Object Oriented Programming Introduction

*°ox9° Chapter 1: Introduction to JAVA ", °*

The Java platform encompasses a robust suite of technologies designed to build and
deploy secure, portable, and high-performance applications. Whether powering
enterprise-level servers, mobile devices, or complex embedded systems, Java plays a
pivotal role in bridging the gap between hardware-specific constraints and cross-
platform flexibility. This equips developers with the capacity to write code once and
execute it anywhere, addressing the challenges of modern, fragmented computing
environments.

In this chapter, we will introduce the fundamental architecture and core principles of the
Java ecosystem. We will explore the mechanics of the Java Virtual Machine (JVM) and the
runtime environment that forms the essential foundation for professional software
development.

1. JAVA environment

While you might already be familiar with languages like C, Java is a bit different. It isn't
just a programming language used to write code; it is also a platform. This means it

provides its own special environment that allows programs to run smoothly on almost
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Figure 1. Java as both a Programming Language and a Platform

any computer or device.
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While a compiler translates source code into machine-readable object code (such as .o
files in C) for the CPU to execute later, an interpreter processes the code directly. Instead
of generating a permanent file, the interpreter reads, verifies, and executes the
instructions on the CPU in real-time. Java is a hybrid language that utilizes both a

compiler to transform code into bytecode and an interpreter to execute that bytecode.
2. JAVA Definition

Java was created in the early 1990s by James Gosling and his team at Sun Microsystems.
Originally named Oak, it was first meant for digital devices like remote controls. However,
as the internet grew, it was renamed Java and released in 1995 as a tool to build powerful,

flexible web applications. Today, it is managed by Oracle.
Java is a high-level programming language defined by these key features:

- Simple & Object-Oriented: It is designed to be easy to learn and focuses on "objects"
to organize code.

- Robust & Secure: It has strong checks to prevent errors and built-in protection
against security threats.

- Portable & Neutral Architecture: It doesn't care what kind of computer you use; the
code is neutral, so it runs the same way everywhere.

- High Performance & Multithreaded: It is fast and can perform many tasks at the
same time.

- Distributed & Dynamic: It is built to work across networks and can adapt to new

information while running.

The Java language utilizes a dual process of compilation and interpretation to execute
programs. During the first stage, source code is transformed into an intermediate format
known as bytecode. Subsequently, an interpreter decodes and executes this bytecode

instruction by instruction, allowing the program to run on the host computer.

myProgram. java

Figure 2. The Dual Process of Java Compilation and Interpretation

-4-



Object Oriented Programming Introduction

The principle of combining compilation and interpretation enables the "Write Once, Run

Anywhere" capability. A Java program can be executed on any device as long as the

appropriate interpreter, known as the Java Virtual Machine (JVM), is installed to process

the bytecode.
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Figure 3. The “Write Once, Run Anywhere” (WORA) Principle via the JVM

A Java program undergoes a five-stage lifecycle before execution:

3.

Editing Stage: The source code is created using a text editor and saved to the disk as

a .java file.

Compilation Stage: The Java compiler (javac) translates the source code into

bytecode, which is stored on the disk as a .class file.

Loading Stage: The Class Loader reads the bytecode from the disk and transfers it
into the system's memory (RAM).

Verification Stage: The bytecode is checked to ensure it is valid, secure, and follows

all Java safety rules and restrictions.

Execution Stage: Finally, the Java Virtual Machine (JVM) translates the bytecode

into machine language and executes the instructions on the computer.

JAVA Technology

Java technology provides a comprehensive ecosystem consisting of three essential layers to

develop and execute applications:
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- The JDK (Java Development Kit): This is the full development environment. It
includes everything needed to create and run Java programs, such as the compiler

(javac), documentation tools, and the JRE.

- The JRE (Java Runtime Environment): This is the standalone package designed
purely for running Java applications. It contains the necessary libraries and the JVM,

but lacks development tools like the compiler.

- The VM (Java Virtual Machine): This is the core engine that executes Java bytecode.
It acts as the platform-independent bridge that translates bytecode into instructions

the computer's hardware can understand.

Note on Modern Versions: Since Java 11 and continuing into the latest releases, the JDK
has become the primary way to distribute Java. For most developers and users today, the

JDK is the all-in-one package that provides the entire environment.
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Figure 4. The Hierarchy of Java Environments: |DK, JRE, and JVM
4. JAVA Platform

A platform is typically the combination of hardware and the operating system (such as
Windows, Linux, or macOS) where a program runs. The Java platform is unique because
it is a software-only platform that sits on top of other hardware-based platforms. It

consists of two primary components:



Object Oriented Programming Introduction

The Java Virtual Machine (JVM): This is the heart of the platform. It is responsible
for loading, verifying, and executing Java bytecode, ensuring the program runs

smoothly regardless of the underlying hardware.

The Java Application Programming Interface (API): This is a vast collection of

ready-made software components that provide a wide range of capabilities, including:
o Essentials: Handling objects, strings, numbers, threads, and input/output.
o Networking: Managing URLs, TCP/UDP sockets, and IP addresses.

o Internationalization: Allowing programs to automatically adapt to different

languages and regions.
o Security: Managing electronic signatures, keys, and access control.
o Database Connectivity (JDBC): Providing uniform access to relational databases.

By combining the JVM and the API, Java frees programs from being dependent on specific

hardware.
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Figure 5. Hardware Independence through the Java API and JVM
5. JAVA Program Types

Java is incredibly versatile, allowing developers to create software for everything from
tiny chips to massive server clusters. Depending on where the code lives and how it is

used, Java programs generally fall into these modern categories:

o Standalone Applications These are programs that run directly on a computer’s
operating system (like Windows or macOS) via the JVM. They do not require a web

browser.
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e Mobile Applications (Android) Java has been the primary language for Android
development for years. These programs are specially compiled to run on mobile
devices, utilizing the hardware features of smartphones like GPS and cameras. Most

classic apps found on the Google Play Store are an example of mobile applications.

o Enterprise & Web Applications These are "invisible" programs that run on powerful
servers. They handle the complex logic behind big websites, banking systems, and

online shopping carts.

e Embedded & IoT Applications Java is used in "smart" technology. Because the
platform is so lightweight, it can run on small chips inside everyday objects like

Smartwatches, SIM cards, television set-top boxes, and industrial robots.

o JavaApplets (Legacy) Historically, these were small programs embedded in websites
to provide interactivity. However, because modern web browsers no longer support
the necessary plugins, applets are now considered obsolete and are rarely used in new

development.



