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Programming Concepts



The OO Paradigm: Main characteristics

Abstraction
Encapsulation

Inherita nce

Polymorphism
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The OO Paradigm: Abstractions

e An abstraction is a simplified description of a system which

captures the essential elements of that system while suppressing
all other elements.

® Abstractions are mostly classes.

* Programs are organized as collections of cooperative, dynamic
objects, each of which is an instance of some class.

class objects
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The OO Paradigm: What Is a Class?

* A class is a blueprint or

class Bicycle {

prototype from which objects int cadence = 0;
int speed = 0;
are created. int gear - 1;
. . void changeCadence (int newValue) {
¢ |t is an abstraction of an cadence = newvalue;
- . . }
ObleCt’ Ilke Blcyc:l_e' void changeGear (int newValue) {
® The fields cadence, speed, gear = newvalue;
}
and gear represent the void speedUp (int increment) {

ObJeCt’S State’ speed = speed + increment;
}
° The methOdS void applyBrakes (int decrement) {
(changeCadence, speed = speed - decrement;
}
changeGear, speedUp )
etc.) define its interaction

with the outside world.




The OO Paradigm: What Is an Object?

¢ |t is an instantiation of a class Bicyclepemo |

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

e It stores its state in fields [/ Creare tro difresent Sleyele
(variables) and exposes its Bicycle bikel - new Bicycle();
behavior through methods. D vake metnode e hjects

* Methods operate on an T
object’s internal state and bikel.changeGear (2);
serve as the primary bikes. spaaatp ory
mechanism for object-to-object bike2.changeGear (2)
communication. !

¢ Hiding internal state and
requiring all interaction to be
performed through an
object’'s methods is known
as data encapsulation



The OO Paradigm: Encapsulation

¢ We encapsulate the details of a class inside its private part so
that it is impossible for any of the class’s clients to know about or
depend upon these details.

¢ The ability to change the representation of an abstraction
(data structures, algorithms) without disturbing any of its
clients is the essential benefit of encapsulation.

class Bicycle {

private int cadence = 0;

private int speed = 0;

private int gear = 1;
e public void changeCadence (int newValue) { ... }
Instance Vasiables ~ public void changeGear (int newValue) { ... }
public void speedUp (int increment) { ... }
public void applyBrakes (int decrement) { ... }

Private Methods




The OO Paradigm: What Is Inheritance? (l)

* Inheritance provides a powerful and natural mechanism for
organizing and structuring your software.
¢ Different kinds of objects often have a certain amount in common
with each other.
® Mountain bikes, road bikes, and tandem bikes, for example, all
share the characteristics of bicycles (current speed, current pedal
cadence, current gear).
® Yet each also defines additional features that make them different:
tandem bicycles have two seats and two sets of handlebars; road
bikes have drop handlebars; some mountain bikes have an additional
chain ring, giving them a lower gear ratio.



The OO Paradigm: What Is Inheritance? (ll)

class MountainBike extends Bicycle {

// new fields and methods defining
// a mountain bike would go here

Extends Extends Extends

MontainBike RoadBike TandemBike




The OO Paradigm: What Is Inheritance? (lll)

e OO Paradigm allows classes to inherit commonly used state and
behavior from other classes.

e Each class is allowed to have one direct superclass, and each
superclass has the potential for an unlimited number of
subclasses.

Super Class

Extends Extends Extends

Sub Classes

MontainBike RoadBike TandemBike




The OO Paradigm:Polymorphism (l)

e The word “Polymorphism” comes from two Greek words, “many”
and “form”.
® We can illustrate the idea of polymorphism easily using the
scenario where different animals are asked to “speak”.

If you ask different animal to “speak”, they responds in
their own way.

Spenki™

Same Function Different Behavior




The OO Paradigm:Polymorphism (ll)

e Overloading is static polymorphism.
e Overriding is dynamic polymorphism.

Polymorphism

Overloading Overriding

Overloading method where more

than one methods share the Overriding method of super
same name with different class by method of child class,
parameters or signature s which is done by JVM
e ==

Occurs during Compile time Occurs during Run time
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The OO Paradigm:Polymorphism: Overloading

e This allows us to have more than one method having the same
name, if the parameters of methods are different in number,
sequence and data types of parameters.

class SimpleCalculator
{
int add(int a, int b)
{
return a+b;
}
int add(int a, int b, int c)
{
return a+b+tc;

}
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The OO Paradigm:Polymorphism: Overriding

public class ABC{
public void myMethod () {
System.out.println("Overridden Method: ABC");

public class XYZ extends ABC{
public void myMethod () {
System.out.println("Overriding Method: XYZ");

public class Mainf{
public static void main(String args[]) {
ABC objl = new ABC();

objl.myMethod(); // This would call the myMethod() of parent class ABC
XYZ obj2 = new XYZ();

obj2.myMethod(); // This would call the myMethod() of child class XYZ
ABC obj3 = new XYZ();

obj3.myMethod(); // This would call the myMethod() of child class XYZ




Java Basics



What Is a Package?

e A package is a hamespace for organizing classes and
interfaces in a logical manner.
® A package is a collection of classes with a related purpose.
® Java classes are grouped into packages. Use the import
statement to use classes that are declared in other packages.

e Conceptually you can think of packages as being similar to
different folders on your computer.

¢ Java library consists of several hundred packages.

java

? ? 2 2 2 3

lang util io applet net awt




Creating a Package

* To create a package, you choose a name for the package and put
a package statement with that name at the top of every source
file that contains the types that you want to include in the package.

Syntax package packageName;

package com.horstmann.bigjava;

The classes in this fils =
belong to this package. A good choice for a package name
is a domain name in reverse.

(& home
M ﬁ britney Base directory
¥ & hws
Y@ problem1 Path matches

v (& horstmann
¥ (@ bigjava
Y Financial java

v (& com } package name



Using a Package

e Use the import statement to use classes that are declared in
other packages.

Syntax  import packageName.ClassName;

Package name Clage name
~ Ve
Import statements . e A
Sl i top of import java.awt.Rectangle;
the souree file.

You can look up the package name
in the APl documentation.

Include this line so you can
use the Scanner elass. —_

import java.util.Scanner;

Create a Scanner object

to read keyboard input. T Scanner in = new Scanner (System.i0): Doyt ug printin here.

Displey a prampt in the console window. —___ System.out.print("Please enter the number of bottles: ");

i
int bottles = in.nextInt();
Define a variable to hold the input value. — e bortles = e

\ The program waits for user input,
then places the input into the variable.




Class

¢ A Java application is composed by a set of classes.

Syntax  accessSpedfier class ClassName
{

instance variables
ConstrHCtoTs
methods

public class Counter

{

private int value;

Private
implementation

public Counter(int initialvalue) { value = initialvalue; }

Public interface
public void click() { value = value + 1; }
public int getValue() { return value; }

}




Subclass

* A class that inherits variables and methods from a superclass but
may also add instance variables, add methods, or redefine
methods.

Syntax public class SubclassName extends SuperclassName
{

instance variables
methods

) The reserved word extends
denotes inherifance.
Declare instance variables Subclass Superelass
that are added to / / P
the subclass. public class ChoiceQuestion extends Question

{

private ArrayList<String- choices;

Declare methods that are
added to the ’"hh”“'—‘——-—ﬁ public void addChoice(string choice, boolean correct) { . . . }

Declare methods that public void display() { . . . }
the subclass werrides.’/;




What Is an Interface? ()

¢ Aninterface is a contract between a class and the outside world.
* When a class implements an interface, it promises to provide the
behavior published by that interface.
¢ An interface is a group of related methods with empty bodies
(abstract).

interface Bicycle {
void changeCadence (int newValue);
void changeGear (int newValue);
void speedUp (int increment);
void applyBrakes (int decrement);

* Implementing an interface allows a class to become more formal
about the behavior it promises to provide.



What Is an Interface? (ll)

e If your class claims to implement an interface, all methods defined
by that interface must appear in its source code before the class
will successfully compile.

class MountainBike implements Bicycle {
int cadence = 0;
int speed = 0;
int gear = 1;

void changeCadence (int newValue) {
cadence = newValue;

}

void changeGear (int newValue) {
gear = newValue;

}

void speedUp (int increment) {
speed = speed + increment;

}

void applyBrakes (int decrement) {
speed = speed - decrement;

}




Classes and Interfaces

e A class extends another class, an interface extends another
interface but a class implements an interface.

class interface interface
A
extends | implements extends
|
class class interface




Types of inheritance (l)

ClassA ClassA ClassA
F 3 A
ClassB ClassB ClassB ClassC
7y
1) Single 3) Hierarchical
ClassC
2) Multilevel

e There can be three types of inheritance: single, multilevel and
hierarchical.




Types of inheritance (ll)

class Animal({

}
class Dog extends Animal{

class Animal({

}
class Dog extends Animal{

}
class BabyDog extends Dog{

class Animal{

}
class Dog extends Animal{

}

class Cat extends Animal{




Types of inheritance (lll)

ClassA ClassB ClassA
ClassB ClassC
ClassC \ /
4) Multiple ClassD
5) Hybrid

¢ Multiple and hybrid inheritance is supported through interface
only




Types of inheritance (IV)

interface A {
public void methodA () ;
}
interface B {
public void methodB () ;
}
class MultipleInheritance implements A,B{
public void methodA () |
System.out.println("Calling methodA");
}
public void methodB () {
System.out.println("Calling methodB");

interface A {
public void methodA();
}
interface B extends A {
public void methodB () ;
}
interface C extends A {
public void methodC () ;
}
class HybridInheritance implements B, C {
public void methodA() {
System.out.println("Calling methodA");
}
public void methodB() {
System.out.println("Calling methodB");
}
public void methodC() {
System.out.println("Calling methodC");




A Closer Look at Methods



Overloading Methods (1)

* In Java it is possible to define two or more methods within the
same class that share the same name, as long as their
parameter declarations are different.

* When this is the case, the methods are said to be overloaded,
and the process is referred to as method overloading.

* Method overloading is one of the ways that Java supports
polymorphism.

* When an overloaded method is invoked, Java uses the type
and/or number of arguments as its guide to determine which
version of the overloaded method to actually call.

® Thus, overloaded methods must differ in the type and/or number of
their parameters.
* While overloaded methods may have different return types, the
return type alone is insufficient to distinguish two versions of
a method.



L e
Overloading Methods (Il)

class OverloadDemo {
void test () {
System.out.println("No parameters");
}
// Overload test for one integer parameter.
void test (int a) {
System.out.println("a: " + a);
}
// Overload test for two integer parameters.
void test (int a, int b) {
System.out.println("a and b: " + a + " " + b);
}
// overload test for a double parameter
double test (double a) {
System.out.println("double a: " + a);
return axa;




Overloading Constructors

class Box {
double width;
double height;
double depth;
// constructor used when all dimensions specified
Box (double w, double h, double d) {
this.width = w;
this.height = h;
this.depth = d;
}
// constructor used when no dimensions specified
// use -1 to indicate an uninitialized box

Box () {
this.width = -1;
this.height = -1;
this.depth = -1;

}
// constructor used when cube is created
Box (double len) {
this.width = this.height = this.depth = len;




Using Objects as Parameters

e Methods and constructors

class Box {
double width;
double height;
double depth;
// This is constructor for Box that receive an object.
Box (Box obj) {
width = obj.width;
height = obj.height;
depth = obj.depth;
}
// return true if o is equal to the invoking object
boolean equals (Box obj) {
if ( this. width == obj.width && this.height == obj.height && this.depth == obj.
depth)
return true;
else
return false;




A Closer Look at Argument Passing

¢ In general, there are two ways that a computer language can pass
an argument to a method:
® The first way is call-by-value.
® This approach copies the value of an argument into the formal
parameter of the method.
® Therefore, changes made to the parameter of the method have no
effect on the argument.
® The second way an argument can be passed is call-by-reference.
* |n this approach, a reference to an argument (not the value of the
argument) is passed to the parameter. Inside the method, this
reference is used to access the actual argument specified in the call.
® This means that changes made to the parameter will affect the
argument used to call the method.

* |n Java

* When you pass a primitive type to a method, it is passed by
value.
* When you pass an object to a method, it is passed by reference.



A Closer Look at Returning Types (I)

e A method can return any type of data, including class and
primitive types as well as void.

public class Box {

private double width;

private double height;

private double depth;

public Box (double width, double height, double depth) {
this.width = width;
this.height = height;
this.depth = depth;

}

public double getWidth() {
return width;

}

public void setWidth (double width) {
this.width = width;

}

public double getVolume () {
return (width x height * depth);

}

public Box getBoxObject () {
Box box = new Box (10,10, 10);
return box;

}




A Closer Look at Returning Types (Il)

* Returning a value

public class Box {
public double getWidth() {
return width;

}

}

* Returns an object reference
¢ All objects are dynamically allocated in the heap using new
operator.
® The object will continue to exist as long as there is a reference to it
somewhere in your program.

public class Box {

public Box getBoxObject () {
Box box = new Box (10,10, 10);
return box;
}
}




Memory Utilization in Java



How CPU memory works?

e Every time CPU executes the given instructions, it stores the
results in registers.
* Registers are the closest memory to CPU and hence the fastest.
e The next series in the CPU memory is RAM, which is accessible
to CPU by the memory bus.
* A CPU can access the physical memory, RAM.

¢ The orchestration of memory is controlled by the underline
Operating System (OS), which maps the physical memory to each
process’s memory.



Java Memory Model

¢ |t specifies how the Java Virtual Machine (JVM) works with the
computer’s memory (RAM).

¢ |t specifies the memory management rules.

* The memory used internally in the JVM is divided into stack and
heap.

The Stack The Heap

where method imaocations Where Al l.nl‘:jﬂrm lve
and local variables ve




What is Java Stack?

e Stack is the home of local variables and method invocations.
e Stack manages order as Last-In-First-Out (LIFO).
* The top of the stack contains the currently running method.
® Your code calls a method, then its stack frame gets created and it
gets put onto the top of the call stack.
® This stack frame maintains the state of the method.
* [t also keeps track of the line of code currently getting executed
and the values of all the local variables.

STACK

I k=3 |
I param = 1

roo() function space

reff

S A
I‘T'

main() function space




What is Java Heap?

e The heap is used for storing all the objects created by using
the operator new.

¢ As long as you have an active reference to this newly created
object, it uses memory space in heap.

¢ Once you remove this reference, this object becomes an
orphan and available for removal so that JVM can claim this
allocated memory and provide it to other objects.

® In order to clean this dead reference, Java has provided a tool
called garbage collector.

* This garbage collector then collects all the orphan objects and
frees up the memory that JVM can reuse.



Stack and Heap (l)

public class Heap_Stack {
public static void main(String[] args) {
// primitive datatype created inside main() method space in stack memory
int i=1;
// Object created in heap memory and its refference obj in stack memory
Object obj = new Object();
// Heap_Stack Object created in heap memory and its refference objnew in
stack memory
Heap_Stack objnew = new Heap_Stack();
// New space for foo() method created in the top of the stack memory
objnew.foo (obj) ;
}
private void foo (Object p) {
// String for p.toString() is created in String Pool and refference str
created in stack memory
String str = p.toString();
System.out.println(str);




Stack and Heap (ll)

STACK

str

foo()

objnew

obj

N,

S

i=1

main()

w

HEAP MEMORY

String Pool

[- t bject
\: str_objec l

obj

9,

objnew

O
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