set of related classes and interfaces. It provides
a means for namespace management, access protection, and code reusability.

The primary motivations for creating and utilizing packages include:

• Preventing Naming Conflicts: Packages establish distinct namespaces. Two classes can share the identical
name (e.g., Student) as long as they reside in different packages (e.g., com.college.science.Student and
com.college.arts.Student).

• Access Control: Packages work in tandem with Java’s access modifiers to restrict visibility. You can define
classes or members that are hidden from the outside world but fully accessible to other classes within the same
package.

• Code Reusability and Organization: Grouping related components makes it easier for developers to find,
maintain, and reuse code.

Key Concept

Concept[Namespace Management] To guarantee global uniqueness of package names, it is a standard industry
convention to use the reversed Internet domain name of the organization creating the package. For instance, if a
company’s domain is example.com, its packages should begin with com.example.

Syntax and Directory Structure

To designate that a Java class belongs to a specific package, you must use the package keyword. The package statement
must unequivocally be the first non-comment, non-whitespace line of code in the Java source file.
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Creating a Custom Package

// File: com/geometry/shapes/Circle.java
package com.geometry.shapes;

public class Circle {
private double radius;
public Circle(double radius) { this.radius = radius; }
public double getArea() { return Math.PI * radius * radius; }

}

An imperative rule in Java is that the physical directory structure of the file system must perfectly mirror
the hierarchical structure of the package name. In the example above, the compiler will expect the Circle.java
source file (and the resulting Circle.class byte-code file) to be physically located inside a directory path named
com/geometry/shapes/.

3.4.2 Setting a Classpath

Once you have created packages and compiled them into .class files, the Java Virtual Machine (JVM) and the Java
compiler (javac) need a way to locate them. This is precisely what the classpath accomplishes.

Definition

Box[Classpath] The classpath is an environmental parameter that informs the Java compiler and the Java Runtime
Environment (JRE) where to search for user-defined classes and packages during compilation and execution.

By default, the Java compiler and JVM only look in the standard Java API directories and the current working
directory (denoted by a period .). If your application relies on classes or third-party libraries (usually packaged as
.jar files) located in a different directory, you must explicitly set the classpath.

There are two primary methods for setting the classpath:

1. Using Command-Line Arguments

The most recommended and robust way to set the classpath is by passing the -cp or -classpath flag directly to the
javac and java commands. This localizes the classpath to that specific execution and prevents conflicting configurations
with other Java applications on the same machine.

Setting Classpath via Command Line

Suppose you have an external library mathutils.jar located in the C:\libs directory. You can compile and run
your program as follows:
javac -cp ".;C:\libs\mathutils.jar" Main.java
java -cp ".;C:\libs\mathutils.jar" Main

2. Using the Environment Variable

You can also define a system-wide environment variable named CLASSPATH. While convenient for a single developer
machine, relying on environment variables is generally discouraged in modern production systems because changing it
might inadvertently break other Java applications relying on a different set of libraries.

Classpath Overriding

When you explicitly define a classpath (either via the -cp flag or the CLASSPATH environment variable), it entirely
overrides Java’s default behavior of searching the current directory. If you still want the JVM to look in the
current directory, you must explicitly include the dot (.) in your classpath definition, separated by a semicolon on
Windows (;) or a colon on Unix/Linux (:).

3.4.3 Importing Packages

When you need to utilize a class that is encapsulated within a different package, you have two options. The first is
to use its Fully Qualified Class Name (FQCN) every time you refer to it (e.g., java.util.Scanner scanner =
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new java.util.Scanner(System.in);). Because this makes code unnecessarily verbose, Java provides the import
statement.

The import statement allows you to refer to a class by its simple name. Import statements must appear after the
package statement (if one exists) and before any class definitions.

Types of Imports

There are two primary ways to import classes:

1. Single-Type Import: Explicitly imports a single, specific class.
import java.util.ArrayList;

2. Type-Import-on-Demand (Wildcard Import): Imports all the public classes and interfaces situated directly
within a specified package.
import java.io.*;

Key Concept

Concept[Performance and Wildcards] A common misconception is that type-import-on-demand (*) bloats the
application size or degrades runtime performance. This is categorically false. The wildcard simply tells the
compiler where to look to resolve unrecognized class names. Only the classes actually utilized in your code will be
loaded into memory by the JVM. However, explicit single-type imports are generally preferred as they enhance
code readability.

Implicit Imports

Java generously performs two implicit imports for every source file, saving you from typing them out:

• import java.lang.*; (Provides foundational classes like String, System, Math, Thread, etc.)

• The compiler implicitly imports all other classes located within the same package as the current file.

Static Imports

Introduced in Java 5, the import static statement allows you to access static members (fields and methods) of a
class directly without qualifying them with the class name.

Using Static Imports

import static java.lang.Math.PI;
import static java.lang.Math.sqrt;

public class MathDemo {
public void calculate() {

// No need to write Math.PI or Math.sqrt
double result = PI * sqrt(16.0);

}
}

3.4.4 Access Protection

Java incorporates a robust security and encapsulation mechanism through access modifiers. These modifiers determine
whether other classes can invoke a method or access a variable. Packages add a critical layer to this access protection
model.

Java provides four distinct levels of access control: private, default (package-private), protected, and public.

• Private (private): The most restrictive level. A private member is accessible strictly within the enclosing class.
Packages have no bearing on private access; even classes in the same package cannot access private members of
another class.

• Default / Package-Private (No modifier): If you do not specify an access modifier, the member inherently
assumes "default" access. This is heavily tied to packages. A default member is visible to any other class residing
within the exact same package. It is entirely hidden from any class located in a different package, even if that
class is a subclass.
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• Protected (protected): Protected access bridges the gap between package-private and public. A protected
member is accessible to all classes within the same package (just like default access), but additionally, it allows
access to subclasses residing in different packages.

• Public (public): The least restrictive level. A public class or member can be accessed from any other class,
regardless of whether it is in the same package or a completely different package (provided the package is correctly
imported).

Key Concept

Concept[Encapsulation Strategy] A widely adopted best practice in object-oriented design is to make all instance
variables private and expose them via public getter and setter methods. Classes meant to be used only internally
by a library should be left without a modifier (package-private), minimizing the public API surface area of your
package.

3.4.5 Class Hiding Rules in a Package

When programming in Java, especially when heavily utilizing external libraries and type-import-on-demand (*), you
may encounter scenarios where multiple classes share the exact same name. The Java compiler possesses a strict set of
resolution rules, known as class hiding or shadowing rules, to determine exactly which class you are referring to.

Understanding these rules is essential to avoiding ambiguity compilation errors.

Rule 1: Current Package Precedence

A class defined within your current package will always take supreme precedence over any imported class sharing the
same name.

Hiding Core Classes

It is highly discouraged to name your own custom classes identical to core Java classes. If you create a class
named String in your current package, it will seamlessly hide java.lang.String. If you then try to declare
a standard text string, the compiler will assume you want your custom String class, leading to severe type
mismatches and confusing code. To use the actual Java string, you would be forced to use the fully qualified name
java.lang.String everywhere.

Rule 2: Explicit Import vs. Wildcard Import

A single-type explicit import will always override a type-import-on-demand (wildcard).
For example, if you use a class named Date, and your file contains both import java.util.Date; and import

java.sql.*;, the compiler knows definitively that you are referring to java.util.Date. The specific import shadows
the implicitly available java.sql.Date.

Rule 3: Ambiguous Wildcard Imports

If you utilize wildcard imports for two different packages, and both packages contain a class with the same name, the
compiler will not complain until you actually attempt to use that ambiguous class name.

Resolving Ambiguity

import java.util.*; // Contains java.util.Date
import java.sql.*; // Contains java.sql.Date

public class TimeTracker {
// This line causes a COMPILE TIME ERROR:
// "Reference to Date is ambiguous"
// Date myDate;

// Resolution: Use Fully Qualified Class Name
java.util.Date utilDate = new java.util.Date();
java.sql.Date sqlDate = new java.sql.Date(System.currentTimeMillis());

}
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By relying on fully qualified names, you entirely bypass the import resolution rules and provide absolute clarity to
both the compiler and future developers reading your code.

String (Immutable)

StringBuffer (Mutable)

Figure 3.7: String vs StringBuffer
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3.5 Dynamic Method Dispatch & The Object Class

3.5.1 Dynamic Method Dispatch

Definition

Box Dynamic Method Dispatch is a mechanism in Java where a call to an overridden method is resolved at
runtime rather than compile-time. It is the primary way Java implements runtime polymorphism (also known as
late binding).

When a subclass provides a specific implementation of a method that is already provided by one of its parent
classes, it is known as method overriding. Dynamic method dispatch occurs when an overridden method is invoked
through a reference of the superclass. The Java Virtual Machine (JVM) determines the actual object type the reference
is pointing to at runtime and executes the overridden method of that specific object.

Key Concept

Concept In Java, the type of the reference variable determines which methods can be called, but the type of the
actual object created in memory determines which overridden method implementation will be executed.

Compile-Time vs. Runtime Polymorphism

To fully appreciate dynamic method dispatch, it is important to distinguish it from compile-time polymorphism.
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• Compile-Time Polymorphism (Static Binding): Achieved through method overloading. The compiler
determines which method to execute based on the method signature (number and type of arguments) at compile
time. It is generally faster because the binding is resolved early.

• Runtime Polymorphism (Dynamic Binding): Achieved through method overriding and dynamic method
dispatch. The compiler cannot determine which method implementation will be executed; it only verifies that a
method with the given signature exists in the reference type. The exact method is selected by the JVM during
execution.

How Dynamic Method Dispatch Works: Upcasting

To understand the mechanics of dynamic method dispatch, we must consider the concept of upcasting. Upcasting
occurs when a superclass reference variable is used to refer to a subclass object. It is done implicitly by the compiler
and is perfectly safe because a subclass "is a" kind of its superclass.

Consider a superclass Animal and its subclasses Dog and Cat. Both subclasses override a method makeSound()
defined in Animal. If we create an Animal reference but assign it a Dog object (Animal a = new Dog();), invoking
a.makeSound() will call the Dog’s implementation. The Java compiler verifies that makeSound() exists in the Animal
class, allowing the code to compile. However, during execution, the JVM inspects the object at the memory location
pointed to by a. Finding a Dog object, it dispatches the call to Dog.makeSound().

Example

Example: Dynamic Method Dispatch in Action
class Animal {

void makeSound () {
System .out. println ("Some generic animal sound");

}
}

class Dog extends Animal {
@Override
void makeSound () {

System .out. println ("Bark! Bark!");
}

}

class Cat extends Animal {
@Override
void makeSound () {

System .out. println ("Meow! Meow!");
}

}

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

Animal myAnimal ; // Superclass reference

myAnimal = new Dog (); // Upcasting
myAnimal . makeSound (); // Outputs : Bark! Bark!

myAnimal = new Cat (); // Upcasting
myAnimal . makeSound (); // Outputs : Meow! Meow!

}
}

In the example above, the method call myAnimal.makeSound() is dynamically dispatched at runtime. The JVM
checks the actual object referred to by myAnimal and invokes the corresponding makeSound() implementation.

Real-World Application

Consider a payment processing system where multiple payment methods (Credit Card, PayPal, Crypto) exist. We can
create an abstract base class or interface PaymentProcessor with a method processPayment(double amount). Each
specific payment method will extend the base class and override processPayment().
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When the user selects a payment method, the application can instantiate the specific subclass and assign it to
a PaymentProcessor reference. The rest of the application only needs to call processor.processPayment(amount),
and dynamic dispatch ensures the correct logic is executed. This eliminates the need for massive if-else blocks
checking the payment type, making the code much easier to read and extend. If a new payment method is added in the
future, the existing dispatch logic remains untouched.

Advantages of Dynamic Method Dispatch

Dynamic method dispatch provides several structural advantages to object-oriented software design:
• Flexibility and Extensibility: New classes can be added with minimal changes to existing code. As shown in

the payment example, the system can seamlessly adopt new implementations.

• Simplifies Code Maintenance: By abstracting specific implementations behind superclass references, code
becomes cleaner. Arrays or collections of superclass references can store heterogeneous subclass objects, allowing
iterative processing.

• Enables Abstraction: It allows the creation of abstract classes and interfaces, enforcing a contract that
subclasses must fulfill while abstracting the details from the user.

Important / Warning

Data Members Are Not Polymorphic
Dynamic method dispatch applies only to overridden methods, not to instance variables (data members). If
a subclass declares a variable with the same name as a variable in the superclass, the variable is hidden, not
overridden. The reference type, not the object type, dictates which variable is accessed at runtime. This is known
as variable hiding.

3.5.2 The Object Class

Definition

Box The java.lang.Object class is the root of the class hierarchy in Java. Every class in Java has Object as a
superclass, either implicitly or explicitly. Consequently, a reference variable of type Object can refer to an object
of any other class.

The designers of Java included the Object class to provide a common set of behaviors and a unified type system
for all objects. Even arrays in Java are treated as objects and inherit from the Object class. If a class declaration does
not explicitly use the extends keyword, the compiler automatically inserts extends Object.

Key Methods of the Object Class

Because every class inherits from Object, they all inherit its methods. These methods are foundational to Java
programming. Understanding how and when to override these methods is a core competency for any Java developer.

1. public String toString() The toString() method returns a string representation of the object. By default,
the Object class’s implementation returns a string consisting of the class name, an ‘@’ symbol, and the unsigned
hexadecimal representation of the hash code of the object. It is a highly recommended best practice to override the
toString() method in your own classes to return a meaningful, human-readable string containing the object’s state
(its data members). This is particularly useful for debugging and logging.

Example

Example: Overriding toString()
class Student {

String name;
int rollNo ;

Student ( String name , int rollNo ) {
this.name = name;
this. rollNo = rollNo ;

}
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@Override
public String toString () {

return " Student [Name=" + name + ", RollNo =" + rollNo + "]";
}

}

When System.out.println(new Student("Alice", 1)); is executed, Java implicitly calls the toString()
method. Due to our override, it outputs Student[Name=Alice, RollNo=1] instead of a cryptic memory reference
like Student@1b6d3586.

2. public boolean equals(Object obj) The equals() method determines whether the current object is logically
"equal to" another object. The default implementation in the Object class checks for reference equality; it returns true
if and only if both references point to the exact same memory location (similar to the == operator).

However, for most domain entities, logical equality is required. Two different Student objects residing in different
memory addresses but possessing the same name and roll number should typically be considered equal. Thus, developers
override the equals() method to perform deep comparisons of the objects’ fields.

3. public int hashCode() The hashCode() method returns an integer hash code value for the object. This method
is supported for the benefit of hash tables such as those provided by java.util.HashMap, java.util.HashSet, and
java.util.Hashtable.

Key Concept

Concept The equals() and hashCode() Contract: If you override equals(), you must override hashCode().
The general contract states that if two objects are equal according to the equals(Object) method, then calling
the hashCode() method on each of the two objects must produce the same integer result. If this contract is
violated, objects will not function correctly when stored in hash-based collections.

4. public final Class<?> getClass() This method returns the runtime class of the object. The returned Class
object is the object that is locked by static synchronized methods of the represented class. It is extensively used
in the Java Reflection API to gather metadata about an object’s class at runtime, allowing programs to inspect
constructors, fields, and methods dynamically. Because it is marked final, it cannot be overridden.

5. protected Object clone() throws CloneNotSupportedException The clone() method creates and returns a
copy of the object. For this method to function, the class must implement the marker interface java.lang.Cloneable.

By default, clone() creates a shallow copy of the object. This means that primitive fields are copied directly, but
for object references, only the reference itself is copied, not the underlying object. Consequently, both the original
object and the clone will point to the exact same referenced objects in memory. If a deep copy is required (where all
nested objects are also cloned), the developer must explicitly override the clone() method and invoke cloning on the
referenced objects manually.

6. protected void finalize() throws Throwable The finalize() method is called by the garbage collector on
an object when garbage collection determines that there are no more references to the object. It was historically used
to release non-Java resources (like file handles, database connections, or network sockets) before the object’s memory is
reclaimed.

Important / Warning

Deprecation of finalize()
The finalize() method has been deprecated since Java 9. Its execution is unpredictable—there is no guarantee
it will ever be called, and it can lead to performance degradation, memory leaks, and deadlocks. Modern
Java programming relies on try-with-resources blocks or the java.lang.ref.Cleaner API to ensure external
resources are reliably released.

7. wait(), notify(), and notifyAll() These final methods are critical for multithreading and inter-thread
communication in Java. They are part of Java’s built-in monitor and synchronization mechanism.
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• wait(): Causes the current thread to pause execution and release the lock on the object until another thread
invokes notify() or notifyAll() on the same object. It can also be overloaded to wait for a specified maximum
timeout.

• notify(): Wakes up a single thread that is waiting on this object’s monitor. If multiple threads are waiting, one
is chosen arbitrarily.

• notifyAll(): Wakes up all threads that are waiting on this object’s monitor. The awakened threads will then
compete for the lock in the usual manner.

These methods ensure thread safety when threads are sharing resources, acting as synchronization mechanisms. They
must always be called from within a synchronized block or method; otherwise, an IllegalMonitorStateException
is thrown.

3.5.3 Conclusion

Dynamic method dispatch and the Object class are fundamental pillars of Java programming. Dynamic method dispatch
empowers developers to write decoupled and scalable applications by leveraging runtime polymorphism, allowing a
superclass reference to invoke the exact overridden method belonging to the underlying subclass. Concurrently, the
Object class unifies the type system, ensuring that foundational operations—like equality checks, string representations,
cloning, and synchronization—are universally available to all classes. Mastery of these concepts is essential for creating
robust, maintainable, and idiomatic Java applications.
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implements

Figure 3.9: Abstract Class vs Interface
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Figure 3.10: Conceptual Illustration: tracks...

3.6 Inheritance: Building Hierarchies and Reusing Code

3.6.1 Introduction: The Problem of Redundancy

Imagine you are building a software system for a university. You need to model three entities: a ‘Student‘, a ‘Professor‘,
and an ‘Administrator‘.

If you build these three Classes from scratch, you will quickly notice a massive amount of duplicated code. All three
entities need a ‘name‘, an ‘age‘, an ‘address‘, and a method to ‘login()‘. Writing this exact same code three separate
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times is a violation of the most sacred rule of software engineering: DRY (Don’t Repeat Yourself). If you ever
need to change how the ‘login()‘ method works, you will have to hunt down and update the code in three different files.

Object-Oriented Programming solves this redundancy through Inheritance. Inheritance allows a new Class to
absorb (inherit) the variables and methods of an existing Class, just like a child inherits genetic traits from a parent.

3.6.2 1. The Basics of Inheritance

In Java, we use the keyword extends to establish an inheritance relationship.
Instead of writing three redundant classes, we first create a generic, overarching Parent Class (also called a

Superclass or Base Class) named ‘Person‘.

// The Parent Class (Superclass)
public class Person {

String name;
int age;

public void login() {
System.out.println("Logging into the university system...");

}
}

Now, we create a Child Class (Subclass) that ‘extends‘ the Person class.

// The Child Class (Subclass)
public class Student extends Person {

double gpa;

public void study() {
System.out.println("Reading textbook...");

}
}

Because ‘Student‘ extends ‘Person‘, it secretly absorbs the ‘name‘, ‘age‘, and ‘login()‘ abilities. A ‘Student‘ object
can do everything a ‘Person‘ can do, plus it has its own specialized abilities (‘gpa‘ and ‘study()‘).

Student s1 = new Student();
s1.name = "Alice"; // Inherited from Person!
s1.gpa = 3.8; // Unique to Student
s1.login(); // Inherited from Person!

3.6.3 2. Types of Inheritance in Java

The way classes inherit from one another can form complex architectural structures. However, Java explicitly forbids
certain structures to prevent logical chaos.

1. Single Inheritance: One child extends one parent. (e.g., ‘Dog extends Animal‘). This is the most common and
simple form.

2. Multilevel Inheritance: A child extends a parent, and then a grandchild extends the child. (e.g., ‘Puppy
extends Dog‘, and ‘Dog extends Animal‘). The ‘Puppy‘ absorbs the traits of both the ‘Dog‘ and the ‘Animal‘.

3. Hierarchical Inheritance: One parent has multiple different children. (e.g., ‘Dog extends Animal‘ AND ‘Cat
extends Animal‘).

4. Multiple Inheritance (BANNED IN JAVA): This occurs when one child tries to extend two different parents
simultaneously (e.g., ‘class Cyborg extends Human, Machine‘). Java strictly forbids this. If both ‘Human‘ and
‘Machine‘ have a method named ‘eat()‘, and the ‘Cyborg‘ calls ‘eat()‘, the JVM would not know which parent’s
method to execute. This is known as the "Diamond Problem."
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Figure 3.11: The three legal forms of inheritance in Java. The arrows point UPWARD, indicating that a child "looks
up" to its parent to find inherited methods.

3.6.4 3. Method Overriding: Redefining Behavior

Inheritance is powerful, but what happens if a Child class inherits a method from the Parent that doesn’t quite fit its
needs?

For example, a generic ‘Animal‘ class might have a ‘makeSound()‘ method that simply prints "Grunt." A ‘Dog‘ class
inherits this method. But a Dog shouldn’t say "Grunt"—it should say "Bark."

Method Overriding allows a Child class to completely rewrite a method it inherited from its Parent. To override
a method, the Child must write a new method with the exact same name and exact same parameters as the Parent’s
method.

public class Animal {
public void makeSound() {

System.out.println("Grunt...");
}

}

public class Dog extends Animal {
// This exactly matches the parent’s signature.
// The parent’s method is overridden!
@Override
public void makeSound() {

System.out.println("Bark! Bark!");
}

}

Note: The ‘@Override‘ annotation is not strictly required, but it is highly recommended. It tells the compiler to
double-check your code to ensure you actually spelled the method name correctly and didn’t accidentally just create a
brand new method.

3.6.5 4. The super Keyword

When a Child class overrides a Parent’s method, the original Parent method is hidden. But what if the Child still
needs to access the original Parent method? What if a Child constructor needs to trigger the Parent constructor?

The super keyword is the direct opposite of ‘this‘. While ‘this‘ refers to the current object, ‘super‘ literally translates
to "Go look inside my Parent class."

Using super to call a Parent Constructor

If a Parent class has a parameterized constructor, the Child class must explicitly call it using ‘super()‘ as the very first
line of its own constructor.

public class Person {
String name;

// Parent Constructor
public Person(String name) {

this.name = name;
}

}
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public class Student extends Person {
double gpa;

public Student(String name, double gpa) {
// 1. Immediately send the name up to the Parent constructor
super(name);
// 2. Handle the Child-specific data
this.gpa = gpa;

}
}

3.6.6 5. The final Keyword: Stopping Inheritance

Sometimes, an architect writes a Class that is so perfectly optimized, so mathematically precise, or so critical to
security, that they want to forbid any other developer from ever extending it or overriding its methods.

The final keyword is used to lock things down permanently.

• A final Variable: It becomes a Constant. Its value can never be changed once assigned. (e.g., ‘final double PI
= 3.14159;‘).

• A final Method: The method cannot be Overridden by a Child class. The Child must use the Parent’s exact
implementation.

• A final Class: The class cannot be extended at all. It can never be a Parent. (Fun fact: Java’s ‘String‘ class is
a ‘final‘ class. You cannot create a ‘MyCustomString extends String‘ class, because doing so could break the
security of the entire Java language).

AI IMAGE PLACEHOLDER
A graphic showing a massive bank vault door with the word "FINAL" stamped

across it in red steel. A hacker (representing a Subclass) is trying to plug a USB
drive into it to "override" the code, but the vault door rejects the connection.

Figure 3.12: The ‘final‘ keyword is the ultimate defensive programming tool, permanently locking down variables,
methods, and entire classes against future modification.

3.6.7 Conclusion

Inheritance is the mechanism that transforms a chaotic folder of isolated scripts into a beautifully structured, hierarchical
software ecosystem. By using ‘extends‘, developers can reuse thousands of lines of code. By using Method Overriding,
they can inject specialized behaviors into generic systems. Finally, by mastering the ‘super‘ and ‘final‘ keywords,
developers maintain strict architectural control, ensuring that objects communicate up and down the hierarchy securely
and predictably.

3.7 Polymorphism: The Many Faces of Objects

3.7.1 Introduction: One Instruction, Many Reactions

The word Polymorphism originates from Greek: poly meaning "many," and morph meaning "forms." In Object-Oriented
Programming, polymorphism is the magical ability of an object to take on many different forms, or more accurately,
the ability of a single command to trigger vastly different behaviors depending on the specific object executing it.
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Consider a real-world example: A conductor in an orchestra waves his baton and issues a single command: "Play!"
He does not give specific instructions to each musician. However, when the violinist hears "Play," she draws her bow.
When the drummer hears "Play," he strikes a drum. When the flutist hears "Play," she blows air. A single, generic
instruction ("Play") resulted in three entirely different physical actions.

This is the essence of Polymorphism in Java. It allows a developer to write generic, high-level code that can
effortlessly manage dozens of highly specialized objects.

3.7.2 1. Types of Polymorphism

Java implements polymorphism in two completely different ways, depending on when the compiler figures out which
method to execute.

A. Compile-Time Polymorphism (Static Binding)

Compile-Time Polymorphism occurs when the Java Compiler knows exactly which method to execute the moment you
type the code, before the program even runs.

This is achieved almost entirely through Method Overloading (which we learned in Unit 2).
If you have three methods named ‘add()‘:

1. ‘add(int a, int b)‘

2. ‘add(double a, double b)‘

3. ‘add(String a, String b)‘

When you type ‘add(5, 10)‘, the compiler looks at the integer parameters and instantly binds your code to Method
1. There is no guessing. The decision is made statically, during compilation.

B. Run-Time Polymorphism (Dynamic Binding)

Run-Time Polymorphism is much more complex and powerful. It occurs when the compiler has absolutely no idea
which method will be executed. The decision is delayed until the exact millisecond the code is actively running inside
the JVM.

This is achieved exclusively through Inheritance and Method Overriding.

3.7.3 2. The Mechanics of Run-Time Polymorphism

To understand Run-Time Polymorphism, we must understand a critical rule about how variables store objects in Java:
A Parent reference variable can point to a Child object.

// Parent Class
class Animal {

public void makeSound() { System.out.println("Generic sound"); }
}

// Child Class 1
class Dog extends Animal {

@Override
public void makeSound() { System.out.println("Bark!"); }

}

// Child Class 2
class Cat extends Animal {

@Override
public void makeSound() { System.out.println("Meow!"); }

}

Now, look at the following code:

public static void main(String[] args) {
// A Parent reference pointing to a Child object!
Animal myPet = new Dog();
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myPet.makeSound();
}

When the compiler looks at ‘myPet.makeSound()‘, it sees that ‘myPet‘ is declared as an ‘Animal‘. Therefore, the
compiler assumes it will print "Generic sound".

However, when you press "Run," the JVM takes over. The JVM ignores the variable type and looks at the actual
physical object in RAM (which is a ‘Dog‘). The JVM dynamically switches the execution to the Dog’s overridden
method. The program prints "Bark!".

Why is this useful?

Imagine you are building a Zoo simulator with 10,000 animals. Without polymorphism, you would need 10,000 separate
variables and a massive, 10,000-line block of code to make them all speak.

With Run-Time Polymorphism, you can store all 10,000 unique animals in a single generic ‘Animal‘ array, and use
a simple 3-line loop to make them all speak their native language:

Animal[] zoo = new Animal[3];
zoo[0] = new Dog();
zoo[1] = new Cat();
zoo[2] = new Lion();

// One generic command triggers three unique behaviors!
for (Animal a : zoo) {

a.makeSound();
}

Animal
Array

[0]

[1]

[2]

Dog Object
makeSound() → Bark

Cat Object
makeSound() → Meow

Lion Object
makeSound() → Roar

Loop calls:
a.makeSound()

Figure 3.13: Run-Time Polymorphism in action. A single generic loop iterates through an array of Parent references.
The JVM dynamically binds the method call to the specific overridden method of the actual physical Child object in
RAM.

3.7.4 3. Method Overloading vs. Method Overriding

Because both concepts deal with methods sharing the exact same name, beginners frequently confuse Method Overloading
(Compile-Time) with Method Overriding (Run-Time). It is critical to memorize the exact differences between them.

3.7.5 Conclusion

Without Polymorphism, a programmer is forced to write rigid, tightly-coupled code that must explicitly account for
every possible variation of an object. With Polymorphism, the codebase becomes incredibly flexible. A developer can
write a single, generic system (like a ‘processPayment()‘ method) that accepts a generic ‘Payment‘ object, and rely
entirely on Run-Time Dynamic Binding to seamlessly route the execution to a ‘CreditCard‘, ‘PayPal‘, or ‘Bitcoin‘
subclass. This decoupling is the true architectural power of Object-Oriented design.

3.8 Advanced Polymorphism and the Root of All Classes
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Feature Method Overloading Method Overriding

Location Occurs within the same Class. Occurs between two classes
(Parent and Child) via Inher-
itance.

Method Signa-
ture

Must have the same name
but DIFFERENT parame-
ters.

Must have the exact same
name AND the exact same
parameters.

Polymorphism
Type

Compile-Time (Static Bind-
ing).

Run-Time (Dynamic Bind-
ing).

Return Type Can be changed (as long as
parameters change).

Must remain exactly the same
as the Parent’s method.

Primary Use
Case

Providing multiple ways to ex-
ecute a single task depending
on the available input data.

Allowing a Child class to com-
pletely rewrite inherited be-
havior to suit its specific needs.

Table 3.1: A strict comparison between Java’s two primary mechanisms for Polymorphism.

AI IMAGE PLACEHOLDER
A split-screen visual metaphor. Left Side (Overloading): A Swiss Army Knife. It is

one tool (one class) with many different blades (methods) that all do different
things based on what you need. Right Side (Overriding): A father passing down an
old acoustic guitar to his son. The son rips out the acoustic strings and installs

electric pickups, fundamentally changing how the inherited guitar plays.

Figure 3.14: Overloading provides variety within a single location. Overriding modifies inherited history.
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3.8.1 Introduction: The Puppet Master and the Ancestor

In the previous section, we established that Run-Time Polymorphism allows a Parent variable to point to a Child object
and dynamically execute the Child’s overridden method. But how does the Java Virtual Machine actually accomplish
this feat of delayed decision-making? The internal mechanism responsible for this is known as Dynamic Method
Dispatch.

Furthermore, if inheritance forms a massive family tree of Parent and Child classes, one must wonder: where does
the tree begin? Who is the ultimate ancestor of every single Class in the Java ecosystem? This section explores the
underlying mechanics of dynamic dispatch and introduces the omnipotent Object class.

3.8.2 1. Dynamic Method Dispatch

Dynamic Method Dispatch is the specific algorithm the JVM uses to resolve a method call at run-time rather than
compile-time.

To understand the algorithm, we must review the difference between the Reference Type and the Object Type.

// Animal is the Reference Type (The Leash)
// Dog is the Object Type (The physical chunk of RAM)
Animal myPet = new Dog();

When you write ‘myPet.makeSound()‘, the Java Compiler and the Java Virtual Machine perform two completely
different checks at two different times.

The Compiler’s Job (Rule of the Reference)

When you type the code and hit "Compile," the compiler only looks at the Reference Type (the left side of the equals
sign). The compiler asks: "Does the ‘Animal‘ class have a method named ‘makeSound()‘?" If the answer is yes, the
code compiles successfully. If the ‘Animal‘ class does not have that method, the compiler throws a fatal error, even if
the ‘Dog‘ class has it! The compiler is blind to the actual physical object.

The JVM’s Job (Rule of the Object)

When the program actually runs, the JVM takes over. The JVM ignores the Reference Type completely. It follows the
leash into physical RAM, looks at the actual Object Type (the right side of the equals sign), and asks: "Did this specific
‘Dog‘ object override the ‘makeSound()‘ method?"

• Scenario A: If the ‘Dog‘ did override it, the JVM executes the ‘Dog‘’s version.

• Scenario B: If the ‘Dog‘ did not override it, the JVM climbs up the inheritance tree and executes the ‘Animal‘’s
default version.

This split-second decision-making process—tracing the pointer to the heap, checking for overrides, and executing
the most highly specialized method available—is Dynamic Method Dispatch.

Compile Time

Compiler checks
the Reference:

Animal

Is makeSound()
defined here?

Run Time

JVM checks
the Object:

Dog

Is makeSound()
overridden here?

Animal pet = new Dog();pet.makeSound();

Figure 3.15: The duality of Dynamic Method Dispatch. The Compiler strictly enforces the rules of the generic Reference,
while the JVM executes the specific reality of the physical Object.
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3.8.3 2. The Cosmic Parent: The Object Class

In Java, inheritance is not optional. It is an absolute, unavoidable architectural law.
If you create a brand new file, write a simple class, and do not use the ‘extends‘ keyword, the Java Compiler will

secretly inject code into your file to ensure your class extends a specific, mandatory parent.

// What you type:
public class Car { }

// What the compiler actually builds:
public class Car extends java.lang.Object { }

The Object class (located in the ‘java.lang‘ package) is the cosmic ancestor of the entire Java language. Every
single class in Java—whether written by you or by Oracle—ultimately inherits from the ‘Object‘ class.

Because of this, a reference variable of type ‘Object‘ is the ultimate polymorphic leash. An ‘Object‘ variable can
literally point to anything in the entire program.

Object obj1 = new Dog();
Object obj2 = new Scanner(System.in);
Object obj3 = "Hello World"; // A String is an Object too!

Universal Methods Inherited from Object

Because every class inherits from ‘Object‘, every class automatically possesses a suite of universal methods built into
the ‘Object‘ blueprint. While there are several, the three most critical are:

1. toString()
When you try to print an object directly (e.g., ‘System.out.println(myDog);‘), the JVM automatically calls the object’s
‘toString()‘ method. By default, the ‘Object‘ class’s implementation of this method returns a highly unreadable memory
address hash (e.g., ‘Dog@15db9742‘). Professional developers will almost always override the ‘toString()‘ method in
their custom classes to return clean, human-readable JSON or text data.

2. equals(Object obj)
The default ‘equals()‘ method inside the ‘Object‘ class simply uses the ‘==‘ operator to check if two variables are
pointing to the exact same physical chunk of RAM. If you want to check if two different ‘Car‘ objects are "equal"
because they have the same VIN number (even if they are sitting in different parts of RAM), you must override the
‘equals()‘ method and write your own custom logic.

3. hashCode()
This method generates a unique mathematical integer representing the physical memory location of the object. It is
heavily utilized by advanced data structures like ‘HashMap‘ and ‘HashSet‘ to sort and locate objects at lightning speed.
(Rule of thumb: If you override ‘equals()‘, you must mathematically override ‘hashCode()‘ as well).

AI IMAGE PLACEHOLDER
A massive, glowing genealogical family tree. At the very top, glowing brightly, is a

single root node labeled "java.lang.Object". From this single root, thousands of
branches spread downwards, ending in nodes labeled "String", "Scanner", "Dog",

and "Car".

Figure 3.16: The Java Class Hierarchy. The ‘Object‘ class sits alone at the absolute peak. Every other class, primitive
wrappers included, exists somewhere in the branches below.

3.8.4 Conclusion

Dynamic Method Dispatch is the invisible engine that powers Run-Time Polymorphism, allowing Java to execute
highly specialized code even when interacting with generic parent references. At the absolute top of this generic
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hierarchy sits the ‘Object‘ class. By forcing every single class to inherit from ‘Object‘, Java ensures that all entities in
the language—regardless of how vastly different they are—share a common genetic baseline of utility methods like
‘toString()‘ and ‘equals()‘, creating a deeply unified and mathematically consistent software ecosystem.

3.9 Contracts and Abstraction: Interfaces and Abstract Classes

3.9.1 Introduction: Enforcing Architectural Rules

In a large enterprise team, the Lead Architect designs the overarching structure of the application, while junior
developers write the actual, day-to-day code. The Lead Architect needs a way to legally force the junior developers to
write specific methods.

For example, if the Architect decides that every single ‘PaymentProcessor‘ in the application must have a ‘pro-
cessTransaction()‘ method, they cannot simply send out an email asking the team to remember to write it. They must
use Java’s strict compilation rules to enforce it.

To achieve this absolute architectural control, Java provides two mechanisms: Abstract Classes and Interfaces.
Both are used to establish "contracts" that child classes are legally obligated to fulfill.

3.9.2 1. Abstract Classes: The Incomplete Blueprint

An Abstract Class is a class that is purposefully left incomplete. Because it is incomplete, the Java compiler strictly
forbids anyone from using the ‘new‘ keyword to create an object out of it. An Abstract Class only exists to be a Parent;
it is a template designed specifically to be inherited.

// The ’abstract’ keyword marks this class as incomplete
public abstract class Shape {

// A normal method (fully implemented)
public void printLabel() {

System.out.println("I am a geometric shape.");
}

// An ABSTRACT method (no body, just a signature!)
// This is a contract.
public abstract double calculateArea();

}

If a junior developer creates a ‘Circle‘ class and extends ‘Shape‘, the compiler will immediately throw a fatal error
unless the developer writes the actual code for the ‘calculateArea()‘ method. The Abstract Class acts as a legal contract
forcing the Child to provide the missing implementation.

3.9.3 2. Interfaces: The Ultimate Contract

While an Abstract Class can contain a mix of incomplete methods and normal, fully written methods, an Interface
(prior to Java 8) was a pure, 100% abstract contract. It contained absolutely no logic. It was simply a list of empty
method signatures.

To inherit from an Interface, you do not use the ‘extends‘ keyword. You use the implements keyword.

// Defining an Interface
public interface Drivable {

// All methods in an interface are automatically ’public abstract’
void startEngine();
void accelerate(int speed);

}

// Implementing an Interface
public class Car implements Drivable {

@Override
public void startEngine() {

System.out.println("Vroom!");
}
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@Override
public void accelerate(int speed) {

System.out.println("Speeding up to " + speed);
}

}

The Loophole for Multiple Inheritance

Earlier, we learned that Java strictly bans Multiple Inheritance (a class cannot ‘extend‘ two parents). However, a class
is legally allowed to implements as many Interfaces as it wants!

This is because Interfaces only contain empty signatures, not actual code. Therefore, there is no risk of the "Diamond
Problem" (two conflicting methods), because there is no code to conflict.

// Perfectly legal in Java!
public class FlyingCar extends Car implements Drivable, Flyable { ... }

Extending Interfaces

Just like classes can extend classes, an Interface can extends another Interface to build a larger, more complex contract.

public interface AutonomousDrivable extends Drivable {
void engageAutopilot();

}
// Any class implementing AutonomousDrivable must now provide
// startEngine(), accelerate(), AND engageAutopilot().

3.9.4 3. Abstract Classes vs. Interfaces

Choosing between an Abstract Class and an Interface is one of the most common architectural decisions in Java.

Feature Abstract Class Interface

Inheritance Limit A child can only ‘extend‘
one Abstract Class.

A child can ‘implement‘
multiple Interfaces.

State (Variables) Can have normal variables
(‘int‘, ‘String‘) to store
state.

Cannot store state. All
variables are automatically
‘public static final‘ (Con-
stants).

Constructors Can have constructors. Cannot have constructors.

Core Purpose Used for objects that are
fundamentally related (A
Dog is an Animal).

Used to define a specific ca-
pability (A Bird and an Air-
plane can both be Flyable).

Table 3.2: The architectural differences between Abstract Classes and Interfaces.

Animal (Abstract)

Dog Bird

extends

Identity (IS-A)

Flyable (Interface)

Airplane

implements

Capability (CAN-DO)

Figure 3.17: Abstract Classes define core identity (A Bird IS an Animal). Interfaces define cross-cutting capabilities (A
Bird and an Airplane can both FLY, even though they are completely unrelated entities).
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3.9.5 4. Modern Interface Features (Java 8+)

For 20 years, Interfaces were purely abstract. However, in Java 8, a massive update was released that completely
changed how Interfaces function.

Default Methods

Historically, if an architect added a new method signature to an old Interface, it would instantly break every single
class in the entire project that implemented that Interface (because they wouldn’t have the required code for the new
method).

To prevent this, Java 8 introduced Default Methods. You can now write fully implemented code inside an
Interface by using the ‘default‘ keyword.

public interface Drivable {
void startEngine(); // Abstract contract

// A fully written method inside an Interface!
default void soundHorn() {

System.out.println("Beep Beep!");
}

}

If a Child class does not override ‘soundHorn()‘, it simply inherits the default behavior. It does not crash the compiler.

Lambda Expressions

Java 8 also introduced Lambda Expressions, a revolutionary syntax designed to make implementing "Single Abstract
Method" (SAM) interfaces incredibly fast.

Instead of writing an entire class just to implement a single method, a Lambda Expression allows you to pass a
block of code directly as if it were a variable, using the arrow operator ‘->‘.

// A Functional Interface (Only 1 abstract method)
public interface MathOperation {

int operate(int a, int b);
}

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

// Using a Lambda Expression to instantly implement the interface!
MathOperation addition = (a, b) -> a + b;
MathOperation multiplication = (a, b) -> a * b;

System.out.println(addition.operate(10, 5)); // Outputs 15
System.out.println(multiplication.operate(10, 5)); // Outputs 50

}
}

3.9.6 Conclusion

As software scales, establishing strict architectural contracts becomes more important than the actual logic itself.
Abstract Classes provide a foundational identity and shared code for closely related objects. Interfaces provide a
flexible, multi-inheritable capability matrix that can link entirely unrelated objects together. Finally, modern additions
like Default Methods and Lambda Expressions ensure that Java remains a highly expressive, elegant language capable
of handling massive enterprise frameworks without drowning developers in boilerplate code.

3.10 Packages and the Classpath: Organizing the Ecosystem
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AI IMAGE PLACEHOLDER
A split screen showing a massive, heavy scroll of legal paperwork (representing the
old, verbose way of implementing an interface) versus a sleek, glowing neon arrow
‘->‘ cleanly slicing through the paperwork (representing the lightweight syntax of a

Lambda expression).

Figure 3.18: Lambda expressions eliminate the massive boilerplate code historically required to implement simple,
single-method Interfaces.

3.10.1 Introduction: The Naming Collision Crisis

If a single developer is writing a small 5-file application, dumping all the ‘.java‘ files into one folder is perfectly fine. But
what happens when an enterprise application scales to 50,000 files? What happens when a global financial institution
tries to merge code written by their New York team with code written by their Tokyo team?

The most immediate and catastrophic problem is the Naming Collision. Suppose the New York team writes
a class named ‘Transaction‘ to handle credit card processing. Independently, the Tokyo team writes a class named
‘Transaction‘ to handle database rollbacks. When the company attempts to compile the final product, the Java compiler
will crash instantly. It cannot differentiate between two classes with the exact same name in the same global namespace.

To solve this, Java introduced Packages. Packages are essentially digital folders that act as unique, isolated
namespaces, ensuring that millions of Java classes across the globe can coexist without ever accidentally colliding.

3.10.2 1. Creating a Package

Creating a package in Java is incredibly simple. You must physically organize your ‘.java‘ files into directories on your
hard drive, and then declare that directory path at the absolute top of the source code file using the package keyword.

By industry convention, package names are written in all lowercase letters and use a reversed internet domain name
to guarantee global uniqueness.

// This MUST be the very first line of code in the file!
package com.mybank.creditcard;

public class Transaction {
public void process() {

System.out.println("Processing credit card...");
}

}

If you write this code, you cannot simply save it on your Desktop. You must physically create a folder structure
that matches the package declaration: Desktop/com/mybank/creditcard/Transaction.java

The true, legal name of this class is no longer just ‘Transaction‘. Its fully qualified name is
com.mybank.creditcard.Transaction. Because of this massive, unique prefix, it will never collide with the
Tokyo team’s ‘com.mybank.database.Transaction‘.

3.10.3 2. Importing Packages

If the ‘Transaction‘ class is locked inside the ‘com.mybank.creditcard‘ package, how can another class in a different
folder use it?

If a class in a different package wants to use it, it must explicitly import the class. The import statement acts as a
bridge, telling the compiler exactly which folder to look in to find the required blueprint.

package com.mybank.app;
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// Importing the specific class from the other package
import com.mybank.creditcard.Transaction;

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

Transaction t = new Transaction(); // The compiler knows where this is now
t.process();

}
}

The Wildcard Import

If you need to use 50 different classes from the ‘creditcard‘ package, writing 50 import statements is tedious. You can
use the asterisk (*) wildcard to import every class inside that specific folder.

import com.mybank.creditcard.*; // Imports all classes in the folder

Warning: The wildcard does not import sub-folders. It only imports the classes directly inside the specified
directory.

3.10.4 3. Setting the CLASSPATH

We learned in Unit 1 that the ‘PATH‘ environment variable tells the Operating System where to find the ‘javac‘
compiler.

The CLASSPATH is a completely different environment variable. It tells the Java Virtual Machine (JVM) where to
look for your compiled ‘.class‘ files when it is trying to execute a program or resolve an ‘import‘ statement.

If you download a massive library (like a MySQL database driver) packaged as a ‘.jar‘ (Java Archive) file, the JVM
will have no idea it exists. You must explicitly edit the ‘CLASSPATH‘ variable on your computer and add the exact
file path to the ‘.jar‘ file.

// Example of setting the CLASSPATH in a Windows Command Prompt
C:\> set CLASSPATH=C:\MyLibraries\mysql-driver.jar;%CLASSPATH%

JVM

Looking for:
import com.db.SQL;

CLASSPATH

C:\Program Files\Java

C:\MyLibraries\SQL.jar

C:\Users\Desktop

Found it!

Figure 3.19: The CLASSPATH acts as a treasure map for the JVM. When the JVM encounters an ‘import‘ statement,
it sequentially searches through every folder listed in the CLASSPATH until it finds the required file.

3.10.5 4. Access Protection Across Packages

In Unit 2, we discussed access modifiers (‘public‘, ‘private‘, ‘protected‘, and ‘default‘). Now that we understand
Packages, we can fully comprehend how these modifiers interact with the folder structure.

3.10.6 5. Class Hiding Rules in a Package

What happens if you use a wildcard import (‘import java.util.*;‘) which includes a class named ‘Date‘, but you also
import another package (‘import java.sql.*;‘) which also contains a class named ‘Date‘?

When you type ‘Date myDate = new Date();‘, which one does the compiler choose? The answer is: Neither. The
compiler will crash with an "Ambiguous Reference" error because the imported classes are hiding each other.

To solve this, you must abandon the imports and use the Fully Qualified Class Name directly in your code,
explicitly telling the compiler exactly which package to route to:
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Modifier Same
Class

Same
Package

Subclass
(Diff Pkg)

Global (Diff Pkg)

public YES YES YES YES

protected YES YES YES NO

Default
(None)

YES YES NO NO

private YES NO NO NO

Table 3.3: The Access Modifier Matrix. Notice how the default (no modifier) access is completely trapped within its
own package, while ‘protected‘ allows child classes in distant packages to pierce the firewall.

// Bypassing the ambiguous imports entirely
java.util.Date myStandardDate = new java.util.Date();
java.sql.Date myDatabaseDate = new java.sql.Date(123456789);

AI IMAGE PLACEHOLDER
A graphic showing a postman looking confused at a letter addressed only to "John
Smith, USA" (Ambiguous Reference). Next to it, a successful postman delivering a
letter perfectly addressed to "John Smith, 123 Main St, Apt 4B, New York, NY

10001, USA" (Fully Qualified Class Name).

Figure 3.20: When package imports overlap and create ambiguity, the developer must bypass the imports and use the
exact, full package path to locate the class.

3.10.7 Conclusion

Packages are the architectural foundation of scale in Java. They prevent naming collisions, provide a physical folder
structure for developers to organize their code, and establish rigid boundaries for access control. Coupled with a
correctly configured CLASSPATH, the package system allows the JVM to seamlessly stitch together code written by
thousands of different companies across the globe into a single, unified, functional application without conflict.
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CHAPTER 4

Exception Handling Multithreaded Program-
ming

4.1 Basics of Multithreading
Modern operating systems provide the illusion that multiple programs are executing simultaneously. This capability
is known as multitasking. Multitasking can occur at two levels: process-based and thread-based. Process-based
multitasking is the execution of two or more programs concurrently. For instance, listening to music while editing a text
document is an example of process-based multitasking. In this scenario, a process is essentially a program in execution.

Thread-based multitasking, or multithreading, is a more granular form of multitasking. In a multithreaded
environment, a single program can execute multiple tasks simultaneously. Each of these tasks is called a thread, and
each thread defines a separate path of execution.

Definition

Multithreading Multithreading is a programming and execution model that allows multiple threads to exist within
the context of a single process. These threads share the process’s resources, including memory and open files, but
execute independently, allowing concurrent execution of multiple segments of a program.

Key Concept

Process vs. Thread While a process is a heavyweight execution unit with its own distinct memory space, a thread
is a lightweight execution unit that shares the memory space of its parent process. Context switching between
threads is significantly faster and less resource-intensive than context switching between processes. Consequently,
multithreading maximizes the utilization of the CPU, especially when individual threads involve blocking operations
such as I/O.

The primary advantage of multithreading in Java is that it enables developers to write highly efficient programs that
make optimal use of available CPU resources. For example, if one thread is waiting for data over a network connection,
another thread can continue processing a graphical user interface or performing background calculations. Without
multithreading, the entire program would be blocked during the network wait, leading to a sluggish and unresponsive
user experience.

4.2 The Java Thread Model
Unlike many other programming languages that treat multithreading as an afterthought or rely on external libraries to
provide multithreading capabilities, Java was designed from the ground up to support concurrent programming. The
Java run-time system depends heavily on threads for many of its internal tasks, and all Java class libraries are written
with multithreading in mind.

The Java thread model simplifies the creation and management of threads by providing built-in language support
for synchronization and thread management. At the core of Java’s multithreading system are the java.lang.Thread
class and the java.lang.Runnable interface.

4.2.1 Thread States

To understand the Java thread model fully, it is crucial to comprehend the lifecycle of a thread. A thread in Java can
exist in one of several distinct states during its lifetime. The Thread.State enumeration defines these states:
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• NEW: A thread that has been instantiated but has not yet been started (i.e., its start() method has not been
invoked).

• RUNNABLE: A thread executing in the Java virtual machine. This state encompasses both threads that are
currently executing on the CPU and those that are ready to execute and waiting for CPU time from the operating
system’s thread scheduler.

• BLOCKED: A thread that is blocked waiting for a monitor lock to enter a synchronized block or method. This
typically occurs when multiple threads attempt to access the same synchronized resource simultaneously.

• WAITING: A thread that is waiting indefinitely for another thread to perform a particular action. This state is
entered when a thread calls methods like Object.wait() with no timeout, Thread.join() with no timeout, or
LockSupport.park().

• TIMED_WAITING: A thread that is waiting for another thread to perform an action for up to a specified
waiting time. Methods such as Thread.sleep(), Object.wait() with a timeout, or Thread.join() with a
timeout place a thread in this state.

• TERMINATED: A thread that has completed its execution, either by naturally returning from its run()
method or by throwing an unhandled exception.

Example

Thread Lifecycle Transition Imagine a program that downloads a file from the internet.

1. The thread object is created (NEW).

2. The program calls start(), and the thread begins execution (RUNNABLE).

3. The thread issues a network request and waits for the server to respond. During this time, it might yield the
CPU and go to sleep (TIMED_WAITING) or wait for data streams (WAITING/BLOCKED).

4. Once the file is completely downloaded, the run() method ends, and the thread dies (TERMINATED).

4.2.2 Thread Priorities and Scheduling

In the Java thread model, every thread is assigned a priority, which is an integer value ranging from
Thread.MIN_PRIORITY (1) to Thread.MAX_PRIORITY (10). By default, threads inherit the priority of the thread
that created them, which is usually Thread.NORM_PRIORITY (5).

Thread priorities are used by the thread scheduler to determine which thread should be allowed to execute when
multiple threads are in the RUNNABLE state. In general, higher-priority threads are allocated CPU time before
lower-priority threads. However, it is essential to recognize that thread scheduling is highly dependent on the underlying
operating system. Some operating systems may ignore thread priorities or implement them differently, such as using
time-slicing (where threads of equal priority take turns executing) or preemptive scheduling (where a higher-priority
thread can interrupt a currently executing lower-priority thread).

Important / Warning

Relying on Thread Priorities Developers should not rely heavily on thread priorities for the correctness of their
multithreaded programs. Because priority handling varies across operating systems, a program that functions
correctly on one platform might exhibit unpredictable behavior on another. Synchronization mechanisms and
concurrency utilities should be used instead to enforce execution order and thread safety.

4.2.3 Synchronization and Messaging

Because threads share the same memory space, multiple threads can access and modify the same variables or objects
concurrently. This shared access can lead to data inconsistency and unpredictable behavior known as race conditions.
To prevent this, Java provides the concept of synchronization, which ensures that only one thread can access a shared
resource at a time. Synchronization in Java is primarily achieved using the synchronized keyword, which is backed by
the concept of an intrinsic lock or monitor associated with every object.

Furthermore, Java threads can communicate with each other using the wait(), notify(), and notifyAll()
methods defined in the Object class. This inter-thread messaging is essential for coordinating complex tasks where
threads depend on the results or actions of other threads.
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4.3 The Main Thread

Whenever a Java program starts execution, the Java Virtual Machine (JVM) creates a single thread to begin executing
the code. This thread is traditionally referred to as the main thread. Although the main thread is created automatically
by the JVM rather than explicitly by the programmer, it is conceptually identical to any other thread in Java.

Key Concept

Significance of the Main Thread The main thread holds a special place in the Java execution environment for two
primary reasons:

1. It is the thread from which all other “child” threads are spawned. Any new thread you create and start
within your application is directly or indirectly a descendant of the main thread.

2. In a typical standalone application, the main thread is usually the last thread to finish execution because it
often orchestrates the shutdown sequence of the program. However, the JVM will continue running as long
as there is at least one non-daemon thread active, even if the main thread has terminated.

4.3.1 Accessing the Main Thread

Because the main thread is automatically created when the program begins running, you might wonder how you
can control it or query its properties. The main thread can be accessed by obtaining a reference to it using the
Thread.currentThread() method. This static method returns a reference to the thread in which it is called. When
called from within the main() method, it naturally returns a reference to the main thread.

Once you have a reference to the main thread, you can control it just like any other thread. You can change its
name, modify its priority, or even make it sleep.

Example

Controlling the Main Thread The following Java program demonstrates how to obtain a reference to the main
thread, examine its default properties, and modify its name.

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

// Obtain a reference to the current thread (the main thread)
Thread t = Thread.currentThread();

System.out.println("Current thread: " + t);

// Change the name of the main thread
t.setName("MyMainThread");

System.out.println("After name change: " + t);

try {
// Pause the main thread for 2 seconds
for(int i = 5; i > 0; i--) {

System.out.println(i);
Thread.sleep(1000);

}
} catch (InterruptedException e) {

System.out.println("Main thread interrupted");
}

}
}

Output:

Current thread: Thread[main,5,main]
After name change: Thread[MyMainThread,5,main]
5
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4
3
2
1

In the example above, the initial output Thread[main,5,main] provides information about the thread. The first
part, main, is the thread’s name. The second part, 5, indicates its priority. The third part, main, represents the name
of the thread group to which this thread belongs. A thread group is a data structure that controls the state of a
collection of threads as a whole.

After invoking t.setName("MyMainThread"), the thread’s name is successfully altered, as shown in the subsequent
output. Finally, the Thread.sleep() method is used to pause the execution of the main thread, demonstrating that it
can be suspended and controlled programmatically.

Important / Warning

Handling InterruptedException Notice that the Thread.sleep() method is enclosed in a try-catch block. This
is because sleep() can throw an InterruptedException if another thread attempts to interrupt the sleeping
thread. In Java, any method that pauses thread execution (like sleep() or wait()) must typically handle or
declare this checked exception.

4.3.2 Daemon vs. User Threads

In the context of the main thread and program termination, it is essential to differentiate between user threads and
daemon threads. By default, the main thread and any child threads it creates are user threads. The JVM ensures that
it will not exit as long as there is at least one user thread currently executing.

Conversely, daemon threads are low-priority background service threads that exist solely to serve user threads (e.g.,
the garbage collector thread). The JVM does not wait for daemon threads to finish; if all user threads (including the
main thread) have terminated, the JVM will abruptly halt all executing daemon threads and exit. The main thread is
fundamentally a user thread, and understanding this distinction is crucial when deciding whether to make spawned
background tasks daemon threads or allow them to keep the application alive.

In summary, the concepts of multithreading and the Java thread model form the foundation for building high-
performance, concurrent applications. A deep understanding of thread states, thread scheduling, and the overarching
role of the main thread equips developers to write robust and responsive Java programs capable of handling complex,
simultaneous tasks seamlessly.

SuperClass

SubClass 1 SubClass 2

Figure 4.1: Hierarchical Inheritance
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4.4 Advanced Exception Handling and Null Safety
Exception handling is a critical pillar of robust software development. Without it, unexpected conditions can cause
programs to crash abruptly, leading to poor user experiences and potential data loss. Java provides a comprehensive
mechanism for managing these scenarios, offering an extensive array of built-in exceptions, the flexibility to define
custom exception types, and functional tools to safely manage potentially missing values.

4.4.1 Built-in Exceptions in Java

Definition

Built-in Exceptions Built-in exceptions are predefined exception classes available within the Java standard library,
primarily located in the java.lang, java.util, and java.io packages. They encompass a wide variety of standard
error conditions—ranging from basic arithmetic mistakes to complex network and file I/O failures—allowing
developers to handle standard software failures in a consistent and predictable manner.

Java’s error-handling architecture is hierarchical, with the java.lang.Throwable class serving as the ultimate
superclass. Under Throwable, the hierarchy splits into two main branches: Error and Exception. While Error
represents serious systemic problems (like OutOfMemoryError or StackOverflowError) that a typical application
should not attempt to catch, the Exception branch deals with conditions that a reasonable application might want to
intercept and recover from.

Java categorizes these exceptions into two primary distinct groups: Unchecked Exceptions and Checked Exceptions.

Unchecked Exceptions (Runtime Exceptions)

Unchecked exceptions are those that inherit from java.lang.RuntimeException. They generally represent program-
ming errors, logical flaws, or improper use of an API. The compiler does not strictly mandate developers to catch or
declare these exceptions, providing a cleaner, less cluttered code structure at the cost of requiring the programmer to
be logically vigilant. Common unchecked exceptions include:

• NullPointerException: Perhaps the most infamous Java exception. It is thrown when an application attempts
to use null where an object reference is required. Examples include calling an instance method on a null object,
accessing its fields, or taking the length of a null array.

• ArithmeticException: Thrown when an exceptional or fundamentally impossible arithmetic condition occurs,
such as attempting to divide an integer by zero.
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• IndexOutOfBoundsException: Thrown to indicate that an index of some sort (such as to an array, to a string, or
to a vector) is out of range. ArrayIndexOutOfBoundsException and StringIndexOutOfBoundsException are
its most common subclasses.

• ClassCastException: Thrown to indicate that the code has attempted to cast an object to a subclass of which
it is not an instance, violating type safety at runtime.

• IllegalArgumentException: Thrown to indicate that a method has been passed an illegal, inappropriate, or
incorrectly formatted argument.

• IllegalStateException: Signals that a method has been invoked at an illegal or inappropriate time. In other
words, the Java environment or application is not in an appropriate state for the requested operation.

Checked Exceptions

Checked exceptions are exceptions that extend Exception but do not extend RuntimeException. They typically
represent conditions outside the program’s immediate logical control, such as interacting with external resources
(files, databases, networks). The Java compiler enforces the "catch or declare" rule for these exceptions, forcing the
programmer to anticipate and manage potential failures. Common checked exceptions include:

• IOException: Thrown to indicate that an input or output operation has failed or been interrupted, heavily
utilized in file handling and network socket programming.

• SQLException: Thrown to provide information on a database access error or other errors related to the execution
of SQL statements via JDBC.

• ClassNotFoundException: Thrown when an application tries to load a class at runtime using its string name,
but no definition for the class with the specified name could be found in the classpath.

Example

Handling Built-in Exceptions The following example illustrates how a standard built-in exception,
NumberFormatException (a subclass of IllegalArgumentException), is triggered and handled gracefully:
public class BuiltInExceptionDemo {

public static void main( String [] args) {
String userInput = "123a"; // Invalid integer format

try {
// Attempt to parse string to integer
int number = Integer . parseInt ( userInput );
System .out. println (" Parsed number : " + number );

} catch ( NumberFormatException e) {
System .out. println ("Error: The provided string does not contain a valid

integer .");
System .out. println (" System diagnostic message : " + e. getMessage ());

} finally {
System .out. println (" Parsing attempt completed .");

}
}

}

Important / Warning

While it is syntactically permissible to catch the top-level superclass Exception to handle all potential errors in
a single catch block, this is widely regarded as an anti-pattern. Doing so indiscriminately swallows unchecked
exceptions (like NullPointerException) alongside checked exceptions, which can easily mask critical programming
bugs. Always catch the most specific exception type possible.

4.4.2 Creating Own Exception Subclasses (Custom Exceptions)

Although Java’s library of built-in exceptions is exceptionally comprehensive, real-world enterprise and business
applications often possess nuanced business logic. These domains frequently encounter specific exceptional conditions
that standard Java exceptions cannot accurately describe. When built-in exceptions fall short of expressing the specific
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semantic nature of a domain error, Java provides the capability for developers to create their own custom exception
classes.

Definition

Custom Exceptions Custom (or user-defined) exceptions are exception classes authored by the developer to
represent distinct business logic violations or domain-specific anomalous conditions that are not adequately
represented by standard Java exceptions. They improve the readability of the code by providing meaningful,
context-aware names for domain errors.

The Process of Creating Custom Exceptions

To define a custom exception, a developer creates a new class that extends an existing class within the Java exception
hierarchy. The choice of the parent class dictates how the compiler will treat the new exception:

1. Creating a Checked Custom Exception: By extending the java.lang.Exception class directly, the resulting
custom exception becomes a checked exception. Consequently, any method that has the potential to throw this
exception must either declare it using the throws keyword in its signature, or it must wrap the throwing code
within a try-catch block. This is ideal for recoverable domain errors that callers must explicitly acknowledge.

2. Creating an Unchecked Custom Exception: By extending the java.lang.RuntimeException class, the
custom exception becomes an unchecked exception. The compiler will not mandate the "catch or declare" protocol.
This approach keeps method signatures clean and is generally preferred for errors that represent unrecoverable
logic flaws or strict contract violations.

Providing Meaningful Constructors

When constructing a user-defined exception subclass, it is considered an industry best practice to supply multiple
constructors to maximize its utility:

• A no-argument (default) constructor for a generic exception occurrence.

• A constructor that accepts a String argument, acting as a detailed diagnostic message. This constructor typically
passes the string to the superclass constructor using the super(message) invocation.

• A constructor that accepts both a String message and a Throwable cause, which is crucial for exception chaining
(wrapping an original underlying exception inside the new custom exception).

Example

Implementing and Utilizing a Custom Exception Consider a banking system where a customer attempts to
withdraw an amount exceeding their current balance. A standard IllegalArgumentException might technically
function, but a custom InsufficientFundsException explicitly communicates the exact business violation to
the calling code.
Step 1: Defining the Custom Exception Class
// Creating a Checked Exception by extending java.lang. Exception
public class InsufficientFundsException extends Exception {

private final double requestedAmount ;
private final double currentBalance ;

public InsufficientFundsException ( String message , double requested , double
balance ) {
super ( message ); // Forward the message to Throwable
this. requestedAmount = requested ;
this. currentBalance = balance ;

}

public double getShortfall () {
return requestedAmount - currentBalance ;

}
}

Step 2: Throwing and Catching the Exception
public class BankAccount {
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private double balance ;

public BankAccount ( double initialBalance ) {
this. balance = initialBalance ;

}

// The ’throws ’ clause is mandatory because it is a checked exception
public void withdraw ( double amount ) throws InsufficientFundsException {

if ( amount > balance ) {
// Triggering the custom exception using the ’throw ’ keyword
throw new InsufficientFundsException (

" Withdrawal denied : Not enough funds.", amount , balance );
}
balance -= amount ;
System .out. println (" Successfully withdrew $" + amount );

}

public static void main( String [] args) {
BankAccount account = new BankAccount (100.0) ;
try {

account . withdraw (250.0) ; // Attempting to withdraw more than the balance
} catch ( InsufficientFundsException e) {

System .err. println (" Transaction Failed : " + e. getMessage ());
System .err. println ("You are short by $" + e. getShortfall ());

}
}

}

Key Concept

Concept When to Use Custom Exceptions Introduce custom exceptions sparingly. Create a custom exception
only when you need calling code to catch that specific error and handle it in a targeted, programmatic manner
(e.g., extracting the shortfall amount to prompt the user to deposit exact funds). If you merely intend to log an
error and abort the operation, standard Java exceptions are usually perfectly sufficient.

4.4.3 The Java Optional Class

For decades, one of the most pervasive and disruptive runtime errors in the Java ecosystem has been the
NullPointerException (NPE). It occurs when a developer unexpectedly encounters a null reference where an
instantiated object is required. Historically, mitigating NPEs necessitated defensive programming practices, resulting
in verbose, deeply nested null-check statements scattered across codebases. To provide a more robust and elegant
solution, Java 8 introduced the java.util.Optional<T> class.

Definition

The Optional Class Optional is a generic, immutable container object used to explicitly represent the presence
or absence of a value. Instead of returning null to signify that no value is available, a method can return an
Optional object. This forces the consuming code to consciously and safely handle the possibility of a missing
value, radically reducing the likelihood of unexpected NullPointerExceptions.

Creating Optional Instances

You cannot instantiate an Optional object using the new keyword because its constructors are intentionally kept
private. Instead, the class provides a set of static factory methods to encapsulate values:

• Optional.empty(): Returns an empty Optional instance, signifying that no value is present.

• Optional.of(T value): Returns an Optional containing the provided non-null value. If the provided value
happens to be null, this method immediately throws a NullPointerException. It should only be used when
you are absolutely certain the value is not null.

• Optional.ofNullable(T value): Returns an Optional containing the given value if it is non-null. If the value
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is null, it safely returns an empty Optional. This is the most versatile and frequently used factory method
when wrapping potentially null variables.

Extracting and Supplying Values

Once an Optional object is returned from a method, the caller is provided with several fluent, functional, and inherently
safe mechanisms to extract the underlying data or supply a fallback alternative:

• isPresent(): Returns true if a value is present, and false otherwise. (Furthermore, Java 11 introduced the
inverse method, isEmpty()).

• get(): Returns the value if present; otherwise, it throws a NoSuchElementException. Calling get() without first
verifying with isPresent() is highly discouraged, as it simply replaces an NPE with a NoSuchElementException,
defeating the safety benefits of Optional.

• ifPresent(Consumer<? super T> action): If a value is present, it invokes the specified Consumer functional
interface with the value; if empty, it does absolutely nothing. This eliminates the need for an explicit if statement.

• orElse(T other): Safely extracts the value if present; otherwise, it returns the provided default value (other).

• orElseGet(Supplier<? extends T> supplier): Similar to orElse, but the default value is computed lazily
using a Supplier interface only if the Optional happens to be empty. This is preferable for performance when the
default value is expensive to compute.

• orElseThrow(): Returns the value if present; otherwise, throws a designated runtime exception.

Advanced Functional Chaining

The true power of Optional is unlocked when adopting a functional programming paradigm using the map(), flatMap(),
and filter() methods. These allow for safe, chained transformations without requiring intermediary null checks.

• map(Function mapper): Applies a transformation function to the value inside the Optional if it is present. If
the Optional is empty, map() bypasses the function and returns an empty Optional.

• filter(Predicate predicate): Evaluates the value inside the Optional against a Predicate. If the value
satisfies the predicate, the Optional is returned as is; if it fails the condition, or if the Optional was already
empty, an empty Optional is returned.

Example

Practical Usage of Optional Consider a repository method that fetches a user’s email address from a database.
Without Optional, chained method calls (e.g., user.getAddress().getZipCode()) are notorious breeding
grounds for NPEs.
Using Optional for Safe Processing:
import java.util. Optional ;

public class OptionalDemo {

// Simulating a lookup that might fail to find a user
public static Optional <String > findUserEmailById (int id) {

if (id == 1) {
return Optional .of(" alice@example .com"); // Value is present

} else {
return Optional .empty (); // No value present

}
}

public static void main( String [] args) {
Optional <String > emailOpt = findUserEmailById (2); // Fails to find user

// 1. Safe execution using functional ifPresent
emailOpt . ifPresent (email -> System .out. println (" Sending welcome email to: " +

email));

// 2. Providing a default fallback value if empty
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String contactEmail = emailOpt . orElse (" support@company .com");
System .out. println (" Contact email set to: " + contactEmail );

// 3. Functional chaining with map and filter
Optional <String > findAlice = findUserEmailById (1);
String domain = findAlice

. filter (email -> email. contains ("@")) // Check if valid format

.map(email -> email. substring (email. indexOf ("@") + 1)) // Extract domain

. orElse (" Unknown Domain ");

System .out. println ("User ’s email domain : " + domain );
}

}

Important / Warning

Common Anti-Patterns with Optional While Optional is a brilliant tool for method return types, its usage
should be restricted strictly to that domain. It should not be used as a type for class fields, nor should it be
passed as arguments into methods or constructors. Designing a class with Optional fields creates serialization
failures because Optional does not implement the java.io.Serializable interface. Furthermore, forcing callers
to wrap arguments in Optional creates unnecessary boilerplate code and convolutes method signatures.

In summary, leveraging built-in exceptions allows for standardized error handling, crafting custom exceptions
accommodates precise domain logic, and deploying the Optional class fundamentally transforms null-handling from
a defensive vulnerability into an expressive, type-safe contract. Together, these tools form the foundation of writing
resilient and maintainable Java applications.

Class A

Class B

Class C

Figure 4.3: Multilevel Inheritance
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4.5 Creating and Managing Threads in Java
The Java programming language was designed from the ground up to support multithreading. A thread is essentially
an independent path of execution within a program. While a traditional program operates sequentially, executing
one instruction after another, a multithreaded program can execute multiple tasks seemingly simultaneously. This
concurrent execution is crucial for maximizing the utilization of the CPU, avoiding application freezes during blocking
operations, and building responsive user interfaces or high-performance server applications.

In Java, every application has at least one thread, known as the main thread, which is created by the Java Virtual
Machine (JVM) when the program starts. From this main thread, developers can spawn additional threads to perform
background tasks, handle multiple client connections, or divide complex computations into smaller, parallelizable
chunks.

Definition

Thread A thread is a lightweight sub-process and the smallest unit of execution within an operating system.
Multiple threads can exist within the same process and share the same memory space, which makes context
switching between threads faster and more efficient than context switching between full-blown processes.

Key Concept

Multithreading Paradigm Multithreading enables applications to perform multiple operations simultaneously. In a
single-core environment, the CPU scheduler rapidly switches between threads to give the illusion of parallelism
(concurrency). In a multi-core environment, threads can be executed physically in parallel, leading to significant
performance gains for CPU-bound tasks.

Java provides two primary mechanisms for creating a new thread:

1. Extending the java.lang.Thread class.

2. Implementing the java.lang.Runnable interface.

Both approaches require defining the work the thread will perform inside a method named run(). We will explore
both methods in detail, compare their advantages, and examine the complete life cycle a thread goes through from
creation to termination.
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4.5.1 Creation of a Thread by Extending the Thread Class

The most straightforward way to create a thread is by extending the java.lang.Thread class. The Thread class
itself implements the Runnable interface and provides several methods to manage thread execution, such as start(),
sleep(), join(), and interrupt().

To create a thread using this approach, you must perform the following steps:

1. Create a new class that extends the Thread class.

2. Override the run() method of the Thread class. This method will contain the code that should be executed by
the thread.

3. Instantiate the newly created class.

4. Call the start() method on the instance to begin execution.

Example

Extending the Thread Class The following example demonstrates how to create and start a thread by extending
the Thread class:

class NumberPrinterThread extends Thread {
// Step 2: Override the run() method
@Override
public void run() {

for (int i = 1; i <= 5; i++) {
System.out.println("Thread " + Thread.currentThread().getId() +

" printing: " + i);
try {

// Pause for 500 milliseconds
Thread.sleep(500);

} catch (InterruptedException e) {
System.out.println("Thread interrupted.");

}
}

}
}

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

// Step 3: Instantiate the thread class
NumberPrinterThread t1 = new NumberPrinterThread();
NumberPrinterThread t2 = new NumberPrinterThread();

// Step 4: Call start() to begin execution
t1.start();
t2.start();

System.out.println("Main thread has finished spawning threads.");
}

}

In this example, two separate threads (t1 and t2) are created. When start() is invoked, the JVM creates a new
thread of execution and calls the run() method.

Important / Warning

Never Call run() Directly A common mistake among beginners is to call the run() method directly instead of
start(). If you call run() directly, the JVM will not create a new thread. Instead, the run() method will be
executed sequentially on the current thread (e.g., the main thread), defeating the entire purpose of multithreading.
Always use start() to spawn a new thread.
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While extending the Thread class is intuitive, it comes with a significant limitation. Java does not support multiple
inheritance of classes. Therefore, if your class already extends another class (e.g., Applet or JFrame), it cannot
simultaneously extend Thread. This restriction leads us to the second, more flexible approach: implementing the
Runnable interface.

4.5.2 Creation of a Thread by Implementing the Runnable Interface

Implementing the java.lang.Runnable interface is the preferred and most commonly used approach for creating
threads in modern Java applications. The Runnable interface represents a task that can be executed concurrently. It
contains a single abstract method, run(), which must be implemented by any class that claims to be runnable.

To create a thread using the Runnable interface, follow these steps:

1. Create a new class that implements the Runnable interface.

2. Provide an implementation for the run() method, placing the concurrent logic inside it.

3. Instantiate the Runnable implementation class.

4. Pass this instance to the constructor of a java.lang.Thread object.

5. Call the start() method on the Thread object.

By decoupling the thread’s underlying execution mechanism (the Thread class) from the actual task to be executed
(the Runnable object), this approach promotes cleaner, more modular code.

Example

Implementing the Runnable Interface The following example illustrates how to define a task by implementing the
Runnable interface and subsequently passing it to a Thread instance:

class TaskRunner implements Runnable {
private String taskName;

public TaskRunner(String taskName) {
this.taskName = taskName;

}

// Step 2: Implement the run() method
@Override
public void run() {

for (int i = 1; i <= 3; i++) {
System.out.println(taskName + " is executing step " + i);
try {

Thread.sleep(1000); // Simulate some work
} catch (InterruptedException e) {

System.out.println(taskName + " was interrupted.");
}

}
System.out.println(taskName + " completed.");

}
}

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

// Step 3: Instantiate the Runnable object
TaskRunner task1 = new TaskRunner("Task 1");
TaskRunner task2 = new TaskRunner("Task 2");

// Step 4: Pass the Runnable instance to a Thread object
Thread thread1 = new Thread(task1);
Thread thread2 = new Thread(task2);

// Step 5: Start the threads
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thread1.start();
thread2.start();

}
}

Key Concept

Extending Thread vs. Implementing Runnable The debate between extending Thread and implementing Runnable
is a classic Java design question.

• Inheritance Restrictions: Implementing Runnable leaves your class free to extend another class, whereas
extending Thread consumes your single allowed class inheritance.

• Separation of Concerns: The Runnable interface cleanly separates the task (the code to be executed)
from the runner (the thread handling execution). This aligns with good object-oriented design principles.

• Resource Sharing: When implementing Runnable, multiple threads can share the same Runnable instance.
This makes it easier to share data and resources among threads without relying on static variables.

• Thread Pools: The modern java.util.concurrent.ExecutorService framework primarily works with
Runnable and Callable objects. Implementing Runnable makes your code readily compatible with thread
pools.

Due to these factors, implementing Runnable is widely considered the best practice for thread creation.

4.5.3 Life Cycle of a Thread

Once a thread is created, it does not execute indefinitely. It transitions through various states from the moment it is
instantiated until it finishes execution. Understanding the thread life cycle is essential for writing robust multithreaded
applications and debugging concurrency issues like deadlocks and race conditions.

The life cycle of a thread is governed by the JVM scheduler, which determines which thread runs at any given
moment. According to the java.lang.Thread.State enumeration introduced in Java 5, a thread can be in one of the
following distinct states:

Definition

Thread States The thread life cycle consists of the following states: NEW, RUNNABLE, BLOCKED,
WAITING, TIMED_WAITING, and TERMINATED. A thread can only be in one state at any given
point in time.

1. New (Born) State

When a Thread object is created using the new operator (e.g., Thread t = new Thread();), it enters the New state.
At this point, the thread is essentially an empty object sitting in memory. It has not yet been scheduled for execution,
and no operating system-level thread resources have been allocated. The thread remains in this state until the start()
method is invoked.

2. Runnable State

When the start() method is called on a newly created thread, the thread transitions to the Runnable state. In this
state, the thread is eligible to run, and the JVM allocates the necessary system resources for it. However, transitioning
to the Runnable state does not guarantee that the thread will immediately begin executing.

Instead, the thread is placed in a ‘runnable pool” (or ready queue), waiting for the CPU to become
available. The thread scheduler determines when the thread will actually get CPU time. From
the perspective of the operating system, a thread in the Runnable state may either be actively
executing on the CPU (often referred to informally as the ‘Running” state) or waiting for its turn to
execute.
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3. Blocked State

A thread transitions to the Blocked state when it is trying to acquire a monitor lock but the lock is currently held by
another thread. This occurs most commonly when a thread attempts to enter a synchronized block or method that is
currently occupied. Once the lock is released by the other thread, the blocked thread regains its eligibility to execute
and moves back to the Runnable state.

4. Waiting State

A thread enters the Waiting state indefinitely when it waits for another thread to perform a specific action without
any timeout value. This state is triggered by calling methods such as:

• Object.wait() (with no timeout)

• Thread.join() (with no timeout)

• LockSupport.park()

For example, if thread A calls wait() on an object, it releases the lock and waits. It will remain in the Waiting state
until thread B calls notify() or notifyAll() on that same object. Once notified, the waiting thread must reacquire
the lock before transitioning back to the Runnable state.

5. Timed Waiting State

The Timed Waiting state is similar to the Waiting state, but with a specified maximum time limit. A thread enters
this state when it calls a method with a timeout parameter. Common methods that trigger this state include:

• Thread.sleep(long millis)

• Object.wait(long timeout)

• Thread.join(long millis)

A thread in the Timed Waiting state will return to the Runnable state either when the specified time interval expires
or when it receives an appropriate notification (e.g., being interrupted or notified), whichever happens first.

6. Terminated (Dead) State

A thread enters the Terminated state when it successfully completes its execution or is prematurely aborted. This
typically happens under two circumstances:

• Normal Termination: The run() method reaches its end and exits normally. All instructions within the thread
have been executed.

• Abnormal Termination: An unhandled exception or error occurs during the execution of the run() method,
causing the thread to crash.

Once a thread is in the Terminated state, it is “dead.” It cannot be restarted. Calling start() on a terminated thread
will result in an IllegalThreadStateException.

Important / Warning

Thread Interruption You should never forcefully stop a thread using the deprecated Thread.stop() method, as it
releases all locks abruptly, potentially leaving shared data in an inconsistent state. Instead, you should use the
Thread.interrupt() mechanism to gracefully signal a thread that it should wrap up its work and terminate.

Example

Demonstrating the Thread Life Cycle To visualize these states, consider the following code snippet that prints the
state of a thread as it transitions from creation to termination:

public class ThreadStateDemo {
public static void main(String[] args) throws InterruptedException {

Thread thread = new Thread(() -> {
try {
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// Thread will be in TIMED_WAITING state
Thread.sleep(1000);

} catch (InterruptedException e) {
e.printStackTrace();

}
});

System.out.println("State after creation: " + thread.getState()); // NEW

thread.start();
System.out.println("State after start(): " + thread.getState()); // RUNNABLE

// Wait a short moment to let the thread enter sleep
Thread.sleep(100);
System.out.println("State during sleep: " + thread.getState()); // TIMED_WAITING

// Wait for the thread to complete
thread.join();
System.out.println("State after completion: " + thread.getState()); // TERMINATED

}
}

By leveraging the getState() method, developers can explicitly inspect where a thread resides within its life
cycle, which is highly beneficial for debugging complex concurrent applications.

In summary, multithreading is a powerful paradigm in Java, enabling responsive, high-performance applications.
Whether you choose to extend the Thread class or implement the Runnable interface, the fundamental concept remains
the same: overriding the run() method to define concurrent tasks. A deep understanding of the thread life cycle—from
the moment a thread is instantiated as New, transitioning through Runnable and various Waiting states, until it finally
reaches the Terminated state—is an indispensable skill for any Java developer writing safe and efficient multithreaded
code.

Interface 1 Interface 2

Class

Figure 4.5: Multiple Inheritance via Interfaces
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4.6 Exception Handling in Threads
In traditional, single-threaded Java applications, exception handling is a relatively straightforward process. When an
exception is thrown, it propagates up the call stack until it is caught by a corresponding catch block. If it reaches the
main() method without being caught, the default exception handler kicks in, prints a stack trace, and the application
terminates. However, in a multithreaded environment, the scenario is fundamentally different and significantly more
complex.

Every thread in Java possesses its own independent execution path and call stack. Consequently, an exception
thrown within one thread does not automatically propagate to other threads. If a background worker thread encounters
an unhandled exception, that specific thread will terminate prematurely, but the rest of the application—including the
main thread and other worker threads—will continue to execute normally. This isolated failure mode can be both a
blessing and a curse. While it prevents a single failing thread from crashing the entire application, it can also lead to
"silent failures" where a crucial background task dies without the main application realizing it, potentially leaving the
system in an inconsistent state or resulting in data loss.

Definition

Box Thread-Level Exception: An exception that occurs within the execution context of a specific thread. If
the exception is not caught within the thread’s run() method, it becomes an uncaught exception, leading to the
termination of that thread without necessarily affecting the lifecycle or execution of other concurrent threads in
the Java Virtual Machine (JVM).

4.6.1 Checked vs. Unchecked Exceptions in Threads

To understand how to handle exceptions in threads effectively, we must first revisit the fundamental distinction between
checked and unchecked exceptions, and how they interact with the Runnable interface.

The Runnable interface, which is the foundational way to define tasks for threads in Java, specifies a single method
to encapsulate the code that the thread will execute:

public abstract void run();

Notice that the method signature does not include a throws clause. According to Java’s strict method overriding rules,
a subclass or an implementing class cannot declare new or broader checked exceptions in the throws clause than those
declared by the method being overridden. Because Runnable.run() does not declare any checked exceptions, you are
strictly prohibited from throwing checked exceptions (such as IOException, SQLException, or InterruptedException)
directly out of the run() method.
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Key Concept

Concept Method Overriding Constraints for Threads: When implementing the run() method for a thread,
any checked exception that might be thrown by the code inside must be caught and handled within the run()
method itself. You cannot propagate checked exceptions to the caller (which, in the context of thread execution,
is the JVM itself).

If your thread performs operations that are prone to checked exceptions—such as reading from a file system,
communicating over a network socket, or querying a relational database—you must enclose those operations in a
comprehensive try-catch block within the thread’s execution block.

Example

Example: Handling Checked Exceptions within run()

class FileProcessor implements Runnable {
@Override
public void run() {

try {
// Thread.sleep() throws the checked InterruptedException
System.out.println(Thread.currentThread().getName() + " is going to sleep.");
Thread.sleep(2000);
System.out.println(Thread.currentThread().getName() + " woke up.");

} catch (InterruptedException e) {
// The checked exception MUST be handled internally here
System.err.println("Thread was interrupted: " + e.getMessage());

// Best practice: Restore the interrupted status so other code can react
Thread.currentThread().interrupt();

}
}

}

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

Thread t = new Thread(new FileProcessor(), "Worker-Thread-1");
t.start();

}
}

While checked exceptions are enforced by the Java compiler, forcing you to handle them, unchecked excep-
tions (subclasses of RuntimeException and Error, such as NullPointerException, ArithmeticException, or
IllegalArgumentException) do not need to be declared or explicitly caught. If an unchecked exception occurs
and is not caught inside the run() method, it will bubble up, bypass the method boundary, and cause the thread to
terminate abruptly.

4.6.2 The Problem of Uncaught Exceptions

When an unchecked exception bubbles up to the very top of the thread’s call stack (i.e., it entirely escapes the run()
method), the thread is considered to have died due to an "uncaught exception."

In a robust, production-grade application, you generally need to know if a thread has failed. Perhaps you need to log
the error to a monitoring system, release critical resources held by the thread (like file locks or database connections),
restart the thread to maintain resilience, or notify the end user. If you simply rely on the default behavior, the JVM
will print the exception’s stack trace to the standard error stream (System.err) and destroy the thread. In server
environments or background services where console output might not be actively monitored, preserved, or might be
drowned out by other logs, this leads to the dreaded "silent death" of threads.
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Important / Warning

Warning: Silent Thread Death
If a critical background thread (e.g., a thread processing a continuous queue of user requests, or a timer thread
polling a sensor) throws a RuntimeException and dies, the rest of the application might hang or severely misbehave
if it depends on that thread’s results or continuous operation. Always ensure that your threads either contain a
top-level try-catch for RuntimeException, or utilize an appropriate UncaughtExceptionHandler.

4.6.3 The UncaughtExceptionHandler Interface

To provide developers with a reliable hook to intercept and handle exceptions that cause a thread to terminate, Java
provides the Thread.UncaughtExceptionHandler interface. This interface is defined directly within the Thread class
and contains a single method, making it a functional interface compatible with lambda expressions:

@FunctionalInterface
public interface UncaughtExceptionHandler {

void uncaughtException(Thread t, Throwable e);
}

When a thread is about to terminate due to an uncaught exception, the JVM queries the thread for its configured
UncaughtExceptionHandler and invokes the uncaughtException method, passing in the terminating thread instance
(t) and the exception that caused the failure (e). This provides a final opportunity to log the error, clean up resources
gracefully, or trigger alerts.

Java allows you to set the UncaughtExceptionHandler at three distinct levels of granularity, offering high flexibility
in designing your application’s error-handling strategy:

1. Per-Thread basis: An isolated handler specific to an individual thread.

2. ThreadGroup basis: A shared handler specific to a defined group of threads.

3. Global/Default basis: A universal fallback handler for all threads running in the application.

1. Setting a Per-Thread Handler

You can assign a highly specific handler to an individual thread using the setUncaughtExceptionHandler() method.
This approach is ideal when you have a particular thread with specialized cleanup requirements that differ from the
rest of the application.

Example

Example: Thread-Specific Uncaught Exception Handler

class RiskyTask implements Runnable {
@Override
public void run() {

System.out.println(Thread.currentThread().getName() + " is running.");
// Purposely throwing an unchecked exception to simulate a crash
throw new RuntimeException("A critical computation failed!");

}
}

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

Thread worker = new Thread(new RiskyTask(), "Risky-Worker-Thread");

// Setting the exception handler explicitly for this specific thread
worker.setUncaughtExceptionHandler(new Thread.UncaughtExceptionHandler() {

@Override
public void uncaughtException(Thread t, Throwable e) {

System.out.println("ALERT: Thread ’" + t.getName() +
"’ died due to exception: " + e.getMessage());

// In a real application, you would log to a file or monitoring tool here.
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}
});

worker.start();
}

}

In this example, when the RuntimeException is thrown, the program will not print the standard lengthy red stack
trace to the console. Instead, it will neatly print the custom alert message defined in our handler, demonstrating that
we have successfully intercepted the thread’s termination and handled it on our terms.

2. The Default Uncaught Exception Handler

If you want to ensure that absolutely no thread in your entire application dies silently without logging, you can set a
global, default exception handler using the static method Thread.setDefaultUncaughtExceptionHandler().

This default handler serves as a crucial safety net. It will be invoked for any thread that dies from an uncaught
exception, provided that the specific thread (or its parent ThreadGroup) does not have its own more specific handler
configured.

Example

Example: Global Default Uncaught Exception Handler

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

// Set a global default handler at application startup
Thread.setDefaultUncaughtExceptionHandler((t, e) -> {

System.err.println("[GLOBAL FALLBACK HANDLER] Caught exception in thread " +
t.getName() + " | Cause: " + e.toString());

// Optionally print stack trace manually
// e.printStackTrace(System.err);

});

// Thread 1: Will fail due to an ArithmeticException
Thread t1 = new Thread(() -> {

int result = 10 / 0;
}, "Math-Thread");

// Thread 2: Will fail due to a NullPointerException
Thread t2 = new Thread(() -> {

String str = null;
System.out.println(str.length());

}, "String-Thread");

t1.start();
t2.start();

}
}

In a large, complex application such as an enterprise web server or a desktop GUI application, setting a default
handler is widely considered a mandatory best practice. It guarantees that all unforeseen runtime anomalies and bugs
are reliably recorded in the application’s central logging system, drastically simplifying post-mortem debugging.

3. ThreadGroup and the Hierarchy of Handlers

Every thread in Java inherently belongs to a ThreadGroup. Thread groups offer a structured way to man-
age and organize multiple threads as a single collective unit. The ThreadGroup class itself implements the
Thread.UncaughtExceptionHandler interface, providing group-level exception handling.

When a thread throws an uncaught exception, the JVM does not simply pick a handler randomly. Instead, it
follows a strict hierarchical resolution process to find the most appropriate and specific handler available:
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1. Thread Specific: The JVM first checks if the terminating thread has an explicit UncaughtExceptionHandler
set directly on it via setUncaughtExceptionHandler(). If so, it invokes it, and the resolution process stops.

2. Thread Group: If no thread-specific handler is found, the JVM delegates the exception to the thread’s immediate
ThreadGroup.

3. Parent Thread Group: The ThreadGroup checks if it has a parent ThreadGroup. If it does, it delegates the
handling to the parent’s uncaughtException method. This bubbling process continues upward until it reaches
the root ThreadGroup (typically the main thread group).

4. Default Handler: If the root ThreadGroup is reached and it doesn’t handle it customly, it checks if a global
default handler has been set via Thread.setDefaultUncaughtExceptionHandler(). If a default handler exists,
it is invoked.

5. Standard Error: If absolutely no default handler is configured anywhere in the chain, the JVM finally falls back
to its default behavior: printing the exception stack trace to System.err (unless the exception is an instance of
ThreadDeath, a special error traditionally used to silently kill threads, which is ignored by default).

Key Concept

Concept Resolution Hierarchy: The search for an uncaught exception handler cascades from the most specific
context to the most general:
Thread-specific Handler → ThreadGroup → Parent ThreadGroups → Global Default Handler → Console Standard
Error (System.err).

4.6.4 Best Practices for Exception Handling in Multithreading

Handling exceptions in concurrent applications is crucial for building resilient, fault-tolerant software. Here is a
summary of best practices to adopt when designing multithreaded systems:

• Catch Exceptions Locally When Possible: The preferred and safest approach is always to catch and handle
exceptions as close to their source as possible. If a thread performs unpredictable work, wrap the main logic
of your run() method in a broad try-catch block. This ensures the thread can recover, execute compensating
logic, or at least shut down gracefully without triggering JVM-level uncaught exception handlers.

• Use Global Handlers for Comprehensive Logging: Always configure a default uncaught exception handler
at the very beginning of your application lifecycle (e.g., in the main method). This global handler should reliably
log the exception details (thread name, full stack trace, timestamp, contextual state) to a persistent file or
monitoring system. This ensures you never lose the root cause of a silent thread death.

• Respect and Restore the Interrupted Status: If you catch an InterruptedException, it means another
part of the system has requested your thread to stop. Merely catching the exception clears the interrupt flag.
Unless you are completely handling the interruption and terminating the thread yourself, you should almost always
restore the flag by calling Thread.currentThread().interrupt(). This allows higher-level logic or subsequent
library calls to recognize that an interruption occurred.

• Do Not Swallow Exceptions: Avoid writing empty catch blocks. Catching an exception and doing nothing
(swallowing it) in a background thread is a fast track to severe debugging nightmares, as failures will happen
invisibly.

• Understand Exception Handling in the Executor Framework: In modern Java development, pro-
grammers rarely create raw Thread objects directly. Instead, the java.util.concurrent package’s Execu-
tor framework (such as ExecutorService) is the standard. It is critical to understand that when sub-
mitting tasks to an ExecutorService using the submit() method, uncaught exceptions do not trigger the
UncaughtExceptionHandler nor do they print to the console. Instead, the exception is caught internally, swal-
lowed, and wrapped inside an ExecutionException. This wrapped exception is only thrown later when you
explicitly call Future.get() to retrieve the result. Failing to call Future.get() means the exception will be lost
forever. Understanding this fundamental difference is vital when migrating from raw threads to modern thread
pools.

By systematically applying these techniques and understanding the underlying handler hierarchy, you can ensure
that your multithreaded Java applications remain robust, predictable, and highly diagnosable, even when unpredictable
runtime errors occur in complex background execution paths.
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4.7 Fundamentals of Exception and Errors

4.7.1 Introduction to Program Execution and Failures

When writing and executing Java applications, developers inevitably encounter situations where the program does not
behave as intended. A robust software application is not merely one that works under ideal conditions, but one that
gracefully handles adverse conditions, unexpected inputs, and system limitations. In Java, abnormal conditions that
disrupt the normal flow of program execution are broadly categorized into Errors and Exceptions. Understanding
the fundamental differences between these two concepts is crucial for designing reliable, fault-tolerant applications.

Key Concept

Concept An application’s resilience is largely determined by its ability to anticipate, detect, and recover from
unexpected runtime events without crashing or corrupting data. Java’s robust exception-handling framework
provides the tools necessary to achieve this resilience.

4.7.2 Fundamentals of Errors in Java

In the context of the Java programming language, an Error represents a severe problem that a reasonable application
should not try to catch or handle. Errors are generally caused by the environment in which the application is running,
specifically the Java Virtual Machine (JVM). When an error occurs, it usually indicates that the JVM has reached a
state from which it cannot recover and further execution is either impossible or dangerous.

Definition

Box Error: An Error is a subclass of java.lang.Throwable that indicates a serious, unrecoverable problem
originating outside the direct control of the application code, typically at the JVM level.
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Errors are typically catastrophic. They might stem from hardware failures, operating system resource depletion, or
internal bugs within the JVM itself. Because these issues are fundamentally beyond the scope of application-level logic,
Java does not require developers to handle them. If an error is thrown, the most common and appropriate outcome is
for the program to terminate immediately, often accompanied by a stack trace printed to the standard error stream.

Common Examples of Errors

Some common scenarios that result in an Error include:

• OutOfMemoryError: This occurs when the JVM cannot allocate an object because it is out of memory, and
no more memory could be made available by the garbage collector. This often happens if the application has a
severe memory leak, attempts to load excessively large datasets into memory at once, or is simply run with an
inadequate heap size allocation.

• StackOverflowError: This is thrown when the application recurses too deeply. Every time a method is called
in Java, a new frame is pushed onto the call stack to store local variables and execution state. If a method calls
itself infinitely (infinite recursion) without a proper base case, the stack space is eventually exhausted, leading to
this error.

• VirtualMachineError: This is an abstract superclass for errors indicating that the JVM is broken or has run
out of resources necessary for it to continue operating. Subclasses include InternalError and UnknownError.

Important / Warning

Never attempt to catch a java.lang.Error using a try-catch block. Attempting to recover from conditions like
OutOfMemoryError is generally futile and can leave your application in an unpredictable, unstable state. The
correct approach to dealing with Errors is to identify their root cause (e.g., fixing a memory leak or increasing
JVM heap size) rather than trying to handle them programmatically.

4.7.3 Fundamentals of Exceptions in Java

Unlike Errors, an Exception represents a condition that a reasonable application might want to catch and recover from.
Exceptions are problems that occur during the execution of a program that disrupt the normal flow of instructions, but
they are generally caused by the application logic, user input, or environmental issues that can be anticipated and
managed.

Definition

Box Exception: An Exception is an event that occurs during the execution of a program that disrupts the normal
flow of instructions. In Java, it is represented by the java.lang.Exception class and its various subclasses.

Exceptions provide a structured and object-oriented way to handle runtime anomalies. In older programming
languages, error handling often involved checking return codes (e.g., a function returning -1 to indicate failure), which
led to error-handling logic being deeply intertwined with normal business logic. This made the code difficult to read
and maintain. Java solves this by allowing developers to separate the "happy path" from the error-handling path using
exceptions. When an exceptional condition arises, an object representing the exception is created and "thrown" to the
runtime system. The runtime system then searches backwards through the call stack to find an appropriate "handler"
(a catch block) to process the exception.

Why Do Exceptions Occur?

Exceptions can be triggered by a wide variety of circumstances, including but not limited to:

• A user entering invalid data (e.g., typing text into a field that explicitly requires a numerical value).

• A file that the program intends to read or write cannot be found on the filesystem or lacks the necessary
permissions.

• A network connection to a remote database or web service is lost in the middle of a transaction.

• The program attempts an illegal mathematical operation, such as dividing an integer by zero.

• The program tries to access an element of an array or a collection using an index that is out of bounds.
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Example

Consider a program that reads configuration settings from a local file. If the file is missing or has been deleted, the
Java FileReader will throw a FileNotFoundException. Instead of crashing the entire program, the application
can catch this exception, log a warning message to a diagnostic file, and gracefully fall back to using default
configuration settings hardcoded in the application.

4.7.4 Key Differences Between Errors and Exceptions

To solidify our understanding, let us summarize the contrasting characteristics of Errors and Exceptions across several
dimensions:

• Recoverability: Exceptions are inherently recoverable; a well-designed program can catch an exception, take
corrective action, and continue execution. Errors are non-recoverable; they signal a catastrophic failure that
warrants immediate termination.

• Origin and Scope: Exceptions usually originate from the application code, improper user inputs, or manageable
environmental factors (like transient network failures). Errors typically originate from the JVM itself or the
underlying hardware infrastructure.

• Type Hierarchy: Exceptions are instances of java.lang.Exception or its subclasses. Errors are instances of
java.lang.Error or its subclasses.

• Handling Strategy: Exceptions should be proactively handled using try-catch blocks or explicitly declared
using the throws keyword to warn calling methods. Errors should generally be ignored by the application code,
allowing the program to fail fast.

4.8 Types of Exceptions in Java
Java provides a rich, complex hierarchy of exception classes to represent different kinds of problems. All exceptions and
errors in Java inherit from the java.lang.Throwable root class. Under Throwable, the hierarchy splits into the two
main branches we have discussed: Error and Exception.

The Exception branch is further subdivided, creating a sophisticated system that categorizes exceptions based
on how the Java compiler expects the developer to handle them. The two primary types of exceptions in Java are
Checked Exceptions and Unchecked Exceptions.

4.8.1 Checked Exceptions (Compile-Time Exceptions)

Checked exceptions are exceptions that are strictly validated and checked by the Java compiler at compile-time. This
means that if a method contains code that has the potential to throw a checked exception, the compiler forces the
developer to acknowledge this possibility. The developer is mandated to either handle the exception immediately
using a try-catch block or declare that the method defers handling by appending the throws keyword to the method
signature.

The core philosophy behind checked exceptions is that they represent conditions outside the immediate, deterministic
control of the program (such as file I/O operations, network connectivity, or database interactions). The Java language
designers believed that programs must anticipate these external failures and write explicit, robust recovery logic.

Definition

Box Checked Exception: An exception that is enforced by the compiler. Classes that extend
java.lang.Exception (excluding java.lang.RuntimeException and its subclasses) are classified as checked
exceptions.

Characteristics of Checked Exceptions

• Compiler Enforcement: The compiler will vehemently refuse to compile the source code, generating a
compile-time error, if a checked exception is neither caught nor declared.

• Unpredictability of Environment: They occur due to external factors that cannot be entirely prevented,
even by writing mathematically perfect code. For instance, a hard drive might mechanically fail exactly when the
program attempts to read a file.
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• Mandatory Recovery Plan: They force developers to consciously design failure states and implement fallback
mechanisms.

Example

Common Checked Exceptions:

• IOException: Thrown when a general input/output operation fails or is interrupted (e.g., reading from a
closed stream).

• FileNotFoundException: Thrown when an attempt to open a file denoted by a specified pathname fails.

• SQLException: Thrown when there is an error interacting with a relational database over JDBC.

• ClassNotFoundException: Thrown when an application tries to dynamically load a class through its string
name (using reflection), but no definition for the class could be found on the classpath.

Key Concept

Concept Use checked exceptions for recoverable conditions where you want to explicitly force the caller of your
method to be aware of the exceptional scenario and write code to handle it.

4.8.2 Unchecked Exceptions (Runtime Exceptions)

Unchecked exceptions are not checked by the compiler at compile-time. These exceptions generally manifest at runtime
and are typically the direct result of programming bugs, logic errors, incorrect assumptions, or improper use of an API.
Because they often represent defects in the code itself (flaws that should be fixed by the developer during testing), the
compiler does not force the developer to handle them.

All unchecked exceptions are subclasses of java.lang.RuntimeException, which itself is a subclass of
java.lang.Exception.

Definition

Box Unchecked Exception: An exception that is not checked by the compiler. Classes that extend
java.lang.RuntimeException are classified as unchecked exceptions.

Characteristics of Unchecked Exceptions

• No Compiler Enforcement: The Java compiler will successfully compile the code even if unchecked exceptions
are completely ignored in the source code.

• Preventability: They can almost always be prevented by writing careful code, thoroughly validating inputs,
and checking the state of objects before invoking operations.

• Indicators of Logical Flaws: They usually point to flaws in the application logic rather than unavoidable
environmental issues. For example, dereferencing a null pointer is a developer mistake, not an environmental
hazard.

Example

Common Unchecked Exceptions:

• NullPointerException: Thrown when an application attempts to use null in a case where an object
instance is required (e.g., calling a method on a null reference).

• ArrayIndexOutOfBoundsException: Thrown to indicate that an array has been accessed with an illegal
index (either a negative number or a number greater than or equal to the array’s size).

• ArithmeticException: Thrown when an exceptional arithmetic condition has occurred, such as dividing an
integer by zero.

• IllegalArgumentException: Thrown to indicate that a method has been passed an illegal, null, or
inappropriate argument.

Textbook for 4341602 Milav Dabgar

https://milav.in


Types of Exceptions in Java 177

Important / Warning

While you can technically catch unchecked exceptions using a try-catch block, it is widely considered an anti-
pattern to do so for normal flow control. Instead of catching a NullPointerException, you should write proactive
code that explicitly checks if a variable is null before attempting to use it. Catching runtime exceptions often
hides fundamental bugs that should be fixed at the source.

4.8.3 Custom Exceptions (User-Defined Exceptions)

In addition to the vast array of built-in exceptions provided by the Java Class Library, developers have the ability to
create their own custom exceptions. Custom exceptions are highly beneficial in large enterprise applications, as they
allow developers to represent domain-specific error conditions clearly and succinctly.

To create a custom exception, a developer simply needs to define a new class that extends an existing exception
class. The choice of the parent class dictates whether the custom exception will be checked or unchecked:

• If the custom exception represents a recoverable business rule violation or an external failure, the class should
extend java.lang.Exception (making it a checked exception).

• If the custom exception represents an incorrect usage of an API or a programming error within the domain, the
class should extend java.lang.RuntimeException (making it an unchecked exception).

Example

If you are building a banking application, you might create an InsufficientFundsException. This is much more
descriptive and domain-relevant than throwing a generic Exception or IllegalArgumentException when a user
attempts to withdraw more money than they have available in their account. By making it a custom exception,
you can also add domain-specific fields, such as the current balance or the attempted withdrawal amount, to aid
in debugging and logging.

4.8.4 Summary of the Exception Hierarchy

To summarize and visualize the structure, we can map out the overarching hierarchy of classes related to errors and
exceptions in Java:

• java.lang.Throwable (The absolute root class for all anomalous events)

– java.lang.Error (Unchecked, JVM level catastrophic failures)
∗ OutOfMemoryError
∗ StackOverflowError

– java.lang.Exception (Checked by default, application level recoverable issues)
∗ IOException (Checked)
∗ SQLException (Checked)
∗ java.lang.RuntimeException (Unchecked, programming errors and logic flaws)

· NullPointerException (Unchecked)
· IllegalArgumentException (Unchecked)

Understanding this hierarchical structure is vital because exception handling mechanisms (specifically catch blocks)
are polymorphic. A catch block designed to catch an Exception will also catch any subclass of Exception (including all
RuntimeExceptions), but it will inherently not catch an Error. Therefore, developers must be precise and intentional
about which exceptions they are trying to handle, ordering their catch blocks from the most specific subclass to the
most general superclass, to ensure application stability, accurate logging, and reliable performance.

java

lang

String Math

util

List

Figure 4.9: Java Package Structure
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4.9 Robustness and Recovery: Exceptions and Errors

4.9.1 Introduction: When Things Go Wrong

No matter how perfectly a programmer writes their logic, software must eventually interact with the chaotic, unpre-
dictable outside world. A user might accidentally type the letter "A" when asked for their age. A network router might
randomly lose power while the application is downloading a file. A database might run out of physical hard drive space.

When these unavoidable external failures occur, the Java Virtual Machine (JVM) panics. If the program does
not have a specific, pre-written plan for handling the failure, the JVM will violently crash, terminating the entire
application instantly and erasing any unsaved data.

To prevent this catastrophic termination, Java utilizes a highly advanced system known as Exception Handling.
This system allows a programmer to intercept a crash right before it happens, isolate the damage, and execute an
emergency recovery plan, allowing the rest of the application to continue running smoothly.

4.9.2 1. The Hierarchy of Failure

In Java, every single type of failure is represented as an Object. When a crash occurs, the JVM literally constructs a
"Failure Object" in RAM and throws it at the application.

All failure objects belong to a massive inheritance hierarchy that ultimately descends from the java.lang.Throwable
class.

The Throwable class splits immediately into two entirely different categories of failure: Errors and Exceptions.

4.9.3 2. Errors: The Unrecoverable Disasters

An Error represents a catastrophic failure of the JVM itself or the physical computer hardware. These are events that
are so massive and destructive that a standard Java program has absolutely no hope of fixing them.

Examples of Errors include:

• OutOfMemoryError: The physical RAM chips inside the computer are 100% full. The JVM cannot allocate a
single byte more.
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Figure 4.11: The Java Failure Hierarchy. Notice the strict split between ‘Error‘ (which cannot be recovered from) and
‘Exception‘ (which can and must be managed).

• StackOverflowError: An infinite loop or infinite recursive method call has completely exhausted the JVM’s
stack memory.

• VirtualMachineError: The core C++ code running the JVM has become corrupted or crashed.

The Rule of Errors: Programmers should never attempt to write code to catch or handle an ‘Error‘. If a
computer runs out of physical RAM, there is nothing your Java code can do to magically manufacture more silicon.
The application must be allowed to crash, and the system administrator must fix the physical hardware.

4.9.4 3. Exceptions: The Recoverable Incidents

An Exception is an abnormal event that disrupts the normal flow of the program, but is entirely recoverable. These
are usually caused by bad user input, temporary network glitches, or missing files.

Because these issues are fixable (e.g., if a file is missing, you can simply ask the user to select a different file), Java
expects developers to write emergency backup code to handle Exceptions.

Exceptions are further divided into two extremely strict categories: Checked Exceptions and Unchecked
Exceptions.

A. Checked Exceptions (Compile-Time Warning)

A Checked Exception is an external, environmental failure that the programmer has zero control over. For example,
trying to read a file from a USB drive. You can write perfect code, but if the user physically unplugs the USB drive
while the program is running, your code will fail.

Because these external failures are highly likely to happen, the Java Compiler becomes paranoid. The compiler
will physically refuse to compile your code unless you write explicit, visible emergency backup code to handle the
potential failure. The compiler "checks" to ensure you are prepared.

Common Checked Exceptions:

• IOException: Thrown when a file is missing, locked, or a hard drive is corrupted.

• SQLException: Thrown when a database server rejects a connection or goes offline.

• ClassNotFoundException: Thrown when the JVM tries to load a library that does not exist.

B. Unchecked Exceptions (Run-Time Errors)

An Unchecked Exception is almost always the result of a stupid, logical mistake made by the programmer.
For example, trying to access index ‘[10]‘ in an array that only has ‘5‘ slots. This isn’t an external environmental

failure; it is simply bad math written by the developer.
Because these exceptions are caused by bad logic, the compiler does not check for them. It assumes you know how

to count. It will compile your code perfectly. The failure will only occur later at Run-Time when the bad math is
actually executed. All Unchecked Exceptions inherit from a special class called RuntimeException.

Common Unchecked Exceptions:

• NullPointerException: The most famous error in Java. Thrown when you try to call a method on a variable
that is currently empty (‘null‘).

• ArrayIndexOutOfBoundsException: Thrown when trying to access a slot outside the borders of an array.

• ArithmeticException: Thrown when doing impossible math, like dividing a number by zero.
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Feature Checked Exception Unchecked Exception

Root Class Inherits directly from
Exception.

Inherits from
RuntimeException.

Compiler Ac-
tion

Compiler strictly forces the
programmer to handle it. Will
not compile otherwise.

Compiler ignores it completely.
Assumes the programmer’s
logic is flawless.

Primary Cause External environment issues
(Network down, missing files,
dead database).

Poor logic or bad math by
the programmer (Index out of
bounds, null references).

When it Fails Compile-Time (if unhandled). Run-Time.

Table 4.1: The critical difference between Checked and Unchecked Exceptions in Java.

AI IMAGE PLACEHOLDER
A side-by-side metaphor. Left side (Checked Exception): A pilot flying through a
violent thunderstorm. He has no control over the storm (the external environment),

so he is strictly required by aviation law to have an emergency parachute and
backup radar. Right side (Unchecked Exception): A driver crashing their car into a
pole because they were texting. The environment was fine; the failure was caused

entirely by the driver’s own bad logic/decisions.

Figure 4.12: Checked exceptions are unavoidable environmental hazards. Unchecked exceptions are preventable logical
mistakes.
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4.9.5 Conclusion

The Exception Handling hierarchy is what separates fragile, amateur scripts from professional, enterprise-grade software.
By cleanly dividing failures into unrecoverable ‘Errors‘ and recoverable ‘Exceptions‘, and further dividing exceptions
into environmental hazards (Checked) and logical flaws (Unchecked), Java forces developers to think critically about
how their application will survive contact with the real world. A professional developer does not just write code for the
"happy path"; they write code that gracefully survives the storm.

4.10 Intercepting the Crash: Try, Catch, and Nested Blocks

4.10.1 Introduction: The Safety Net

When an Exception is thrown inside a Java program, it acts like a high-speed projectile moving straight toward the
core of the JVM. If nothing stops it, it will hit the JVM and instantly crash the entire application.

To prevent this, programmers must deploy a "safety net" to physically intercept the Exception Object in mid-air.
This safety net is constructed using two perfectly paired keywords: try and catch.

By placing risky, failure-prone code inside a ‘try‘ block, we inform the JVM that we are closely monitoring the
situation. If a failure occurs, the JVM will immediately eject from the ‘try‘ block and deploy the emergency backup
code located in the ‘catch‘ block.

4.10.2 1. The Basic try-catch Structure

A ‘try‘ block cannot exist by itself; it must be immediately followed by at least one ‘catch‘ block.

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

System.out.println("Program Started.");

try {
// Risky Code Zone
int division = 100 / 0; // IMPOSSIBLE MATH! JVM THROWS AN EXCEPTION!

// This line is NEVER reached if an exception occurs above it.
System.out.println("The answer is " + division);

} catch (ArithmeticException e) {
// Emergency Backup Plan
System.out.println("CRASH INTERCEPTED! You cannot divide by zero.");
// e.printStackTrace(); // Optional: Prints the red error text to the console

}

System.out.println("Program Continues smoothly...");
}

}

The Execution Flow

If the code inside the ‘try‘ block succeeds, the JVM completely ignores the ‘catch‘ block and moves on. If the code
inside the ‘try‘ block fails, the JVM instantly halts execution of that block. It abandons any remaining lines of code
inside the ‘try‘ and directly jumps into the ‘catch‘ block. Once the ‘catch‘ block finishes executing, the application
gracefully continues running the rest of the program.

4.10.3 2. Multiple Catch Clauses: Specialized Recovery

A single ‘try‘ block might contain several lines of code, and different lines might fail for completely different reasons.
Imagine a program that asks a user for an index, and then attempts to divide a number located at that index in an

array.

1. The user might type "Apple" instead of a number (InputMismatchException).

2. The user might type an index of "99" for an array that only holds 5 items (ArrayIndexOutOfBoundsException).
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TRY Block
Risky Code
(Explosion!)

Skipped Code

CATCH Block
Emergency
Recovery

Program Continues

Exception Thrown

Figure 4.13: The Try-Catch Execution Flow. When a failure occurs, the JVM abandons the rest of the ‘try‘ block and
jumps directly to the ‘catch‘ recovery plan.

3. The math might result in a division by zero (ArithmeticException).

To handle this, a single ‘try‘ block can be followed by multiple catch blocks. The JVM will check each ‘catch‘
block from top to bottom, looking for the first one that matches the specific type of Exception that was thrown.

try {
int index = Integer.parseInt(userInput); // Could fail if text is not a number
int value = myArray[index]; // Could fail if index is too large
int result = 100 / value; // Could fail if value is zero

} catch (NumberFormatException e) {
System.out.println("Error: Please type a valid number!");

} catch (ArrayIndexOutOfBoundsException e) {
System.out.println("Error: That index is outside the array borders.");

} catch (ArithmeticException e) {
System.out.println("Error: Mathematical impossibility.");

} catch (Exception e) {
// The "Catch-All" block. Catches any error we didn’t think of!
System.out.println("An unknown, catastrophic error occurred.");

}

The Rule of Subclassing in Multiple Catches

When stacking multiple catch blocks, you must put the most specific (Child) exceptions at the top, and the
most generic (Parent) exceptions at the bottom.

If you place the generic ‘Exception‘ catch block at the very top, the compiler will throw a fatal error. Because
‘Exception‘ is the parent of all other exceptions, it would instantly catch everything, rendering the specific catch blocks
underneath it "unreachable code."

4.10.4 3. Nested try Statements

In highly complex, multi-stage operations, you may need to write a ‘try‘ block inside of another ‘try‘ block. This is
known as a Nested Try.

Nested tries are common when an application must establish a connection to an external system (Outer Try), and
then perform a series of risky operations once connected (Inner Try).

try {
// OUTER TRY: Attempting to connect to the Database
System.out.println("Connecting to Database...");

try {
// INNER TRY: Attempting a risky math operation during data processing
int result = 50 / 0;

} catch (ArithmeticException e) {
System.out.println("INNER CATCH: Fixed the math error locally.");

}
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// Outer Try continues smoothly because the Inner Try fixed the issue!
System.out.println("Extracting records...");

} catch (SQLException e) {
System.out.println("OUTER CATCH: The Database is completely offline.");

}

The Bubble-Up Effect

If an Inner ‘try‘ block throws an exception, but it does not have a matching ‘catch‘ block to handle it, the exception
does not immediately crash the program. Instead, it "bubbles up" to the Outer ‘try‘ block. If the Outer block has a
matching ‘catch‘, the exception will be intercepted there.

AI IMAGE PLACEHOLDER
A diagram of a medieval castle with concentric defensive walls. The Inner

Courtyard represents the Inner Try-Catch block. A small goblin attack (Exception)
is handled by the local courtyard guards (Inner Catch). If a massive dragon attacks
(Unhandled Exception), the courtyard guards fail, and the threat bubbles up to the

massive Outer Wall defenses (Outer Catch) to be handled globally.

Figure 4.14: Nested Try-Catch blocks act as concentric layers of defense. If a local inner block cannot handle an
exception, it bubbles outward to the parent block.

4.10.5 Conclusion

The ‘try‘ and ‘catch‘ keywords are the fundamental building blocks of robust software. By surrounding dangerous code
with a ‘try‘ block, developers prevent the JVM from initiating a total system crash. By strategically layering multiple
‘catch‘ blocks, they can provide highly specific, user-friendly recovery instructions tailored to the exact type of failure
that occurred. Finally, by nesting these blocks, architects can build complex, multi-layered defensive systems that
isolate local errors without jeopardizing the stability of the larger application.

4.11 Throwing Errors and Guaranteed Execution

4.11.1 Introduction: Taking Control of the Crash

Up until now, we have assumed that Exceptions are only generated by the Java Virtual Machine. When the JVM
encounters an impossible mathematical equation or a missing file, it builds the Exception object and throws it at our
code.

But what if a programmer wants to generate a crash on purpose? What if a user is trying to withdraw $500 from
a bank account that only has $100? The JVM won’t crash—the math (100 − 500 = −400) is perfectly valid. But
structurally, this is a massive business logic failure.

To solve this, Java allows developers to manually manufacture and launch their own Exception objects using the
throw keyword. Furthermore, developers can warn other programmers about dangerous methods using throws, and
guarantee the execution of cleanup code using the finally clause.

4.11.2 1. The throw Keyword: Manual Detonation

The throw keyword (singular) is an action. It is the exact moment a programmer physically launches an Exception
object into the JVM, instantly halting the current method.
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Because an Exception is just a standard Java Object, you must use the ‘new‘ keyword to manufacture it before you
can throw it.

public void withdrawMoney(double amount) {
double currentBalance = 100.0;

if (amount > currentBalance) {
// 1. Manufacture a new Exception Object using ’new’
// 2. Detonate it immediately using ’throw’
throw new IllegalArgumentException("Insufficient Funds!");

}

currentBalance -= amount;
System.out.println("Withdrawal successful.");

}

If a user tries to withdraw $500, the ‘if‘ statement triggers. The JVM hits the ‘throw‘ keyword, immediately aborts
the ‘withdrawMoney()‘ method, and launches the ‘IllegalArgumentException‘ upward to crash the program (unless a
‘try-catch‘ intercepts it).

4.11.3 2. The throws Keyword: The Warning Label

If you write a method that intentionally throws a Checked Exception (an environmental hazard), the Java Compiler
will refuse to compile the file. The compiler demands that you either ‘catch‘ it immediately, or explicitly warn anyone
who might call your method in the future.

The throws keyword (plural) is a warning label glued to the method signature. It does not throw an exception itself;
it simply tells the compiler: "I am not going to handle this error. I am passing the responsibility to whoever calls me."

import java.io.*;

public class FileHandler {

// The ’throws’ keyword warns the compiler:
// "Warning: This method might explode with an IOException!"
public void readFile(String fileName) throws IOException {

// This line can throw a Checked Exception
FileReader reader = new FileReader(fileName);

}
}

Now, if a junior developer tries to use your ‘readFile()‘ method, the compiler will force them to wrap it in a
‘try-catch‘ block. You have successfully passed the buck!

Feature throw (Singular) throws (Plural)

Action vs Warn-
ing

An action. It physically
launches the exception object.

A warning label. It warns
that an exception might be
launched.

Location Placed inside the method
body.

Placed on the method signa-
ture line.

Usage Followed by a specific Object
instance (‘throw new Excep-
tion();‘).

Followed by a Class name
(‘throws Exception ‘).

Table 4.2: The critical differences between ‘throw‘ and ‘throws‘. Beginners frequently confuse the two.
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4.11.4 3. The finally Clause: Guaranteed Execution

When dealing with files, network connections, or databases, a programmer must always "close" the connection when
they are finished to prevent memory leaks.

But what happens if a database connection is opened inside a ‘try‘ block, and then an Exception occurs halfway
through? The JVM will immediately abandon the rest of the ‘try‘ block, meaning the ‘database.close()‘ line will be
skipped, and the connection will remain open forever, slowly bleeding server memory.

To solve this, Java provides the finally block.
The ‘finally‘ block is attached to the very end of a ‘try-catch‘ structure. The code inside a ‘finally‘ block is

100% guaranteed to execute, regardless of whether the ‘try‘ succeeded or failed.

public void processDatabase() {
Database db = new Database();

try {
db.connect();
System.out.println("Processing data...");
int error = 10 / 0; // CRASH! Jumps to catch...
System.out.println("Data processed."); // SKIPPED!

} catch (ArithmeticException e) {
System.out.println("Math error intercepted.");

} finally {
// GUARANTEED EXECUTION
System.out.println("Cleaning up memory...");
db.closeConnection();

}
}

Even if the ‘try‘ block completely crashes, or even if the ‘try‘ block contains a ‘return‘ statement attempting to exit
the method early, the JVM will pause everything, execute the ‘finally‘ block, and only then allow the method to finish
or crash.

try Block catch Block

finally Block(Cleanup Code)

Success

Fail

Recovered

Figure 4.15: The ‘finally‘ block is a bottleneck. Whether the code succeeds smoothly or crashes violently into a catch
block, all execution paths are forced to travel through the ‘finally‘ block before the method ends.

4.11.5 Conclusion

Mastering the complete ‘try-catch-finally‘ structure, along with the ‘throw‘ and ‘throws‘ keywords, gives a developer
absolute control over the flow of a program. They can manually trigger errors when business logic is violated (‘throw‘),
formally warn other developers of dangerous methods (‘throws‘), intercept and repair crashes (‘catch‘), and guarantee
that critical hardware connections are safely closed no matter how violently the system fails (‘finally‘). This is the
foundation of secure, leak-proof enterprise software.

4.12 Custom Failures and the Modern Solution: Optional

4.12.1 Introduction: Beyond the Built-in Limits

The Java standard library comes pre-packaged with dozens of built-in exception classes. ‘ArithmeticException‘ protects
against bad math. ‘IOException‘ protects against dead hard drives. ‘NullPointerException‘ protects against empty
variables.
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AI IMAGE PLACEHOLDER
A metaphor for the ‘finally‘ block. A kitchen is shown. In Scenario A, a chef

successfully bakes a cake. In Scenario B, the oven catches on fire, the chef grabs an
extinguisher (the catch block), and ruins the cake. But in BOTH scenarios, the

final frame shows the chef sweeping the floor and washing the dishes.

Figure 4.16: The ‘finally‘ block ensures the kitchen is always cleaned up, regardless of whether the cooking was a
success or a fiery disaster.

But what if you are writing a video game, and a player tries to cast a magical spell that requires 50 Mana, but they
only have 10 Mana? The JVM has no idea what "Mana" is. There is no built-in ‘NotEnoughManaException‘. If you
use a generic ‘Exception‘ to crash the game, the error logs will be incredibly vague, making debugging a nightmare.

To build truly professional software, developers must learn how to architect their own custom Exception subclasses.
Furthermore, we must explore a modern Java 8 feature—the Optional class—which was introduced specifically to
eliminate the most hated exception in Java history: the dreaded ‘NullPointerException‘.

4.12.2 1. Creating Custom Exception Subclasses

Creating a custom Exception in Java is incredibly simple because it relies entirely on Inheritance.
To create a custom exception, you simply create a brand new Class and force it to ‘extend‘ either the ‘Exception‘

class (if you want it to be a Checked Exception) or the ‘RuntimeException‘ class (if you want it to be an Unchecked
Exception).

Step 1: Architecting the Custom Class

Let us create a custom ‘InsufficientFundsException‘ for a banking application. We will make it a Checked Exception by
extending ‘Exception‘.

// Custom Exception Class
public class InsufficientFundsException extends Exception {

// Custom variable to track exactly how short they were
private double shortfall;

// Constructor
public InsufficientFundsException(double shortfallAmount) {

// Send a custom error message up to the parent Exception class
super("Transaction failed. You are short by: $" + shortfallAmount);
this.shortfall = shortfallAmount;

}

// Custom method
public double getShortfall() {

return shortfall;
}

}

Step 2: Throwing the Custom Exception

Now that our custom failure object exists, we can use the ‘throw‘ keyword to manually launch it when our business
logic is violated. Because it is a Checked Exception, we must also use ‘throws‘ in the method signature.
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public class BankAccount {
private double balance = 100.0;

// Warning label attached!
public void withdraw(double amount) throws InsufficientFundsException {

if (amount > balance) {
double deficit = amount - balance;
// Detonate our custom exception!
throw new InsufficientFundsException(deficit);

}
balance -= amount;

}
}

java.lang.Exception

IOException SQLException

InsufficientFundsException
(Your Custom Code)

extends

Figure 4.17: Custom Exceptions hook directly into the core Java hierarchy. Once your custom class ‘extends Exception‘,
the JVM treats it with the exact same respect as a built-in ‘IOException‘.

4.12.3 2. The Billion Dollar Mistake: NullPointerException

In 1965, computer scientist Tony Hoare invented the concept of ‘null‘ (an empty reference). Decades later, he famously
called it his "Billion Dollar Mistake," because it has caused more software crashes than any other bug in computing
history.

In Java, if you create an object variable but forget to initialize it with ‘new‘, the variable points to ‘null‘. If you try
to call a method on that ‘null‘ variable, the JVM instantly throws a NullPointerException (NPE) and crashes.

String username = null;
// CRASH! You cannot call .length() on nothing!
int length = username.length();

For 20 years, Java developers had to defensively litter their code with ugly ‘if (username != null)‘ checks to prevent
these crashes.

4.12.4 3. The Modern Solution: The Optional Class (Java 8)

To combat the plague of NPEs, Java 8 introduced the Optional<T> class.
An ‘Optional‘ is an intelligent, indestructible "wrapper" box. Instead of passing around naked objects that might

secretly be ‘null‘, you put the object inside the ‘Optional‘ box.
If the box contains an object, it is "Present." If the box is empty, it safely reports "Empty" without crashing the

system.

Creating an Optional

import java.util.Optional;

// Box 1: Contains a real String
Optional<String> activeUser = Optional.of("Alice");

// Box 2: Safely contains NOTHING
Optional<String> missingUser = Optional.empty();
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Using an Optional to Prevent Crashes

Instead of writing ugly ‘!= null‘ checks, the ‘Optional‘ class provides elegant, functional methods to safely extract the
data.

• isPresent(): Returns ‘true‘ if there is an object inside the box.

• ifPresent(Consumer action): Automatically executes a block of code only if the box is full. Does nothing if
empty.

• orElse(T defaultVal): If the box is full, it gives you the object. If the box is empty, it gives you a safe,
pre-defined default value instead of crashing.

// Extracting safely with a Default Value
String safeName1 = activeUser.orElse("Guest"); // Extracts "Alice"
String safeName2 = missingUser.orElse("Guest"); // Extracts "Guest"

// Executing code ONLY if the data exists
activeUser.ifPresent(name -> System.out.println("Hello, " + name));

AI IMAGE PLACEHOLDER
A split-screen metaphor. Left side (Old Java): A developer blindly reaching their
hand into a dark hole labeled ‘null‘, resulting in their hand getting bitten off by a
monster (NullPointerException). Right side (Java 8 Optional): A sleek, high-tech
glass box. The developer can clearly see if the box contains a prize (Data) or is
completely empty, allowing them to safely handle the situation without getting

bitten.

Figure 4.18: The ‘Optional‘ class forces developers to explicitly acknowledge that a variable might be empty, replacing
sudden Run-Time crashes with graceful, compile-time enforced safety checks.

4.12.5 Conclusion

As an application matures, relying solely on generic built-in exceptions becomes a liability. By architecting Custom
Exceptions, a developer can perfectly map their failure states to their specific business logic, making the code incredibly
easy to debug and maintain. Furthermore, by embracing modern features like the ‘Optional‘ class, developers can
systematically eradicate the ‘NullPointerException‘ from their codebase, transforming fragile, crash-prone legacy code
into indestructible, enterprise-grade architecture.

4.13 Concurrency: The Foundations of Multithreading

4.13.1 Introduction: The Illusion of Speed

Imagine a high-end video game like Minecraft. While you are playing, the game must simultaneously render the 3D
graphics on your screen, calculate the physics of a falling block, play the background music, and download map updates
from a multiplayer server.

If this program was written as a standard, single-threaded Java application, it would be unplayable. A single thread
executes code line-by-line in a strict, sequential order. The game would freeze the screen completely for five seconds
while it downloaded the map, then it would play one second of music, and then it would update the graphics.

To make an application perform multiple tasks at what appears to be the exact same time, modern operating
systems and languages utilize Multithreading. A thread is an independent path of execution. By splitting a program
into multiple threads, a developer can force the computer’s processor to juggle dozens of tasks simultaneously.
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4.13.2 1. Multitasking vs. Multithreading

Before diving into Java’s specific implementation, we must distinguish between two similar but distinct concepts.

Process-Based Multitasking (Heavyweight)

A Process is a massive, independent program running on your operating system. For example, having Google Chrome,
Spotify, and Microsoft Word all open at the same time is Process-Based Multitasking.

• Processes are heavily isolated from one another.

• They do not share memory. If Chrome crashes, it usually does not crash Spotify.

• Switching between processes requires a massive amount of CPU power (Context Switching).

Thread-Based Multitasking (Lightweight)

A Thread is a small, dispatchable unit of code running inside a single process. For example, having multiple tabs
open inside Google Chrome, or playing music while editing a document in Word.

• Threads exist within the exact same process and share the exact same memory space (Heap).

• Because they share memory, they can communicate with each other instantly.

• Switching between threads is incredibly fast and requires very little CPU power.

Operating System (Windows / Linux)

Process 1 (Spotify)

Thread A (UI)

Thread B (Audio)

Thread C (Network)

Process 2 (Word)

Thread X (Typing)

Thread Y (Spellcheck)

Thread Z (Autosave)

Figure 4.19: The relationship between Processes and Threads. A Process is a heavy, isolated container. Threads are
the lightweight, concurrent workers operating inside that container.

4.13.3 2. The Java Thread Model

Unlike many older programming languages that relied entirely on the operating system to manage concurrency, Java
was designed from the ground up to support multithreading natively. The JVM contains a highly advanced scheduler
that manages the execution of threads.

Context Switching (Time Slicing)

If a computer only has one physical CPU core, it is a physical impossibility for it to do two things at the exact same
millisecond.

To create the illusion of simultaneous execution, the JVM uses Time Slicing. The JVM gives Thread A the CPU
for 10 milliseconds, then violently pauses Thread A, gives the CPU to Thread B for 10 milliseconds, pauses B, gives it
to Thread C, and then loops back to Thread A. Because the CPU switches between these threads thousands of times
per second, the human eye perceives them as running simultaneously.

Thread States (The Lifecycle)

The JVM strictly tracks the current state of every thread. A thread in Java can exist in one of several distinct states:

1. New: The thread object has been created in RAM using ‘new‘, but the ‘start()‘ method has not been called yet.

2. Runnable: The thread is fully ready to execute and is waiting in line for the JVM to give it a slice of CPU time.
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3. Running: The thread currently owns the CPU and is actively executing code.

4. Blocked / Waiting: The thread has been paused (e.g., waiting for a file to download, or waiting for a locked
resource to become available). It consumes zero CPU power while in this state.

5. Dead (Terminated): The thread has finished executing all its code. It cannot be restarted.

AI IMAGE PLACEHOLDER
A diagram of a busy restaurant kitchen. The Chef (CPU) is rapidly switching
between a pot of boiling pasta (Thread A), a searing steak (Thread B), and

chopping vegetables (Thread C). He only works on one item at a time, but he
switches between them so rapidly that all three meals finish cooking at roughly the

same time.

Figure 4.20: Time-Slicing. A single processor rapidly bounces between multiple threads to create the illusion of true
concurrency.

4.13.4 3. The Main Thread

When you double-click a Java application or run it from the command line, the JVM boots up. Before you even write
a single line of multithreading code, the JVM automatically creates and launches exactly one thread to execute your
program. This is known as the Main Thread.

The Main Thread is the heart of every Java application.

• It is the thread that executes the ‘public static void main(String[] args)‘ method.

• It is the thread from which all other "child" threads will be spawned.

• It must be the absolute last thread to finish executing. If the Main Thread dies prematurely, the entire application
shuts down.

Controlling the Main Thread

Because the Main Thread is just a standard Java Thread object, you can actually capture it using the
‘Thread.currentThread()‘ method and manipulate it.

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

// 1. Capture the Main Thread
Thread t = Thread.currentThread();

System.out.println("Current thread: " + t.getName());

// 2. Rename the Main Thread!
t.setName("MySuperThread");
System.out.println("Renamed thread: " + t.getName());

try {
System.out.println("Pausing for 3 seconds...");
// 3. Force the Main Thread to go to sleep
Thread.sleep(3000);

Textbook for 4341602 Milav Dabgar

https://milav.in


Birthing Threads: Creation and the Lifecycle 191

System.out.println("Waking up!");

} catch (InterruptedException e) {
System.out.println("The sleep was violently interrupted.");

}
}

}

In the code above, ‘Thread.sleep()‘ physically forces the Main Thread to move from the "Running" state into the
"Blocked/Waiting" state for exactly 3,000 milliseconds.

Notice that ‘Thread.sleep()‘ throws an ‘InterruptedException‘. This is a Checked Exception, meaning the
compiler legally forces you to wrap the ‘sleep()‘ command in a ‘try-catch‘ block. The JVM demands a backup plan in
case another part of the system violently wakes the thread up before the 3 seconds have passed.

4.13.5 Conclusion

Multithreading is the ultimate tool for maximizing modern hardware. By understanding the difference between heavy
OS-level Processes and lightweight JVM-level Threads, developers can begin to build highly responsive applications. The
entire architecture revolves around the Main Thread—the primary worker created by the JVM at startup, responsible
for both executing the core logic and spawning any secondary background threads required to keep the application fast,
fluid, and concurrent.

4.14 Birthing Threads: Creation and the Lifecycle

4.14.1 Introduction: Building the Workforce

While the JVM automatically creates the Main Thread to execute your program, a true concurrent application requires
a massive workforce of secondary, background threads to handle heavy processing, file downloads, and user interactions
simultaneously.

But how does a programmer actually spawn a new thread? In Java, there are two distinct architectural pathways
to build a custom thread: extending the built-in ‘Thread‘ class, or implementing the lightweight ‘Runnable‘ interface.
Once a thread is created, it embarks on a strict, highly regulated journey through the JVM’s memory known as the
Thread Lifecycle.

4.14.2 1. Creating a Thread: Extending the Thread Class

The most direct way to create a thread is to use standard Object-Oriented Inheritance. Java provides a built-in class
named java.lang.Thread. You simply create a custom class and ‘extend‘ it.

The run() Method

When you extend the ‘Thread‘ class, you inherit dozens of complex methods for managing CPU time. However, the
most critical method is run(). The ‘run()‘ method is the literal "job description" for your thread. Whatever code you
place inside this method is the code the new thread will execute simultaneously in the background.

// Step 1: Extend the Thread class
public class DownloadThread extends Thread {

// Step 2: Override the run() method
@Override
public void run() {

for (int i = 1; i <= 3; i++) {
System.out.println("Downloading chunk " + i + "...");
try {

Thread.sleep(1000); // Simulate heavy network traffic
} catch (InterruptedException e) { }

}
System.out.println("Download complete!");

}
}
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The start() Method

A massive beginner mistake is attempting to launch the thread by calling ‘myThread.run()‘. Do not do this. Calling
‘run()‘ directly just executes the method synchronously on the Main Thread, completely defeating the purpose of
multithreading.

To actually launch a new, parallel path of execution, you must call start(). The ‘start()‘ method tells the JVM to
allocate physical memory, register the new thread with the operating system, and then the JVM will secretly call your
‘run()‘ method in the background.

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

System.out.println("Main Thread starts.");

// Create the custom thread object
DownloadThread t1 = new DownloadThread();

// LAUNCH THE PARALLEL THREAD!
t1.start();

System.out.println("Main Thread finishes.");
}

}

Output:

Main Thread starts.
Main Thread finishes.
Downloading chunk 1...
Downloading chunk 2...
Downloading chunk 3...
Download complete!

Notice how the Main Thread completely finishes and exits before the Download Thread even finishes its first chunk!
The two threads are operating entirely independent of one another.

4.14.3 2. Creating a Thread: Implementing Runnable

There is a fatal architectural flaw with extending the ‘Thread‘ class. Java strictly forbids Multiple Inheritance. If you
write ‘class DownloadThread extends Thread‘, your class is now permanently locked. It can never inherit from any
other class (like ‘extends NetworkTask‘).

To solve this, Java provides the Runnable interface. This is the preferred, modern way to create threads. It
separates the "Job" (the Runnable) from the "Worker" (the Thread).

// Step 1: Implement the Runnable Interface
public class AudioJob implements Runnable {

// Step 2: Provide the job description
@Override
public void run() {

System.out.println("Playing background music...");
}

}

To launch this, you must construct a blank ‘Thread‘ (the Worker) and pass the ‘Runnable‘ (the Job) into its
constructor.

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

// 1. Create the Job
AudioJob myJob = new AudioJob();

Textbook for 4341602 Milav Dabgar

https://milav.in


Birthing Threads: Creation and the Lifecycle 193

// 2. Hire a Worker, and hand them the Job
Thread worker = new Thread(myJob);

// 3. Tell the worker to start
worker.start();

}
}

Feature Extending Thread Implementing Runnable

Inheritance Consumes your one allowed
‘extends‘. You cannot inherit
from anything else.

Leaves your ‘extends‘ keyword
free for other architectural
needs.

Coupling Tightly couples the task logic
to the thread management me-
chanics.

Cleanly separates the "Task"
from the "Thread Manager".

Industry Use Rare. Used only when heav-
ily modifying the internal me-
chanics of a Thread.

Standard. The universally
preferred method in modern
Java.

Table 4.3: Comparing the two methods of thread creation. ‘Runnable‘ is overwhelmingly preferred in enterprise
development.

4.14.4 3. The Lifecycle of a Thread

From the moment you use the ‘new‘ keyword until the moment the ‘run()‘ method finishes, a Thread transitions
through a strict sequence of states managed by the JVM’s Thread Scheduler.

New Runnable Running

Blocked / Waiting

Dead
start()

Scheduler selects

Time slice expires
sleep()
I/O wait
Lock wait

Wake up
I/O done

Lock freed

run() ends

Figure 4.21: The Java Thread Lifecycle. Notice the infinite loop between ‘Runnable‘ and ‘Running‘ caused by the
CPU’s time-slicing algorithm. Also notice that a thread cannot go directly from ‘Blocked‘ to ‘Running‘; it must return
to the ‘Runnable‘ line first.

1. New (Born State): The object exists in memory (‘Thread t = new Thread();‘), but the OS does not know
about it yet.

2. Runnable (Ready State): You have called ‘t.start()‘. The thread is now waiting in line. It is ready to run, but
the CPU is currently busy helping another thread.

3. Running (Execution State): The Thread Scheduler selects the thread from the line and gives it the CPU.
The ‘run()‘ method is actively executing.

4. Blocked / Waiting (Non-Runnable State): The thread is forced to pause. This happens if it calls
‘Thread.sleep()‘, if it is waiting for a massive file to read from the hard drive, or if it is waiting for a user to type
a password. The thread consumes zero CPU cycles while in this state. Once the wait is over, it moves back to the
Runnable line.

5. Dead (Terminated State): The ‘run()‘ method reaches its final closing brace ‘‘. The thread dies. The JVM
destroys the physical thread structure. A dead thread can never be restarted.
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AI IMAGE PLACEHOLDER
A metaphor for the Thread Lifecycle using a rollercoaster. New: People buying

tickets. Runnable: People waiting in a long line, fully strapped into the cart,
waiting for the operator to push the button. Running: The cart is rocketing down

the track. Blocked: The cart is paused at the top of a hill waiting for the track
ahead to clear. Dead: The ride is over, and the people exit the park.

Figure 4.22: The strict transitions of a Thread. Understanding these transitions is critical to debugging "frozen" or
"deadlocked" applications.

4.14.5 Conclusion

Whether you create a thread by violently hijacking the built-in ‘Thread‘ class via inheritance, or by elegantly passing a
‘Runnable‘ job to a generic worker, the fundamental result is the same: the birth of a concurrent path of execution.
Understanding how these threads are born, how they wait in the ‘Runnable‘ line, how they execute in the ‘Running‘
state, and how they sleep in the ‘Blocked‘ state is the absolute foundation of writing fast, efficient, and responsive Java
applications.

4.15 Controlling the Chaos: Synchronization and Communication

4.15.1 Introduction: The Danger of Concurrency

Multithreading is incredibly powerful, but it introduces a terrifying new class of bugs into software development. What
happens if two completely independent threads try to modify the exact same bank account balance at the exact same
millisecond?

If Thread A reads the balance as $100 and prepares to deposit $50, while Thread B simultaneously reads the
balance as $100 and prepares to withdraw $20, the final balance will be corrupted. Depending on which thread finishes
its math a microsecond faster, the balance will incorrectly overwrite the other’s work. This catastrophic event is known
as a Race Condition.

To prevent these race conditions, developers must act as traffic controllers. We must set priorities, lock down critical
resources, force threads to wait for one another, and establish secure lines of communication between them.

4.15.2 1. Thread Priorities

When multiple threads are sitting in the "Runnable" line waiting for CPU time, the JVM’s Thread Scheduler has to
decide who goes next. By default, the Scheduler uses a "Time-Slicing" algorithm that treats all threads equally.

However, a programmer can manually assign a Priority to a thread to influence the Scheduler. In Java, thread
priorities are represented by an integer ranging from ‘1‘ to ‘10‘.

• Thread.MIN_PRIORITY (1): The lowest priority. Only gets CPU time if no one else needs it (e.g., a background
garbage collection task).

• Thread.NORM_PRIORITY (5): The default priority assigned to every new thread (including the Main Thread).

• Thread.MAX_PRIORITY (10): The absolute highest priority. The scheduler will desperately try to give this thread
as much CPU time as possible (e.g., rendering user interface animations to prevent lag).

Thread audioThread = new Thread(new AudioJob());
audioThread.setPriority(Thread.MAX_PRIORITY); // Pushed to the front of the line!
audioThread.start();

Warning: Setting a thread to Priority 10 does not guarantee it will run uninterrupted forever. It is merely a strong
suggestion to the JVM’s Scheduler. The Operating System ultimately holds absolute power over CPU allocation.
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4.15.3 2. Thread Synchronization

To solve the "Race Condition" problem mentioned in the introduction, Java provides the synchronized keyword.
When you place the ‘synchronized‘ keyword on a method, you are legally transforming that method into a locked

vault. The JVM ensures that only one thread is allowed inside a synchronized method at a time.
If Thread A enters the method, the JVM locks the door. If Thread B arrives a millisecond later, it is violently

blocked and forced to wait outside in the "Blocked" state until Thread A finishes its work and unlocks the door.

public class BankAccount {
private int balance = 100;

// The ’synchronized’ keyword acts as a vault door!
public synchronized void deposit(int amount) {

int temp = balance;
temp = temp + amount;

try { Thread.sleep(100); } catch(Exception e) {} // Simulate delay

balance = temp;
System.out.println("Deposited. New balance: " + balance);

}
}

Because the ‘deposit‘ method is synchronized, it is impossible for two threads to read the ‘balance‘ simultaneously.
The math is protected, and the Race Condition is eliminated.

Synchronized Method

Shared Data

Thread A
Executing...

Thread B

Thread C

LOCK

Blocked

Blocked

Figure 4.23: Thread Synchronization. The JVM places a strict lock on the method. Only one thread can possess the
lock at a time, forcing all other threads to queue up and wait.

4.15.4 3. Inter-Thread Communication

Sometimes, locking the vault isn’t enough. What if Thread A (The Producer) is generating data and putting it in the
vault, and Thread B (The Consumer) is taking data out of the vault? If Thread B arrives and the vault is empty, it
shouldn’t just crash. It needs a way to talk to Thread A and say: "Hey, I’m going to sleep. Wake me up when you put
some data in here."

Java provides three final, immensely powerful methods built into the ‘Object‘ class for Inter-Thread Communication.
These methods can only be used inside a ‘synchronized‘ block.

• wait(): The thread instantly drops the lock, exits the method, and goes into a deep sleep. It will not wake up
until someone explicitly calls it.

• notify(): Wakes up exactly one single thread that is currently sleeping via ‘wait()‘.

• notifyAll(): Violently wakes up every single thread that is currently sleeping via ‘wait()‘.

public synchronized void consumeData() {
while (dataAvailable == false) {

try {
wait(); // Go to sleep until data arrives!
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} catch (InterruptedException e) {}
}
System.out.println("Data consumed!");

}

public synchronized void produceData() {
dataAvailable = true;
notify(); // Wake up the sleeping consumer!

}

4.15.5 4. isAlive() and join()

When the Main Thread spawns a background thread to calculate a massive mathematical equation, the Main Thread
cannot simply continue its work immediately—it needs the answer! It must wait for the background thread to finish
and die.

The isAlive() Method

The ‘isAlive()‘ method returns ‘true‘ if a thread has been started and has not yet died. A programmer can use an ugly
‘while‘ loop to repeatedly check if the thread is still breathing.

Thread mathThread = new Thread(new HeavyMathJob());
mathThread.start();

// Ugly, inefficient busy-waiting
while (mathThread.isAlive()) {

System.out.println("Still waiting...");
}
System.out.println("Math Thread is dead. I have the answer!");

The join() Method

Using ‘isAlive()‘ in a ‘while‘ loop is terrible for CPU performance. The professional, elegant solution is the join()
method.

When the Main Thread calls ‘mathThread.join()‘, the Main Thread immediately goes into the "Blocked" state. It
goes to sleep, and the JVM guarantees it will not wake up until ‘mathThread‘ officially dies.

Thread t1 = new Thread(new HeavyMathJob());
t1.start();

try {
// The Main Thread pauses here permanently until t1 dies!
t1.join();

} catch (InterruptedException e) {}

System.out.println("t1 has died. Main thread resuming safely.");

4.15.6 Conclusion

A truly robust Java application requires masterful orchestration of its workforce. By utilizing Thread Priorities,
developers ensure critical tasks get maximum CPU time. By locking methods with the ‘synchronized‘ keyword,
developers completely eradicate data corruption and race conditions. Finally, by utilizing ‘wait()‘, ‘notify()‘, and
‘join()‘, developers can choreograph complex, multi-stage workflows where dozens of threads seamlessly pass data back
and forth without ever stepping on each other’s toes.

4.16 Concurrency Collisions: Exception Handling in Threads
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AI IMAGE PLACEHOLDER
A visual metaphor for ‘join()‘. A construction manager (Main Thread) tells a crane

operator (Thread 1) to lift a steel beam. Instead of repeatedly yelling "Are you
done yet?" every second (which represents ‘isAlive()‘), the manager sits in a chair
and falls asleep. When the crane operator finishes the job, he drops the steel beam

into place, which wakes the manager up (representing ‘join()‘).

Figure 4.24: The ‘join()‘ method elegantly pauses the calling thread until the target thread completely finishes its
lifecycle.

4.16.1 Introduction: The Silent Death of a Worker

In a standard, single-threaded Java application, if an unhandled Exception is thrown, the entire program instantly
crashes, printing a massive red error trace to the console. The failure is loud, obvious, and demands immediate attention
from the developer.

However, when an application utilizes multithreading, the rules of failure change dramatically. If a background
thread encounters an unhandled Exception, that specific thread dies instantly—but the rest of the application continues
running.

This creates a terrifying scenario: "The Silent Death." Imagine a server application with 50 background threads
processing financial transactions. If a bug causes Thread #12 to crash, the other 49 threads will keep working. The
Main Thread will keep working. The server will not shut down. Unless the programmer has implemented robust Thread
Exception Handling, Thread #12 will vanish into the void, silently taking its data with it, and no one will ever know it
crashed until a customer complains about a missing transaction.

4.16.2 1. The Thread-Boundary Rule

The most critical rule to understand about exceptions in a multithreaded environment is the Thread Boundary
Rule: An exception cannot jump from one thread to another.

If the Main Thread spawns a Background Thread, and the Background Thread crashes, you cannot catch that
crash inside the Main Thread’s code.

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

Thread riskyThread = new Thread(() -> {
// This will crash!
int badMath = 50 / 0;

});

try {
riskyThread.start(); // Launch the background thread

} catch (Exception e) {
// THIS CATCH BLOCK WILL NEVER EXECUTE!
System.out.println("Main Thread caught the error!");

}

System.out.println("Main Thread happily continues...");
}

}

In the code above, the ‘try-catch‘ block is completely useless. The ‘try‘ block only monitors the exact path of the
Main Thread. The ‘start()‘ method succeeds perfectly (launching the new thread), so the Main Thread leaves the ‘try‘
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block and moves on. Milliseconds later, the ‘riskyThread‘ explodes on its own separate path of execution, completely
outside the jurisdiction of the Main Thread’s ‘catch‘ block.

Main Thread

Try-Catch Net

Background ThreadCRASH

Exception cannot
cross the gap!

Figure 4.25: The Thread Boundary. Exceptions are strictly confined to the thread that threw them. A ‘try-catch‘ net
on the Main Thread cannot intercept an explosion happening on a parallel track.

4.16.3 2. Localized Exception Handling

Because exceptions cannot cross thread boundaries, the most fundamental way to handle an exception in a thread is to
place a ‘try-catch‘ block directly inside the thread’s ‘run()‘ method.

public class SafeWorker implements Runnable {
@Override
public void run() {

// The net MUST be inside the run() method!
try {

System.out.println("Worker starting...");
int calc = 100 / 0; // Local explosion

} catch (ArithmeticException e) {
System.out.println("Worker successfully repaired its own math error.");

}
}

}

This is effective for predictable, recoverable errors. However, it violates a core principle of software architecture:
Separation of Concerns. The ‘run()‘ method should focus on business logic (calculating math), not on heavy error
logging and global system alerts.

4.16.4 3. The Uncaught Exception Handler

What happens if a thread throws an Unchecked Exception (like a ‘NullPointerException‘), and the developer forgot to
put a ‘try-catch‘ block inside the ‘run()‘ method? The thread will die instantly.

To prevent the "Silent Death" scenario, Java 5 introduced a massive architectural upgrade: The
UncaughtExceptionHandler interface.

This interface acts as a global "last resort" safety net. You can attach this handler directly to a thread object before
you start it. If the thread explodes and the ‘run()‘ method fails to catch the exception, the JVM will pause the thread’s
death sequence, capture the Exception object, and hand it to your custom Handler for final processing.

Creating and Attaching a Handler

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

Thread worker = new Thread(() -> {
throw new RuntimeException("A catastrophic, unexpected failure!");

});

// Attaching the Global Safety Net BEFORE starting the thread
worker.setUncaughtExceptionHandler(new Thread.UncaughtExceptionHandler() {

@Override
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public void uncaughtException(Thread t, Throwable e) {
// This code executes right as the thread dies!
System.out.println("ALERT! Thread " + t.getName() + " died!");
System.out.println("Reason: " + e.getMessage());
// In a real app, you would write this to a server log file here.

}
});

worker.start();
}

}

The Default Uncaught Exception Handler

If you have 500 threads, manually attaching an ‘UncaughtExceptionHandler‘ to every single one is tedious. Java
provides a static method to set a single, universal safety net for every thread in the entire application.

// Set this once at the very beginning of your program
Thread.setDefaultUncaughtExceptionHandler((t, e) -> {

System.out.println("GLOBAL ALERT: " + t.getName() + " exploded with " + e);
});

AI IMAGE PLACEHOLDER
A graphic of an acrobat (a Thread) falling from a high tightrope. The acrobat was

supposed to use their own parachute (a local try-catch block), but they forgot.
However, stretched across the entire circus floor is a massive, glowing safety net

(The UncaughtExceptionHandler) that catches the acrobat right before they hit the
ground, triggering a flashing red alarm light.

Figure 4.26: The Uncaught Exception Handler acts as an application-wide safety net, ensuring that no thread can ever
die silently without logging the cause of its death.

4.16.5 4. Checked Exceptions and the Runnable Interface

There is a frustrating quirk when combining Checked Exceptions with multithreading.
If you look at the source code of the ‘Runnable‘ interface, the signature of the ‘run()‘ method looks exactly like this:

public abstract void run(); // Notice: NO ’throws’ keyword!

Because of the strict rules of Method Overriding (learned in Unit 3), when a Child class overrides a Parent’s method,
the Child cannot throw new Checked Exceptions that the Parent didn’t declare.

Therefore, you are legally forbidden from using the throws keyword on a run() method.

public class FileWorker implements Runnable {

@Override
// ERROR! You cannot add ’throws IOException’ here!
public void run() {

// This line throws a Checked Exception (IOException)
FileReader fr = new FileReader("missing.txt");

}
}
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The Solution: Any code inside a ‘run()‘ method that throws a Checked Exception must be handled immediately
with a local ‘try-catch‘ block. You cannot "pass the buck" up the chain, because the thread boundary blocks it.

4.16.6 Conclusion

Handling exceptions in a multithreaded environment requires a complete paradigm shift. A developer must abandon
the idea of a single, linear crash sequence. Instead, they must recognize that threads operate in absolute isolation; an
explosion in Thread A will not inherently alert Thread B. By strictly enforcing local ‘try-catch‘ blocks for Checked
Exceptions, and by deploying universal ‘UncaughtExceptionHandlers‘ to catch fatal logical flaws, an architect guarantees
that their concurrent application remains stable, traceable, and completely immune to the silent death of its workers.

4.17 Thread Priorities
In a multi-threaded environment, the thread scheduler is responsible for allocating CPU time to different threads. While
Java provides a platform-independent thread model, the underlying operating system dictates the actual scheduling
mechanism. To influence the thread scheduler, Java uses the concept of thread priorities. Every thread in Java has a
priority that helps the operating system determine the order in which threads should be scheduled.

Definition

Thread Priority A thread priority is an integer value assigned to a thread that indicates its relative importance.
The thread scheduler uses this priority to decide when a thread should be allowed to run, generally favoring
higher-priority threads over lower-priority ones.

In Java, thread priorities are represented by integer values ranging from 1 to 10. The Thread class defines three
static final constants to represent standard priority levels:

• Thread.MIN_PRIORITY: The minimum priority a thread can have, which is 1.

• Thread.NORM_PRIORITY: The default priority for a thread, which is 5.

• Thread.MAX_PRIORITY: The maximum priority a thread can have, which is 10.

By default, every thread inherits the priority of the thread that created it. The main thread has a default priority
of Thread.NORM_PRIORITY (5). You can retrieve or modify a thread’s priority using the following methods:

• public final int getPriority(): Returns the thread’s current priority.

• public final void setPriority(int newPriority): Changes the thread’s priority to the specified value. If
the value is outside the valid range (1 to 10), it throws an IllegalArgumentException.

Key Concept

Priority-based Preemptive Scheduling Java’s thread scheduler typically employs preemptive scheduling. If a thread
with a higher priority enters the runnable state, the scheduler may preempt the currently running lower-priority
thread, yielding the CPU to the higher-priority thread. However, equal-priority threads are generally scheduled
using round-robin scheduling.

Example

Demonstrating Thread Priorities The following example creates three threads and assigns them different priorities.
The execution sequence will largely favor the highest priority thread.
class PriorityThread extends Thread {

public PriorityThread ( String name) {
super (name);

}
public void run () {

System .out. println ( Thread . currentThread (). getName () + " is running with
priority " + Thread . currentThread (). getPriority ());

}
}

public class PriorityDemo {
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public static void main( String [] args) {
PriorityThread t1 = new PriorityThread ("Thread -Low");
PriorityThread t2 = new PriorityThread ("Thread -Norm");
PriorityThread t3 = new PriorityThread ("Thread -High");

t1. setPriority ( Thread . MIN_PRIORITY ); // Priority 1
t2. setPriority ( Thread . NORM_PRIORITY ); // Priority 5
t3. setPriority ( Thread . MAX_PRIORITY ); // Priority 10

t1.start ();
t2.start ();
t3.start ();

}
}

Important / Warning

Platform Dependency of Thread Priorities Do not rely exclusively on thread priorities for the correctness of your
program. Thread scheduling behavior is highly dependent on the underlying operating system. For instance, some
operating systems might completely ignore thread priorities, while others might map Java’s 10 priorities into a
fewer number of native OS priorities.

4.18 Thread Synchronization

When two or more threads need to access a shared resource (like an object, file, or variable) simultaneously, there is
a risk of data corruption. If one thread modifies the shared resource while another is reading or writing to it, the
application can enter an inconsistent state. This scenario is widely known as a race condition. To prevent race
conditions, Java provides a mechanism called synchronization.

Definition

Thread Synchronization Thread synchronization is a mechanism that ensures only one thread is allowed to access
a shared resource or a critical section of code at a time. It prevents thread interference and memory consistency
errors.

Synchronization in Java is built around an internal entity known as the monitor or intrinsic lock. Every object in
Java has an intrinsic lock associated with it. When a thread wants to execute synchronized code, it must first acquire
the object’s lock. Once it has the lock, no other thread can execute synchronized methods on the same object until the
lock is released.

Java provides two ways to apply synchronization:

1. Synchronized Methods: You can declare an entire method as synchronized by using the synchronized
keyword. When a thread invokes a synchronized method, it automatically acquires the intrinsic lock for that
method’s object and releases it when the method returns.

2. Synchronized Blocks: If you only need to synchronize a specific part of a method, you can use a synchronized
block. It is considered more efficient than a synchronized method because it locks only the critical section of the
code, rather than the entire method.

Example

Thread Synchronization with a Shared Resource In this example, two threads attempt to print a multiplication
table. Without synchronization, their outputs would mix unpredictably. With the synchronized keyword, only
one thread can execute printTable at a time.
class Table {

// Synchronized method
public synchronized void printTable (int n) {

for (int i = 1; i <= 5; i++) {
System .out. println (n * i);
try {
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Thread .sleep (400);
} catch ( Exception e) {

System .out. println (e);
}

}
}

}

class MyThread1 extends Thread {
Table t;
MyThread1 (Table t) { this.t = t; }
public void run () { t. printTable (5); }

}

class MyThread2 extends Thread {
Table t;
MyThread2 (Table t) { this.t = t; }
public void run () { t. printTable (100); }

}

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

Table obj = new Table (); // Shared object
MyThread1 t1 = new MyThread1 (obj);
MyThread2 t2 = new MyThread2 (obj);
t1.start ();
t2.start ();

}
}

Key Concept

The synchronized Block A synchronized block allows you to specify exactly which object’s lock should be acquired.
The syntax is:
synchronized ( objectReference ) {

// Critical section code
}

This minimizes the scope of synchronization, improving performance by not locking the entire method if it contains
long-running operations that do not modify shared states.

4.19 Inter-Thread Communication
While synchronization prevents concurrent threads from interfering with one another, there are scenarios where threads
must communicate. For example, in the classic Producer-Consumer problem, a producer thread creates data and a
consumer thread consumes it. If the buffer is full, the producer must wait. If the buffer is empty, the consumer must
wait. Polling (continuously checking a condition in a loop) wastes CPU cycles. Java solves this using inter-thread
communication methods provided by the Object class.

Definition

Inter-Thread Communication Inter-thread communication is a mechanism in which a thread is paused running in
its critical section and allows another thread to enter (or lock) in the same critical section to be executed.

The three methods used for inter-thread communication are:

• public final void wait(): Causes the current thread to release the lock and wait until another thread invokes
notify() or notifyAll() on the same object. It must be called from within a synchronized context.

• public final void notify(): Wakes up a single thread that is waiting on this object’s monitor. If multiple
threads are waiting, the scheduler arbitrarily chooses one to wake up.
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• public final void notifyAll(): Wakes up all the threads that are waiting on this object’s monitor. Only
one thread will acquire the lock at a time, but all waiting threads are moved to the runnable state.

Important / Warning

Calling wait() and notify() The wait(), notify(), and notifyAll() methods must be called only from
a synchronized method or a synchronized block. If they are called from a non-synchronized block, an
IllegalMonitorStateException will be thrown at runtime.

Example

Producer-Consumer using wait() and notify()
class SharedBuffer {

int data;
boolean hasData = false ;

public synchronized void produce (int value) throws InterruptedException {
while ( hasData ) {

wait (); // Wait until data is consumed
}
data = value;
hasData = true;
System .out. println (" Produced : " + value);
notify (); // Notify the consumer

}

public synchronized void consume () throws InterruptedException {
while (! hasData ) {

wait (); // Wait until data is produced
}
System .out. println (" Consumed : " + data);
hasData = false ;
notify (); // Notify the producer

}
}

4.20 The isAlive() and join() Methods
When managing multiple threads, you often need to know the state of a thread or wait for a thread to finish its
execution before continuing. The Thread class provides two fundamental methods for this purpose: isAlive() (often
colloquially referred to as alive()) and join().

4.20.1 The isAlive() Method

The isAlive() method is used to determine if a thread has been started and has not yet died. It returns a boolean
value: true if the thread is alive (in the Runnable or Blocked state), and false if the thread is in the New state (not
yet started) or Terminated state (completed or stopped).

Definition

isAlive() The isAlive() method tests if the thread is alive. A thread is alive if it has been started and has not
yet completed its execution.

4.20.2 The join() Method

In real-world applications, a main thread might spawn several worker threads to perform complex calculations. The
main thread must wait for all worker threads to finish before aggregating the final results. While you could use a while
loop with isAlive(), this approach wastes CPU cycles (busy waiting). A far better alternative is the join() method.
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Definition

join() The join() method allows one thread to wait until another thread completes its execution. When thread
A calls B.join(), thread A is suspended until thread B terminates.

The join() method is overloaded in three forms:

• public final void join() throws InterruptedException: Waits indefinitely for the thread to die.

• public final void join(long millis) throws InterruptedException: Waits at most millis milliseconds
for the thread to die.

• public final void join(long millis, int nanos) throws InterruptedException: Waits at most millis
milliseconds plus nanos nanoseconds for the thread to die.

If the waiting thread is interrupted while suspended in a join() call, it throws an InterruptedException.
Therefore, the join() method must either be enclosed in a try-catch block or declared in the method signature.

Example

Using join() and isAlive() The following program demonstrates how the main thread waits for three worker threads
to finish using the join() method.
class WorkerThread extends Thread {

public WorkerThread ( String name) {
super (name);

}
public void run () {

System .out. println ( getName () + " started .");
try {

Thread .sleep (1000) ; // Simulate work
} catch ( InterruptedException e) {

System .out. println (e);
}
System .out. println ( getName () + " finished .");

}
}

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

WorkerThread t1 = new WorkerThread ("Thread -1");
WorkerThread t2 = new WorkerThread ("Thread -2");
WorkerThread t3 = new WorkerThread ("Thread -3");

t1.start ();
t2.start ();
t3.start ();

System .out. println ("Thread -1 is alive: " + t1. isAlive ());

try {
System .out. println (" Waiting for threads to finish ...");
t1.join ();
t2.join ();
t3.join ();

} catch ( InterruptedException e) {
System .out. println (e);

}

System .out. println ("Thread -1 is alive: " + t1. isAlive ());
System .out. println ("All threads have finished execution . Main thread exiting .

");
}

}
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Key Concept

Synchronization vs. Joining While join() forces one thread to wait for another to complete completely, wait()
and synchronization deal with managing concurrent access to shared resources and coordinating threads that are
running simultaneously. Both are essential tools for crafting robust multithreaded applications.
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Figure 4.27: Dynamic Method Dispatch
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4.21 The throw and throws Keywords, and the finally Clause
In Java’s exception handling mechanism, relying solely on the default system-generated exceptions is often not enough
for building robust and domain-specific applications. Developers frequently need the ability to explicitly trigger
exceptions under certain business logic conditions or delegate the responsibility of handling exceptions to the calling
methods. This is where the throw and throws keywords come into play. Furthermore, ensuring that critical cleanup
code executes regardless of whether an exception occurs is a fundamental requirement, which is fulfilled by the finally
clause.

In this section, we will explore the throw and throws keywords for manually raising and declaring exceptions, and
understand the critical role of the finally block in resource management.

4.21.1 The throw Keyword

The throw keyword in Java is used to explicitly throw an exception from a method or any block of code. Instead of
waiting for the Java Virtual Machine (JVM) to encounter an error (such as division by zero) and automatically throw
an exception, you can evaluate a condition and use throw to manually raise an exception.
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Definition

Box[The throw Keyword] The throw keyword is a Java statement used to explicitly throw a single exception object
at runtime. It is primarily used to throw custom exceptions or standard exceptions under specific developer-defined
conditions.

Syntax of throw

The syntax requires the throw keyword followed by an instance (object) of a subclass of Throwable.

throw new ExceptionClassName("Error message");

Notice the use of the new keyword. Because exceptions are objects in Java, we must instantiate an exception class
before throwing it.

Throwing an ArithmeticException

Consider a scenario where a user is registering for a system, and the business logic dictates that the user must be
at least 18 years old.

public class AgeValidator {
public static void checkAge(int age) {

if (age < 18) {
// Explicitly throwing an exception
throw new ArithmeticException("Access denied - You must be at least 18.");

} else {
System.out.println("Access granted.");

}
}

public static void main(String[] args) {
checkAge(15);
// The program will terminate here with the thrown exception

}
}

Why Use throw?

The throw keyword is exceptionally useful when:

• Creating Custom Exceptions: When you design a custom exception class tailored to your application’s
domain (e.g., InsufficientFundsException), the JVM does not know when to throw it. You must explicitly
instantiate and throw it using the throw keyword.

• Enforcing Business Rules: To reject invalid input parameters or states early in the execution flow.

Throwing Checked Exceptions

If you use throw to throw a checked exception (e.g., IOException), the compiler will mandate that you either
handle it immediately with a try-catch block or declare it in the method signature using the throws keyword.
Unchecked exceptions (RuntimeException and its subclasses) do not have this strict requirement.

4.21.2 The throws Keyword

While throw is used to cause an exception, the throws keyword is used to declare an exception. It is placed in a
method’s signature to indicate that the method might throw one or more exceptions during its execution, but it does
not intend to handle them itself.

Definition

Box[The throws Keyword] The throws keyword is used in a method declaration to specify that the method may
propagate one or more exceptions up the call stack. It delegates the responsibility of handling the exception to
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the caller of the method.

Syntax of throws

The throws keyword is placed after the method parameters and before the method body’s opening brace. Multiple
exceptions can be declared by separating them with commas.

return_type methodName(parameters) throws ExceptionType1, ExceptionType2 {
// Method body

}

Why Use throws?

In Java, checked exceptions must follow the "Catch or Declare" rule. If a method contains code that could generate a
checked exception (like reading a file which might throw a FileNotFoundException), the compiler forces the developer
to handle it. If the current method is not the appropriate place to handle the error, the developer uses throws to pass
the burden to the caller.

Declaring Exceptions with throws

import java.io.*;

public class FileHandler {
// Declaring that this method might throw an IOException
public static void readFile(String filePath) throws IOException {

FileReader file = new FileReader(filePath);
BufferedReader fileInput = new BufferedReader(file);

System.out.println(fileInput.readLine());
fileInput.close();

}

public static void main(String[] args) {
try {

// The caller MUST handle the exception
readFile("nonexistent_file.txt");

} catch (IOException e) {
System.out.println("An error occurred: " + e.getMessage());

}
}

}

Key Concept

Concept[Duck and Pass] Using the throws clause is colloquially known as "ducking" the exception. The method
refuses to handle the problem and instead alerts the calling environment: "I might encounter these errors, so if
you call me, be prepared to deal with them."

4.21.3 Key Differences Between throw and throws

It is highly common for beginners to confuse the throw and throws keywords. The following table summarizes their
distinct roles:
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Feature throw throws
Purpose Used to explicitly trigger (throw)

an exception.
Used to declare that a method
may throw an exception.

Location Used inside the method body. Used in the method signature.
Followed By Followed by an instance of an ex-

ception (an object).
Followed by exception class
names.

Quantity Can only throw one exception at
a time.

Can declare multiple exceptions,
separated by commas.

Usage Type Typically used for custom or
unchecked exceptions.

Required by the compiler for
checked exceptions.

4.21.4 The finally Clause

Exception handling guarantees that a program doesn’t crash abruptly, but it introduces a new problem: alternate
execution flows. If an exception occurs in a try block, the JVM immediately jumps to the catch block, skipping the
rest of the try block.

If you opened a file or a network connection at the start of the try block, and an exception occurs before you close
it, those resources remain open. This leads to memory leaks and locked resources. To solve this, Java provides the
finally block.

Definition

Box[The finally Block] The finally block is an optional block of code that follows a try or try-catch structure.
The statements inside a finally block are guaranteed to execute regardless of whether an exception is thrown in
the try block, and regardless of whether the exception is caught by a catch block.

Syntax of finally

try {
// Code that might throw an exception

} catch (ExceptionType e) {
// Exception handling code

} finally {
// Cleanup code that ALWAYS executes

}

Execution Scenarios of finally

The power of finally lies in its execution guarantee. Let’s analyze different scenarios:

1. No Exception Occurs: The try block executes entirely. The catch block is skipped. The finally block
executes.

2. Exception Occurs and is Caught: The try block suspends at the point of the error. The matching catch
block executes. Then, the finally block executes.

3. Exception Occurs and is NOT Caught: The try block suspends. No matching catch block is found. The
JVM prepares to terminate the program, but before it does, it executes the finally block.

Resource Cleanup using finally

import java.util.Scanner;

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

Scanner scanner = null;
try {

scanner = new Scanner(System.in);
System.out.print("Enter a number: ");
int num = scanner.nextInt();
System.out.println("You entered: " + num);
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} catch (Exception e) {
System.out.println("Invalid input!");

} finally {
System.out.println("Executing finally block...");
if (scanner != null) {

scanner.close(); // Guaranteeing resource closure
System.out.println("Scanner closed.");

}
}

}
}

When Does finally Not Execute?

While finally is nearly inevitable, there are a few extreme circumstances where it will not execute:
• System.exit(): If System.exit(0) is called in the try or catch block, the JVM shuts down immediately,

bypassing the finally block.

• Fatal JVM Errors: If the JVM crashes entirely or an OutOfMemoryError prevents further execution.

• Infinite Loops / Deadlocks: If a thread gets stuck in an infinite loop or a deadlock inside the try or catch
block, it will never reach the finally block.

• Power Failure: A physical power outage shutting down the hardware running the JVM.

return in a finally block

If a try or catch block contains a return statement, the finally block will still execute before the method
actually returns to the caller. However, if the finally block also contains a return statement, it will override
any return statements in the try or catch blocks. It is considered bad practice to use return inside finally
because it suppresses exceptions and leads to unpredictable behavior.

4.21.5 Putting It All Together

To truly appreciate Java’s exception handling framework, let us look at a comprehensive example that integrates try,
catch, finally, throw, and throws in a single cohesive program.

Comprehensive Exception Handling

class InvalidTransactionException extends Exception {
public InvalidTransactionException(String message) {

super(message);
}

}

public class BankAccount {
private double balance;

public BankAccount(double balance) {
this.balance = balance;

}

// Using ’throws’ to declare the custom checked exception
public void withdraw(double amount) throws InvalidTransactionException {

if (amount > balance) {
// Using ’throw’ to manually trigger the exception
throw new InvalidTransactionException("Insufficient funds!");

} else if (amount <= 0) {
throw new InvalidTransactionException("Amount must be positive.");

}
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balance -= amount;
System.out.println("Withdrawal successful. New balance: " + balance);

}

public static void main(String[] args) {
BankAccount account = new BankAccount(500.0);

try {
System.out.println("Attempting withdrawal...");
account.withdraw(600.0); // This will cause an exception

// This line is skipped if an exception occurs
System.out.println("Transaction completed.");

} catch (InvalidTransactionException e) {
System.out.println("Transaction Failed: " + e.getMessage());

} finally {
System.out.println("Logging transaction attempt. Closing connections.");

}
}

}

In this complete example:

1. We create a custom exception InvalidTransactionException.

2. The withdraw method uses throws to warn callers that an exception might occur.

3. Inside withdraw, we evaluate business rules. If a rule is violated, we use throw to trigger the exception.

4. The main method acts as the caller. It wraps the risky withdraw call inside a try block.

5. If the exception is thrown, it is handled elegantly in the catch block.

6. Regardless of whether the withdrawal succeeds or fails, the finally block executes to perform necessary auditing
or resource cleanup.

4.21.6 Summary

Understanding how to actively participate in exception handling rather than passively catching system errors is crucial
for advanced Java development. The throw keyword grants developers the power to enforce program constraints by
manually instantiating errors. The throws keyword enforces robust architectural design by mandating that checked
exceptions are either handled locally or acknowledged by calling methods. Finally, the finally block is the cornerstone
of resource management, ensuring that cleanup routines are executed faithfully, preventing memory leaks and locked
system resources, thus culminating in stable and predictable software applications.

New Runnable Running

Blocked

Dead

Figure 4.29: Thread Life Cycle
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4.22 Using try and catch in Exception Handling
In Java, robust error handling is achieved through the use of specific keywords that manage runtime errors gracefully.
At the core of this exception handling mechanism are the try and catch blocks. These fundamental constructs allow
programmers to separate the normal flow of the program from the error-handling logic, creating cleaner and more
maintainable code.

4.22.1 The try Block

When writing code that might potentially generate an exception, you enclose that code within a try block. The purpose
of the try block is to monitor the enclosed statements for any exceptions that might occur during their execution.

Definition

The try Block A try block is a block of code within which exceptions can occur and are checked for. It acts
as a surveillance zone. If any code within the try block throws an exception, the execution of the try block is
immediately halted, and the control is transferred to the appropriate catch block.

A try block cannot stand alone. It must be followed by either at least one catch block or a finally block (or
both). The general syntax of a try block is straightforward:

try {
// Code that may throw an exception
// Normal program execution statements

}

When an exception occurs within a try block, the Java Virtual Machine (JVM) immediately stops executing the
remaining statements in that block. It creates an exception object corresponding to the specific error and throws it,
effectively handing off the control to the exception handling mechanism.

4.22.2 The catch Block

The catch block is where you handle the exception that was thrown by the preceding try block. It acts like a safety
net, catching the exception object and executing a specific block of code to resolve the error, log the issue, or provide
an alternative path of execution, preventing the program from terminating abruptly.
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Definition

The catch Block A catch block is an exception handler that must immediately follow a try block. It specifies
the type of exception it can handle and contains the code to execute when that particular exception is thrown.

The syntax of a catch block resembles a method declaration, taking a single parameter: the exception object.

catch (ExceptionType parameterName) {
// Code to handle the exception

}

The ExceptionType specifies the class of the exception that this block can handle (e.g., ArithmeticException,
ArrayIndexOutOfBoundsException). The parameterName is an identifier used to reference the caught exception
object within the catch block, allowing you to access details about the error via methods like getMessage() or
printStackTrace().

Key Concept

Control Flow During an Exception 1. Normal execution enters the try block. 2. If an exception occurs, the rest
of the try block is skipped. 3. The JVM searches for a matching catch block that handles the specific exception
type. 4. If a match is found, the code inside that catch block is executed. 5. After the catch block finishes,
execution continues with the code that follows the entire try-catch structure. The program does not return to
the point where the exception was thrown.

Example

Basic try-catch Example Consider a scenario where you are dividing two numbers, and there is a possibility of
dividing by zero.

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

int a = 10, b = 0;
int result = 0;

try {
// This line may throw an ArithmeticException
result = a / b;
System.out.println("This line will not be printed if exception occurs.");

} catch (ArithmeticException e) {
// Handling the exception
System.out.println("Error: Cannot divide by zero!");
System.out.println("Exception details: " + e.getMessage());

}

System.out.println("Program continues normally after the try-catch block.");
}

}

In this example, the expression a / b causes an ArithmeticException because the value of b is 0. The execution
of the try block is immediately interrupted, the subsequent print statement inside it is skipped, and control jumps
to the matching catch block. After the catch block executes, the program continues to print the final statement,
demonstrating how an application can recover from an error.

4.23 Multiple catch Clauses
In many practical programming scenarios, a single block of code within a try statement might be capable of
throwing several different types of exceptions depending on various dynamic conditions. For instance, a block of
code might read data from a file, parse the retrieved string into an integer, and then use that integer as an array
index. This exact sequence could potentially throw a FileNotFoundException, a NumberFormatException, or an
ArrayIndexOutOfBoundsException.
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To handle these distinct exceptions appropriately and individually, Java allows you to associate multiple catch
blocks with a single try block.

Key Concept

Multiple catch Mechanism When an exception is thrown in a try block that has multiple catch clauses appended
to it, the JVM inspects the catch blocks sequentially in the exact order they appear in the source code. The first
catch block whose parameter type exactly matches the type of the thrown exception (or is a superclass of it)
is selected for execution. Once a matching catch block is executed, all remaining catch blocks are completely
bypassed, and execution resumes after the entire try-catch construct.

The syntax for using multiple catch clauses is structured by chaining them sequentially:

try {
// Code that might throw multiple types of exceptions

} catch (ExceptionType1 e1) {
// Handle ExceptionType1

} catch (ExceptionType2 e2) {
// Handle ExceptionType2

} catch (ExceptionType3 e3) {
// Handle ExceptionType3

}

Example

Demonstrating Multiple catch Clauses

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

try {
int[] numbers = {1, 2, 3};
String text = null;

// The following operations can trigger different exceptions
int result = numbers[1] / 0; // Throws ArithmeticException
int value = numbers[5]; // Would throw ArrayIndexOutOfBoundsException
int length = text.length(); // Would throw NullPointerException

} catch (ArithmeticException e) {
System.out.println("Arithmetic Error: " + e.getMessage());

} catch (ArrayIndexOutOfBoundsException e) {
System.out.println("Array Index Error: " + e.getMessage());

} catch (NullPointerException e) {
System.out.println("Null Pointer Error: " + e.getMessage());

} catch (Exception e) {
// A generic catch block for any other unforeseen exceptions
System.out.println("An unknown error occurred.");

}
}

}

In this example, the line numbers[1] / 0 throws an ArithmeticException. The JVM evaluates the catch
blocks from top to bottom. It checks the first catch block, finds a match for ArithmeticException, executes the
contained code, and then immediately skips all subsequent catch blocks. If the division by zero were removed,
the next line would throw an ArrayIndexOutOfBoundsException, which would be caught by the second catch
block instead.
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Important / Warning

Ordering Multiple catch Clauses The sequence of catch blocks is strictly critical when handling multiple exceptions,
specifically when the exception classes exist within the same inheritance hierarchy. You must always place catch
blocks for more specific exceptions (subclasses) before catch blocks for more general exceptions (their superclasses).
If a catch block for a superclass (like Exception) is placed before a subclass (like ArithmeticException), the
superclass catch will intercept all exceptions, rendering the subclass catch block permanently unreachable. In
Java, unreachable code causes a strict compile-time error.

For example, the following code is invalid and will not compile:

try {
int a = 10 / 0;

} catch (Exception e) { // Superclass catches everything!
System.out.println("Generic exception caught.");

} catch (ArithmeticException e) { // ERROR: Unreachable code
System.out.println("Arithmetic exception caught.");

}

To resolve this compilation error, the ArithmeticException block must be relocated above the generic Exception
block.

4.24 Use of Nested try Statements
In Java, it is entirely legal, structurally valid, and sometimes practically necessary to place a try statement directly
inside another try block. This architecture is formally known as a nested try statement. Nesting is an advanced and
powerful technique that grants developers highly localized and precise exception handling capabilities, particularly
when dealing with complex, multi-staged operations where different phases require distinct recovery strategies.

Definition

Nested try Statement A nested try statement occurs when a try block (along with its associated catch and/or
finally clauses) is placed within the lexical scope of another try block or even within the catch block of an
outer try statement.

4.24.1 Why Use Nested try Statements?

Nested try statements are exceedingly useful in scenarios where a specific sub-section of code within a broader,
overarching try block has its own unique exception risks. These localized risks often need to be managed differently
or independently from the outer block’s error handling to prevent the entire encompassing operation from failing
unnecessarily.

Consider an application that reads a list of filenames from a configuration file, opens each file, and parses
numerical data from it. The outer try block could manage the general operation of reading the configuration file
(IOException). However, processing each individual data file involves parsing strings to integers. If a parsing error
occurs (NumberFormatException) on one file, you might want to catch it locally, log the error, and seamlessly proceed
to processing the next file. If you only had a single outer try block, a single parsing error would abort the entire
file-processing loop. A nested try block placed inside the loop isolates the parsing errors, allowing the broader file
iteration to continue without interruption.

Key Concept

Exception Propagation in Nested try Blocks When an exception is thrown inside a nested (inner) try block, the
JVM resolves the exception using a specific outward propagation strategy:

• First, the JVM checks the catch blocks directly associated with the immediate inner try block. If a matching
handler is found at this inner level, the exception is resolved locally, and execution resumes normally directly
after the inner try-catch construct.

• If no matching catch block is found at the inner level, the JVM propagates the exception outwards, essentially
treating the exception as if it were thrown by the outer block. It then checks the catch blocks of the
enclosing (outer) try statement.
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• This outward bubbling or propagation continues recursively through all enclosing try blocks until a suitable
handler is located. If the exception reaches the main method and no handler is found, the default JVM
handler takes over, terminating the program and printing the stack trace.

Example

Demonstrating Nested try Statements

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

try {
// Outer try block
System.out.println("Entering outer try block.");
int[] numbers = {10, 20, 30};

try {
// Inner try block 1
System.out.println("Entering first inner try block.");
int result = numbers[1] / 0; // Throws ArithmeticException
System.out.println("This statement is bypassed.");

} catch (ArithmeticException e) {
System.out.println("Inner Catch 1: Locally handled division by zero.");

}

try {
// Inner try block 2
System.out.println("Entering second inner try block.");
int value = numbers[5]; // Throws ArrayIndexOutOfBoundsException

} catch (NullPointerException e) {
// This catch doesn’t match the thrown exception type
System.out.println("Inner Catch 2: Handled NullPointerException.");

}

System.out.println("End of outer try block statements.");

} catch (ArrayIndexOutOfBoundsException e) {
// The unhandled exception from Inner try block 2 propagates outwards to here
System.out.println("Outer Catch: Handled propagated Array Index Error.");

} catch (Exception e) {
System.out.println("Outer Catch: General Exception Handler.");

}

System.out.println("Program finished execution gracefully.");
}

}

Execution Flow Analysis: 1. Control enters the outer try block. 2. Control subsequently enters the first
inner try block. An intentional division by zero occurs, generating an ArithmeticException. 3. The first inner
catch block immediately intercepts the ArithmeticException and handles it. The exception does not propagate
further. Execution flawlessly continues to the next sequential statement in the outer try block. 4. Execution
enters the second inner try block. An ArrayIndexOutOfBoundsException occurs because the code attempts
to access index 5 of a 3-element array. 5. The second inner try structure only possesses a catch block for
NullPointerException, which does not match the thrown exception. 6. Since the inner mechanism cannot
handle it, the exception propagates upward and outward to the encompassing outer try block. 7. The outer
catch block designed for ArrayIndexOutOfBoundsException successfully catches the propagated exception and
executes its handler code. 8. The program concludes normally.
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4.24.2 Implicit Nesting Through Method Calls

While explicitly writing one try block inside another is direct nesting, nesting can also occur implicitly across method
calls. This can extend to an arbitrary depth. In complex software architectures, such as web servers or database
drivers, Method A might contain a try block that invokes Method B. Method B, in turn, contains its own try block
and invokes Method C, and so forth.

Even though these try blocks are physically located in entirely different methods or classes, when an exception is
thrown in Method C, the stack trace is systematically unwound. The behavioral logic is identical to a deeply nested
explicit try block. The exception bubbles up through the method call stack—first checking Method C’s handlers, then
Method B’s, and finally Method A’s—until an appropriate catch block intercepts it. By comprehensively mastering the
deployment of try, catch, multiple sequential catch clauses, and nested try structures, Java developers can construct
highly resilient applications capable of recovering gracefully from a vast array of unpredictable runtime anomalies
without fatal crashes.

Throwable

Error Exception

RuntimeExceptionIOException

Figure 4.31: Exception Hierarchy
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Figure 4.33: Try-Catch-Finally Flow
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CHAPTER 5

File handling in Java

5.1 Introduction to Streams
In the realm of computer programming, the process of reading data from a source and writing data to a destination is
a fundamental necessity. In Java, this input/output (I/O) operation is performed using a concept known as a Stream.
A stream can be visualized as a continuous, unidirectional flow of data between a source and a destination. It abstracts
the complexities of the underlying devices, providing a uniform and straightforward way to handle data exchange
regardless of whether you are interacting with a file on a hard drive, a network connection, or the system console.

Definition

Stream A stream in Java is a logical, continuous sequence of data representing a flow from a source to a destination.
It is linked to a physical device or a medium by the Java I/O system, abstracting away the hardware-level details
of data transmission.

When a Java application needs to read data, it opens a stream connected to a data source (such as a file or memory
buffer) and reads the information sequentially. This is known as an Input Stream. Conversely, when an application
needs to write data, it opens a stream to a destination and writes the information sequentially. This is referred to as an
Output Stream.

Key Concept

The Abstraction of Streams The beauty of the stream abstraction in Java is its universality. The code you write
to read from a local file is structurally identical to the code you would write to read from a network socket. The
stream interface decouples the application logic from the intricacies of specific input/output devices.

5.1.1 Why Do We Need Streams?

Before the widespread adoption of streams, managing data flow required handling the specific mechanics of the target
hardware. A hard disk operates differently than a keyboard or a network interface. By utilizing the java.io package,
streams provide a standardized API. 1. Uniformity: Streams offer a unified way to handle I/O operations across
different data sources and destinations. 2. Flexibility: You can chain streams together to process data seamlessly. For
example, you can take a file input stream, connect it to a buffering stream for performance, and then connect that to a
data stream to read primitive Java types. 3. Resource Management: Modern Java provides robust ways to manage
stream resources, ensuring that files and network sockets are correctly closed after use, preventing memory leaks and
file locks.

Important / Warning

Resource Leaks Always remember to close your streams once the I/O operations are complete. Failing to close a
stream can lead to resource leaks, where system resources (like file descriptors) remain unnecessarily occupied,
potentially crashing your application or locking files from other processes. Using the try-with-resources
statement introduced in Java 7 is the recommended best practice.

5.2 Types of Streams in Java
The Java java.io package divides streams into two broad categories based on the type of data they manipulate:
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• Byte Streams

• Character Streams

Understanding the distinction between these two categories is crucial for writing efficient and bug-free I/O operations
in Java. Choosing the wrong stream type can lead to corrupted data, particularly when dealing with textual information
containing international characters.

5.2.1 Byte Streams

Byte streams are designed to handle I/O of raw binary data. As the name implies, a byte stream reads and writes
data exactly one byte (8 bits) at a time. They are the most fundamental type of stream in Java, and they are capable
of handling any type of data, including images, audio files, compiled executable files, and even text files (though not
ideally).

The core abstraction for byte streams are the two abstract classes defined in the java.io package:

• java.io.InputStream: The superclass for all byte input streams.

• java.io.OutputStream: The superclass for all byte output streams.

Since these are abstract classes, you cannot instantiate them directly. Instead, you use their concrete subclasses
that implement the specific mechanisms for reading and writing to various devices.

Common Byte Stream Classes

• FileInputStream / FileOutputStream: Used to read and write bytes from/to a file on the filesystem. This is
typically used for copying files or working with raw binary data like a .jpg or .mp3 file.

• ByteArrayInputStream / ByteArrayOutputStream: These streams use a byte array in memory as the
source or destination. This is highly useful for buffering data in memory before writing it to a more permanent
location.

• BufferedInputStream / BufferedOutputStream: These are "wrapper" streams that add buffering to other
byte streams, drastically improving read/write performance by reducing the number of costly system-level I/O
calls.

Example

Byte Stream Example (FileInputStream) Consider a scenario where you need to read raw bytes from an image file.
You would use a FileInputStream.

import java.io.FileInputStream;
import java.io.IOException;

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

// Using try-with-resources to automatically close the stream
try (FileInputStream fis = new FileInputStream("image.jpg")) {

int byteData;
// read() returns the next byte, or -1 if end of file is reached
while ((byteData = fis.read()) != -1) {

// Process the raw byte data
// System.out.print((char) byteData); // Not recommended for binary

}
} catch (IOException e) {

e.printStackTrace();
}

}
}
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5.2.2 Character Streams

While byte streams are versatile and can handle any data, they are not optimal for handling character data (text).
Java utilizes Unicode (UTF-16) to store characters internally, meaning a single Java char occupies 16 bits (2 bytes). If
you use a byte stream to read a text file that contains non-ASCII Unicode characters, reading it one byte at a time will
corrupt the characters, as a single character might be split across multiple read operations.

To solve this, Java introduced Character Streams. Character streams are specialized streams designed specifically
for handling textual data. They automatically manage the translation between the 16-bit Java char format and the
underlying byte-level encoding of the local system (like UTF-8, ASCII, or ISO-8859-1).

The core abstraction for character streams are the two abstract classes:

• java.io.Reader: The superclass for all character input streams.

• java.io.Writer: The superclass for all character output streams.

Common Character Stream Classes

• FileReader / FileWriter: Used to read and write text files. They assume the system’s default character
encoding, which makes them easy to use but potentially problematic if you need to read a file encoded differently
than the system default.

• BufferedReader / BufferedWriter: Similar to their byte stream counterparts, these wrap around other
character streams to provide buffering, making text I/O operations significantly faster. BufferedReader is
particularly famous for its readLine() method, which reads an entire line of text at once.

• InputStreamReader / OutputStreamWriter: These are crucial "bridge" classes. They convert a raw
InputStream (byte stream) into a Reader (character stream), or an OutputStream into a Writer. They allow
you to specify the exact character encoding to use during the translation.

Example

Character Stream Example (FileReader and BufferedReader) Reading a text file line-by-line is most efficiently
done using a BufferedReader wrapped around a FileReader.

import java.io.BufferedReader;
import java.io.FileReader;
import java.io.IOException;

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

try (BufferedReader br = new BufferedReader(new FileReader("notes.txt"))) {
String line;
// readLine() returns the next line of text, or null at EOF
while ((line = br.readLine()) != null) {

System.out.println(line);
}

} catch (IOException e) {
e.printStackTrace();

}
}

}

5.2.3 Comparison: Byte Streams vs. Character Streams

To summarize the differences and guide your decision-on when to use which stream, consider the following comparison:

• Data Unit: Byte streams process data in chunks of 8 bits (1 byte). Character streams process data in chunks of
16 bits (1 Unicode character).

• Base Classes: Byte streams are built upon InputStream and OutputStream. Character streams are built upon
Reader and Writer.

• Primary Use Case: Use byte streams for binary data (images, archives, compiled classes, network protocols).
Use character streams exclusively for textual data (configuration files, logs, natural language text).
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• Encoding Awareness: Byte streams are entirely ignorant of character encoding. They see only 1s and 0s.
Character streams actively translate between the raw bytes and Java’s internal 16-bit character representation
based on a specified or default encoding schema.

Key Concept

The Rule of Thumb If you can open the file in a standard plain-text editor (like Notepad or standard Vim) and
read its contents, you should use Character Streams. If opening the file produces gibberish or unreadable symbols,
it is a binary file, and you must use Byte Streams.

5.3 Standard System Streams
In addition to streams that connect to files or network sockets, Java provides three pre-configured streams out of the
box. These are accessible via the System class and map directly to the operating system’s standard I/O streams. They
are essentially the bridge between your Java application and the command-line console.

1. Standard Input (System.in): This is an instance of InputStream (a byte stream). It is typically connected to
the keyboard. By default, reading from System.in allows your program to accept user input from the console.
Since it’s a byte stream, it is frequently wrapped in an InputStreamReader and then a BufferedReader (or
heavily utilized via the java.util.Scanner class) to read text conveniently.

2. Standard Output (System.out): This is an instance of PrintStream (a subclass of OutputStream). It
is typically connected to the console or terminal display. This is the stream utilized whenever you invoke
System.out.println(), sending text data to the user’s screen.

3. Standard Error (System.err): Similar to System.out, this is also an instance of PrintStream. It is dedicated
specifically to outputting error messages and diagnostic information. By default, it prints to the same console as
System.out, but the operating system allows users to redirect the error stream to a log file independently of the
standard output stream, making it invaluable for debugging.

Example

Wrapping System.in To read a string of text from the console, we must bridge the byte-oriented System.in to a
character-oriented BufferedReader.

import java.io.BufferedReader;
import java.io.InputStreamReader;
import java.io.IOException;

public class ConsoleInputDemo {
public static void main(String[] args) throws IOException {

// System.in is wrapped in an InputStreamReader to convert bytes to characters,
// which is then wrapped in a BufferedReader for efficient line reading.
BufferedReader reader = new BufferedReader(new InputStreamReader(System.in));

System.out.print("Enter your name: ");
String name = reader.readLine();
System.out.println("Hello, " + name + "!");

}
}

In summary, streams form the backbone of Java’s Input/Output architecture. By cleanly separating the program
from the complexities of the underlying physical devices and categorizing operations into byte-oriented and character-
oriented pathways, Java provides developers with a robust, flexible, and scalable system for handling data mobility.
Whether you are building simple console applications or complex enterprise systems dealing with massive network
traffic, a solid grasp of Java streams is absolutely essential.
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5.4 Reading and Writing Text Files
Text files form the foundation of persistent data storage in numerous applications. They contain human-readable
characters and are generally structured using standard encodings such as ASCII or UTF-8. Unlike binary files, which
are processed as raw bytes, text files are processed as streams of characters. Java provides a rich and robust set of
classes in the java.io and java.nio.file packages to handle text file operations efficiently.

Definition

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 typically stores plain text without specialized formatting, interpreted
using character encoding standards such as UTF-8.

Key Concept

Character Streams In Java, input and output operations are handled using streams. While byte streams (like
FileInputStream) handle raw binary data, character streams (like FileReader and FileWriter) are specifically
designed to handle character data. Character streams automatically translate between the internal 16-bit Unicode
format of Java characters and the platform’s local character encoding.

5.4.1 Writing to Text Files

Writing data to a text file involves capturing characters, strings, or formatted data from an application and persisting
them to the file system. Java offers several classes for writing characters to files, each suited to different requirements
regarding buffering, performance, and formatting capabilities.

Using FileWriter

The FileWriter class is the most fundamental mechanism for writing characters to a file. It creates a character-based
output stream that writes data directly to the specified file. By default, opening a FileWriter will overwrite the
existing file contents.
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Example

Basic FileWriter Usage
import java.io. FileWriter ;
import java.io. IOException ;

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

String data = " Welcome to Java File Handling .\ nThis is a simple text file.";
// The try -with - resources statement ensures the writer is closed

automatically .
try ( FileWriter writer = new FileWriter (" output .txt")) {

writer .write(data);
System .out. println ("Data successfully written to file.");

} catch ( IOException e) {
e. printStackTrace ();

}
}

}

To append data to an existing file instead of overwriting it, you can pass a boolean true as the second argument to
the FileWriter constructor: new FileWriter("output.txt", true).

Using BufferedWriter

While FileWriter is straightforward, it is inherently unbuffered. Every write() invocation causes a direct physical
write to the disk, which is an expensive and slow operation. To improve performance, FileWriter is typically wrapped
in a BufferedWriter.

BufferedWriter maintains an internal array of characters. It writes characters to this internal buffer instead of
the disk. Once the buffer is full (or explicitly flushed), the entire block of characters is written to the underlying
FileWriter in a single operation. This dramatically reduces the number of system calls and significantly improves
execution speed for large files.

Example

Writing with BufferedWriter
import java.io. BufferedWriter ;
import java.io. FileWriter ;
import java.io. IOException ;

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

try ( BufferedWriter bw = new BufferedWriter (new FileWriter (" buffered_output .
txt"))) {
bw. write("Line 1: High performance writing .");
bw. newLine (); // Platform - independent newline
bw. write("Line 2: Buffered character stream .");

} catch ( IOException e) {
e. printStackTrace ();

}
}

}

Key Concept

The newLine() Method The BufferedWriter provides a highly useful newLine() method. Instead of hardcoding
a newline character like \n (Unix/Linux/macOS) or \r\n (Windows), newLine() automatically injects the correct
line separator defined by the host operating system’s line.separator system property.
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Using PrintWriter

When you need to write formatted text or primitives (like int, double) directly as strings, PrintWriter is the ideal
choice. It provides print formatting methods analogous to System.out, such as print(), println(), and printf().

Example

Writing Formatted Text with PrintWriter
import java.io. PrintWriter ;
import java.io. IOException ;

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

try ( PrintWriter pw = new PrintWriter (" formatted_output .txt")) {
pw. printf (" Student Name: %s, Age: %d%n", "Alice", 21);
pw. println (" Status : Active ");

} catch ( IOException e) {
e. printStackTrace ();

}
}

}

5.4.2 Reading from Text Files

Just as writing data offers various approaches, Java provides multiple classes to read textual data efficiently. The choice
largely depends on whether you are reading the file character-by-character, line-by-line, or token-by-token.

Using FileReader

The FileReader class is a convenience class for reading character files. It extends InputStreamReader and reads data
byte-by-byte, converting those bytes to characters based on the default platform encoding.

While suitable for very small files, reading a file character-by-character using FileReader.read() is extremely
inefficient for larger files.

Example

Reading with FileReader
import java.io. FileReader ;
import java.io. IOException ;

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

try ( FileReader reader = new FileReader (" output .txt")) {
int character ;
// read () returns -1 when the end of the file is reached
while (( character = reader .read ()) != -1) {

System .out.print (( char) character );
}

} catch ( IOException e) {
System .err. println ("Error reading the file: " + e. getMessage ());

}
}

}

Using BufferedReader

For reading large quantities of text, BufferedReader is the standard and most efficient tool. By wrapping a FileReader
within a BufferedReader, Java will read chunks of characters from the file system into an internal memory buffer.
Consecutive read operations then fetch characters directly from the fast memory buffer rather than the slow disk.

Furthermore, BufferedReader introduces the highly convenient readLine() method, which reads a full line of text
up to a newline character, making string processing much simpler.
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Example

Line-by-Line Reading with BufferedReader
import java.io. BufferedReader ;
import java.io. FileReader ;
import java.io. IOException ;

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

try ( BufferedReader br = new BufferedReader (new FileReader (" buffered_output .
txt"))) {
String line;
// readLine () returns null at the end of the file
while (( line = br. readLine ()) != null) {

System .out. println (line);
}

} catch ( IOException e) {
e. printStackTrace ();

}
}

}

Using Scanner

The java.util.Scanner class is a highly versatile 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.

While slightly slower than BufferedReader due to its parsing overhead, Scanner is exceptional when you need
to read structured text data (like a file of comma-separated numbers) and immediately convert them into integers,
doubles, or booleans.

Example

Parsing Text with Scanner
import java.io.File;
import java.io. FileNotFoundException ;
import java.util. Scanner ;

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

// Assume data.txt contains : 10 20.5 true Hello
File file = new File("data.txt");
try ( Scanner scanner = new Scanner (file)) {

while ( scanner . hasNext ()) {
if ( scanner . hasNextInt ()) {

System .out. println (" Integer : " + scanner . nextInt ());
} else if ( scanner . hasNextDouble ()) {

System .out. println (" Double : " + scanner . nextDouble ());
} else if ( scanner . hasNextBoolean ()) {

System .out. println (" Boolean : " + scanner . nextBoolean ());
} else {

System .out. println (" String : " + scanner .next ());
}

}
} catch ( FileNotFoundException e) {

e. printStackTrace ();
}

}
}

5.4.3 Modern File I/O with Java NIO.2

With the introduction of Java 7, the Non-Blocking I/O (NIO.2) API was added to provide more robust, scalable, and
simpler file manipulation mechanisms. The java.nio.file.Files utility class contains static methods that operate
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on Path objects, simplifying common text file operations to single-line method calls.

Key Concept

Paths and Files in NIO.2 The java.nio.file.Path interface represents a system-dependent file path, replacing the
older java.io.File class. The Files class provides static methods to manipulate files and directories identified
by Path objects.

Reading All Lines with Files.readAllLines

For relatively small text files, you can read the entire contents into a List of Strings or a single String effortlessly
using NIO methods.

Example

Reading Files with NIO.2
import java.nio.file.Files;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.io. IOException ;
import java.util.List;

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

Path path = Paths.get(" document .txt");
try {

// Read all lines into a List of Strings
List <String > lines = Files. readAllLines (path);
for ( String line : lines) {

System .out. println (line);
}

// Or read the entire file as a single String (Java 11+)
String content = Files. readString (path);
System .out. println ( content );

} catch ( IOException e) {
e. printStackTrace ();

}
}

}

Important / Warning

Memory Constraints with NIO.2 readAllLines The methods Files.readAllLines() and Files.readString()
load the entire file contents into the application’s memory (RAM) simultaneously. This is convenient for small
configuration files but will cause an OutOfMemoryError if used to read gigabyte-sized log files. For massive files,
always stream the contents using BufferedReader or Files.lines().

Writing Text with Files.write

Writing to files is equally streamlined in NIO.2. The Files.write() method allows you to write byte arrays or
Iterable collections of strings directly to a path.

Example

Writing Files with NIO.2
import java.nio.file.Files;
import java.nio.file.Path;
import java.nio.file.Paths;
import java.nio.file. StandardOpenOption ;
import java.io. IOException ;
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import java.util. Arrays ;
import java.util.List;

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

Path path = Paths.get(" nio_output .txt");
List <String > textData = Arrays . asList ("First line", " Second line", "Third

line");

try {
// Write strings to the file ( overwrites by default )
Files.write(path , textData );

// Append a string to an existing file (Java 11+)
Files. writeString (path , "\ nAppended line", StandardOpenOption . APPEND );

} catch ( IOException e) {
e. printStackTrace ();

}
}

}

5.4.4 Exception Handling and Resource Management

When interacting with the file system, numerous things can go wrong: a file might not exist, the application might lack
read/write permissions, the disk might be full, or the file might be locked by another process. Because of this, almost
all file I/O operations in Java throw a checked IOException.

Handling these exceptions robustly is a critical part of file manipulation. Furthermore, ensuring that file streams
are properly closed after operations are complete is essential to prevent resource leaks, which can lead to system
degradation or file locking issues.

Key Concept

Try-with-Resources Introduced in Java 7, the try-with-resources statement ensures that each resource (an object
that must be closed after the program is finished with it) is automatically closed at the end of the statement. Any
object that implements java.lang.AutoCloseable or java.io.Closeable can be used as a resource.

Prior to Java 7, developers had to rely on cumbersome try-catch-finally blocks to ensure streams were closed
safely, often requiring nested try-catch blocks inside the finally block itself. Modern Java applications should always
leverage try-with-resources to ensure deterministic, clean resource management. Notice that all the examples provided
in this section have utilized this structure to automatically close readers and writers.

5.4.5 Summary of Best Practices

When writing enterprise-level Java applications, follow these guidelines for text file operations:

• Always use Buffering: Raw FileReader and FileWriter objects perform direct I/O. Always wrap them in
BufferedReader and BufferedWriter for optimal performance, unless dealing with trivially small files.

• Use Try-with-Resources: Never rely on manual close() calls in a finally block if try-with-resources is
available. It prevents resource leaks and results in cleaner code.

• Handle Exceptions Specifically: Catch specific exceptions like FileNotFoundException and provide useful
feedback to the user or logging system, rather than just silently catching generic IOException or Exception.

• Select the Right Tool: Use Scanner for formatted parsing, BufferedReader for raw text streaming,
PrintWriter for formatted text output, and NIO.2 Files methods for rapid, concise reads and writes of
small files.

• Be Mindful of Encodings: While classes like FileReader use default platform encodings, it is often safer
to explicitly specify the encoding (like UTF-8) using InputStreamReader and OutputStreamWriter if your
application interacts with files across different operating systems.
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Figure 5.5: Reading from File using Byte Stream
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5.5 The Flow of Data: Introduction to Streams

5.5.1 Introduction: Breaking Out of the Sandbox

For the first four units of this book, our Java programs have lived in a completely isolated sandbox. They generated
their own data in RAM, performed calculations, and then printed the results to the console. When the program finished,
the JVM shut down, the RAM was wiped clean, and all the data vanished forever.

In the real world, software must communicate with the outside environment. A program needs to read configuration
files from a hard drive, download images from a web server, or save user data permanently to a database.

To accomplish this, Java utilizes an architectural concept known as a Stream. A Stream is a logical connection—a
digital pipeline—that allows a Java application to pump data out into the world or suck data in from external sources.

5.5.2 1. What is a Stream?

In physics, a stream of water is a continuous flow of molecules moving from a high-pressure source to a low-pressure
destination. In Java, a Stream is a continuous, ordered sequence of data moving from a Source (like a file or a network
socket) to a Destination (like an array in RAM or a printer).

Streams operate sequentially. If you open a stream to a 100-page text file, the JVM does not instantly load the
entire file into RAM at once (which would crash the computer if the file was 50 Gigabytes). Instead, the Stream acts
like a straw, sucking the data in one byte at a time, allowing the program to process massive files with very little
memory overhead.

Hard Drive Java JVM(RAM) NetworkServer
Input Stream

(Reading Data IN)

Output Stream

(Writing Data OUT)

Figure 5.9: The Architecture of Streams. An Input Stream pulls data from an external source into the program. An
Output Stream pushes data out of the program to an external destination.

5.5.3 2. The Duality of Streams: Byte vs. Character

Data exists in many forms. An MP3 audio file, a JPEG image, and a compiled ‘.exe‘ program are fundamentally
different from a standard ‘.txt‘ file containing English poetry.
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Because of this difference, Java explicitly divides all Streams into two massive, parallel inheritance hierarchies:
Byte Streams and Character Streams.

A. Byte Streams (8-bit Data)

A Byte Stream is a low-level pipeline designed to handle raw, binary data. It moves data exactly 8 bits (1 byte) at a
time.

Because computers natively understand bytes, a Byte Stream can be used to transport absolutely any file type in
existence. You use Byte Streams when you are moving "machine data" like compiled software, compressed ‘.zip‘ files,
raw audio files, or images.

All Byte Streams in Java inherit from one of two abstract root classes:

• java.io.InputStream: The parent of all streams that read raw bytes.

• java.io.OutputStream: The parent of all streams that write raw bytes.

B. Character Streams (16-bit Data)

While Byte Streams can handle everything, they are incredibly annoying to use when dealing with human language.
In Java, a ‘char‘ (a single letter) is 16 bits long (because Java uses the massive Unicode standard to support global

languages like Chinese and Arabic). If you use an 8-bit Byte Stream to read a 16-bit Chinese character, the stream will
chop the character in half, completely corrupting the translation.

To solve this, Java provides Character Streams. These streams are highly specialized pipelines specifically
engineered to read and write human text. They automatically handle the complex translation between raw binary
bytes and 16-bit Unicode characters.

All Character Streams inherit from one of two abstract root classes:

• java.io.Reader: The parent of all streams that read human text.

• java.io.Writer: The parent of all streams that write human text.

Feature Byte Streams Character Streams

Data Size Moves data 8-bits (1 byte) at
a time.

Moves data 16-bits (2 bytes)
at a time.

Best Used For Machine Data (Images, Audio,
Video, ‘.exe‘, ‘.zip‘).

Human Text (HTML files,
‘.txt‘ files, JSON, XML).

Root Classes InputStream /
OutputStream

Reader / Writer

Common Sub-
classes

FileInputStream,
FileOutputStream

FileReader, FileWriter

Table 5.1: The fundamental differences between the two major Stream hierarchies in Java.

5.5.4 3. The Pre-Defined Standard Streams

You have actually been using Streams since the very first day you started learning Java, even if you didn’t realize it.
When the JVM boots up, it automatically creates three generic, global Byte Streams and attaches them to the

‘System‘ class. These are known as the Standard Streams, and they act as the default pipelines for basic terminal
interaction.

1. System.in (Standard Input): A built-in ‘InputStream‘ permanently connected to the user’s physical keyboard.

2. System.out (Standard Output): A built-in ‘OutputStream‘ permanently connected to the user’s computer
monitor (the console).

3. System.err (Standard Error): A secondary ‘OutputStream‘ also connected to the console, but exclusively reserved
for printing crash reports and red error text.

When you write ‘System.out.println("Hello");‘, you are literally shoving the text "Hello" into a pre-built OutputStream
pipe, which then transports the text to the physical pixels on the user’s monitor.
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AI IMAGE PLACEHOLDER
A split-screen visual metaphor. Top Half (Byte Stream): A rugged industrial
pipeline pumping raw, black crude oil (Binary Data). It is powerful, fast, and

handles anything, but it is unrefined. Bottom Half (Character Stream): A delicate,
highly engineered pneumatic tube system transporting pristine, folded letters

(Human Text) perfectly preserved without any smudges.

Figure 5.10: Byte Streams are the raw industrial plumbing of Java. Character streams are specialized translation
pipelines for delicate human text.

5.5.5 Conclusion

The Stream architecture is the bridge between the isolated JVM and the vast, physical world of hardware and networks.
By understanding the critical distinction between Input (reading) and Output (writing), and the difference between
low-level Byte Streams (machine data) and high-level Character Streams (human text), a developer can select the
perfect pipeline to securely and efficiently transport any type of data across the globe.

5.6 The I/O Arsenal: Files and the Stream Hierarchy

5.6.1 Introduction: The java.io Package

To interact with the physical hard drive, developers must utilize the java.io package. This package is massive,
containing dozens of specialized classes designed to read, write, filter, and buffer data.

Before we can pump data through a Stream, we must first locate the file on the hard drive. Once located, we must
choose the exact type of Stream—Byte or Character, Raw or Buffered—that is mathematically appropriate for the
data we wish to move.

5.6.2 1. The File Class: The Blueprint

It is a common misconception that the ‘File‘ class in Java represents the contents of a file. It does not. The
java.io.File class represents the metadata and the path to a file or directory on the physical hard drive. It cannot
read a single byte of data; it only knows where the data is located.

import java.io.File;

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

// This does NOT create a file! It creates a blueprint of a path.
File myDoc = new File("C:/secret/passwords.txt");

if (myDoc.exists()) {
System.out.println("File found! Size: " + myDoc.length() + " bytes");
System.out.println("Can I read it? " + myDoc.canRead());

} else {
System.out.println("File does not exist.");

}
}

}

The ‘File‘ class allows you to create new directories (‘mkdir()‘), delete files (‘delete()‘), check permissions (‘can-
Write()‘), and list all the files inside a folder (‘listFiles()‘). It acts as the surveyor, ensuring the land is ready before the
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Stream pipes are laid down.

5.6.3 2. The Byte Stream Classes

Once a file is located, you must attach a Stream to it. If the file is binary data (like an image or an MP3), you must
use the Byte Stream hierarchy.

InputStream OutputStream

FileInputStream FileOutputStream

Figure 5.11: The core of the Byte Stream Hierarchy. ‘FileInputStream‘ and ‘FileOutputStream‘ are the heavy lifters
for reading and writing raw binary data to the hard drive.

FileInputStream and FileOutputStream

These two classes act as raw, unrefined pipes connected directly to the physical hard drive.

import java.io.*;

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

try {
// 1. Connect the Pipes
FileInputStream in = new FileInputStream("source_image.jpg");
FileOutputStream out = new FileOutputStream("copy_image.jpg");

int data;
// 2. Read exactly 1 byte at a time (-1 means End of File)
while ((data = in.read()) != -1) {

out.write(data); // 3. Write exactly 1 byte
}

// 4. ALWAYS close the pipes!
in.close();
out.close();

} catch (IOException e) {
e.printStackTrace();

}
}

}

Because ‘FileInputStream.read()‘ reads exactly 8 bits of data, it returns an integer from 0 to 255. When the file is
completely empty, it returns ‘-1‘ to signal the end of the stream.

5.6.4 3. The Character Stream Classes

If the file contains human text (like a ‘.txt‘ or ‘.html‘ file), using a Byte Stream is dangerous and inefficient. Instead, we
use the Character Stream hierarchy.

The Bridge: InputStreamReader & OutputStreamWriter

These are the most important classes in the entire ‘java.io‘ package. An InputStreamReader acts as a universal
translator. It connects to a low-level Byte Stream (which outputs raw 8-bit garbage), interprets those bytes using a
specific language encoding (like UTF-8), and translates them into perfect 16-bit Java ‘char‘ values.
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Reader Writer

InputStreamReader OutputStreamWriter

FileReader FileWriter

Figure 5.12: The Character Stream Hierarchy. Notice the "Bridge" classes that sit in the middle. They are responsible
for translating raw Bytes into 16-bit Characters.

FileReader and FileWriter

Because connecting a Byte Stream to a Bridge class requires typing a lot of code, Java provides FileReader and
FileWriter. These are "shortcut" classes. Under the hood, a ‘FileReader‘ is just an ‘InputStreamReader‘ that
automatically creates its own ‘FileInputStream‘.

import java.io.*;

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

try {
// Automatically creates the file if it doesn’t exist!
FileWriter fw = new FileWriter("poem.txt");

// Writes entire Strings instead of individual bytes!
fw.write("Roses are red,\n");
fw.write("Violets are blue.\n");

fw.close();

} catch (IOException e) {
e.printStackTrace();

}
}

}

5.6.5 4. The Power of Buffering: BufferedReader

Writing or reading a file one single character at a time is mathematically disastrous for performance.
Imagine you are moving bricks from a truck to a house. If you walk to the truck, pick up 1 brick, walk to the house,

put it down, and repeat that 10,000 times, it will take all day. The physical act of walking (accessing the hard drive)
takes 100 times longer than the act of picking up the brick (reading the byte).

The solution is a Wheelbarrow. You walk to the truck, fill the wheelbarrow with 500 bricks, and walk to the
house once.

In Java, the Wheelbarrow is called a Buffer. The BufferedReader class wraps around a ‘FileReader‘. Instead of
going to the hard drive for every single character, the ‘BufferedReader‘ goes to the hard drive once, grabs an enormous
chunk of text (usually 8,192 characters), stores it in blazing-fast RAM (the buffer), and then feeds it to your program
line-by-line.

import java.io.*;

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

try {
// 1. Create the low-level connection to the hard drive
FileReader fr = new FileReader("massive_book.txt");

// 2. Wrap it in a Wheelbarrow!
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BufferedReader br = new BufferedReader(fr);

String line;
// 3. Read massive, entire lines of text instantly from RAM
while ((line = br.readLine()) != null) {

System.out.println(line);
}

// Closing the outer wrapper automatically closes the inner file
br.close();

} catch (IOException e) {
e.printStackTrace();

}
}

}

AI IMAGE PLACEHOLDER
A side-by-side metaphor. Left side (Unbuffered FileReader): A man using tweezers
to carry a single grain of sand from a beach to a bucket, walking back and forth

thousands of times. Right side (BufferedReader): A massive dump truck scooping
up thousands of grains of sand at once and delivering them instantly to the bucket.

Figure 5.13: Buffering reduces physical trips to the hard drive, massively increasing performance when reading or
writing large files.

5.6.6 Conclusion

To master File I/O in Java, a developer must understand the chain of command. The ‘File‘ class surveys the location.
‘FileInputStream‘ and ‘FileOutputStream‘ provide the raw binary plumbing. ‘InputStreamReader‘ acts as the critical
bridge, translating raw bytes into human characters. Finally, wrapper classes like ‘BufferedReader‘ optimize the entire
process, minimizing physical hard drive access to maximize the speed of the application.

5.7 Practical Application: Reading and Writing Text Files

5.7.1 Introduction: Text is King

While understanding the massive Stream inheritance hierarchy is theoretically important, 90% of a junior Java
developer’s daily work involves a single, specific task: Reading and Writing standard text files.

Whether it is parsing a ‘.csv‘ file full of customer data, reading a ‘.json‘ configuration file, or generating a ‘.html‘
report, text files are the universal language of the internet.

In this section, we will abandon the raw, unrefined Byte Streams entirely. We will focus exclusively on the
highly-optimized Character Streams, specifically utilizing the power of ‘BufferedReader‘ and ‘BufferedWriter‘ to build
clean, professional, production-ready I/O architecture.

5.7.2 1. The Anatomy of Writing Text

Writing text to a file requires careful consideration of three distinct phases: Opening, Writing, and Flushing/Closing.
If you make a mistake in Phase 1, you might accidentally erase an entire database. If you make a mistake in Phase

3, the file might save completely empty, silently destroying user data.
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Phase 1: Opening (Overwrite vs. Append)

When you create a ‘FileWriter‘, you must explicitly tell the operating system how you want to open the file.
By default, ‘FileWriter‘ opens in Overwrite Mode. If the file already exists, it instantly deletes all the old contents

and starts fresh. This is incredibly dangerous if done accidentally.
To preserve existing data and add new text to the very bottom of the file, you must open it in Append Mode by

passing ‘true‘ as the second argument to the constructor.

// OVERWRITE MODE (Dangerous! Deletes old data)
FileWriter fw1 = new FileWriter("logs.txt");

// APPEND MODE (Safe! Adds to the bottom)
FileWriter fw2 = new FileWriter("logs.txt", true);

Phase 2 and 3: Writing and Flushing

To maximize speed, we wrap the ‘FileWriter‘ inside a ‘BufferedWriter‘. When you call ‘write()‘, the text does not go to
the hard drive immediately. It gets stuck inside the RAM buffer. The text will only physically write to the disk when
the buffer gets completely full, or when you explicitly command it to using ‘flush()‘ or ‘close()‘.

import java.io.*;

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

try {
// 1. Open in APPEND mode
FileWriter fw = new FileWriter("app_logs.txt", true);

// 2. Wrap in a Buffer for speed
BufferedWriter bw = new BufferedWriter(fw);

// 3. Write data to the RAM Buffer
bw.write("User ’Alice’ logged in.");
bw.newLine(); // OS-independent way to hit "Enter"
bw.write("User ’Alice’ downloaded a file.");
bw.newLine();

// 4. FLUSH & CLOSE (Critical!)
// This forces the RAM buffer to empty into the hard drive.
bw.close();

System.out.println("Log saved successfully.");

} catch (IOException e) {
System.out.println("CRITICAL FAILURE: Could not save log!");
e.printStackTrace();

}
}

}

Java write()

RAM
Buffer

Data 3

Data 2

Data 1

Hard Drive
Instant flush()

Figure 5.14: The Danger of the Buffer. The ‘write()‘ command only moves data into RAM. If the power goes out
before ‘flush()‘ or ‘close()‘ is called, all the text stuck inside the yellow buffer is permanently destroyed.
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5.7.3 2. The Anatomy of Reading Text

Reading text is generally safer than writing text (you cannot accidentally overwrite a file by reading it), but it requires
careful loop architecture to ensure you read exactly to the end of the file without crashing.

To read a file efficiently, we combine a ‘FileReader‘ with a ‘BufferedReader‘. The ‘BufferedReader‘ provides the
magical ‘readLine()‘ method, which instantly sucks an entire sentence out of the file and returns it as a Java ‘String‘.

The EOF (End of File) Condition

How does the ‘while‘ loop know when to stop reading? When ‘readLine()‘ reaches the very bottom of the file and tries
to read a line that does not exist, it does not throw an Exception. Instead, it returns a literal ‘null‘ value. We use this
‘null‘ to gracefully break the loop.

import java.io.*;

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

// This file must exist, or a FileNotFoundException is thrown!
File targetFile = new File("manifesto.txt");

if (!targetFile.exists()) {
System.out.println("Error: The file is missing!");
return; // Abort the program early

}

try {
FileReader fr = new FileReader(targetFile);
BufferedReader br = new BufferedReader(fr);

String currentLine;
int lineCount = 0;

// The Elegant Read Loop
// 1. Assign the line to the variable
// 2. Check if the variable is null
while ((currentLine = br.readLine()) != null) {

lineCount++;
System.out.println("Line " + lineCount + ": " + currentLine);

}

br.close();

} catch (IOException e) {
System.out.println("A hard drive error occurred while reading.");

}
}

}

5.7.4 3. The Modern Era: Try-With-Resources (Java 7+)

In all the previous examples, there is a hidden, fatal flaw. What happens if the hard drive physically disconnects right
in the middle of the ‘while‘ loop? An ‘IOException‘ is thrown. The JVM immediately jumps to the ‘catch‘ block. The
br.close() line is skipped entirely. The file remains locked open in the operating system, causing a massive memory
leak!

Historically, developers had to put the ‘close()‘ command inside a complex ‘finally‘ block to guarantee it executed.
In Java 7, a revolutionary new syntax was introduced: Try-With-Resources. If you declare your Streams inside

the parentheses of the try block, Java will automatically, mathematically guarantee that those streams are perfectly
closed the moment the block finishes, even if a massive crash occurs. You never have to type ‘.close()‘ again!

import java.io.*;
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public class ModernCopy {
public static void main(String[] args) {

// Try-With-Resources Syntax
// The streams are declared inside the parenthesis ()
try (

BufferedReader br = new BufferedReader(new FileReader("input.txt"));
BufferedWriter bw = new BufferedWriter(new FileWriter("output.txt"))

) {
String line;
while ((line = br.readLine()) != null) {

bw.write(line.toUpperCase()); // Convert everything to caps
bw.newLine();

}

// NO .close() CALLS NEEDED!
// Java automatically closes them when we hit the closing brace.
System.out.println("Copy successful!");

} catch (IOException e) {
System.out.println("File I/O Error.");

}
}

}

AI IMAGE PLACEHOLDER
A split-screen showing a careless worker versus a robot. Left side (Old Java): A

human worker forgetting to close the massive vault door (closing the stream)
because a fire alarm went off (an Exception). Right side (Try-With-Resources): A
high-tech robotic vault door that is mathematically programmed to instantly slam

shut the second the worker leaves the room, regardless of any fires or alarms.

Figure 5.15: Try-With-Resources eliminates human error. It mathematically guarantees that memory-leaking resources
are destroyed safely.

5.7.5 Conclusion

Reading and writing text files is a foundational skill for any software engineer. By mastering the ‘BufferedReader‘ and
‘BufferedWriter‘ wrappers, a developer can process massive datasets with minimal RAM overhead. Furthermore, by
adopting the modern Try-With-Resources architecture, developers can write incredibly clean, leak-proof I/O code,
guaranteeing that the operating system’s files are safely unlocked and flushed, regardless of how violently the application
might crash during the process.

5.8 Stream Classes and I/O Hierarchy in Java

Java handles Input and Output (I/O) operations using a powerful and flexible abstraction known as a Stream. Whether
you are reading from a file on a hard drive, downloading a webpage over a network socket, or taking input from a
user’s keyboard, Java treats all these varied sources and destinations uniformly through the stream API found in the
java.io package.
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Definition

Stream A Stream in Java represents a continuous, unidirectional sequence of data flowing from a source to a
destination. It provides a logical and unified way to read and write data to and from different types of devices
without having to understand the low-level specifics of the underlying physical hardware or operating system.

Conceptually, a stream is like a pipeline for data. Water flows into the pipe from a reservoir (the input source) and
flows out of the pipe to a faucet (the output destination). In Java, an Input Stream is used to extract data from a
source (like a file or network connection), and an Output Stream is used to push data to a destination.

5.8.1 Stream Classes Hierarchy

Java’s stream classes are broadly categorized into two fundamental types based on the smallest unit of data they
operate upon. Understanding this distinction is the first step to mastering Java I/O.

1. Byte Streams: These streams handle the input and output of 8-bit bytes. They are the most fundamental type
of stream and are ideal for reading and writing binary data, such as images, audio files, compiled Java class files,
or compressed zip archives.

2. Character Streams: These streams handle the input and output of 16-bit Unicode characters. They are
explicitly optimized for reading and writing text data. Because Java uses Unicode internally to represent
characters, character streams automatically handle the encoding and decoding of characters from the local
platform’s character set to Unicode, preventing text corruption.

Key Concept

The I/O Hierarchy Root Classes The java.io stream hierarchy is anchored by four primary abstract classes.
Almost all other I/O classes inherit from one of these four:

• InputStream: The root abstract class for all byte input streams.

• OutputStream: The root abstract class for all byte output streams.

• Reader: The root abstract class for all character input streams.

• Writer: The root abstract class for all character output streams.

5.8.2 The File Class

Before you can manipulate the contents of a file using streams, you often need to represent the file itself. It is crucial
to understand that the java.io.File class does not represent the contents of a file, nor is it a stream. Instead, it
represents the file or directory pathname on the file system.

Definition

File Class The File class is an abstract representation of file and directory pathnames. It acts as an interface to
the file system, providing utility methods to create, delete, rename files, check their existence, and obtain file
properties (like size or permissions).

With the File class, you cannot read or write data. Instead, you interrogate the file system. You can check if a
file is hidden (isHidden()), check if a path points to a directory (isDirectory()), or list the contents of a directory
(list()).

Example

Interacting with the File System using the File Class
import java.io.File;
import java.io. IOException ;

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

File file = new File(" example .txt");
try {
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if (file. createNewFile ()) {
System .out. println ("File created successfully : " + file. getName ());

} else {
System .out. println ("File already exists .");

}

System .out. println (" Absolute path: " + file. getAbsolutePath ());
System .out. println ("Is Writable ? " + file. canWrite ());
System .out. println ("File size in bytes: " + file. length ());

} catch ( IOException e) {
e. printStackTrace ();

}
}

}

5.8.3 Byte Streams: FileInputStream and FileOutputStream

When you need to interact directly with the raw, binary contents of a file on disk, byte streams are the necessary
tool. The most common concrete implementations for file I/O operations at the byte level are FileInputStream and
FileOutputStream.

FileInputStream

FileInputStream is designed to read a stream of raw bytes from a file. It inherits from the abstract InputStream
class. It provides methods like read(), which reads a single byte of data and returns it as an integer (from 0 to 255),
or returns -1 if the end of the file is reached. This is generally utilized for binary file processing.

FileOutputStream

FileOutputStream writes a stream of raw bytes to a file. Inheriting from OutputStream, it provides the write(int b)
method to output a single byte. By default, opening a FileOutputStream to an existing file will overwrite its contents.
However, you can pass a boolean append flag to the constructor to append new data to the end of the existing file
instead.

Example

Copying a Binary File using Byte Streams
import java.io. FileInputStream ;
import java.io. FileOutputStream ;
import java.io. IOException ;

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

// Using try -with - resources to ensure streams are closed automatically
try ( FileInputStream in = new FileInputStream (" source .png");

FileOutputStream out = new FileOutputStream ("copy.png")) {

int byteData ;
// Read one byte at a time until end -of -file (-1)
while (( byteData = in.read ()) != -1) {

out.write( byteData ); // Write the byte to the destination
}
System .out. println (" Binary file copied successfully .");

} catch ( IOException e) {
System .err. println ("I/O Error occurred : " + e. getMessage ());

}
}

}
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Important / Warning

The Importance of Closing Streams Operating system file handles are limited resources. If you open a file stream
but forget to close it, the file might remain locked, preventing other programs from accessing it. Always use the
try-with-resources block to guarantee that streams are safely closed, even if an exception is thrown.

5.8.4 Stream Bridges: InputStreamReader and OutputStreamWriter

Because byte streams and character streams are fundamentally different, there are frequent situations where you have a
byte stream but need to process it as text. For instance, network sockets typically provide byte streams, and standard
input (System.in) is an InputStream.

To bridge the gap between bytes and characters, Java provides specialized "bridge" classes.

Definition

Bridge Streams InputStreamReader acts as a bridge from byte streams to character streams. It reads bytes from
an underlying InputStream and decodes them into characters using a specified character set (charset).
OutputStreamWriter acts as a bridge from character streams to byte streams. Characters written to it are
encoded into bytes using a specified charset before being pushed to an underlying OutputStream.

These bridge classes are essential for proper internationalization. Without explicitly defining a charset (like UTF-8),
these classes default to the operating system’s encoding, which can cause text mangling when your application runs
across different platforms.

Example

Using InputStreamReader to Process Keyboard Input
import java.io. InputStreamReader ;
import java.io. BufferedReader ;
import java.io. IOException ;
import java.nio. charset . StandardCharsets ;

public class BridgeStreamExample {
public static void main( String [] args) throws IOException {

InputStreamReader reader = new InputStreamReader ( System .in , StandardCharsets .
UTF_8);

BufferedReader bufferedReader = new BufferedReader ( reader );

System .out.print(" Please enter a sentence : ");
String inputLine = bufferedReader . readLine ();
System .out. println ("You entered : " + inputLine );

}
}

5.8.5 Character Streams: FileReader and FileWriter

For reading and writing standard text files on the local file system, Java provides FileReader and FileWriter. These
are convenience classes derived directly from the bridge streams InputStreamReader and OutputStreamWriter.

FileReader

FileReader is designed specifically for reading streams of characters from a file. Under the hood, it automatically
creates a FileInputStream and wraps it inside an InputStreamReader to immediately provide a character-based
reading interface.

FileWriter

FileWriter is meant for writing streams of characters to a file. It implicitly handles the conversion of Java String
objects or character arrays into bytes before writing them to the underlying FileOutputStream.
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Important / Warning

Platform-Dependent Encoding in Older Java Versions Prior to Java 11, FileReader and FileWriter implicitly
used the system’s default character encoding, which led to portability issues. A file written on Windows might
read incorrectly on Mac. Since Java 11, you can pass a Charset argument to their constructors (e.g., new
FileReader("file.txt", StandardCharsets.UTF_8)) to explicitly guarantee the encoding.

Key Concept

Why Not Use Byte Streams for Text? Technically, you could use a FileInputStream to read a text file. However,
if you read it byte-by-byte and cast each byte to a char, you will immediately corrupt multi-byte Unicode
characters (like emojis or non-Latin alphabets). Character streams properly assemble multiple bytes into a single
valid character.

5.8.6 Buffered Streams: BufferedReader

Reading or writing data one single byte or character at a time directly to the physical storage device is incredibly
inefficient. Every single read() or write() call translates to a system-level interrupt and disk operation.

Java mitigates this problem using Buffered Streams. These classes act as wrappers around unbuffered streams
and allocate an internal, in-memory array known as a buffer.

Definition

BufferedReader BufferedReader reads text from a character-input stream, buffering characters so as to provide
for the highly efficient reading of characters, arrays, and lines.

When you request the first character from a BufferedReader, it fetches a large chunk of data (typically 8 kilobytes)
from the disk all at once and stores it in its internal memory buffer. Subsequent read() requests are served instantly
from this high-speed memory buffer. Only when the buffer is completely exhausted does it go back to the disk.

One of the most widely used features of BufferedReader is its readLine() method, which seamlessly reads an
entire line of text until it encounters a line break, returning it as a convenient String.

Example

Efficiently Reading a Text File with BufferedReader
import java.io. FileReader ;
import java.io. BufferedReader ;
import java.io. IOException ;
import java.nio. charset . StandardCharsets ;

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

try ( FileReader fr = new FileReader (" large_log .txt", StandardCharsets .UTF_8);
BufferedReader br = new BufferedReader (fr)) {

String line;
int lineCount = 0;

while (( line = br. readLine ()) != null) {
lineCount ++;

}
System .out. println ("Read " + lineCount + " lines efficiently .");

} catch ( IOException e) {
e. printStackTrace ();

}
}

}
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Key Concept

The Decorator Pattern in Java I/O The way streams are combined in Java is a classic example of the Decorator
Design Pattern. Buffered streams do not perform the actual physical file access themselves; they decorate an
underlying stream by adding new behavior (buffering). For example, BufferedReader decorates FileReader, which
itself decorates InputStreamReader, which relies on FileInputStream. This modular design allows developers to
mix and match functionalities flexibly.

5.8.7 Summary of Essential I/O Classes

To synthesize the classes explored in this section:

• File: An abstraction for pathnames, used for metadata operations (creation, deletion, size checking), not for
reading or writing data.

• FileInputStream / FileOutputStream: Byte streams optimized for reading and writing raw, binary data
byte-by-byte.

• InputStreamReader / OutputStreamWriter: Crucial bridge classes that translate raw byte streams into character
streams based on a specified character encoding.

• FileReader / FileWriter: Character streams providing a convenient way to read and write text files on the
local filesystem.

• BufferedReader: A decorator class that adds an in-memory buffer to a character stream, vastly improving
performance and providing the invaluable readLine() utility.

Mastering Java I/O requires understanding when to use which class. Use byte streams for binary data, use character
streams for text, and always wrap streams in a buffered stream when performance is a concern.

FileReader BufferedReader Java App

Figure 5.16: BufferedReader Wrapper Flow
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Figure 5.18: Final Keyword Restrictions
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