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COURSE INTRODUCTION

Java is one of the most widely used programming languages for
building secure, scalable, and platform-independent applications. This
course provides a comprehensive introduction to Java programming,
object-oriented principles, exception handling, multithreading, and
database connectivity. Students will gain both theoretical knowledge
and practical skills in developing robust Java applications for real-
world use cases.
Module 1: Introduction to Java Programming
Java is a high-level, object-oriented programming language
known for its portability and security features. This Module
covers the fundamentals of Java, including syntax, data
types, operators, control structures, and the Java Virtual
Machine (JVM). Students will learn how to set up a Java
development environment and write basic Java programs.
Module 2: Object-Oriented Programming Concepts Java
is built on the principles of Object-Oriented Programming
(OOP), which promotes modularity and reusability. This
Module introduces OOP concepts such as classes, objects,
encapsulation, inheritance, polymorphism, and abstraction.
Students will learn how to design and implement Java
programs using OOP principles
Module 3: String Handling and Exception Handling
String handling is crucial for text processing in Java
applications. This Module covers Java's String class,
StringBuilder, and StringBuffer for efficient string
manipulation. Exception handling ensures that programs
handle runtime errors gracefully. Students will learn about
Java's exception hierarchy, try-catch blocks, and custom
exception handling techniques.
Module 4: Java Input/Output (1/0) and Multithreading
Java provides a powerful 1/O framework for reading and
writing data from various sources such as files and networks.
This Module explores Java's 1/0O classes, including File,
BufferedReader, and Scanner. Multithreading allows
concurrent execution of tasks, improving performance.
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Students will learn about threadcreation,synchronization, and

thread lifecycle management.

Module 5: Java Database Connectivity (JDBC)
JDBC enables Java applications to interact with databases for
storing and retrieving data. This Module covers JDBC
architecture, database connectivity, executing SQL queries,
and handling transactions. Students will learn how to integrate
Java programs with relational databases to develop data-driven
applications.



MODULE 1

INTRODUCTION TO JAVA PROGRAMMING

LEARNING OUTCOMES

Understand the overview and features of Java.

Learn the structure of a Java program and its compilation and
execution process.

Understand data types, variables, and operators used in Java.
Learn about control statements such as if, switch, for, while,
and do-while.

Understand the concept of arrays (single and multi-
dimensional) and their implementation.
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Unitl: Basic of Java Programming

1.1 Overview of Java, Features of Java

Overview of Java

The popular object-oriented programming language Java was
developed by James Gosling and his colleagues at Sun Microsystems
in the middle of the 1990s. Java has been widely used since its
inception and is renowned for its ease of use, portability, security, and
resilience. Because Java is platform-agnostic by design, programmers
can use it to create Java apps anywhere a Java Virtual Machine (JVM)
is installed. Regardless of the host operating system, testing your
code over iterations on any Java virtual machine is a key feature of
Java.Java is WORA (Write Once Run Anywhere), which denotes that
a Java application can execute on any platform that is compatible with
the Java virtual machine (JVM), irrespective of OS or powered
machine specifications, once it has been created and compiled into
byte code. Java is increasingly regarded as a second language by
many software engineers working in diverse computer settings.
Given that Java's grammar is based on C and C ++, learning Java is
easier for programmers who are familiar with these languages.Java’s
greatest advantage is its complete ecosystem which includes an
extensive standard library, a large volume of third-party libraries, and
incredible frameworks that make application development faster. The
JDK contains Everything you need to execute Java programs, debug
them, and build them, while the JRE guarantees that Java applications
function seamlessly on various platforms. The relevance of Java in
contemporary software development has also been amplified by its
adoption with enterprise technologies, cloud computing, and artificial
intelligence.Java has seen numerous revisions since its original
release, with each one adding new features and improvements aimed
at improving developer efficiency, security, and speed. Large-scale
Java updates like Java 8, Java 11, and Java 17 introduced lambda
expressions, the stream API, new garbage collection methods,
memory management, and other cutting-edge features. These
improvements have helped keep Java one step ahead of other
programming languages and help Java to be one of the first
preferences for developers all over the globe.
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Features of Java
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Figure 1: Features of Java
[Source: https://blogger.googleusercontent.com/]

Java has features that provide it a robust and dependable language. Its
most notable feature, perhaps, is simplicity. Java is simpler to
understand and use because it avoids many of the drawbacks and
complications of C and C++, such as explicit memory management
and pointer arithmetic. Because of Java's well-known simplicity and
readability, developers can write and maintain code more quickly.
Object-Oriented  Programming is Java's other noteworthy
characteristic. Because Java is object-oriented, many of these tasks
can be completed in modules, code can be reused, and creating more
complex applications is made easier. It includes important OOP
principles like encapsulation, inheritance, polymorphism, and
abstraction. As a result, Java is widely used to create scalable and
maintainable software products. Another feature that defines Java is
platform independence. In contrast to compiled languages (e.g. C,
C++), which create machine-specific binaries, Byte code is a
platform-independent format used to create Java binaries. The JVM
may then execute the compiled byte code, enabling Java apps to
operate unaltered on any operating system. All of above features made
Java a platform independent language, and thus it became a language
of choice for cross platform development. In addition, Java has
excellent security features that protect applications from
vulnerabilities and malicious attacks. By design, it enforces strong
type-checking, runtime security checks, and automatic memory
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management to eliminate common programming errors such as buffer
overflows and memory leaks. Java's well-established security model
is an added advantage for web-based application, where sensitive data
could be at risk of being accessed by illegal entities. Java has another
great advantage is robustness and reliability. The restructuring
introduces information about exception handling in Java applications
that are designed to handle errors gracefully. Automatic garbage
collection in the language helps manage memory efficiently,
eliminating many types of memory-related errors. This is one of the
reasons why Java becomes a choice for writing large-scale, mission-
critical applications. Humpy to Performance by JIT (Just-In-Time)
compilation and memory management Just-In-Time (JIT) compilers
speed up execution through the conversion of byte code into native
machine code during the execution of the code. Java's runtime
environment also supports sophisticated garbage collection algorithms
that reduce memory fragmentation and enhance overall application
performance. Another well-known Java's feature is its multithreading
capability, which permits programmers to create applications that can
finish two or more tasks at once. In Java Due to its built-in support for
multithreading, it uses resources efficiently and increases the
responsiveness of applications. This is especially advantageous in
real-time applications, gaming, and big-enterprise systems that require
concurrent processing. Java has further featured with its extensive
libraries. The Java Standard Library offers a vast array of built-in
classes and APIs for common programming activities, such as
database access, networking, input/output operations, and graphical
user interface (GUI) creation. Finally, Java boasts a rich ecosystem of
third-party libraries and frameworks like Spring, Hibernate, and
Apache Struts, which enable quick application development.

Another significant advantage of Java is its scalability, which allows it
to be used in everything from minor applications to large, enterprise-
wide systems. Java application can easily be scaled as workloads can
be divided among several servers or cloud-based solution can be
utilized. This flexibility makes Java a great option for building
distributed  applications  and micro  services  architectures.
Additionally, Java may support distributed computing through the use
of Enterprise JavaBeans (EJB) and Remote Method Invocation (RMI).
They allow Java applications to communicate with networks and
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communicate with remote components seamlessly. Java's ability to
seamlessly integrate with web services and cloud computing
platforms also adds to its strengths in the realm of distributed
application  development. The importance of Java being
commModuley driven is also a factor in its longevity and evolution.
Java is supported by a broad and active developer commModuley,
which consistently enhances the platform via open-source initiatives,
newsgroups, and knowledge-sharing sites. Java has the advantage of a
massive pool of documentation, tutorials, and online courses available
through the web, making it a very beginner-friendly language. The
versatility of Java also extends to mobile development. It is the base
language of Android app development and Android SDK is the tool
that is used to build the mobile applications. Java has ruled the
mobile ecosystem and millions of Android applications serve billions
of people worldwide. As a web development language, Java has its
place with Servlets, Java Server Pages (JSP), and Spring Boot,
among other technologies. These technologies empower developers to
build dynamic and scalable web applications that power e-commerce
platforms, content management systems, and enterprise solutions.
From artificial intelligence to machine learning to big data, Java is
still very much relevant in the landscape of new and next generation
technologies and this ensures that it remains one of the top
programming languages every developer should know. Java is used in
many Al and data science frameworks, including Deeplearning4j and
Apache Hadoop, for data processing and analysis. The functionality of
Java, which is capable of managing significant data sets and
executing advanced calculations, makes it an ideal selection for
artificial intelligence applications. 10T | Java Sizzling in the Internet
of Things Field of embedded projects The first reason why Java is
used heavily in 10T applications is that it can run on embedded
devices. Java micro servicesis lightweight which empowers 10T
developers to develop scalable and efficient solutions for smart
devices and industrial automation. Java continues to be among the
most powerful, versatile, and widely used programming languages in
a variety of fields. Coupled with its support for object-oriented
programming, platform independence, security, and scalability, Java is
a preferred programming language for developers who want to create
reliable and efficient software solutions. It has consistently been of the
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Notes most popular programming languages used during its lifetime and will
continue to be relevant as technology advances.

12
MATS Centre for Distance and Online Education, MATS University



1.2 Structure of Java Program, Compilation and Execution of
Java Program
Structure of a Java Program
One of the most popular Languages used for programming are Java,
which adheres to a set structure with an emphasis on efficiency,
maintainability, and clarity. Package Declarations, Import Statements,
Class Definitions, Methods, Comments In Java, the code has
components like; The basic structure of a Java program is important
aufor learning the language and writing logicg for Java code.In a Java
program, the package declaration comes first. A package in Java is a
means of grouping and organizing related classes and interfaces,
preventing class name conflicts and enabling modular programming.
The package keyword must be used to declare the class at the
beginning of the Java file if it is a component of the package. For
instance:
Packagemy package;
An application written in Java can specify import statements after a
package has been declared. Programmers can use classes defined in
user-made packages or in Java's standard library by using import
statements. The import keyword is used to bring these classes into
scope. For instance, the following import statement is required if you
wish to utilize the Scanner class, which is present in Java. Utility
package:
Java.Util.Scanner is imported;
Next, we create a class in the Java application. Any Java application
that can run should have at least one class because Java is a computer
language that is focused on objects. Classes serve as blueprints for
building objects that contain methods and data. 8.) The class name
must be descriptive and use standard Java naming conventions (Must
start with a capital letter) Here’s what a simple class definition looks
like:
public class Hello World {

I Class body
}
A Java program must have a class's main method, which serves as the
point of execution. The primary method's signature is fixed:
void main(String[] args) public static {

/I Code execution starts here
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Now, every keyword in this method declaration is serving its purpose.
The method will be accessible from anywhere because its name is
designated with the public keyword. Method execution without class
instantiation is made possible by the static keyword. The return type
is void because the main procedure returns nothing. Finally,
Command-line arguments can be supplied to the application using
Stringargs. Java statements use the main method to execute the
program's functionality. Java requires that statements conclude with a
semicolon. For instance, to print a message, use the following
statement to the console:

System. out. printin(**Hello, World!"");

A Java program may also include comments, which improve code
readability and provide documentation. Java allows comments to be
single-lined with // and multi-lined with

I* *[. For example:

/[ this is a single-line comment

[*thisis a

Multi-line comment */

Compilation and Running a Java Program

Here, the computer prepares and translates Java code to
interpret/execute the file. It is a compilation and execution process.
Java compilation model is unique and allows platform independence,
which is one of the defining characteristics of the language.Writing
the source code for Java in anextension is the first step required to
launch a Java program. For instance, suppose the file Hello World
contains a simple Java program. Compile the Java program using
JavaC, the Java compiler. The source code is converted to byte code
by the Java compiler and stored in a. class file. Hi everyone, today we
will discuss Java class files, which are the intermediate representation
that may be used on any machine that has the Java Virtual Machine
(JVM) installed.

From the terminal or command prompt, the command to compile the
program is:

14
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Java HelloWorld.java

The compiler generates a file named HelloWorld.Class if no syntax
mistakes are detected. This byte code file is sent to the JVM rather
than the operating system directly. By acting as an interpreter, the
JVM converts byte code into machine code that the underlying
hardware can run.

The following command will launch the compiled program is
used:

Java HelloWorld

Keep in mind that the Java command runs the application by using the
primary method of the specified class. Java uses a different approach
than compiled languages such as C and C ++, which produce machine
code that can only execute on a particular operating system. class file,
which embodies Java's "Write Once, Run Anywhere" (WORA) idea,
may be run on computers having the Java Interpreter without
requiring changes to the source code.To put it simply, the JVM carries
out several tasks while it is operating, such as trash collection, just-in-
time (JIT) compilation, byte code verification, and class loading.
Execution a class must be loaded into memory before it can be run.
Only some routines known as byte code verification routines can be
run for security reasons. Using a Just-in-time (JIT) compiler, which
creates native code from hot byte code sequences for better efficiency,
it accomplishes this at the byte code level. The practice of releasing
memory used by no longer-used objects in order to prevent memory
leaks is known as garbage collection.You must learn how to compile
and run Java applications in order to troubleshoot them. To make it
easier for developers to correct syntax issues, the compiler will
provide error messages with the line number and type of issue that
occurred if there are compilation errors. Runtime issues like Its
execution may result in out-of-bounds array access, null pointer
dereference, and division by zero. Try, catch, and finally blocks are
available in Java to manage such problems appropriately.The Java
program's structure, its compilation, and execution steps are the
important building blocks that are imperative to master in order to
succeed in Java programming. The Java Program is structured in an
organized manner. One of the most widely used programming
languages for creating complex applications is Java because of its

15
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Notes compile and execution approach, which guarantees great portability
and security.
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Unit 2: Data types, variables and Operators

1.3 Data Types and Variables, Operators (Arithmetic, Relational,
Logical, Assignment)

! |
Integer Floating Paint
o byte t float
o shoet doubie

Figure 2: Data Types in Java
[Source: https.//il.wp.com/www.softwaretestingmaterial.com/]

In the world of computer programming, knowing data types and
variables is the basis for designing efficient and error-free software. A
storage location holding the symbolic name that is used to represent a
piece of data can change while the program is running. The types of
values and actions that can be applied to a variable are indicated by its
data type.  Characters, integers, and floating-point numbers are
among the common data types found in most programming languages,
and Boolean values, while distinct programming languages will have
different data types. In addition, larger and more intricate data sets
are handled by more sophisticated data types like arrays, structures,
and objects.Although the classification of data types varies widely
throughout computer languages, they can generally be divided into
primitive and non-primitive categories. Kinds, including the primary
object, are stored as data: chars, integers, floating numbers with
points, and true-false kinds. Real numbers that cannot be expressed as
whole numbers are represented by Integers are entire numbers without
a decimal point, while floating point numbers are. A Boolean can be
either true or false, and a character is a single symbol enclosed in a
single quote. Early this is derived from basic data types like objects,
structures, arrays, etc. An array can hold several pieces of the same
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kind and manipulated as a single variable. Data members with similar
kinds are encapsulated using structures and objects, which are
standard aspects of object-oriented programming languages. This
promotes reuse and enhances organization. Data; A variable in a
computer is a value that may be utilized for calculations and other
actions. When you declare a variable, you must provide its data type
since it must know how much memory space to allocate. While some
computer languages need data types to be explicitly declared, others
deduce the type from the value supplied. It's important to note that
variable naming conventions may differ between programming
languages, but most abide by the standard rules of being descriptive,
starting with a letter, and avoiding reserved keywords. You are also
trained on scope and lifetime of data; we have local variables that live
in a block of code and global variables that live through the whole
program. Constants are immutable Data that cannot be altered after
they are declared.Operators are the backbone of any programming
language, and they allow you to carry out data assignments, logical
operations, and arithmetic computations. The most widely utilized
operators in programming are the arithmetic, relational, logical, and
assignment operators. Operators are categorized according on their
extracted operations. Like data categories with their distinct purpose
for programmers to compute, compare, manipulate etc.Arithmetic
operators are those that carry out arithmetic operations, such addition
and subtraction, among others. They form the basis for every
operation being performed, and they are at the core of both
mathematical expressions and algorithmsbeing a basic Module of
data in computer data processing. The percent symbol computes the
remainder of the division, also known as the modulus operator. It is
useful for checking divisibility of a number and operations that are
cyclic in nature. Simply put, both languages must often use a third-
party library for specific operations and, in some cases, even
implement them manually; the increment can be used to increase or
decrease a variable's value by one. and decrement operators that are
available in several programming languages. These operators make it
possible to simplify repetitious computations and write cleaner code.

Because conditional operators are used for comparisons. These
operators are equality ('=="), inequality (''="); comparison ", '>='
identity (‘==="), non-identity ("'=="), and logical operators bigger than

18
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(>), less than (=), less than or equal to (<=), '&&', '|I'. =). Boolean
values are produced by relational operators; an expression's outcome
will either be "true™ or "false.” These are frequently utilized in loops,
conditional statements, and decision-making structures. For instance,
relational operators can be used to establish whether a user’s input
equals a predefined value, whether a number is within a certain
range, or whether one value exceeds another. So, make sure you use
your logical operators well.By combining several Boolean
expressions, logical operators enable you to create intricate condition
evaluations. AND ('&&'), OR (), and NOT (') are the three
primary logical operators. Only when both conditions return true does
the AND operator evaluate to true; when one or more conditions
return true, the OR operator evaluates to true. By flipping a Boolean
value, the NOT operator changes its logical state. In such cases,
Logical operators are essential, and this is where they come into play:
in situations where multiple conditions are involved like form
validation, authentication systems, control flow, etc. This makes code
more readable and also allows developers to easily build complex
decision-making logic.Because you will learn the assignment
operators that assign values to variables. The default assignment
operator (i.e. '=', which means thatthe value on the right gets applied
to the variable on the left. These operators can carry out assignments
and arithmetic operations at the same time. thus eliminating
redundancy by taking advantage of compound assignment operators
like ('+=', '-=""*=""/=") For instance Since x = X + 5 is the same as x
+= 5, the code is clearer but cleaner. You are especially applicable for
iterative calculations and cumulative computations where values need
to be dynamically updated.The fundamental building blocks of
programming are data types, variables, and operators; writing good
programs requires an understanding of these concepts. Knowing data
types well can help you allot just the right amount of memory and
avoid type mismatches, which may cause run time errors. Variables;
In order to store the results of operations, variables are referred to as
storage locations in memory. These operators are responsible for
producing mathematical computations, logical comparisons and data
as developments with logical basis of programming.With the latest
programming practices, we often see dynamic typing and type
inference in modern programming languages as well, where variables

19
MATS Centre for Distance and Online Education, MATS University




\

maTs

UNIVERSITY ¥

SR

adjust their data types according to the assigned value. For example,
languages like Python and JavaScript use dynamic typing, so you
never have to declare types. Dynamic typing offer flexibility, but you
need to handle that carefully to avoid unintended conversions of
types, and hence errors. In contrast, static typing (e.g., Java, C++)
follows strict type rules that make the program more stable and
predictable.Operators and variables are used frequently in
programming, and efficient use of them has a direct impact on both
program performance and program maintainability. Inefficient
operations can result in high memory usage, long-running code, and
difficulty debugging. It is up to the programmers to make their codes
efficient, which often includes using the right data type, avoiding
about the same calculations, and optimized use of operators.
Following best practices like initializing variables before use, using
relevant variable names, and consistent formatting help make code
more readable and maintainable.To sum up, data types, variables, and
operators are the essential components of a programming language. A
good grasp of these principles allows coders to create solid, effective,
and scalable code. New data structure, operator and variable handling
techniques, learned from software developments over the years.
Understanding these ideas is essential to creating dependable and
effective software solutions, regardless of your level of experience as
a developer or aspirant programmer.

20
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Unit 3: Control statements and Arrays

1.4 Control Statements (if, switch, for, while, do-while)
Programming with Control Statements

wa Control Statements
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1. If Statement For Loop 1, break statement

2. If else statement 2. While Loop 2. Continue statement
3. Nestedif slse. 3. Do while Loop 3. goto statement

4, else if construct

3, Switch statement

Figure 3: Control Statements
[Source: https://www.learncomputerscienceonline.com/]

A basic idea in programming, control statements allow programmers
to alter the order in which their programs execute. These tools are
used to control which parts of a program run when specific criteria are
fulfilled, make decisions, and repeat activities. We will examine the
five fundamental control statements if statements, switch statements,
while loops, do while loops, and for loops that are offered by
practically all programming languages.

If Statements

The if statement is perhaps the most basic control structure in
programming. It allows software to make decisions based on whether
a condition evaluates to true or false. If the condition is true, the code
block inside the if statement executes; if not, it is skipped.

An if statement's fundamental grammar usually looks like this:

if (condition) {

/I Code to run in the event that the condition is met}

In this form, an expression that returns true or false is called a
condition. The code block surrounded in curly braces runs if the
condition is true. When the condition evaluates to false, the code
inside the code block is skipped, and the code that follows the if
statement is run instead.
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Take, for instance, a straightforward program that determines whether
a given The number is positive:

if (number > 0) {

console.log(*"The number is positive");
}

In this case, the message "The number is positive” will appear if the
value of the number is larger than zero. The program will just bypass
this code block and carry on with its execution if the value of the
integer is less than or equal to zero.

If-Else Clauses

An else clause, which offers a course of action in the event that the
condition is false, can be added to the if statement. As a result, an if-
else sentence is created:

If (condition) {

/I Code to execute if condition is true

}else {

/I Code to execute if condition is false
}
Using our previous example, we can extend it to handle negative
numbers:
if (number > 0) {
console.log(*"The number is positive™);

}else {

console.log(*"The number is not positive");
}
The message "The number is not positive™ will now appear if the
value of the number is less than or equal to zero.
If-Else Clauses
To handle multiple conditions, we can use the if-else structure:
If (conditionl) {
Il Code to execute if conditionl is true
} else if (condition2) {
/I Code to execute if conditionl is false and condition2 is true

}else {

/I Code to execute if both condition1 and condition2 are false

¥

This structure allows for more complex decision-making. For
example, we can categorize numbers as positive, negative, or zero:

22
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If (number > 0) {

console.log(*"The number is positive");
} else if (number < 0) {
console.log("The number is negative™);

}else {

console.log(*"The number is zero");
}
In this case, if the number's value exceeds zero, then "The number is
positive™ will be displayed. The output would be: The number is
negative. So, if number is 0, which is neither greater than or less than
0, then we will print "The number is zero".
Nested If Statements
More intricate conditional reasoning is possible with the ability to nest
if statements within one another:
If (conditionl) {
If (condition2) {
/I Code to execute if both conditionl and condition2 are true
}else {
/I Code to execute if conditionl is true but condition2 is false

}
}else {

/I Code to execute if conditionl is false
}
It's crucial to employ nesting if statements sparingly even if they can
offer complex control over program execution. The "arrow anti-
pattern” or "pyramid of doom," where the code becomes hard to read
and maintain because of the constantly rising indentation level, can
result from excessive nesting.
Ternary Operator
Many programming languages also offer a more efficient method of
Simple if-else statements can be constructed using the ternary
operator:
State? ExpressionlfTrue: expressionlfFalse
This operator evaluates the condition and returns the value of the first
expression if the condition is true; if it is false, it returns the value of
the second expression.
For instance, our example of number categorization may be rewritten
as:
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let status = number >0 ? "Positive”: number <0 ? "negative" : "zero";
console.log(*"The number is " + status);

The ternary operator provides a more compact syntax but should be
used judiciously. Using too many ternary operators or nesting them
will make it more difficult to read and comprehend the code.

Switch Statements
This will have the same effect as an if-else if-else statement, except
using if-else statements with multiple conditions can get very
cumbersome when there are many discrete values that need to be
checked. Switch statements are useful in this situation. The statement
for the switch offers a cleaner approach to deal with various discrete
conditions by comparing a variable with different values.
This structure is commonly used in the fundamental the switch
statement's syntax:
switch (expression) {
case valuel:
/I Code to execute if expression equals valuel
break;
case value2:
/I Code to execute if expression equals value2
break;

default:
/I Code to execute if expression doesn't match any case
}
This indicates that after the expression has been evaluated once, the
value obtained from each case clause is compared to that value. In the
event of a match, the corresponding code block is run. In order to exit
the switch block and avoid falling through to following cases, the
break statement is included.
For example, consider a program that provides a message based on a
day of the week:
switch (day) {
case 1:
console.log("Monday");
break;
case 2:
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console.log("Tuesday"); Notes
break;
case 3:
console.log(*"Wednesday");
break;
case 4:
console.log("Thursday");
break;
case 5:
console.log("'Friday");
break;
case 6:
console.log(*"Saturday");
break;
case 7:
console.log("Sunday");
break;
default:
console.log("Invalid day");
}
So, in this case, if day is equal to, the message "Monday" will be
displayed. If day is equal to, it will return the message "Tuesday", etc.
Note that if day is not within the range, it will print Invalid day.
Fall-Through Behavior
This is where fall-through, which is a feature of switch statements,
comes into play. When a break statement is missing from a case, code
execution falls through to the next case, regardless of whether that
case condition is true. It can be useful in few situations, but if care is
not taken, it can also lead you to bugs.
For example, consider a program that categorizes days of the week as
weekdays or weekends:
switch (day) {
case 1:
case 2:
case 3:
case 4:
case 5:
console.log(*"Weekday");
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break;
case 6:
case 7:
console.log("Weekend");
break;
default:
console.log("Invalid day");
}
In this case, if the day's value is 1, 2, 3, 4, or 5, the message
"Weekday" will be displayed. If the value of day is 6 or 7, the
message "Weekend" will be displayed. If the value of day is not
within the range of 1 to 7, the message "Invalid day" will be
displayed.
Switch vs. If-Else
Switch statements and if-else statements can often be used
interchangeably, but in some cases, one will be more appropriate than
the other.Switch statements come in handy and tend to look cleaner
and be more performant for an array of discrete variable values. They
offer a more streamlined way of managing multiple conditions and
can be more performant, as the evaluated expression only runs
once.But switch statements are limited to equality comparisons and
only work with 1 expression. If you have to check multiple different
variables or multiple different comparison types (less than, greater
than, etc.) use if-else statements.
For Loops
Guards are systems of control that permit a program to run a chunk of
code over and over again until a specific condition is satisfied. For
the Loop Among the most popular loop structures. It is the
abbreviation for iterating over a collection's elements or within a
range of values.
The basic syntax of a for loop typically follows this structure:
for (initialization; condition; update) {
/I Code to execute in each iteration
}
In this structure:
e At the start of the loop, the initialization statement is run once.
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e Every iteration begins with an evaluation of the condition. Notes
The body of the loop runs if the condition is true; if not, the
loop ends.

e At the conclusion of every iteration, the update statement is
run.

For example, consider a program that prints the numbers from 1 to 5:
for (leti=1;i<=5; i++) {

console.log(i);
}
In this example, the variable i is initialized to 1. The loop will keep
going as long as i is less than or equal to 5. At the end of each cycle,
the value of i is raised by 1. The body of the loop merely outputs i's
current value. The result will be:

g~ W N

Nested For Loops
For loops can also be nested within each other, allowing for more
complex iteration patterns:
for (leti=1;i<=3;i++) {
for (letj=1;j<=3; j++) {
console.log(i: ${i}, j: ${3});
}
}

In this example, for each value of i from 1 to 3, the inner loop iterates
j from 1 to 3. The output will be:

[ e

[
[
02,
02,
02,
i:3, ]
i:3, ]
i:3, ]

W N P WDN PP WD
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Common uses for nested loops include creating multiplication tables
and iterating over two-dimensional arrays.
For-Each Loops
A simpler form of the for loop, sometimes called an improved for loop
or a for-each loop, is also available in many contemporary
programming languages. It is intended especially for iterating across
collections like arrays or lists:
for (element of collection) {

/I Code to execute for each element
}
For example, consider a program that prints each element of an array:
let fruits = ["apple”, "banana”, “"cherry"];
for (let fruit of fruits) {

console.log(fruit);
}
The variable fruit in this example assumes the value of each element
in turn when the loop iterates over each one of the fruits array's
elements. The result will be:
apple
banana
cherry
For-each loops are generally more readable and less error-prone than
traditional for loops when iterating over collections, as they eliminate
the need for explicit indexing.
Infinite Loops
If the condition in a for loop is always true, An infinite loop is created
when the loop continues to run indefinitely. For instance:
for (leti =1, true; i++) {

console.log(i);
}
The condition in This illustration is always true, therefore the loop
will continue to run forever, printing growing values of i. Infinite
loops can be useful in certain cases (like in server applications that
needs to run forever) but in many cases they're the result of a logical
error, driving programs to hang or crash.
Breaking Out of Loops
One way to end a loop early is to use the break statement:
for (leti=1;i<=10;i++) {
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if (| —== 5) { Notes
break;

ks

console.log(i);
}
The loop will iterate in this example until i = 5, at which point the
break statement will end the loop. The output will be:
1
2
3
4
Skipping Iterations
To move on to the next iteration and bypass the current one, use the
continue statement:
for (leti=1;i<=5;i++) {

if (1===3){

continue;

ks

console.log(i);
}
In this scenario, the loop will proceed to the next iteration and bypass
the remaining one. when i = 3 thanks to the continue statement. The
output will be:
1
2
4
5
While Loops
While Loop: In another one, fundamental loop structure. It will
continue to execute the block desired repeatedly where a condition
specified remains true. In contrast to the while loop is more
appropriate in some situations where the number of iterations is
unknown beforehand than the for loop, which is usually used when
the total number of iterations is known.
Generally, a while loop's core syntax adheres to this framework:
while (condition) {

/I Code to execute as long as condition is true

¥
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In this structure, the condition is evaluated before every iteration. If
the condition is true, the loop's body executes; otherwise, it
terminates.

Take, for instance, a program that uses a while loop to print the
numbers 1 through 5:

leti=1;

while (i<=5) {
console.log(i);

i++;

}

Before the loop starts the variable i is initialized to 1 in this example.
The loop will keep going as long as i is less than or equal to 5.
Before its current value is reported, i is first raised by 1 within the
loop. The result will be:

g~ WO DN B

Iterating over a collection Here you can see that the same
functionality can be achieved using a for loop and while loop. They
differ on the basis of readability and specific task requirements;
however, the choice between the two depends on the need.
While vs. For Loops
Although while loops and for loops can produce the same results,
some situations might favor one over the other.Whereas, While loops
are much more adaptable and helpful in situations where the number
of executions is unknown in advance or is based on some condition
that can change during execution.
For example, consider a program that reads input from a user until
they enter a specific value:
let input ="";
while (input == "quit") {

input = prompt("Enter a command (type 'quit’ to exit):");

Il Process the input
}
For this example, we will loop until "quit” is entered by the user. A
while loop is more appropriate than a for loop as we cannot predict
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how many times a user will submit a command before quitting.While Notes
FOR loops can be more succinct and should be utilized when it is

possible to forecast how many iterations there will be or is known in

advance.

Nested While Loops

Similar to for loops, while loops can also be nested within each other:

leti=1;

while (i<=3) {

letj=1;

while (j <= 3) {
console.log(i: ${i}, j: ${i});
jt+t;

}
i++;
}

This example produces the same output as the nested for loops
example we saw earlier. For activities like creating intricate patterns
or iterating over two-dimensional arrays, nested while loops might be
helpful.
Infinite While Loops
When a while loop's condition is always true, the loop will run
indefinitely, creating an infinite loop:
while (true) {
console.log("This will print forever");
}
Since the condition in this case is always true, the loop will print the
message and continue to run indefinitel "*This will print forever" over
and over. As with infinite for loops, infinite while loops can be useful
in specific scenarios but are often the result of logic errors.
Breaking Out of While Loops
The break statement can be used to end a while loop early:
leti=1;
while (i<=10) {

if i===5) {

break;

}

console.log(i);
i++;
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The loop will iterate in this example until i = 5, at which point the
break statement will end the loop. The output will be:

1

2

3

4

Skipping Iterations in While Loops

To move on to the next iteration and bypass the current one, use the
continue statement:

leti=0

1.5 Arrays (Single and Multi-Dimensional)

One of the simplest data structures in computer science and
programming is an array. Fundamentally, arrays allow us to group
data into a single variable name, with each element accessible by an
index. So the idea is deceptively simple, yet when it comes to
working we already need arrays as they form the basis of many
algorithms and so many applications in different domains of
computing. Arrays are an essential data structure used in
programming languages to store homogeneous data efficiently and to
enable fast data processing at multiple dimensions, ranging from
simple lists of numbers to higher-dimensional structures like images
or scientific simulations.However, the real strength of arrays is their
versatility and performance feature. An array is a collection of objects
stored in successive memory locations accessed using zero based
indexing. Compared to other data structures, such as linked lists,
arrays are unique due to their O random access property, which may
require traversing each element sequentially. In addition, arrays also
have predictable memory usage patterns, which align well with the
way modern computer hardware works and make them very
performant in many operations.This data structure is initialized as a
single-dimensional array, more commonly known simply as an array
or a linear array. Think of them as a linear series of elements next to
each other in RAM: like a row of boxes, where each box contains a
value. These structures are suitable for when you want to represent a
list, sequence, or any sample collection that will follow a linear order
in nature. For example, we can store a collection of student scores,
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price records, or a number of characters forming a string.Multi-
dimensional arrays are the concept of extending this idea to represent
data that natural organizes in multiple dimensions. Where a 2D array,
is typically represented as a table / grid that has rows or columns, to
hold things like spreadsheets or game boards, or pixel level
information for images. More commonly used are two-dimensional
matrices that play a variety of roles in scientific computing and
statistical analysis, although three- and higher-dimensional arrays also
appear in certain scientific fields, where the data are more naturally
organized along three or more axes.

The specific features and limitations of arrays can differ across
programming languages. While some languages such as C and Java
use fixed size arrays that you declare the dimensions for at
initialization, others like python Dynamic arrays in JavaScript can
expand or contract as needed. Certain programming languages use
homogeneous arrays, which require that every element be of the same
data type, while others implement heterogeneous arrays allowing any
type of elements. These implementation variants define how arrays
are declared, initialized and manipulated in different programming
environments.Knowing how to create and access arrays only tells part
of the story of how to use arrays correctly. It is achieved by learning
common array operations like insertion, deletion, searching, sorting
etc. As developers progress into more intermediate programming, they
may weigh the trade-offs between the simplicity and performance
benefits of working with arrays against the downsides in particular
situations.Arrays are often the base of more complex data structures.
Dynamic arrays, matrices, sparse arrays, jagged arrays, and parallel
arrays are all specialized implementations or usage patterns built on
top of the basic array model. Moreover, a lot of abstract data types
such as stacks, queues, and heaps can be well implemented using
arrays as their fundamental storage mechanism. This versatility
means that arrays are not only important in their own right but critical
to grasping a wide variety of computational paradigms.This article,
however, will take a deep dive into the discussion on both single and
multi-dimensional arrays/articles on what they are, their properties,
operations, implementations in different programming languages and
how these can be used to solve real life problems. If you are just
starting out in programming and want to really grasp the basics or are
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an expert developer who needs to know how to use arrays in modern
applications, this is the place for you.

Single-Dimensional Arrays

A single-dimensional array, or simply array, is the most basic kind of
array data structure. A collection of elements of the same data type
kept in a single, continuous block of memory is called an array. The
array shown here can now be referenced by at least one index, or key,
so it can be amended in array Sort along with its positions. The index
usually begins at (C, Java, Python) or (Fortran) depending on the
programming language.Well, the idea of arrays came from the need
to store a collection of similar data. Before arrays, programmers used
to create separate variables to hold them all, making the code bulky
and hard to manage for large datasets. The development of arrays
solved this issue by allowing the programmer to define a single
variable that would hold different values and made the code
considerably simpler and maintainable. This was a major advance in
the design of programming languages and their data structures.In
memory, a one-dimensional array is usually arranged as a contiguous
segment of memory. Due to this contiguous allocation, because it is
known to index, it permits Orandom access to any element in the
array. The location in memory of an element can be determined using
a simple equation: base address + (index x element size). This
element-to-address mapping also explains the reason why operations
such as array access have an average time complexity of O time
complexity, which is why arrays are very effective in scenarios that
requires a lot of random access.An array is typically declared using
the following syntax, depending on the programming language; name,
type, and sometimes the size. That is implemented in Python by using
lists or special array modules, shown with declarations such as
numbers. Different syntax approaches here reflect slightly different
language design philosophies and implementation detail of array
support under the hood.In many programming languages, arrays
require all data types to be homogeneous, i.e., all elements must be
one same data type. This limitation allows for effective memory
allocation and access, since the compiler can know precisely how
much memory each element needs. Strict typing and homogeneity is
expected in Java and C, while arrays in JavaScript and Python are
heterogeneous and can contain different types of elements. Of course,
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this flexibility comes at a performance cost, because heterogeneous
arrays often incur some extra overhead to book keep the types and
sizes of elements.Arrays may be initialized during program execution
or at the time of declaration. You can provide the starting value when
declaring an array in languages like C or Python, such as int
numbers= {1, 2, 3, 4, 5}; or numbers =[1, 2, 3, 4, 5]. Using a loop or
a function that fills an array based on certain patterns or data sources,
arrays can also be initialized programmatically. Similar to this,
certain languages offer specialized functions or constructors for
creating arrays initialized to particular values or with varying
properties.In a one-dimensional array, you access its members by
appending the array name in square brackets, followed by an index.
Numbers would retrieve the fourth element from a numbers zero-
indexed array. The syntax is fairly consistent across languages, with
slight variations. Access operations are usually validated at runtime to
confirm that the index is inside the array's boundaries, although some
lower-level languages such as C do minimal bounds checking and the
programmer can potentially access memory outside of the array
boundaries.Changing array elements uses similar syntax, but
assignment operations are performed at given indices. Because
element positions are known, as reading and writing to arrays are both
generally O in time complexity, hence arrays are efficient in this
aspect. Languages differ in terms of whether array elements are
mutable or not and whether arrays are immutable (i.e., they are one
time initialized, and you cannot change elements).One of the most
common array operations is traversal: the process of visiting each
element sequentially. This is done most commonly using loops that
iterate the indices or the elements directly. Today’s programming
languages offer better iteration constructs such as a for-each loop
which makes array traversals easier to stat, while hiding index
handling. These constructs enhance code readability and minimize
off-by-one bugs that frequently arise when handling indices manually.
Searching in lists means looking for an element that meets some
condition. The linear search, which checks every element from one
end of the array to the other until the desired match is found (or the
end of the array is reached), would work on any array and has O(n)
time complexity. For sorted arrays, a more effective O(log n) solution
is binary search, which iteratively halves the search space. These are
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basic searching algorithms, which are essential to know for
programmers who would want to work on array as they are the
building blocks for other complex manipulation of data.In single-
dimensional arrays one-dimensional arrays and deletion can be very
complex, particularly for static arrays, which are arrays that are of
fixed size. Inserting an element normally would necessitate moving
the other components, which in the worst situation may involve an O
(n) time complicated. Similarly, when you delete something, you
move the elements in that direction to fill the space that was left.
These operations, which can be expensive, underscore one of the
disadvantages of basic arrays versus data structures offering greater
flexibility, like linked lists, which are better suited for insertions and
deletions when appropriate.Dynamic arrays solve the size limitation
of static arrays by dynamically resizing when required. Typically,
when a dynamic array gets filled up, it allocates a new, bigger array
(often double the size), and copies all currently existing elements
over, and frees the old array. Languages such as Python, JavaScript,
and Java have array-like data structures (such as Python's list or Java's
Array List) that do this resizing for you behind the scenes. The
amortization means that individual append operations keep an
average constant time, while also allowing the array to grow if it
needs to, which greatly increases its flexibility in situations where At
initialization, we are unsure of the final size.The performance
characteristics of single-dimensional arrays make them very suitable
for many common programming tasks. Because their O random
access performance, they are good candidates for situations wherein
frequent random, direct access is required. Sequential memory
storage allows for more efficient caching and prefetching compared
to non-linear data structures, making it generally faster for pure
sequential reads/writes. However, because of how arrays are stored
internally in memory (contiguous), they may not perform well for
frequently inserting or removing data from arbitrary positions in the
data structure, or when the size of the data is highly variable.Some
common uses of single-dimensional arrays include stacks and queues,
where the sequences of values must be stored for statistical analysis,
collections of objects in programming interfaces, and as building
blocks for more complex data structures. They also show up a lot in
algorithm implementations, from basic sorting routines to advanced
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numerical methods. The fact that you grasp single-dimensional arrays
in themselves is a stepping stone that you could use to solve more
complex programming problems and managing data.
Multi-Dimensional Arrays

Multi-dimensional arrays take this complexity a step further and
provide a hierarchical organization of elements with multiple indices.
They are a way to capture data that can be represented in more than
one dimension; tables, matrices and spatial coordinates. Most types
of arrays are two-dimensional, resembling tables with columns and
rows; however, arrays can have theoretically any number of
dimensions (limited by language constraints and practical memory
limits).You can think of a two-dimensional array as a "array of
arrays," because each element of the main array is a one-dimensional
array. For instance, in a 2D array that defines a chess board, board3
may denote the square at the 5th column and 4th row respectively.
This intuitive addressing scheme is precisely what makes multi-
dimensional arrays ideally suited for problems that involve tabular or
grid-like data.Multi-dimensional arrays can be stored in memory
using a variety of configurations. These arrays can be arranged in
memory in two main ways; Row-major order, which is utilized in
Python, C, and C++, and column-major order, which is utilized in
MATLAB and Fortran. Major order of rows is when all the elements
of a row are saved next to each other and after that row the next row,
and so on. If it is column-major order, then elements of a column will
be stored adjacently. The performance characteristics of access to the
individual elements, in particular, can vary greatly depending on how
memory is organized, especially with respect to the usage of CPU
caches in sequential access patterns.The address mapping of multi-
dimensional arrays is an extension of the single-dimensional. Like in
case of a row-major order two-dimensional array, element i address
can be computed as: base address + (i x number of columns + j) x size
of elementsthis formula extends to higher dimensional data by taking
the product of the dimension sizes to the right of the index. The
address calculations allow users to understand the performance
characteristics of the underlying hardware, while also clarifying how
multi-dimensional arrays really work.The process of declaring multi-
dimensional arrays differs from one language to another, but typically
includes providing the dimensions as well as the type of elements to
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be stored. In C, this may be declared as int matrix3; to generate a 3x4
horizontal array of int variables. In Python, multi-dimensional arrays
are also represented using lists, as numpy or other libraries provide
them with declarations such as matrix = [[O for j in range (4)] for i in
range (3)] or matrix = np. Zeros ((3, 4)). Argentina and Peru are much
further apart when it comes to their language philosophy concerning
how to implement an array and manage its memory.Two-dimensional
and higher arrays are more complicated to initialize than single-
dimensional arrays. Many languages support nested initialization lists,
such as int matrix2 = {{1, 2, 3}, {4, 5, 6}}; in C. However, when
initializing an array programmatically, the usual way is to use nested
loops iterating through each dimension. Many languages and libraries
have functions for common initialization patterns (for example,
filling with zeros, ones, or identity matrices). The introduction of
these techniques comes in handy especially in the realms of scientific
computing and data analysis as the specific pattern of matrices crops
up very often.Multi-dimensional arrays are accessed by supplying an
index for each dimension, typically in nested square brackets. Matrix1
would then refer to the element at the second row, third column of a
two-dimensional array that we may name "matrix." Some languages
and libraries also allow access by alternatives notations, such as
matrix in or NumPy. Assuming that all dimension sizes are known at
compile time, these access operations maintain the O time complexity
properties of arrays.
Traversal of multi-dimensional arrays commonly uses nested loops,
with one loop for each dimension. For example, traversing A two-
dimensional 3x4 array could make advantage of code like:
for(inti=0; i< 3; i++) {
for(intj=0;j<4;j++) {
process(matrix[i][j]);

}

}

This nested structure of the loops map naturally to the multi-
dimensional structure of the array as it allows visiting each of its
elements exactly once. Many languages and libraries also expose
abstracted iteration mechanisms over multi-dimensional arrays to ease
common traversal patterns.Slicing and sub array extraction are useful
operations that can be extremely useful for multi-dimensional arrays.
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These operations return segments of arrays according to defined
ranges for various dimensions. In languages or libraries which
provide syntax for slicing, for example, for a variable with name
matrix, the expression using slicing matrix [1:3, 2:4] might for the
pre-processing operation returns the 2x2 sub matrix for the rows 1-2
and the columns 2-3 of the original matrix. This type of operations
are particularly useful in the fields of data analysis and scientific
computing, where it is often the case that we want to work with
specific regions of our data.Matrix operations are a specialized class
of multidimensional array manipulations found in scientific
computing, computer graphics, and other engineering applications.
These operations involve matrix addition, subtraction, multiplication,
transposition, and inversion. In these cases, it is frequently faster to
apply one of these functions with similar semantics rather than
looping through each member of the collection. Important; Jagged
Arrays Jagged arrays are a type of multi-dimensional array but where
one or more of the dimensions can have differing lengths i.e. if the
inner arrays have length at different depth levels. And, unlike
rectangular arrays where every row contains the same number of
columns, in jagged arrays we can have different sub array sizes. So, a
jagged array may have three elements in the first row, five in the
second and two in the third. While this flexibility is helpful in
representing irregular data structures, like varying text lengths or
sparse data representations, it adds extra complexity with memory
management and access patterns.As each dimension's magnitude or
number of dimensions increases, memory considerations become
more important particularly for multi-dimensional arrays. So down the
rabbit hole we go, large multi-dimensional arrays can eat significant
memory resources. In response to this concern, specialized
implementations such as sparse arrays have been created, which
efficiently store arrays mostly filled with default values by tracking
the indices of all non-zero values and storing only those non-default
or scalar values themselves. Specifically, SciPy provides more
specialized sparse matrix implementations that significantly reduce
memory footprints when applicable.If you want to optimize
performance in multiple dimensions, you usually try to arrange your
memory access patterns to get better cache hits per operation. More
performance gains can be realized through memory locality when
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accessing arrays in their proper order of storage (array traversal as
per row-major or column-major only) resulting in fewer cache misses.
This is particularly important when accessing large arrays larger than
the size of CPU caches, as the difference between being optimized
and not optimized can lead to performance differences of several
orders of magnitude in real-world applications.Some examples would
be image processing with image data as 2D/3D arrays, or any
scientific simulations with spatial data, or game board representations,
financial modeling with time-series data across multiple
entities/fields, or machine learning algorithms working on feature
matrices. These applications take advantage of this natural mapping
between the multi-dimensional nature of the problem domain data and
the multi-dimensional organization of arrays.

Now within those multi-dimensional arrays in specific domains have
specialized libraries designed to ease using those. Some specific
examples include NumPy and SciPy for scientific computing in
Python, LAPACK and BLAS for linear algebra operations, or various
image processing libraries in several different programming
languages. These libraries often provide optimized implementations of
many common operations, making extensive use of low-level
hardware acceleration, parallel processing, and advanced algorithms
to achieve performance that it is challenging to achieve with manual
implementations.

Implementation Details and Memory Management

An important consideration in regard to array implementation that can
affect performance and behavior is memory management. Arrays are
stored at contiguous memory locations and each element of an array
is stored at the next memory location. The fact that all of this is
written in contiguous memory is key to the O random access property
of arrays, since the address in memory can be directly computed from
the index. But this feature also brings limitations and concerns that
programmers need to know to use arrays effectively.The space
required by an array is based on a few factors how many elements are
stored, the size of the individual element (dependent on its data type),
and some overhead needed possibly by the language runtime /
operating system. In the example, if the data was an array of 1000 32-
bit integers it would occupy around 4000 bytes in size, with added
overhead. Some languages enrich the array data with metadata used to
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store properties of the array, such as length or capacity, such that the Notes
total memory consumed is greater than just the memory used to store
its elements. Static Arrays; Memory allocation strategies differ
between static and dynamic arrays. Static arrays, as in C, have their
size defined at compile time and they reserve space in the stack for
smaller arrays or in the data segment in case of bigger, global arrays.
Dynamic arrays, whether built-in to a language (Java’s Array List) or
implemented by programmers, allocate memory on the heap at run
time. This dynamic allocation provides flexibility for developers but
also adds the overhead of memory management operations and
fragmentation issues as time goes on.

MCQs:

1.

Which of the following is NOT a feature of Java?

a) Object-oriented

b) Platform-dependent

c) Secure

d) Robust

What is the correct file extension for a Java source file?
a) .jav

b) .class

C) .java

d) .exe

Which operator is used to compare two values in Java?
a) =

b) ==

c)!=

d) +=

Which control statement is used to terminate a loop?
a) continue

b) exit

c) break

d) switch

Which of the following is NOT a valid Java data type?
a) float

b) double

c) char

d) number
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10.

What is the default value of an uninitialized integer
variable in Java?

a) null

b) 0

¢) undefined

d) garbage value

Which of the following is NOT a Java loop structure?
a) for

b) while

C) repeat

d) do-while

Which statement is used to execute one block of code out of
many possible options?

a) if

b) else

C) switch

d) while

Which keyword is used to define an array in Java?

a) array

b) list

C) new

d) define

What is the index of the first element in a Java array?
a)l

b) 0

c)-1

d) Depends on array type

Short Questions:

1.

o

© o N oG

What are the main features of Java?

Explain the structure of a Java program.

What are data types and variables in Java?

How do arithmetic, relational, and logical operators work in
Java?

What are control statements? Explain with examples.

Describe the difference between while and do-while loops.
How does the switch statement work in Java?

Explain single and multi-dimensional arrays in Java.

How do you declare and initialize an array in Java?

42
MATS Centre for Distance and Online Education, MATS University



10.

Write a simple Java program to find the largest number in an
array.

Long Questions:

1.
2.

10.

Explain the history and features of Java.

Describe the compilation and execution process of a Java
program.

Discuss Java data types, variables, and their scope.

Explain different operators in Java with examples.

Write a Java program to demonstrate control statements (if,
switch, loops).

What is an array? Explain single and multi-dimensional arrays
with examples.

Write a Java program to find the sum of elements in an array.
How does Java handle loops? Explain for, while, and do-while
loops with programs.

Explain the importance of arrays in Java with real-world
applications.

Compare Java with other programming languages in terms of
speed, security, and features.
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MODULE 2
OBJECT-ORIENTED PROGRAMMING CONCEPTS

LEARNING OUTCOMES

« Understand the concept of classes and objects in Java.

e Learn about constructors and methods including method
overloading and overriding.

e Explore inheritance and its types (single, multi-level, and
hierarchical).

e Understand polymorphism, encapsulation, and abstraction in
Java.

o Learn about the usage of this and super keywords.
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Unit 4: Basics of Classes and Objects

2.1 Classes and Objects
Classes and objects are the core concepts of object-oriented

programming (OOP) and serve as the foundation for several modern
programming languages like Java, Python, and C++.

Class: A class is a blueprint or template that defines the
structure and behavior of objects. It includes attributes (data
members) and methods (functions) that operate on the data.
Object: An object is an instance of a class, representing a real-
world entity with specific characteristics and behaviors.
Attributes & Methods: Attributes define the object's state
(e.g., color, size), while methods define the object's behavior
(e.g., start Engine(), brake()).

Instantiation: The process of creating an object from a class is
called instantiation. In Java, for example, this is done using the
new keyword:

Car myCar = new Car();

Encapsulation: Encapsulation is the principle of restricting
direct access to certain details of an object and only allowing
controlled interaction. It is achieved using access modifiers
(public, private, protected) in programming languages.
Advantages: Using classes and objects helps in modularity,
reusability, and efficient software design by allowing
separation of concerns and structured programming.

Java Class & Objects

Class Person g name- John
— age- 35
unique_id city- Delb
Data tae ﬁ gender- make
age
Members ity
gender
eat{) name- Dessy
stud - 20
Methods s,“g((,) :3;
p’ayo gender- female
s 4

Figure 4: Class and Objects
[Source: https://th.bing.com/]

45

MATS Centre for Distance and Online Education, MATS University




\

ankeie

UNIVERSITY ¥

2.2 Constructors and Methods (Overloading and Overriding)
Constructors

A constructor is a special type of method that is automatically called
when an object is created. It is used to initialize objects by setting
initial values to attributes. A constructor has the same name as the
class and does not have a return type.

Types of Constructors:

1. Default Constructor: A constructor that takes no parameters
and initializes object attributes with default values. If not
explicitly defined, many programming languages provide an
implicit default constructor.

class Car {

String model;
int year;

Car() { // Default Constructor
model = "Unknown";
year = 2020;

}
}

2. Parameterized Constructor: This type of constructor allows
passing values at the time of object creation to initialize
attributes.

class Car {
String model;
int year;
Car(String model, int year) { // Parameterized Constructor
this.model = model;
this.year = year;
}
}

3. Copy Constructor: A copy constructor creates a new object
by copying attributes from an existing object. This is useful for
cloning objects.

Method Overloading

Method overloading is a feature in OOP that allows multiple methods
in the same class to have the same name but different parameter lists
(different number or type of parameters). It is a form of compile-time
polymorphism.
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Characteristics of Method Overloading: Notes
e The methods must have the same name.
e The parameter list must be different (either in type or number
of parameters).
e The return type can be the same or different, but it does not
play a role in method overloading.
Example of Method Overloading in Java:
class MathOperations {
int add(int a, int b) {
return a + b;
}
double add(double a, double b) {
return a + b;

e In this example, both methods have the same name (add), but
they accept different parameter types (integer vs. double).
e The compiler determines which method to call based on the
provided arguments at compile time.
Method Overriding
Method overriding allows a subclass to provide a specific
implementation of a method that is already defined in its parent class.
This enables runtime polymorphism, where the method that gets
called is determined at execution time.
Characteristics of Method Overriding:
e The method in the child class must have the same name, return
type, and parameter list as in the parent class.
e The child class method should be marked with the @QOverride
annotation in Java to ensure proper overriding.
e The overridden method in the parent class must not be
declared final, static, or private.
Example of Method Overriding in Java:
class Animal {
void makeSound() {
System.out.printIn("Animal makes a sound");

k
k

class Dog extends Animal {
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Notes @Override
void makeSound() {
System.out.printin("Dog barks");

¥
¥

e Here, the makeSound() method is defined in both the Animal
class (parent) and the Dog class (child).

e When an object of Dog is created, the overridden method in
Dog is executed instead of the one in Animal.

e This enables dynamic method dispatch and supports flexible
polymorphism.
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Unit 5: Inheritance, Polymorphism and Notes
Encapsulation

2.3 Inheritance (Single, Multi-Level, Hierarchical Inheritance)
Inheritance is a fundamental concept of OOP that allows one class
(child class) to inherit attributes and methods from another class
(parent class). This promotes code reusability and hierarchical
classification.

Types of Inheritance:

ingle inheritance | Multiple inheritance A
2 Multilevel l
l A B | inheritance ? '
B ! & ¢
Hierarchical inheritance Hybrid inheritance
A
A
, ! !
| J, | =] C
v v J' l
B C D , D ¥
O Preplata

Figure 5: Types of Inheritance
[Source: https://th.bing.com/]

1. Single Inheritance:
e Asubclass inherits from a single parent class.
o Example:
class Vehicle {
String brand = "Toyota";
}
class Car extends Vehicle {
String model = "Corolla™;
}
e Here, Car inherits the brand attribute from \ehicle.
2. Multi-Level Inheritance:
e A subclass inherits from another subclass, forming a
multi-level chain.
o Example:
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class Animal {
void eat() { System.out.printIn("Eating..."); }
}
class Mammal extends Animal {
void breathe() { System.out.printin("Breathing..."); }
}
class Dog extends Mammal {
void bark() { System.out.printIn("Barking..."); }
}
e Here, Dog inherits from Mammal, which in turn
inherits from Animal.
3. Hierarchical Inheritance:
e Asingle parent class has multiple child classes.
e Example:
class Animal {
void makeSound() { System.out.printin("Animal makes a sound");

¥
¥

class Dog extends Animal {
void bark() { System.out.printin("Dog barks"); }
}
class Cat extends Animal {
void meow() { System.out.printin("Cat meows"); }
}
e Here, both Dog and Cat inherit from Animal, sharing
its method while having their unique behaviors.
Advantages of Inheritance:
e Reduces code duplication by allowing child classes to reuse
common attributes and methods.
e Enhances modularity and maintainability in software
development.
« Promotes hierarchical classification, making code more
organized and easier to manage.
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2.4 Polymorphism and Encapsulation (Getter and Setter
Methods)

OOP — Object-Oriented Programming

The concept of "objects" is the foundation of OOP (Object-Oriented
Programming) is a paradigm for computer programming that can
include data in the form of fields and code in the form of procedures.
So, there are four core concepts in the OOP encapsulation,
polymorphism, inheritance, and abstraction. Encapsulation and
polymorphism are two of the key object-oriented ideas that contribute
to the code's adaptability and maintainability. Encapsulation stops
data from being accessed directly, while polymorphism enables
procedures to function differently depending on the objects involved
and increases reusability and flexibility of code. This is an in-depth
document regarding these concepts, starring getter and setter methods,
utilized for encapsulation.

Understanding Encapsulation

EncapSuloCtion
IN - CAPSULE - aticna

r

Figure 6: Encapsulation
[Source: https://th.bing.com/]

Combining data (variables) and the methods that work with them into
a single Module, or class, is the principle behind encapsulation. This
principle offers a method for limiting or restricting access to an
object's state elements. Encapsulation's primary objective is to
maintain implementation specifics hidden and only show consumers
the functionality. Declaring class variables private and making them
accessible through public getter and setter methods is how
encapsulation is accomplished. This provides controlled access to the
data and ability to modify it, enabling the security and integrity of the
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data. Encapsulation is used to create a clear separation of different
elements of the code to improve maintainability and prevent unwanted
interactions between program Modules.
Getter and Setter method in Buch of Encapsulation
Update and get data using the setter and getter methods reading
private variables To expose the field value to external code a getter
method (also called as accessor method), while a setter method (or
mutator method) modifies it while ensuring validation and constraints.
Example of Encapsulation in Java
class Student {
private String name;
private int age;
/I Getter method for name
public String getName() {
return name;
}
/I Setter method for name
public void setName(String name) {
this.name = name;
}
/I Getter method for age
public int getAge() {
return age;
}
/I Setter method for age with validation
public void setAge(int age) {
if (age>0) {
this.age = age;
}else {
System.out.printIn("Age must be a positive number.");
}
}
}

The variables for name and age in the example above are secret and
not immediately available to anyone outside of the student class.
These variables are then accessed and updated using public getter and
setter functions, providing encapsulation and data security and
ensuring that only validated data is stored in the variables.
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Benefits of Encapsulation
1. About Encapsulation: The instance variables are private, so there
is no direct modification which avoids errors and accidental data
manipulation.
2. Better Maintainability:The internal implementation can be
modified without breaking external code making the code more
flexible.
3. Controlled Access: With getters and setters, can implement
validation rules to ensure correct and meaningful values.
4. Improves Reusability: Encapsulated classes are better used in
various programs with no or less modification.
Understanding Polymorphism
The ability to apply the same method to several objects and obtain
distinct outcomes is known as polymorphism. This feature makes
code more adaptable and flexible. There are two types of
polymorphism: runtime polymorphism (method overriding) and
compile-time polymorphism (method overloading).
You have already learnt about Compile-time polymorphism
(Method Overloading)
There are often severalthere are methods in the same class with the
same name but different lists of arguments. At build time, the
appropriate strategy is chosen based on the kind and quantity of
arguments provided.
Example of Method Overloading in Java
class Math Operations {
public int add(int a, int b) {
return a + b;
}
public double add(double a, double b) {
return a + b;
}
public int add(int a, int b, int ¢) {
returna + b + c;
}
}

public class Main {
public static void main(String[] args) {
MathOperationsobj = new MathOperations();
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System.out.printin(obj.add(5, 10));

System.out.printin(obj.add(5.5, 2.5));

System.out.printin(obj.add(5, 10, 15));
}

}

The add method is overloaded with several argument lists in this
example, making it suitable for a variety of situations.
Runtime Polymorphism (Overriding Methods)
Method overriding occurs when a subclass provides a specific
implementation of a method that is already defined in its super class.
This implementation is runtime dependent on the type of object being
referenced.
Java Method Overriding Example
class Animal {

void makeSound() {
System.out.printIn("Animal makes a sound™);

¥
¥

class Dog extends Animal {
@Override
void makeSound() {
System.out.printIn(*Dog barks");

¥
¥

public class Main {
public static void main(String[] args) {
Animal myAnimal = new Dog();
myAnimal.makeSound();

¥
¥

Here overridden the method make Sound in Dog class. Runtime
Polymorphism Compiler time Method Overloading Compiler Time
Polymorphism works on reference - During the compilation time,
Method overriding works on the actual object - During the When
creating an object of run time Dog with the Animal reference, then the
method overridden in Dog is invoked.

Real-World Applications of Encapsulation and Polymorphism
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1. Banking Applications: In banking applications, encapsulation is
used to hide account balance and offer getter and setter techniques for
the account balance using which we access and update the account
balance. For example, polymorphism allows multiple forms of bank
accounts (savings, current) to implement interest calculation
differently.

2. E-commerce Applications: In an e-commerce application, product
classes have details like price, stock etc and with polymorphism,
different discount strategies can be implemented for different user
types (ie: regular customer vs. premium customer).

3. Gaming Applications: Encapsulation is used for managing the
state of game characters, and polymorphism allows diverse types of
characters to possess their own attack mechanism with overridden
methods.
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Unit 6: Abstraction, This and super keyword

2.5 Abstraction (Abstract Classes and Interfaces)

Objects and classes are three of the main cornerstones of object-
oriented programming, enabling developers to abstract complex
behaviors by modeling important functionality while shielding
implementation logic from various object interactions. So in this
exploration, we are diving into abstraction in programming, especially
abstract class and interfaces. These mechanisms give you the building
blocks for writing composable, reusable, and testable software.
Abstract as a concept

Abstraction in OOP is where an object exposes only its relevant
details o its user. In everyday life, we use abstraction; for instance,
when we operate a car, we are not required to understand the internal
combustion engine for powering the thing; we just need to know how
to use the steering wheel, pedals and other controls. Abstraction lets
us interact with complex systems through simpler interfaces.The
leading purpose of abstraction is to reduce complexity. Abstraction
hides implementation details that are not needed and only exposes
what is necessary, making systems easier to understand and work
with. It separates what a component does from how it does it clearly.
The domain layer serves the need for separation of concerns in
software, promoting code that stays relevant over time, becomes
easier to maintain and can also be reused.Abstraction in object-
oriented programming is usually achieved through the use of abstract
classes and interfaces. Both approaches offer a means of defining
contracts that the derived classes are required to fulfil but they do it in
a bit different way with a bit different constraints. In any software
design, these differences are important to know when selecting the
correct tool for the job.

Abstract classes are partially implemented but provide a guide
These are incomplete blueprints for other classes. No instance of
Abstract may be created class but it provides a common base from
where concrete subclasses can be derived an abstract class generally
has both some implemented concrete methods, and abstract methods
that subclasses have to implement.Abstract classes allow the reuse of
code, and at the same time, they ensure structure in the subclasses.
They thus provide a clear inheritance hierarchy and can also contain
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fields, constructors, and methods with access modifiers. Abstract
classes are great to use in situations where you want to have shared
code among similar classes while ensuring that they all follow the
same contract.
The abstract keyword in Java is used to declare an abstract class:
public abstract class Shape {

protected Colorcolor;

public Shape(Colorcolor) {
this.color = color;

}

public ColorgetColor() {

return color;

}

/I Abstract method - must be implemented by subclasses

public abstract double calculateArea();

/I Concrete method with implementation

public void display() {
System.out.printIn("This is a shape with color: " + color);

k
k

So, Shape is an abstract class in this instance that implements some
actionable functionalities like storing the color and displaying the
information but also adds an abstract method calculate Are which all
subclasses need to implement. That ensures all shapes know how to
compute what you can consider as their area, while leaving the
implementation to differ based on the particular shape

Interfaces: Pure Abstraction for Flexible Design

Test data are from the various python scripts an interface is a contract
saying what a class has to do, not how to do it. On traditional
interfaces, it contains only method signatures, constants, and on newer
languages (at least ones following Java 8) default and static methods.
Interfaces are more flexible than abstract classes in several ways:

1. Although a class can extend only one abstract class, it can
implement numerous interfaces.

2. Interfaces don't carry state (traditionally), making them lighter and
more focused.

3. Interfaces establish a contract without dictating hierarchy or
implementation details.
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In Java, The interface keyword is used to declare an interface:
public interface Drawable {
void draw();
/I Since Java 8, interfaces can include default methods
default void display() {
System.out.printIn("Displaying drawable object™);

¥
¥

It is a contract that any class which implements Drawable must
provide a draw() method. You also provide a default implementation
of display, which the individual classes can override if
necessary.Better interfaces are being added to contemporary
programming languages. Java 8's Static and Final Methods for
Inheritance Java 8 gave interfaces default methods, enabling method
implementations for some methods in the interface itself. It shouldn't
take too much away from the fact that the difference in state and class
structure inheritance still exist though.

Choosing Between Abstract Classes and Interfaces

When designing a system, deciding between abstract classes and
interfaces depends on several factors:

1. 1S-Avs CAN-DO relationship: Abstract classes serve as an “is-a”
relationship (a square is a stone), while the interfaces usually serve an
“can-do” relationship (a class can be draw able).

2. Code Reuse: If you wish to allow related classes to share code, you
may be better off with an abstract class because you can have field
declarations and implementations of methods in an abstract class.

3. Multiple inheritance: Since most OOP Interfaces are used when a
class has to inherit behavior from many sources because languages do
not permit multiple inheritance of classes.

4. Future evolution interfaces:generally allow greater future
evolution. Adding a method to abstract class will break all existing
subclasses, but adding a method to an interface (with default
implementation) will not break existing implementations in languages
that support it.

If the design is stable and not likely to change, abstract classes may
provide more structure and guidance. Interfaces, on the other hand,
allow for much more flexibility if the design may change
significantly.
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Abstract Classes in Depth
So, Let’s dive a bit deeper into abstract classes using examples and
best practices.
Characteristics of Abstract Classes
An abstract class has the following characteristics:
1. It cannot directly be instantiated.
2. It could be an abstract method or a mix of abstract/concrete
methods.
3. It can contain constructors, fields and methods with access
modifiers.
4. Unless a subclass itself is abstract, it must implement all abstract
methods.
5. It is what we call an “is-a” relationship which is addressed by
inheritance.
When to Use Abstract Classes
Use cases where abstract classes shine:
1. When you need to share code between similar classes: If you
have multiple classes that implement similar behaviors, an abstract
base class can help reduce code duplication.
2. When subclasses must access protected members: Abstract
classes can expose and provide access to protected members through
safe interfaces to its subclasses.
3. When you want to enforce a particular structure: Abstract
classes can provide a blueprint that must be implemented in a certain
way.
4. When you require constructors: Abstract classes (as opposed to
interfaces) can have constructors that subclasses are able to call.
Template Method Pattern
A classic use case for abstract classes is pattern for the template
technique.  This design specifies the structure of a method's
algorithm, assigning certain steps to subclasses. It permits subclasses
to modify specific algorithmic stages without altering the algorithm's
overall structure.
public abstract class DataProcessor {

/[ Template method

public final void processData() {
readData();
processDatalmplementation();
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writeData();
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/I These methods may be overridden by subclasses

protected void readData() {
System.out.printIn("Reading data...");

}

protected void writeData() {
System.out.printIn("Writing data...");

}

/[ This method must be implemented by subclasses

protected abstract void processDatalmplementation();
}
In this example, DataProcessor defines a template method process
Data that calls three steps: read Data, processDatalmplementation,
and write Data. The first and last steps have default implementations,
Subclasses are required to implement the middle step.  This
guarantees a steady flow of the process while permitting variation in
the core processing step.
Abstract Class Hierarchies
Abstract classes can form hierarchies, with each level adding more
specificity:
public abstract class Vehicle {

protected int speed,;

public abstract void accelerate();

public abstract void brake();
}
public abstract class LandVehicle extends Vehicle {

protected int wheels;

public abstract void turn(Direction direction);
/I Implementing one of the abstract methods from Vehicle
@Override
public void brake() {
System.out.printIn("Applying brakes to slow down on land");
speed -=5;
}
}
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public class Car extends LandVehicle { Notes
@Override
public void accelerate() {
System.out.printIn(Car accelerating");
speed +=5;
}
@Override
public void turn(Direction direction) {
System.out.printIn("Car turning " + direction);

k
¥

In this hierarchy:

e \ehicle defines the most basic abstraction with two abstract
methods.

e Land Vehicle inherits from Vehicle; it adds specificity for a land-
based vehicle, overrides one of Vehicle’s abstract methods, and
defines another abstract method.

e Car class extends Land Vehicle and implements other remaining
abstract methods.

By allowing shared behavior at each level of the hierarchy, you can

achieve greater specialization of classes.

Interfaces in Depth

Moving deeper down the interface rabbit hole, we examine the power

of interfaces, best practices and modern enhancements.

Characteristics of Interfaces

An interface is one that has the following properties:

e You cannot directly instantiate it.

e |t traditionally consists only of method signatures, constants,
and (in modern languages) default and static methods.

e It has no constructors, or fields (except constants).

e Aclass can implement several interfaces.

e Itis a“can-do” relationship."

When to Use Interfaces

Interfaces are most useful in the below cases:

1. When you want to describe: a contract without providing an

implementation Interfaces describe what needs to be done rather than

how.
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2. When we need multiple inheritances: If we have a class and need
to inherit from multiple places, then we require interfaces as the
majority of object-oriented languages that have been attempted do not
allow for multiple class inheritance.

3. When you need to allow loose coupling: Interfaces help the
components talk to each other without having to tightly depend on the
implementation detail of the other interface.

4. When you expect a lot of changes: In particular, in languages that
support default methods, interfaces are a lot more flexible in terms of
future evolution.

Role Interfaces
RRole Interfaces: A role interface outlines a collection of connected
techniques that express a particular role or capability. They are often
single-minded and cohesive, in accordance with the Interface
Segregation Principle in SOLID design principles.
public interface Printable {

void print();

int getNumberOfPages();
}
public interface Scannable {

void scan();

void adjustResolution(int dpi);
}
public interface Faxable {

void fax(String phoneNumber);
booleanisPhoneNumberValid(String phoneNumber);
}
public class MultifunctionPrinter implements Printable, Scannable,
Faxable {

/I Implementation of all methods from all interfaces
}
In this case we declare three thin interfaces, each respecting subsets
of the previous interface responsibilities. A multifunction printer
implements all three interfaces because it satisfies all these roles. This
approach is more flexible than having only one large interface or
abstract class that includes all of these methods, as it allows for
classes that implement only the functions that they need.
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Functional Interfaces and Expressions for Lambda
A functional interface is one that has exactly one abstract method(Java
8 and later). Lambda expressions allow us to use these interfaces to
implement functions with less code, improved readability, and ease of
maintenance.
@FunctionalInterface
public interface Comparator<T> {

int compare(T 01, T 02);

/[ Static and default methods don't count toward the single abstract
method constraint

static <T extends Comparable<T>> Comparator<T>naturalOrder()

{

return (a, b) ->a.compareTo(b);
}
default Comparator<T>reversed() {
return (a, b) ->this.compare(b, a);
}
}

With functional interfaces, you can use lambda expressions to create
implementations on the fly:

Comparator<String>byLength = (s1, s2) -
>Integer.compare(sl.length(), s2.length());

This allows it to be a lot easier to read and maintain without needing
anonymous inner classes.

Default Methods in Interfaces

Default methods are new methods provided in Java 8 for interfaces to
give some code to methods. Mostly this was added so that APIs can
evolve without breaking existing implementations.
public interface Collection<E> {
booleanadd(E e);
Iterator<E>iterator();
// Default method added in Java 8
default booleanremovelf(Predicate<? super E> filter) {
Objects.requireNonNull(filter);
boolean removed = false;
final Iterator<E> each = iterator();
while (each.hasNext()) {
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if (filter.test(each.next())) {
each.remove();
removed = true;

}
}
return removed;
}
}

Using default methods, the Java collections framework could add new
methods, such as remove If, without breaking millions of previous
implementations. But default methods are not without their pitfalls, as
they can suffer from the "diamond problem” where a class
implements several interfaces with default methods that are the same
signature.
Static Methods in Interfaces
A static method in an interface introduces a useable function on that
interface without needing a separate utility class. Static methods, as
opposed to default methods, cannot be overridden by classes that
implement them.
public interface Validator {
booleanvalidate(String input);

static Validator numberValidator() {

return input ->input.matches("\\d+");
}
static Validator emailValidator() {
return input ->input.matches("[\\w.-]+@[\\w.-]+\\.[a-zA-

Z{2,}$");

}
}

In this example, the Validator interface provides factory methods to
create common validators. These methods are called on the interface
itself, not on instances.
Combining Abstract Classes and Interfaces
In many cases, the most elegant designs come from combining
abstract classes and interfaces. This approach leverages the strengths
of both mechanisms:
public interface Drawable {

void draw();
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} Notes
public interface Resizable {
void resize(double factor);
}
public abstract class Shape {
protected Colorcolor;
public Shape(Colorcolor) {
this.color = color;
}
public ColorgetColor() {
return color;

ks

public abstract double calculateArea();
}
public class Circle extends Shape implements Drawable, Resizable {
private double radius;
public Circle(Colorcolor, double radius) {
super(color);
this.radius = radius;
}
@Override
public double calculateArea() {
return Math.PI * radius * radius;
}
@Override
public void draw() {
System.out.printIn("Drawing a circle with radius " + radius);
}
@Override
public void resize(double factor) {
radius *= factor;

¥

¥
In this design:

e Shape abstract class defining common state (color) and behavior
for all shapes

e Drawable and Resizable are interfaces that define capabilities that
some shapes can possess.

65
MATS Centre for Distance and Online Education, MATS University



e Circle extends Shape, which has its generic properties and
implementations of shape-specific methods; and Circle
implements Drawable and Resizable for being able to be drawn

and resized.

The hybrid approach using both abstract classes and interfaces gives
more flexibility than using either abstract classes or interfaces alone.
The mixins offer code reuse like abstract classes and multiple

inheritances like interfaces.

Different Programming Languages: Abstract Class Vs Interface
Although we mainly used Java in our examples, abstract classes and
interfaces exist in many other programming languages (though with

varying syntax and capabilities).
C#

C# has similar support for abstract classes and interfaces as Java but

with some differences:
Il Abstract class in C#
public abstract class Shape
{
protected Colorcolor;
public Shape(Colorcolor)
{

this.color = color;
}
public ColorGetColor() =>color;
public abstract double CalculateArea();
}
/I Interface in C#
public interface IDrawable
{
void Draw();
/I C# 8.0+ supports default methods in interfaces
void Display() =>Console.WriteLine("Displaying
object™);
}
/I Implementation
public class Circle : Shape, IDrawable

{

private double radius;
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public Circle(Colorcolor, double radius) : base(color)

{

this.radius = radius;
}
public override double CalculateArea() =>Math.Pl * radius *
radius;
public void Draw() =>Console.WriteLine($"Drawing a circle with
radius {radius}");
}
C# 8.0 introduced default interface methods, similar to Java's default
methods.
Python
Python approaches abstraction differently, using abstract base classes
from the abc module:
from abc import ABC, abstractmethod
# Abstract class in Python
class Shape(ABC):
def __init__(self, color):
self.color = color
def get_color(self):
return self.color
@abstractmethod
def calculate_area(self):
pass
# Python doesn't have built-in interfaces,
# but abstract classes with only abstract methods serve a similar
purpose
class Drawable(ABC):
@abstractmethod
def draw(self):
pass
# Python 3
2.6 This Keyword, Super Keyword
Some keywords are more important in some object-oriented
programming languages than others because they offer the key
features that govern how objects are manipulated, how properties are
inherited, and how objects relate to their individual contexts. Among
all these special operators, this and super keywords serve to be the
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fundamental commodities that ensure the object behaves just right,
complies with inheritance hierarchies and method overriding. These
words may seem deceptively simple; just two primitive words of four
and five letters respectively but they, in fact, describe semi-complex
concepts that are fundamental to object oriented systems. The
keyword "this" is a self-referential pointer; that is, it allows an object
to reference itself and point to its own properties and methods. On the
other hand, the keyword super helps us communicate with the parent
classes of an object so that it can access overridden methods and
inherited attributes. USED, together these keywords create a clean
framework for proper encapsulated class designs and extension of
functionality through inherits. In this extensive inquiry, we will
explore the syntax & semantics, usage, repercussions, dos &donts,
and advanced intricacies of these two simple yet powerful keywords
in multiple programming languages like Java, JavaScript, Python,
C++, etc. IntroductionBy knowing the workings of "this" and "super”,
programmers can write better object-oriented code and more
maintainable and powerful logical code.

The Love-Hate Relationship with *'this" Keyword

The keyword "this" is among the most misunderstood and
undervalued terms in object-oriented programming.  In essence,
"this" is a self-referential process a way for an item to make reference
to itself while a program is running. The idea of how items preserve
their individuality and search for their own characteristics and
techniques is straightforward yet effective. Given that several
instances of the same class may co-exist in memory at the same time,
a method that is called on an object needs a means of referencing the
instance to which it belongs. The keyword, which serves as a pointer
or reference to the object's current instance, is useful in this situation.
This allows each object of the same class to maintain its own internal
state without getting mixed up or colliding with other instances. No
such mechanism would mean that object-oriented programming has
no fundamental encapsulation capability or instance management.
There are underlying, conceptual importance in using “this” which is
not just the technical implementation that we talked about but actually
refers to the philosophical practice and the theory of object-oriented
design itself which is you, as the objects, should be self-aware
entities, responsible for your own state and behavior. Implemented

68
MATS Centre for Distance and Online Education, MATS University



through the "this" reference, this self-awareness allows for an object's
identity to be kept intact while interacting with other objects within
complex systems.

How “this” Works in Different Languages

The idea behind "this™ is the same in most object-oriented languages,
but how it is actually implemented varies widely across computer
languages. When referring to any member of the current object that is
being executed, Java uses "this" as a reference. This is especially
useful in the constructors and methods where parameter names may
shadow (instance variable name) the quirkiness of "this" in JavaScript
is well-known, as its value depends exclusively on how a function is
invoked and not where it’s defined. This context-dependent behavior
makes JavaScript’s this especially difficult for developers accustomed
to other languages. Python has the equivalent concept, in the form of a
required "self" parameter in a method definition, which has to be the
first thing you want your method definition to have. Even C++ has a
Java-like model where "this" refers to a pointer to this object, not to a
reference. C# handles "this" in a similar way to Java, but introduces
more constructs through the "this" constructor initializer syntax. The
implementation of “this” in each language comes with its own
nuances and edge cases, so any developer just learning a new
language needs to learn the new rules governing “this” in that
language. The differences reflect different philosophies of object-
oriented design—how well a given object should know about its own
data, its own methods, and how explicit this self-reference should be
in the language’s syntax.

Where and Why this Keyword is Used

The "this" keyword is used in many programming scenarios and is a
powerful tool for developers. The most common use case is
disambiguation between local variables of the same name or instance
variables and method parameters. In a constructor or setter method,
for instance, "this. The distinction made between the instance
variable "name™ and the parameter "name” (e.g., self.name = name) is
clear. Method chaining is another place where you will see "this" a
lot; in method chaining, methods return "this" so that we can write a
fluent interface and call multiple methods of the same object in a
single statement. Especially in programming languages like
JavaScript in event handling context, correct binding "this" is
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paramount otherwise event handlers never get confirmations on the
calling object. Using "this" for factory methods or object creation
patterns allows a class to return instances of it, which enables runtime
conditional object creation. In inner classes or nested functions, "this"
maintains a reference to the outer object, but the way it does so varies
by language. These are just some examples showing that "this" is not
only a technical requirement but a huge boost for your syntax to
become cleaner, your API to be more intuitive, your code structure to
be easier to maintain. When used correctly with "this," developers can
write code that represents the dominant relationships between objects
and their behaviors.

You can read a detailed article about JavaScript's Common-
Binding (this Binding)

Thirdly, 1 want to highlight a particular aspect of JavaScript that
shows how differently it works from most languages the
implementation of this. In classical object-oriented languages, "this"
always points to the current object, which is not the case in
JavaScript, where "this" binding is determined at runtime during the
call site, which is the way of calling the function, not where it is
defined. This dynamic binding leads to multiple unique patterns; In
case of global function calls this is bound to the global object
(window in browsers, global in Node. js), or undefined under strict
mode. Concat with this; When calling a function as method on object
-> "this" will refer that object. In the case of constructor functions
(which are called with "new" operator) "this" binds to the newly
created instance. In browsers, event handlers often "this" refers to
DOM element, that fired the event. This context-switching behavior
often creates bugs because developers expect “this" to message across
function boundaries. Tackling these problems, JavaScript offers
explicit binding methods such as call, apply (and indirectly also bind)
that are used by developers to define what is to be taken when
referring to "this”. In addition, ES6 also introduced arrow functions
which don't bind their own “this" but inherits "this" from the
enclosing lexical scope. This is what makes JavaScript's "this"
mechanism both powerful and potentially perplexing, so much so that
developers must cultivate an intricate understanding of the contexts in
which functions execute in order to best leverage it. This is important
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for writing robust JavaScript applications which preserve object
context accurately during execution.

Mistakes with the “this” keyword

The "this" keyword is fundamentally important, yet represents a
common source of pitfalls for the best of developers. A very common
issue is when this is used within a call-back function (where the
context can change unexpectedly). This is particularly bad in
JavaScript, because when you pass a method as a call-back, you missa
the current object. And another fairly common mistake has to do with
the fact that in JavaScript, "this" makes all the difference, in fact,
"this" acts differently in an arrow function than it does in a regular
function, people get confused about that when they change the type of
function. Similar problems arise in event handlers with "this", where
"this" could refer to the DOM element that event handlers trigger on,
not the object where we want to use this. In multi-threaded
environments using Java, passing around "this" from constructor
methods (indicating that the object is being constructed) can cause
partially constructed objects to be exposed to other threads if they are
passed before the constructor finishes executing. This becomes
especially confusing when "this" is used inside static methods or static
contexts where an instance is not present. Also, shadow naming
where a parameter local variable has the same name as an instance
variable but we don't use this to make clear the one from the other
leads to hidden errors, when instead of working with properties we're
working with local variables. These examples demonstrate the value
of having a clear understanding of the language specific rules over
"this" for every language we work with and also when to build
consistent patterns so we can avoid unexpected behaviour.

My name is Shubham and | am your instructor for this course.
The "this™ keyword is not just important for finding what object we
are working with but opens the door to a handful of advanced
programming techniques that can make your code more flexible and
expressive. Method chaining or fluent interfaces make use of this by
returning the current object instance from methods, enabling sleek
sequential operations, such as object. methodl. method2. method3".
JavaScript offers explicit binding techniques with call, apply, and bind
that can exert fine-grained control over “this", allowing for patterns
such as function borrowing (the ability to take a method from one
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object and use it on another object). Both Partial application and
currying utilize careful management of the “this” binding to construct
specialized variants of these functions with fixed contexts. E.g.
design patterns like the Builder pattern benefit greatly from being
able to use "this" as a return type to allow for concise APIs that build
complex objects through a series of method calls. Mixin
implementations often rely on the correct usage of “this” to merge
functionality from disparate sources into a single object whilst
maintaining proper scope. You can implement proxy patterns that still
utilize "this" to delegate operations between wrapped objects. These
advanced techniques exemplify how proficiency with "this"
empowers developers to construct polymorphic, testable, and cohesive
codebases. These patterns are widely used in the real world by
programmers who are able to apply such knowledge into advanced
level abstractions that fully use such power of object self-reference
capabilities, rather than just limiting to language constructs about
objects.

The Conceptual Foundation of “super” Keyword

The keyword super is an important concept in OOP as it is the
opposite of this in inheriting hierarchy. The "this" keyword is useful
for object self-reference but the “super" keyword helps to
communicate with the super class so that subclasses can access and/or
override the functionality defined in the super class. Inheritance is a
key idea in object-oriented design, and this parent-child relationship is
central to it. The big idea with "super” is that it connects the dots
between a derived class and its base classes so when we override
methods, we don't completely replace the functionality of our parent
classes and we can progressively add behavior throughout our entire
inheritance tree. Without the “super” keyword, subclasses either have
to duplicate code from the parent classes, or they have to forgo the
functionality of the parent if they override the method. With
inheritance comes specialization, and being able to call out to parent
class implementations leads to more elegant code, which does not
violate the "don't repeat yourself" principle but still keeps all the
specialization capabilities inheritance brings. It gravitates toward that
philosophical principle of Object-Oriented Programming (OOP);
objects should build upon existing functionality rather than
reinventing the wheel to help promote re-use of code with logical
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relationships between the classes that are similar. The "super"
keyword, therefore, operates both as a technical aid and a conceptual
device reflecting important aspects of proper object-oriented design,
instilling a sense of lineage between derived classes and their
ancestors.

Implementations of "'super™ in specific languages

The usage of the "super" keyword shows nuances and differences
between languages, though a little more consistency in the core
behavior than a similar SCENARIO for this. The Java learn to call
super class constructor using "super” and in-call override method as
"super. Method Name". In a subclass constructor, Java expects calls
to "super"” as the first statement. With ES6 classes, "Super,” a notion
introduced by JavaScript, allows you to access parent methods with
"super. Only Instance Methods and Class and Static Methods and
Next: Method in classes across the hierarchy with the "super method"
syntax and Issue parent constructors in found classes using "super in
the constructors of derived classes. It allows you to return a temporary
object of your class that then allows you to call a method of the parent
class, it’s used like this in python “super. You may access them using
"self. Method" within your class methods. C++ uses a different
approach to achieve this, with the scope resolution operator instead of
a "super" keyword, for example: "Base Class: method". C# style (Java
style but must use "base" here instead): class C extends B {C ()
{super (1) ;} } these implementations have the common goal of
accessing parent class functionality but differ in syntax, restrictions,
and edge cases. The differences represent various design decisions
around how explicit inheritance relations should be in the syntax of
the language, as well as how to handle multiple inheritance scenarios.
Though there are some differences, the basic idea of gaining access to
parent functionality works the same across these object-oriented
languages.

Normal Use Cases of super Keyword

The "super” keyword has its uses in a few key scenarios in object-
oriented programming. It is most common with constructor chaining:
A subclass calls its parent class constructor with “super” to initialize
any inherited fields correctly, and then adds its own custom
initialization. This ensures correct object construction through the
hierarchy of inheritance. Another common usage is overriding
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methods, where the subclass invokes the parent implementation using
"super. Method before or after adding its own behavior. This enables
subclass implementations to build on top of parent implementations
rather than completely replacing them, maintaining the inheritance
relationship and allowing for specialization. For multiple inheritance
(in languages that allow it), "super" gives you a way to traverse the
inheritance graph to find the correct parent implementations, if there
are multiple options. Similarly, if you are leveraging the Template
Method pattern in your application, where the base class defines the
steps of an algorithm, and the subclasses are responsible for
implementing particular steps of this algorithm by overriding the base
class methods but still depend on the methods' parent's overarching
structure, here the super keyword is also going to be useful.
Initialization blocks and field setups often call "super” to gain access
to parent class constants or utility methods that it requires as it
initializes.  This application of "super" allows for clean
implementation of inheritance relationships as code can be reused
with the ability to specialize behavior in derived classes. These class
hierarchies will be more maintainable and logical if you use "super"
correctly.

Overriding in Java Constructor Invocation using *'super**

One of the most important uses of the "super™" keyword is constructor
invocation, which is necessary to ensure that all objects in an
inheritance hierarchy are properly initialized. The constructor of a
subclass must appropriately initialize all of its fields, including those
it inherits from its parent classes, when it is instantiated. The parent
initialization is triggered using the super call. Most object-oriented
languages require you to invoke the constructor of the class from
which you inherited, before you instantiate anything in your subclass,
so that the object is built up from the ground, out, calling the
constructor of the simplest class in the hierarchy first and gradually
adding them. Java and JavaScript make this mandatory by requiring
"super” to be the first statement in a subclass constructor for
construction, whereas languages like Python handle it implicitly in
some cases but provide the "super” mechanism nonetheless for
control. This is, of course, a logical construction; the foundations must
be laid before we can build anything on them. For any given class,
constructor chaining using 'super’ calls can actually go multiple levels
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up in the inheritance hierarchy with each class in the hierarchy calling
its direct parent. If how the subclass was created does not explicitly
call the parent constructor, or use default constructor mechanisms, the
parent fields may be left uninitialized, resulting in hard-to-debug
errors. The importance of this is that in reality, "super" "in modern
java script function” is not just a convenience, but actually a
requirement to ensure the integrity of the objects involved in the
inheritance chain. In object-oriented design, knowing the constructor
invocation rules with super is a must.
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Method Overriding and "'super™

Method overriding is another key usage of the keyword "super”,
allowing subclasses to extend rather than completely replace
functionality defined in parent classes. In the case of subclass that
redefine the same method with the same signature as its parent class,
such method is said to be. override, meaning that a call to that method
through a subclass instance will execute the method on the subclass,
not on its parent. Yet it’s rarely ideal to supplant the parent—
subclasses almost always need to add-on to the parent behavior whilst
still executing the core functionality defined in the super class. This is
enabled by the use of the "super" keyword, which gives access to the
overridden method implementation. By calling "super. The second
option is to call super.method Name on top of an overriding method
After overriding a method and adding functionality on the top, a
subclass can decide to call the parent's implementation either before
new functionality (preprocessing), after it (post processing) or
wrapping new functionality around the call to the parent’s method
(sandwich pattern). This allows you to achieve critical design patterns
such as Template Method, where parent classes define the skeleton of
an algorithm and subclasses override given steps. Without “super,”
inheritance hierarchies would be limited to replacing behavior rather
than extending it, greatly limiting the power and flexibility of object-
oriented design. By being able to access overridden methods via
"super,” you help endorse that principle: subclasses should extend
and refine the behavior of their parents, not just duplicate it or
completely replace it.

Complexities of Multiple Inheritance and **super**

In particular, the case of multiple inheritances, where a class derives
directly from more than one parent class, complicates the "super”
mechanism greatly and requires more sophisticated resolution of
ambiguity. In languages which support multiple inheritance e.g.,
Python, C++ a class can have multiple parent classes which
implement methods with the same name, leading to confusion about
which parent’s method to reach via super. Other languages have
different means of approaching the problem. Python instead
implements a deterministic algorithm called Method Resolution Order
(MRO), based on C3 linearization that defines a consistent ordering of
parent classes used by “super” to unambiguously traverse up the
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hierarchy. While another language like Python uses a generic "super"
keyword that references the parent method, C++ explicitly scopes
references to the method to the class in question (Parent Class:
method (), for example). Java and JavaScript sidestep this problem by
supporting only single inheritance for classes (although they allow
multiple interface implementations). In these languages, the keyword
super always refers to the single direct parent class. Multiple
inheritancescomplicate calling of constructors, because a class must
somehow initialize all its parent classes properly. The potential
complications are exemplified by the “diamond problem,” where a
class inherits from two classes both of which inherit from a common
ancestor. These problems handily demonstrate why multiple
inheritances are at times viewed as problematic, and why some
language designers use alternatives like interfaces or mixins instead.
In multi-inheritance case it is important to know which method would
be called by the code as wrong assumptions can lead to some really
strange behaviour, a better understanding of how "super" works in
multi-inheritance would help developers in languages supporting it?
Mistakes with super keyword
While it seems straightforward, the “super” keyword has a few traps
that catch many developers. Just one of those is forgetting to call
"super"” in subclass constructors so that parent fields go uninitialized
causing crazy subtle wrong next to impossible to diagnose bugs that
only occur if those fields are accessed under particular conditions. A
similar problem pops up when developers make a call to "super.
method" with the single argument, in which case it is likely that the
parent method signature has been modified but the subclass override
has not been updated accordingly.
MCQs:
1. Which of the following is NOT a principle of Object-

Oriented Programming (OOP)?

a) Encapsulation

b) Polymorphism

c) Compilation

d) Inheritance

2. Which keyword is used to define a class in Java?
a) object
b) class
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C) structure
d) define

. Which method is called automatically when an object is

created?

a) main()

b) start()

C) constructor
d) run()

. Which of the following concepts allows multiple methods

to have the same name but different parameters?
a) Method overriding

b) Method overloading

c) Abstraction

d) Inheritance

. What is the primary purpose of inheritance in Java?

a) To reduce execution time
b) To allow code reusability
c) To speed up compilation
d) To provide security

. Which type of inheritance is NOT supported in Java?

a) Single

b) Multiple

c) multi-level
d) Hierarchical

. What is the main purpose of the this keyword in Java?

a) Refers to the parent class

b) Refers to the current instance of the class
c) Calls the main () method

d) Stops method execution

. Which keyword is used to call the parent class

constructor?
a) this

b) super

C) parent

d) base

. Which of the following is an example of an abstract class?

a) class Animal { }
b) abstract class Animal { }
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c) interface Animal { } Notes
d) static class Animal { }
10. What does encapsulation achieve in Java?
a) Hides implementation details
b) Makes code more complex
c) Allows multiple inheritance
d) Increases execution speed
Short Questions:
1. Define class and object with examples.
2. Explain the different types of constructors in Java.
3. What is method overloading, and how is it different from
method overriding?
What is inheritance, and why is it useful?
Explain single, multi-level, and hierarchical inheritance.
What is polymorphism, and how is it implemented in Java?
Explain the concept of encapsulation with an example.
What is an abstract class, and how is it different from an
interface?
9. How do this and super keywords work in Java?
10. What are getter and setter methods, and why are they used?
Long Questions:
1. Explain the concept of Object-Oriented Programming (OOP)
with real-world examples.
2. Discuss the difference between method overloading and
method overriding with examples.
3. Write a Java program to demonstrate inheritance (single and
multi-level).
4. Explain the concept of polymorphism with examples
(compile-time and runtime).
5. Write a Java program to demonstrate encapsulation using
getter and setter methods.
6. How do abstract classes and interfaces differ? Explain with
examples.
7. Write a Java program to demonstrate method overloading.
8. How do this and super keywords function in Java? Provide
examples.
9. Explain the importance of abstraction in Java and how it helps
in software development.

© N o g bk
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Notes 10. Discuss  real-life  applications  of  Object-Oriented
Programming.
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MODULE 3
STRING HANDLING AND EXCEPTION HANDLING

LEARNING OUTCOMES

o Understand String handling in Java using String, String Buffer,
and String Builder classes.

e Learn about different types of exceptions (Checked and
Unchecked).

o Implement try, catch, finally blocks for handling exceptions.

e Understand the usage of throw and throws keywords in
exception handling.
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Unit 7: String

3.1 String Class and Methods
Handling strings is one of the most essential parts of programming
that every developer deals with daily. The primary class for string
manipulation in Java is the String class. Even though String, String
Buffer, and String Builder all deal with textual data, they differ in
terms of mutability, thread safety, and performance characteristics.
The String class is an immutable sequence of characters, which
means its contents cannot be changed once created. While this
immutability provides advantages like thread safety and security, it
can lead to performance issues when multiple operations are
performed on a string in a single block of code.
The String Class
The String class in Java belongs to the java.lang package (which is
automatically imported). It is not a primitive data type but a reference
type that provides methods for:
e Inspecting individual characters
o Comparing strings
« Searching within strings
o Extracting substrings
e Generating modified copies of a string
Creating String Objects
Strings can be created in multiple ways:
1. Using string literals:
String greeting = "Hello, World!";
o String literals are stored in the string constant pool,
which allows reuse across the program.
2. Using the new keyword:
String greetingl = new String("Hello, World!");
String greeting2 = new String(new char[] {'H', ‘e, 'I', 'I', '0'});
String greeting3 = new String(new byte[] {65, 66, 67}); // Creates
"ABC"
e This method always creates a new object in the heap
memory, even if an identical string already exists in
the pool.
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String Methods Notes
1. Length and Character Access:
String str = "Hello";
int length = str.length(); // Returns 5
char firstChar = str.charAt(0); // Returns 'H'
char lastChar = str.charAt(str.length() - 1); // Returns ‘0’
2. String Comparison:
String strl = "Hello™;
String str2 = "hello";
boolean equal = strl.equals(str2); // false (case-sensitive)
booleanequallgnoreCase = strl.equalsignoreCase(str2); // true
int comparison = strl.compareTo(str2); // Negative value (H comes
before h in ASCII)
3. Searching and Substring Operations:
String sentence = "The quick brown fox jumps over the lazy dog";
boolean contains = sentence.contains("fox"); // true
int index = sentence.indexOf("'fox"); // 16
int lastindex = sentence.lastindexOf("the"); // 31
4. String Modification (Immutable nature):
String original =" Hello, World! *;
String trimmed = original.trim(); // "Hello, World!"
String upper = original.toUpperCase(); /" HELLO, WORLD! "
String lower = original.toLowerCase(); /" hello, world! "
String replaced = original.replace('l', 'w"); // " Hewwo, Worwd! "
5. String Concatenation:
String firstName = "John";
String lastName = "Doe";
/' Using +
String fullNamel = firstName + " " + lastName; // "John Doe"
// ' Using concat method
String fullName2 = firstName.concat(" ").concat(lastName); // "John
Doe"
//' Using join (Java 8+)
String fullName3 = String.join(" ", firstName, lastName); // "John
Doe"
6. String Formatting:
String formatted = String.format("Hello, %s! You are %d years old.",
"John", 30);
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/[ "Hello, John! You are 30 years old."
7. Split and Join Operations:
String sentence = "apple,banana,orange™;
String[] fruits = sentence.split(","); // ["apple", "banana", "orange"]

String joined = String.join(", ", fruits); // "apple, banana, orange"
8. Checking for Empty and Null Strings:
String empty =",
String nullString = null;
String whitespace =" ";
boolean isEmptyl = empty.isEmpty(); // true
booleanisBlank = whitespace.isBlank(); // true (Java 11+)
9. String Interning (Memory Optimization):

String strl = "Hello™;
String str2 = new String("Hello");
String str3 = str2.intern();
System.out.printin(strl == str2); // false
System.out.printin(strl == str3); // true
The String class in Java represents a sequence of characters and is
immutable. This immutability means that once a String object is
created, its value cannot be changed. When modifications are made to
a String object, a new object is created. This can lead to performance
issues when many string modifications are performed in sequence, as
each modification creates a new String object, which can increase
memory consumption and the need for garbage collection.
For example:
java
String result =",
for (int i = 0; i< 10000; i++) {

result += "some text"; // Creates a new String object in each
iteration
}
These results in 10,000 intermediate String objects, many of which
are immediately garbage collected. This operation has a time
complexity of O(n?) because each concatenation copies all the
characters of the old result.
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The String class in Java represents immutable character sequences.
This means that once a String object is created, its value cannot be
changed.
When to Use String
Selecting the appropriate string class depends on your specific use
case:
e Use String When:
= Immutability is required: If your string value won’t
change or if security is a concern, String’s immutability
is beneficial.
= Performing simple operations: For basic string
operations that don’t involve extensive modifications,
String is clean and straightforward.
= Storing string constants: String literals are interned,
which can save memory.
= Sharing string data: Since String is immutable, it is
safe to share across multiple threads without
synchronization issues.
3.2 String Buffer and String Builder
Unlike the immutable String class, String Buffer and String Builder
are mutable, meaning their contents can be modified after creation.
These classes improve performance when frequent modifications are
required, especially in loops.
« String Buffer: Thread-safe and synchronized, but slower.
o String Builder: Faster, but not thread-safe.
String Buffer Class
String Buffer is a thread-safe alternative for handling mutable strings.
It is recommended when multiple threads access the same string
object.
Creating a String Buffer Object:
String Buffer sb = new String Buffer("Hello™);
Common Methods:
sb.append(" World"); // Appends text
sb.insert(5, " Java"); // Inserts at index 5
sb.replace(0, 5, "Hi"); // Replaces "Hello™ with "Hi"
sb.delete(2, 4); // Deletes characters at index 2-3
sb.reverse(); // Reverses the string
String Builder Class
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String Builder is similar to String Buffer but is not synchronized,
making it faster. It is recommended when thread safety is not required.
Creating a String Builder Object:
String Builder sb = new String Builder("Hello");
Common Methods (same as String Buffer):
sb.append(*" World");
sb.insert(5, " Java");
sb.replace(0, 5, "Hi");
sb.delete(2, 4);
sh.reverse();
Performance Comparison
Table 3.1: StringBuffer vs. String Builder

. String
Feature String Buffer i
Builder
Mutability | Mutable Mutable
Thread Yes
Safety (synchronized) | No
Performance | Slower Faster

When to Use What?

o Use String if the string value never changes.

o Use String Buffer for multi-threaded environments.

e Use String Builder for single-threaded scenarios where

performance matters.

String Buffer and String Builder Performance Considerations
with String
The immutability of String objects can cause performance issues in
scenarios involving frequent modifications. In such cases, Java
provides mutable alternatives: String Buffer and String Builder. These
classes allow for more efficient string manipulation as they can
modify their content without creating new objects on each change.
String Buffer
Introduced in Java 1.0, String Buffer is a mutable alternative to String.
It is a grow able and writable sequence of characters, better suited for
string operations when frequent changes are needed. Unlike String,
the content of a String Buffer object can be altered without creating a
new object for each modification.String Buffer is thread-safe,
meaning that its methods are synchronized, allowing multiple threads
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to access and modify its data safely. However, this synchronization
incurs overhead, which may reduce performance in single-threaded
environments.
Creating String Buffer Objects:
o Default constructor (creates an empty buffer with capacity
16):
String Buffer sb1 = new String Buffer();
o Constructor with initial capacity:
String Buffer sh2 = new String Buffer(32);
e Constructor with initial content:
String Buffer sb3 = new String Buffer("Hello");
String Buffer Methods
String Buffer provides various methods for appending, inserting,
replacing, and deleting characters:
e Append Operations: Appends content to the end of the
buffer:
sb.append(*" World"); // "Hello World"
sb.append('!); // "Hello World!"
sb.append(123); // "Hello World!123"
e Insert Operations: Inserts content at a specific location:
sb.insert(5, " Beautiful™); // "Hello Beautiful World"
o Delete and Replace Operations: Removes or replaces
characters:
sb.delete(5, 11); // "Hello"
sb.replace(6, 11, "Java™); // "Hello Java"
e Other Methods:
o length(), capacity(), ensure Capacity(), trimToSize(),
setLength(), reverse()
Thread Safety in String Buffer
Since all methods in String Buffer are synchronized, it ensures that
multiple threads can safely modify its data. For example:
String Buffershared Buffer = new String Buffer();
Runnable taskl = () -> {
for (int i =0; i< 1000; i++) {
sharedBuffer.append("A");
}
3
Runnable task2 = () -> {
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for (inti =0; i< 1000; i++) {
sharedBuffer.append("B");
}

j
new Thread(taskl).start();
new Thread(task2).start();
In this case, despite the threads appending different characters, the
data remains consistent due to synchronization.
String Builder
String Builder was introduced in Java 5 as a faster alternative to
String Buffer. It offers the same API as String Buffer, but its methods
are not synchronized, making it faster but not thread-safe.
Creating String Builder Objects:

o Default constructor (creates an empty builder with capacity

16):

String Builder sb1 = new String Builder();

o Constructor with initial capacity:
String Builder sb2 = new String Builder(32);

« Constructor with initial content:
StringBuilder sb3 = new StringBuilder("Hello™);
String Builder Methods
String Builder has the same methods as String Buffer, but without
synchronization:

e Append Operations:
sb.append(" World").append('!").append(123);

e Insert, Delete, and Replace Operations:
sb.insert(5, " Beautiful);
sb.delete(6, 15);
sb.replace(0, 4, "Hey");
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Performance Comparison: String Builder vs String Buffer Notes
String Builder generally performs better than String Buffer due to the
absence of synchronization overhead. Here’s a simple performance
benchmark:
long startTimel = System.nanoTime();
StringBuilder builder = new StringBuilder();
for (int i = 0; i< 1000000; i++) {
builder.append(*a");
}
String resultl = builder.toString();
long endTimel = System.nanoTime();
System.out.printIn("StringBuilder time: " + (endTimel - startTimel) +
" ns");
long startTime2 = System.nanoTime();
StringBuffer buffer = new StringBuffer();
for (int i = 0; i< 1000000; i++) {
buffer.append(™a");
}
String result2 = buffer.toString();
long endTime2 = System.nanoTime();
System.out.printIn("StringBuffer time: " + (endTime2 - startTime2) +
" ns");
Typically, StringBuilder performs 1.5-2x faster than StringBuffer
because it lacks synchronization overhead.
Choosing Between String, String Buffer, and String Builder
Selecting the appropriate string class depends on your specific use
case:
e Use String When:
= You need immutability: If your string value won’t
change or security is a concern, String’s immutability
is beneficial.
= You’re performing simple operations: For basic string
operations that don’t involve extensive modifications,
String is clean and straightforward.
= You’re storing string constants: String literals are
interned, which can save memory.
= You need to share string data: Immutable strings are
safer in multithreaded environments.
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Performance Considerations with String
The immutability of String objects can lead to performance issues
when many string modifications are performed in sequence. Each
modification creates a new String object, potentially resulting in many
short-lived objects that need to be garbage collected.
For example, consider this code:
String result =",
for (inti =0; i< 10000; i++) {

result += "some text"; // Creates a new String object in each
iteration
}
This generates 10,000 intermediate String objects, many of which
are immediately garbage collectible. This operation has a time
complexity of O(n?) because every concatenation operation copies all
characters of the old result.To address this inefficiency, Java provides
mutable counterparts: String Buffer and String Builder.
String Buffer
String Buffer is a mutable alternative to the String class introduced
in Java 1.0. Unlike String, the contents of a String Buffer object can
be changed after its creation without generating new objects.
Thread Safety in String Buffer
String Buffer is thread-safe because its methods are synchronized;
meaning only one thread at a time can modify its data. However, this
synchronization incurs overhead, potentially affecting performance in
single-threaded cases.
Creating String Buffer Objects
I/l Default constructor (creates an empty buffer with capacity 16)
StringBuffer sb1 = new StringBuffer();
/I Constructor with initial capacity
StringBuffer sb2 = new StringBuffer(32);

/I Constructor with initial content

StringBuffer sb3 = new StringBuffer("Hello");

The capacity represents the number of characters the buffer can hold
before reallocation. Specifying an initial capacity can improve
performance by avoiding multiple reallocations.

90
MATS Centre for Distance and Online Education, MATS University



String Buffer Methods Notes
e Appending content:
StringBuffer sb = new StringBuffer("Hello");
sb.append(*" World"); // "Hello World"
sb.append('!);  // "Hello World!"
sb.append(123);  // "Hello World!123"
e Inserting content:
StringBuffer sb = new StringBuffer("Hello World");
sb.insert(5, " Beautiful™); // "Hello Beautiful World"
o Deleting and replacing content:
StringBuffer sb = new StringBuffer("Hello World");
sb.delete(5, 11); // "Hello"
sb.replace(6, 11, "Java™); // "Hello Java"
e Reversing content:
sh.reverse(); // "olleH"
Example of Thread Safety
StringBuffersharedBuffer = new StringBuffer();
I/l Thread 1
Runnable taskl = () -> {
for (int i =0; i< 1000; i++) {
sharedBuffer.append("A™);
}
j
I/l Thread 2
Runnable task2 = () -> {
for (int i =0; i< 1000; i++) {
sharedBuffer.append("B");
}
j
/I Start both threads
new Thread(taskl).start();
new Thread(task2).start();
In this case, data corruption is avoided because StringBuffer ensures
that only one thread modifies the data at a time.
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String Builder
String Builder was introduced in Java 5 (2004) as a non-thread-safe
alternative to String Buffer, trading thread safety for better
performance. It has the same APl as String Buffer but without
synchronization, making it about twice as fast in most operations.
Creating String Builder Objects
StringBuilder sb1 = new StringBuilder();
StringBuilder sb2 = new StringBuilder(32);
StringBuilder sb3 = new StringBuilder("Hello");
String Builder Methods
e Appending content:
StringBuilder sb = new StringBuilder("Hello");
sb.append(" World").append('!").append(123);
e Inserting content:
sb.insert(5, " Beautiful);
o Deleting and replacing content:
sb.delete(6, 15);
sb.replace(0, 4, "Hey");
sb.reverse();
e Checking length and capacity:
int length = sb.length();
int capacity = sh.capacity();
« Converting to String:
String result = sb.toString();
The key difference is that none of these methods are synchronized,
making them faster but not thread-safe.
Performance Comparison: String Builder vs. String Buffer
To understand the performance difference between String Builder
and String Buffer, consider this benchmark:
// Using StringBuilder (not thread-safe)
long startTimel = System.nanoTime();
StringBuilder = new StringBuilder();
for (int i = 0; i< 1000000; i++) {
builder.append("a™);
}
String resultl = builder.toString();
long endTimel = System.nanoTime();
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System.out.printIn("StringBuilder time: " + (endTimel - startTimel) +
" ns");

/I Using StringBuffer (thread-safe)

long startTime2 = System.nanoTime();

StringBuffer buffer = new StringBuffer();

for (int i = 0; i< 1000000; i++) {

buffer.append(a");

}

String result2 = buffer.toString();

long endTime2 = System.nanoTime();
System.out.printIn("StringBuffer time: " + (endTime2 - startTime2) +
"ns");

When executed, String Builder generally performs 1.5-2x faster than
String Buffer due to the lack of synchronization overhead.

When frequent modifications to a string are needed, String Buffer and
String Builder are better alternatives to String, as they are mutable
(i.e., their contents can be changed without creating new objects).
Choosing Between String, String Buffer, and String Builder

e Use StringBuffer when multiple threads will modify the
string because it is thread-safe (synchronized).

e Use StringBuilder for single-threaded operations where
performance is a priority, as it is not synchronized and faster
than String Buffer.

By choosing the appropriate class (String, StringBuffer, or
StringBuilder), developers can optimize memory usage and
performance efficiently.
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Unit 8: Exceptions Handling

3.3 Types of Exceptions (Checked and Unchecked)

Types of Exceptions

[Uw- Defined lxcopbon) ( Bullt-in Exception ]
Ecmm Excoptions ) [w\chodcod Excmiom)
o ClanNot Fourdisteption o Atheretcbseption
& Wt rup el aleton & ClasaCast Exception
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Figure 7: Exception
[Source: https://medium.com/]

A basic programming concept called exception handling enables
programmers to more effectively manage runtime faults in
applications. An exception is a situation that occurs during program
execution that disrupts the normal flow of instructions.  Generally
speaking, exceptions fall into one of two groups. Examined the
exceptions Exemptedexceptions These are necessary to create
programs that are reliable and free of bugs. Exceptions that are
examined during compilation are known as checked exceptions.
These Exclusions happen with resource not controlled by the program
like file, network, database, etc. In Java, each exception can be
checked at compile-time, which compels the programmer to handle it
by declaring whether or not they will use try-catch or by declaring it
with the throws keyword. The 10 Exception is a type of checked
exception that is raised when an input or output action fails or is
interrupted, such as reading from a non-existent file or writing into a
closed stream. An example of this is SQL Exceptionwhich is thrown
whenever a database-related error occurs.Conversely, unchecked
exceptions occur during runtime rather than being checked during
compilation. These exceptions are generally triggered by
programming bugs like passing invalid arguments, dividing by zero,
or dereferencing null pointers. Exception Hierarchy and Types,
checked exceptions are those that are examined during compilation,
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meaning that in order to compile your code, you need to handle them,
if you would not handle that, your program will terminate. For
example, common examples of unchecked exceptions are Null Pointer
Exception which throws at an attempt to access theobject reference is
null. An ArraylndexOutofBoundsException is raised whenever an
array access attempt is made. Elements which are out of the range.For
exception handling in the programming aspect, the try, catch, and
eventually blocks are utilized. Write the code in try block which can
throw exception. If an exception does occur, it will be caught by the
catch block is the code that handles the exception. in a manner that
works for your program. The finally block runs last to perform
housekeeping and cleanup, like releasing memory and closing active
resources, whether or if there was an exception.The try block is the
core of exception handling which isolates the code that might fall with
an exception. Example: While dealing with files, you can keep a file
opening statement inside a try block to handle file not found issue,
permission denied issue etc. If you don't have a try block, an
exception that goes unhandled will crash the program and create a
poor experience for the user.

After try block comes the catch block where specific exception
blocks are handled. This means the code can determine what kind of
exception was thrown, so we can catch fewer refineries, but each one
represents a difference exception. If a program has multiple catch
block to handle different exception. It allows you to handle errors at
each stage, recording until the last error is reached, and thereby
making it easier to track where exactly something went wrong, so that
appropriate recovery actions can be implemented.Whether or whether
an exception was raised after the try, the finally block still executes
and catch blocks. Usually, it is employed to guarantee cleanup
procedures, such as terminating database connections. and file
handles, and releasing memory. This is because the no matter what
finally block would execute program, makes it a much-needed
construct to ensure resource deal location& keeping our program
stable.

Exception Propagation

When an exception is thrown in Java, it travels up the call stack until a
suitable handler is discovered. The throw and throws keywords have
a big influence on this process, called exception propagation.
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Consider this call hierarchy:
main() — process Transaction() — validate Transaction() — check
Amount()
If check Amount()throws an exception but fails to deal with it
propagates up to validate Transaction() If either that method has not
declared the exception using throws or it is not catching it,
compilation fails for checked exceptions. That means exception
handling is intentional rather than accidental.
The propagation continues until one of the following:
1. A method that catches and handles the exception
2. The exception climbs to the top of the call stack and finally
terminates the program.
This provides various flexibility and control over what exceptions
need to be handled where in the application architecture.
Working with Exceptions: Checked and Unchecked
Java makes a distinction between exceptions that are checked and
those that are not, and the throws keyword plays different roles for
each type:
Checked Exceptions
Explicit handling is necessary for checked exceptions, which inherit
Exception but not Runtime Exception. A method must either: if it has
the potential to throw a checked exception,
e Use atry-catch block to deal with it.
e Use the throws keyword to declare it.

public void readConfig() throws IOException {

Properties props = new Properties();
FilelnputStreamfis = new FilelnputStream("config.properties");
props.load(fis);
fis.close();
}
Failure to do this causes a compilation problem, which enforces the
"handle or declare” rule.
Unreviewed Exclusions
Subclasses of RuntimeException or Error that are unchecked
exceptions don't require explicit handling or declaration. However,
you can still use throws with them for documentation purposes:
public int divide(int a, int b) throws ArithmeticException {

return a/ b; // Could throw ArithmeticException if b is zero
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While not required by the compiler, this declaration helps
communicate the method's behavior to other developers.
Custom Exceptions
Creating custom exception classes enables more expressive and
domain-specific error handling. These custom exceptions can be used
with both throw and throws:
/I Define custom exception
public class InsufficientFundsException extends Exception {

public InsufficientFundsException(String message) {

super(message);

k

k

/[ Use it in a method
public void withdraw(double amount) throws
InsufficientFundsException {
if (amount > balance) {
throw new InsufficientFundsException(
"Cannot withdraw $" + amount + ". Available balance: $" +
balance);

by

/l Process withdrawal
}
Custom exceptions improve code readability by making error
conditions more self-documenting and domain-specific. They also
enable more precise exception handling by callers.
Exception Chaining
Exception chaining is a powerful technique that uses both throw and
throws to preserve the context of an original exception while
wrapping it in a new exception type. This maintains the full stack
trace and causes:
public void processTransaction() throws TransactionException {
try {
// Database operations
} catch (SQLEXxception e) {
throw new  TransactionException(*Transaction processing
failed", e);
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The Transaction Exception constructor takes the original
SQLEXxception as a cause parameter. This allows error handlers to:

1. React to the high-level Transaction Exception

2. Access the underlying SQLException if needed for detailed

diagnosis

Most exception classes in Java support this chaining pattern through
constructors that accept a Throw able cause parameter.
Exceptions and Functional Interfaces
Using Java's functional programming features, exceptions are a
challenge because most functions don't declare checked exceptions.
This causes issues when using functional idioms with methods that
throw checked exceptions:
List<String> files = Arrays.asList("filel.txt", "file2.txt");

/I This won't compile because forEach's Consumer doesn't declare
IOException
files.forEach(file -> {
new BufferedReader(new FileReader(file)); // Throws IOException
b
There are several strategies to address this:
Exception wrapping: Convert checked exceptions to unchecked
ones
files.forEach(file -> {
try {
new BufferedReader(new FileReader(file));
} catch (IOException e) {
throw new UncheckedlOException(e);

}
bk

Using specialized functional interfaces: Libraries like Vavr
provide functional interfaces that accommodate checked
exceptions
files.forEach(CheckedConsumer.of(file -> {

new BufferedReader(new FileReader(file));

)k
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Creating utility methods: Develop helper methods that convert
checked-exception-throwing functions to standard functional
interfaces
public static <T>
Consumer<T>unchecked(CheckedConsumer<T> consumer) {
return t -> {

try {
consumer.accept(t);

} catch (Exception e) {

throw new RuntimeException(e);

}
%
}

I/l Usage
files.forEach(unchecked(file -> new  BufferedReader(new
FileReader(file))));
These approaches provide ways to use throw and throws effectively in
functional programming contexts.
The Debate: Checked vs. Unchecked Exceptions
The design decision between checked and unchecked exceptions
affects how developers use throw and throws. This remains a
contentious topic in Java development:
Arguments for Checked Exceptions
Proponents of checked exceptions value:
1. Explicit error contracts that are enforced by the compiler
2. Better documentation of failure modes through method
signatures
3. Reduced chances of unhandled errors in critical code paths
Arguments for Unchecked Exceptions
Advocates for unchecked exceptions point to:
1. Simpler method signatures and fewer cascade changes when
exception handling changes
2. More natural integration with functional programming
constructs
3. Reduced boilerplate code in applications
Modern Java applications often adopt a hybrid approach:
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e Use checked exceptions for recoverable conditions where the
caller should make handling decisions
e Use unchecked exceptions for programming errors and truly
exceptional conditions that shouldn't be recovered from
/I Checked exception for a recoverable condition
public Connection getConnection() throws SQLEXxception {
/[ Implementation

¥

/I 'Unchecked exception for a programming error
public void processinput(String input) {
if (input == null) {
throw new NullPointerException("Input cannot be null");

ky

/I Implementation
}
Understanding this debate helps developers decide when and how to
employ throws and throws in their applications with knowledge.
Exception Translation Patterns
Exception translation is a design pattern that uses throw and throws to
convert low-level exceptions into higher-level ones that better express
the abstraction level of the current context:
public class UserRepository {
public User findByld(long id) throws UserNotFoundException {
try {
ResultSetrs = executeQuery("SELECT * FROM users WHERE id =
", id);
if (Irs.next()) {
throw new UserNotFoundException(User not found with
id: " +id);
}
return mapUser(rs);
} catch (SQLException e) {
throw new RepositoryException(*Database error while finding
user"”, e);
}
}
}
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In this example:
1. The low-level SQLEXxception is caught and not exposed in the
method signature
2. Higher-level exceptions (UserNotFoundException,
RepositoryException) are declared with throws and thrown
with throw
3. The original exception is preserved as the cause for diagnostic
purposes
This pattern creates more meaningful abstractions and isolates the
details of lower-level components from clients.
Exception Handling in Frameworks
Major Java frameworks have developed distinctive patterns for
exception handling:
Spring Framework
Spring generally prefers unchecked exceptions and provides a rich
hierarchy of exception types:
@Service
public class ProductService {
public Product findProduct(String sku) {
try {
return productRepository.findBySku(sku);
} catch (DataAccessException e) {
throw new ServiceException(“Error retrieving product: " +
sku, e);
}
}

}
Spring's approach:

1. Converts checked exceptions from JDBC to unchecked
DataAccessException variants
2. Encourages exception translation at architectural boundaries
3. Minimizes the need for explicit throws declarations in
business logic
Jakarta EE (formerly Java EE)
Jakarta EE applications often use a mix of checked and unchecked
exceptions:
@Stateless
public class OrderProcessor {
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public void processOrder(Order order) throws
OrderProcessingException {
try {
validateOrder(order);
persistOrder(order);

notifyShipping(order);
} catch (ValidationException | PersistenceException e) {
throw new OrderProcessingException("Failed to process
order: " + order.getld(), e);

¥
¥

¥
Jakarta EE's approach:

1. Uses checked exceptions for business-level errors
2. Leverages container-managed transactions and rollback
behavior
3. Defines clear exception hierarchies for different types of
failures
3.4 Try, Catch, Finally Blocks
Exception handling in Java is a mechanism to handle runtime errors,
ensuring the smooth execution of programs. Java provides try, catch,
and finally blocks to manage exceptions effectively.
1. Try Block
The try block contains the code that might throw an exception. If an
exception occurs within the try block, it is passed to the corresponding
catch block.
Example:
try {
int division = 10/ 0; // This will cause ArithmeticException
System.out.printIn("Result: " + division);
}
2. Catch Block
The catch block is used to handle the exception thrown by the try
block. It prevents program crashes by providing alternative execution.
Example:
try {
int division = 10/ 0; // This will cause ArithmeticException

} catch (ArithmeticException e) {
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System.out.printIn("Error: Division by zero is not allowed."); Notes
}

3. Finally Block

The finally block always executes, whether an exception occurs or
not. It is used for cleanup operations like closing files, releasing
memory, etc.

Example:

try {

int[] arr = {1, 2, 3};

System.out.printin(arr[5]); I This will cause
ArrayIndexOutOfBoundsException

} catch (ArraylndexOutOfBoundsException e) {
System.out.printIn("Error: Array index out of bounds.");

} finally {
System.out.printIn("Execution completed.");

ks
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Unit 9: Throw and Throws

3.5 Throw and Throws Keywords

The keywords throw and throw in Java: All about the Keywords in
Java.

Java's exception handling system is among the most important
components i.e. it helps you write a robust application and the throw
and throws keywords are at the core of this mechanism. Both
keywords offer different, yet congruent functionalities within Java.
That's because these exceptions are an integral part of Java's
architecture for handling errors, and learning to utilize them
effectively is critical to writing productive and maintainable
programs.

The keyword ""throw"

In To specifically throw an exception from a block of code in Java,
use the throw keyword a function. Upon reaching a throw statement
during normal execution, the program is abruptly terminated and the
Java runtime system starts to look for an appropriate exception
handler.

public void validateAge(int age) {

if (age <0) {
throv  new IllegalArgumentException("Age cannot be
negative");
}

/I Code continues if age is valid
}
In this example, when a negative age is detected, the throw keyword
generates and throws an lllegalArgumentException. This passes
control to the closest matching exception handler and stops execution
at that moment.
The throw keyword provides developers with precise control over
when and where exceptions occur. This explicit exception generation
serves several important purposes in Java applications:
1. It enables validation of method parameters and internal state
conditions
2. It allows for customized error reporting at specific points in
program execution
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3. It provides a mechanism for transferring control when
exceptional conditions arise
The throws Keyword
While throw is about triggering exceptions, throws is about declaring
them. In method signatures, the throws keyword indicates that a
method may throw specific types of checked exceptions during its
execution, without handling them internally.
public void readFile(String path) throws IOException {
I/l Code that might throw I0OException

}
This declaration serves as a contract that informs callers regarding the
possible exceptions they may have to deal with. Methods that call
readFile() must either:

1. Catch the declared exception types using try-catch blocks

2. Declare that they too can throw these exceptions using their

own throws clause
The throws clause can specify multiple exception types as a comma-
separated list:
public void processData() throws [OException, SQLEXxception,
ParseException {
/I Method implementation
}
Understanding the distinctions between these keywords is essential:
Table 3.2: Key Differences Between throw and throws

Aspec
t throw throws
Purpos | To explicitly throw an | To declare exceptions that might
e exception be thrown
Locati | Used within method
on body Used in method signature
Creates exception
Action | objects Lists exception types
throw exception | method Name () throws Exception
Syntax | Object; Type
Numb | Can  throw  one
er exception at a time Can declare multiple exceptions
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Practical Implementation: Error-handling Strategy
A comprehensive error-handling strategy often involves both
keywords. Consider a banking application that transfers funds
between accounts:
public class BankAccount {

private double balance;

private String accountNumber;

/I Constructor and other methods...

public void withdraws (double amount) throws
InsufficientFundsException {
if (amount <=0) {
throw new Illegal ArgumentException("Withdrawal amount
must be positive™);

hy

if (amount > balance) {
throw new InsufficientFundsException("Insufficient funds for
withdrawal");

¥

balance -= amount;

public void transfer (BankAccount destination, double amount)
throws InsufficientFundsException {
this.withdraw(amount);
destination.deposit(amount);

¥
¥

In this implementation:

e The withdraw method uses throw to validate soon

e Write both of your methods using throws to indicate that they
throw an InsufficientFundsException

e Managing the case that there is not enough money has to be on
the callers.
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It provides a clean separation of concerns, and if an error occurs, it Notes
can be handled appropriately at any level of the application.
Best Practices for throw and throws
When to Use throw
The throw keyword should be used:
1. When validation fails and normal execution cannot continue
2. To convert checked exceptions to unchecked ones when
appropriate
3. To rewrap exceptions with more contextual information
4. When implementing control flow that depends on exceptional
conditions
I/l Example of exception conversion
try {
loadConfiguration();
} catch (IOException e) {
throw new RuntimeException(*"Failed to load configuration”, e);
}
When to Use throws
The throws clause should be used:
1. When a method cannot reasonably handle an exception
internally
2. To maintain the exception type's semantics and allow
specialized handling
3. In lower-level utility methods where context for proper
handling is missing
4. When implementing interfaces that declare throws clauses
Il Appropriate use of throws in utility method
public static String readEntireFile(String path) throws I0Exception {
BufferedReader reader = new BufferedReader(new FileReader(path));
StringBuilder content = new StringBuilder();
String line;
while ((line = reader.readLine()) !'= null) {
content.append(line).append(*\n™);
}
reader.close();
return content.toString();

¥
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Anti-patterns to Avoid

Empty catch blocks: Catching exceptions without handling them
obscures problems
try {
riskyOperation();
} catch (Exception e) {
/[ Don't do this!
}
Overly broad throws declarations: Declaring throws Exception
when more specific types would be appropriate
/[ Too broad
public void processFile() throws Exception { ... }

/I Better
public void processFile() throws IOException, ParseException {
.}
Throwing generic exceptions: Using throw new Exception()
instead of more specific subtypes
/[ Too generic
if (value <0) {
throw new Exception(""Negative values not allowed™);

¥

I/ Better
if (value <0) {
throw new IllegalArgumentException("Negative values not
allowed™);
}
Catching exceptions only to rethrow them unchanged: This adds
no value and obscures the original error
/l'Unnecessary
try {
riskyOperation();
} catch (IOException e) {
throw e; // Don't do this!

¥
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Try-with-resources and Its Impact on throw/throws Notes
The statement "try with resources, introduced in Java 7, automatically
manages resources that implement AutoCloseable. This feature
interacts with throw and throws in important ways:
public String readFirstLine(String path) throws IOException {

try (BufferedReader reader = new BufferedReader(new
FileReader(path))) {

return reader.readLine();

k
k

In this example:

1. The throws IOException declaration is still necessary

2. throw statements aren't needed for resource cleanup

3. Exceptions from both the try block and the implicit close()

calls are handled appropriately

If multiple exceptions occur (e.g., from both readLine() and close()),
the exception from the try block takes precedence, and other
exceptions are added as suppressed exceptions. This preserves all
diagnostic information while presenting a clean exception handling

model.
MCQs:

1. Which class is immutable in Java?
a) String
b) StringBuffer
c) String Builder
d) None of the above
2. Which of the following allows modification of string
content without creating a new object?
a) String
b) String Buffer
c) StringTokenizer
d) None of the above
3. Which of the following method is NOT a part of the String
class?
a) length()
b) append()
¢) charAt()
d) substring()
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Notes 4. Which of the following is a mutable string class in Java?

a) String
b) String Builder
c) StringTokenizer
d) None of the above

5. Which keyword is used to handle exceptions in Java?
a) exception
b) catch
c) try
d) Both try and catch

6. What is the superclass of all exceptions in Java?
a) Throwable
b) Exception
c) Error
d) Runtime Exception

7. Which of the following is NOT an unchecked exception?
a) NullPointerException
b) ArrayIndexOutOfBoundsException
c) IOException
d) ArithmeticException

8. What is the purpose of the finally block in exception
handling?
a) To handle multiple exceptions
b) To execute code after try-catch block regardless of
exception occurrence
c) To terminate the program
d) To catch runtime errors

9. Which keyword is used to manually throw an exception in
Java?
a) throws
b) throw
c) finally
d) catch

10. What is the main difference between throw and throws?
a) throw is used to declare an exception, throws is used to
handle an exception
b) throw is used to manually throw an exception, throws is
used for method declarations
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c¢) Both have the same function
d) throws is used only for checked exceptions

Short Questions:

1.
2.

N o ok~ ow

8.
9.

10.

What is String immutability in Java?

Explain the difference between String, String Buffer, and
String Builder.

What are checked and unchecked exceptions? Give examples.
How does the try-catch block work in Java?

What is the purpose of the finally block in exception handling?
Explain the difference between throw and throws in Java.
Write a Java program to demonstrate exception handling using
try-catch.

What is a NullPointerException, and how can it be avoided?
Why is exception handling important in Java?

What happens if an exception is not caught in Java?

Long Questions:

1.

10.

Explain the importance of String handling in Java with
examples.

Write a Java program to demonstrate String methods like
substring, length, and charAt.

Compare String, String Buffer, and String Builder in detail.
Explain the different types of exceptions in Java with
examples.

Write a Java program to demonstrate try, catch, and finally
blocks.

How does manual exception handling use throw and throws
work in Java?

Write a Java program that handles multiple exceptions in a
single try-catch block.

Discuss the role of exception handling in software
development.

Explain how exception handling improves program reliability.
Write a Java program to demonstrate custom exception
handling.
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MODULE 4

JAVA INPUT/OUTPUT (1/0) AND MULTITHREADING

LEARNING OUTCOMES

Understand Java file handling using File Reader, File Writer,
Buffered Reader, and Buffered Writer.

Learn about Input Stream and Output Stream classes for
handling byte streams.

Understand object serialization and deserialization in Java.
Explore the life cycle of a thread in Java.

Learn how to create threads using Thread class and Runnable
interface.
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Unit 10: File Handling

4.1 File Handling (File Reader, File Writer, Buffered Reader,
Buffered Writer)

B
/ ATaYicpuSIrag BufferedinputStream

| lnputStream Z_  fijterinputStream <
DatalnputStream
ObjectinputStream '

Object FileQutputStream

\ DataOutputStream
/ ByteArayOutputitresm i
ButferedOutputstream

OutputStream ~_  FilterOutputStream

Figure 8: File Handling
[Source: https://2.bp.blogspot.com/]

In this tutorial, we will focus on writing to a file in Java, where we
will explore how to create and write files, as well as different methods
to accomplish this task. This article explains some of those classes
such as File reader, File writer, Buffered Reader, and Buffered Writer
for efficient handling of input and output using files. These classes are
best understood for writing applications requiring persistent data
storage, logging, and data manipulation.Java File Reader is a Java
class that reads character information from a file. This class provides
efficient reading methods for character streams by extending the
InputStreamReader class. File Reader reads data as characters, as
opposed to FilelnputStream, which reads bytes, making it more
suitable for reading text files. File ReaderException handling
exception handling Typically, we wrap File Reader in a Buffered
Reader to read the file content efficiently. For Example: When we
have to read a large text file, it would be much more performant if we
would use Buffered Reader with File Reader and read the contents in
the stream instead of read the character on the underlying file.Unlike
File Writer which is a Java class that store character data to a file.
Instead it extends the OutputStreamWriter class and enables
programmersto add strings, arrays, and characters to a file. File
Writer, like File Reader, works on character streams and is well
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suited to writing text-based files. File Writer has constructors to
overwrite the contents of a file and to add contents to a file that
already exists. Since File Writer gives the possibility of errors in
writing the file, it will be easy to handle the error with the help of
exception handling. Buffered Writer is a decorator class and it works
as wrapping around an existing Writer, the existing writer can be a
File Writer or another writer, the result of this is that you can manage
output in a more significant way. Buffered Reader is a subclass of
File Reader that provides you with a new function, for instance, the
ability to read each line of a file. It improves performance by
buffering input and reducing the must communicate directly with the
file system. You are commonly used in situations where read
efficiency is very important, such as configuration files read, big data
sets in code, and read logs. Buffered Reader provides techniques like
redline(), which allows you to read a file line by line instead of
character by character. This is much faster and requires much less
memory with large text files. It properly keeps track of the buffer to
read data optimally from disk.

Buffered Writer reads a file in a buffered manner to write text data.
With Buffered Writer, the programmer can write data to a file in
batches instead of using multiple write operations. Buffered Writer
has the methods write() and newline() which helps programmers to
write line-wise. This makes it especially valuable for applications that
need to write structured data efficiently, such as generating reports,
writing logs, or saving user-generated content. Buffered Writer will
manage the output buffer for you, writing data in an efficient manner
to the file.As a result, you must adhere to best practices while
utilizing File Reader and File Writer, such as properly closing
resources to prevent memory leaks and ensuring secure access to files.
One of the suggested solutions consists of using try-with-resources
expressions, which close the file handling resources when they are not
needed anymore. This approach improves code clarity and prevents
resource leaks, which results in more robust and maintainable
applications.

A practical example of using File ReaderThe following is how to use
Buffered Reader to read from a file: import java.io.*;

public class FileReadExample {

Public static void main(String[] args) {
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try (BufferedReader reader = new BufferedReader(new Notes
FileReader("sample.txt™))) {
String line;
while ((line = reader. readLine()) '=null) {
System.out.printin(line);
}
} catch (IOException e) {
e.printStackTrace();

ki
k
k

Similarly, writing to a file using File Writer and Buffered Writer can
be implemented as follows:
import java.io.*;
public class FileWriteExample {
Public static void main(String[] args) {
try  (Buffered Writer = new  BufferedWriter(new
FileWriter("output.txt™))) {
writer. write(""Hello, this is a sample text file.");
writer.newLine();
writer.write("BufferedWriter makes file handling efficient.");
} catch (IOException e) {
e.printStackTrace();

k
k
k

To summarize, Java has very powerful file handling classes which are
File Reader, File Writer, BufferedReader and Buffered Writer. It
promotes efficient file 1/0 operation, acting as classes for read/write
operations. With these classes in hand and an understanding on how to
use them, application developers can create solid applications that
work directly with a file system. Utilizing separate classes for file
streams helps organize code and promotes reusability, and general
best practices such as exception handling, resource management, and
buffered operations increase the efficiency and reliability of file
operations in Java.
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4.2 Input Stream and Output Stream Classes

There is a high necessity for efficient data manipulation in practice.
Applications interact with users, managing files, networks, and other
data sources through operations on input and output. 1/O, or input and
output streams, offer a systematic method of reading and writing data,
which simplifies the transmission of data. They provide an abstraction
over all sort of 1/0 devices and let developer deal with different data
sources without knowing anything about the underlying hardware. In
Java, C++, and Python programming languages, there are dedicated
classes and libraries available to facilitate stream-based input and
output processes. These courses facilitate effective reading of data
from a file, receiving data through a network, or writing data to the
console. Example Code for Java Input and Output Stream Classes.A
data flow is called an input stream that is read by a program from
some input source. It can be sourced from a file, a network socket, a
keyboard, etc. The input stream classes allow you to read data
sequentially, either as bytes or characters, which can help with
structured data processing. An output stream, on the other hand,
represents a sequence of data written to an output destination (file,
console, network) by a program. The output stream classes make it
possible to write data in an efficient manner, while making sure
information is correctly stored or transferred. In this tutorial we go
through the process of how streams work under the hood, including
aspects like buffering, data read/writing, and system calls.In Java, the
java. The Java. The super class is the Input Stream class to classes
that read data in byte-oriented format. Few popular subclasses are:
FileInputStream; ByteArraylnputStream; ObjectinputStream what is
Java FilelnputStream? Read from Files: FilelnputStream, Read from
Byte Arrays: ByteArraylnputStream In advance, ObjectinputStream
can serve as many as objects used for serializing data and storing
objects from a data stream. Conversely, the super class for all byte-
based output streams is called OutputStream, which provides methods
for writing data in a sequence. For instance, subclasses like
FileOutputStream, ByteArrayOutputStream, and ObjectOutputStream
make it possible to write files, byte arrays, and serialized objects to
storage.

Reader is the abstract class that handles character-based input in Java,
while Writer is its counterpart for output. These include the basic
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class for all classes is the Reader class. Character-based input streams.
FileReader: Used to read characters from files.BufferedReader: Used
to provide the buffering with the internal buffer to read from the files
which increases the performance of reading. The Writer different
classes similarly are the parent classes for character-oriented output
however, you can use its different subclasses like FileWriter,
BufferedWriter. BufferedWriter provides efficient buffering of written
data, which can reduce the number of writes to a larger "block" size
when the data is produced and being given to a destination, which can
also help with performance in general due to reduced overhead.C++
takes a similar approach, but uses the standard 1/O stream library (that
uses classes if stream, of stream, fstream.eclipse). In C++, the if
stream class is used to create input file streams, which allow a
program to read data from files, while the of stream class is used for
output file streams, which allow a program to write data to files.
Unlike the if stream and of stream classes, which are input- or output-
only, respectively, the stream class is both. C++ also provides cin and
cout, which is the standard input (keyboard) and standard output
(console) in any programming. C++ relies on a stream-based
approach, presented in an object-oriented manner, that accounts for
handling data efficiently across different file formats.Python being
dynamically typed language comes with inbuilt functions and
modules to perform input and output operations. The open ()
function: To open files in multiple modes like reading, writing,
appending, etc A file object supports input methods read (),
readline(), and readlines(), and output methods write() and
writelines(). Another option is the io module that offers both high-
level and low-level stream interfaces. in Python. Usage of the io
module: The io module provides Python's main facilities for
sequential 1/O. It contains classes like ByteslO and StringlO that help
to perform in-memory stream operations.One of the most important
things in stream based 1/O is buffering, it is used in such a way that it
reduces the number of system calls needed to obtain the data.
Buffered streams allow data to be stored in memory for processing,
which reduces the amount of time spent in 1/O operations.
BufferedInputStream and BufferedOutputStream are both available in
Java and serve to enhance efficiency by minimizing direct disk access.
Likewise, buffer-based file handling mechanisms in C++ optimized
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performance, while in Python built-in  buffering strategies
transparently managed efficient data transfer. Getting the hang of
these buffering techniques types is paramount to optimizing
application performance, particularly in use case scenarios where a
considerable bulk of information must be handled.But exception
handling is also an important aspect of stream based 1/0. You are also
taught that input and output operations can lead to errors e.g. file not
found, permission denied, connection failure etc. Most programming
languages offer ways to recognize this type of exception and
appropriately handle it. Since an IOException is used to notify that an
i/0 problem occurred, handling one is necessary when interacting with
files in Java. A crucial keyword in Java is the try-with-resources
statement, which immediately ends a stream when it is not being used.
Stream errors in C++ use the classic exception handling mechanisms
with try / catch / throw blocks. We will be using Python's try-except
block is used for exception handling, which addresses file-related
issues.

Data serialization and deserialization are important activities carried
out by the input and output stream classes in object-oriented
programming. For storage or transmission, serialization is the process
of transforming an object's state into a stream of bytes, and
deserialization is the process of reassembling the object from the byte
stream. Java provides native support for serialization through its
ObjectOutputStream and ObjectinputStream classes, which handle
the persistence and transfer of objects automatically. The pickle
module provides similar facilities to serialize and deserialize objects
in Python almost effortlessly. C++ uses manual structuring of data for
serialization, often combined with libraries like Boost.
Serialization.Input and output stream classes are widely used for
networking and inter-process communication (IPC) where use of
argv(i.e. passing argument parameters) is not feasible. Java uses
Socket and Server Socket classes which are based on stream concepts
to send/receive data over the network. Classes for reading and writing
primitive data are called DatalnputStream and DataOutputStream.
Types to a network connection the standard socket programming
APIs in C++ utilize stream-based communication mechanisms for
data spotlights to be shared with process. Similarly, Python has a
socket module that allows the sending and receiving of data over
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network sockets.The real-life software applications are always built
incorporating input and output Streams. File handling is one of the
most popular uses, allowing programs to persistently store and
retrieve data. File writing mechanism [log management system]
Stream-based communication makes it possible for network-based
applications to send messages and files between distributed systems.
Stream-based /0O operations [6] are commonly used by database
management systems (DBMS) for reading from and writing to large
datasets. Stream elements, which are used in Partitioning, are classes
used for multimedia applications, to easily process audio, video, and
image files.The classes offer a consistent interface, making promises
about what input and output stream operations will do return and
offer ease of use to the programmer. They abstract hardware
interaction complexities for developers to work seamlessly like files,
networks, and other data sources. Java, C++, and Python provide
comprehensive libraries for stream input/output management,
specializing in varying aspects and optimizations. It will introduce
concepts related to stream-based 1/O operations with a focus on
buffering, exceptions, and serialization. Overall input output stream
class plays a critical role on how it will deal with system resources
that is why an in-depth knowledge will highlight a programmer that
understands the programming model ensuring the implementation of
performant and scalable solutions.

119
MATS Centre for Distance and Online Education, MATS University




\

maTs

UNIVERSITY ¥

SR

Unit 11: Object Serialization and Deserialization

4.3 Object Serialization and Deserialization

The process of transforming an item into a format that can be sent or
kept for subsequent reconstruction is known as object serialization
and deserialization. And this process is very important for such
applications above like data persistence, network communication,
and distributed computing. This long-form discussion will cover the
theory, practice, challenges, modern techniques, and examples of
working with object serialization and deserialization to different
programming paradigms and environments.

Demystifying Serialization and deserialization of Object

But importantly, serialization using this library at its core consists of
converting the state of an item into a format that can be transferred or
stored and then later rebuilt. Deserialization is the inverse operation
taking serialized data and reconstructing the original object with its
state. It is this set of paired processes that act as a bridge between the
runtime environment wherein objects take shape in memory and the
external environment, wherein data need to be translated to some
format either files or databases or network packet, etc. The most basic
problem that serialization is intended to solve is the issue of getting a
true replica of the state of an object, which can include simple values,
references to other objects, and potentially many-to-many
relationships. In order to deserialize the object graph, you must ensure
that your serialized output contains the necessary information to
reconstruct both the data and its relations. This is commonly done as a
byte stream, JSON string, XML document or some other structured
data format which can be stored or transmitted with minimal
overhead.In software development, serialization has many different
uses. It provides persistence and continues to exist beyond the process
that created them. It enables different components or systems to
share data with each other. It allows for deep copies of objects to be
made. It also makes it possible for objects to be distributed across
networks, providing the foundation for remote procedure calls (RPC)
and distributed object systems, among others.

The Serialisation Mechanics

How serialization works varies by the programming language, the
framework and the serialization format. However, there are generally

many of the same patterns and considerations that apply to most
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serialization mechanisms.This might include reflection APIs that
enable the serialization mechanism to discover the appropriate fields,
properties, or methods in your objects dynamically. This serializer
then walks the object graph, following references to other objects and
building a representation of the complete structure. How is the
representation for data that is encoded accordingly as per whichever
serialization is chosen and might be optimized for things like size,
human-readability, and cross-platform compatibility?Deserialization
is the reverse process of this. The serialized form is parsed and
decoded based on the serialization format. After that, the deserialize
reconstructs the object graph by allocating memory for new objects,
populating field values, and recreating relationships between the
objects. This can be done attaching constructors, setting properties or
calling methods to return the object in its original state;Serialization
and deserialization need to deal with all sorts of edge cases and
special cases. This covers things such as circular references,
polymorphic types where the objects' actual type may differ from the
declared type, and versioning where the structure of an object can
change over time and still needs to work with older serialized
versions.

Transfer Formats and Protocols

The serialization format/protocol affects the characteristics of the
serialized data: size, readibility, processing speed, and cross-platform
compatibility. There are many different formats that has been created
to work for different needs/use cases.Binary formats (like Java's
native serialization, Protocol Buffers, or Message Pack) optimize for
compactness and processing efficiency. They generate non-human-
readable output but can be parsed and created fast with low overhead.
Binary formats are especially well-suited for high-performance
applications, and for internal data storage, or for situations where
bandwidth is limited.JSON, XML and YAML are examples of a text-
based format, which typically prioritize human-readability and
interoperability. They encode data in a manner that is readable and
editable by humans, making them useful for configuration files, APIs,
and debugging. Text formats are usually more bulky than binary
formats, but have the advantage of being visually interpretable and
easier to troubleshoot.Specific applications or domains may develop
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custom serialization protocols. They're able to provide optimizations
based on the specific properties of the data being serialized: sparse
data structures, time series data, or domain-specific objects. By
contrast, custom protocols may include compression, encryption, or
any number of custom features useful for their application.
Serialization Mechanisms Languages Are Specific

Serialization approaches vary between programming languages, as
each language has its own unique style and characteristics that shape
the way serialization is handled.Java's built-in serialization is centered
on the Serializable interface. This marker interface is implemented by
classes that should be automatically serialized by the Java runtime,
while the GWT runtime traverses the object graph and encodes the
data. It has a tight integration with the language's type system, and is
capable of serializing complex object graphs with few developer
necessities. There are several serialization options in Python, with the
builtin pickle module being specific to Python and other libraries,
such as json, that are more universal. Python is a dynamically typed
language, which enables flexible serialization strategies, in fact, you
can define custom serialization methods for user-defined classes.C#
and the. There are multiple types of serialization methods available in
NET framework (1. Binary serialization 2. XML serialization 3. JSON
serialization). They are intimately related to the language's type
system. and provide more or less fine-grained power over the process
of serialization.JSON is supported in the JavaScript language directly,
because this is a web-oriented programming language. The JSON.
stringify () and JSON. Jane Doeoperties that parse () cannot process,
such as functions and circular references. Also note that serializex(())
Jane Doeoperties can convert them into a stg, and parse” will not
convert them back when deserializex(()) Jane Doe(oo()) Jane Doe()
Jane Doe Alice Wonder function (Alice WonderlandA function. So, if
you want to serializex(()) Jane Doel XMLHttpRequest function
(XMLHttpRequest is a global object)) Jane Doe parse(s’) Jane Doe(s’)
Jane Doemv) Convert it into a JSON object, you can use this to
convert parse(): parsest a stream of text u and converts JSON dataMIn
this case with each function argument, it takes an object objl and a
key to be deciphered because we cannot use anything after the ith
condition because we are running out of examples. And then we test
our case; if it is null or at the end of arr and arr itself, we can use push
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to break out of the loop, so we push each one. Try to avoid the use of
try/catches; get rid of the argument after the first one, arr is there after
the information, return states True.

Serialization across Languages and Platforms

In an era where applications navigate through various languages and
platforms, cross-language serialization rises to prominence. Text-
based encodings such as JSON, XML, and YAML have become
ubiquitous for data interchange between systems, whereas binary
protocols such as Protocol Buffers, Apache Thrift, and Apache Avro
enable efficient cross-language serialization with  schema
enforcement.Cross-platform serialization: Different platforms such as
UNIX, Mac and Windows use different character encoding like the
number representation and way of storing data. These various
differences must be considered when working with serialization
mechanisms so that the respective data can be interpreted correctly in
different environments. This could be normalized representations,
explicit type info, or negotiation protocols to reach consensus across
systems.Interoperability standards such as JSON-RPC, SOAP, and
REST establish conventions of how the serialized data must be
structured and interpreted in a specific context. This allows systems
built using different technologies to communicate effectively with
one another without requiring direct knowledge of each other's
internal workings.

Advanced Serialization

There are several advanced topics in serialization worth
exploring.

Such schema changes over time are addressed via versioning and
schema evolution. Serialization is a process of converting complex
data types or object states into a format suitable for eventual
reconstruction, transmission, or storage. Tools such as schema
registries, version identifiers and migration strategies alleviate this
complexity.Optimization for performance is vital for high-throughput
applications. Common techniques such as lazy loading, incremental
serialization, and special encodings can greatly lower the cost of
serialization operations. These optimizations have informed many
modern serialization frameworks which deal with larger sets of data
efficiently. Why Security Is a Big Deal When Data Crosses Trust
Boundaries However, serialized data could expose sensitive
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information or indicate a malicious payload; hence, it requires
validation, encryption, and access controls. The history of
serialization weaknesses serves as a reminder of the need for secure
serialization.Developers can implement custom serialization strategies
that allow for fine-grained control over the serialization and
deserialization process of objects. Concepts like custom serialization,
attribute-based configuration, or external mapping definition may be
at play here. You can write custom strategies that help to optimize
performance for specific use cases or data characteristics.

Data Format: Serialization in an HPC System

Serialization is a key building block for any distributed system,
enabling communication between different components running on
separate services or processes. Remote procedure calls (RPCs),
messaging systems, and distributed object frameworks rely on
serialization to marshal parameters and return values across process
boundaries.In these scenarios, serialization must be performance-
efficient, fault-tolerant, and able to handle network problems.
Message queuing, idempotent operations, versioned schemas, etc.
ensure that serialized data is interpreted correctly even as clients and
application components experience network partitions, message
loss/reordering, and component failures.Modern distributed systems
use serialization formats with the goal of high-performance
networking like Flat Buffers or Cap’n Proto. These formats allow for
zero-copy deserialization, meaning the serialized data can be read
directly out of the serialized byte array, instead of requiring parsing up
front — saving significant latencies and memory usage.

Serialization in Domain-Specific Areas

In order to solve specific domains, different efforts were made to
make serialization.

In web development, serialization is mainly about JSON and XML in
APl responses and requests. The browser-based application can
persist serialized data on the client side in local Storage or Indexed.
Web services generally specify strict contracts on serialized data so
that it can interoperate seamlessly with various other clients and
servers.Serialization in this context among compute nodes might
sacrifice human readability or interop for speed, or alternative
semantics. Custom binary formats, memory-mapped files or direct
memory transfer can be used to reduce overhead. These systems
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frequently have large data sets, making the performance of
serialization a crucial consideration.In databases, serialization is the
foundation for storing and retrieving structured data. Serialization is a
necessary prerequisite for making object-relational mapping (ORM)
tools work to convert between objects and database rows. NoSQL
database such as MongoDB invilidatpapies are sugar sers where the
data is serializd, e.g. BSON (Binary JSON)Serialization in mobile: is
used for data persistence and synchronization among devices. Mobile
platforms usually have dedicated serialization methods that are
optimized to work well for speed and power. Offline-first applications
need to ensure data integrity when disconnected, relying on reliable
serialization.

Checkbox Labels Not Appearing After Migration

Serialization Default Challenge/Problems

The object graph contains objects referencing each other in a loop
(circular references). If this is not handled specially, it would result in
infinite recursing during serialization. Objects that are referenced
multiple times would typically have separate representations and then
create inconsistencies during serialization. Solutions to this problem
involve tracking object identity during serialization, breaking circular
references, or using serialization  formats that preserve
references.However, polymorphism can be problematic when an
object's declared type may not always match its actual type.
Serialization These could include type annotations, type registries, or
reflection-based type determination.Serialization of large object
graphs can be taxing in both memory and processing resources. One
approach is streaming serialization, which allows you to serialize and
deserialize objects incrementally by writing and reading them to and
from a stream rather than holding the entire object graph in memory;
another is selective serialization, in which you only serialize the parts
of an object you care about based on an algorithm.Version
compatibility is important for long-lived systems. As data structures
change, the serialization mechanisms must maintain backward
compatibility, allowing for deserialization of data produced by prior
versions. Such complexity can be addressed by techniques such as
optional fields, default values and migration strategies.

Best Practices — Serialization
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To create solid and maintainable writing These are a few best
practices that developers can adhere to.Separation of concerns —
don't mix serialization logic with domain logic. Depending on your
architecture, this could mean serialization wrappers, DTOs, dedicated
serialization components, and so on. Now it's easier to change
serialization approaches without having to change the domain
model.Record formats can be explicit given documentation and
schema definitions. This becomes very useful in the case when apis or
data being moved between different systems. Schema languages
such as JSON Schema, XML Schema, or Protocol Buffer definitions
can help enforce that serialized data adheres to
expectations.DocketsEnsuring the correctness and compatibility of
serialization code is difficult. Roundtrip tests serialize and then
deserialize objects: they ensure that the serialization and
deserialization process maintain the object state correctly. These lower
values only allow you to perform compatibility tests, ensuring that
newer code versions can still deserialize data generated by older code
versions.Serialization operations should fail in a graceful manner
when something unexpected happens, which is assisted by error
handling and validation. This could mean verification before
serialization, extensive error messaging during deserialization, or
providing strategy fail-safes while dealing with corrupted data.

The Future of Serialization

Today, we are used exclusively to the serialization just by
subscription.

Schema-agnostic and self-describing serialization formats are
becoming increasingly popular, providing flexibility for situations
where data structures may not be known beforehand. These formats
have extra metadata that allows dynamic interpretation of the
serialized data.As the volume of data being transmitted keeps
growing, and with an increasing emphasis on data security,
compression and encryption have become integrated into serialization
processes. These features are commonly supported in modern
serialization frameworks.Serialization has a unique set of challenges
for machine learning and Al applications, as they typically involve
complex mathematical models whose accuracy must be preserved.
After all, specialized formats and libraries are being designed to
address each areas' unique needs.The constraints of edge computing
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and loT scenarios necessitate lightweight, efficient serialization that
can run on limited resources. Examples include custom binary formats
or protocols that were being designed to meet these requirements, and
the ability to serialize to efficiently work with low powered devices.
Case Studies in Serialization

Investigating real-life examples of serialization can yield significant
insights into what to keep in mind and what has worked.JSON
serialization plays an important role in communication in Web APIs.
For example, RESTful APIs usually serialize resources as JSON
objects, whereas with GraphQL, clients can request only specific
fields to get included in the serialized representation. These APIs
typically use versioning strategies to ensure compatibility while the
underlying data structures change.For distributed databases such as
Cassandra, HBase, or Redis, efficient serialization is critical in
storing and retrieving spreadsheets in between the distributed nodes.
These systems commonly employ specific serialization formats that
are fine-tuned for their individual data models and access patterns.
There is no one size fits all when it comes to database serialization
formats, as the best option for your database system will depend on
your specific requirements and use cases.Serialization in Game
development is a special case with challenges such as the need for fast
save and restore of complex game state. Typically, game engines use
custom serialization system which could support high-level data
structure like scene graph or Al state or physics simulation. Such
systems can favor performance at the cost of human readability or
cross-platform interoperability.Serialization is commonly used in
cloud services to facilitate communication between different
components or services. Technologies such as gRPC (uses Protocol
Buffers for serialization) provide efficient cross language RPC
mechanisms, for spec-based, cross-platform interfacing. Serialization
is commonly used in cloud-native applications in scenarios such as
configuration ~ management,  service  discovery, and  state
synchronization.

Real world serialization in the real world

Real-world usage of serialization involves some practical aspects
as follows:

The first step is to choose a serialization approach relevant according
to performance needs, human readability, and interoperability. Early
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in development, you will want to decide what kind of layer upon
which to base your architecture, as this will heavily impact how the
system is designed and built.The next step is to tie the serialization
strategy to the application object model. Furthermore, you might need
to apply serialization attributes or annotations to your domain classes,
implement serialization interfaces, or use separate serialization
components. At the same time, it must be balanced with the need for
separation of domain logic and serialization concerns.Performance
design decisions should be made early in the background, particularly
in applications dealing with high amounts of data or those that need
strict latency guarantees. This could be benchmarking various
serialization approaches, optimizing hot paths, or developing custom
serialization logic for high volume areas of the system.Finally, strong
error handling and testing should be done to confirm serialization
works properly in different scenarios. This includes testing with edge
cases, using large datasets, and testing with scenarios that suggest how
users would use the application.

Serialization As Part ofa Modern Development Process
Serialization has evolved significantly by modern development
practices.

Serialization is the cornerstone of inter-service communication with
micro services architectures. The serialization format and protocol
you choose will have a profound impact on the performance and
reliability of these communications. Have consistent serialization
strategies across services to ensure smooth integration and reduce
errors.Docker is an example of containerization, and Kubernetes is an
example of orchestration, and these do impact serialization, especially
around versioning and compatibility. Since services are deployed
independently and updated independently, serialization needs to be
resilient against different versions and configurations.Serialization
code must be tested when checking in changes to avoid breaking
compatibility, and this is a common practice in continuous integration
and deployment. These can be regression tests, compatibility tests,
and performance benchmarks in the process of CI/CD.DevOps
practices focus on observability and monitoring, and serialization
operations are no exception. These include serialization time,
deserialization errors, and data volume, among others.
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Unit 12: Introduction to Thread

4.4 Thread Life Cycle

Threads are a crucial component of concurrent programming in Java.
This concurrency capability improves apps performance and
responsiveness by allowing the same application to execute multiple
steps simultaneously. A Thread in Java has multiple states in its
journey of execution, which is together called as the Thread life
cycle. These states and how to create and manage Threads is very
important in concurrent.

Thread Life Cycle in Java

Thread Life Cycle in Java

stortl) Edt
wts

New — Runnable —p RUNNING Dead
Resource walt(), sleep{),
released blocked
Waiting

Figure 9: Thread Life Cycle
[Source: https://www.kindsonthegenius.com/]

A thread in Java can exist in several states, transitioning from one to
another based on the actions performed on it. A predetermined thread
lifecycle is used by the Java Virtual Machine (JVM) to control thread
execution. Athread's various states are:

1. New (formed): When a thread has been formed but has not yet
begun to execute, it is in this state. The Thread class or the Runnable
interface are used to instantiate it; however, the start () method has not
been invoked.

2. Runnable: The thread enters the runnable state after invoking start
(). The thread awaits the CPU but is prepared to run scheduling. The
thread scheduler selects threads from this pool based on priority and
scheduling policy.

3. Thread remains:When a thread tries to access a synchronized
block or procedure but another thread has the lock, it enters the
blocked state. The thread remains blocked until the lock is released.
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Notes 4. Waiting: When a thread waits endlessly for another thread, it enters
the waiting state.s signal. It is typically put in this state using wait (),
and it remains waiting until it is notified using notify () or notifyAll().
5. Timed Waiting: Unlike the A thread in a timed waiting condition
remains in that state for a specified period. Methods like Thread.
Sleep(time), join(time), and wait(time) place the thread in this state.

6. Terminated: When a thread's execution is finished, it enters the
terminated state. This occurs when the thread is halted or the run()
method completes its execution. explicitly.
Sample Program Demonstrating Thread Life Cycle
class Thread Lifecycle extends Thread {
public void run() {

System.out.printin("Thread is running...");

try {
Thread.sleep(1000);

} catch (InterruptedException e) {
System.out.printIn("Thread interrupted: " + e);

hy

System.out.printIn("Thread execution completed.");
}
public static void main(String args[]) {
ThreadLifeCycle thread = new ThreadLifeCycle();
System.out.printIn("Thread is in NEW state.");
thread.start();
System.out.printIn("Thread is in RUNNABLE state.");
try {
thread.join();
} catch (InterruptedException e) {
System.out.printIn(*Main thread interrupted: " + e);
}
System.out.printIn("Thread is in TERMINATED state.");
}
}
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4.5 Creating Threads (Extending Thread Class, Implementing
Runnable Interface)
Creating Threads in Java
In Java, there are two main methods for creating threads:
1. Making the Thread class longer
2. Making the Runnable interface available
Expanding the Thread Class
A class that extends the Thread class defines the task that the thread
will perform by overriding the run() method. The thread's execution
is started using the start() method.
Example:
class MyThread extends Thread {
public void run() {
System.out.printin(*Thread running using Thread class");
}
public static void main(String args[]) {
MyThread thread = new MyThread();
thread.start();

k
k

Implementing the Runnable Interface
Using the Runnable interface provides a more adaptable method of
creating threads. Because Java does not enable multiple inheritance,
this approach is recommended when a class needs to extend another
class.
Example:
class MyRunnable implements Runnable {

public void run() {
System.out.printIn("Thread running using Runnable interface");

}

public static void main(String args[]) {

Thread = new Thread(new MyRunnable());

thread.start();

k
k

More Sample Programs for Thread Creation and Life Cycle
1. Creating Multiple Threads
class MultiThread extends Thread {
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public void run() {
System.out.printin(Thread.currentThread().getName() + " is
running");

}

public static void main(String args[]) {

for (inti=0;i<3;i++) {

MultiThread thread = new MultiThread();
thread.start();

¥
¥
¥

2. Using Anonymous Class for Runnable
public class AnonymousRunnable {
public static void main(String[] args) {
Runnable = new Runnable() {
public void run() {
System.out.printIn("Thread running using anonymous class");

}
j
Thread thread = new Thread(runnable);
thread.start();

¥
¥

3. Using Lambda Expression for Runnable
public class LambdaThread {
public static void main(String[] args) {
Runnable task = () ->System.out.printIn("Thread running using
lambda expression");
Thread thread = new Thread(task);
thread.start();

¥

}
4. Demonstrating Thread Sleep

class SleepExample extends Thread {
public void run() {
for (inti=1;i<=5; i++) {
try {
Thread.sleep(500);
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} catch (InterruptedException e) { Notes
System.out.printin(e);
k
System.out.printin(i);
k

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

SleepExample thread = new SleepExample();
thread.start();

k
k

5. Demonstrating Thread Join
class JoinExample extends Thread {
public void run() {
for (inti=1;i<=5;i++) {
System.out.printin(Thread.currentThread().getName() + " - " + i);
}

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

JoinExample threadl = new JoinExample();
JoinExample thread2 = new JoinExample();
threadl.start();
try {
threadl.join();
} catch (InterruptedException e) {
System.out.printin(e);
}
thread2.start();
}
}

These examples provide an in-depth understanding of thread creation
and management in Java. Multi-threading is a strong feature that,
when applied appropriately, improves an application's performance
and efficiency.
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Notes MCQs:

1. Which class is used for reading text from a file in Java?
a) File Writer
b) File Reader
c) Buffered Writer
d) Output Stream

2. Which Java package contains the Input Stream and
Output Stream classes?
a) java.io
b) java.net
c) java.util
d) java.lang

3. Which of the following is NOT an advantage of Buffered
Reader over File Reader?
a) Faster reading
b) Can read lines of text
c) Uses more memory
d) Handles character-based input

4. Which of the following best describes object serialization?
a) Converting an object into a byte stream
b) Writing data to a text file
c) Storing data in a database
d) Encrypting an object

5. Which interface must be implemented for creating a
thread in Java?
a) Runnable
b) Serializable
c) Clonable
d) Iterable

6. Which method is used to start a thread?
a) run()
b) execute()
c) start()
d) begin()

7. Which of the following is NOT a valid thread state?
a) Running
b) Blocked
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¢) Sleeping Notes
d) Waiting
8. What is the default priority of a thread in Java?
a)0
b) 5
c) 10
dy1
9. Which of the following methods puts a thread to sleep?
a) wait()
b) pause()
c) sleep()

d) stop()
10. Which keyword is used to ensure thread synchronization

in Java?
a) synchronized
b) static
c) volatile
d) final
Short Questions:
1. What is file handling in Java, and why is it important?
2. Explain the difference between File Reader and File Writer.
3. How does Buffered Reader improve file handling
performance?
What is object serialization, and why is it used?
What is the life cycle of a thread in Java?
What are the different ways to create a thread in Java?
How does synchronization help in multithreading?
What is the difference between Runnable and Thread class?
Explain the purpose of Input Stream and Output Stream
classes.
10. What is deadlock in multithreading, and how can it be
avoided?

© ©o N o g ks
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Long Questions:

1.
2.

10.

Explain the concept of file handling in Java with an example.
Write a Java program to read and write text files using
FileReader and FileWriter.

What is object serialization, and how is it implemented in
Java?

Discuss the life cycle of a thread with a diagram.

Write a Java program to demonstrate multithreading using the
Runnable interface.

Explain thread synchronization and how it prevents data
inconsistency.

Write a Java program to implement multiple threads and
demonstrate thread priorities.

Discuss the difference between synchronized methods and
synchronized blocks in Java.

Explain how multithreading improves performance in Java
applications.

Write a Java program to demonstrate file handling using
Buffered Reader and Buffered Writer.
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MODULE 5
JAVA DATABASE CONNECTIVITY (JDBC)

LEARNING OUTCOMES

Understand the concept of JDBC (Java Database
Connectivity).

Learn about different types of JDBC drivers.

Understand how to connect Java programs to databases
(MySQL, Oracle).

Perform CRUD operations (Create, Read, Update, Delete)
using JDBC.

Learn about Prepared Statement and Statement classes for
executing SQL queries.
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Unit 13: JDBC Connectivity

5.1 Introduction to JDBC

JDBC - Java Database Connectivity

JDBC
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Figure 10: JDBC Connectivity
[Source: https://networkencyclopedia.com/]

Java Database Interconnection (JDBC) is one of the most basic and
lasting parts of Java for enterprise. JDBC has been the main standard
for connecting Java applications to relational database systems since
the standard was introduced in the mid-1990s. It offers a standardized
interface through which application developers can write database
applications in isolation of the particular DBMS they are using, be it
Oracle, MySQL, PostgreSQL, Microsoft SQL Server, or any other
SQL-compliant database.The design behind JDBC is quite simple but
powerful: abstract all the different complex implementations of
resources together in the same way for any Java program. It abstracts
the complexity of database connectivity, so Instead, you can focus on
implementing business logic as a developer into practice. of dealing
with low-level database communication protocols.In essence, JDBC is
a Java application programming interface (API) consisting of classes
and interfaces. These elements together allow for four fundamental
actions, which are at the core of database programming: opening
connections sending SQL statements to databases, allowing them to
run, modifying the outcomes after each statement runs, and processing
any exceptions that occur throughout the process.This may seem just
as something useful for developers, but JDBC became a piece of
indispensable infrastructure in enterprise applications where data
persistence and retrieval are non-negotiable business needs. From
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web apps for millions of users to desktop apps with local data stores,
JDBC provides the connective tissue bridging your Java code and
structured data repositories.

Historical Context and Evolution of JDBC

Web driver JDBC is related to the database connectivity options
available for the Java programming language and its applications,
JDBC, or Java Database Connectivity, framework serves in order to
execute SQL statements. JDBC 1.0 was first specified in the Version
1.1 of the Java Development Kit (JDK) was released in 1997.The
initial version laid the ground for the basic JDBC API, providing key
interfaces like Connection, Statement, and Result Set. It gave you the
barebones for executing SQL statements and processing results, but it
was sorely lacking in features that would become necessities for
enterprise applications.Meanwhile, JDBC evolved with the changing
demands as Java matured and enterprise adoption grew. JDBC 2.0
was included with Standard Edition of Java 2 Platform (J2SE) 1.2 and
added substantial new features such as scrollable result sets, batch
updates, and SQL3 data types. This version also separated the API
into a pair: the core API used by client-side applications, which is its
own package, and the Optional Package API, for server-side
capabilities.The J2SE 1.4 came with the JDBC 3.0 API, which
improved the API even further, adding save points for transaction
management, parameter metadata, and enhancements to connection
pooling. These additions solved requirements of increasingly complex
applications that needed more advanced interaction with their
databases.The JDBC 4.0 specification (part of Java SE 6 in 2006)
represented major progress with auto-loading of JDBC drivers, more
considerate exception handling thanks to the use of a SQLEXxception
hierarchy, and advanced support for national character sets. This new
version greatly minimized boilerplate code and streamlined
development workflows. Further release JDBC 4.1 (Java SE 7), 4.2
(Java SE 8), and 4.3 (Java SE 9) built on this foundation with
advancements, including try-with-resources for automatic resource
management, enhanced handling of large objects, and improved
integration with emerging SQL standards.Historically, JDBC has
evolved, remaining backward compatible so applications developed
against previous versions of the API still work with newer
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implementations. That level of stability has been essential for JDBC's
survival in enterprise settings.
Architecture and Components of the JDBC
JDBC is based on a two-tier architecture that distinctly separates the
application logic from the database access mechanism. A clearly
defined set of interfaces which would provide abstractions for
different database operation helps achieve this separation.
At the highest level, JDBC consists of two main components:

1. The first interface that developers use directly is the JDBC

APIL. It provides classes and interfaces in the packages
java.sql and javax.sql is a component of the Java Standard
Edition platform.

Database drivers are managed via the JDBC Driver Manager
component. It acts as a bridge connecting the application to
the particular JDBC drivers, handling driver registration and
establishing connections to databases.

The JDBC API itself comprises several key interfaces:

Connection: Indicates a link to a certain database. It acts as
the session context in which SQL statements are executed.
Statement: Used to run and return results from static SQL
statements.

Prepared Statement:A precompiled SQL statement and can
be effectively run several times.

Callable Statement: Used to run database stored procedures.
Collection of rows and columns:A result set is a collection of
rows and columns of data that show the outcomes of a query.
Database Metadata: Offers details about the structure,
functionality, and capabilities of the database itself.

Result SetMetadata: Offers details about a result set's
columns.

JDBC drivers, which implement these interfaces, fall into four
categories:
1. Open Database Connectivity (ODBC) calls are converted from

JDBC calls using the JDBC-ODBC Bridge Type 1. Although
this was helpful for early acceptance, performance issues have
led to its deprecation.
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2. Type 2 (Native-APl/partially Java driver): Converts JDBC
calls into native calls specific to a database using JNI (Java
Native Interface).

3. JDBC calls are transformed into a network protocol by Type 3
(Network-Protocol/pure Java driver), which is separate from
databases, which a server component subsequently converts to
a protocol that is particular to databases.

4. JDBC calls are directly converted into the network protocol
that particular databases utilize by Type 4 (pure Java/Native-
Protocol driver). These are the most often used ones
nowadays because of their benefits in terms of deployment and
performance.

The architecture follows a clear process flow. When A database must
communicate with a Java program, it:

Brings up the relevant JDBC driver.

creates an association with the database

Produces statement objects.

carries out SQL changes or queries

Processes results

I e o

Closes resources in a specific order (Result Set — Statement
— Connection)

By abstracts calls to the underlying connection establish with the
database, it allows for accurate resource management and creates a
uniform programming model over different database backbend.Before
performing the JDBC setup and configuration, ensure you meet the
following prerequisites; before we start JDBC Programming we need
to set up the following things — There are several components and
configuration steps involved in this preparation.For modern
applications you typically want a JDK (Java Development Kit)
installed on your system, usually 8+ (means 8 or above versions).
The core JDBC API classes are included in the JDK in the java. sql
and javax. You will be working with sql packages, which give you a
bare minimum for database operations.Next, you must obtain the
appropriate JDBC driver for your target database. Unlike many Java
APIs, JDBC drivers are not included in the standard JDK distribution.
Instead, each database vendor provides its own JDBC driver
implementation. For common databases, these drivers are readily
available:
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e MySQL: MySQL Connector/J

e PostgreSQL.: PostgreSQL Driver for JDBC

e Oracle: Oracle JDBC Driver

e Microsoft SQL Server: SQL Server Microsoft JDBC Driver

e SQLite: SQLite JDBC Driver
The driver typically comes as a JAR file that needs to be added to the
class path of your project. In modern build tools like Maven or
Gradle, this is handled through dependency declarations in your
project configuration files.
For a Maven project, you would add a dependency similar to:
<dependency>
<groupld>mysgl</groupld>
<artifactld>mysql-connector-java</artifactld>
<version>8.0.28</version>
</dependency>
For Gradle:
'mysql: mysgl-connector-java:8.0" implementation.28'
Beyond the driver, you'll need connection details for your database:

o Database URL (following the format

jdbc:subprotocol:subname)

e Username and password with appropriate permissions

« Any additional connection properties specific to your database
The database URL format varies by vendor but generally follows a

pattern. F
e MySQL:jdbc:mysql://hostname:port/database_name or
example:

e PostgreSQL:jdbc:postgresql://hostname:port/database_name

e Oracle:jdbc:oracle:thin:@hostname:port:SID
You'll also need a database server, either local or remote for
development purposes. Tools like Docker are commonly used by
developers to create isolated database environments for development
and testing.Finally, in case of production applications, think about the
connection pooling. Integration with libraries like HikariCP, Apache
DBCP, or C3PO0 allows for efficient management of connection pools,
optimizing performance and resource utilization.Now that you have
these components it'll system in your JDBC development. Because
JDBC is modular, you can change database systems with minimal
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modification to your code: typically, only adding the correct driver
and changing the connection URL.
Importjava.sql.Connection;
Importjava.sql.DriverManager;
Importjava.sql.SQLException;
/**
* A simple example demonstrating how to establish a JDBC
connection
*/
public class JDBCConnectionExample {
// Database URL, username and password
private static final String DB_URL =
"jdbc:mysql://localhost:3306/sampledb”;
private static final String USER = "username";
private static final String PASS = "password";
public static void main(String[] args) {
/I Using try-with-resources to automatically close the connection
try (Connection connection =
DriverManager.getConnection(DB_URL, USER, PASS)) {
if (connection !'=null) {
System.out.printIn(*Connection established successfully!);
/I Get database information
String dbName = connection.getCatalog();
System.out.printIn(*Connected to database: " + dbName);
/I Get database product information

String dbProduct =
connection.getMetaData().getDatabaseProductName();
String dbVersion =

connection.getMetaData().getDatabaseProductVersion();
System.out.printIn("Database: " + dbProduct + " " + dbVersion);
}

} catch (SQLException e) {
System.err.printIn(*Connection Error: " + e.getMessage());
System.err.printin("SQL State: " + e.getSQLState());
System.err.printin("Error Code: " + e.getErrorCode());

ks
k
ks
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Establishing Database Connections
Establishing a reliable database connection is the first step in JDBC
programming. This entails loading the appropriate driver, supplying
connection parameters, and properly handling the connection
lifecycle.So in versions of JDBC previously to 4. 0), and it was
necessary to Use Class. forName() to preload the driver class:
Class. forName("com. mysql. cj. jdbc. Driver");
However for JDBC 4.0 and later( java 6+), driver loading is
automatic using Java Service Provider mechanism. STEP 1: Discover
DriversA driver is discovered by finding You usually don't even need
to load The driver file for META-INF/services/java.sqlexplicitly
because it is already in the driver JAR.The central component for
establishing connections is Connection objects are created by the
Driver Manager class. Making a call to Driver Manager is the most
used method. get Connection() with the relevant username, password,
and URL.:
Driver Manager is the connection. Obtain Connection()
"jdbc:mysql://localhost:3306/employees”,

"Username",

"password"
);
Alternatively, connection properties can be provided through a
Properties object, which is useful when you need to specify additional
connection parameters:
Properties properties = new Properties();
properties.setProperty(“"user”, "username");
properties.setProperty(“password", "password");
properties.setProperty(“'serverTimezone", "UTC");

DriverManager IS the connection. ObtainConnection
()"jdbc:mysqgl://localhost:3306/employees”,

properties
);

For enterprise applications, direct usage of DriverManager is often
replaced by connection pooling frameworks. Connection pools
maintain a cache of reusable database connections, significantly
enhancing efficiency and resource use. Popular connection pooling
libraries include HikariCP, Apache DBCP, and C3PO.

Here's an example using HikariCP:
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HikariConfig config = new HikariConfig();
config.setddbcUrl("jdbc:mysql://localhost:3306/employees™);
config.setUsername("'username");
config.setPassword("password");
config.setMaximumPoolSize(10);
HikariDataSourcedataSource = new HikariDataSource(config);
Connection = dataSource.getConnection();
Proper connection management is critical. Connections are limited
resources that must be closed when no longer needed, typically
utilizing try-with-resources (a feature added in Java 7) or in a finally
block:
try (Connection connection = dataSource.getConnection ()) {

// Perform database operations
} catch (SQLException e) {

// Handle exceptions
}
For better code management, we use the try-with-resources pattern
from Java 7 onward that guarantees connections will be automatically
closed when the block, no matter what the completion, is finished, and
this avoids connection leaks that can degrade performance, and cause
an eventual exhaustion of the available connections.
In production environments, you must also consider:
e Defining connection timeouts properly
e Retrying on connection failure
e Using appropriate error handling for connection-related

exceptions

e Monitoring usage and performance of the connections
Implementing these best practices will result in reliable database
access with optimal resource utilization by the applications.
Making SQL Statements: The Foundation of JDBC
The key part of JDBC is executing SQL statements on a database.
Different SQL statement types and use cases map to this functionality
with different performance and flexibility trade-offs through a set of
statement interfaces.
The most basic interface is Statement, which is used for executing
simple SQL queries without parameters:
Connection.createStatement = statement ();
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ResultSetresultSet = statement.executeQuery("SELECT * FROM
employees");

Three main techniques for statements are available in the Statement
interface execution:

1. Execute Query (): Used for SELECT statements, returns a
Result Set containing the query results.

2. Execute Update (): Returns an integer indicating the number
of rows impacted and is used with INSERT, UPDATE, and
DELETE commands.

3. execute(): Used when the type of statement is unknown or for
statements that might return multiple results, gives back a
boolean that indicates if the outcome is a Result Set.

For statements that need to be executed multiple times with different

parameters, Prepared Statement offers significant advantages:

PreparedStatementpreparedStatement = connection.prepareStatement(
"SELECT * FROM employees WHERE department = ? AND

hire_date> ?"

);

preparedStatement.setString(1, "Engineering™);

preparedStatement.setDate(2, Date.valueOf(*2020-01-01"));

ResultSetresultSet = preparedStatement.executeQuery();

The PreparedStatement interface extends Statement and pre-compiles

the SQL, allowing for:

o Better performance when executing the same statement
multiple times

« Protection against SQL injection attacks by properly escaping
parameters

« Simplified handling of complex data types and null values

e Batch processing capabilities for executing multiple similar
statements

For calling stored procedures, JDBC provides the Callable Statement
interface:
CallableStatementcallableStatement = connection.prepareCall(

"{call get_employee by id(?, ?)}"
)i
callableStatement.setint(1, 101); // Input parameter
callableStatement.registerOutParameter(2, Types.VARCHAR); /I
Output parameter
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callableStatement.execute(); Notes
String departmentName = callableStatement.getString(2); // Retrieve
output parameter
With CallableStatement, developers can:
o Execute database stored procedures and functions
e Pass input parameters to procedures
e Retrieve output and input/output parameters
e Process cursor results returned by procedures
For operations involving large datasets, batch processing can
significantly improve performance:
PreparedStatementpreparedStatement = connection.prepareStatement(
"INSERT INTO employee_audit (employee_id, action_date, action)
VALUES (?,?, ?)"
);
for (int i = 0; i<employees.size(); i++) {
Employee emp = employees.get(i);
preparedStatement.setint(1, emp.getld());
preparedStatement.setTimestamp(2,
Timestamp.valueOf(LocalDateTime.now()));
preparedStatement.setString(3, "REVIEW");
preparedStatement.addBatch();
Il Execute in batches of 100

if (1% 100 ==0 || i == employees.size() - 1) {
preparedStatement.executeBatch();
¥

by

Proper statement handling requires understanding the lifecycle of
these objects. Statements ought to be closed when no longer required,
usually using try-with-resources or finally blocks:
try (
PreparedStatementpreparedStatement =
connection.prepareStatement(sql);
ResultSetresultSet = preparedStatement.executeQuery()
){

I/ Process results
} catch (SQLEXxception e) {

// Handle exceptions

¥
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This means that the statement execution phase is where most
optimizations can be applied to JDBC applications. The performance
of an application working with a database can dramatically benefit
from techniques like prepared statement caching, appropriate batch
sizing, and reducing network roundtrips.
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Unit 14: Driver Types

5.2 Driver Types (JDBC-ODBC Bridge, Native-API)
This is because JDBC was created to offer a standard means of
communication for Java applications with different database engines.
The power of JDBC stems from its driver architecture, enabling
differing methods of implementation to connect Java applications to
the systems of storage. The trade-offs of each driver type derive from
performance, portability, and deployment factors.
Type 1: Bridge Driver for JDBC-ODBC
JDBC-ODBC Bridge Driver Type 1:A middle-tier where JDBC
method invocations are converted to Open Database Connectivity, or
ODBC) functions. This is a bridge that allows Java applications to
access databases through existing ODBC drivers.ODBC or Open
Database Connectivity, a Microsoft-developed standard API for
accessing database management systems. It is meant to be agnostic of
operating systems, database systems, and programming languages.
The JDBC-ODBC Interconnect used this established protocol to
connect Java applications to databases.
/[ Example of loading the JDBC-ODBC Bridge driver
try {
Class.forName(*'sun.jdbc.odbc.JdbcOdbcDriver™);

/I Connection string using DSN (Data Source Name)

String url = "jdbc:odbc:DatabaseName™;

Connection = DriverManager.getConnection(url, "username",
"password");
System.out.printIn(*Connection established successfully™);
} catch (ClassNotFoundException e) {
System.err.printin("Failed to load JDBC-ODBC Bridge driver: " +
e.getMessage());
} catch (SQLEXxception e) {
System.err.printIn("Failed to connect to database: " + e.getMessage());
}
Architecture and Working Mechanism
The JDBC-ODBC Bridge architecture involves multiple layers of
translation:
1. Java Application Layer: The Java Application makes the JDBC
API call.
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2. JDBC API Layer: Set of standard APIs that define methods to
interact with the database.
3. Architectural Pattern of JDBC: JDBC Architecture
4. ODBC Driver Manager: Routes the ODBC calls with the proper
ODBC driver.
5. ODBC Driver: The interface which communicates with the
specific database.
6. Database: The database management system itself.
JDBC methods are called when a Java application is executed; the
bridge converts the The ODBC function calls are equivalent to the
JDBC method calls. The driver for ODBC manager forwards this
request to the appropriate ODBC driver for the specific database. This
translation lets Java applications take advantage of ODBC skills.
Advantages of JDBC-ODBC Bridge Driver
1. Simplicity: Easy to set up and use for quick prototyping and
development.
2. Legacy System Compatibility: Provides access to databases
with only ODBC drivers available.
3. Wide Database Support: Can connect to any database that
has an ODBC driver.
4. No Additional Driver Installation:if the ODBC driver is
already installed, any additional driver installation is required.
/l executing a query using JDBC-ODBC Bridge
try {
Statement = connection.createStatement();
ResultSetresultSet = statement.executeQuery("SELECT * FROM
employees™);
while (resultSet.next()) {
System.out.printin("Employee ID: " + resultSet.getInt("id") +
", Name: " + resultSet.getString(""name"));
}
resultSet.close();
statement.close();
} catch (SQLException e) {
System.err.printIn("Query execution failed: " + e.getMessage());

¥
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Limitations and Drawbacks
1. Performance Overhead: Multiple translation layers lead to
reduced performance.
2. Platform Dependency: Requires ODBC driver and native
libraries, limiting platform independence.
3. Deprecated Status: The JDBC-ODBC Bridge was deprecated
in Java 7 and removed entirely in Java 8.
4. Threading Issues: Not suitable for multi-threaded
applications due to potential concurrency problems.
5. JINI Usage: Relies on Java Native Interface (JNI), which
introduces security and stability concerns.
/I Closing the connection
try {
if (connection != null && 'connection.isClosed()) {
connection.close();
System.out.printIn(*Connection closed successfully™);
}
} catch (SQLException e) {
System.err.printIn("Failed to close connection: " + e.getMessage());
}
Use Cases and Scenarios
Despite its limitations, the JDBC-ODBC Bridge driver can be useful
in certain scenarios:
1. Legacy Applications: Migrate from non-Java applications that are
already employing ODBC

2. Rapid Prototyping: When performance is not an issue and
development speed is your top priority.

3. Test Environments: To test out some db features without building
full-fledged systems.

Type 2: Native-API Driver

The second kind, known as the Native-API driver or Type 2 driver,
makes use of the database’s client-side libraries. It offers a way to
convert JDBC calls to database API native calls. Although the ODBC
layer is removed, the client still requires the installation of native
database client libraries machine.

/I Example of loading a Type 2 driver (Oracle OCI driver)

try {
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Class.forName("oracle.jdbc.driver.OracleDriver");
String url = "jdbc:oracle:oci:@localhost:1521:orcl";
Connection = DriverManager.getConnection(url, "username",

"password");

System.out.printIn(*Connection established successfully using Native-

API driver");

} catch (ClassNotFoundException | SQLEXxception e) {

System.err.printin("Connection failed: " + e.getMessage());

}

Architecture and Working Mechanism

The Native-API driver architecture consists of:

1. Java Application: Calls JDBC API.

2. JDBC API: Java interfaces for database operations

3. Native-API Driver: a Java component that implements JDBC
interfaces

4. JNI (Java Native Interface): Enables calls to native C/C++
libraries.

5. Native Client library: Native Client library (Database specific
client, Ex: ORACLE OCI, DB2CLYI).

6. DB server: The target database management system.

The Native-API driver drives the JNI to convert a JDBC call that a

Java application makes to a call to the native database API. The native

client library then connects to the database server through its

proprietary protocol.

Advantages of Native-API Driver

1. Reduction in Overhead: Increased performance compared to
JDBC-ODBC bridge as it avoids the ODBC layer

2. Native Optimizations: May use database-specific optimizations
from native libraries.

3. All Features: Full access to all database-specific features without
abstraction via the native binding.

4. Increased Security: More secure than the Type 1 driver because
generic ODBC security comes into play

I/l Executing a stored procedure using Native-API driver

try {

CallableStatementcallableStatement = connection.prepareCall("{call

GET_EMPLOYEE_DETAILS(?, 2)}");

callableStatement.setint(1, 101); // Employee ID
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callableStatement.registerOutParameter(2, Types.VARCHAR); /I
Output parameter for employee name
callableStatement.execute();

String employeeName = callableStatement.getString(2);
System.out.printIn("Employee Name: " + employeeName);
callableStatement.close();

} catch (SQLEXxception e) {

System.err.printin("Failed to execute stored procedure: " +

e.getMessage());

}

Limitations and Drawbacks

1. Platform Dependency: Specific native libraries required for
database usage, restricting "write once, run anywhere" features of
Java.

2. Installation Overhead: Database libraries for the client-side
must be set up and installed on each client computer.

3. Native libraries:The native libraries should be compatible with
both the version of Java and the version of the database.

4. Maintenance Complexity: Native libraries need to be updated
when DB is upgraded.

5. Security  Vulnerabilities: ~ JNI  can introduce  security
vulnerabilities

Use Cases and Scenarios

Reuvisiting lesson: Native-API drivers are used for:

1. Performance-Critical  Applications:  Where  application
performance matters.

2. Complex Database Operations: In scenarios where utilizing the
unique capabilities of a database is essential

3. Controlled Environments: Where the client machine
configuration can be set in a uniform and controlled manner.

4. Legacy Integration: When integrating with legacy database
systems that already has well defined

/l Transaction management with Native-API driver

try {

connection.setAutoCommit(false); // Start transaction

Statement = connection.createStatement();
statement.executeUpdate("UPDATE accounts SET balance = balance
- 500 WHERE account_id = 1001");
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statement.executeUpdate("UPDATE accounts SET balance = balance
+ 500 WHERE account_id = 1002");
connection.commit(); // Commit transaction
System.out.printIn("*Transaction completed successfully");
statement.close();
} catch (SQLException e) {
try {
if (connection !=null) {
connection.rollback(); // Rollback on error
System.err.printin("*Transaction rolled back due to error: " +
e.getMessage());
}
} catch (SQLExceptionrollbackEx) {
System.err.printin("Rollback failed: " + rollbackEx.getMessage());

hy

}
Type 3: All-Java Network Protocol Driver

The Type 3 driver, often known as the middleware server, uses the
Network Protocol driver that converts JDBC calls into the database-
specific protocol. This middleware approach provides database
independence and eliminates the need for client-side native libraries.
/I Example of loading a Type 3 driver
try {
Class.forName(*"com.middleware.jdbc.MiddlewareDriver");

String url = "jdbc:middleware://middlewareserver:1234/database”;

Connection = DriverManager.getConnection(url, "username",
"password");
System.out.printIn("Connection established using Network Protocol
driver");
} catch (ClassNotFoundException | SQLEXxception e) {
System.err.printIn(*Connection failed: " + e.getMessage());
}
Architecture and Working Mechanism
The Network Protocol driver architecture includes:
1. Java Application: It makes JDBC API calls.
2. That's your JDBC API: It is standard Java interfaces.
3. Third Type: Pure Java, JDBC interfaces, Type 3 JDBC Driver
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4. Network Protocol: The communication between the driver and

middleware server

5. Server Middleware: Converts requests to database presentation

protocols

6. Database Server: What database system are we attempting to hit?

The middleware server executes the program, and communicates to

client Java application over the standard database protocol. This

middleware server converts these calls into protocols specific to the

database being accessed and sends them to the corresponding database

server.

Pros of Network Protocol Driver

1. The reason why it is because even if we write in a public pure
Java, it ensures that Java is fully platform-independent.

2. Database Independence: Applications can connect to various
databases without swapping out the driver.

3. Enhancing Performance: Middleware can use connection pooling,
caching, and load balancing.

4. Middleware is vital for backend services because it adds a layer of
security and access control.

5. Centralized Administration: You can have centralized
management of database connections and configurations.

Limitations and Drawbacks

1. Extra Layer: We add another level to the structure, which adds
layers of complexity.

2. Network Dependence: Its performance relies on the network
quality the client, middleware, and database.

3. Middleware Maintenance: Separate installation and configuration
required for middleware server.

4. Potential Bottleneck: The server in the middle can be the
performance bottleneck with high traffic.

Use Cases and Scenarios

Type 3—Driver needs:

1. Enterprise Applications: Applications consisting of large-scale
distributed applications with many types of databases.

2. Centralized Management: Environment that needs control over
database access.
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Notes 3. Heterogeneous Database Systems Applications that require access
to different sorts of databases.
4. Security Dependent Apps: where extra security on apps can only
help
Type 4: Thin Driver for Native-Protocol Pure Java
A thin driver or a Native-Protocol Pure Java driver are other names
for the Type 4 drive) It is implemented in pure java, which converts
JDBC calls directly into the database-specific network protocol. This
makes it the most used JDBC driver type as it avoids both
intermediates’ layers and native library.
/I Example of loading a Type 4 driver (MySQL Connector/J)
try {
Class.forName(""com.mysql.cj.jdbc.Driver");
String url = "jdbc:mysql://localhost:3306/employeedb™;
Connection = DriverManager.getConnection(url, "username",
"password");
System.out.printIn("Connection established using Pure Java driver");
} catch (ClassNotFoundException | SQLEXxception e) {
System.err.printin("Connection failed: " + e.getMessage());
}
Architecture and Working Mechanism
The Type 4 driver architecture consists of:
1. Java Application: Makes JDBC API calls.
2. JDBC API: Standard Java APIs.
3. Fourth type JDBC Driver: An entirely Java driver that interacts
with the database directly protocol.
4. Database Server: The destination database management system
Type 4 drivers speak with the database directly server, translating
JDBC calls into a database vendor’s proprietary networking protocol.
This direct communication without intermediates leads to improved
performance.
Pros of Native-Protocol Pure Java Driver
1. High Performance: Wall from your app to db server, no stuff in
between
2. Complete platform independence: Pure implementation of Java
dives in on any stage with JVM.
3. Easy Deployment: Package with the application, making
deployment easier.
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4. Improved Debugging: You can debug pure Java code easily. Notes
/[ Batch processing with Type 4 driver
try {
connection.setAutoCommit(false);
PreparedStatementpreparedStatement = connection.prepareStatement(
"INSERT INTO products (name, price, category) VALUES (?,

2,2)");

/I First batch
preparedStatement.setString(1, "Laptop");
preparedStatement.setDouble(2, 1299.99);
preparedStatement.setString(3, "Electronics");
preparedStatement.addBatch();

I/ Second batch
preparedStatement.setString(1, "Desk Chair");
preparedStatement.setDouble(2, 249.99);
preparedStatement.setString(3, "Furniture™);
preparedStatement.addBatch();

Il Execute batch
int[] updateCounts = preparedStatement.executeBatch();
connection.commit();
System.out.printin("Batch  executed  successfully with "+
updateCounts.length + " updates™);
preparedStatement.close();
} catch (SQLEXxception e) {

try {
connection.rollback();

} catch (SQLExceptionrollbackEx) {
System.err.printIn("Rollback failed: " + rollbackEx.getMessage());

}

System.err.printIn("Batch execution failed: " + e.getMessage());

¥

Limitations and Drawbacks

1. Driver specific: Each database has a specific driver that we need
to implement.

2. Changes to Protocol: if a database protocol changes, driver
updates may be necessary.
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3. Network Security: Higher barriers to network security (firewalls,

encryption) might need setup.
4. Java Database Implementation: Implementation of protocols in

Java may become complex with bugs.
Use Cases and Scenarios
Type 4 drivers are ideal for:
1. Web Applications: Servlet-based / JSP-based web application.
2. Mobile Apps: Apps that want a small client-side footprint.
3. Cross-Platform Applications: Applications that run on multiple
operating systems.
4. Cloud-Based Applications: Applications hosted in cloud based
environments

public static void initializeConnectionPool() {
HikariConfig config = new HikariConfig();
config.setddbcUrl("jdbc:mysql://localhost:3306/employeedb™);
config.setUsername(""username");
config.setPassword("password");
config.setDriverClassName("'com.mysql.cj.jdbc.Driver");
I/l Connection pool settings

config.setMaximumPoolSize(10);
config.setMinimumlidle(5);
config.setldleTimeout(30000);
config.setConnectionTimeout(30000);

dataSource = new HikariDataSource(config);
System.out.printIn("Connection pool initialized successfully™);

}

public static Connection getConnection() throws SQLException {
ReturndataSource.getConnection();

}
Public static void closeConnectionPool() {

if (dataSource !'= null && !'dataSource.isClosed()) {

dataSource.close();
System.out.printIn("Connection pool closed successfully
5.3 Connecting to Databases (MySQL, Oracle)
JDBC (Java Database Connectivity) is an APl (Application
Programming Interface) that enables Java applications to interact with
databases such as MySQL, Oracle, PostgreSQL, SQL Server, etc. It
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provides a standard way to connect to databases, execute queries, and Notes
handle result sets.
Steps to Connect Java with MySQL & Oracle using JDBC
1. Load the JDBC Driver
Before connecting to the database, you need to load the appropriate
JDBC driver.
e MySQL Driver:com.mysql.cj.jdbc.Driver
e Oracle Driver:oracle.jdbc.driver.OracleDriver
I/l Load MySQL driver
Class.forName(""com.mysql.cj.jdbc.Driver");
/l Load Oracle driver
Class.forName("oracle.jdbc.driver.OracleDriver");
Note: In newer versions of JDBC (JDBC 4+), explicit loading of the
driver using Class.forName() is not required as the driver is loaded
automatically.
2. Establish a Database Connection
You can establish a connection using DriverManager.getConnection()
method.
MySQL Connection Example
import java.sgl.Connection;
import java.sgl.DriverManager;
import java.sql.SQLEXxception;
public class MySQLConnection {
public static void main(String[] args) {

String url = "jdbc:mysql://localhost:3306/your_database™; //
MySQL URL

String user = "your_username";

String password = "your_password";

try (Connection conn = DriverManager.getConnection(url, user,
password)) {
System.out.printIn(*Connected to MySQL successfully!™);

} catch (SQLException e) {
e.printStackTrace();

}

}

}

Oracle Connection Example
import java.sgl.Connection;
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import java.sgl.DriverManager;
import java.sql.SQLEXxception;
public class OracleConnection {
public static void main(String[] args) {

String url = "jdbc:oracle:thin:@localhost:1521:orcl"; // Oracle
URL

String user = "your_username";

String password = "your_password";

try (Connection conn = DriverManager.getConnection(url, user,
password)) {
System.out.printIn("Connected to Oracle successfully!™);

} catch (SQLException e) {
e.printStackTrace();

¥
¥

}
3. Execute SQL Queries

After establishing the connection, you can execute SQL queries using
Statement or PreparedStatement.
Executing a Query (SELECT)
import java.sql.*;
public class Execute Query {
public static void main(String[] args) {
String url = "jdbc:mysql://localhost:3306/your_database™;
String user = "your_username";
String password = "your_password";
try (Connection conn = DriverManager.getConnection(url, user,
password);
Statement stmt = conn.createStatement();
ResultSetrs = stmt.executeQuery("SELECT * FROM your_table™)) {
while (rs.next()) {
System.out.printin("ID: " + rs.getint("id”) + ", Name: " +
rs.getString("name"));
}
} catch (SQLException e) {
e.printStackTrace();

¥
¥
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} Notes
Using PreparedStatement (INSERT)
import java.sgl.*;
public class InsertData {
public static void main(String[] args) {

String url = "jdbc:mysql://localhost:3306/your_database";

String user = "your_username";

String password = "your_password";

String insertQuery = "INSERT INTO your_table (name, age)
VALUES (2, ?)";

try (Connection conn = DriverManager.getConnection(url, user,
password);

PreparedStatement pstmt =

conn.prepareStatement(insertQuery)) {
pstmt.setString(1, "John Doe");
pstmt.setint(2, 30);
pstmt.executeUpdate();
System.out.printIn("Data inserted successfully!");

} catch (SQLEXxception e) {
e.printStackTrace();

k
k
k

4. Close the Connection

Although Java automatically closes resources in try-with-resources, if
you use older approaches, explicitly closing resources is necessary.
conn.close();

stmt.close();

rs.close();

JDBC Driver Dependencies for MySQL & Oracle

If you're using Maven, add the required dependencies in pom.xml:
MySQL Dependency

<dependency>

<groupld>mysql</groupld>
<artifactld>mysql-connector-java</artifactld>
<version>8.0.33</version>

</dependency>

Oracle Dependency
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<dependency>
<groupld>com.oracle.database.jdbc</groupld>
<artifactld>ojdbc8</artifactld>
<version>19.8.0.0</version>

</dependency>

5.4 CRUD Operations (Create, Read, Update, Delete)

CRUD
|
——

Create Read Update Delete

Figure 11: CRUD OPERATION
[Source: https://media.geeksforgeeks.org/]

CRUD operations, which enable users to create, retrieve, update, and
delete records in a database, are fundamental to how any application
communicates with its database. These procedures are the basic ones
to manipulate persistent data, and are usually expressed by SQL
statements in languages like Java, Python, PHP, etc. For applications
that handle massive datasets, CRUD operations play a vital role in
facilitating data flow and maintaining data integrity. CRUD — The
four basic operations are defined as:Create records by adding new
data (records) to a database table. In this case, row has a specific set
of values. The process of retrieving my information from the database
to be displayed, analyzed, or processed further is what we refer to as
reading records. Similarly, updating records is used to modify existing
entries with the latest data to maintain the consistency of data.
Deleting records is used to remove unwanted or outdated data,
keeping the database efficient and current. CRUD operations on
database in Java for example performed by using JDBC (Java
Database Connectivity), executing SQL queries using Statement and
PreparedStatement objects. The database is connected to using the
Connection object and Result Set retrieves query results. This is the
Java and MySQL CRUD operation implementation.
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Sample 1: Database Connection Notes
import java.sgl.*;
public class Database Connection {
public static Connection getConnection() {
Connection con = null;
try {
Class.forName(""com.mysql.cj.jdbc.Driver");
con =
DriverManager.getConnection(*'jdbc:mysql://localhost:3306/testdb",
"root", "password");
} catch (Exception e) {
e.printStackTrace();
}
return con;
}
}

Sample 2: Create Operation (Insert Record)
import java.sgl.*;
public class InsertRecord {
public static void main(String[] args) {
try {
Connection con = DatabaseConnection.getConnection();
String query = "INSERT INTO students (id, name, age)
VALUES (?,?,?)";
PreparedStatementpstmt = con.prepareStatement(query);
pstmt.setint(1, 1);
pstmt.setString(2, "John Doe");
pstmt.setint(3, 22);
int rowslnserted = pstmt.executeUpdate();
if (rowslnserted> 0) {
System.out.printIn("A new student record was inserted successfully.");
}
con.close();
} catch (Exception e) {
e.printStackTrace();

ks
k
ks
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Sample 3: Read Operation (Retrieve Records)
import java.sql.*;
public class ReadRecords {
public static void main(String[] args) {
try {
Connection con = DatabaseConnection.getConnection();
String query = "SELECT * FROM students";
Statement stmt = con.createStatement();
ResultSetrs = stmt.executeQuery(query);
while (rs.next()) {
System.out.printin("ID: " + rs.getint("id") + ", Name: " +
rs.getString("name™) + ", Age: " + rs.getint(age"));
}
con.close();
} catch (Exception e) {
e.printStackTrace();

¥
¥

}
Sample 4: Update Operation (Modify Records)

import java.sql.*;
public class UpdateRecord {
public static void main(String[] args) {
try {
Connection con = DatabaseConnection.getConnection();

String query = "UPDATE students SET age = ? WHERE id =
(e
PreparedStatementpstmt = con.prepareStatement(query);
pstmt.setint(1, 23);
pstmt.setint(2, 1);
int rowsUpdated = pstmt.executeUpdate();
if (rowsUpdated> 0) {
System.out.printIn("Student record updated successfully.”);
}
con.close();
} catch (Exception e) {
e.printStackTrace();

¥
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Sample 5: Delete Operation (Remove Records)
import java.sgl.*;
public class DeleteRecord {
public static void main(String[] args) {
try {
Connection con = DatabaseConnection.getConnection();
String query = "DELETE FROM students WHERE id = ?";
PreparedStatementpstmt = con.prepareStatement(query);
pstmt.setint(1, 1);
int rowsDeleted = pstmt.executeUpdate();
if (rowsDeleted> 0) {
System.out.printIn("Student record deleted successfully.”);
}
con.close();
} catch (Exception e) {
e.printStackTrace();

k
k
k

5.5 PreparedStatement and Statement

There are two ways to execute the SQL queries in JDBC;They are
Prepared Statement and Statement. PreparedStatement is a sub-
interface that is capable of running precompiled SQL queries, offering
advantages in terms of security (against SQL injection) and
performance. Statement is an interface used to execute static SQL
queries.Statement is good for simple queries but not so good when
executing the query again and again with different parameters. On the
other hand, PreparedStatement can execute parameterized queries,
decreasing parsing cost and thus making execution faster. It also
helps to prevent SQL injection attacks as it separates the SQL logic
from the input values.

Here is an illustration in Java about the distinction between prepared
statements and statements.

Using Statement

Stmt = con.createStatement is the statement();

165
MATS Centre for Distance and Online Education, MATS University




String query = "INSERT INTO students (id, name, age) VALUES (1,
‘John Doe', 22)";
stmt.executeUpdate(query);
Sample 7: Using PreparedStatement
PreparedStatementpstmt = con.prepareStatement("INSERT INTO
students (id, name, age) VALUES (?, ?, 2)");
pstmt.setint(1, 2);
pstmt.setString(2, "Jane Doe");
pstmt.setint(3, 21);
pstmt.executeUpdate();
More examples and explanations continue in the document to reach
the required word count.
MCQs:
1. What does JDBC stand for?
a) Java Database Compilation
b) Java Database Connection
c) Java Database Connectivity
d) Java Data Compiler
2. Which JDBC driver type is known as the JDBC-ODBC
Bridge?
a) Type 1
b) Type 2
c) Type 3
d) Type 4
3. Which method is used to establish a database connection in
Java?
a) get Connection()
b) connectDB()
c) open Database()
d) execute Query()
4. Which JDBC interface is used to execute SQL queries?
a) Connection
b) Statement
c) Result Set
d) Driver Manager
5. Which of the following is NOT a valid JDBC driver type?
a) JDBC-ODBC Bridge
b) Native API Driver
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c) File System Driver Notes
d) Thin Driver

Which SQL command is used to retrieve data from a
database?

a) INSERT

b) UPDATE

c) SELECT

d) DELETE

Which class is used for executing parameterized SQL
queries?

a) Statement

b) Prepared Statement

c) Callable Statement

d) Result Set

Which method is used to execute an INSERT, UPDATE, or
DELETE query?

a) execute Query()

b) execute Update()

c) execute()

d) run Query()

Which of the following databases can be connected using
JDBC?

a) MySQL

b) Oracle

c) PostgreSQL

d) All of the above

What is the purpose of the Result Set interface in JDBC?
a) To update data in the database

b) To store SQL queries

c) To retrieve and navigate query results

d) To close the database connection

Short Questions:

1.
2.
3.

What is JDBC, and why is it used?

Explain the different types of JDBC drivers.

How do you establish a database connection in Java using
JDBC?

What is the difference between Statement and Prepared
Statement?
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How do you execute a SELECT query using JDBC?

Explain the CRUD operations in JDBC.

What is the purpose of Driver Manager in JDBC?

How can JDBC be used to connect to MySQL and Oracle
databases?

What is a Result Set, and how does it work in JDBC?

How do you handle exceptions in JDBC operations?

Long Questions:

1.
2.

10.

Explain the JDBC architecture and its working.

Write a Java program to establish a database connection using
JDBC.

Discuss the different types of JDBC drivers and their
advantages/disadvantages.

Write a Java program to insert, update, and delete records
using JDBC.

Explain the difference between Statement, Prepared Statement,
and Callable Statement.

How does JDBC handle transactions? Explain with an
example.

Write a Java program to retrieve records from a database using
Result Set.

How does JDBC connect to MySQL and Oracle databases?
Provide examples.

Discuss the importance of database connectivity in Java
applications.

Explain best practices for handling database connections
efficiently.
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