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Object Oriented Programming

@ A programming paradigm based on the concept of "objects”.
e The 4 Pillars (Key Principles of OOP):
Encapsulation
Abstraction
Inheritance
Polymorphism
@ Pros: Real-world modeling, Modularity, Reusability, Scalability
(at project level), Maintainability, Improved collaboration
o Modeling complex, real-world systems
o Building large, maintainable systems
e Working in teams

@ Cons: Complexity, Performance overhead, More design effort,
Steeper learning curve, Overengineering
e Overkill for small, one-off scripts or purely functional logic
@ In Java, everything is an object (except primitives).
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OOP Definitions

o Object: A software entity that encapsulates state (data) and
behavior (what it can do).

@ Class: A blueprint or template that defines the structure and
behavior of its objects: an object is an instance of a class.

o Reference: A variable that holds the address of an object in
memory. All non-primitive types are accessed via references.

@ Program: A collection of objects that interact with each other
within a Java Virtual Machine (JVM).

o Interface: An abstract type that defines a set of method
signatures (a contract) that implementing classes must fulfill.

e Package: A namespace that organizes related classes and
interfaces, helping to avoid naming conflicts.

@ Module: A named, self-describing collection of packages that
allows for better runtime modularization and encapsulation.
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Class - Reference - Object

House Class \

Class: Template

(House) Objects: Instances
(myHouse,
yourHouse,
anotherHouse)

. l’ fnyHouse

g
2\ “ Reference:
Points to an object
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Creating Objects

Creating an object is done using the new operator - it allocates
memory and returns a reference to the newly created object.
ReferenceType refName = new ClassName([args]);

Point p = new Point(0, 0);

//Point is the reference type and also the implementing class

//p is a reference type variable

//new allocates memory on the heap and returns the memory address
//p stores on the stack the address of the object

//Point(0, 0) is a constructor call, initializing the object

new Point (0, 0@); //type inference, for local variables only
new Rectangle(p, new Dimension(10, 10));

var p
var r

A reference variable is null by default.

Point p; // p is null, does not reference any object
p.x = 10; // throws NullPointerException at runtime &9

Point p[] = new Point[100]; p[0].x = 10; // Is this ok?
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Stack and Heap

@ Stack: Stores local primitives and references to objects.
Fast access, fixed mem. allocation, small size, leads to
StackOverflowError if full. Each thread has it's own stack.

e Heap: Stores objects. Slower, grows dynamically, large size,
leads to OutOfMemoryError if full. All threads share the heap.

Stack - Values Heap - Objects
2 /~
| Point pl; |
| Point p2 |——=—>| new Point(0,0); |
| Point p3 |——=7)| new Point(0,0); |
. /
| Point p4 = p3; |/
RN

p2 == p37 @
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Testing Object Equality

@ —= tests if two variables reference the same object.
Point pl = null;
Point p2 = new Point(0, 0);
Point p3 = new Point(0, 0);
Point p4 = p3;

p
pl == p2; //false
p2 == p3; //false, different memory addresses
p3 == p4; //true, same memory address

@ .equals tests if two objects have the same content.

p2.equals(p3); //true, the two objects have the same content
//How to decide if two objects have the same content? @

@ Objects.equals tests if two objects are equal, in a null-safe and
null-tolerant manner.

p2.equals(pl); //false

pl.equals(p2); //NullPointerException @
Objects.equals(pl, p2); //false

//0bjects is a class from java.util package.
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Using Objects

The . dot operator

Point point = new Point();

point.move (10, 20); //set the location to x=10, y=20
point.setLocation(10, 20); //JavaBeans style @

int x = point.getX(); //getter (accessor)

point.setX(10); //setter (mutator)

int y = point.y; //legal, is this good practice?
System.out.println(point); //prints java.awt.Point[x=10,y=20]

Best practice favors encapsulation - keeping fields private and
exposing them through getters and setters (if necessary).
Objects are passed by the reference value

public void someMethod(Point point) {
//point is the value of the reference to the caller's object,
//received as argument; through it, we access the object content
point.setLocation(10, 20); //modifies the content of the object
point = new Point(30, 40); //does not alter the caller's object
//the variable point now references the new object
//the caller's object becomes out of reach in this method
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Example: Pass-by-Value

public class Demo {
void method(StringBuilder sl1l, StringBuilder s2, int number) {

}

// StringBuilder is a reference data type

// s1,s2 are the values of the references to the caller's objects
// int is a primitive data type

// number is the value sent by the caller

sl.append("bc");
s2 = new StringBuilder("yz");
number = 123;

public static void main(String args[]) {

}

var sl = new StringBuilder("a");

var s2 = new StringBuilder("x");

int n = 0;

new Demo().method(sl, s2, n);

//What prints the following invocation?
System.out.println(sl + ", " + s2 + ", " + n);

How to implement the void swap(int a, int b) method?
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Destroying Objects

@ Objects are automatically destroyed when they are not
referenced anymore. No way to destroy them explicitly!
@ In Java, there are no destructors, nor delete or free keywords.
@ An object becomes unreachable when no variables reference it
anymore. This may happen because the variables:
e no longer exists in a natural way (go out of scope);
o were explicitly set to null.

public class Test {
private String member;
public void begin() {
member = new String("Hello");
String local = new String("World");

public void end() { member = null;}

}

Test test = new Test();
test.begin(); //how many objects and references to them?
test.end(); //how about now?
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Garbage Collector

The Garbage Collector (GC) is an automatic memory management
mechanism that reclaims heap-allocated memory occupied by objects
that are no longer reachable. (Java, C#, Python, JavaScript, Go)

GARBAGE

COLLECTOR J\lj/ v

Unreacheable Objects

l (No reference to them)

GC prevents memory leaks, avoids manual deallocation errors

(dangling pointers), increases productivity and safety.
11/42



How GC Works

@ The GC traverses the object graph starting from root
references (thread stacks, static fields, etc.) and marks all
reachable objects.

@ Unreachable objects (those not referenced by any root or live
object) are considered garbage and are eligible for collection.

o GC starts when the JVM cannot allocate mem. for new objects.

java -verbose:gc MainClass

[GC (Allocation Failure)
1048576K -> 31562K (4019712K), 0.01 secs]
used before GC used after GC total allocated

@ When it starts, GC removes the unused objects and it may also
compact memory, to reduce fragmentation.

e System.gc() method "suggests” JVM to start GC.

@ The deprecated method finatize{) is invoked for each object

that is about to be removed from the memory. Don’t use it.
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Generational Garbage Collection

@ Memory is divided into generations, that is, separate pools
holding objects of different ages. The most widely-used
configuration has two generations:

e one for young objects (Eden Space, Survivor Spaces) and
o one for old objects (Old Generation, Permanent Generation).

e The weak generational hypothesis states that:

o Most allocated objects are not referenced (considered alive) for
long, that is, they die young.
o Few references from older to younger objects exist.

@ Young (minor) generation collections puts a premium on
speed, since they are frequent, removing lots of objects that are
no longer referenced.

e Old (major) generation collections are less frequent and are
typically managed by algorithms that are more space efficient.
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GC Algorithms

There are multiple GC algorithms, each with different trade-offs
in performance, pause time, and memory overhead.
Reference counting vs. Mark-and-Sweep
Stop-the-World (STW): Halts application threads during GC
Concurrent Collection: Runs alongside application threads
Existing GC implementations:

e Mark-Sweep-Basic / Mark-Sweep-Compact

e Concurrent Mark-Sweep (CMS)

o Garbage-First (G1 GC)

— Balanced throughput & latency, default since Java 9

e ZGC & Shenandoah (Ultra-low-latency, scalable for large heaps)
Research continues in real-time GC (predictable and bounded
pause times), region-based memory management (group
allocations), and adaptive GC for multicore and cloud-native
systems (adjustable behavior based on runtime conditions).
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The Size of an Object

@ An object allocated on the heap has a header which contains
information used for locking, GC or the identity of that object.

@ The size of the header depends on the OS:

o 8 bytes on 32 bit architectures,

o 12 bytes on 64 bit compressed OOPs (Ordinary Object
Pointers) or

e 16 bytes on uncompressed 64 bits.

e JVM aligns data: an object that wraps just one byte will not
use 12 (object header) + 1 (content) = 13 bytes of memory on
the heap, but it will use 16 bytes as it needs to be aligned to the
next 8 byte boundary.

@ Don't use wrappers for primitive values if you don't have to.

int x = 123456; //primitive, 4 bytes
Integer y = 123456; //object, could take up 24 bytes! A\
//4 (reference) + 12 (header) + 4 (value) + 4 (padding) = 24
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Escape Analysis

@ Technique used by the JIT compiler to optimize memory
allocation and improve performance. It determines the scope of
object references and whether an object can be safely
allocated on the stack instead of the heap.

public class EscapeExample {
Point cached;
public int compute() {
Point p = new Point(1l, 2);
//object p does not escapes the method
//cached = p; //if we allow this, p escapes the method
return p.x + p.y;

}

}

@ Optimizations enabled by Escape Analysis:
e Stack Allocation: p is stored on the stack, instead of heap.
e Scalar Replacement: JVM may replace the object p with its
fields X, Yy as individual local variables, avoiding unnecessary

object creation.
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Afraid of Creating Objects?

public class Demo { . _ Using 1000800 objects: 69 ms
public static void main(String args[]) { Using 1000000 objects: 57 ms
i : = . Using 1000000 objects: 54 ms
:!'nt nbobjects 1—090—000' Using 1000000 objects: 62 ms
int nbSteps = 1_000; Using 1000000 objects: 93 ms
var app = new Demo(); Using 1000000 objects: 94 ms
: = . . Using 1000000 objects: 83 ms
for (int k = @; k < nbSteps; k++) { Using 1000000 objects: 86 ms
app.testObjects(nbObjects); Using 1000000 objects: 59 ms
} Using 1000000 objects: 56 ms

} [GC (Allocation Failure)
. . . . 1048576K->31610K(4019712K) ,

private void testObjects(int n) { 0.0230124 secs]

long tO = System.currentTimeMillis(); gsing 1833333 Ogiec’éﬁ g% ms
_ . sing objects: ms
Person[] persons = new Person[n]; Using 1000000 objects: 32 ms
for (int 1 =0; 1 < n; i++) { Using 1000000 objects: 33 ms
ersons[i] = new Person . Using 1000000 objects: 32 ms
p (1] 0; Using 1000000 objects: 32 ms
¥ o . _ Using 1000000 objects: 31 ms
for (int 1 = 0; i < n; i++) { Using 1000000 objects: 32 ms
persons[i].setName("Person " + i); Using 1000000 objects: 33 ms

Using 1000000 objects: 32 ms
Using 1000000 objects: 32 ms

long t1 = System.currentTimeMillis(); [GC (Allocation Tailure) )
: _ . 1080186K->14514K (4019712K) ,
System.out.println(tl t0); 0.0120782 secs]
} Using 1000000 objects: 47 ms
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Declaring a Class

[modifiers] class ClassName
[extends SuperclassName]
[permits SubclassNames]
[implements InterfaceNames] {

The Class Body
Variables
Constructors
Methods
Nested classes

Creating a class is easy. Modeling an entire system is hard, because
it's not only about writing code. You need to:

@ Understand the domain.

@ Choose the responsibility of each class.

@ Design how classes collaborate (cohesion and coupling).

@ Plan for extensibility and maintainability, etc.
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Example: A Simple Mutable Class

public class Dog {
private String name; //member variable, default value is null
private int age; //default value is 0; should we use Integer?

public Dog() { } //no-arg constructor; is this required?

public Dog(String name, int age) {
this.name = name;
this.age = age; //we should validate name and age...

}
public String getName() { //getter (accessor)
return name;

public void setName(String name) { //setter (mutator)
this.name = name;
}

public int getAge() { return age; }
public void setAge(int age) { this.age = age; } //validate...
public void bark() {

System.out.println("Woof!");

} // This is a mutable class. How to make it immutable?
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Example: A Simple Immutable Class

import java.time.LocalDate; var date = LocalDate.of (1995, 05, 23);
var duke new Person("Duke", date);
System.out.println(duke.getAge());
System.out.println(duke);

public class Person {
private final String name;
private final LocalDate dateOfBirth;

public Person(String name, LocalDate dateOfBirth) {
this.name = name;
this.date0OfBirth = dateOfBirth; //validate...

}
public String getName() {
return name;

}
public LocalDate getDateOfBirth() {
return dateOfBirth;
}
public int getAge() {
return Period.between(dateOfBirth, LocalDate.now()).getYears();

}
public String toString() { return name; }
} // This is an immutable class. How to make it mutable?
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An Overview of Classes

o Classification

Purpose: concrete, abstract, record, interface, enum
Location: top level, nested (static, inner, local, anonymous)
Access: public, package-private (default)

Pattern: Singleton, Factory, Builder, POJO, etc.

o Architectural Role: Model, DTO, Service, Controller, etc.

o Relationships

o Inheritance: a class extends another class (is-a)
o Implementation: a class implements an interface
e Association: a class uses another class

o Aggregation: weak ownership (has-a)

e Composition: strong ownership (has-a)

By Direction: Unidirectional / Bidirectional
By Multiplicity: One-To-One, One-To-Many, Many-To-One,
Many-To-Many
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Example: Class Roles and Relationships

class Category { // Model (Domain): Plain 0ld Java Object (P0JO)
String name;
List<Product> products;

class Product { // Product-Category is bidirectional
String name;
double price;
List<Category> categories; // many-to-many

class Item { // Item-Product is unidirectional
Order order;
Product product; // Association: Item "has-a" Product
int quantity;

class Order { // Order-Item is bidirectional, one-to-many
List<Item> items; // Aggregation: Order "has-many" Items
String orderld;

}

class OrderRepository { } // Database operations (CRUD)

class OrderService { } // Algorithms, data aggregation, etc.
class OrderController { } // Receiving orders via HTTP

class OrderDTO { } // Data Transfer Object (frontend-backend)
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Access Level Modifiers

Access level modifiers determine whether some class can use another
class, field, or invoke a particular method. There are two levels of
access control:
e Top level: public, or package-private (no explicit modifier)
e Member level: public, private, protected, or
package-private (no explicit modifier)

Access Modifier | Class | Package | Subclass | World
public v v v v
protected v v v (—
(no modifier) v v () @
private v () (—} —
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Inheritance

Inheritance is an OOP concept where a child class (called also
derived class or subclass) inherits properties and behaviors
(methods) from a parent class (called also base class or
superclass).

public class Student extends Person { }
public class Teacher extends Person { }
// Person is the superclass, Student and Teacher are subclasses

Advantages: Code reusability, Extensibility, Hierarchy
modeling, Runtime polymorphism, etc.

Disadvantages: Tight coupling, Fragile base class problem,
Inflexible and complex hierarchies, Method overriding
complications, etc.

Effective Java: "Favor composition over inheritance”.

Java has single inheritance only: A class has a single parent.

public class Student extends—Person—Rebet { } // Compile error
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Why Single Inheritance?

@ Avoids the Diamond Problem &

class A { void method() { } }

class B extends A { void method() { } }
class C extends A { void method() { } }
class D extends B, C { //what method? {

} } //not legal in Java

e Simplicity: Simpler to use and learn, easier to compile and run,
no need for complex method resolution, etc.

@ Promotes cleaner design: encourages composition over
inheritance.

@ Clear linear hierarchy: single responsibility principle,
straightforward constructor chaining, no conflicting states.

@ Single inheritance is more restrictive but it leads to more
maintainable and less error-prone code in practice.

e Single: Java, Kotlin, C#, Swift, Ruby. etc.
Multiple: C++, Python, Perl, Scala (using traits), etc.
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The Object Class

e Object is the root of the class hierarchy.
Every class extends, directly or indirectly, the Object class.
@ Object is in the java.lang package, automatically imported.
@ All objects, including arrays, implement the methods of the
Object class, such as equals, hashCode, clone,
toString, etc.

Object
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Example: The Complex Class

public class Complex { //extends Object by default
private final double re; //the real part
private final double im; //the imaginary part

. . Complex z1 = new Complex(1,2);

publlc.Complex(double re, double im) { Comglex D = N Comglex§2,3§;
this.re = re; Complex z3 = new Complex(3,5);
this.im = im;

}
public double getReal() {

Complex sum = z1l.add(z2);
System.out.println(sum);
System.out.println(sum.equals(z3));

return re;

}
public double getImaginary() {

return im;

}
public Complex add(Complex other) {

return new Complex(this.re + other.re, this.im + other.im);

@Ooverride
public boolean equals(Object obj) { //checks whether another object is equal to this one

if (this == obj) return true;
if (obj == null || getClass() != obj.getClass()) return false;
Complex other = (Complex) obj;

return Double.compare(re, other.re) == 0 &&
Double.compare(im, other.im) == 0;
//why Double.compare, instead of re == other.re && im == other.im ?
}
@Override

public String toString() {

return re + " + " + im + "i"; //a string representation of the object
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Reference Type - Class Instance

An object can be referenced by a variabile with a proper type.
Liskov substitution principle (LSP): if S is a subtype of T, then
objects of type T may be replaced with objects of type S.

Object « Polygon <« Rectangle <« Square

public class Polygon {
public void draw() {
System.out.println("Polygon");
}

public class Rectangle extends Polygon {
@Override
public void draw() {
super.draw(); //extension
System.out.println("Rectangle");

}

public class Square extends Rectangle {
@Override
public void draw() {
//complete override
System.out.println("Square");
}

Square
Rectangle
Polygon
Object
Square

Rectangle
Polygon

s =

new

Square(); // 0K

s.draw(); // Square

r =

new

Square(); // OK

r.draw(); // Square

p =

new

Rectangle(); // OK

p.draw(); //Polygon Rectangle

0 =

badl
bad2
bad3

new

Polygon(); // OK

new Rectangle(); // Not OK
new Polygon(); // Not OK
new Object(); // Not OK
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Constructors

Constructors are special methods used to initialize objects: they have
the same name as the class, no return type (not even void) and are
called automatically when object is created with new.

public class Polygon { .
protected int sides; @ super(...) must be the first
//inherited by the subclasses .

statement in a constructor.

public Polygon() {
//no-arg constructor

//constructor chaining o If there is no super(...), the
this(0); . . .
} compiler adds it automatically
public Polygon(int sides) { . .
//constructor overloading as the first line of a constructor,
this.sides = sides;
System.out.println("-->Polygon"); calling the no-arg constructor

}

public class Rectangle extends Polygon {
public Rectangle() {

of the superclass. A\

// invoking superclass constructor @ Constructors are not inherited.
super(4);
System.out.println("-->Rectangle");

) } Square s = new Square();

public class Square extends Rectangle { --> PO].ngﬂ

//default constructor generated by the compiler ..> Rectangle
}
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class Person {
public void sayHello() {
System.out.println("Hello!");

public void sayHello(String ... names) { //overloading
for(var name : names) //variable number of arguments
System.out.println("Hello " + name + "!");

}

class Student extends Person {
@Override
public void sayHello() { //extension
super.sayHello();
System.out.println("What's up!");

@Override
public void sayHello(String ... names) { //complete override
for(var name : names) System.out.println("Hey " + name + "!");
} // person.sayHello("Bjarne", "James", "Anders"); person.sayHello("Guido");

Must be defined inside the class (no friend methods).
Accept zero or more parameters (no default arguments).
Can have a variable number of arguments (... syntax).
Can be overloaded: same name, different signatures.

Can be overriden: same method in subclass and its parent.
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Abstract Classes

e Define a template (common base) on which concrete classes
can be created, by extending (subclassing) them.

@ Can have everything a class has, plus abstract methods
(methods without a body). The abstract methods must be
overriden by the concrete subclasses, if there are any.

@ Cannot be instantiated.

public abstract class Shape {
protected double x, y; // inherited in subclasses
public Shape(int x, int y) {
this.x = x; this.y =y;

}
public void translate(int dx, dint y) { //concrete method
thix.x += dx; thix.y += dy;

}

public abstract void draw(); //abstract method (no body)
}
public class Polygon extends Shape {

public Polygon(int x, int y) { super(x,y); }

@Override

public void draw() { //implementation of the abstract method
System.out.printf("Polygon with center at: %d,%d%n", x, y);

}
} // Shape—s=—newShapet); Shape s = new Polygon()

31/42



Nested Classes

@ Nested classes are classes declared within other classes.
@ They are useful for organizing code and encapsulatin logic (think
of the Node class needed by a LinkedList implementation).

public class Outer {
static class StaticNested {
// No difference from any other class
// May be private, protected, public
}

private class Inner {
// Member Class
// Has access to all members of the outer class

}

@ Local Classes (declared inside a method) and Anonymous
Classes (classes without a name &)

@ When compiled: Quter.class,

Outer$StaticNested.class, Outer$Inner.class
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The final keyword

e A final class cannot be extended (no subclassing allowed).
Improves immutability of classes, making them more predictable.

‘final class String{} eltass—StringHack—extends—String—{+ ‘

e A final method cannot be overriden.
Protects the internal logic of methods.

class StudentInfo extends Student {

} //assume that computeGrade is final in class Student

@ A final variable cannot change its value. For objects, this
means that the reference is fixed, but the content can still

change. The compiler and JVM can optimize final variables.
final int max = 100; max—=266;

final Point p = new Point(0,0);
p—=—newPoint{10;—16}; p.setlLocation(10, 10);

t\@
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The static keyword

@ A static member belongs to the class, not to individual objects.
Static variables (Class variables) are shared by all instances

of a class. This allows efficient declaration of constants.

public class Circle {
public static final double PI = 3.141592653589793;
} //what happens when we create an array of 1 000 000 circles?

Static methods (Class methods) are available at the class

level, they don't depend on an object state.
Used for "global” methods.

public final class Math {
private Math() {} //don't let anyone instantiate this class
public static int max(int a, int b) { return (a >=b) ? a :

}

b; }

Static members are accessed using their class name.

double circleArea = Circle.PI * radius;
int maxValue = Math.max(a, b);
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Sealed Classes

@ Allow restricting which classes can extend or implement a
superclass. — fine-grained control over inheritance.

o Allow compile-time exhaustiveness checks, using pattern
matching switch expression (enhanced switch).

e Open/Closed Principle: classes should be open for extension
but closed for modification - under controlled conditions.

public sealed class Shape permits Circle, Polygon {}
final class Circle extends Shape {}

sealed class Polygon extends Shape permits Rectangle {}
non-sealed class Rectangle extends Polygon {}

Contextual keywords: (these are not reserved words)
e sealed — defines a restricted class
@ permits — specifies allowed subclasses

@ Subclasses must be final, sealed, or non-sealed
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Checking the Class of an Object

e OIld Way: multiple instanceof checks

String describe(Shape shape) {
if (shape instanceof Circle) {
Circle ¢ = (Circle) shape;
return "Circle, with radius: " + c.radius();
} else if (shape instanceof Polygon) {
Square s = (Square) shape;
return "Square, with side: " + s.side();
} else { //what to do with unknown shapes? }

}

o New Way: Pattern Matching switch

String describe(Shape shape) {
return switch (shape) { //no need for explicit casting
case Circle ¢ -> "Circle, with radius: " + c.radius();
case Square s -> "Square, with side: " + s.side();
T
//compile-time exhaustiveness checks with sealed types
//no need for a default branch if Shape is sealed
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@ Special classes that represent immutable data.

‘public record Person(int id, String name) {}

o Immutable by default (all fields are final, no setters).
@ A canonical constructor is generated by default.

public record Person(int id, String name) {
this.id = id;
this.name = name;

} //Usage: Person person = new Person(1l, "James");

@ The accessors have the names of the fields.

" n
’

System.out.println(person.id() + + person.name());

@ Automatically implement equals, hashCode, toString.
@ Can have other methods and static fields.
@ Can implement interfaces but cannot extend other classes.

@ Used for simple data carriers, such as DTOs or API responses.
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Enums

@ An enum defines a fixed set of constants. It is a type-safe
way to represent a group of predefined values.

public enum Signal {
RED, YELLOW, GREEN;
} //no need to write public static final and "invent" a value

@ Enums are used like a reference data type.

public class TrafficLights {
public static boolean isCrossingAllowed(Signal signal) {
switch (signal) {
case Signal.GREEN: return true;
default: return false;

}

@ Enums are actually classes extending java. lang.Enum.

for (Signal s : Signal.values())
System.out.println(s.ordinal() + ", " + s.name());
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Creational Pattern: Singleton

A Singleton class restricts the instantiation to a single object.

public class Singleton {
private static Singleton instance; //the single object
private int value; //the content of the single object

private Singleton() { } //prevent instantiation

public static Singleton getInstance() { //access to the instance
if (instance == null) {
//lazy object creation
instance = new Singleton();
}
return instance;
}
//logic of the class
public int getValue() { return value; }
public void setValue(int value) { instance.value = value; }
}
//How to use a Singleton
var a = Singleton.getInstance(); a.setValue(100);
var b = Singleton.getInstance(); System.out.println(b.getValue());
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Creational Pattern: ObjectFact

An ObjectFactory is a component whose primary responsibility is to
create objects. Instead of instantiating objects directly using new,
you delegate the object creation process to a factory.

public class ShapeFactory {

public static Shape createShape(String shapeName) {

switch (shapeName.tolLowerCase()) {
case "square":
return new Square();
case "rectangle":
return new Rectangle();
case "polygon":
return new Polygon();
default:
throw new IllegalArgumentException("Unknown shape");
}

}
} // Shape shape = ShapeFactory.createShape("square");
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Creational Pattern: Builder

A Builder is used to construct complex objects step by step.
It is useful when an object has many optional or configurable
parameters.

public class Person {
private String name;
private LocalDate dateOfBirth;
private String email; //and many other properties

private Person(Builder builder) { //private constructor
this.name = builder.name;
this.dateOfBirth = builder.dateOfBirth;
this.email = builder.email;

public static class Builder { //nested Person person = new Person.Builder()
private String name; //builder data .setName ("Duke")
private LocalDate dateOfBirth; .setDate0fBirth(LocalDate.of (1995, 5, 23))
private String email; .setEmail("duke@sunmicroysstems.com")
.build();
public Builder setName(String name) {
thls.name'= name; //Useful for complex, immutable,
return this; o //or partially optional objects
} //and the other similar setters //that need to be created safely.

public Person build() { //validate
return new Person(this);
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OOP Pillars, Everything is an object (except primitives)

Object, Class, Reference, Program, Interface, Package, Module
Creating objects, new, Using objects, NullPointerException
Stack, Heap, .equals, Pass-by-value

Garbage Collector, Generational collection, Mark-and-Sweep, G1
Object header, Escape analysis, Scalar Replacement

Declaring a class, Overview of class roles and relationships
Access level modifiers, Single inheritance, Object class

Liskov substitution principle, Constructors, Methods

Abstract classes, Nested classes, Sealed classes, Records, Enums
final, static keywords

Creational design patterns: Singleton, Factory, Builder
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