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Preface

Building real-life applications is a complex task that requires a deep understanding of
modern technologies and programming languages. The most powerful and widely used
tools in application development are C++ and Java.

This book is designed as a comprehensive guide for anyone interested in mastering the
art of argument construction using Java. It takes you on a journey from the fundamentals
of Java programming to more advanced topics, including object-oriented programming
and the practical application of Java technology to create robust, scalable, and efficient
software solutions.

In this book, you will explore the key features of Java and learn how to leverage them to
create applications that are not only efficient and dependable but also easy to maintain
and extend. The book emphasizes best practices in logic generation and application
development, offering a wealth of practical examples, diagrams, and illustrations to
facilitate your understanding of complex concepts.

Whether you are a newbie eager to learn the basics of Java programming, or an experienced
developer aiming to expand your expertise and improve your application development
skills, there is something to offer in this book. It highlights design patterns and advanced
logic-building strategies essential for developing real-life applications.

By the time you complete this book, you will have acquired the knowledge and skills
necessary to become a proficient developer in Java application development. I hope you
will find this book both informative and useful as you begin or continue your journey into
the world of programming,.

Chapter 1: Introduction to Java Programming - This chapter talks about Java’s evolution
and features and a comparative analysis of Java programming with C and C++. The
details of a Java program syntax are outlined with the specifications required. This chapter
also presents the characteristics essential for object-oriented programming with real-life
examples. The relationship between Java Virtual Machine, Java Development Kit, and
Java Runtime Environment is also discussed with diagrams with bytecode.

Chapter 2: Fundamental Building Blocks in Java - The concepts of data types of Javas,
Java operators, Java expressions, conditional statements, and looping concepts are
explained in this chapter. Let us first discuss the concept of a strongly typed language. Java
is statically typed and a strongly typed language because, in Java, each type of data (such
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as integer, character, hexadecimal, packed decimal, and so forth) is predefined as part of
the programming language.

Chapter 3: Concept of Class, Objects, and Methods - This chapter combines examples
from everyday life and illustrations to explain the concepts of classes, objects, and methods.
The model, blueprint, or design is the class. In this chapter, the characteristics of classes
and class types are shown. Introducing the idea of an object, which is a class instance. This
chapter also illustrates the causes of object generation. To help with comprehension, the
differences between classes and objects are listed. Next, the notion of methods is presented.
In OOPs, they are referred to as the functions inside the class. In this case, the method call
procedure is shown. The unique type of method with the same name as the class is called
constructors. Examples of code are used to illustrate the constructor’s idea. This chapter
also covers this term and the crucial idea of method overloading.

Chapter 4: Concepts of Array, String and Vectors in Java - With sufficient knowledge of
class, objects, methods, and constructors we are going to present some interesting and
important topics, like array, string, vector, and wrapper class in this chapter. In different
applications of mathematics, array is inseparable. String handling is also frequent in
different real-life applications. String class methods like concat (), length() and substring()
are very useful for manipulating different strings. In this chapter, we have presented a
detailed explanation with coding examples of some of these methods. The StringBuffer
class also explored with examples in this context. The class vector is also studied with
diagrams for better understanding. The concept of auto-boxing and auto-unboxing with
respect to wrapper class is included at the end of the chapter. After reading this chapter,
students can learn from the basic to advanced level knowledge about the some of the most
important programming constructs like array, String, vector, and wrapper class used for
application development though java programming.

Chapter 5: Types of Inheritance in Java - In the previous chapter, the study of arrays,
string and vectors has been discussed in detail. Now, we will focus on the concepts of
inheritance and the need of inheritance along with the different types of inheritance. Then,
we will cover the most important concept related to inheritance, its method overriding
and how it is achieved with programs. Also, the usage of super keywords is added with
different contexts. The functionality of the final variable, class and methods to restrict the
subclass to inherit the properties and behaviors of the base class, will be studied in this
chapter. The concept of interfaces will be presented to achieve multiple inheritance in
java. Last, but not least, the different types of access modifiers are given with code and
diagrams for better understanding of the learners.

Chapter 6: Concept of Thread in Java - In this chapter, the concept of multi-threading
is placed in such a way that everyone can learn multi-threading to develop real life
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applications. The thread life cycle is also presented in a diagram with a brief description.
Different ways of creating thread in java are included with proper examples. The detailed
discussion of thread class and runnable interface is one of the most important parts of this
chapter along with thread priority. Important methods like join(), and isAlive() associated
with thread programming have been elaborated in this chapter. Last but not least, the
concepts of thread synchronization and inter thread communication have been added to
this chapter.

Chapter 7: Exception Handling in Java - Every day, everyone faces some unexpected
events, in programming, this is known as an exception. When an exception has occurred,
the most important thing is to describe the necessary information about the exception.
Next, we have to overcome the exceptional event, in programming, it is known as exception
handling. In this chapter, if a program code generates one exception, the way to handle
it is described in detail. In this regard, the term error is defined first and then how it can
lead to generate exception is presented. The different types of errors are discussed. Then,
exception is defined and how exception handling can be done in java is elaborated using
programs.

Chapter 8: Package Creation in Java - Packages are an essential notion in Java. Java
uses packages to eliminate name conflicts and manage access to classes, interfaces, and
enumerations. The Java platform has an extensive class library (a collection of packages)
that may be used in your own applications. This library is called the Application
Programming Interface (API). Its packages cover the most typical tasks connected with
programming for general use. A String object, for example, consists of state and behavior
for character strings; a File object enables a programmer to easily create, delete, inspect,
compare, or modify a file on the file system; a Socket object enables the creation and use of
network sockets; and various GUI objects control buttons, check boxes, and other aspects
of graphical user interfaces. There are literally hundreds of courses to pick from. This
enables you, the programmer, to concentrate on the design of your specific application
rather than the infrastructure needed to make it work.

Chapter 9: Stream and File Handling in Java - In Java, a stream is a series of data that is
ordered. Java offers streams as a broad method of handling data I/ O. To enable input and
output operations in Java, the Java I/O system links a stream to a physical layer. In this
chapter, we are going to present the detailed concept of stream and its types with pictorial
representation. Then different classes and methods of different stream classes will be
discussed. Also, the file handling in java is presented in this chapter. The relationship
between streams and files are elaborated in this context.

Chapter10: Applet Programin Java - Appletis asmall programinjava.Itisnotastandalone
program. To implement the applet program, we need browser support. It has its own life
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cycle. There are several methods present inside applet class to implement applet lifecycle.
In this chapter, we are elaborating the building blocks of the applet programming using
java. To give clear pictures of each concept, we have taken simple programs. The html
programming is also taken into consideration to run applet programs. There is several
programming examples are written in this chapter to demonstrate the utility and usability
of applet programming building real life applications.

Chapter 11: Miscellaneous Programs Using Java- In this chapter, first we have provided
the source code of two of the most important data structures Stack and Queue. Then, the
Tic-tac-toe game is demonstrated using java program. Later, the two important symmetric
key and asymmetric key algorithm AES and RSA have been implemented using java
programming for encryption and decryption. At the end, the socket programming has
been added in form of message passing between two programs, chat application and file
sending between client and server.
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CHAPTER 1

Introduction to Java
Programming

Introduction

This chapter talks about Java’s evolution and features and a comparative analysis of Java
programming with C and C++. The details of a Java program syntax are outlined with the
specifications required. This chapter also presents the characteristics essential for object-
oriented programming with real-life examples. The relationship between Java Virtual
Machine (JVM), Java Development Kit (JDK), and Java Runtime Environment (JRE) is
also discussed with diagrams with byte code.

Structure

The chapter covers the following topics:

¢ Introducing Java

* History of Java

e Features of Java

e Relationship between JVM, JRE, and JDK
Bytecode
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2 Exploring Scientific Computing with Java

Objectives

This chapter aims to cover the history of Java programming, tracing its origins through
a programming language family tree. It also explores the shift from procedural to object-
oriented programming, highlighting reasons for the transition. The chapter explains
the differences between C, C++, and Java programming constructs, emphasizing Java’s
features in an object-oriented context with examples. Additionally, it explores the
architecture of the Java Virtual Machine, focusing on byte code operations. The goal is to
provide readers with a comprehensive understanding of Java’s evolution, principles, and
runtime environment.

Introducing Java

Everyone uses language as a mode of communication to spread ideas and arguments
to others regularly. A programming language created artificially directs how a machine,
especially a computer, behaves. Syntactic (the syntax of a program code) and semantic
(meaning of a program code) principles are used to design programming languages,
just as human languages are used to specify their structure and meaning, respectively.
Programming languages are used to define algorithms accurately and ease communication
about organizing and manipulating information. The goal of a programming language is
to make it possible for people to provide instructions to computers, allowing the machines
to behave in a predetermined and desired way. The family tree of programming languages
is shown in Figure 1.1:

Tt Ada

....................................................................

Figure 1.1: Family tree of important programming languages

Now consider the most trending languages in 2022. This is shown as per the job
requirement in Figure 1.2. Java is the second most used programming language according
to web application development.
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Spectrum Trending
SQL

Java 95.07
Python 88.2
JavaScript 71.18
C# 63.19
e 48.51
Cos
HTML 37.083
Typeserio: T
Scala
Shell 44
puby [ECNCE
c IEVER
LN 9.92 |
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srs [ENEN
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Objective-C i

Figure 1.2: Top programming languages 2022

Java is a general-purpose language, often referred to as a strongly typed language. It is
commonly used for object-oriented programming. Java program codes are typically
compiled to the bytecode instruction set and binary representation defined in the JVM
specification. The program codes written in Java can be categorized as Applications, Apps,
Applets, or Servlets.

Javaprograms, which runlocally and independently on a computer, are called applications.
Applications and apps are similar, although the term app is usually used to describe
software that runs on mobile devices, such as mobile phones. Applets are Java programs
downloaded over the internet and run by a JVM, which is normally included with the
browser.

The Servlet programs are Java programs created for a web server to run and give
functionality to websites. Even in modern web development, this type of Java program is
frequently used. In the next section, we will briefly discuss the history of Java.
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Exploring Scientific Computing with Java

History of Java

Sun Microsystems created Java in the early-to-mid 1990s, and the development continues
to this day. A team headed by James Gosling set up to work on a programming language
for consumer electronic devices, and the language came to be known as Oak, which was
then renamed to Java. Here are some of the more significant years in the Java language’s
early history in Figure 1.3:

2023, Java SE 20 is released

2022, Java SE 18 is released and Java SE 1
is released

2021, Java SE 17 is released

2020, Java SE 14 is released , Java SE 15 is released

2019, Java SE 12 is released, Java SE 13 is released

2018, Java SE 11 is released

2017, Java SE 9 is released

2012-2014, Java SE 8 is released

20092011, Oracle announces
Takes over Sun. Java SE 7 is released

20062008, Java SE 6 is released.
2001-2004, J2SE 1.4 and 5.0 are released
1997-2000, Java Development Kit 1.1 and 1.2 released
J2ZSE 1.3 are released

1996, Java Development Kit 1.0 is released.

introduced.
unched.

In 1995, Oak is renamed as Java. The cup and steam logo was
The WebRunner browser renamed as HotJava, Java 1.0a2 i

1991-1994, Oak programming language .Sun Microsystems in Green Project,
Development of web browser WebRunner

Figure 1.3: History of Java

Transition from procedural programming to OOP

There are several reasons for adopting Object-Oriented Programming (OOP) rather than
procedural programming. Some of them are as follows:

The data of a system and the operations that alter the data are often kept separate
in procedural programming. The main benefit of object-oriented programming is
that the data and the operations that alter the data or the code are both contained
within the object. As opposed to procedural or structured design, where attributes
and behaviors are often separated, object-oriented design integrates characteristics
and behaviors into a single object.

Comparing an object-oriented model to procedural programming, we can say that
in terms of proper design, there is no such thing as global data. In object-oriented
systems, this characteristic guarantees a high level of data integrity. The terms
attributes and methods are used in object-oriented programming to describe data
and behaviors. Data hiding refers to the practice of restricting access to specific
properties and / or methods.
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Let us examine how procedural and object-oriented programming languages vary from
one another, as shown in Table 1.1:

Procedural oor

Programming is done based on task or pro- | Object is used rather than tasks
cedure

A task is known as a small part of a problem. | Object represents a person, a table or a
clock. It has functions and characteristics

It follows Top-down approach. It follows Bottom-Up approach.

It does not support access modifiers. It supports access modifiers

It is not easy to add new data and functions. |Itis simple to add new data and functions.

It is less secure since it lacks a suitable meth- | It has the concept of data hiding so it is
od of hiding data. more secure.

The importance of function is more than data. | The importance of data is more important
than function.

The concept of inheritance is not supported. | The concept of inheritance is supported in
three modes: public, private & protected.

Example: C,, Fortran, VB, and Pascal. Example- Simula, Smalltalk, C++ and Java

Table 1.1: Comparison between procedural and OOP approach

Comparisonbetween C,C++andJava programming

There are several differences between C, C++, and Java language, some of which are given
in Table 1.2:

C C++ Java
C can only be compiled, not | C ++can only be compiled, not | Java language can be compiled
interpreted interpreted and interpreted.
C supports both Pass by C++ supports both Pass by Java supports only Pass by
value and Pass by reference. | value and Pass by reference value technique
C does not support both C++ supports both operator Java supports only method
operator and method and method overloading overloading
overloading

C supports goto statement C++ supports goto statement | Java does not support the goto

statement
There is no concept of In C++, both single inheritance |Java supports the single
Inheritance in C. and multiple inheritances are inheritance, multilevel
supported inheritance and hierarchical

heritance using the extend
keyword.
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