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PREFACE

This material has been prepared to provide a clear and
structured understanding of important concepts in Java
programming. The content is organized into three major units
covering  Object-Oriented  Programming  principles,
Multithreaded Programming, and AWT Controls for graphical
user interface development. Each topic is presented in a simple
and systematic manner to help students build both theoretical
knowledge and practical programming skills.

The first unit, Inheritance, introduces the
fundamental concepts of object-oriented programming. It
explains the different types of inheritance, member access
rules, the usage of this and super keywords, method
overloading and method overriding, and abstract classes.
These concepts form the foundation for writing reusable,
maintainable, and efficient Java programs.

The second unit, Multithreaded Programming,
focuses on concurrent execution in Java. It covers the Thread
class, Runnable interface, synchronization, interthread
communication, and deadlock concepts. Understanding these
topics helps students develop efficient applications capable of
performing multiple tasks simultaneously while managing
shared resources safely.

The third unit, AWT Controls, introduces Java’s

v



Abstract Window Toolkit (AWT) for building graphical user
interfaces. It discusses the AWT class hierarchy, user interface
components, text components, fonts, and layout managers.
This unit helps learners understand how to design interactive
and user-friendly desktop applications.

This material is intended for students, beginners, and
learners who wish to strengthen their understanding of Java
programming concepts through a well-organized and easy-to-
follow approach. It is hoped that this content will serve as a
valuable learning resource and help readers develop

confidence in programming and application development.

Mrs. K. Praveena
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UNIT-1 INHERITANCE
1.1 Basic concepts
Basics of Inheritance (More Expanded Points)
¢ Inheritance:

It is a feature in OOP where one class can use properties and
methods of another class. It promotes code reuse, reduces
redundancy, and helps in building a structured and hierarchical
system.
¢ Parent Class (Superclass):

The base class that contains common attributes and
behaviors. It acts as a foundation for other classes. Any
modification in this class can impact all derived classes,
ensuring uniform behavior.

e Child Class (Subclass):

The class that inherits from the parent class. It can
reuse existing features, extend functionality, and customize
behavior using additional methods or overriding.
¢ Code Reusability:

Allows developers to reuse existing code instead of
writing it again. This saves time, improves efficiency, and
reduces the chances of bugs.
¢ Method Overriding:

Enables a subclass to redefine a method of the parent
class. It helps achieve dynamic behavior and allows different
classes to respond differently to the same method call.
¢ Relationship (is-a relationship):

Shows a logical connection between classes. It
represents real-world relationships, making programs easier to
understand and design.

o Extensibility:

Makes it easy to add new features in subclasses without

altering the parent class. This ensures flexibility and supports
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future enhancements.
¢ Access Control:

Determines which members of a class can be accessed
by subclasses. Public and protected members are accessible,
while private members are restricted, ensuring data security.

e Types of Inheritance:

Includes single, multiple, multilevel, hierarchical, and
hybrid inheritance. These types define different ways classes
can inherit properties and behaviors.
¢ Maintainability:

Simplifies code maintenance. Changes made in the
parent class automatically apply to child classes, reducing
effort and improving consistency.
¢ Constructor Inheritance:

Child classes can call the constructor of the parent class
to initialize inherited properties. This ensures proper object
initialization.

o Hierarchical Classification:

Inheritance organizes classes into a hierarchy (tree
structure). This improves clarity and helps in managing large
programs efficiently.
¢ Polymorphism Support:

Inheritance works with polymorphism, allowing
objects of different classes to be treated as objects of a common
parent class.

e Code Modularity:

Helps divide a program into smaller, manageable parts
(classes). Each class has a specific responsibility, improving
readability and organization.
¢ Real-world Modeling:

Inheritance helps represent real-world systems (e.g.,
Animal — Dog — Puppy). This makes programs more intuitive
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and meaningful.

1.2 Types of inheritance
1. Single Inheritance

class A { A
}

class B extends A {

3} B

Single Inheritance

Definition:

A child class inherits from only one parent class.
Advantages:

Simple and easy to understand

Promotes code reusability

Easier to debug and maintain

Clear class hierarchy

Less complexity in design

Disadvantages:

Limited flexibility (only one parent)

Cannot combine features from multiple classes
May lead to repetitive code in some cases
Example:

Class Vehicle — Class Car (Car inherits
properties like speed and methods like move() from
Vehicle)
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2. Multiple Inheritance

class A {

}
class B { A 8

3
class C extends A, B {

3

This is not allowed in Java

Multiple Inheritance

Definition:

A child class inherits from more than one parent class.
Advantages:

Combines features of multiple classes

Increases flexibility and functionality

Reduces duplication of code

Useful when a class needs behavior from different sources
Disadvantages:

Ambiguity problem (same method in different parents)
Complex structure

Difficult to maintain and understand

Not supported directly in some languages (like Java)
Example:

Class Father+ Class Mother — Class Child

(Child inherits traits from both parents)

4|Page



3. Multilevel Inheritance

class A {

[~ |
3
class B extends A {

==
3
class C extends B {
’ [ < |

C
Multilevel Inheritance

Definition:

A class inherits from another derived class, forming a
chain.

Advantages:

Step-by-step inheritance

Better code organization

Promotes reuse across multiple levels

Easy to extend features gradually

Disadvantages:

Increased complexity with more levels

Difficult to trace errors

Changes in base class affect all levels

Can reduce readability

Example:

Class Animal — Class Dog — Class Puppy
(Puppy inherits features from both Dog and Animal)

5|Page



4. Hierarchical Inheritance

class A { A

3

class B extends A {

3

class C extends A {

) L= | e ][ o]
class D extends A {

¥

Hierarchical Inheritance

Definition:
Multiple child classes inherit from a single parent class.
Advantages:
¢ Common code is shared among many classes
e Reduces duplication
o Easy to manage related classes
Disadvantages:
¢ Changes in parent affect all child classes
e Less independence among child classes
¢ Can lead to tight coupling

Example:
Class Vehicle — Class Car, Class Bike, Class
Truck

(All inherit common features like speed and fuel)
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5. Hybrid Inheritance

class A { A

B )
class B extends A {

X

class C extends A {

> [ = ]

class D extends C {
X
[ = ]

Hybrid Inheritance

Definition:

A combination of two or more types of inheritance.
Advantages:

e Very flexible design

¢ Suitable for complex systems

¢ Maximizes code reuse

¢ Allows combining multiple inheritance structures
Disadvantages:

e Very complex to design

¢ Hard to understand and maintain

¢ Ambiguity issues may arise

e Requires careful handling

Example:

Combination of Hierarchical + Multiple Class Animal —
Class Mammal, Class Bird — Class Bat (Bat may inherit
features from both Mammal and Bird in a hybrid structure)

1.3 Member access rules

Member access rules determine who can access the members
(variables and methods) of a class. They are crucial for
data
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Access Modifiers in Java OOP

public Accessible from anywhere

private Accessible only within the class

protected Accessible within the package
and subclass

— | default (No modifier) Package-private
« Use private for encapsulation.
Key Takeaways « Use public sparingly

« protected gives access to subclasses
» Default hides members from external packages

security, encapsulation, controlled inheritance, and
program reliability.

The access is mainly controlled through access specifiers:
public, protected, and private.

1. Public Members Definition:

¢ Members declared as public are accessible from anywhere
in the program: inside the class, outside the class, and in
derived classes.

e Public members offer maximum accessibility and are
usually used for interfaces and methods meant to be called
freely.

Advantages:

e Flexible access from anywhere

¢ FEasy to use and maintain

¢ Good for methods that form the class interface

Disadvantages:

¢ No protection from unwanted modification

¢ Can be misused if sensitive data is declared public

Example (C++):

#include <iostream> using namespace std; class Vehicle {
public:
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int speed; // public member

void display Speed() { cout << "Speed: " << speed <<endl; }
55

class Car : public Vehicle { public:

void show Speed() { cout << "Car Speed: " << speed << endl;

}
35

int main() { Car c;

c.speed = 120; // Accessible anywhere c.displaySpeed();

c.showSpeed();

H

Explanation:

¢ speed is public — can be accessed in the derived class (Car)
and in main().

2. Protected Members Definition:

e Members declared as protected are accessible with in the
class and in derived classes, but not outside the class.

e Protected members are ideal for inheritance scenarios where
child classes need access to data but external code should
not.

Advantages:

e Accessible in child classes

¢ Helps maintain encapsulation

e Allows controlled inheritance

Disadvantages:

¢ Cannot be accessed directly outside the class

o Still exposes members to derived classes, which may
misuse them
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Example (C++): #include <iostream> using namespace std,;

class Vehicle { protected:
int speed; // protected member

35

class Car : public Vehicle { public:
void setSpeed(int s) { speed =s; }
void showSpeed() { cout << "Speed: " << speed << endl; }

35

int main() { Car c;

// c.speed = 100; // Error: protected, not accessible outside
c.setSpeed(100); // Correct access through child class
method c.showSpeed();

}

Explanation:

o speed is protected — accessible in Car but not in main().

¢ Enables safe inheritance usage.

3. Private Members Definition:

e Members declared as private are accessible only within the
same class.

¢ Not accessible in derived classes or outside the class.

¢ Private members provide maximum data security and
encapsulation.

Advantages:

¢ Ensures data hiding

¢ Protects sensitive data

e Forces controlled access via getter/setter methods
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Disadvantages:

¢ Not directly usable in child classes

¢ Requires additional methods to access or modify
Example (C++):

#include <iostream> using namespace std;

class Vehicle { private:

int speed; // private member public:

void setSpeed(int s) { speed =s; } // Setter int getSpeed() {
return speed; } /I Getter

35

class Car : public Vehicle { public:
void changeSpeed() {
// speed = 100; // Error: private not accessible in derived class

}
35

int main() {

Vehicle v;

//' v.speed = 50; // Error: private not accessible v.setSpeed(50);
/I Access via public setter cout << "Speed: " <<
v.getSpeed();

b

Explanation:

o speed is private — accessed only through setSpeed() and
getSpeed()

¢ Achieves data hiding and controlled access.
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4. Access Rules in Inheritance
When a class inherits another, visibility of members depends

on access specifiers and type of inheritance:

Inheritance Public Protected Private
Type Members Members Members
Public IPublic Protected Not accessible
Protected Protected Protected Not accessible
Private Private Private Not accessible
Example (C++):
#include <iostream> using namespace std; class Base {
public:
int a; protected: int b;
private:
int ¢;
%

class Derived : public Base { public:

void demo() {

a=10; // OK, public remains public
b =20; // OK, protected remains protected

// ¢ =30; // Error, private not accessible

}
35

int main() { Derived d;
d.a = 5; // Public accessible
//d.b=10; // Error, protected not accessible outside
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//d.c=15; // Error, private not accessible

h

Key Points:

¢ Public members in public inheritance — remain public
e Protected members — remain protected

¢ Private members — never inherited directly

5. Encapsulation and Data Hiding

Concept:

¢ Encapsulation is the practice of wrapping data and methods
together and controlling access via access specifiers.

¢ Private members enforce data hiding, making sure external
code cannot modify sensitive information directly.

Example (Bank Account): class BankAccount { private:

double balance; // private member public:

void deposit(double amt) { balance += amt; } double
getBalance() { return balance; }

};

¢ balance is private — safe from external modification

e Access is only via deposit() and getBalance()

6. Additional Points on Member Access Rules
1. Getters and Setters
o Private members can be accessed indirectly using public
methods (getters/setters).
o Provides controlled and safe access.
2. Friend Classes / Functions (C++ Specific)
Special feature to allow access to private/protected members
from another class or function.
o Use carefully to avoid breaking encapsulation.
3. Language Differences
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In Java, private means only accessible within class,
protected accessible in same package + subclasses, public
accessible everywhere.

In Python, there’s no strict enforcement: single underscore
_ for protected, double underscore for private convention.
. Access Specifiers and Polymorphism

Public/protected methods in parent class are inherited and
can be overridden in child classes.

Private methods cannot be overridden since they are not
visible.

. Security and Maintenance

Proper use of access rules improves security and prevents
accidental modification.

Makes code easier to maintain, debug, and extend.

1.4 Usage of this and Super key word

In Object-Oriented Programming (OOP), this and super are
special keywords used to refer to current object and parent
class, respectively. They help in resolving conflicts, accessing

members, and managing inheritance.

. this Keyword Definition:

This refers to the current object of a class.

It is used to access instance variables, methods, constructors,
and to pass the current object.

Uses and Examples:

» Access Instance Variables (Resolve Name Conflicts)
¢ When local variables shadow instance variables, this helps

distinguish between them.

Example:
#include <iostream> using namespace std; class Student {
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int marks; // instance variable public:

void setMarks(int marks) {

this->marks = marks; // resolves conflict

}

void showMarks() { cout << "Marks: " << marks << endl; }

55

int main() { Student s; s.setMarks(95);

s.showMarks(); // Output: Marks: 95

}

Explanation:

¢ marks parameter shadows the class variable.

o this->marks ensures we assign value to instance variable,
not the parameter.

» Method Chaining

e Returning *this from a method allows calling multiple
methods in a single line.

Example:

#include <iostream> using namespace std; class Student {

int marks; public:

Student& setMarks(int m) { marks = m; return *this; }
Student& incrementMarks(int m) { marks +=m; return
*this; } void display() { cout << "Marks: " << marks <<
endl; }

55

int main() { Student s;

s.setMarks(80).incrementMarks(10).display(); // Marks: 90}

Explanation:

o *This allows fluent interface style programming.

» Passing Current Object

o This can be passed as a parameter to another function.

Example:

#include <iostream> using namespace std,;
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class Student { int marks;

public:

Student(int m) : marks(m) {} void compare(Student &s) {

if(this->marks > s.marks) cout << "Current student has higher
marks\n";

else cout << "Other student has higher marks\n";

H

55

int main() {

Student s1(90), s2(85);

sl.compare(s2); / Output: Current student has higher marks

h

Explanation:

e This is used to refer to the current object (s1) inside the
compare method.

» Constructor Chaining (Java Specific)

o InJava, this() can be used to call another constructor in the
same class.

Example (Java):

class Student { int marks; Student() {

this(50); // calls parameterized constructor

}

Student(int m) { marks = m;

b
void display() { System.out.println("Marks: " + marks); }

h
public class Main {

public static void main(String[] args) { Student s = new
Student(); s.display(); // Marks: 50
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}
H

Explanation:
o this() allows reusing constructors and avoids duplication.

2. super Keyword Definition:

e super refers to the parent class.

e It is used to access parent class methods, variables, and
constructors that are hidden or overridden in the child class.

Uses and Examples:

» Access Parent Class Constructor

o Parent constructors are automatically called in C++,
explicitly with super() in Java.

Example (C++/ Java Concept):

#include <iostream> using namespace std;

class Vehicle { public:

Vehicle(int speed) { cout <<"Vehicle speed: " << speed <<
endl;

class Car : public Vehicle { public:
Car() : Vehicle(100) { // calls parent constructor cout << "Car
created\n";

int main() { Car c;
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// Output:

// Vehicle speed: 100

// Car created

}

Explanation:

e super ensures parent class initialization before the child
class constructor.

» Access Overridden Parent Method

e When a child class overrides a parent method, super calls
the parent version.

Example:

#include <iostream> using namespace std;

class Vehicle { public:
void start() { cout <<"Vehicle starts\n"; }

35

class Car : public Vehicle { public:

void start() { cout << "Car starts\n"; }

void showStart() { Vehicle::start(); // parent method start();
// child method

int main() { Car c;
c.showStart();

// Output:

// Vehicle starts

// Car starts

b
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Explanation:

o Vehicle::start() accesses the parent method, even though the
child method has the same name.

» Access Parent Class Variable

e If a child variable hides the parent variable, super (or
Parent:: in C++) is used.

Example:

#include <iostream> using namespace std; class Vehicle {
public:

int speed = 50;

¥;

class Car : public Vehicle { public:

int speed = 100; void display() {

cout << "Car speed: " << speed << endl;

cout << "Vehicle speed: " << Vehicle::speed << endl; // parent
variable

int main() { Car c; c.display();

// Output:

// Car speed: 100

// Vehicle speed: 50

}

Explanation:

e Child variable hides parent variable.

¢ Vehicle::speed accesses parent’s value explicitly.
» Multilevel Inheritance and super Example:
#include <iostream> using namespace std;

class Vehicle { public:
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Vehicle() { cout <<"Vehicle constructor\n"; }

35

class Car : public Vehicle { public:

Car() { cout << "Car constructor\n"; }

¥

class SportsCar : public Car { public:

SportsCar() { cout << "SportsCar constructor\n"; }

35

int main() { SportsCar sc;

// Output:

// Vehicle constructor

// Car constructor

// SportsCar constructor

¥

Explanation:

o super (implicit in C++) ensures proper initialization in
multilevel inheritance.

3. Key Differences Between this and super

Feature This super
Refers to Current object Parent class object
Scope Inside the same class Inside derived class
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Feature This super
lAccess instance variables,Access parent
(Usage methods, constructors, passjvariables, methods,|
current object constructors
Constructor  [this() (calls anotherjsuper() (calls parent
Use constructor in the samejconstructor)
class)
Method Psed to call
Overriding  [Not used for parent methods|Overridden parent
methods
4. Practical Applications
1. this keyword:
o Resolving variable name conflicts
o Method chaining
o Passing current object as a parameter
o Constructor chaining (Java)
2. super keyword:
o Access parent constructor
o Call overridden methods
o Access hidden parent variables
o Proper initialization in multilevel inheritance

1.5 Method Overloading, Method overriding
In Java, polymorphism allows objects to take many forms.
This is achieved using:
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1. Method Overloading — Compile-time polymorphism
2. Method Overriding — Run-time polymorphism

1. Method Overloading in Java Definition:

¢ Method Overloading occurs when two or more methods
in the same class have the same name but different
parameter lists.

o [t allows a class to perform similar operations in multiple
ways.

Rules for Method Overloading in Java

1. Method name must be the same.

2. Parameter list must differ (number, type, or order).

3. Return type can be same or different.

4. Overloading cannot depend only on return type.

Example 1: Method Overloading with Different
Parameters

class Calculator {

// Add two integers int add(int a, int b) {

returna + b;

}

// Add two double values

double add(double a, double b) { return a + b;
H

// Add three integers

int add(int a, int b, int¢) { return a + b + ¢;

b

}
public class Main {
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public static void main(String[] args) { Calculator calc = new
Calculator();
System.out.println(calc.add(5, 10)); // Output: 15
System.out.println(calc.add(5.5, 4.5));  // Output: 10.0
System.out.println(calc.add(1, 2, 3));  // Output: 6

}
H

Explanation:

¢ Method add() is overloaded with different parameters.

¢ Java compiler decides at compile-time which method to
call.

Example 2: Method Overloading with Different
Parameter Order

class Calculator {

int multiply(int a, double b) { return (int)(a * b);

}

int multiply(double a, int b) { return (int)(a * b);

H

b
public class Main {

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

System.out.println(calc.multiply(5, 2.5)); // Calls first method

System.out.println(calc.multiply(2.5, 5)); // Calls second
method

i3

Explanation:

e Method names are the same, but parameter order differs,
so it’s valid overloading.
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2. Method Overriding in Java Definition:

e Method Overriding occurs when a child class provides a
specific implementation of a method that is already defined
in its parent class.

¢ [t supports runtime polymorphism, meaning method called
depends on object type at runtime.

Rules for Method Overriding in Java

1. Method must have the same name and parameters.

2. Return type must be same or covariant (compatible type).

3. Access modifier cannot be more restrictive than parent
class method.

4. Private, static, or final methods cannot be overridden.

5. Must be inherited (parent-child relationship).

Example 1: Basic Method Overriding
class Vehicle { void start() {
System.out.println("Vehicle starts");

}

}
class Car extends Vehicle { @Override

void start() { System.out.println("Car starts");
b

b
public class Main {

public static void main(String[] args) { Vehicle v =new
Vehicle();

Car ¢ = new Car();

v.start(); // Output: Vehicle starts c.start(); / Output: Car starts

}

h
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Explanation:

e (Car overrides start() method of Vehicle.

¢ Atruntime, the object type determines which method is
called.

Example 2: Method Overriding with Parent Reference
class Vehicle { void start() {
System.out.println("Vehicle starts");

}

h
class Car extends Vehicle { @Override

void start() { System.out.println("Car starts");

}

}
public class Main {

public static void main(String[] args) {
Vehicle v =new Car(); // Parent reference, child object
v.start(); // Output: Car starts (runtime polymorphism)

H
H

Explanation:
e visa Vehicle reference, but it points to a Car object.
¢ Javacalls child’s overridden method at runtime.

Example 3: Using super in Overriding
class Vehicle { void start() {
System.out.println("Vehicle starts");

}

H
class Car extends Vehicle { @Override

void start() {
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super.start();  // call parent method System.out.println("Car
starts");

}

}
public class Main {

public static void main(String[] args) { Car ¢ = new Car();
c.start();

// Output:

// Vehicle starts

// Car starts

}
}

Explanation:
o super.start() calls the parent class method, then the child
class adds its own behavior.

Feature Method Method Overriding
Overloading

Polymorphism Type|Compile-time Runtime

Method Name Same Same

Parameters Must differ Must be same

Return Type Can be different  |Same or covariant

Inheritance No Yes  (parent-child

Required relationship)

Access Modifier  |Any Cannot be more restrictive

super keyword Not used Can be used to access
parent method
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1.6 Abstract classes Definition:

An abstract class in Java is a class that cannot be instantiated
directly. It is used to define common behavior and properties
for subclasses. Abstract classes may contain abstract
methods

Purpose:

e To provide a base class for other classes.

o To enforce a contract: subclasses must implement abstract
methods.

o Supports partial abstraction, allowing some methods to
have implementation and some to be abstract.

. Key Features of Abstract Classes

Declared using the abstract keyword.

Can contain:

Abstract methods (no body, must be implemented by
subclasses).

Concrete methods (with body).

Member variables.

Constructors (can be called from subclasses).

Cannot be instantiated directly: new AbstractClass() is
invalid.

O N = =

w o o o

4. A class that inherits an abstract class must implement all
abstract methods, unless it is also declared abstract.

5. Can have any access modifiers for methods (public,
protected, private).

6. Supports polymorphism: abstract class reference can point
to subclass object.

2. Abstract Method Definition:

¢ A method without a body, declared using the abstract
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keyword.
e Subclasses must override the method.

Syntax:

abstract returnType methodName(parameters);
Example:

abstract class Vehicle {

abstract void start(); // abstract method

}

3. Abstract Class Example in Java
abstract class Vehicle { String brand,
Vehicle(String brand) { // constructor this.brand = brand;

}

// Abstract method (must be implemented in subclass) abstract
void start();

/I Concrete method void displayBrand() {

System.out.println("Brand: " + brand);

b

H

class Car extends Vehicle { Car(String brand) {
super(brand);
}

// Implement abstract method @Override
void start() {
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System.out.println("Car starts with key ignition");

H
}

class Bike extends Vehicle { Bike(String brand) {
super(brand);
H

@Override void start() {
System.out.println("Bike starts with kick or button");

}
}

public class Main {
public static void main(String[] args) { Vehicle vl = new
Car("Toyota"); Vehicle v2 = new Bike("Honda");

vl.displayBrand(); // Brand: Toyota v1.start(); // Car starts
with key ignition

v2.displayBrand(); // Brand: Honda

v2.start(); // Bike starts with kick or button
b

b

Explanation:

e Vehicle is an abstract class with one abstract method start()
and one concrete method displayBrand().

¢ Car and Bike extend Vehicle and implement start().
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Abstract class reference (Vehicle vl) can point to any
subclass object, demonstrating polymorphism.

. Advantages of Abstract Classes
. Code Reusability:

Shared methods and properties can be defined in the abstract
class and reused by subclasses.
Enforces a Contract:

o Subclasses must implement abstract methods, ensuring

consistent behavior.

Supports Polymorphism:

An abstract class reference can point to different
subclass objects.

Partial Abstraction:

o Allows a mix of implemented and unimplemented methods,

S.
1.

unlike interfaces (pre-Java 8).
Rules & Restrictions
Cannot instantiate an abstract class:

Vehicle v = new Vehicle(); // + Compile-time error

2. Can have constructors, which are called from subclass
constructors.
3. Can contain final methods, static methods, and variables.
4. If a subclass does not implement all abstract methods, it
must also be declared abstract.
5. Abstract Class vs Interface (Java)
Feature \Abstract Class Interface
Multiple Allowed (a class can
Inheritance Not allowed (Java) implement multiple
interfaces)
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Method Body Can have abstract &  |Java 8+: default & static
concrete methods methods with body
Variables Can  have instance |Only static final variables
variables
Feature Abstract Class Interface
Constructor Can  have Cannot have constructors
constructors
Inheritance Subclass must |[[mplementing class must]
Requirement implement abstract] implement interface
methods methods

7. Practical Example: Shape Example

abstract class Shape {

abstract double area(); //abstract method abstract double
perimeter();

void display() { System.out.println("This is a shape");

H
H

class Rectangle extends Shape { double length, width;

Rectangle(double 1, double w) {
length = [; width = w;
H

@Override double area() {
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return length * width;

H

@Override

double perimeter() {
return 2 * (length + width);
}

H

class Circle extends Shape { double radius; Circle(double r) {
radius =r;

H

@Override double area() {

return Math.PI * radius * radius;

H

@Override

double perimeter() {

return 2 * Math.PI * radius;

H
H

public class Main {
public static void main(String[] args) { Shape s1 = new
Rectangle(5, 3); Shape s2 = new Circle(4);

System.out.println("Rectangle Area: " + sl.area());
System.out.println("Rectangle Perimeter: " +

sl.perimeter());

System.out.println("Circle Area: " + s2.area());
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System.out.println("Circle Perimeter: " + s2.perimeter());

H
}

Explanation:

o Shape is abstract with abstract methods area() and
perimeter().
¢ Rectangle and Circle implement these methods, providing
their own logic.
¢ Demonstrates runtime polymorphism, as
Shape references point to different shapes.
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UNIT-2 MULTITHREADED PROGRAMMING

2.1 THREAD CLASS

The Thread class in Java, part of the java.lang package, is used
to create and manage threads. A thread is the smallest unit
of execution in a program, allowing multiple tasks to run
simultaneously. Multithreading enhances application
performance, responsiveness, and CPU utilization.

¢ Threads can run in parallel with other threads.

¢ Useful in handling time-consuming tasks without blocking
the main program.

e Threads can be created by extending Thread class or

implementing Runnable interface.

o Supports both user threads and daemon threads.

Creation of Thread Using Thread Class

e Threads are created by extending the Thread class and
overriding the run() method.

o The run() method defines the code executed by the thread.

e The thread is started using the start() method, which
internally calls run().

¢ Multiple thread objects can be created from the same class
and executed independently.

o Thread names can be assigned using setName() for better
debugging.

o A thread object can be reused, but start() can only be called

once.

e Exception handling within run() prevents
thread termination due to runtime errors.

Example:

class MyThread extends Thread { public void run() {

System.out.println("Thread running: " +
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Thread.currentThread().getName());

h

public static void main(String args[]) { MyThread t1 = new
MyThread(); t1.setName("First Thread");

t1.start();

}

H
Life Cycle of a Thread

New Thread

resume()

notify()

Runnable

Killed
Thread

nd of

Runnin
& execution

suspend()
wait()

sleep()

Blocked
Idle Thread (Not runnable)

Fig: State Transition Diagram of a Thread

Threads have the following states:
1. New — Thread object created, not yet started.
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. Runnable — Thread is ready to execute but waiting for CPU

time.

3. Running — Thread is actively executing.

4. Blocked/Waiting — Thread is waiting for a resource or
signal.

5. Terminated (Dead) — Thread has completed execution.

o getState() can be used to check the thread’s current state.

¢ Athread cannot go back to the New state after termination.

e Proper handling of thread states prevents deadlocks and
resource starvation.

e Threads may transition between Runnable and Waiting
states multiple times before termination.

Thread Scheduling

o Determines which thread gets CPU time.

¢ Managed by JVM and OS.

¢ Scheduling can be preemptive or time-sliced.

e Preemptive: higher priority threads execute before lower
priority ones.

o Time-sliced: threads get CPU in fixed time slices.

o Thread scheduling is not deterministic and can vary across
platforms.

¢ Context switching is the process of CPU switching from
one thread to another.

Thread Priority

Threads have priority levels from 1 to 10.

Default priority: 5.

setPriority() sets thread priority.

getPriority() retrieves current priority.

High priority threads are more likely to run before lower
priority threads.
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o Priority helps prevent starvation of important threads in
critical applications.

¢ Misuse of priorities can lead to thread starvation

Constructors of Thread Class

Common constructors:

¢ Thread() — default constructor.

o Thread(String name) — assigns a name to the thread.

o Thread(Runnable target) — associates a Runnable task.

o Thread(Runnable target, String name) — task and name both
assigned.

Additional points:

o Thread names aid in debugging multi-threaded programs.

e Thread groups can be assigned for bulk operations like
interrupting multiple threads.

¢ Runnable-based constructors allow flexibility without
extending Thread class.

Important Methods of Thread Class

Method Description

start() Begins thread execution

run() Contains thread code

sleep(ms) Pauses thread for specified time
join() Waits for thread to finish

yield() Suggests giving CPU to other threads
interrupt() Interrupts a thread

isAlive() Checks if thread is still running
getName() / setName() |Get/set thread name

o sleep() throws InterruptedException.
¢ join() ensures sequential execution.

37|Page



yield() allows other threads to execute but not guaranteed.
interrupt() is used to safely stop long-running or blocked
threads.

isDaemon() checks if a thread is a daemon.

Difference Between start() and run()

start() creates a new thread and calls run() internally.
run() executes like a normal method, no new thread is
created.

start() can only be called once per thread object.

Calling run() directly executes in the current thread.

start() initializes the thread state to Runnable.

Using start() ensures concurrent execution of multiple
threads.

Synchronization in Threads

Synchronization controls access to shared resources to
prevent race conditions.

Implemented using synchronized keyword for methods or
blocks.

Each synchronized block acquires the object’s intrinsic
lock.

Excessive synchronization may reduce performance due to
blocking.

Proper synchronization avoids data inconsistency.

Can be used with wait(), notify(), notifyAll() for thread
coordination.

synchronized(this) {

// critical section

}
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Thread Communication

Threads communicate using: wait(), notify(), notifyAll().

Must be used inside synchronized blocks.

wait() releases the lock and waits for notification.

notify() wakes one waiting thread.

notifyAll() wakes all waiting threads.

Useful for producer-consumer  problems
and coordination.

Daemon Threads

Background threads supporting user threads.

Created using setDaemon(true).

Examples: Garbage collector, background monitoring
tasks.

JVM exits once all user threads finish.

Daemon threads should not perform critical tasks as they
may terminate abruptly.

Advantages of Multithreading

Improves CPU utilization

Faster execution

Better responsiveness

Efficient resource usage

Reduces idle CPU time.

Useful in real-time and interactive applications.

Enables parallel execution of independent tasks.

Helps in Ul applications to avoid freezing during heavy
computations.

Limitations of Thread Class

Does not support multiple inheritance

Less flexible than Runnable

Tight coupling between task and thread
Difficult to manage large number of threads.
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¢ Debugging is more  complex than
single-threaded programs.

¢ Improper synchronization can cause deadlocks.

o Needs careful handling for shared resources.

Alternative Approaches

¢ Runnable Interface — allows implementing multiple
interfaces.

o Callable Interface — allows returning values and throwing
exceptions.

o Executor Framework — manages thread pools efficiently.

¢ Runnable allows sharing a single object across multiple
threads.

o Callable is preferred for tasks that need a result.

¢ Executor framework simplifies thread management in large
applications.

¢ Modern applications often prefer Executor framework over
directly extending Thread.

Conclusion

The Thread class is a basic and direct approach to implement

multithreading in Java. It is suitable for small-scale programs

but has limitations in flexibility and maintainability. For large-

scale applications, Runnable, Callable, and Executor

frameworks are preferred for efficient and scalable

multithreaded execution.

2.2 RUNNABLE INTERFACE

The Runnable interface is an alternative to extending the
Thread class for creating threads. It is part of the java.lang
package and contains a single method:

void run()
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Runnable Runnable
<<interface>> <<interface>>
+run{() +runf)

Thread Thread Xxx
+run() +run() <> +run()
+start() +start() ...
+sleep() +sleep()

Key Points about Runnable Interface:

1.

(98]

Defines the task logic for a thread without tying it to the
Thread class.

. Enables separation of task and execution mechanism.
. Supports multiple inheritance, unlike the Thread class.
. Widely used with Executor frameworks and thread pools

in modern Java applications.

. Promotes code reusability, modularity, and cleaner

design.

. Allows sharing a single Runnable instance among

multiple threads, useful in resource sharing scenarios.

. Can be combined with Callable and Future to return

results and handle exceptions.

Creating a Thread Using Runnable
Steps to create and run a thread using Runnable:

1.
2.
3.

Create a class that implements Runnable.

Override the run() method to define the task.

Create a Thread object passing the Runnable instance to the
constructor.

. Call start() on the Thread object to begin execution.
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Example:

class MyTask implements Runnable { public void run() {

System.out.println("Thread running: " +
Thread.currentThread().getName());

public class Main {

public static void main(String[] args) { MyTask task = new
MyTask();

Thread t1 = new Thread(task, "Thread-1"); Thread t2 = new
Thread(task, "Thread-2"); t1.start();

t2.start();

H

}
Additional Points:

e Multiple threads can execute the same Runnable object
simultaneously.

e Thread names help in debugging multithreaded programs.

e Runnable can be reused across multiple threads.

¢ Loose coupling improves maintainability compared to
extending Thread.

Advantages of Runnable over Thread Class

1. Supports multiple inheritance. A class can implement
Runnable while extending another class.

2. Separation of task and execution improves design clarity.

3. Reusability — the same Runnable object can be shared
across multiple threads.

4. Works efficiently with ExecutorService and thread pools.
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. Reduces memory overhead — no need for multiple Thread
subclasses.

. Supports exception handling inside run()
without terminating other threads.

. Encourages composition over inheritance, a good OOP
principle.

. Makes scalable concurrent applications
easier to implement.

. Runnable objects are lightweight compared to Thread
subclasses.

Sharing Runnable Among Multiple Threads
Runnable allows multiple threads to execute the same

task

concurrently.
Example:

class Counter implements Runnable { private int count = 0;

public void run() { synchronized(this) {
for(inti=0; 1 <5;i++) { count++;
System.out.println(Thread.currentThread().getName() + ": " +

e

count);

public class Main {

public static void main(String[] args) { Counter counter = new

Counter();
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Thread t1 = new Thread(counter, "Thread-1"); Thread t2 =new
Thread(counter, "Thread-2"); t1.start();

t2.start();

}

H
Key Points:

1. Synchronization ensures thread-safe access to shared
resources.

Sharing Runnable allows stateful tasks across threads.
Useful for counters, logs, and resource updates.
Reduces memory usage by using a single Runnable object.
Helps maintain consistent state across multiple threads.

S kW

Prevents data inconsistency and race conditions.

Integration with Executor Framework

Runnable is widely used with ExecutorService to manage
threads efficiently:

ExecutorService executor =

Executors.newFixedThreadPool(3);

Runnable task = () -> {
System.out.println("Running  task  in: " +
Thread.currentThread().getName());

35

for(inti=0;1<5; it++) { executor.submit(task);

b
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executor.shutdown();
Key Points:
1. Executor framework handles thread creation, scheduling,
and pooling automatically.
2. Runnable tasks can be executed multiple times across
different threads.
3. Supports efficient resource utilization and avoids manual
thread management.
4. Enables scalable and high-performance concurrent
applications.
5. Simplifies handling large numbers of tasks.
6. Works well  with  Callable, Future, and
other concurrency utilities.
7. Improves  code readability and
maintainability in complex systems.
Best Practices with Runnable
1. Keep run() methods short and focused to avoid blocking
other threads.
2. Use synchronization or locks when accessing shared
resources.
3. Avoid storing thread-specific data in Runnable; use
Thread Local if required.
4. Handle exceptions inside run() to
prevent thread termination.
5. Prefer Runnable + Executor Service for production-level
code.
6. Avoid Thread.sleep() in run(); use
Scheduled Executor Service for scheduled tasks.
7. Ensure stateless or properly synchronized Runnable
when shared.
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8. Assign meaningful thread names for easier debugging.

9. Avoid heavy computation inside run() that blocks other
tasks.

10. Combine Runnable with modern Java concurrency
utilities like Semaphore or CountDownLatch when needed.

Advanced Points about Runnable

1. Runnable can be combined with Callable for tasks that
return results.

2. Runnable is lightweight compared to creating multiple
Thread subclasses.

3. Can be executed multiple times with the same object.

4. Works well with thread pools to handle large-scale
concurrency.

5. Compatible with Java 8+ lambdas for concise syntax.

6. Supports high-performance concurrent applications

with Executors and Future tasks.

7. Can be used with parallel streams and other modern Java
concurrency features.

8. Runnable promotes clean separation of responsibilities,
making it easier to maintain multithreaded code.

Conclusion

The Runnable interface provides a flexible, reusable,
and modern approach to multithreading in Java:

o Separates task logic from thread execution.

¢ Supports multiple inheritance.

¢ Compatible with Executor frameworks and thread pools.

o Ideal for scalable, maintainable, and high-performance
concurrent applications.

e Allows shared objects across threads while maintaining
thread safety.
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o Preferred in modern Java applications over extending
Thread class.

23 SYNCHRONIZATION

Synchronization is a mechanism used to control access of
multiple threads to shared resources to prevent
inconsistent results known as race conditions. It ensures
that only one thread at a time can execute a critical section
of code.

Why Synchronization is Needed

1. Prevents race conditions when multiple threads access and
modify shared data simultaneously.

2. Ensures atomicity of critical operations so that a thread
completes its task fully before another thread enters.

3. Maintains data consistency for shared variables or objects.

4. Essential for real-time and multithreaded applications
like banking systems, ticket booking, inventory
management, etc.

5. Helps avoid unpredictable behavior in

concurrent programs.

6. Protects shared resources such as counters, lists, maps, and
file I/O from simultaneous access.

7. Prevents lost updates, where changes from one thread
overwrite another thread’s changes.

8. Ensures predictable execution order for

critical operations.

Ways to Achieve Synchronization in Java

1. Synchronized Methods

¢ A synchronized method locks the object instance before
execution.
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Only one thread can execute the synchronized method for
the same object at a time.

Example:
class Counter {
private int count = 0;

public synchronized void increment() { count++;
System.out.println(Thread.currentThread().getName() + ": "

+ count);

J

h

Key Points:

1. Locks the entire method, making it thread-safe.

2. Simple to implement and understand.

3. Works only for instance methods (non-static).

4. Can lead to reduced concurrency if the method contains
non-critical code.

5. Supports reentrant locks — a thread can acquire the same
lock multiple times.

6. Cannot synchronize only part of the method; the whole
method is locked.

2. Synchronized Blocks

Synchronization can be limited to a specific block of code,
improving performance.
Uses the syntax: synchronized(object) {

// critical section

}

Example:
class Counter {
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private int count = 0;

public void increment() { synchronized(this) {

count++;

System.out.println(Thread.currentThread().getName() +": " +
count);

ey Points:

»—axw-/w-/w-/

. Locks only the critical section, allowing other threads to
execute non-critical code.

Improves performance by reducing thread waiting time.
The lock can be applied on any object, not necessarily this.
Helps avoid unnecessary blocking of threads.

Reduces CPU idle time while maintaining thread safety.

Sk W

Critical for high-performance
multithreaded applications.

7. Provides fine-grained control over synchronization.

3. Static Synchronization

o Locks the class object instead of the instance object.

o Used for static methods that access shared static data.

Example:

class Counter {

private static int count = 0;

public static synchronized void increment() { count++;
System.out.println(Thread.currentThread().getName() + ": "
+ count);

H
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}

Key Points:

1.

2.
3.

Only one thread can execute a static synchronized method
for the entire class at a time.

Ensures thread safety across all instances of the class.
Essential when multiple threads modify static variables

shared across instances.

4,
5,
6.

7.

Prevents data inconsistency for shared static resources.
Can lead to thread contention if used excessively.

Can be combined with synchronized blocks for fine-
grained control.

Ensures predictable execution in static contexts.

Important Points about Synchronization

1.

[98)

10.

Synchronization ensures mutual exclusion, allowing only
one thread to execute critical code at a time.

. Can reduce performance due to threads waiting for locks.
. Overuse can lead to thread contention or deadlocks.
. Locks are reentrant — a thread can reacquire a lock it

already holds.
. Synchronization works only for threads sharing the same
object.
. Prefer synchronized blocks over methods
for performance.

. Can be combined with wait(), notify(), and notify All() for

inter-thread communication.

. Critical sections should be as small and efficient as

possible.

. Avoid synchronizing long-running methods, which block

other threads unnecessarily.
Synchronization is essential for multi-threaded
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collection classes like Vector, Hashtable, and
ConcurrentHashMap.

Advantages of Synchronization

1.

e AN

Thread safety: Prevents concurrent
threads from corrupting shared data.
Data consistency: Ensures correct and predictable results.

. Controlled access: Provides exclusive access to critical

sections.

Prevents race conditions: Avoids conflicts when multiple
threads access shared resources.

Enables safe multi-threaded resource sharing.

Improves reliability of multithreaded programs.

Supports fine-grained control with synchronized blocks.
Can be integrated with wait/notify mechanisms for
complex thread coordination.

Disadvantages of Synchronization

1.

Reduced performance: Threads wait for locks, leading to
slower execution.

. Thread contention: Multiple threads compete for the same

lock.

. Deadlocks risk: Improper locking order may freeze

threads indefinitely.
Complexity: Requires careful planning to avoid errors.

. Resource overhead: Locks consume memory and CPU

cycles.

. Not always required: Should be applied only when shared

data is accessed by multiple threads.

. Can block high-priority threads: Lower-priority threads

holding a lock can delay execution.
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Conclusion
Synchronization is a key mechanism in Java multithreading
that ensures thread safety and data consistency.

Synchronized methods lock the entire method.
Synchronized blocks lock only critical sections, improving
performance.

Static synchronization locks the class object for shared
static resources.

Proper use prevents race conditions and inconsistent
results, but overuse can reduce performance or cause
deadlocks.

Fine-grained and careful application of synchronization
ensures efficient and reliable concurrent programming.

24 INTERTHREAD COMMUNICATION
Interthread communication (ITC) is a mechanism that

allows threads to communicate and coordinate with each
other efficiently. It is essential when threads are dependent
on each other’s execution.
Helps avoid busy waiting by letting threads wait for
specific conditions instead of continuously checking.
Improves CPU utilization and program performance.
Facilitates coordination in scenarios like

producer- consumer, reader-writer, and bounded
buffer problems.
Implemented using wait(), notify(), and notifyAll()
methods in Java, which belong to the Object class.

Key Methods for Interthread Communication
1. wait() Method

Causes the current thread to release the lock and enter
the waiting state until notified.
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Mustbe called inside a synchronized
block or synchronized method.

The thread cannot proceed until another thread calls

notify() or notifyAll() on the same object.

Can optionally use wait(long timeout) to wait for a specific

time.

Example:
synchronized(obj) { while(conditionNotMet) {
obj.wait(); // releases lock and waits

H

// critical section code

H

Key Points:

1. Releases the lock  for other threads to

enter the synchronized block.

2. Prevents busy waiting and reduces CPU usage.

3. Must always be inside a synchronized context.

4. Often used in loops to handle spurious wakeups.

5. Ensures thread resumes only when conditions are
satisfied.

2. notify() Method

Wakes up a single thread that is waiting on the object’s
monitor.

The awakened thread cannot proceed until it reacquires
the object lock.

Must also be called inside a synchronized block or
method.

Key Points:

1.

Useful when only one waiting thread needs to continue
execution.
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Helps in efficient coordination between threads.

. Does not release the lock immediately; the awakened thread

must wait to acquire it.
Often used in producer-consumer scenarios where only
one consumer needs the resource.

. notifyAll() Method

Wakes up all threads waiting on the object’s monitor.
Threads compete to acquire the lock and proceed in a first-
come-first-served manner.

Also must be used inside a synchronized block or method.
Key Points:

. Ensures all waiting threads are given a chance to execute.
. Useful when multiple threads depend on the same

condition.
. Helps in avoiding deadlocks in
complex thread coordination.

. Often used when the number of waiting threads is

unknown.

How Interthread Communication Works

Threads communicate by sharing objects and using
wait/notify methods.
Typical steps:

. Athread enters a synchronized block and checks a

condition.

Diagram:
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2. If the condition is not met, it calls wait() and releases
the lock.

3. Another thread modifies the condition and calls notify()
or notifyAll().

4. Waiting thread(s) wake up and reacquire the lock

to proceed.

Thread 1 (Consumer) --> enters synchronized block

|--> condition false --> calls wait() --> releases lock Thread 2
(Producer) --> enters synchronized block

|--> produces data --> calls notify() / notifyAll()

Thread 1 --> wakes up --> reacquires lock --> continues
execution

Example: Producer-Consumer Problem
class DataBuffer { private int data;
private boolean available = false;

public synchronized void  produce(int value)
throws InterruptedException {
while (available) wait(); // wait if data is not consumed data =
value;
available = true; System.out.println("Produced: " + data);
notify(); // wake up consumer

}

public synchronized int consume() throws
InterruptedException

{
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while ('available) wait(); // wait if data is not available

available = false;

System.out.println("Consumed: " + data); notify(); // wake up

producer

return data;

}
H

Key Points:

l.
2.

4.
5

wi

Producer thread generates data and notifies the consumer.
Consumer thread waits if data is unavailable, consumes it,
and notifies producer.

. Prevents race conditions and ensures correct order of

execution.
Efficiently uses CPU by avoiding busy waiting.
Can be extended to multiple producers and consumers

th notifyAll().

Advantages of Interthread Communication

1.

4.
5.

Efficient resource utilization: Threads do not waste CPU
cycles waiting actively.

. Avoids busy waiting: Threads enter waiting state instead

of looping continuously.

. Improves program performance in
multithreaded applications.
Facilitates coordination between dependent threads.

Helps in implementing classic concurrency problems

like producer-consumer, reader-writer, etc.

6.
7.

Provides predictable and synchronized execution order.
Supports dynamic notification, i.e., threads respond
immediately to state changes.
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Disadvantages / Challenges

1.

[98)

6.

Requires careful synchronization; misuse can lead to
deadlocks.
Overuse of notifyAll() may cause thread contention.

. Spurious wakeups require using wait inside loops.

. Difficult to debug in complex
multi-threaded applications.
. Threads can be blocked indefinitely if notifications are

missed.
Can introduce performance overhead if misused.

Best Practices for Interthread Communication

1.

Always call  wait(), notify(), notifyAll()
inside synchronized blocks.
. Use while loops to check conditions instead of if statements

to handle spurious wakeups.

. Prefer notifyAll() when multiple threads depend on the

same condition.
Keep critical sections small to reduce waiting time.

. Avoid nested locks to minimize deadlock risks.
. Use high-level concurrency utilities (like BlockingQueue,

Semaphore, or Lock) for complex scenarios instead of low-
level wait/notify.

Use clear shared flags or conditions to indicate state
changes.

Conclusion

Interthread communication in Java is a powerful mechanism

that enables threads to coordinate execution efficiently.
wait() allows threads to release the lock and wait for a
condition.

notify() wakes up a single waiting thread, while notify All()
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wakes up all waiting threads.
¢ Commonly used in producer-consumer and
other dependent-thread scenarios.
o Ensures efficient CPU utilization, thread safety, and
predictable execution.
e Must be used carefully to avoid deadlocks, missed
notifications, or spurious wakeups.

2.5 DEADLOCK

A deadlock is a situation in multithreading where two or more
threads are blocked indefinitely, waiting for each other to
release resources.

¢ Occurs when threads hold locks and request additional
locks held by other threads.

e Leads to program hang or
severe performance degradation.

e Deadlocks are a common problem
in concurrent programming.

Characteristics of Deadlock

1. Threads are blocked permanently waiting for resources.

2. Resources involved are shared among multiple threads.

3. Threads are unable to proceed because the required
resources are locked by other threads.

4. Can occur in nested synchronized blocks, database
transactions, and distributed systems.

5. Deadlocks are hard to detect and difficult to debug.

6. Can lead to CPU idling while threads wait indefinitely.
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Necessary Conditions for Deadlock
There are four conditions that must simultaneously hold

for a deadlock to occur:

. Mutual Exclusion

At least one resource must be non-sharable, i.e., only one
thread can use it at a time.
If all resources were sharable, deadlocks would not occur.

Example: A printer or file can only be used by one thread at a

2.

time.

Hold and Wait

A thread holding at least one resource is waiting to
acquire additional resources held by other threads.
Threads do not release resources while waiting.

Example:

3.

Thread T1 holds lock A and waits for lock B.

Thread T2 holds lock B and waits for lock A.

No Preemption

Resources cannot be forcibly taken away from a thread.
A thread must release resources voluntarily after
completing its task.

Example: A thread holding a file lock cannot have the OS

4.

take it away forcibly.

Circular Wait

A circular chain of threads exists, where each thread is
waiting for a resource held by the next thread in the chain.
Forms a cycle causing indefinite blocking.

Example:
T1 -> waiting for resource R2 (held by T2) T2 -> waiting for

resource R1 (held by T1)
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Deadlock Example in Java

class DeadlockExample {

static final Object resourcel =new Object(); static final Object
resource2 = new Object();

public static void main(String[] args) { Thread t1 = new
Thread(() > {

synchronized(resourcel) { System.out.println("Thread 1:
Locked resource 1"); try { Thread.sleep(100); }
catch(Exception e) {} synchronized(resource2) {

System.out.println("Thread 1: Locked resource 2");

}
;s

Thread t2 = new Thread(() -> { synchronized(resource2) {

System.out.println("Thread 2: Locked resource 2"); try {
Thread.sleep(100); } catch(Exception e) {}
synchronized(resourcel) {

System.out.println("Thread 2: Locked resource 1");

}

15
t1.start();

t2.start();
b
b

Explanation:

e Thread 1 locks resourcel and waits for resource2.
e Thread 2 locks resource2 and waits for resourcel.
o Both threads are blocked indefinitely — Deadlock.
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Deadlock Detection

1. Thread dump analysis: Using jstack to see which threads
are blocked.

2. Logging: Monitor which threads acquire locks and where
they wait.

3. JavaManagement Extensions (JMX): Can

detect deadlocks programmatically.

Key Point: Detection is reactive, better to prevent

deadlocks proactively.

Deadlock Prevention Techniques

1. Lock Ordering

¢ Acquire locks in a consistent, predefined order across all
threads.

¢ Prevents circular wait.

Example: Always lock resourcel before resource?2.

2. Try-Lock with Timeout

e Use tryLock() methodfrom the
java.util.concurrent.locks.Lock interface.

o Allows a thread to fail acquiring a lock after a timeout
instead of waiting indefinitely.

Example:

Lock lock1 =new ReentrantLock(); Lock lock2 = new
ReentrantLock();

if(lock1.tryLock(1000, TimeUnit. MILLISECONDS)) { try {

if(lock2.tryLock(1000, TimeUnit. MILLISECONDY)) { try {
/* critical section */ } finally { lock2.unlock(); }
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}
} finally { lock1.unlock(); }

}
3. Minimize Nested Locks
e Avoid locking multipleresources

simultaneously if possible.
e Reduces the chance of hold-and-wait scenario.

4. Use Deadlock-Free Algorithms

o Use single-lock acquisition, resource hierarchy, or lock-
free data structures.

¢ Avoid complex locking whenever possible.

5. Use High-Level Concurrency Utilities

Prefer classes from java.util.concurrent like:
ConcurrentHashMap

BlockingQueue

Semaphore

ReadWriteLock

These manage locking internally, reducing the risk of
deadlocks.

o O O O

Best Practices to Avoid Deadlock

1. Always acquire locks in a consistent global order.

2. Keep synchronized blocks as short as possible.

3. Avoid nested locks whenever feasible.

4. Use timeout mechanisms (tryLock()) for safe lock
acquisition.

5. Avoid holding locks while performing long-running
operations.
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6. Use thread-safe collections from java.util.concurrent.

7. Minimize shared resource dependencies between threads.

8. Monitor applications with deadlock detection tools in
production systems.
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UNIT-3 AWT CONTROLS

3.1 The AWT Class Hierarchy

AWT (Abstract Window Toolkit) is a core Java package
(java.awt) used to create Graphical User Interfaces (GUI). Its
class hierarchy organizes all GUI components in a systematic
structure, making it easier to develop interactive applications.

o O O O

ava lerarchy

- The hierarchy of Java AWT classes are given below.

— (=

I Window | | Panel |

f I
| ‘ Applet

Note: There are more classes, however, these are what are covered in this chapter

. java.awt.Component — Base Class for GUI Elements

Definition: Component is the superclass for all GUI
elements in AWT.

Purpose: Provides basic properties and methods for GUI
components like visibility, size, color, and event handling.
Key Methods:

setVisible(boolean) — Show or hide the component.
setSize(int width, int height) — Define component size.
setBackground(Color ¢) — Set background color.
addMouseListener(MouseListener 1) -
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Handle mouse events.
Examples of subclasses: Button, Label, TextField, Canvas.

. Container — Components That Hold Other Components

Definition: A Container is a special type of Component that

can contain other components.

Purpose: Helps group and organize
multipleGUI components.

Examples of Container Classes:

Panel — Lightweight container used to group

components.

Frame — Main application window with title bar and borders.

Applet — GUI component embedded in a browser.

Important Methods:

add(Component c) — Add a child component.

remove(Component ¢) — Remove a child component.

Set Layout(Layout Manager 1) — Define how components

are arranged.

. Top-Level Containers

Definition: These are containers that cannot be added to
other containers. They represent windows or main GUI
frames.

Key Classes:

Frame — A standalone window with a title bar and borders.
Can contain menus, panels, and other components.

Dialog — A pop-up window often used for messages, alerts,
or input forms.

Applet — GUI embedded in a browser (less common now,
replaced by JavaFX or web apps).

Characteristics:
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Can handle window events like open, close, minimize, and
maximize.
Serve as the root container for all child components.

. Control Classes

Definition: Components that allow user interaction.
Examples and Usage:

. Button — Clickable button that triggers an action.
. Label — Displays text or images (non-editable).
. Checkbox — Allows selection of options (single or

multiple).

4. Text Field — Single-line text input.

. Choice — Drop-down list for selecting one option.

Purpose: Provides interactive elements to build functional
GUIs.

. Layout Managers

Definition: Classes that control the arrangement of
components inside containers.
Types of Layouts:

. Flow Layout — Arranges components left to right, wraps

to next line if needed.

. Border Layout — Divides container into North, South,

East, West, and Center.

. Grid Layout — Components arranged in rows and

columns of equal size.

. Card Layout — Stack multiple components; only one visible

at a time.

. Grid Bag Layout — Flexible layout using grid cells with

customizable size.
Purpose: Ensures that components are well-organized and
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adaptive to window resizing.

Event Handling

Definition: Mechanism that allows GUI components to
respond to user actions like mouse clicks, key presses, or
window events.

Key Points:

Every Component can generate events.

Listeners are interfaces that define how events are handled.
Common Event Listeners:

Action Listener — For buttons or menu items.

Mouse Listener — For mouse clicks or movements.

Key Listener — For keyboard input.

Event Handling is essential for making GUIs interactive
and responsive.

3.2 User Interface Component
AWT (Abstract Window Toolkit) provides a set of GUI

components that allow users to interact with Java
applications. These components are broadly classified as
basic components (controls), containers, text components,
and utility components.

\%f%z I— Object

Component JTable
t JMenu
I 1
Container JComponent — JList
Window Panel JComboBox

1 JLable
Applet Abstraction
F Button

Frame Dailog JButton
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1. Component — The Base Class

¢ Definition: Component is the abstract parent class for all
AWT GUI elements.

o Purpose: Provides basic properties like visibility, size,
color, and event handling.

o Key Features:
1. Can set visibility: set Visible(true/false).
2. Can set size: set Size (width, height).
3. Can set background and foreground
color: set Back ground (Color c), set Fore
ground(Colorc).
4. Supports focus and keyboard input: set

Focusable(true/false).

5. Can handle events like mouse clicks, key presses, and
window events.

o Example:

Label Ibl = new Label("Hello, AWT!");
Ibl.setForeground(Color.BLUE);
Ibl.setBackground(Color.LIGHT GRAY);

2. Control Components (Interactive Elements)

Control components allow user interaction with the program.

1. Button

o Clickable element that triggers actions (Action
Event).

o Can display text or icon.

o Example:
Button btn = new Button("Submit");
btn.addActionListener(e -> System.out.printin("Button
clicked!"));
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2. Label

o Displays non-editable text or images.

o Supports alignment: left, center, right.

o Example:

Label Ibl=new Label("Username:");
Ibl.setAlignment(Label. RIGHT);

3. Checkbox

o Can be checked or unchecked (binary option).

o Supports Item Event to detect changes.

o Example:

Checkbox cb = new Checkbox("Subscribe");

cb.addltemListener(e =~ -> System.out.println(""Checkbox
changed!"));

4. Check box Group

o Makes multiple checkboxes act like radio buttons (only one
selectable).

o Example:

CheckboxGroup bg = new CheckboxGroup(); Checkbox male
=new Check box("Male", bg, true); Checkbox female =
new Check box("Female", bg, false);

5. Choice (Drop-down List)

o Provides a list of options, only one can be selected.

o Example:

Choice ¢ =new Choice (); c.add("Option 1");

c.add("Option 2");

c.add("Option 3");

6. List

o Displays multiple items, single-select or multi- select.

o Can scroll if items exceed visible area.

o Example:
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List Ist =new List (4, true); / multi-select Ist.add("Java");
Ist.add("Python");
Ist.add("C++");
7. Text Field
o Single-line text input field.
o Can set editable/non-editable, and input length.
o Example: TextField tf = new TextField(20);
tf.addActionListener(e -> System.out.println("Input:
" +tf.getText()));
. Text Area
Multi-line text input or display.
Supports scrollbars, text appending, and line wrapping.
Example:
Text Area ta = new Text Area (5, 30); ta.append("Welcome to
AWT GUI Application!");
9. Password Field
o Special Text Field for masked input.
o Example: TextField pf=new TextField();
pf.setEchoChar("*");

O O O @&

3. Container Components
Containers hold and organize multiple components.
1. Panel
o Lightweight container for grouping
related components.
o Can have its own layout manager.
o Example: Panel p = new Panel ();
p.setLayout(new Flow Layout ()); p.add(new Button("OK"));
p.add(new Button("Cancel"));
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2. Frame

o Top-level window with title bar, borders, and menu bar.

o Can hold panels, buttons, labels, etc.

o Example:

Frame f=new Frame ("AWT Example"); f.setSize(400, 300);

f.setVisible(true);

3. Dialog

o Pop-up window for messages or input.

o Can be modal (blocks other windows) or non- modal.

o Example:

Dialog d =new Dialog (f, "Message", true); d.setSize(200,
100);

d.setVisible(true);

4. Applet

o Embedded GUI component in web browsers (legacy).

5. Scroll Pane

o Container that automatically adds scrollbars if content

exceeds visible area.

Example: ScrollPane sp =new ScrollPane(); sp.add(new

TextArea(10, 30));

o

4. Utility Components

1. Scrollbar

o Allows vertical or horizontal scrolling of content.

o Example:

Scrollbar sb =new Scrollbar (Scrollbar. VERTICAL, 0, 10, 0,
100);

2. Canvas

o Blank area for custom drawing like shapes, graphics, or
charts.
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o Example: Canvas ¢ =new Canvas() {

public void paint(Graphics g) { g.drawRect(50, 50, 100, 50);
g.drawString("AWT Canvas", 60, 80);

}

¥

3. MenuBar, Menu, Menultem

o For creating menus in windows.

o Example:

MenuBar mb =new MenuBar(); Menu m = new Menu("File");
Menultem mi =new Menultem("Open"); m.add(mi);
mb.add(m); f.setMenuBar(mb);

5. Text Components

¢ TextField — Single-line input.

o TextArea — Multi-line input or display.

o PasswordField — Hidden input field.

o Supports TextListener to detect content changes.

6. Event Handling

AWT UI components can generate events, which are handled
using listeners.

e Common Event Types:

1. ActionEvent — Buttons, Menultems, TextField (Enter
key).

2. TtemEvent — Checkbox, Choice selection.

3. TextEvent — TextField/TextArea content change.

4. WindowEvent — Window open, close, minimize,
maximize.

¢ Example — Button Click Event: Button btn =new
Button("Click Me");

btn.addActionListener(new Action Listener() { public void
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actionPerformed(ActionEvent e) {
System.out.println("Button clicked!");
}
}
)i

33 Text Components

Text components are used in GUI applications to input, edit, or
display text. AWT provides Text Field, Text Area, Label, and
Password Field as the main text components.

1. TextField — Single-Line Text Input

o Definition: Allows the user to input single-line text.
Detailed Features:

. Columns / Width — Determines visible width of the field.

. TextField tf = new TextField(25);

. Editable or Non-Editable — Can prevent user from typing.

. tf.setEditable(false);

. Default Text — Can set initial text for the user.

. tf.setText("Enter Name");

. Echo Character — Can mask input (if used like a

~N N RN = e

password).

8. Max Character Length — Can restrict number of
characters programmatically.

9. Text Alignment — Left, center, or right alignment (with set
Alignment).

10. Font and Style — Change font, size, and style using
setFont().

11. Color Customization — Set foreground (text) and
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background colors.

12. tf.set Back ground (Color. YELLOW);

13. tf.set Fore ground (Color.BLUE);

14. Event Handling:

= ActionListener — Detects Enter key press.

» Text Listener — Detects text changes.

15. Focus Control — Request focus programmatically
using request Focus ().

16. Tooltip — Guide users with set Tool Tip Text ("Enter
your full name").

e Common Use Cases: Username, email, numeric input,
search bars.

2. Text Area — Multi-Line Text Input
¢ Definition: Allows multi-line text input or display.
Detailed Features:
Rows and Columns — Defines visible size.
Text Area ta=new Text Area (5, 40);
Scrollbars — Supports vertical, horizontal, or both.
Text Area ta = new  Text Area (5, 40,
Text Area. SCROLLBARS BOTH);
5. Editable / Non-Editable — Can allow or prevent typing.

B e

o)

. Appending and Removing Text — Can dynamically add or
clear text.

7. ta.append("New message\n");

ta.setText(""); // clear

9. Font and Color — Customize appearance using set Font ()

>

and set Fore ground ().
10. Line Wrapping — Can manually wrap lines or rely on
scrollbars.
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Event Handling:
Text Listener — Detects changes in content.

Clipboard Support — Users can cut, copy, paste text.
Focus Control Can focu  Text Area
programmatically.

Common Use Cases: Comments, messages, logs, chat
windows.

. Label — Display Text / Instructions

Definition: Non-editable component that displays text or
instructions.
Detailed Features:

. Text Content — Can display short or long messages.
. Text Alignment — Left, center, or right using set

Alignment ().

. Foreground and Background Color — Customize colors.
. Font — Can set font type, style, and size.

. Dynamic Updates — Text can change during runtime.
. Ibl.setText("Updated Text");

. Tooltip Support — Provide additional info to users.

. Image Labels — Can also display images alongside text.

. Use with Input Fields — Usually paired with Text

Field/Text Area as instructions.
Common Use Cases: Field labels in forms, instructions,
notifications.

. Password Field — Hidden Text Input

Definition: Subclass of Text Field that masks input for
security.
Detailed Features:

75|Page



. Echo Character — Replace characters with * or other

symbols.
. Text Field pf = new Text Field ();
. pf.set Echo Char ('**');
. Editable / Non-Editable — Can toggle input ability.
. Event Handling;

ActionListener — Detects Enter key press for submission.

. Focus Handling — Automatically focus on password field

for login forms.

. Font and Colors — Customize appearance to match form

theme.

. Tooltip / Guidance — Guide users on password

requirements.
Common Use Cases: Password entry, PIN input, sensitive
data forms.

. Event Handling for Text Components

Text Listener — Detects content changes in Text Field or
Text Area.

ActionListener — Detects Enter key in Text Field.

Focus Listener — Detects when component gains or loses
focus.

Example — TextField Event: TextField tf = new
TextField(20);

tf.add Text Listener (e -> System .out.println("Text changed:

"+ tf.getText()));

tf.addAction Listener (e -> System.out.printIn("Enter

pressed!"));
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8.

. Styling and Customization
. Font and Style — Bold, Italic, or custom font.
. Foreground and Background Colors — Improve Ul

visibility.

. Alignment — Align text inside Text Field, Text Area, or

Label.

. Tooltip Text — Provides guidance for input fields.
. Focus Traversal — Allow navigation using Tab key between

fields.

. Input Validation — Programmatically restrict input to certain

characters.

. Practical Tips

Use Label + Text Field/Text Area combination for forms.
Use Text Area with scrollbars for long content input.
Use Password Field for secure inputs.

Always attach Event Listeners for validation or live
feedback.

Set Tooltips to guide users on expected input format.

Example — Combined Text Components

import java.awt.*; import java.awt.event.*;
public class Text Components Demo { public static void

main(String|[] args) {

Frame f=new Frame("AWT Text Components Demo");

f.setSize(450, 350);

f.set Layout (new Flow Layout());

Label IbIName =new Label("Name:"); Text Field tfName =
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new TextField(20);

Label IbIMsg = new Label("Message:");
TextArea taMsg = new  TextArea(5, 30,
TextArea. SCROLLBARS VERTICAL ONLY);

Label IblPass =new Label("Password:"); TextField pf = new
TextField(20); pf.setEchoChar("*");

Button submit = new Button("Submit");
submit.addActionListener(e -> {
System.out.println("Name: " + tfName.getText());
System.out.println("Message: " + taMsg.getText());
System.out.println("Password: " + pf.getText());

1)
f.add(IbIName); f.add(tfName); f.add(IbIMsg); f.add(taMsg);
f.add(IblPass); f.add(pf); f.add(submit);

f.setVisible(true);

H
H
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9. Image Example

Component Type Key Features [Example Use
Case
Columns, editable,
Text Field Single- text alignment, 'Username
line ActionListener, Text input
Listener
Rows/Columns, Scrollbars,
Text Area Multi- line Editable, Comments,
Append/Clear, Text messages
Listener
Display  |Alignment, Form
Label text foreground/background, instruction
font, dynamic updates s
IPassword Field [Single- [Masked input, editable, Password
line ActionListener, focus input
Event Handling [Listener- [Text Listener, ActionListener,|Detect input
based Focus Listener changes
34 Fonts and Layout Managers

In AWT, Fonts control how text appears in components, while

Layout Managers control the positioning and arrangement of
components inside containers.
1. Fonts in AWT
o Definition: The Font class is used to set the typeface, style,

and size of text in GUI components.

Key Features of Fonts

1. Font Class Constructor:

2. Font (String name, int style, int size)

o name — Font family, e.g., "Arial", "Times New Roman".
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style — Font.PLAIN, Font. BOLD, Font.ITALIC, or
combinations (Font. BOLD | Font.ITALIC).
size — Size of the font in points (integer).

. Font Styles:

Font.PLAIN — Normal text.

Font.BOLD — Bold text.

Font.ITALIC — Italicized text.

Combined styles can be applied:

Font f = new  Font("Arial", Font.BOLD
| Font.ITALIC, 16);

. Applying Fonts:
o Fonts can be applied to most Ul components:
Label, Button, TextField, TextArea, Checkbox,
etc.

O N O O Wi O O

O O O 32 0 O O

Label Ibl = new Label("Hello AWT");
Ibl.setFont(new Font("Verdana", Font. BOLD, 18));

. Changing Font at Runtime:

You can dynamically change font using setFont() method.
Useful for highlighting important text or changing themes.

. Font Metrics:

FontMetrics class provides details about font
dimensions:

FontMetrics fm = Ibl.getFontMetrics(Ibl.getFont());
int height = fm.getHeight();

int width = fm.stringWidth("Hello");

. Practical Tips:

Use consistent font sizes for readability.
Avoid too many font styles in the same window.
Use bold/italic to emphasize headings or errors.
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2. Layout Managers in AWT

2.1 Flow Layout

¢ Definition: Arranges components horizontally from left to
right, wrapping to next line if needed.

o Key Features:

1. Default layout for Panel.

2. Alignment options: Flow Layout. LEFT, Flow Layout.
CENTER, Flow Layout. RIGHT.

3. Can set horizontal and vertical gaps between
components.

o Example:

Panel p = new Panel ();

p.set Layout (new Flow Layout (Flow Layout. CENTER, 10,
20)); //

center alignment, gaps 10 & 20 p.add(new Button("OK"));
p.add(new Button("Cancel"));

2.2 BorderLayout

e Definition: Divides container into five regions: North,
South, East, West, Center.

Key Features:

Default layout for Frame.

Each region can contain only one component.

W N = e

Center region expands to fill remaining space.

o Example:

Frame f = new Frame ();

f.setLayout(new Border Layout (5, 5)); // horizontal & vertical
gaps

f.add(new Button("North"), Border Layout. NORTH);
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f.add(new Button("South"), Border Layout.SOUTH);
f.add(new Button("East"), Border Layout. EAST);
f.add(new Button("West"), Border Layout. WEST);
f.add(new TextArea(), Border Layout. CENTER);

2.3 Grid Layout
Definition: Arranges components in a grid of rows and

W N - e

columns, each cell same size.
Key Features:
Equal-sized cells.

Components fill the available space of their cell.

Can set horizontal and vertical gaps.
Example:

Panel p = new Panel();
p.setLayout(new GridLayout(2, 3, 10, 10)); // 2 rows, 3

columns, gaps 10px

p.add(new Button ("1"));
p.add(new Button ("2"));
p-add(new Button ("3"));
p.add(new Button ("4"));
p.add(new Button (“5"));
p-add(new Button ("6"));

24 Card Layout
Definition: Multiple components share the same display

area, only one visible at a time.
Key Features:

Useful for wizard-style interfaces or tab-like panels.

cards.

. Use next(container) and previous(container) to switch

82|Page



o Example:
Panel cards = new Panel (); CardLayout cl = new
CardLayout(); cards.setLayout(cl);

cards.add(new Button ("Card 1"), "c1"); cards.add(new
TextArea("Card 2 Content"), "c2");

cl.show(cards, "c2"); // show Card 2

2.5 GridBagLayout

e Definition: Most flexible and complex layout manager,
arranges components in grid cells with varying sizes.

o Key Features:

1. Control row/column span with grid width and grid
height.

2. Specify component weight to control space
allocation.

3. Supports padding and insets for spacing.

o Example:

Frame f = new Frame ("Grid Bag Layout Demo");
f.setLayout(new Grid Bag Layout ()); Grid Bag
Constraints gbc =new Grid Bag Constraints();

gbc.gridx = 0; gbc.gridy = 0; f.add(new Label("Name:"), gbc);
gbc.gridx = 1; gbc.gridy = 0; f.add(new TextField(20), gbc);
gbc.gridx = 0; gbc.gridy = 1; f.add(new Label("Message:"),

gbo);
gbe.gridx = 1; gbc.gridy = 1;
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gbc.gridwidth = 2;

f.add(new TextArea(5, 20), gbc);

Use Cases: Forms, calculators, complex UI with different-
sized components.

w

Practical Tips for Layout Managers

—

. Use simple layouts (Flow Layout/Grid Layout) for basic
GUIs.

Border Layout is ideal for full-window designs.

Grid Bag Layout for complex, flexible layouts.

Combine layouts using Panels as nested containers.

kW

Avoid absolute positioning with set Bounds (); layouts
make GUIs responsive.

- Example — Fonts + Layout Managers Combined
import java.awt.*;

public class Font Layout Demo {

Frame f=new Frame ("Font & Layout Example"); Font fontl
=new Font ("Arial", Font. BOLD, 18);

public Font Layout Demo () { f.set Size (400, 300);

f.set Layout (new Border Layout (5,5));

Label Ibl =new Label ("Enter Name:"); Ibl.setFont(font1);

Text Field tf = new Text Field (20);
tf.set Font (new Font ("Times New Roman", Font. PLAIN,
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14)); Panel center Panel = new Panel ();

center Panel. set Layout (new Flow Layout ()); center Panel.
add (Ibl);

center Panel.add(tf);

f.add(center Panel, Border Layout. CENTER); f.set
Visible(true);

H

public static void main (String [] args) {new Font Layout
Demo ();
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